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1. ESHhOMmREE

BEIEYONEREM EERERL L LTS
BEifichy, BEOXS THYZLZEL 720 THE RO
XA WET D L H, B LAk EE R
ETHD, ERUKE, HT A% TRERZEY LI ZE
BEL TR VX —Z2 L ZOKBEEED L HIEE L
THERIENERIND &, ZTUNKEICEESREL
TERTDLESIThRoT,

FRRFHE TIEH 7 AR E=— V722 E 2 VTl B %
BB 205, IRESTHIKS 2 EORE ZEYEE ICH
U 7o SRR ITHER Lo W e, RN 2 T 95 7o 127K
FWENVEKEZ LR, ELBICHEREZER LTV,
T ENC I T B sk B O AT 16 ffd %, RIEAERH
DFHITKD B AL, T OEIED BT Z LY
T THEE LIS T, MBI hd Loickol
EINTW5B, B BERITEIT 5 i gksbs ORI,
1951 RIC R Db =— 7 4 VA EFES T2
CITHREDY, 1950 FREB L CE=— T ZFH O
AR L2 2 & LA & - Tl sk mm 2 s L,
1990 12 1% 50,000 ha %8 x {55 K OF BT HFE % FF
DIEE- Tz, TOMH, TEREOBEIMICH > TREIFEDITX
2 HEFHERE MR 2 ICHEE(L L, 1950 FRBEICTRL< D
KH D (1958) A7 Ko EEiiskic i) 2 HEER OB
REERL TWD, 20, 1970 FIT/KHEEIERARKL
LT b 2ERICHEBEERBE L K& <720, ATkt
RO S A7z,

H AR O S OB L LT, 2D 95 % LAEDSRE O
TIAF T T A INVATHEININT A THD I LA
EFoid, —F, MREZEOLERE NI4T &
ZIXCOBINFEE T, RBERBEOKFEEZH T RREN
5 (BHD 1995), 20 X 5 I BARICIKIT D Msks5s
DI R B 36 T e i, BAEICHE
DFEEHNH Y, B BMETITE > R I & B 4E
BT LEDE LT EnHD, L, {574
RIIHB KBTI L LBVMOBEPEL THHTID,
HEZNEZHREYIKL TR THRET S Z L3, EEEMD
RFE L TR ICH bLENTZZ L biEHTR&TH A
9

ALiEIE T b K FHERAE O HETTITAE > THERRF S i FE A3 4

ETAY
i

ML, ZHE TR & - THEER @M 5 HiE
DEMb SN TEZ, UL, Ll X9 2EaHT
IEPLKE TOMICE = — LA HE L CHRIET 5720,
FICAHMICHE 2N TZ L2y, BME T THRIET
e

IEEE IBEPEORAHIE L EB TH D, ZDkd
HER - UELARE O Wi D VIR AN B ARICHNT T,
F VI AT DT THIESM R TRIE T D DTkt L
T, dbHE TIIELOKE TICHER L, KWMcwkE %
HRFZ EnZv., KHMICIIES TICH D0, FERK
BEOLIRNIEEE CEICESIC L S 12 A~ 3 A ORKE
V% 150 ~ 600 mmFEE T 5., T b B O R A 72
B, ML, AEIRIS X OVA mih Ty o JLHEE pE v 1A IR
2% LEES D BIRIE 72 7o, K& 1,000 ~ 1,300
mmPfEE, 205 BFICTL D FEAKREIT 150 ~ 300 mm R
Thd. £, T0X5RDFIRBEHIE TILEFEEES
N2Zebdbb, ZoHs, WOFICKIBREIITHLN
2, —J5, E - NSO WD B TEREREICRIT B
SEREKEIT 1,500 ~ 2,500 mmARE D Y, FHIAICITEE
DR ZFHID L TODEHICERRZ W (F1-1).
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JeimE  w)il 1,074
FLIR 1,128
B 1,160

wik &M 1,254
B T 1,294
Wi W 2,322
H Py 1,565
RGeS 2,271
E S 1,541
&g 2,627
LN e 1,993
= 2,457
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IO, BEHMOBEERLERE CIIEMOMRICL->T, &
DVIKEEL THAICRETE 2 oicxt LT, B
B3 5 AbHEE O RE R TIRMKIC X 543 7 Btk 13
LW\, ZORER, BREREITS biIhsikic RS,
K ICREER A A4 U DEOYPER X OB BAAREIC T8 OR
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WNICEET D2 812 %, Lo, BlRoT 2 1
ZMNIME LB 22 L LTRY, TBICEET %KL
A T & 220,

2. MERHEICBTATERESOET

VEMAFE AR ED DT OICBRRE A WET 5 2 LIFEER
BEEERTHY, BEIAENICRRICARZEZS D
DTHDHH, P TH MBS FHEARREY 2 OfEEE
SHEEREHENR S <, FREOBEFEO T TH RIS
WCEMEG5 209\, UL, Misksss CAEEN 2R
MICHERF T 2 7D I iX LR A EE R S T I BT 5
VERH Y, ZOToICIIEIE & Ak % iYictT
IVERD D,

MR RS TIXERPLEL, EICZ &R S 2 N
BDH, T, JLEEICBTIRENLANAT ZEETSH
LZh<b, ¥Favl, 2uay, xyLrYy, RFER
AV S KFEOMEY) & BT 2 L ZER TR S D E
WThY, KHZERE L TR 2ndic s ik
FOBFHNLERICIVBINT S 2 &, Kigfas L 2
R ZRFBICLDLEROBN G DN LItk D,

Fiz, MERARE CITHALEAE Y 72V OHEEEH &1L
<RHEMCH D, ZHIEEIC, —EEHS OmEN
INS WD HERE D BRI FAEZEIT /2 D 2 g — U
THZEDRHL WD L L, AFLICHEZEHMEY
DEFREICER I SN LDICELEHANTREIC 2D
LliZX D, MAT, DIPETIIEERFREDCAED
7 ADKRIEUY & [EE L AEEEA 2 b 72 5 L (F§H 1965),
HAERREE 2 BT 5 O ICHBIRO L EA PG TH
LLFEZOND LN HY (GH 1977, AL 1985),
IR S —DDOKREREHLRSTWND, BID, Mk
s CIIBAEY i+ 5 2 DIV LD B MEY
fICRRY, HIEEY EEE T 5 EIT O 1 OREHE
DB D T L BE\W, Fi, KEMTIEHSE»LO
EHEZHERT 2 720ic, RoNTHERE TH—EYO
IRFEEZECZILTDH, TNHDOT LD, ik
TIHEEZEMT 2 BEP L, 20 X5 REFEPEE
EEAEMSED 2 BmATERY ZZERAT 2
EECH D Z ENRHTE 5,

LEED X 5 REERGHICBIT 5T A TIEEIL
KETOMMICHEEL T, AFCIWBELHNAL THS
TIZHD T EMENDOT, BB EIXIRECKD SRR
SRR D, ZOOHEEYDEIENbD LS, b
WEE CURHERE S A I FE 5 FERERH S & L TR S <KH, #&
HACHE D THEID 1 kg OHAFEEMIC O EEHEE 1 g R
THZEMEDLNTE 2, LAL, sk cidwE

R VHIRSEE Y, H-oE O biRE TIgER 2
By, BHIEE D bEEYOSEIETLOT VWS
LB S NG, BT OV TITHEIE th o % FEEAT I
ONTORENPEL L HY, HELI O OERERIEITE
WCIREICKFET D B2 b5, BinHho T 212D
THMABOEHEIREIC LV BELEZHET L2 L1
ARETH B0, B by R L TIREFER R Lk
DEMELFRRD, TR0 LD, Ny R LB AERE
PEZHMERFT 2 72, EYIZRHENE ORI & & HERE A 5
OESMEEZPLPICL T, HEPERIERNES
RBIHEERICETDOVEDRDH D,

BT, MR CIETEATAERE ) VBB, R
WELEMCHD, T, ERMTIIHAE2ED
57D VL ERMEPEAEMN TH Y, ERBEL
DENNY 2RI DRI T Y VL ERIEE %)
BT E, —EBRYNTY OWEINNS W L BB
BOEBICETFIEONDIZLECLD, ZbOHH
DA, HEFRFRE TITHALE S Y 72 » OHEE &3 %
W DHEREICHRT 2 Y VEEEL S LD A, i
B2 EEYHRSICONVTOIREDE S ITEE x5
ELTRY, VUEEMRE LZmMRICIEZ LY., 20
7o, AbHEE TIXHERE ML 5 MRS & LTy g
ZIHMEET, Fx) VBEREILSND LIRS, 5%
FEGHICBNTOHBICEEND ) V2T 2 %
BB D,

3. EYIDEMEE L ESRIVFIEICE DU - EIEE
AN A TBEOEENE 2 RHICHERFT 5 201, -
BADBEDBEAR LD L I2EBSFOHLEL 205
FAVERDH DL, ZOkdiix, ElRLXo7etiED
WroE EAL, MAARYICE 285 ORELE
Hig+ & & big, BEMICO W TEFBRMEICE Wz E
YRMEIEEABET S b METH D, RPFFETIHL
BB ZREFHRNAT ZBEOVESTHY, KR
ES\BFEEMICHD Z L (kD 2003a, 2003b) THIDS
NDEAXRF ERRIT, O AEERER X OESK
RIS E, POTEPORFER IV VL)L
VRIS U T2 S e 2 it U 7z

B R I FRDENC BV TR 1,100 4R 5 B S
TWRERTH L, B TILEEAEREME SND Z
ERHEREY 72 0 O ENZ &5, 1970 R IT/KH
B BAR S AVTLARE, MRS EY & L TlLiEE 0%
HTIEMHF SN TRY, BEH L s L 28 b® 7L
FER T 2000 F12iE 36,700 tICEL 72, ZAVEEE 407
DAEERETHY, HAFFFILEEICE > TEEZBH



M MM O ESARER T I 1 D TR L IEREE A B 5 S SR 3

FRTH D, BE, Z0HO2EBREIERFEEIC X
DAEETH Y INEEROWMARP—EHEE ED L5,
I E DR X DVERE SN DR ETIIAH% & b EERF
HERETH 5,

HRE R I MICEER R R & Sh, Fi, M
R R X 28T 510 o UL, FREARNCERA 7 1
WEAEBOTODOEM—NEEATH L, HEHE LT
TG OEEEZRD L OICR O NS CAERE
R L RERR 2 BIET 2 &0, BRI D 9.
ZDIzH, MAXF ZHIET 2L <O ZTKERF
HHONNT 22V, WICX 2P R0 L5
DERBSCRGMERRA LT BREIZBEERS HIZZ
ZBHEL TS, MEREEAR X2 RHNICEET L2
IR 5 DIEFE A 1 L~V ICHER 5 2 L S
THY, ZOLDITE, HERBEFETOAETLES R
IR I U 7o S B 2R RS B 24T 5 MR D 5,

4. KHERDOEM

ko X5 728iT, EFEOILHEREICR1T 2 sk fid
TR D BT ICHEE L TV 3 IC b b 5T,
TR RO B AT S A3 72 T WD TR & 13RSy
DEREL, MEEEIC KLk U AEEMEMET £ 721388

RICAME S Z T AFFARBDLND, E, TED
B CIIMENE A B TR 3 2 ¥ i T K~ D FH
[ r2 & OBRREAM L TR Y GR)I11997), &
ELRE L OMMBNEMRINS P T, fuisds chER
W73 X OVHEAE R0 HE AR e A U A B 7ol B iR b 9~ B BRI,
EPEMERMERFT D L L b ICRBHRBEORE 2 W6l L TR
BRAM BT 2 HELBET 2LERD D,

ZZ T, AR TREAHICBWTEHICHEER L O
HEE T 2 aakaEs, ReicdbiEE o i T SR 22
RO D FEMAAGEHREE O T, fFLEB IO
TRELOHRSERE, HIELDORSMIGHELMAL,
INBITEDSW e HIEZIE, G &5 OFHmE,
MEAEE AR L, o Ny R AEFE R S EREA
Tir 2 BB, & 5 7o b 0 1S X OB R E L 2 Hi Al b 5
HZEHEME LT,

IEEOEBENCB T DR OB Z 5 &, BK
HEORRBER O L 5 ICHE SN BRE THRE T2 b 0o R
2 BEANCH D (B 2008, #EF 5 2007, (L 5 2005)
LAL, dbifEE CIIEET SR 2 ek L C Lo A N
EHEEFL, THHC X BT 23R, SRR A
AR AR S ETWEZNWEE LTINS,
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1. BERTEICETHIREESOKEL LIES

