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1) HHES & FHE

HERITI9984FEIT EJIBERBIE KA CERLL. K
A8 el b T, FLoaaEBea, i
SCL, #pkF :12.6g ke, &EH : 1.5¢ ke, CEC: 1
3.2 cmolcke™, pH(H0) : 6.1, FIAREY L # (F LA
No. 21%) : 239mg ke', FIHREES A B (40°C-1ERE#
ARBHELE) : 104mg ke, THREEER (30C-44
RIKEERIE)  Tomg ke TH Y, EREHRFOIEH
WEWELTOBEENY LENLOD, BE2ED
PEAM BRI THS.

RSB EORRAETH D (&5 5397)
ERAWE., 4EE~y PERAVTSHM0cm, HKE12
T, FXI55|X30Rk=4508kA M X (4A4H) L
7=, BHIZ5 A26RIZfTo 1=,

2) AR

ARB TR, MEEICR T 2 HIEEREN N 8~
9¢ m*BEPTHIZ 0D, ERERKES 9g m?
L, BREXRRETE 9, 12 m?X (LIERITEIE 6,
9,12 K&7%) LEEEHIg m*+iBIEEK 3g m?
X CIRRERI+BIEIRETD) 2R &6
2, TABERAK, FABREREX, /1 BBREX%
BT CERMACOE L LS, 2ZRKETOUELE.
B icmm L, mRA%ICES12~13m TRt -
BRI LT, BIEIISEEEGIC &K L, REMER TTo
=, SRBX &b TR A~ MBS o B RIX B A
R I A FTOBRAKTERLE.

BEEHEIEEALRA44E VT, RN — U B (P0)
~HY YA (KO) A 6—6—6g mtLiB X I
L, EREXERIBITI2 ¢ m XOLBTIIFRES
AL TEMUE. i, VUBEDY U AFPKLER
B TH 2 2g m*FBMLE. YA BOEH XL
BoHO B E LRV ) AV ERGCTEE, BiE
EH100g m* A L. LBE CIXHERITE U T90
~180g m*Dr A ANER (FIvatEy 1 BBRE T27~
54g m A IEHE L TV ARY, KRR TIIOESRL
ABRIZT BNt ) BV E2RELL.

3) WERUHIT ik

IEEHOXEOSPT AN, 105k XA RE
L, ToHhbhERel28R1LE. Zh%, %
(FR+ M) LEHIIHML, T0CTES, BBELE.
LEREHRIII N —NVERIC L) B — B8 AE
DRI Y, A= T T4 — (AACSTERT
U —_HB) FAVWTERLE. ¥ ABEHER

PSR — R R, ERKICLVERLE.
7=, EFORKCHEFTRI, A— 7 LA THNTHR
ARhH (125CT1EfE) Lizboic, Zayisi—
CEBER AW, 55CTIMABRITMAL THLAL
Wk xA— b7 FF4 F—ACST BT 5> - L—
#HH) ZRAVWTT7YVST AR VBRIV ERL
7‘:154~156).
PREORUBICIABTTE KL, MDD 3
FRERY, E1H3BBO-REEND3I~5FRD
BAENOHERBL-bOEHNL. ZhaBoin
FOREEB L, BRBET CZNAN AT TRE LK,
Bi#R#EYT Y 7 FNIHimagel. 6. 1 (National Institutes
of Health,USA) iz L W HROBIER2IT-7-.
22 (Ry FEB)
1) #HEHESE I UHREHEE
RBILI9BEIZS LRy b (FRORIY A Y) T
L. Ry FOLEIIREITANY AN TERBRE
LTWhEa Ry b7y kg, EHEMCL, 2
BR#FE 131 1g kg, £ZEF :2.2g k™', CEC 21. Ocmol,
ke, pH(HO) : 5.8, FI{FHE Y VB (7 L A No21kK) : 693
mg kg', TR A (40C— 1 ARBKRRAEELR
:90mg kg, FASKERER (30C— 4 B AREHEE)
131ng ke' ThH o7z,
PRSI EO BB AE TH DS [& 6 5397
AV FEf~y FEERAWTERy b0 38
*FHA (4F4) L. BHIEZ5 H28BITo 1.
2) RBUOH
ERNETE, BETOERBIEEARyY F4Y
0.84~0.98gN/ R bTHDBZ &b, EERRKEE
B#0.84gk L, HREREO 42, 0.84, 1.26, 1.68¢g
XONBERITE. 612, Y1 BEEAX, Ay b
L0 A BEIET 5gK, 15gR & 5RIT TEFRRIEL
BLAEDE, SRETOR UKL, 71 BRI,
Ry FMRBRTEITHICT» TE ESOBERKIES &
IRELR. IEEHIIEmERR4 (B bIAEMR
JEED) ERVTEY, VUVEBERBIUHY DAIZELT
13, BERLEBLIEHL:. FABROBERIZIZSY A
HrBRu, ESBI YAV ERLE L HR
WWRMLU%, Ry MIFHE, AEAZEML TR
EEfTol. By MITAITE~7R26RIZATIRR
ERNTIEELE (HP22°C-HHEI8C) 21T\, Fh
USNOHMIRBATER L. ALKRRENOBRELR
B, ROV EMICT L TEHRIRTLSC, &
ARIRTACBRERIBELX.
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3) AERUVHHIE

1L EHEIEDOATRHREORE H L BSRRIZ %
LA, ERELERER D20 D, £Ry bbbl
ICEES R THREIRLL, HEBDIZBOKN L
SEAHEMVBRABICEHL, FRAEIZVO
12 RV,
ERER

1) AHBRR

1998 FDXEIT6 A E~H4), 7AHF~THORIR
PEDTHD 00, HRYELZITHBL TV
AMII8 HIZEL Thoh, BRIIKXREELE
RHRBRETII o7, BB (AHRBR) 04FH
ETShBER R 7 A 2 A, (H3EW 7 A248, HEHS
H3R, B9 AI6ATHY, FELRERNP-T
HE2 (Ky FMRR) 0B6, SIFEEAM7HA1A8,

ILZER]7 23R, HEHB8H 3R, REMI9BITAT
Hote.