B CILAbEE L 0 bR <2 DRI TN, &
FIF D X DHEERMEIC LR < HBRIEIC X 2%k
DHE ST E T, B TITOI D3RI TICEH OB
FCAKELICE VIR S E 2 b0 THD (BA1991). 4t
WE CTIECA Y 2 2B L TR L, #EE2HT
ZMITIIEE TICH Y, LMOFIC X DBKEITREHIC
BIF2EMOBKELD D72, £z, LEME TIX
RN RGBT DRNCHFEL THroWET LI LD
HY, TOXIBREHRIFTHIICHRIET D Z L ikHk
72 (il 5 1991),

N ZTRIT D HERWNEE < OBE, (LB ExS
ELTHY, 50 ~60cm BEOHWILLTICHE L I Eik
REZFITRIMCEEE S e L AR LEESRES L (B
51964, D 1968, HAFS 1972, KH S 1978, #iH
1978, 115 1985, Fi4E S 1986, #ifH 5 1990), Ziub
DHFNTIE, P AKE LB A 4 v OB EhEERE & OBIfRIC
ONWTHUTZHE L L B DA, [MILENZHHT 5
OO LDOTHD, IHEOTEER TIIELS (2001)
NE—<2% 10 HPSBES HETHEL TGRS 1m £
TOHBEEIEN Z2BBF L 72203, SREHE T 1% 0 LR
FENIVEOIE Y RIMTIENL T 5 Z L ZRifEE LTS, Z
S ITEINC 2 ITBRIE T = BBEH ORI &2 o X
NEbLOTHY, JLHRE TIHELEO FICHREEREN
BA7 3 5 PR E B,

—7, FTREL»IELE~OEEBEIC OV TORE
IR Z DS, IS ITERHE T B 1T B VD IRALEL S 2 i
327D b 0HFTh 5 (Wetselaar 1961b, Robinson
51962, B0 1977, #AA 1993). #ofgis o> L5 TR0
BV @D b REHERED AT 2380, BRA
W SNDNTZATHRIDZ EDRHMLNTWDS (IEH
51964, FILID 1968)., ZNHDZ Eix, EClELE%
S LT HHEO TEDWIETIE, TREILICHFEET MR
REN ORI AR +43 72728, BRIZRHEARIC D723 ) o
WZ L EE®RT S,

2. MEERBIBICEH T D EREIEE

— IR 22 3R ORBUIMEVME DIRF I 5
By 2950, FEOREEREOFHRE L 720 AENEZK
TSEDID, FhdBIEzREov ()2 1983, F
B 5 1990) . —fl & LT, ~D AFHE THRAET D1 FIRE
b X OWMITREFEREOSWEEICRB W THRIE LT W
ZEDHESNTEY (Bifr s 1998), 2 b ORFZEIC>

WTIERE L REL OBEGEEL L TERI TV (B
2 1985) . ™ A A IR P IR OB 2 =TT,
B OEBL DN Tew, MaskEkEs TRGEET 572
WIEED ZEBI TRV E S ICHIET 2 LTRSS 73,
THNETONY ZABEAOREAEE TR B FRMREICR
WCHBICEET 2R L OBRBR 52 b Db % b
7o

Fio, BBCEGFETHERICHIE L IREICONT
b, EROEMIIMNbIELE 25 L L THEEIh T
Wiz, ZauE, BB X ey A BBEOREZRE L
b DD% LD, TS 50 ~ 60 cm LA T ICHE) L 72 f R HE
BRERIMNCHEH SN2 E B2 L TWD 2 &5 bigh
T&E %,

BEAFEICLESTTBLENREETHD Z 21TEHL2L
HONTWDD, N ZEPIZBIL T, BT S
TRELOEIMZIER L clE BERD2n, ZoHT
b= MMTOWTIIAED B RO EEE L FER L 72
HENRZ D, ZHHOWNITIE, HADEFEOIERITITES A~
AET, ZOBEINMEDO LA L 7ol b oD HMiller
5 1981, Hills® 1983, #1H & 1984, #H 1989), T/t
DEFENMEZIEICHER L RS L E-S»r R oD (Doss
5 1977, BHEEDS 1984, Jackson® 1990), 72721, #Hiffi
LICE S T EIT Y 72 6720,

—77, B A xig L Licige I, EAEEICR
T TELOBEBEMEZERLICAANRSL AL, K
(P& 5 1977, K1l 2001), M{EH (Hills & 1983, =A%
5 1983, EEATSH 1986, HE S 1998, Fueki® 2010),
BEEEY UNR1998) 72 & THERH D, L, THE
T HEFT D BHRE A L 7ok TR R E 2 T
T HEERRE L WA, AR (EES 1990), M7EY
D/INE (FFED 2008), T %A (4% 2001), & (N
D 2009) D& ITDONWT R LIS b DDFRD TH7R 0,

3. ERFIBICHTLHBIZEFThLIES O
THEICHE ] S AT HERR DS B i H S 41D SRR 53 O FHA
ICOWTIIBEICE < OBIFRD S 505, Taskids & 5i5: &
L7, ®5WVITHRICEDTZHREITZ < RV, Thbix
T ERBIRAT 2> D HERE S TR MR E L&D D L L
72b o () 2001, ER 1991), HERZHEH L7z o R
BT D LA EFL72b 0 (KES 1980a, K
P 1984 a), BEE~DOAM ZMFT L7cb O (K5 1984
b, ALED 2002), 1EMEE L OBBRERF LD O (K
TE5 1980b, KPS 1983 a, #liFE S 1999, KhiH 2003)
REWCERNTHZLINTE D,

HERE 722 E OB A L 7 & & O E, b E
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AR E DR EICONTYH, ThE TRV 20D
—HEOWFZE (KVE 1984, 1TH 1994), JEEREE x4
L7ciE (2485 2001), REFEHGRORIER (8K S
2002) AT LYY U OMEBA A VIBERZ KBS TS
DOREExHE (RZH B 2007) &5 AT L cii e &2
HDHH, T B IS FELIE ORI IT 2 HF5E T
bHole, HEE? ORI S 2 EMESEIE, FICkHA%
DOIRFETRAE LTINS 2 720, Hulsifs 12 sl B 1o 3
SNWTHEIERIS T2 2 ENEETH L2, L EDO XS
PR FEI T BT D R RIS A )t 5 & U T BUG R E O H1
A8 6D T 720,

4. MEERFIBICETLLEONBFEAHRERR

HeNE D E B O W IEEAE BN & 5 Z LT,
INETIZZ L OBFHMTBNTHED LN TNE DS (bl
M 1982, MRS 1984, dbATH 1985, Paschold & 2008),
FEHL O FRFIE TIXHEIE A & THE RV A HEREN &
DERmBYREAR AR U I FHI D3 T 7wy, g2k
THEIT I 1T D EHRNEIREIIER D b W IE A BN 2
DI S 4L, ITARICHEBREN & O 7 25l 3 2 Hik
PTOND X 51T o 7z (58 2001) . ZHIUTHK L THiR
FBE T, MEEEEN AR TICERFE LT VW &b,
o, REFESIC I DHEBEEM 2T 5 5805 b EE
BN ZFH3 5 Z E BB S, ThE TrliEMEa#E
N OFHMIFAR I ER S e oTc, LarL, TER
WrEE s 23 AL S T IR AT 5 SRR RE N 230 7 <
7% &, MEFIFICBWTOIEWAER KT 2 AR
BENOEEPREI DB, TNEFHET S
ZEPMETHD,

TR A HEREN O AT 5 5T 1 — AR A 2R R R
iz, U oERREER THitt 9% 5 (Stanford 1968),
F— K7 L—T7 TEUKHI 3% ik (Keeney b 1966,
Stanford % 1969, Stanford 1969, Stanford 1970) 73
EDVFIHND, ABE TILALHRE O M Th b —A%AYIC
BASh T A — b7 L—T7HiEIC L arL iz,

5. MEBIBICHITHTIERREY VR

TEERTHGRE Y VO Eb i U oS3 <Y,
FiERAFIFTOW TS FITALFIERC HES R EH IR R
LTEE-ET5H0 (F)I5 1980, FHE 1986, A4
H: 1995, 4R 1988, /INE G 2004), HEfEZR & OB Y
HICER S % & L7zb @ (Abbott 5 1968, KFE 5 1984 a,
I fE 5 1995, JE S 2002, S 2003), (LAEMEE LAY
O FITHERTE & LeboGrE s 1983, H E 5 1999,
WNEF 5 2001, PEJE 2003) EDZ <L ORERD D,

WFI7ZR Y VEEDINT AT E 2 D IO T
b, FICEHICBWTHREI SN TRY, —fFl& L TEL
DATHEEE Y VDS 1,500 ~ 3,000 mg kg FRED AT X T
NS OHEITHRZ 7 vu L AR L ORERD D (K
% 1989), DIz A m v (AR5 1983, Hhafs 1984,
NS 1988), AV LY v kv a Xy (fhxH 1993)
BORRR T ZEY R E LT RERR oD, F
T, TIE 72 T8 ) K IECIAEIC DV Cim U 7o i (G
B 5 1982, Ttk 1983, S 1983, /1NI11988, HMIS
1991) 2V, THHLOWMELMET L L, ~NT RFEE
TEIDEFIZ & > TEIE R BERTHRE) VB (hvd—
74 P20s, Truog 1930, BAFEL) L 300 ~ 500
mgkg " BRETHY, ZNLALICHEFT OV VU EREE NG
F 2 LHEIEY VERORERIMETL , 3,000 mgkg ! FREEIC
725 EINEBNMET T2, HDVITMEERRZ R EDRE
RBBIND L 3ND, 728, BHMBETIIRREY V%
21,000 mgkg! #Hzx 5 L7 vy a3l —EIZSEORIF
ERFEL 25 2 enmbi (F E6 2007), K+ O
U VEERBEEIN D R RTHERE Y VBB O IE_EFREDS 1,000
mgkg BEE L LIcHERH D (ES 1987 a, 1987b).

TEPO DY e E, (FYROMEREL Y L IRIX
REIE, Wi b EHIE Tl S D 7z, difEE o MfE
TR O A B 2R T 572010 vk % S RiEIE S
52 & (MBS 1979) Bk TE e, EHIFFET
TS S (1982) 3% v X & LErRRRE Y Uik L
OBEFRERZEL, UV UBOSZERIESNEE b5 7
ZEEHLMICLIZ, LL, dbiRE TIHhoOFETO
FIfE72 ) VEBFEIEIC DWW T OISR Z I E TR+ Th
v, TEY) UBIEKEEZ S EEETICHEASOMHEE
DREINTEL, ZODODNTABXEELEZ O
FTHXFICHELT) VBB SERIRSND Z LItk
7z (#k5 2003 a).

—J7, BEHTITAbHEE O X O eBKIR S T TEDH
BT 2 Z e inizcd, EEPHOTENOCD ) VR
EHIMEDFEE EORIBER IR 1<, 20k, #
B P OB & < BHEY) O3 EPRNTZD, Y
HRNCHED Y VEBRIE DSBS TE T2 (FRS 2004).

DEDZ Lnn, MEERFIEICRIT L) UEREREER D
BICEBIICRB W TRERMEE L TSN ICES T2,

6. TERRIIEITIEERRHBOZE

FIET TR BN RIS A2 b D TH D
0, BB BT D BRICIEDP R RO Y o T he
b —EDOMGEEZNELTE 2BWHEZ KD R ITHITR
DRV, REEANA R IR ALR (SkH 1986) T, 1k
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O BN Y oo T, —EORE» L OBRIUEE
Rt L5 A L TR Y, £, JbiEEOE KB
BZRBWT S T LR FEPTOILTWS, L L,
ZAVIEK A E 7RI BN T p HPRTHREE U R
EL, THEUBEMEOBRAELIDDLODOHIELL
THRAShTE b0 L Bbhs,

HERBIENC B W T LEZ L ICHifEM DR FERER £
TZEERLERIC L DI ZT O 2 LBZn., £0
RO BB ERICE A LIcb o & LT, ‘&S
Ml CTIEEsk B IC BT 2BV Z 5 ~6 WTE L
TWSA (R 1970), ZoHHITHERLE L72zvy,

—EERBIGNICB T D TR HTE D 22 M) 2 FEH AR
FLEREIEEZ < DD, KHTITEFEDOKKEIC X
D —ENOHIT LT HBELL TR Y (B 2001), 22f#
EE) D FERICE S < RPTHEIE 042 (Yanai b 2000)
PREINTWD, ET, BEZEUCL2ERE L TES
O TR TOVEMNE, WEMESRENE, BSoMME
KoOBE L LbiT, BEOIEHEHPZEL, TOLH
DKFRAEBICEELYE 252 (KNG 2002) 23855
WS iz, MEY Ciissit (Igbal® 2005), hvEw o
v kE (Cahn 1994, Mallario 1996), Y /v A
(Cambardella® 1994) iz TESR, V VB,
Uo7 AEOREE D 1, FIC A RERICERN L TR
Y—2HEU D ERHALPICENT, iz, FFERHE
HNEDORH L Z R p HEFIRREY VEBORY—%2EL S
(BRG 1979) & ORFE D 5. BAERZRERIT R E A
FITHOWTIE, g (BRA & 1987), KH (&R 5 1981,
KA B 2008) F6 L OELHE (R85 1974) D454 IOV T
WMEER DL, IO EMET 2L, pHXY VEETIX
REx, BB TG BEM OBRARELZID 5 72 D HTIHE
Bix 1 EES 5 5 MORRTRER WA, HEHRESR
O AW 5 7o I12id 5 SRR TIEIAR 49 T
HDLEEHINTND,

—77, MR ESRE LEHE L LT, BHick
WOHHER (1984) 23 T8V Hh oo SR B VR E P I
EDEMBPRENZ &%, i (1982) sz %
P 5 721 18 ~ 32 #S D T AT 5 M D
HDHIEELEAERHLTCNDN, ZHEEHOAL HFE
ZOWTIEHSITRET S TR, E iz, A 5 (1980)
IEHEERBUS DS, FITIHEEREEE R > B ARURER > T

YD) T A>T~ TR T ABIOANY T L - F]
FRHEY VEE> pHODIEIC2 5 Z L BHEL TNDR, &
AUIFAFGHE T 1 0 E NI 2 125 L K BRIE & KB
HFEZATS 1,600 md FREDKIANDT R &5 L Tz BEHh
BEOEFTHD, THITKL T, BEROD RN H
DN A Ze S GUT BN BRI BRBUR L 2 M3 L 7ol 13
M 725720,

7. MEFIBICE T HEE R X OMEIEE

AR X OEFR L UOEDBRIIFFEICONTITAES
(1967a, 1967b, 1967 c, 1968) 2 X% —EHDO W%
bhe, HMEREICE K L eGP ZL < Ao (A5 1967,
5 2000, [LE S 2005, FA S 2005). Eiz, LA
Z X T 2 ERFAEHRUER ORI H I ONWTZE < ORE
BROND (585 2001, $fH 2005, V&M 2006, H E5
2006, AR 2007a, WARD 2007b), —J7, HigkHkss
g e LI HRIc B b 2 i e, Zhid, #A
A XR—MITHEIESISITZ L B 2 5 (MRS 1990),
BORETELLERNICHEE STV AIETHD Z &
bh Y, BREIGICRNTEERNRBENRECITNE
EADNTWZ LItk d., LAaL, B L s
Bl T, NELVAVORAGERRESRRL L
PG, HREY 72D OBSTINESDE D WIS — 35
7%, FEic, WEOILEERTTIENY AT 1LEIC
2 BWERH T B EERID S D03, 2D X 5 7oy ZAFEETIE L
EEEBE O FRICGERL TR FRIEED X 9 HWSARIE
LT <257, MIEOMIEAREETHD Z L 23E
snTnd Gk 5 1998).

Fio, MAXF LEL )RR XE (Allium) 1FY T
bHE~FXIE, HEAGERY VBEED, i) v
FRIERE 2 Z &R 5 2 & SZIT-D72h3% (B 5 1968,
WD 1968, FHES 1982)., ZHE TIHKHE R FITON»
Th ZOEMNPER Z L, FRM S 2K A R FHIE
TATH ) VBEALZEBIES A, LHAL, XX T
1) VO ESAEA Y EZ ST D L O 5 (Nelsen
5 1981) , BHIALES TR A Fiktd 5 U VBRI
WTWL ODRDOHRENRD D0 (HED 1967b, A)E 5 1968,
JUHE S 1997), 88D UERIEIKEE (FIAGHEY VR L ~L)
CHENEE L OBfR AR L oid 7z < (BEES 1989),
i B 2 R R L e A I RS 72 S 7,



M EMMOEBRAE TR D IR & DR BRI B S 2 g 7

2% JLHBHEO FEREMICEIT S iRy CIEREHOIE

B TEBESOREBEMER

1. XLHIC

JEHHED X 9 REERBHONY AT, BHLOKE
TOMER TN ITE S h, FIEKET L2 Icids
BIRHPENTAFITES FNICHDLZ LBLZ N, LL,
THFEIC R DN DR & L CTOE I TIIFRO BRI
BE o0, EEROKBLTEFHEE M THOND X 5IT
mole, TOXDBREESRMD D WIENT 2 DOHEIH
DEWE, BEICXDELE?S OB OEBEICE
B35 Ll END, 1o T, N RITRIT 5 EREH
ZEIEALT 2 7201TiE, oY A EH TR S LF
ZOND T LIURTT 2/ ERORE 2 £ T M
T 20ERH D,

AEITIL, ALHEEOREN D 5V 2 ERIC R
DB AN A B ARSI, WS 1 mE TOREA
BN IR 7y, BRICHIHREREN OFRfE B 2 A L TR
EHGE L ORI T 5.

2. REAHE

1) FAEHE

AL P R O D FHIE ORI T2 ~ 8 HIB L UV5 ~
11 ik snsd b~ &, [/ HARMER 50 25 s o
RHHT T4~ 10 AlCEEE SN D b~ b, FFEHOHEH
WOEREET TS~ 10 Atk EnNs Fav ), /APEH
M OHMNIT T4 ~ 11 AlIc#EfES bRy LY vk Xk
WESEHE =7 2% LT, SmENKEEI Y
2B EFHE L (K2-1).

E2-1 i

2) BHIEETEEERE

FRRERIR AT ZNCOWTEIEFEL, 1 F 272 0 OHEE
M ER X OWEA U 72 HEE O fEsE 2 B X B o 72, HEAR D
JEAELD 5 HREHEIRO HHKITFHE L TS (B,
TR L OWRHE) Lo CER LTz, EERITE A
3 X OUK AR A K, BR S LB X OREaRH
TEERI%E RBREBIORRE S 7 1 (K2R
& U THRL o, SHIROBKE &L PIKIR, FHEGER
TEM DVERL & FBERE I 23R 2 - 1 IR L T,

3) TEDLHEHE

F2 O HFITIEIEATICEL 25 mm O #E VT 20
cm BOBMINCES I mET, NTR1BUZSE 3 H
FrPoRm LTz, 2EL, &V LY o7 2 TR

527 1 g}ﬁﬁiﬂfﬂy@?\%wgﬁJ:U;(‘Tg%/\lj;(@;&i%*&g

. 5~10H 11~4H -
e A %A B W )
g COETPRSURT BAR PRI s pomen G~ ok JEH
(mm) (C) (mm) (C)
SEHHT 666 14.8 281 -0.8 bF=bh (HRKED) 5H ~11H4 28 1998% 4H30H, 11H17H
” (59 2H ~ 8A 16 19994 4H29H, 9H 9H
ARTTHT 625 15.9 748 0.1 ~~hk (E¥LY) 4H ~10H 31 20004F 4H13H, 10H30H
JEPREBET 790 15.7 587 0.4 *=vy (HEkEY) 55 ~10A4 35 19964F 4H19H, 10H24H
FHIPNHT 763 15.7 569 1.3 &Avryyy (EfE) 4H ~11R° 18 1998% 4H15H, 11H 6H
” =7 ({&xk) TH~ 5H 10 19984E11H 6H, 19994E5H26H

21979 ~ 2000 4E DA,  ° HEREEHIRE I 4 [BIEERS.

TEREAFE O ERH, PRI 2 A~ 5 1,



8 JLHEESTR SIS RIS B 129 %

1/E B OREIERTICERI L 72, T L2832 7200+
R FEIC A7 Y 2 —F) (Shaw 1962) & F 2 — 78l

(Wetselaar 1961 a) &03& 503, RFETIIREMM DO
RELOIRAZBET D7D, Fa—TROIEH\W e,

B L 72 HE0IREZ2IC 2 mm L RIS #e L T, %Eh
DIEBEREN 2 7 = /) — )VIREETE T, ARG REN 24—
k27 L— T (105 °C, 60 23 FZEEEK Thit L 724
iR MRL CTT v E=U AENZER) T, pH, #f
fae Y Vi (Truogih), ZSHINER A 4L D%~ ZEIEIC
o THM L7z (BFIH S 1997), & 51T, FEERENICD
W TR T 212 b [RIRRICIRA L 72,

TIEEREEEREN IOV, SEEET TIIERBINC, SRR
TIEERIBNC, JEPGENT T EEmc, NI T
T ERNCEIIL 2, ZOERIET, FERETIIAOEH
BUCH B T & 2D L TIRAGHES & Milss & 24 VK
FTRFFIARA T ZBRGND T L, TR IR E D
LDEA L Te T AL, ZR6 0L <ITEHICH 57
O, KEEEHAOEH ST T2 T 2 L OEGAT
T2 b, EPRERT LR Y R R B MR B O fRE T
N AFREDHEINL 225 Y, FHANT 2D LEERS O
PlafETE I L, MNIITERICHEELH R =
FHRIENT AL L, —BRAHEE DN T R &
THEEN OFHER R b LESI NI LD TH D,

4) BROPRX

ENTANOERBEAEEFHELRH Lz, AR
IZOWTIE, JBHEE TITh v ie T AR 0B SR I
Fo & (b riE g 23RBS 2003), HEIEh o %R 1T
ZO—EH AT D LB IHEE 1 kg OfEHICO R
BOSFERMONT A TIIEF%2g, SFEUEONT AT
XA 3 g Lic ERE L 7. AHEIRE CIIER LR
DAL Db D L Rle LTz, Eiz, FRHEICOW T,
FIRAEHIRIC I 1T D I E & Y O — i 7R RN
IE (IR 1985, JO D5 2004, FEEES 2006, AH 5

2007) & THEEL 2.

HS0~1mE TOMBEENRIT, FEAICIKITDHH
FREEN (mgke™) ICHIERTO LEE KR OHEE LA
FEE (kD5 2004) ZFL THEM (EX20 cm%72Y)
BHRAETHINE (gm?) ZEML, Zhbxaitli.
5) TIEFREY VBOBEEL

BT ZDEE0~20 cm (WELE) (2B 1) 5 Aliane
YUl E, BIEERYREEICK DHESER S OBRE RS
L, 1N OFFEREY VIR OBINEEE 2R H L 72,

3. AERR

1) HEERICET HERE
(1) HuIsg DN

BRI 31T DA N A OB, TR, i
M S HEIE OFERE L HEIEE AR A2 R 2 -2 1R LTz,
RIS 0 ~ 4 4F, 5~ 94F, 10 LA LA % 35, 29,
36 % Th o7z, THEANIFRAE T 2D 5 HALHI 123 66 %
L2, MoOBETIFER I LRI OEL, RIS
21T % L0732 < TERNO AT AT O 7K
MR L TWD Z LaMalbhiz, fiH S cHEE D
LA IIREERBET, TORPITFIERBRMEIE T
bole (F2-2), BRBOKEELSHVLNIZEHIT/
<, ATV EEA LTCHEIEA A Sh Tz, 7288, BN
IZRIT DT ZABF R OmAEIL 2,914 ha (2004 FEEEA)
T, 205 BLIEEMTA 98 ha, 4T K ONTEERT 28 142
ha, E{REMTF J OGTHENT A% 32 ha, ZINMAT A 59 ha T,
AFEHITIIEED 11 % 2 EHED T,

(2)  SFHRET

SEEHTI b~ b 2K HEEIEY & L CRERICEA S
M, EPIC IS D THETAR b~ MAEEEPE 1L TH D,
AEPEEREDME 2 BN L TW S 72D, 15 FLLEFEE L 7o
TAESERMDNY X EPRIET D05, AL e

R2-2 PFEHGEAT ZOEEER, TIER, R ER X OHIE oS

FEEEEC () digERl FEREAE (kgm™®) P HAEOFIE (%)
PR it gih H) ~4 5~9 10~ g ([T BR/Z RBES ~5 5~10 10~ fEHE FhA ESE WY EfA
FAEME i AR AL kg m™ AL
SEEET (h=b) 5 22 17 9.0 40 0 6 36 2 6.5 19 21 0 4
R (b= 1) 2 3 26 15.4 13 11 7 29 2 0 2.0 11 10 4 6
JEPGEET (= V) 26 9 0 2.7 29 0 3 21 11 10.8 32 3 0 0
FNET (kv Lrryw) 13 5 0 4.1 5 13 0 10 10.7 18 0 0 0
” (=7) 2 7 12.1 5 3 5 5 0 4.7 10 0 0 0
TR 48 40 50 8.4 92 23 23 43 72 23 7.0 90 34 4 10
g (%) 35 29 3% — 67 17 17 31 52 17 — 65 25 3 7

‘el b+ KA, P BRS L+ REad.