2) BFE - rABHEA L RRBRS OBE%

RB 1 OFLER, TRESLMEXRBIIRITE
BARBIZT L. FREAGIERBEEOHEME &
LICEED, SERERRLY M BEERAR> 7 1B
EER>S A BBEROETE 2. £z, BRI
JEEORME & BITEEHOERES LUOEFHOEH
EHEBIIHML, BEHBOr A BEHBEIBOT5H
Pl -7, REEEIERETHE, rBEHRICLD L
EHOERBLVESHOyr A BEHEXIHML, K
SCERERRIBLO T HHEMEICH -T2, T IABOE
JELBRRKY, METMIZIIFEETRWDS, F1BEFE
BrABEEXTEL Y, ERTARLS 1BBIR
RKTHEGIETLE. EEBO A8/ BREILIIT A Bl

#36. ZR - v BERANTESEELIVUEEDNER - Y1 BEHRICRIZTER

FRBD EREEHER TABERR ¥
5l 718 — AR B
HEAEAL 2 HEAEAL B o X I R T 4
ZHAee A BRERRAX 11,2 a 7.8 a 23.1 a 40.2 a 68.0 a 3.93 a
ZAE6 A BEEX 9.5 a 7.7 a 22.9 a 45.9 a 87.8 a 4.79 a
HZAE6 A BIBRX 6.9 a 7.2 a 22.0 a 44.2 a 81.9 a 4.71 a.
e TrABERAX 15.3 a 8.4 a 25.7 a 39.0 58.3 a 3.20 a
ZREo 74 BEEX 12.9 ab 8.1 a 24.5 a 47.5 82.1 b 4.30 a
ZAEo A BIBIEX 7.5 b 7.6 a 23.3 a 41.4 ab 75.9 ab 4,11 a
ZEHR12 A BERAKX 21.1 a 8.6 a 26.2 a 40.2 a 55.9 a 3.08 a
EiE12 A BERX 16.9 b 8.7 a 26.8 a 45.6 a 71.2 a 3.63 a
EiE12 A BIBIEX 14.1 b 7.9 a 24.6 a 43.2 a 74.0 a 3.93 a
E9+83 A RERAKX 30.4 a 10.5 a 32.7 a 39.6 54.0 a 2.38 a
HE9+i1B3 YA BEEX 21.0 b 10.1 a 29.8 a 48.1 76.1 a 3.36 a
H9+iB3 FrABBIEX 17.2 b 9.6 a 28.7 a 44.9 ab 68.3 a 3.23 a

BERMIERIZIIT D R 5F/XFIE, Tukey-Kramer testiZ X VS%KETHEERHZZ L 57T. (n=2)

®3. ER - TABERANREOER - Y1 BERRICRIZTESR

IR (A) M (B) AEEE~ B (B~ A)
BX  sommpaR . ”
HEfRALEE ERENE  SAARENE RERRNE RS BRERE ERENE S BRENER
gm’ gm* gm’ gm’ gm’ gm?

e A BRERAR X 5.7 a 22.1 a 7.1 a 60.9 a 1.4 a 38.8 a
HAE6 A BERX 6.0 a 27.6 a 7.8 a 68.5 a 1.8 a 40.9 a
e b A BBIEX 53 a 24.8 a 7.0 a 67.8 a 1.7 a 42.9 a
EIE9 Vel %3 Al 7.0 a 22.3 8.1 a 59.0 a 1.1 a 36.7 a
B9 A BEEX 7.8 a 33.3 9.3 a 81.5 b 1.5 a 48.2 a
#AE9 A BIBAEX 6.5 a 26.7 ab 8.8 a 80.2 b 2.3 a 53.5 a
HZhE12 A B fE A X 8.3 a 25. 4 9.3 a 63.1 a 1.0 a 37.6 a
Eie12 A BEEX 9.3 a . 33.5 10.4 a 85.2 b 1.1 a 51.6 a
HpE12 4 BiBHEX 8.0 a 31.2 ab 10.5 a 85.8 b 2.5 a 54.6 a
Ho+iB3 A BERAX 10.8 a 25.4 a 11.1 a 63.0 a 0.4 a 37.6 a
F9+i83 A BMEREX 11.6 a 38.6 b 12.4 a 91.2 b 0.8 a 52.6 a
E9+iB3 FrABEBIEK 9.3 a 30.0 a 12.1 a 82.3 b 2.8 a 52.2 a

BEERIERICIIT B R D25/ LFIX, Tukey-Kramer testiZ L VS5UKETHEEENHD = L 27T,

(n=2)
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%38 BER - REARNTRSPERLUVLEMOER - 18 - RAKELYSARIRETES
SR rAB FRESE D EREHR rAREHR e T
MAER  HEAER HORS b 311 3= E £ Eog® A EHE i
g/pot g/pot % mm ¢ ke g kg . g kg’
0. 42 0 29.5 a — 8.2 a 22.7 a 41.9 a 50.3 a 3.71 a 205 a
0. 42 7.5 25.7 a — 7.1 a 22.3 a 57.7 b 91.8 b 6.50 b 217 a
0.42 15.0 26.5 a — 7.8 a 23.6 a 70.7 b 99.7 b 6.51 b 225 a
0. 84 0 62.0 a 1.47 a 11.0 a 29.6 a 35.7 a 36.1 a 2.17 a 157 a
0. 84 7.5 57.4 a — .8 a 29.6 a 45.8 ab 71.5 b 3.48 b 169 a
0. 84 15.0 51.0 a . 1.59 a .4 a 27.3 a 52.3 b 69.7 b 4,01 b 181 a
1. 26 0 85.8 a 1.38 a 13.9 a 35.9 a 34.6 a 34.4 a 1.67 a 138 a
1. 26 7.5 78.6 ab — 14.3 a 36.3 a 42.9 a 51.9 a 2.11 ab 145 a
1. 26 15.0 65.8 b 1.48 a 13.0 a 35.0 a 45.6 a 59.1 a 2.52 b 162 a
1. 68 0 91.8 a — 18.6 a 42.8 a 30.9 a 35.3 a 1.21 a 128 a
’ 1.68 7.5 85.5 ab — 16.2 a 40.1 a 36.9 ab 40.9 a 1.60 a 134 a
1. 68 15.0 77.8 b — 19.7 a 40.9 a 45.7 b 53.3 a 1.78 a 138 a
BEFRKERIZBIT DR D%/ ILFIL, Tukey-Kramer testiZE WS%UKETHEENHDZ %Y. (h=3)