CRIREHRRE Y T A Kt

TESAFBESTIES A,



MR EmH O ERARER I

U A CEMANC BRI M TON T e, RIITIZENO
PO THY, EKE VLD NT AT 79 %
MEAHBICHB L HRL TV D —T07, RO T 2
ETHERHE L Tnic, HIEDEMMEH&IZF 6.5
kgm™ ThH Y, Hlko BERIRKEIAERT 5.0 kg m™
REOHHE 2R L T,
(3) MY
RIATIIENIC T 2 HETA I b~ b ARE R AN 3 47
THY, b~ MIKHEBRIEY L L TR ALEE S,
ZDOXS /AT AT IS FELLEFEE L Tne, —0, &
R DI L 7N 203 45% B B Y, 2D OFHSAE
1T 3~ 30 FEDEND - To, AFHE O TIX, Tl
ANC BRI L io Ny RE o Te, Eie, FEFEWEL
7oy 21372 <,32 % DT ATHED 1~ 2 » AT
NI ANZPE L ZRICHEEL T e, 20Xy

A TR D D EME TOHMPENZ L 235, EMRFTO
HEZE B TON R N—H & e o Tz, FEEIREFIC

HT D HEAE O N =AM 2.0 kg m P FRE L D72 <,
TEA~OHFEY OMKE L BIC, MRS T & 8
LEOFENR 2 FRITThiL T,

(4) JEIFEBHT

JERERET N7 2B DWW B EPEM T, F o
VI FE 5 ~ 6 FLANDO AT A THIF S, B
DOFJIE 245 L CHEERE S X OHIER AR O Z Ny
AL hole, FELILENT A THEEKRTHRICE=—
NEHNL, BROBRMESHICEEL TRY, 152
Mim%muﬁbhfmko

TR B HEER M L R

HYEICBI T 2 05 9

(5)  ZIPNHT
HINRTIZENOTRIFT B = 7 EEREDE 1AL TH Y,
RAULYYy, =3 E bIOKBEREY L L TEAS
, BENAUATEER ST M EPRZEICHEE S LT
To. BREEDBABHIICH Y, FEERIRHENE O
HEXR T LY U TEEE10.7 kgm?E E0r o, 78
T Lv Y T OFEFERNCIE 65 % DT A TLHEBWIMTH
NTWe, =FFHEETIT 11 AE~FFED 5 HEHE THY
AuRE, 2 A~5 BICi#ET %5, 2o 11 A~5H DM
T3, %, e=—nVZ2HEmY, el
TEHMIRIET6 A~ 10 AEE Tlc=7 ofx ML T
e, oM ERE B TONIo Y 2T o T,
2) EXREOLERSRN
FEERTOELE (FEE0~20 cm) TR 5{bEMED
SEfEIE p H235.9 ~ 6.3, RIIEMEAHEHEN 73 66 ~ 108
mgke!, FIEREP.Os (BAF, U @) 23758 ~ 2,568
mgkg’, ZHMEK.O (LUF, #U v A), CaO (LU,
HNTT L) BEOMgO (AT, 732U L) BE &
461 ~ 817, 2,991 ~ 7,139 B L1V 368 ~ 910 mg kg™
B THo7 (£2-3), p HIFMARBELETH - 7208,
FIRGRE U R & SSHMERG A A 3B i R 5 B3R
W L v (bl 2D 2002) L0 LA S MITE - T2,
iz, FIVATEAREREN, FIfERBY LBk JOASHE S
VYA, WTNOITONAT ZTHIELETEL, TE
T (BE 20 cmBAF) TR 221 ERTFLE (K2~
2). EHEELETD L, O O0OESOEHVEMTIX
DS L EWEM2GED D, FIAMEEEEN, A4
RED VERR L OHBIMEG A A DAES LD, HMNETO

pH AEHEABIEN (mg kg') TP 20s (mgkg ')
5 5.5 6 6.5 0 25 50 75 100 0 1000 2000
0 : 0 . , : 0 :
A - A ..0
20 ¢ 20 2 [
E A o
g .
3 40 40 | a0 (| 7
& N 3
60 | 60 60 i oA
80 80 | 80 EI —— ERHE
: e I
ﬁ&fﬂaxzo(mgkg‘) ZHE CaO (mgkg') E&&Mgo(mn )
0 500 0 2500 5000 7500 0 500 1000 1500
0 : : 0 . ) : : :
A .0 o
~20 & 20 | F 20
§ o
— 40 40 | : 40 | s
%o | 60 | 60 | "
°
80 80 80 | %
5

E2-2 SFEdiEicRy

RSB O B A (RN
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ALHEESIAR S BT TEAE AR

#5129 5

®2-3 KRAEMBICKTSFELE RS 0~20cm, HEAEHD o3

FIATEAHEREN  FIHERE P2Os

RS (mgkg™)

AR (B0 pH mg kg mg kg .0 cal V20
SEET (n=44) 6.3+0.3% 76+24 1,206+ 458 514 +284 3,021+ 700 684+ 314
ARMET (n=31) 5.9+0.6 107 +42 2,568=+1,206 817 +368 7,139+2,560 910336
JEREBHT  (n=35) 6.0£0.6 66+ 28 758+ 460 461+131 2,991+1,216 368154
FIWNET  (n=28) 6.2%0.5 108 +54 799+ 478 634+335 4,877+1,607 613227
2 6.140.5 87+35 1,249+ 644 | 503+275  4,315%1,433 640£261
CHEBIEEE 0 6.0~6.5 - — 150~300 150~300 1,800~3,500 250~400

AR, R2-ALITOEU, PALMEERE Y A N CLEE R EGE 2002) (<X D,

RIRGRE Y EROAIE, AEAARTHET > EnpNET > SEEUT > JE
REETDIETE P -T2 (F2-3),

3) B LTEOLEWBEEZREE

SIS OREALRI OIHEEIEN 235 E TK 2 - 4 1T
L7, IR T OMELE (0~ 20 cm) %94 mgkg™,
T+ TIHEE 20 ~ 40 cm 2’ 64 mgkg ™, 40 ~ 60 cm ¥
52 mgkg’ T, AFEICIRIT 2 K HIHDOZL < DT AT,
B E 20 ~ 60 cm D T & LICHHBEREN 235577 L Tz,

SEEET CIRIERERT OB N 2ME LB T T B 0B &
DVbh@Eirole (R2-5), ZhE, DEHIKTHSL L L
b ITARBCHE: THREEE L e T 2035 <, @EHKITE
LIEBEN O NBBE Do Tlclc b Th . 72721,
TRE+ETYH 18 ~ 115 mgkg” OIEEEEN 2MEFEL Tz,
FNEAT & RS T 2 & OZ{BIE, (RAEEFED 0 ~ 40 cm
Zhr< &, FLE, TELb/NEhrol, EAFRRNT
W5 e, FBAE BREERTE S, BLITREIEFTOME
R TIF 121 mgke ' L ERKE DIERO 3ERED -T2,

R TR EN ZEIERTICTWFho HEE T
fE+ET10 ~ 22 mgkg' L D720, FTRBIZBWT
mrole (R2-6), INHEKTRITIIBEA L bk
JERTE D bEEY, FIMELETITEL S EAL, (K
£, BRZ L, RBRETH~ 67, 78, 224 mgke' TH
-7z,

JEPGERET T b FEERTOEERREN X, fEL/ET5~9
mg kg LRV, T TITEEFERARET 5 L 00
FLHEMICHoT (F2-7),

HNETICRIT DAY LY U COMBRENIE, %
JERTTIHMELRB LV TR TEP- 2, FHRK T#H T
fEXE EHEZ60cmETHO FET152 ~ 308 mgkg' &%
LLS<@EEolz, ZNIZHL T, =FHETIEITREOME
ENOBRFREIZI0~29mgke BETHY MELBLY
Yig <, FIARE L b HIERT & IR T 1% & D223/
Shotz (F2-8),

£2-4 FEN T AEHDOLENO-N
B FERE AT [ FETR
cm mg kg™
0~ 20 35+41 94+111
20~ 40 36+46 64+ 87
40~ 60 48+69 52+ 79
60~ 80 39+52 35+ 57
80~100 24+26 30+ 48

£2-5 FHRET (h~F) OHENOs-NBLUEAR

e U/ NOs3N(mgkg?) HEIEFTOEKE
cm FEAERT  IHER g kg
0~ 20 41+37 3341 199+ 44
‘ 20~ 40 24+19 23+£29 203+ 51
(fj};& 40~ 60 23+30 1627 210+ 66
60~ 80 23+26 15+32 255+100
80~100 18+17 15£29 250+ 79
T 0~ 20 121+72 73%33 232+ 22

R 20~ 40 115%£75 67+39 246+ 41
(Z%:E%& 40~ 60 60+35 51+29 244+ 36
60~ 80 42+29 39+22 251+ 37
80~100 3627 35+20 272+ 39

AIHAH GEIERT, IGER) 1ZEKE VERIT4 A 30 H,
11 H17H, EEERTIH2H, 9A9H,

£2-6 ST (F<F) OFENO>-NBLONEGAR
e B NO:; N(mgkg") HEFOEKER
cm JEAE R VAR g kg™’
O~ 20 12+ 12 67+ 57 327+ 24
g 040 2518 45 32 308+ 2
ﬁ_ﬂj A0~ 60 27+ 15 26+ 15 319+ 44
=18 o0 g0 23+ 12 20+ 11 338+ 43
80~100 19+ 9 21+ 21 360+ 80
T O~ 20 22+ 17 78+ 61 298+ 58
gy DA 218 6147 313 45
oy 0~ 60 28= 21 3323 320+ 50
60~ 80 25+ 13 24+ 18 318+ 57
80~100 24+ 12 20+ 13 329+ 64
T O~ 20 10+ 7 224+194 388+ 61
20~ 40 44+ 38 147+131 498+ 91
JEPR
gy 10~ 60 2352226 1912180 708247
60~ 80 1714150 193+171  749+264
80~100 43+ 35 138+176  792+146
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®2-7 EREHT (F=2v)) OFENO NI LUEKE

[ g X NOs;-N(mgkg") FIEpiOE AR
¥ cm HAERT IR g kg™
O~ 20 5+ 3  42+44 425+ 40
g DA 76 28d 416+31
P40~ 60 5+ 3 14%10 347455
(n=8) o~ 80 6+ 5 16422 9275421
80~100 5+ 3  15+21 291+ 20
77777777777 0~ 20 9+ 6 35+67  413+39
g 2040 16%16 33266 416+25
ey 10~ 60 2731 2837 356+ 68
60~ 80 28+27  26+35 300+ 26
80~100 24424  26+39 202+ 18
77777777777 0~ 20 9+ 3  54+42  411+29
s 2040 2820 42250 122+93
ooy 10~ 60 59=TL 3134 351457
60~ 80 75460  34+37 209+ 75
80~100 67446  35+32 208+ 45

4) BRBARLEZERNRX

FHIKIC IR 1T D EM O EFRFEARER 2-91TRL
7o TET TIHMERIERITA41.2 gm™@ H Y, EMEVIE
D 27.9 gm? X0 HEho Tz, WVER OEW ITHEIDfE
HAECHY, AHRERES XM X 2B ARIC
ZITRO LN DT,

KTHTICR T D EFRFEAEITEM L, BRI L T4
57.8, 65.2 gmZ TR L T, RELT35.6 gm2Ld7in
Drofe, JemITIXTEHERRHC X 2B AERD 205
7.

JEYEETIC 31T 2 R ARITHHUER T 2 T 49.6
gm?, FEEEHNSELEDOANT ZT56.8 gm™? Ll
FITREDR 2D T,

HINHT TR BB ARIMEYRIZEDRTD b o T,
=T B CIIHEAR X EAER I O A S, BRI A

£2-8 HHNET (ALY y, =5) O+HENO-N

BLOEKE
o H B NOs-N(mgkg") HIERiDE AR
H cm HAERT URERR® g kg™
0O~ 20 9% 7 308+313 386+ 39
20~ 40 27+21 191+244  459+106
iy AV A
(ne1g 10~ 60 7T2ES6 152+212 G015
60~ 80 44+49 55+ 92 589+173
80~100 21429 34+ 54 605+159
o 0~ 20 51+97 68+ 81 21 75
20~ 40 21%49 29+ 47 409+ 82
(;:710) 40~ 60 18+29 24+ 30  463+136
60~ 80 16+22 14+ 14 447+ 60
80~100 10£17 13+ 18  492+108

SRR (GEAEET, INERR) IR LYo T4HI15H,
11H6H, =5 TC11H6H, 5H26H, AxUL Y UdD
IV FER 1T 4 MEFZ IS,

I~AFITDTe DT, 1 YT OHEE RO EFHA
BRRT LY UREXI Y WD Rho ey, 205, F
B R L ALERIERHT X 2 BABR R T LY v kss &
DL LTz,

KEHOFIE Y AR ITHERINL AFK 2 - 10 ITR
L7z BRHIOEES 0~ 1 m &% TICIEET D REBEREN O
YiExE RS &, SRR TR L W IRT L7728, fho
His CIHIERT L W S E - e EHINR L0 o T, BHEOR
ABLEHHELOEERS L, FERETTIIAEN 21 -
T3, MO MU TIZB & TR AR EZ FEl- 77,
HNET DR Y L o) 73 CHE M T o R REEL L
%L, EROBAE L FHEICTERZITED Sz o
7Dy, BRHUCTRAE T D AHERTEN 1L, VR ik T3 K i -+
D2 ETH o (F2-11),

£R2-9 FHAURCKITDEMEHYEFERAR

A () Hefe B R LR AR At
Hiig gm™
SEHET Bk (n=28) 12.9+ 7.8 0.2+ 0.8 14.9+ 5.5 27.9+ 9.1
AR (n=16) 24.3+ 5.1 1.9+ 2.8 14.9+ 6.0 41.2+ 4.9
CRThET M (n=13)  7.1%= 8.9 42.7+19.7  8.0% 5.7 57.8422.5
BER (n=11) 4.2+ 5.0 38.0%£25.8 23.0+35.5 65.2+20.3
VR (n=17) 9.9+ 4.7 21.0+ 9.9 4.7t 3.6 35.6xt 8.0
CEREET B (=8 20.0+ 0.0 0.0 29.6+ 0.7 49.6% 0.7
1~44F (n=18) 21.3+ 8.1 0.0 3l1.6+ 2.3 52.8%t 9.6
5~ 64 (n=9) 25.3%+13.9 0.0 31.4% 2.9 56.8+11.4
CHINRT KYLYYY (n=18) 24.6% 6.0  0.5% 1.6 44.3* 8.6  69.5+10.7
=7 (n=10) 9.5+ 4.8 4.1 4.6 55.2+35.7 68.8+35.6
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£2-10 FEMORENY 2RI HEFIE
s BEE0~1mETH JERE L HERE D" FEMIA DS
Hy () NOs-N (gm™) N#EARE NfFHE
e AT i5i8ei (gm™) (gm™)
SEHET B (n=28) 34.2 27.4 27.9 24.9
7777777777 . (n=16) 946 67.0 41.2 36.5
KT {EH (n=13) 2.6 8.2  57.8 164
HR (n=11) 26.2 47.6 65.2 16.4
R (n=7) 34.3 93.4 35.6 16.4
BRI B (n=8) 57 ¢ 21.9 496  26.0
1~4%  (n=18) 21.6 29.1 52.8 26.0
b~ =9 50.4 38.4 56.8 26.0
MPNET AvLuYY (n=18) 7.7 118.9  69.5  23.7
=3 (n=10) 19.3 24.4 68.8 23.0
@ KBALOBEEEN (mgkg™) WCHEIEATO LHEEAKLL OHEE L 2/ HE (Br5 2004) 2] T
BIBAUBMEETANEZEHEL, Chbazadh,. £2-11 bFEL.

P HEED S ONBEREE 1 kg lt2X 2~ 3 g (JbiEEEEER 2002) & LCHEHH., £2-11 HHL,
¢ FFRAEHISIC BT B N E D HHEE L CHEH.

R2-11 MARETORY Lo Y UHEEAY 2B 1T 5 BHENT
HEEO0~1mETD JEHE & HEAR D VEMR D
=3 (%50 NOs;-N (gm?) N#AE NFFH &
FEAERT B (gm™) (gm™®)
KasEE  (n= 5) 18.1 74.9 77.9 22.8
TepR T (n=13) 17.6 135.8 66.2 24.0

PRIV TONRINEL TEYS72D 6 gm?2e L CTHEH,

5) LIEAAREY VEROBREEIL BY (AR 1970), 20 X 5 2EHFE TOEL D REIEIC

ZOO b= FERICBIT D ARRIE Y VR L UL & L

ERLIEbDEFEZD,

T LRI TR (K2-3). RFTHTONT X T
FEERW 2 E T ICRIICDIE Y U R 26T,

(T A D> SERHR L To N R TIELARTD B S B L 50 (M2-3), 144720 OHhn&EiE 103 mgke” T
Jeicd, FNBREIL b~ NEHTH BEREi 2L T BTz,
WD ST & BB L CRIFRTE ) VR A =D ic b D TH D,
F7o, BERBIKELND Y 2 A L 7o EREET T .
5000 r=0.684 ®
FRERB LN T G ERFRREY VR E o T (R "
2-12), HEEH T H 2 ZIREHT TIIHEIE S L OH Y i4mm o® . U
EROEESMENNS NI L, Eh, BHRTHERR = ¢ & |
%1~ 4 FEOK MRS Y X CREEOBISAED 1T E 3000 =4
" Py L ] s P
g . °
£2-12 [EREATICE T 5 HBBERHIC R o 2000 & o s ¢ R
Y g 2 % o i
ABE uABE e b M [ N 3& 1000 .x ! ;
_— TREIE AR RMMERA A = § % o JERE
SR ) N P,Os K,O  CaO XN
FIR = Q ’ . =
mg kg
#H# (n= 8) 43+19 370304 387+ 83 1832+ 668 0 10 20 30
I~44  (n=18) 62+26 7704425 467+146 3267+1278 BRREFER
5~64 (n= 9) 82%23 1076£347 514+ 94 3471+ 589 E2-3 MEEBER L ATRIEY Lk - ORI

AHEITHEL ey 2T OV THER

PR L TR

VUi OMRERD LARERMBE (p<0.01) 2358
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4., ER
1) ERHONI ZABIEICE T DERIE O

SEEHT &R E SIS <P H DAY R < b EH
ThH D0, T TIHEHRERBEARPRTITL D L4
7m< (R2-9), EHROFEARLFFHREL DT 3.0~
5.0 gm 2 BETERNELDONT 2T RGFTh -
7z (322-10), FEHT TIXEFEEBEOMRAMIER DT 2
DIEH BEFKEVERLL Y b LEOMBEN R &I -T2
D, ZAUTHSRBIC L AR 2ol btk b %
2%,

—77, RN CTRIBREARNR L Ppolclcd, BFRE
ABLHFHELOZE (F2-10 X0 EE) 1TMHERRTCHTE
X 20 ~ 60 cmiZFEAFL TR L2 CiMEi S Lo R E
(F2-6 X0EH) LT, Kitt, BR2+, RBK
T DIEIC 3.6 4%, 4.54%, 0.9fFL k&<, RFICHEAZ
NBEPEERMCHARMEEZTWS (I 1997)
EHERT D,

7%, WRTICIS T 5 PG O S IE 2 LS Ak K
PEMEHEHRIC X 0 Hele3 5 L, SEHET2S 10.40 kg m2,
RIINTA36.56 kg m™® T, FEETRHHTLE D b 1.5 45
U EZhoiz, FERITOHNAZE L < @WERIE, (ER
DENLWHERBERED D WVITHEEHOENIH 5
EEZLNDD, EHET TIIRTIT & N TEHEEE
7L, HEEBWICE SV T HEp HROAHERE Y VB
& ZHNERG A A % LU (72 L~ UICHEREL TR D,
ZO XS R TEEROE NS NEDEWICEE L L HER
DO TholebD LHEET S,

JEPGHRT O X = 7 U BT A TISREEF R E 5
LIZETHBENSEELEMICHY, FTEIZHEFL T
Wiz, FHERBARTF 20 IETHLIEESNLE
FEOK2MHBITHY L (£2-10), 20k 5 RLEHIE
DR K SN T T DB O 5 BICTTFEICE THEEEN
MEBIIERGTDI o EZD, EL, @S
RIS 20T, KEERTOVE T8 ICHRFE T D iHEBIEN
I 7ino e,

HIARTOR D Lo Y UFIREAT A TH, FHREREA
BN 1 EHOFHICL2RbHLEON 3IFLELL (F
2-10), ¥ 2v YV OEFE LFEL & 9 L EMALFEEIC X
DRI T OMBENMELE L TE L bITEE Vi
FrebotEZD,

—75, HWNETO=Z T 2 OEBENILTEIC
H 10 ~ 29 mgkg ' EENITHERFEL T (F2-8),
PRI 0 O N TR E TIEL 280 THBAL L b
FEEAEEBET, RYLUY UL LIESHEBL
Teo THUT L OHIMPICBIE A R polzl b L, =5

(25 A~ 11 AEE TORERINCHIE 21755 L 7 EEHEIR
RETHRIL SN, RAE XA L 72 11 A IR E RAE S
ImPLFIRERL TWekb tE X S,

Zo X9, JLfEDFEFER L O ZSGEWHIF 238
BEND AT ZLETIE, WL ELB
DHIZO T FEICE THEENASEREL T\, HBE
NOBER AR Z Sanizdicit, EFERAEZIEMIRIC
LR HHLELFRBECTILERDY, £DODIT
FEEMCOWTER L ERBIRE IR DWW e E R
MEE AT 2 BN DD, Fio, LHCHBE L NS
ERRE TN L TELBOMBENIIK TS50, £
SOBATTRBITTEFEL WD, Thbb, Kok
HTRICHEE 2RI, BORIEHERTICHORET 2
LS IO —IREY 72T AR TIE, A OB
DI TR DOEIEREN 2+ R T S5 2 LIHNEE L
ExD,

2) dtimE LR E DERBEDHEE

N ZLEEOBRDEBIZONTIE, ThE TIC—EHD
BF7e (K7E 1984, {LH 1994) %13 U %% < o#mERH
D0, TNHOZ L TBMENRL LD THD, fi
2T, BREBR TS BRICHEZ& A TNT 2D
PAEZRIAL T 11 AICHOEET 5 £ TORICES 0~
60 co DERRBLE RN FE~NEDT D Z L 2R T o,
L22L, RFAEOKMILICIS T 2 HEEREN IXEICRTIC/E
HJE R L OVEE 20 ~ 60 cm & T RITHAFE L T 5 EH4
%<, FEEHET R 2T E M S DG 3AE L 2 94
mgkg?, FTEOEZ 20 ~ 40 cm”? 64 mgkg™, 40 ~ 60
cm252mgkg' Thotz (E2-4),

ATE Tk 7z X 91, Jtiffil & R & TIXERKED
KELSERY, JWHETREELZRL TV S HIF 0K
7KE D3 150 ~ 300 mm AR &b TH 7, 7, D EH
BCIIEFERBEINLIFALH Y, TOHEIEIROHICK
DERINEILT 5 Z L avbiav, Lieho T, dbifEo
X9 BB EBH TIIBAIC X DERED D 2N L3,
TRICHBBEN P EGFTHIERTHL LEZXD. I HIT,
Z DIRAFEFR % 70 L 7RSS A+ 2 I Thb v g
ENMid D VITBIEEZTT S &, ZOSITBENCHE S
D lizny, b TRICHBEEN 37T 2 0 %28
ET2LE25.

Dbz bnd, BHoNT A TIIMEBENSTE
WCEFELR T RoTnEbDEEZD,

3) BEDCTEZHIERICEITHEER

LHEE DN T AFIF TR 2 BRMIEEITE IR
FEWETL5Z LICESZENTEREY, BRERICTON
TITEAERTOVE LB ICREEEREN 78 150 mg kg LA E®H S &



14 ALHEESAR S BT IEAE REHBRwE 5 120 5

TCORBPIET S Z iz L TWD (eifEE R B 2002) .
L2L, ZOHETIEZ S ONT ZDNBIRE SR AR T
DRBITIR G 720,

AT IR CIXBAT OME LB IT K2 LR CIER
BREWIETDRENT IR EGFEL RS, T
JBICHHEEREE R DOERGFET DT ANE L Aoz Al b,
TRICEFT DHEBEN Z2W L C—ED#ii%~ 5 2 %
LR VERBIETE 2028, JLifEEICB W TE
BRI HFETDHI L ERLTWS, LEeBnoT, F
J@ a2 L CRIEREAZIET D 2 L MER G 28 1E
b3 2 ECEBEICR D Z EBIHAL TR T,

2E, HTHET L HNET ISV THFRHEN O FEF TR
RETHOEFERMEI Y b EZ0roT (F2-6, £2-11),
ZHUHEL B TRBICREL TWAIRRB DRSS 2
(5 1962 a, HHIS 1963) LR T& %, £/, Ik
HHEDOJER L TIFH AL 0.5~ 1.0 m fHTicd 5 (E
B9 05 1986, HHID 1995), HAMEHIHE TIX—MRICHE T KAL
M0.7~2.0m ICHD & TR LEEEBENER S
T < (A 1993), TREL ITH HREE D EH L0,
Flo, FERHITIRWTHIINREROEM - TIETE2 S
WHENEA T2 2085 (Al-Janabib 1982) . Ziuh
595k, WETORR AT A TIHES 1 mEAFICFEET
DIERHERDERD, #EHHTIC LA L TFEOEL
BIzHE S NI L DR L TX 5,