ETEEoN, EELBEDCHETITHARE Lieho
7.
LFEMOERBRNBIEREEROM -S> TH
¥V, RERBERCBT AR TRAHNOICHET
2V, FABREEX>Y A BERHX> S A BEE
ROIETHEM -7 (837). ILEHO A BRI R
TABERX> T A BERX > BERARXOIAT
Hot-. RBMOBEERBIERIIRITIRERBINE
BLURT A BRNERRY A BERRSELEL, 7
A BRI K AMED > 72 (R37). ZLBI&EIZXDILE
B~RBHOZERBRNBL LUy M BRNEE RS &,
TABBERS M BERX LY BEIEMICH >,
HE 2 TITAR 1 & B L T2EICRRBA N E-
7o, FRABEIE, RBILFERICEREREOHME
EHICHEY, BEREERICREINTVWE (B
REBEX TRy ABEERAX> 7 A BT.5sR> 7 1B
15. gEDIFATEA o7 (&38). £, BREIEED
Bme L b EEMOERS L CESHOEREHE
ML, ERBICESHO M BEFRIIEST
DEMIZH o=, FO/R, LEHCBTLIEEDY
A8/ ERILT, ZBREERROHMIZE bleo TET
L. BREARIHT A7 A BERRORBICHH
RRABHESRDONRL o720, A BRAOEMN
T, EMBLURSROr A BEFR, XEDY
A B/ BEREOEHEITEMT B EEmICH o1,
3) MEDER - A By & RIS ERBOBEK
BB 1 OBERNL, REMICELBARAK I ESR
BICFETREL L U (K38). mALHIzixY
7= N0 — R CHEMAIREERRE T L 2D b

EEHEBORACHEFE (g ke )

350

3007

2507

EEQ-EEE-E-E'E-E-QQ
o ® OE m o © OE oM O E M ®
# O8 B ¥ B ¥ ¥ ¥ ¥ ¥ ¥.8
By v 8 v v 8 v v 8 v~
Y A h Y & K Y & b Y & &
& H & H

HHE6 HHE9 EiE12 EAIE9+BAE3

EXRWEEER (g n2)

38 EX-7AM AR ERKEDERERICRIITES
Bt S H EidClucose A, KHOBBIIMRELRT.
FEREEKITBHT 5 R BH/LFIR, Tukey-Kramer test
X V5% KR CEERERDHLZ L%FRT. (n=2)

DLEEINTVABR, ZZTRTF VT 08 Sk
DRALEXRE L. EEHMERORACHER
BRI ZEREEROMIMICHE->TETL, SEXEEEE
TRI7IAMBBIEX = 7 1 BERX> 7 A BRERAX O
JETRE o7, RB2TH, HHMCHE T2V
rABERER L TLEERXRORKEYEFED
BUVMERIICH o 7= (FK38).
LHERCBTHERORA O EARLESHES L
UCEROEXREZTR, 71 BEAROHBEBEREX39
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#E (mm)

40, LEHOERBORKLMEFTRLHEOBHR
FERITFRBROEIR SR, BRIIRR] & RBR2% 5 - BR
RIS H EitGlucosea W
HE1:  Y=227X-171 r=0.851 n=24
HE2: Y=184X—113 r=0.899 n=12
HEB1L2: Y=237X—189 r =0.959 n=36

2.5

#HE ()

T
W
B &
N
& &

T T T | N
A BER
FARERE

B E B B E 8 EE
W om g @ o e
o xR B o
Y B Y ¥y B YO
2% & & ¥ Y
& & &

HEE6 Zie9 HEE12 EABR9+:BE3

EREER (g n2)

B4 FX -5 BARVHERICRIEITESR
K 0BG EEEL T T,
HERBIERIZEIT DR ZF/N T, TukeyKramer test
WL 5% KMTHEEERDD Z & %FT. (n=2)

WAL, RBR1OEFORAKEDEERLEES TS
FUEROERSARIITAOHBIER, BEHWOS
ABERRIZZECHBBGESRDO bR, F, B
FOBRREHEREVABEFROMIZIE, AOHEM
BAEHOLNT. FR2 GIIEFHEOBRIZH - 7208,
AR 2 CTRHEBRAKDEFRLERO /A BEAR
D, EMOEREHERETABEAROMIZSNT
LEDCHMMENED O, AR EHABR2 B

THE, RBRLBIZLIEREHRL VT BEHRD
EENEIIAER 2 05, EMORA(HEFTROEEEIT
RBR 1B KRE ot
4) RKIEHERRLEER

B R & EERETORKICHEFROBIGE
PRI LE (M40). FOFKER, LLEHEHORAIL
WEHERIE, BB 1435178 ke'2>5308g ke T L,
FER 2551368 ke'H5H192g ke T LT. FHRE),
IEMERORAEHERE (V) & LT—KREKS
YTk D L AB 1A Y=227X—171, r=0.851, n=
24THY, RBR22Y=184X—113, r=0.899, n=12
Eigol, AbZ, RBR1EHRBR2E2FHEEICE
Y=237X—189, r=0.959, n=36&72Y, 1ZFRE—D
ERER CTRASNIFELRECHEBEFANRED LN
7.
5) TR$BE LR

AR 1 0FLEIZET DHBEHDORR L EE L
A, BREIEBEREOMME & LITHE/IAL, §
WCHEAE 9+iBAE 3g m K TR LEN -7 (K41). A
BERLEREOBRENORD L, FTABREBIER> YA
BEEX >y A BERAROIETEL, ZOMEMITE
AERRICELY 2<EELTRDLNE. HRB2T
b, MHIZEETIIRVE, YA BIgROFRN
BREAX LY R o7 (K38).

RICAR 1, RR2 nHBEHDHR L FRBEE OB
FER42IZR L. RBR 1 OFRE L. 65mA> 52, 06mm
WA L, FEHBREIE5. 9%5 530 T%ICHA LTz,

100 -
&

go &
— O H B 1
®
~ a a ® B 2
& 60
A
&
%

40 +

20 -

0 | ]

1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1
#HR (mm)

42 HBmOHOREETESEOMGE
FERITERBOREMMR, BeRILRB LR L 20 ER R
BRI :  Y=94.3X— 404X'+ 439 r=0.956 n=24
BMB2: Y= 369X —1263X*+1123 r =0.941 n=12
BMEIE2: Y= 174X — 712X+ 737 1 =0.987 n=36
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RI9. FX - TABREANDNRB S UKEHIRIZITES

e AL B iy w5 o — ot ¢ % ¢ m? gﬁg %
HiEe TABERAX  41.6a 664 a 27.8 a 22.5 81.6 a 504 a 59.2 a 17.6 94.3
HAr6 A BREE X 48.2 a 701 a 33.8a 22.4 75.6 a 570 b 57.9 a 17.0 94.5
A6 A BIBIEX 51.1a 638 a 32.4a 22.4 78.2 a 568 b 55.0 a 18. 2 97.0
Zing TABRERAKX  43.1a 795 a 34.5a 22.3 77.6 a 598 a 62.3 a 17.3 93.5
HAE9 A BREEX 45.5 a 852 a 38.7a 21.9 75.3 a 634 a 58.0 a 17.2 89.9
HAE9 74 BBER 49.8 a 799 a 39.7a 22,2 74.2 a 643 a 56.0 a 17.7 94.3
ZEiE12  SABRERBAX  47.0a 850 a 39.8a 22.0 73.6 a 618 a 63.9a 16. 7 86. 1
ZEIE12 S ABEEX 47.5 a 893 a 42.4 a 21.7 74.5 a 685 a 63.6 a 16. 7 87.7
EB12 FABEBIEX 50.6 a 847 a 42.9 a 21.7 73.5a 679 a 58.9 a 17.3 93.2
H9+i83 A BERAX 49.3a 956 a 46.6 a 22.1 62.5a 641 a 65.2 a 16.5 84.3
H9+183 rABEEX 50.0 a 972 a 48.3 a 21.7 65.3 a 685 ab 65.2 a 16.3 86.0
HEI+IB3 A BRBRX 52.4 a 950 a 49.7 a 22.0 65.9 a 695 b 60.6 a 16. 7 87.1

i ZCRINRI VS, AR E 19mmd A L7z,

PR ERBBBEITHOVT, FHEX, FBRBEESGY) &
LTZREHEE S Tz 5 & Y=94. 3X°—403X+439,
r=0.956, n=24T& D, fERRF0. 1%KEOHELA
OMBEBEFRIERD b, Fin, RB2 TRy MY
7o D EFR0.84gX & 1. 26g KI5, M BERERL
SO A BEEISs K TOAFHRFHE L. HET
1. 37mA> 5 1. 68mmiZ 737 L, ARG IT45. 4% 05
89. 2%z Lz, #gkX), FREA®N) LT
WHAKEZ L TiIEH D L Y=369X—1263X+1123, r=
0.941, n=12T& Y, fARZF0. 1% KBOHELAD
BB BRD bz, &5, RB1LRR2%25
BIRAITIE, Y=174X—T12X+737, r=0.987, n=
6Ly, IIEF—DOEFEBRTHATE 2.

6) WERLUEXSE

LKBAE L RERBESOWEISITE LKL AV,
REFEBICRICEBIT DR 3F/)LFIL, Tukey—Kramer testiZ X VE%UKETHEEENHDZ L 27T,

(n=2)

HEZKNBIIERZBEEOEMIE-TEEY, &
ERERRIIBTIUBETIRI M BEEX =S 1 BB
X > A EERRAK & 2ol (FR39). ¥ BEBEIE
RidEMARK & 8 L TEIC LERR L EPIERRE
D, FABEER TIRECEKEEHEAET 2R
Zhote., L, TRLHIFEHOICARRZETR) -
To. IBWIORES (B ERL L ERLKEEDE
WIEIERBIOBESTES i (X43)
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£40. EWAOHET7 VE-TRERB L U7 I1BOBAT

ae ¥ SR DDH ’ 7RSI HERE (4 ﬁ;&?‘%&ﬁﬁ
mg 0~18 1~28 2~38 3~48 o~LA 1~28 2~38 3~48 “g %

&1 - 7.8 7.7 7.2 6.9 204 82 37 23 2242 —
U HHN 50 7.6 7.5 6.9 6.7 209 43 52 7 4882 5.3
FEEA 15 7.9 8.0 7.5 7.0 294 105 81 32 3254 6.7
fEXEB 15 8.0 8.0 7.6 7.2 322 119 70 40 3551 8.7
fE#tC 10 8.2 8.2 8.0 7.4 279 136 123 53 - 4611 23.7
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1L, '
2) R

HERBIE, 1996~199TEMNERN) —V VB (PO) —
Y Th (KO0) #12—12—12¢ m™®, 1998FENEFHRK —
YvEE—HY) T LAEI0—10—10g m”, FE{LAK444T
2RERBRIE L. 7 A BEEEOBRLEIL, S
R L MR RI% 7 B A TiTo7. Y1 BHE
EEHIRBR 1 CTRW MBI UL, TABEDY
T b, BREROMICHERERS A B Y vA (BUTFiX
WA A B, FIEMES A BR28%) FEAHRIE, 19964 T
50g m”, 19974 T40 (RS BEDA20)g m™, 1998
720,40 (BUET A(BEDAH10,20)g m?, 2KHE (19
ITEEI INE) THE L. EREBESKIZEAL,
HEFA®IZIRE12~13em CHL - B L 72, BIBIISEE
FRMICHEKR L, REERTITo~. 2RBRXK L L)
BRI~ HESOBMIIHEE AR 1 cnll FO®AKT

EELE.

i, 198 FF T ABINT T L, FABIY T A,
BREBRIEORIEEA* RO DIZREBE L. KRk
FARITEEEBY T150g m™MA L7,

. 3) MENFHIE

5—2—1, XM LITEL-.