ST OYELR - THIEWIM P IR S 0~ 1 mic 18
BEFG SN B ZDLNDEFEN39.9 gm™ (F2-10
TVEHE), MAITTIE76.0 gm™ (F2-11 LY HEH)
ThY, ZhicxtL T, HFEOILEEDVEK ICHIT S
KETHERLS 1 FHICi s 2 EFREIT4.0 gm™ &
BEEARS 2002) ThHhD, DI Lnd, ARFEAMIET
BIREDPOMBINDIEHRED S BOL X, AIFET
IR L 72 BRICHRT D ATREES BN D O L HER T
%o [RIER O BIG I3 ALYEE B 58 D ALAg LT 0> Y2 ik Hitdek T b
RDHHNTERY (B 2001), JLifEiE TILE s THREE 5
DNATALLENZ LD, BRIOTELOMHGIND
EHREE AES 1962b, A5 2001) 32 2 LITEHE
RIETH D,

4) TIEFHREY D BOBEEIL

INT ATERRPLAEER & FTRARE Y VR & OFHBEIE 1980 ~ 1982
AL HRE THA L S RO TR Y () 1986), T
DY K FERH N T R 2 GICEIT L, FIRGHE Y VR
M1HY72 0 248 mgkg ! #EIIL TWic, —J7, REIDOF
IR ZE DOLAREIETL TR Y (K2-3),
CAVFALHEE T Z 0 20 I HEBEHE S R LT Z
EEBERL TS, 2EMNICHITEEHOFTREY v

R OB T 2 IS Y CNE S 2004), T8RS
o THEELWHAICSH D, 72i2L, BHioN~NT 2+
B VEBEERAERD L, 1977 FEEICE RS IR o Mt
B ZTHKEHE Y VAN 1 4R 721 67 ~ 79 mg kg™ 14
L (GLH 1994), kRl U 7z@akoK s T 2T 1
FEM7 0 49 mg kg B, 5RO RIFEHIE T A
T 1976 ~ 1986 4EIC 1 43472 ¥ 54 mg kg™ #4HN L 7223 (7
J§ 1989), Yo tiEE ToHME (1K 1986) 1XEh
LD 3I~5 R LIt D, B TH ALY & [FfE
BEICFTHGRE Y L EROBEINT 2 FHILH 5 25 Calky & 2001),
ITAEDOILHEE TO Y VRN OEEE L, 20 FR10BEHL D
LV DOWERRETH D, AiE TR X 9, »
ALY VEERRIERE IR TE Y KERFEET
DI Lhb, SHELFEEY VEEOBFIERE 2 il
LTWSLERD S,

5. E§

HFED T A LHEZEG0C, S 1 mE TORBAA
WCHERIR Sy, & <ITIHBEBNORTFERBEZHLICL T
HIEHE L OBIRERETL 72,

D ELEOAERSOFEITp HA 6.1, AlVaMEARER
N#387 mgkg, AIFAHE YD 828 1,249 mg kg, &
PEH DTN, AN T DB~ 73T WD 593,
4,315 8 X0V 640 mgkg' TH Y, FHEHEY LER L AT
MBS A A A AERE I 1T D TR EEE L 0 b
LRCED 0T, TelEL, JLERED Y 2 BRI IT
L A[HARE ) U EEOHENINERE 1 1990 FFARIC AV #fifk L T
T,

2) WINOIEY DN ZTHIELS TE L CTOMBEREN
DOEERRDO LN, S0~ 1mETIHFEET HH
FEREN DN ENERT X W B TR T <, BREAED
EFRFHEZRKE S EES> TWDINT RBL 00T,
JHRE DT 2 TITIEREE I OB &3 DT,
THERREN MR A SRR L EI 6 7, fELEofhic
TEBICOEFLYTWEE X .,

3) FIEHE U BN VL 1990 EARIC A D Sk LT
Wb O DIRSREINEINCH O, N7 RERBFR L
TEERTHGRE Y U & ORI IEOFERDGED bz,

4) UEDZ L, NREFIC X 2ROV 72 THE
IRVED RIH 2 HIE T D5 BT T E L OMMRREN 27
flid2Z&, Fic, EHMITBNTIELOREER
KEEN 2342 2 & 25, BEREEEZRET D E
THETHDL I LEZHLMICLT.
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F28 HEBADORELLEREXE~NDEE

1. [FLE®HIC
HEELHITBIT T 20T, B SKE TOEMT
S, ERHT AT LIcRICHBE RIS L TX
WCIRES TICH D Z EB% ., ITFEIXROYEREIN
REY, PEMETIIEAFEHRET LI LLHY, BHOD
R EIIRIE AR IC L V2 /e D, ~NT 2DNEHE;
EH ML T 5 20IciE, Thbs RS EHEEZH S )
T 2RERDD, £, WEEHPLIZE SITHOE
CRVEB L IcB D TR AR 2 5.2 570, HE
JED>6 DEDG MR ZH O 5 Z L id, EEED
B ED i b FRINBRE~O AN &5 bic b E
BTHD, IHIC, HIEEZKEICHT T LAIEY O MR
FOSMETF 2 Z & Ambh TR Y (Lucus b 1960), &
AR X 0 HEIE O B DS VRS TR E 0 & X Ol
et (FBH 1965) % X WHSHICT 2 0ERD D,

ZZT, MELEAMTHILEED T A LA %%
I, HWEOMEEEZHELNICT S L &L ICREEEY
L DBRERFL T,

Ll
Z

2. REAHE

1) R T/NIRIZHERASh S HBOHER

HiE & A CHAENT A ThH S TW e FBH# R Hk
HENE & 721X 2 UL L 72 HERE D 5 B 64 28R L , Ja

15

R (RS 2000) (ZHE-> THHrL 7.
2) HEEAICK S TIRIEFEEDNEL

AET & F CFAEN T 2RV THERRAEH & T8 mTvats
AHERBEETR, RIRRR Y EE, MR ) U A L ORRE
MRt Lic, BRI O rERHEIE LRI TH 5,

3. AERR
1) R THNIRIZHERASh S HBOHER

HERRJECRE O SRR T L 7e — B &2 K 2 - 13 IR LTz,
C/N DK E SITFFEHEE > S > KEHIE Th > 72,
H-ZEHENE D - 3 HTfiE 2 BE AN 50 RIS ALMEE N TAFE X
ATV IRACRHEE (BH 5 1985) & #T 2 &,
C/NIZKZERP ST, BRBLON Y 7 AR L,
U VDRI T2,
2) HIBHRAIZ K 5 TIEIEFHEDEL

ERENT 2GRl R OELE RS0~ 20
cm) (3T 5 AR HIEN, FIFRHR Y VR, ZHtE D
VU LD~ EAERYEIE A& & OMIic—E DRRITFE
DONIRPSTe (FT—2EM) . 12120, ™D A
B OHENEHEH A1 (N T ZABRFF RO R T HENE A &)
ERIVETEEIEN, ZCHMED Y U ADK 4 L ORICEE
72FAE (< 0.01) @D B (K 2-4), ZORIFHEE
ICHD X, MR 1 kg m 272 ) OFEMEAEEEN &
AHNES ) T A ORI % 0.64 mg kg™, 3.40
mg kg B L HH S iz,

£2-13  ALiBHENOREBRFER: TR S TWIZHIEOMR G2tz Y)

@;@E EZ%% C/N C N PzOs Kzoil CaO MgO NazO
g kg g kg
43 (n=56) 262+80 18.9£6.0 292+ 78 15.5+ 3.7 16.5£8.4 14.4%+ 8.9 20.9% 9.6 5.5+2.6 6.0£5.7
B#E (n=5) 337+64 13.2+2.3 135% 61 12.6t 5.2 9.0+2.7 16.9%+ 9.6 19.7%+13.0 3.6+1.0 3.4%0.9
BI#E  (n= 3) - 9.1£0.3 257+130 27.9%£13.7 44.4%+1.3 16.8%x11.3 40.5%= 0.3 16.0%0.6 5.4+3.5
5000 - 'Aff{” o A;Eil
L ¥l x el
=200 ~ 00 . 8® o olgges 10 o IER B
- y e ® % CXEN T, « ° :.!' X x
Eigs 2 T o0 T .k Mixmn
E 3000 1000 x =
; e} o, o¥ o = ‘ 8 Lo — a
& 100 £ 2000 3 o Bow
i LY NI =z x $: X A
£ 50 gwou "é"ﬁﬁﬁxx A iﬁm 7 Eaxa
- = ga@ 8 = A78 g b r=0322"
15 l %
0 : 0! . . 0
0 100 150 0 50 100 150 150

50
HERE SE 4 3 ik (kgm®)

X2-4

R O HERE Mo A5 R (kg m®)

N AR BIAR TR OHEREHE & B & PRV A TR R

50 100
R O HEE R & 3R (kgm ®)

&, FIRGHEY VBB, HMEA Y U AL ORR%
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4. ER

1) BTNV RIZHERASh B HBOHER

Je¥REIC IS 1T 5 2003 FEDFHKEEROPEH &L, FFEIR
DEE LR L 2 AT 18,440 G g, RIS 1,260
G g Th 2 (LimESLE - HREFERYE 2004) . EE ey
ZEHNC B THBEYIR & LTI R BRI A3
AShTnwieZ bix, ZoBMERERBL TS, K
INDOFITIE, EFRICRBWTHH S 5 F BN
B 8 B3Rk & S UNEE S 2006), biEE T
IR LV OCFERBEROBEIEPE N LT D. K
HELTICRW THERREF 20 2 KRR TiE, £ T4k
PREISRHERE 2 i U 7GR & waéﬂ,yhﬁ%@
BRI DA T &S M Zim LE 2 ET, #HR
W ThHDEEXD.

APE TH LN AAFERBRHEIEh 0XE B LU
WROVEP S (F2-13), #EEZ 1 kg L7z & &
OLE~DER, VB, W)U LAOAKEERIETS
&, £x4.1g, 4.3g, 3.8g Thol, ZHITHL T,
AEERAE T A N (AbiEE BEEH 2002) TiED R ICHE
JEZMEH L7z & & 0SS ORIEAFER & LT, HEE 1
kglizo&®EH#Fx2g, VovEr¥a, 1V vrkdgt
AL TV B,

b, BFCOWTCIBICHEA I HERR 0ESR
D9 HBRI50 BB T LD LA TnDZ LI
YT 5, BHOFE TIE AT 288 T EHER T 0%
FD 50 %239 100 H 55 TR L 72 Z & @EREHD 1996),
T B IR HE IR A L 7 & & O HER R
FARIEBITIE 30 %feETH -2 b 08, 15 EREHT 5
T TH0 ~57 %licEmE-72Z & (RILS 1995), ek
OHERDH D, ZNHDOZ Loh, EnHO T A
WCRBWTHHEE A L, 220 1 4FEY 700 o H DS
EMICEZBAE, HETORETMMELZIRLIVED
LIDAREM R B D b DL EZ D,

U VBRI OWTIARHEREEAC T A N TR REICEA S
hk%%#@yy@%ﬁﬁbfwﬁwﬁ I Gl R

FMTHFEREE OB LY IR Y VEBORED
ykﬂﬁ%thDCM%%w%a%$%%ﬁ%¢ﬁﬁ
HRHEIICE END U VERD 9B 75 %3, Kb H VM TE
REEFT RNV U ATHIHISND BEETH D L OWREND
% (BEH 5 2003), fE-> T, EEEMHTHHICE T
L) VOO bO—EREE S E L GHET 24803 H
2b0LBEXD,

TV T BACONTIEALHEERIE T A R Tt 8
SNTHEEF DR EFEZFTHE L TWD Z LITHY T2,
412 5 (2000) 1IZIFEHEAEIEFH OB Y 7 ADJERHFEZ 90 ~

B %ELAFEL > TRY, HMET DOV T LOKESIE
KEMETHL Z 6 (FE 1993), bihE IR 1T 58
TORMETZYTHD LHET S,

2) #IEEAIC& 5 TIERLAMEREZEROEM

AFHAE TIIHEIE DR IC L 0 HEEAAME AN O &
EDZ LN LN, —ITAT R L TILEE A
T D LEBEENEERIZDICE N LT H D T
D, (EEBICHEL 5 2 5 BRIV TRIRMES
%%N®%§#Wﬁ%hméwk216hfkb,;h

T, NUATIRITRIT D AR BEEN IOV T OH
E&i’)iﬁipof:o Z DT, N RATLEORIRIEF#RE
NIZ DWW TEERHh & B & O ik %3 5 7o O FHIEI
IR, ST, BEHLX Y L EEY O S ENEN

IZh 23 B, 1A 72 0 OHERiE B IXBEHIC B 1T 5
EHE (CKVE 1984, L1 1994, =45 2001) & KZER VWD
T, RERICHIEHEROAAMABENAEE Y 30
AIEEER D D, HEEAEH L& X212, 22I2EEN
TV DALZEIREHEY 2 OREAEE TR 2 5 328 (hiEE &
B 2002), AR O EFRLEEZFTH L TW 51 TiEZ
WOT, HEREAER T2 LRA ISR A BN 25 £
LT LThD,