KBEHR

1) ABHR

19965 E DXRIX, 5 L~FHOTERED TH-
727, 6 AFHOBBTEFTIRORCEB L. FO%
8 A~ 9 H LAOKIR - ERIZL v BRITIER L 1.
1997905 %RL, 5 H E~6 A LAOKIERBMEN -~
o, RiFoOORETER LY, 6 AFALBEOS
RCEBEEREL, HE-BELRRTH-=. L
L, 8HUME—&L TEIER - BB L7220, 19964
BRICHBGER L. BAEMLABHEIL, 19964
SEEFRMT A3 A, W7 A2A, HEH8A 1
A, BRHOA2TETHY, RBPIEELVEN-
T, 199TENHMBEBRM 7 A4 H, [LHEH 7 A19A,
HEERI 7 A28H, RBHMIOHA2TATHY, REMIITE
FELDBIroTz, 19985FE, 5—2—10HBR1 T
Rf=E Sz, FEERTHT.

2) A BEESOBESTRERRIIRIETRE
A BEIESOBIEIZLY, EEMIZBITAZEED
rABERRBIURNEIREZ2MEAICHY, BFR
EARIIASL LAMET T2 EmER LR (R41).
IOk, EEOS A B/ BRI A BEREOR
Bizky, €@TolER TR EFLE. BEFOLE
T, FERICEVERMBEZRY, 2OERHRE L2
Mofo. 1998z 5, BIE L BIBLEOHE T,
ILEMEEORFIZ OV T~ EDHALB LN
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4. FARREHOBAMLEMOER - M BRRIRITES

R o 4 AR Pl e tﬁgﬁb EF ﬁﬂfﬁgfﬁ B s v
R g n am GAR RRE AAR gne 7R/
g kg g m® g ke’ gm' ERK
1996 #EfE A - - - 20 9.8 56 28 2.9
TABIY UL W 50 - 22 10.0 56 25 2.5
5 AR AR W 50 — 17 .5 52 26 3.0
1997 EKA - - — 19 . 7 56 29 3.0
IABANT T b W 40 — 17 10. 8 61 39 3.7
TABHY U A ow 40 — 19 11.7 56 34 3.1
TABEAY T A W 40 — 17 8.9 62 33 3.7
FERUEAE oW 40 - 18 11.1 59 36 3.4
PRI AE W 40 — 18 10.9 63 38 3.4
Ry A 8 oW 20 — 19 11. 4 57 35 3.2
Wik A’ W 20 — 17 9.6 58 34 3.6
1998  Ehs A - - 1.73 15 7.6 51 27 3.6
FABHNT T A ow 20 1.87 15 7.3 55 28 3.8
FABEHNT T b W 20 1.89 15 8.7 53 32 3.8
TABHNLTT A ow 40 2,08 14 7.4 58 30 4.1
TABAN TN W 40 1.93 13 7.9 54 34 4,4
TABAY DL ow 20 1.91 14 8.3 57 35 4.3
TABHY UL W 20 1.93 14 8.2 56 33 4.0
TABEHY A ow 40 1.90 13 7.7 53 31 4.1
TABEHIY A W 40 1.96 14 7.9 53 30 3.8
PR oW 20 1.80 12 6.3 60 31 4.9
PR W 20 1.93 15 9.3 56 36 4.0
PR AE ow 40 1.93 13 6.9 53 28 4.0
PEREAE W 40 2.01 14 9.0 55 37 4.2
. 32374043 ow 10 1.94 15 7.9 58 32 4.2
BT A8 W 10 1.79 14 8.8 60 37 4.2
LT A8 ow 20 1.87 13 8.9 52 36 4.1
Wik A 8 W 20 2.01 12 7.5 59 37 4.9
rABINT TN e 150 1.84 14 7.6 58 31 4.3
Vel Y DR/FN EAE 150 1.90 15 8.4 59 33 4.0
TER AR AR 150 1.77 13 7.4 61 35 4.6
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JEZ LV REMLTRY, RiEKy A BERVTHEE
FHE% 7 B BIBIE> B RHLEE, M &40g
m?*>20g m*DIETH o7z (K47). HEHDOHE
b7 A BEIES OB X W REM L T, B
AERFHIES X B EAS RIS T R8T, LEHERK K
It EARIZERARTREI -, T, HRIZBELT
BIELEECZHRERS &, BIELETHENRV VMR
mABRD LIz,

REMOXES A BEARIL, 7 BEELEIEIZ
SOV BREEAHEMITH o720, SEEEAREER T
BTT286bdhot (R42). ¥ A BRINETERE

ol BREARTBETETIEMmIzH -
2, BEBRNEIZOWTIRHKRE Lo, FAB
BEBtORFENBE T, YABEAEENS TS L FAR
2, ERBAESIUCRINE LML, RBMERE
DY A8/ BRI, A BEENOBIETHE H
mEoR L7, IEEORESE, BERORBEITHREL
Tpdsot-. BEREHIZBI LT, shEERREI% 7 B HE
BIED 7 A B/ EBRUED, SFEERBIED S B/
BREE LRIZFEFHEN T

3) FREABIVINE - HE

FESBEI, 3HERZB UL T M BEIEEOERT

THRE T 728, BIERHCERREOREIL —-ET BF+2EmICH -7 (543). BIRRF O LTI,
*42. TABRRNEHOBANABEOER - YA BRRIZRZTER
B R RED B
2B S e A L
wp 7 TREER e gt GAR  BIE SAR BRRE 7R BRE  ReE
g kg’ gm g kg’ g m? ERL g m g m*
1996  #EHE A - - 6.7 4.0 - - - 1.3 -
TABHY T b W 50 7.0 4.0 - — — 11.2 -
P RY 3 W 50 6.7 4.0 — — — 11.9 —
1997 &EHe - — 9.9 5.3 - - — 13.5 —
FABANT T b W 40 7.9 4.5 - - — 12.1 -
ALY T A ow 40 9.1 5.4 - — - 13.6 -
Vit T R AN IV} 40 7.7 4.5 — — - 12.4 —
AR AR ow 40 7.7 4.0 - — — 1.1 -
BRLBAR , W 40 9.5 5.8 — — - 14.5 -
BET A8 ow 20 8.8 5.2 — - - 13.2 -
. 3. 7l W 20 7.9 4.7 — — - 12. 4 -
1998 & - - 5.4 2.8 95 50 18 1.1 81
FABDNL TN ow 20 5.3 3.0 93 53 18 9.5 83
TARHILL T I W 20 4.7 2.4 98 50 21 9.1 75
EABBINT T L ow 40 4.9 2.8 101 54 21 9.6 88
FABBILT T A W 40 4.8 2.6 102 55 21 10.0 83
TABHY T A oW 20 4.7 2.6 97 55 21 9.9 89
TARHLY T A W 20 5.1 2.7 108 58 21 9.8 83
TABH Y T A ow 40 4.6 2.8 90 54 20 9.4 81
TARNY T A W 40 4.8 2.6 100 55 21 10.0 83
FERRIEAR oW 20 4.7 2.7 92 53 19 10.0 84
PERKIFEAE W 20 4.7 2.5 103 55 22 9.6 88
PA R RE ow 40 4.7 2.9 91 57 20 10.9 93
VAR W 40 5.0 2.7 108 59 22 10.0 88
Wik A8 ow 10 5.0 2.6 100 53 21 10.0 87
BET B W 10 4,7 2.6 107 61 23 9.2 86
iR A8 oW 20 4.7 2.8 104 61 22 10.5 88
BT A B W 20 4.6 2.6 102 58 22 9.5 87
AN T A P 150 5.9 3.7 101 63 17 11.1 92
TABEY UL e 150 5.2 3.1 97 58 19 10.1 84
SRR EIE e 150 4.8 3.1 93 59 20 9.4 88
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%43 T BRESHOBEANFESEELURE - RRIZRIZTEE

RE A AR #EH KWMLK BRIK R Yo E REN THE
o A BEEE oy B} ﬁ;E 1&% i&%éz ﬁoé.‘* é‘ﬁ% ﬁoé
gm gm gm kg Nkg % g kg % g
1996 &M — — 1315 519 46.1 22. 4 58 84.4 —
TABH ) T AL W 50 1451 567 50. 4 16.8 53 86.3 —
o dpdedd W 50 1434 555 46.7 15.8 55 86.0 —
1997 MM — — 1668 665 49.3 17.5 65 77.0 20.6
TALBHNT T b W 40 1654 643 53.4 15. 6 58 77.3 20. 4
AEHY T A ow 40 1733 660 49.6 17.7 63 72.9 20.5
APV UL W 40 1645 645 52.5 12.1 59 75.9 20.6
dn 8 e il ow 40 1663 681 62. 4 13.2 62 77.4 20. 4
TERRSEAE W 40 1747 680 50.2 14.0 63 76.3 20.5
ik 4B ow 20 1772 695 52.7 16.8 66 73.4 20.4
Wik 18 1w 20 1668 651 53,2 15.6 59 76. 1 20.3
1998 A — — 1424 583 52.6 21.4 65 88. 1 21.4
LI N T A ow 20 1451 586 61.7 17.0 57 93.9 21.5
AN T b W 20 1487 629 69.2 14.7 56 94.7 21.5
TABB N A ow 40 1515 619 64.6 14,2 56 92.7 21.6
YA BN T A W 40 1549 642 64.5 16.0 55 93.6 21.3
TABHY T A ow 20 1504 605 61.5 16.6 57 93.8 21.6
el T RRFN ¥ 20 1557 631 64.9 14. 4 55 93.7 21.7
vl RPN ow 40 1485 639 68.3 17.3 54 93.1 21.6
TALBBY T b I 40 1537 629 64.7 13.7 55 94.4 21.4
FERL AR ow 20 1535 653 65. 4 20.6 57 92. 4 21.7
JER R ¥ 20 1557 620 64.6 15.0 54 92.5 21.5
AR ow 40 1565 617 56. 4 19.3 57 93.1 21.6
VAR R W 40 1429 579 59.5 16.0 55 92.8 21.6
Wik A8 ow 10 1562 666 66. 7 12.7 55 92.7 21.7
Wik A B 1w 10 1487 592 64.7 18.8 54 94.6 21.4
w48 ow 20 1554 578 54,8 20. 7 55 92.8 21.5
Wik A8 W 20 1510 608 64. 2 13.2 55 93.3 21.6
TABINT T A e T 150 1607 635 57.2 19.3 59 88.4 21.6
TABHIY T A Pyl 150 1635 627 62.2 15.9 61 92.0 21.2
T8 R AE AR 150 1518 634 67.17 23.5 61 93.4 21.7
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ERICBPL L, HBERARH% 7 B B OBIENEENE
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BB Lo THMU. TREICBL Tiz—EDH
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5—3 Hi#

KRBT, BMIIOAHOMEL U TIEEHEHKY,
TOEFR - T A BEREN, By A BEHASTRERR
ARIETEBIOWTHRN L. KROr 1 BXE
BEIERBOILK L FNITH S KEREOHEM, =
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IRBENTARSEERO-RR 2 TiL, HBEHED
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X42). 7, ERORKHEARIL, ZEREFE
CAOHBBERIIHY, rMBEARLIIECHEY
FERBD LN (H39)., LEB-T, Y1BEAT
X, FABEEEROHEN - EREHABEORT, (B
SEREOM L, BATEmBS Y OXERER LR E
S, RAEHEROUEDRLEH L TAEO®H
EMERICICSRER S o1 L HRT 5.

UEDRREE DD E, EEX Y1 BER-Y
A BR IO — EATE Y 72 » DA RREER L -EY
AERN-EXREERIET - Y A B/ERLOM E—
RAKINCHER BOYMN->FEIER OBM - FHROMM
—SE|EMERIL] EWIIERRH-EEZXD.
L, r B/ EROEBELNEMRER LB X URALL
YER, Thick < ERBER L TR TTRTE
RATHZERRHTHEEELD. FIoAWOm
SHICELTE, i ernbo7 Tu—Fbh
v, BRBEWOEDRPEAPBREROYA A=V
RHNEDRV Y VOERIKEEBT I XL TE
neEme s IR ERORBEICKIST D EEERK
DEFALHLRENTVE™, BEMIIAREA LD
R TIL, MEBICABEHOERTROYA A=
COEMBBEILOHMOMBHER BT 2 L oS
HbHDHET. IO EEBTRE, FABEASIE
DEBEERLED, KRENICEIT HEMNERRE
BEFRYA b= RPRV ) VBEXZETEES
REDBEAN L THOAET#RETCELTEELD
5. ZThCELTIE, ARRE I TRSICEITTE
FTHADHE R 2V, SHBEOBEEEB 5. LB
BOBELRER - YA BERELSVIIONTY, HE
EOXARBRR» L BEHIAMT 208 L, B

EORREFCBITIRFVBLELEZS.