Lﬁﬂ/%ﬁL@nW}ﬁ%fﬁ%%@%ﬁ&ﬁ%K,
BIEANCEAEN 22 W4 2 O AT, FIRMEAHEN
J—fﬂﬁbtb‘@ﬂExﬂ“% ThZenwicw, T("’éﬁﬁ’éﬁ?N@m
E SN ATHIES D WITIBEE1T S &, RizhL 7z X
S EDOH BRI IS Z Ltk D,

BUR TN T 2 ORIETER BEREN O Gl FAES TR L
RVOT, JBHEOFEMEF MO EEZFEAL TR~ b
FIE AT A TR REN 23 L TH 5 &, fELo
FIAMEAHEREN 23 50 mg kg 'BA B d % & 1T, #bsdh BRI
2 3~5 gm? REDHANESRZHICLT 5 O T (LifFE e
BB 2002) , AIFiOFAERER A S EH T2 &, SEHHET T 86
%, RHETT 97 %D APERBIEDORILIC D,
WX%ﬁfﬁﬁﬁwiD%ﬂF3%<ﬁ%%%ﬁﬁwk

, BRHULL ISR RIERIC e D b D EE X D, RIC
Tﬁﬁﬁ% EN750 mgkg 'L EH DN AT, EFES
gm?EIE L 7c 56, SEET T 4.3 gm™®, RHifTT
F4.9 gm?ORFBEPILTEZDZ LICR2D., £ THD,
A OFPH TIXWEET IRV TE N 2D HEAIENS
BN & R0 E & OMIc—EOMHBEIFFED T,
BREMWIET D L TEEABENAEZE S L TH RN
LR TH T,

kD Z &b, #MIEREREREZIT S IDiidny
AT WTY, HEOAIC X > TEE - 2 liEdE
AHENZFMN L THIEEZRETRETH D, HHED
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FIAME A REN R & SRR & OBREH LT
LTI ZE < OFFERBREITO T L BREE LV,
WE ORI & L TiE, LB ERED LoREME
GHENL DD & ZICHEIEEREZWR TE 5 X o ok
R R EEZD,

3) TEMMEHY DL, AIHEEY VL DOBER

HERE DRI K0 HERESHtE D U 7 A b & E o T2 h3,
Z OFBREIIFIAEEHEN O ZN L VKo7, B
U SFHEIE XV AP A E IR D 5 0B A&
%L, POEPRICE ZRINES Z VWO T, HEOE
gL BBt D ) v AL OBRBHBETR2- T2
DEEZEZD,

Fiz, RIRETIIHERCHEH & THEATHERE Y RO N
EOBRIZAED b oTz, LA (1994) (XEE IR
DEFA Y 2 ZEERFTEL T, HIEOEDEZFEIIKE
EIp D 72D ICHERE M & & IR ER ) R & O RAfR
BRDH NPT LTS, THITINA T, KF#HE
TIEIE ) VD IR 18 ek BB A o it F L [
LTEL e DICRRPERO bR oTc B X D,
HEREMEFC Lo CRBEFR O U VERDEMT 5 & s FLiX

FITEHICRBWTEZ WS (KIS 1984 a, I§5ED 1995,
I 6 2003), ALHEE DT ZIETILY VEEOMEEESSE
MEBEAREDRLZ WD, —MRINREBRE AT 2 TIIHIEICE
K42 8MABAHEIC RSN R olcb DL EZ D,

5. 8
BHEE DN 2 B ARSI, STV D HEED

PRIR L, HERERE A A HIC 5 2 2 B R G L Tz,

1) EHW 43R EkHEIEE 1 kg lEA L 72 & 0135
~DEFR, VU, HYUvLAOAREE fx4.1g,
4.3g, 3.8g LEMHEN, N RITHEIEZ N L 72
EXOILHREICRIT DR, 05 bEREK
0y, BV U LAEBMREREFEL TSI LITHYL
7,

2) HEREOBAICER L CHBEO R HIEN B E -
TRV, N7 ZEETRW TS AVATE A EIEN % 3
L ChafE &2 R ET D0 BN H D L HIE L 7z,

3) HERROEAICER L THEOREWED V U ADNEE D
RS LT, FIFEERY VEBICOWTIE—ED
fEAITFED e o T,
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B3E LHGRSr, FHICHIRESROZHiEh Ot

F18 ZEMEHICEICTEZHOLOHOD

FE R
1. [XLC®HIC

Wi AR L RS & IR R, W E ok
HGEPRE LSRR TRY, MR tEclsn TR
Foicd O LEBWME %15 5 7oL, IEREEGEO
R EZER L AR T ) ZEREE LW, L2L,
MM OREHR I TRV TEER S O T 2 NRECE
FLWEREUSE 26 U2l T RS 72 5720,

ZIT, NURABHNOZEMESHEFTEL, ~NUR1
B2 RET 2 IE 2 THEBWHE 215 2 7o OO0 B2 B
FEICOWTHRE L2,

2. REAHE
1) TEERS LU, BREBOEHAE

T IS EA T REICO X 16 5 OEE 25
mm O AERROELZRZAVES 0.2 mE TR 72 (X
3-1)., B HBITRFZICp H, EXREEE, M
FREEN, 72 E=17 LBEN, AIAMEGHEN (F—h2
L—THiHER), FIRAREY Ve (Truoghs), ASHAMERS A
Fv BV TN, IVYTLN, TFTTN) BREL
Teo Tel2L, BERBRGONTATET Vv E=U LEE
FOREEBEEN Z 08T L e b o 7o, 08T B kIR
ERICTH D,

BT BAEDS 95 Y% (SHHRIL TR R ORI /2
DA R RO D1, KHEAOHRBEEZLLT OE
nELi,

-pH:0.2
- BRIGER, WHMEEN, 7 E=7 AN, WEHE

EIEN, FIARE Y BRI K OB A A4+ HHiE

» 10 %

HENXITUTO LB & LT,

n=t*xs?d? (1+ (t?xs? / (Nxd?)

(72720, n : BEGEEL, t 0 1.96, s @ HEYERZE,

d @ FFERE, N:BEHOKESSc0L L)

WIED 2) BERBRE T 2 TIIERBHE & P I
5 (NHEECTHA DO 2 ST S %RWe) tozh
ZHUCOWTHIEA OFRBREZRM L 2. [FERIC 3) B
FANU AT, SEEHE & HADRIO% 2 #Hs 2 50
Te gL Ay & T L 72,

2) BERBRIBONIRIZHEITEHIETHBERE

R 3813 1996 4F 8 A L A)ICERS B RBRY (b
s, AL OFTNT 4 =T AFFE AT ZABHIZ I
TEEL 72, 20N 2T 1995 45 LLRT O EAERNIT 2B
HEFEEL TR, WO D B3 & R ARE
) —ITHERE U, A7 T S R DR R 21T -
T, TR E @GR ThoTc, U VEEE
MIZERA T, p HEBIEEME L TR LY T AL
AL Tz, HERIZBEROIEMITRNC4 kgm™® & b
T E—DTu kN Y MCE o T ZANOREHA
FANZHERE L, AT TEARL Tz, A~y AT EERE
S, TIT 4 =T A3 1.8m MO 4 THREE ST
Wiz (3-1),

LAUNE| JINAE
EEK 16 16 16 _ _
15 15 15 *10 | | *10
4 14 14 14 9] |*9
13 13 13 13 8 8
12 12 12 12 7 7
111 11 6 6
10 10 10 10 5 5
9 9 9 9 4 4
8 8 8 8 3 3
7 7 7 7 kol |*2
6 6 6 6 1] 1*1
5 5 5 5 - -
4 4 4 4 % A
3 3 3 3 NS s E—ARn —
2 2 2 2 1) %L, RIS OFHD D EBRS
1 1 1 1 HE2)EF AT 2T L,
L vsssean ) E3-2 EERMERRYE
) ) ) ) (BFENY 20,8 L 0WQ)
st g S
BE o omE BE BE
PO -

TR M, SRS OFED B RS
®3-1 HIRGATRIRY X
(BRI ~ T )

3) BRNVRIZBITDHIEEEBRE
1) ~~ MHERORFAY 2D

1997 4 7 A RAicAeskiio b~ MBI AT 22
WCHEZT T2 (UL, BRAY 2QD) . Y7 2131970
EARATFICER SN, ZOBRFEMIT2 AR~ 3 AUAE
DO R= bt EE~KDERT LY 2R L DA ITER
T, RFFEE2 A LA~ 12 A ERETHEINT
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Wie, HEAIIEAaEtETh o, HEREEM L L
TR AIKB I OE LRI IN T U A ZHE RN~ M E
FERTIZA 100 g m? BREEf A L TV e HEIRIZEAE b~ b
EMRNC 7 ~8 kgm?%2 h T 74 —D 7y MTEoT
N ZANOHAANCHEREL, A THfL Tz,
JEVZA A VALRRIEE TN-P205-K20% 19 - 15 - 14
gm? RREZFE X THAGL, REFR b OBEIIRSER
Wy KRR (VT v V) TR 72 0 ERREN -7
F= LABEN-CaO%3.6-0.2-6.8 gm 2 RE% 5 [E#
FEIC AT TR L 7244, K EICBER AKZFT o TRy
RIZE R L Tnic, b= MZmsMAlEE % 1 SefE %,
WRIBEDS 2 i X 0 2 T, SFH4BETRIE STV
foo Y TN PRIEE T 3.5 m FHIFRIC 10 970
DEF 20 RERRLE (K3-2),
2) b= MNHEFORFEANATRQ

1997 4 8 A _RANCAbiEE o B AMRE R H 214
BT b~ NHERTEIAT 2 (LUF, BRANT RQ) 128
WT B L 72, T 2031987 FHEICER S, 2
HTREMDOLVHZ AL 6 A FAEMD h~ b EBREIC
Rt sh, RIFTERLREERBS Tz, HiE
B/ A48t Thote, HEREEMEL THS0
gm EDOEFEEL LU 200 g m2DE L RIEH LT L
AR b~ NERRNCHEA L T\ e, HERRIZESE b~ b
ERERNIZ 8~ 10 kgm?*%2 b7 7 #—D 7y M ko T
N ZRNOWHABRICHEREL, A THAL T,
N~ MRERFOFEIE T, R AW ITER AL ARIE R T
N-P>05-K:0% 10-10-10 g m? BE 2 F % & THA
L, 1995 4FLARS TR FH T o 7o FRFHIRIH 0B AR IX
Ny K RICEBET 1A% 729 N-P20s-K20%4.0-1.1 -
2.7 gm P REZ 2EMEHAL Tz, b~ MIBFE AT X
DL RICEERICHE STz, B8 s nil
M T 5 m [EIREIC 10 R >D&F 20 Szl L 7z (X

19

3-2).
3B) AT LY UEMITRIDEZ AN T ZQ)

1998 4 5 A RAjicdbifEE o B ATHA R 50
(WET DAY Lo Y UEMTRTIO T A (LR, BREAY
AQ) ITRWTHERILL 72, ¥ o A1 1989 4F 2k H
BRHUCERR S VTER, R LY Ui 14ESTZY 3/E
HESNTRY, KA EFE 4 A L~ 11 A Bf0E T
BINTWe, BRI Ik Th-o7c, JERE
LU CEMERICHEARIEE T, N-P20s K.O% 1 4
WD AFH28-37-28 gm PR, HEUBEM L LT
AR © = — VB I1CK) 100 g m2 OFELREE I LT Y
L& L T HER IR 2> b MR H T - 7223,
FRDMEIE 180 ~ 300 g m? A STV e BFR I
AFINTT A & E AR SV TW A3, 199347 A
OILHEErREVEIHE D%, HAMAOPAIER RO
2 T TnWie, B8 v FTid Ny 2EWHIIC 2 5,
%% 5 m MFRIC 10 3> D EF 20 MBI L 72 (3 -
2).

3. AEHRR

1) BERBIBEONIRIZEIT2758UIRE

BRI RIS 2 BB REBIIHEEREEN TII K & <,
AR Y VRTINS p otz (%3-1)., Mg T
EH YU LAOEMREDPREL, IV T ATHS o
72

p HIZA ML Y bHRfilT, AmEXD bNEET, b
ThCEPo Tz, HEENIFAOMATE L, AHREY v
FRIIAME CE Ao 7o, 2SR U U MIABMIT, 230
WEETE D oo, ZKME~ 72 T LB XAV T T A
FHRIAITE <, REY 7R Y AITABEETE RS T2
(3-3).