Wiz, FRBAERBIZH LT, 7 BOBHAZIRS
HIEX LV BIER TEWER L 2o BRIZOVWTH,
T ABORINEEH & oBENRET NG, —RICER
DRPUTEFOHE L, SR LIATORIL &AS
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Studies on Soil chemical properties and Rational Fertilizer
Application for Production of High-Quality Rice in Hokkaido

by
Eiji Goto

Summary

The purpose of this study is to investigate the method of manuring practice for production of high quality
rice in Hokkaido. At first, I investigated the present condition of chemical properties of paddy soil in
Hokkaido. Furthermore, I discussed the tequniques to improve the quality of rice (especially focused on low
protein content on seed) based on the following points: (a)decomposition of applying rice straw, (b)nitrogen

fertilizer application method, and (¢)silicate fertilizer application method.

1. The citcumstance of chemical properties of paddy soils in Hokkaido

The circumstance of chemical properties of paddy soils were investigated on 1578-point paddy fields in
Hokkaido. For the usefulness of the analysis, I interpolated the sampled field data into a 1 km grid of a
digital map. The results are summarized as follows.

1) The pH of samples ranged from 4.5 to 6.9 and the average was 5.5. Nearly a half of the points had
a value of less than the lower limit (pH 5.5) of the soil diagnosis standard of Hokkaido.

2) Incubation nitrogen ranged from 1 to 293 mg kg" with the average of 99 mg kg

3) The average available phosphate (Bray No2)was 500 mg kg', which was five times as much as the
lower limit of soil diagnosis standard.

4) Exchangeable Ca ranged from 510 to 5400 mg kg’ with the average of 1985 mg kg". Exchangeable
Mg ranged from 80 to 3320 mg kg with the average of 574 mg kg".

5) Incubation silica ranged from 34 to 290 mg kg", and the average was 103 mg kg'. There were 51%
of the points less than the lower limit of soil diagnosis standard : 100 mg kg". Particularly, brown
lowland soil and upland soil types mostly provided lower values.

6) Free iron oxide ranged from 4.2 to 106.2 g kg", and the average was 18.6 g kg". The easily reducible
manganese ranged from 15 to 2272 mg kg", and the average was 278 mg kg". In 46 % of the points,
the free iron oxide did not reach the lower limit of standard : 15 g kg".

The above results suggested that cthe paddy soil in Hokkaido has three major problems ; low pH, lack of
silicasupplying ability, and lack of the free iron oxide representing oxidation capacity. I therefore think that
these problems should be solved for the production of high quality rice, because the silica is deeply related
to the healthiness and the ripening of the rice plant and also the free iron oxide may play an important role
in the soil reduction process after the flooding.

In this study, I attempted that the soil fertility is improved using the soil dressing or inorganic soil
amendment containing the silica and the iron. The experiment provides the result that the soil with high
content of silica increases the silicate concentration in the rice plants and decreases the amount of protein in

the milled rice. Also the soil with a higher free iron oxide concentration activated the roots and increases the
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number of the stems. I here propose a standard of free iron oxide concentration: if the total sulphur level
was less than 0.8g kg, it should be above 20g kg*; Or else, it should be a value with satisfying the condition

that the ratio of free iron oxide and sulphur (Fe/S) is above 10.

2. Management of rice straw residues in the paddy field
The application of rice straw residues generates aromatic carboxylic acids such as benzoic acid, 2-phenylpropionic
acid, and 3-phenylpropionic acid, which inhibit the root growth. Firstly, in order to identify the synthesis of
these products in reduced soil, I performed an incubation experiment using the rice straw residues and some
paddy soils in Hokkaido.
1) The soil with no rice straw residues showed no aromatic carboxylic acid except for a small amount of
benzoic acid.
2) The incubation soil with rice straw residues contains several kinds of aromatic carboxylic acid. These
acids attain their peak about 10 days after incubation at 30°C and 13-20 days after incubation at 20
C.
3) In several peat soils and brown Lowland soils, the concentration of the 2-phenylpropionic acid attained
1 u M, and this concentration may inhibit nitrogen absorption by plant.

4) Soil dressing by free iron oxides rich soils effectively reduces the production of aromatic carboxylic acids.

Subsequently, I developed a technique to remove the growth inhibition materials in the rice straw residues.
I utilized both acceleration of decomposition of the rice straw before flooding and the suppression of the soil
reduction during the flooding period. The experiment was performed in Hokkaido Kamikawa Agric.Exp.Stn.
(Brown Lowland soil) . Results are as follows.

1) In the incubation even under a low temperature (5°C) condition, the decomposition of rice straw
progressed and it is accelerated with the application of decompositional accelerators such as nitrogen
fertilizers or microbes.

2) The rice straws were more decomposed in a case where they were mixed in 0-8 cm soil depth in autumn.,
At this timing, the decomposition was accelerated by the application of microbe decompositional
accelerators or nitrogen fertilizers.

3) The soil reduction were effectively mitigated by using an intermittent irrigation before the panicle
formation stage. The intermittent irrigation was more effective when it decreased the soil moisture
above pF 1.8 before the panicle formation stage.

4) The subsoiling filled in drain with sand, enabled to increase the amounts of the underdrainage and
percolating water during the flooding period with decreasing the soil moisture. The percoléting water

supplied more oxygen and suppressed the soil reduction during the flooding period.

3. Nitrogen application method

The protein content of polished rice was deeply dependent on the amount of nitrogen absorbed by rice
plants, which is resulted by the amount of fertilizers and the fertilizing methods. I therefore examined the
relationship between the nitrogen fertilizer application method (incorporation to plow layers, surface layer

applications, and side dressings) and the recovery rate of applied nitrogen and the distribution to each organ
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of the rice plant, using the "’N- labeled ammonium sulphate in Hokkaido Kamikawa Agric.Exp.Stn. (Humic

brown lowland soil) . The results are as follows.

1y

2)

3)

4)

The recovery rate of nitrogen incorporated to plow layers (4,8,12,16 g m”) ranged from 32 to 41 %.
The distribution rate of applied nitrogen in 8 g m” nitrogen treatment was 36.5 % for leaves and
stems, 63.5 % for ears, and 45.4 % for polished rice.

The surface layer application method combined with incorporation method to plow layer reduced the
recovery rate of nitrogen, the protein content of polished rice and the yield compared with other
methods. ’

The side dressing method combined with incorporation method to plow layer made a higher recovery
rate of nitrogen than incorporation method to plow layer. In this side dressing method, protein content
of polished rice was low, because the nitrogen absorption was finished before the flag leaf stage.

In the incorporation to plow layer method, the recovery rate of applied nitrogen was 2 to 4 % in the
next year, and from 1 to 2 % in the third year. It was less than 1 % after the 4th year, estimated by
the regression analysis. More than 20 % of applied fertilizer nitrogen was left in the soil after the third

year.

I focused on the timing of the top-dressing of nitrogen and the recovery rate as follows. I added experiments

using "N- labeled ammonium sulphate as a top-dressing nitrogen fertilizer, in Hokkaido Kamikawa Agric.

Exp.Stn. (Brown lowland soil) .

1

2)

3)

Top-dressing during the period from panicle formation stage to 7 days after panicle formation stage,
the recovery rate by the polished rice and the protein content did not change significantly, while the
yields was rather increased.

The nitrogen application during the flag leaf stage increased the recovery rate and the protein content
of the polished rice. This result was independent of the amount of basal dressing nitrogen.

Both the recovery rate and the protein content of the polished rice were largest when the fertilizer was

top-dressed from heading time to 10 days after heading time.

From above results it is summarized as follows. The combination of the side dressing method and the

incorporation method to plow layer was most treasonable for the high yield and the production of low protein

content rice seed. Top-dressing of nitrogen at 7 days after the panicle formation stage was needed for the

production of low protein content rice seed, while that in the later stages was not recommended.

4. Silica application method

I finally scrutinize the influences of the nitrogen and silicate fertilizer application on the anther length and

percentage of the sterility of the rice plants as well as the rice quality using field experiment in Hokkaido

Kamikawa Agric.Exp.Stn. (Brown lowland soil) and air-conditioned room experiments.The results are

summarized as follows.

Y]

2)

The application of the silicate fertilizer decreased the percentage of the sterility. Compared with the
basal application, the top-dressing of the silicate fertilizer was more effective to increase the carbohydrate
content increase and the anther length, and reduce of the sterility.

The anther length was negatively correlated with the percentage of the sterility and positively correlated

with the carbohydrate content of the rice plants. There was no significant difference between field and
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4)
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the air-conditioned room experiments.

In both basal and top-dressing cases, the silicace content of the rice plants increased at the flag leaf
stage. In this stage, the carbohydrate content was positively correlated with the silicate content.

The silicate fertilizer application decreased the protein content of the polished rice seed. In particular,
it encouraged the good quality grain rate and appearance quality of husked rice seed. I remarked that
the top-dressing was quite effective to the low protein polished rice seed production.

The top-dressing at 7 days after the panicle formation stage was more effective, to obtain the high
carbohydrate content as well as the low protein content of seed, rather than the top-dressing during the

panicle formation stage. It is suggested that the reasonable top-dressing amount is 20-40 g m®.



88 THELBEERABRERE  Flles

llll
&=

ARILEBMY FEDITEEL, ALHREREHT KRS
HLIyTHREL THERHRY, LIRS %
BEYnilEnwk, £, KBRXORY FLEDITH
D, EEXEHBERARR L, EEREHEERE
BERETI Y, AR2ITHE L IRERZ RV
B BERBSE T RIESRIRHR, PREEARELE
ELVAT LRRTH LN REBREE LI, KR
MRS A TWEEE, AROBTERY ELHIT
Sl TEE L BRIV E W W, T DiCEER
AHBEERLET.

IOMREEFETTDICHIY, BEEXEKEHET
HonTKFEIGHE L, TIBESLPRBERRES
&, MK EEHATH bl - FAENEEL
TALEES XALBERBRE R, HAEEXRFHET
Hon- R L, L ETPREBERBREEER,
BHRMAE I E R RER Th 5 THHEM LT
EE TAReE - Sl =g A Y il ial AV

ARREERTBICHID, TEHE E)I| LR
HRBEAFBK, Tl ) BERRE HIRESH
HAFSEHK, LREBE(RBETIMRA=HAROE
KIZIR RSB W THBY e TR VW0,
LB B BERABS THIESNHNESFK, tE
T HIBERBERERENRER) K, RGN
BRMBE®RERK, ExARK, PREEXABEEER
EREEEERELR, RAREREFLALEER, F
TRARBREFEZK, FREERERLIBK, R
WERREEGRER, B LEEBERRERNER
HEERHEEMRK, BB ERBRERERERN
RANRKER, FAEERRBPREZEROLFRIZIE, K
FRBROSKRITORY, AR THEL BB

wE

AVl

SALHEESIHE - BRERTE ¥ —HR TH - AIE
BX, TEIPRBEABRERERFAR Ch oL
REHEK, $F-BK, ErPRBEXBERFERS
MEAER K, TREDREXRFEREFMERNE
RABEZKIZE, BB E TSRV V.

EERINVEBEOSTICE LTI, BRKESE
EWR Y 7 — BRI R BB RE (BMALIT
BUEA B¥ - RGEEDIFRAETAEE PREX
KEMRE7—) OFRBMER, APEARK, K
BERRKICZTHREL TERRBo .

WO B LTI, LB R AR ZEAT 1R
REMRE (EMSIITEIEN TARBSET 2k
AN AEEARE, RFEEKIZIHAIWEZEW.

BEXRODFIZN - - TiT, BHRKESIEERE
RERG AR RERARE FMIITEEAN BE-
REEEBRWR SR LEREARE ¥ —)
FEMgEER, BEMER_KICIHAVEZEWE

HREERE L CBEBRROERKITIT, KB - B
KRER VY —, X7, PR, THHREO
BRHEDO 4 NORECDL Y ERRTER, JHE
A AV iRV s

7, BHABRYERTDICHY, EX LB
RRETEROFMIZIE, REXbLYERSTHE, K
FEIEEZ <OV R—-F 2K

PLEDEMIZH L, L bOBELBHOBLRT
5.

BE&IZ, ARXOEVFLDIIHEY, THAHLE
HEH-> T REWZE T PRBERAREE LRAR
# KA - EBEROBMIUEROB L HBITS.