£3-1 M ILESHEB OFEHES L OEERK
s ) b H R HEERE  TUToULAR AIAMARE  AIRATE ARG A A
FHEEE frig=R N P»0s K.O CaO MgO
INTT R (H20) B =}
dSm mg kg
B Y 5.70 0.13 11 — — 484 361 3151 509
e 22 0.20 0.05 12 — — 70 69 193 66
o EERE% 3.5 37.1 1110 — — 14.5 19.1 6.1 13.1
ExEO T 6.27 0.9 317 B 206 2225 1333 6473 1005
TEYER = 0.32 0.61 383 31 49 133 257 636 83
L EERES 52 61.7. 102 ¢ 89 24 6 19 10 8
BRQ 5.36 1.02 297 u 89 318 ¢ 524 4368 1067
IR 2 0.08 0.17 87 3 14 41 151 234 104
L EERE% 1.5 17.0 29.2 21.8 15.2 10.8 28.7 5.4 9.7
RO T 6.07 0.3 152 17 138 1134 548 4553 359
PR 22 0.36 0.12 63 14 48 256 100 563 25
EENRE % 5.9 32.2 41.2 79.5 34.9 22.5 18.2 12.4 7.0
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23704

300 ¢

B3-3 RERRLENDRACEITIRIMILEZ & OKHE O HTE

20 biEE SR A
__ 100 s
¥ 500 £
# 4
o
; 500 - iy
] R
& #
400 &
= ®
300 b P
1 2 3 45 6 7 8 9 10111213 14 15 16
—~ 4000 | —o0— #A o
W —— KA w
» -2 B &
~ 3500 kB =
4 4
o EN
> BN
aY -
R 3000 | R
# 3
: ]
® #©
2500 s T - PR —
1 2 3 45 6 7 8 9 1011 12 13 14 15 16
E-3: LA
AIRGRE ) VBRI X O R O RRRE A 10 % U\W

~

T B EREBUS BT, PRl oS8 HEH L 7235
9H &M 7irotc (23-2), BEXEERE iUﬁﬁﬁé&ﬁEN
WZOWTIT & HICEREUS I 60 ~ 400 5 E L << E

HEhiz, p Hiz oW Tidaihs 0)6}%5(75“5%&1/7”@5
BT 3.8 55, FREHTL.08THY KETRET
g o iz,

H' LD

£ 3-2 SR TESNEBPSFFAEEOREN & 72 5 EREUS S

HE FREL pH ER THERRE  TUESULAE TRIEKE  RTRAHE AHNERG A A

NI R 5 (H-0)  fzi® N P05 K.O CaO MgO

-3 Al 3.8 52.7 473.4 - - 8.0 14.0 1.4 6.6
S i, 4.0 66.4 4139 = o 8z 8.5 1.3 54

BEFO S Hb S, 10.0 146.1 398.4 306.6 21.3 1.4 14.3 3.7 2.6
I 1.5 . 3.3  136.6  35%6.2 . 306.7 38 09 48 3.9  1LZ2

BFQ A, 0.6 11.2 32.7 18.3 2.4 4.5 31.7 1.1 3.6
I i T 0.2 8.6 162 ¢ 234 2.2 56 6.0 .1 25

=246 Al 12.3 39.9 65.3 243.1 46.8 19.5 12.7 5.9 1.9

Fp 4.6 27.1 32.4 201.4 53.8 17.8 5.9 1.8 1.7

2) BRNADRIZBITHAEIRE AIPRTEEHEEEN, WIRAREY VR, EMES D UV AB LD
(1) r~ MIEFDEZ AT 2D <~ 73U AXENENANT A A BN V‘TI—JzPO

HEEREN 235 <, £ DO kiR 23 ~ 1,550 mg kg™, 28 77o AIAHEE Y VERIIASHAME~ 7% 27 AN E WAL
ENREIE 101.8 % & K& o o HIEHEN O EFRE I, mf@ﬂzﬂ#ok(ﬂ874):mﬁﬁﬁwyﬁbim
THERRE > 7 L =7 AEED RIIRMEHEN ONEIZ K Z 22> FRHEN B WALEIZ R W TE <, M MITIEIEDOFHE

Tz. AR Y VR OEEREBUI/ NS o T, BN
DOEERENI D ) T L8, = 7R T LABLBH LY
LIV LKREDPoTZ (F3-1).

HEEEEN & 7 =7 AEEN LIRS TS —E L,

WIS W IEDFER (< 0.001, 7= 0.965) 2338 &
AT, BRELENC & 5 —E OMHEANITFED B o iz,

(p<0.01, r=10.786) D@D BN,

FHTIE B OIEDSHFA R ORI 72 2 BREUS I
HRER S D E BB U e S SR B 0 S D 45
BEbDRinoTe, BRBERE JUEEEN
THE L b ICRIUVEEDPBE IS o Tz (R3-2),

12O
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1500 | =~ 180 ~ 400
T - & 2 - % < - &
E’mun - = 100 - = JE300- - &
H g z
# 500 f D50 | E" 200
3 lp b
hY 5
0 L—— ~ 0 L R i . . 100
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
~ 2600 ¢ - . 1200 |
T - &£ @ 72000 T - &
- - -
¥ 2100 | - & g % 1100 - #
] 4 o
N 2200 1500 | w0 1000 |
= = 2
gzooo . E‘ # 000
F € *
® ®
1800 L L 1 L L L L L L ) 1000 i, -1 ) S R S U S S S S S S—
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
BRI BEfrE FmHLE
K3-4 EFA A7AOICRITHEBALEZ & OXKTEE OSHHE
2) b~ MNFEFOEZ AT RO <~ TRV LB LAY T MTITERENLE T K B
HEEIEN 235 <, £ DO HlEX 93 ~ 415 mg kg™, £°F) ITRO LR o T,
BT 29.2% EREPoT2 (FR3-1), MR EROE EHTIE H OMESFFARRZE ORBHNIC 72 2 BREUS BT,
REII B YV T AR TR T LRI ALY T A LD T =Y AENZERWTHRES OSEP BRI L 72
bREDoT, REDPEERBM AP DOEHE D b o7 (F3-2),

AR BRREN 8 L OSHED ) o Mg~y 2 AR THERRE N AZ DWW TUEREUS I3 Z 12 o T
kW TEroTc (M3-5). IR Y 1, itk

400 | |
= b —-o— k
-]
120 - 4
-E,aoo- L
= &
Z 200 | 100 -
8 #
& 4 =
& 100 | T $H 80 -
¥ B
ey
oL . 60 b— o
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
= ~ 900 =
w 450 | - Xk w0 -
] -
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& 400 4
Y Eny
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£ H
T K
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PRE A BRI [
3-5 BFENTYAQICBITLERIBEZ L OATEE OHHE



22 JLHEESTR SIS RIS B 129 %
7.0 ¢ ~ 300
2
6.5 | ¥
- ~ 200
z
® 6.0 | &
EIW-
5.5 | - K # o £
- & % - %
5_0 L L i i 1 1 L I 0 i i L L L |
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
~ 900 6000 |
" - kK = —_—
; - FH & - £
< 700 Z 5000 |
4
IN %
2 3]
R 500 g 4000
# *
* &
K 300 S S ; 3000 -
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
BB -3 A
K3-6 EFENTAQIIRITHEIALEZ & OXTEE OSHHE
B Ay vy vEMTRIOBZE AT ZQ) OBREUSEEZRH Lic, BEBIEDOTODREBEI N T

p HiAY 2 A AMRNCEBW TR, EEBENE L O
REEI N> T KMIHA DRI TE?R o7 (3-6), A
EIEEHEN, TEED ) 7 ARBIO~ 7327 AT
BB £ B EAIEFED B o T,

AT B OESTFEREZEOFPANIC 72 5 BREUS BT,
FIVATEGIEN Z B\ TH IS O 58 BRI L 7o
B3 Diginolc, BRAEE, EHEER JOWAEMNE
BN OWTIE L bICREUSED S o Te (£3-2),

4, ER

1) MERLTIESWICE TSR 8RE

TIEBWI AT O LT L K - Ml L N2 D
SUTEREREY], KASEBEOR R, PRI OLEUREE
MOBARRETHD, T7bL, KEEITMEHEIC
BT DBRIEHNIZZ < %A, RO O BFERE
TOMTHY, FEEIENS X UHBIEELIT Z oI
AER 2521 TWa, —J, s T TERIC
ZWL, TIKIEDRIES TONDHENE L, BN
2 X BRI 72N T2 O RIE D EEHR D T D F ERHAF L
TWBZEMNEZW, LIeRo T, skl Cld—Icheie
B % <, POLHEEN A EITEY 2 0 T oG,
EERDGENRZ WD, LEBWIThLOBREES
AT Z EMEREME RS,

AFAETIEp HOFABESL 0.2 LINIC, BRUSER,
MR R L OVAIVAME A HEEEN, I ONCFTRREE Y VEER X
ORHMIR L DR AR 2 D HTED 10 %ANICT 5 728

AP EEE AR D BIC AL TR OEA STV D
T ZAREFTIEpHIF0.2%ATRE S TWS (b
YT ST S B B G 1981) . bHRE Tl MERR B S EY I
*HU T BT IR D < FEARRIIS 21T 9 BRI, ZERHMEIE
X HEDWIED 50 mgkg ! HAL T, V U EEMEAEEIE 100
~ 200 mg kg BAAL T, B U 7 AREAEEIE 150 ~ 300 mg
kg AT TIFH 2L & LTW5D (ALl BB 2002) .
FE/z, RGO (1979, 1981) 1d/KH I L OVHHLE T3
T BILFEE DT DN T Y X 25T 2 BRI, ARz
Z10% & L THERBHEZEH L TW5 A S (1987)
bRV TRIBR O 21T > TWo., UbkoZ L
Do, FONEBICRIT S ERROFRRETZY LEX
%,

2) EZEHSLVIERREMOERISERT R E
(1) pH
BNTALZBNWTHAREZ 0.2UANL L TEEL
BEUSEUIEHS T 1 ~ 12 8 TH o 72 h, Pais Tk
5,88 & 720, fEk S ALHEE O KBS I8V TT
ORTVDEANAT RTINS 5~ 6 AT 5,
pHZZWT5 ETHEETHD,
(2) BRUSEFRIR L OEKEN
BERANT ZADICB T 5 EFBIEO HIEFAKITETOT
WILEE DR I NV 7 LEBI OB ~OHATTH 5 T &
DN, TSP E IR R HE N 23 m O H TIEss i
AN T ABEL, T, MBENE T E=T A
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N L ENY ZAWE BT DIRESZHT B L Tz, B
U A TITEEHREN O LB R MO B OFRE LY bi
DIk EL, ZOEBENOREERNOE L, B
SNTEEAFFL TNWDE LB LD, BEATRQ
BRI HEEITRIETIERA SN TWA Z & &, BEED
WipipoTiizd, TOXSBRRENEZ b otz bE
ZHiD, BFENT ZAQITEIT HHEEERENITH A DAl
BWTE» o7, ZORKITHEA B ORIEOPEAKRE
BAMETL, AHHOBEMENSHA LA TL 220272
DEEZBND,

BRLER R L OWEEIEN D3RR (DHHED 10 %)
DHEIFPNIC 22 D RBUSEIL, ~NT ABICRKELSRRY,
BRARERTIL 9 ~ 140 45, FHELAEN Tid 16 ~ 400 £ T
Bbolz, b= MRELHMTOBIECERT S A F B8
TBEFAT ZADOTHE, WBURENEZ LY, DI
E%8B5 2 LITEBR EARFETH 2. —F, KIETE
JE SNz R AT Z2QFB X UK OB O fEIERTIC
BB L 72 EBREAT 2B W TIE, BBV D
oo Te, THH ORBUSEITFFRRRZE & 4T ED 10%
ELUTHEELZD, FE (1986) d&v vy Y vickd
bEFMREZEELT 520, BRIEER (E CHE)
C X BBl AT, ZOLEXECHA0.25 dSm™
BT CERBIEEZIT->TW5, £/, dLHEEICEWTE
FEMC KT D LRI IO <JEAEXS T, ZE3RHE
JEE XA EERE N 2 i 50 mg kg AL TIFH 2 & & L
TW5 (b BB 2002), L7z03-> T, EM EO#HR
BEEFENLD 25D 1 THHECHTO.125 dSm™,
FHERREN T 25 mg kg ' A% LT L 7. ZRUTHI L 72
BEUSEIIEZAN T 2QDH I T 12.0 D7
Y, SHHEOHERHEC S HL D /N S VBN T A TIRBEE
Weh7elleole (£3-3),

ELOERLER, £ ITEKEN 2346 L TRIED
HIEEEZRET D I &I, HEEEEICRIT 2 EERLAR
HEiiThd, KAEPLHEONTHBRID, BRENT A
@D & 9 Ic &R &ML THITEDMEIE A 7 B/ WS
RRHEBEI RSN TR EZ T HERETE, 4
Wil OZEEIRE AV NS <, FetbBidh E 72 13F e o Fe R
OEL 2L TRMT5 Z LIFRIEE E X b, —
¥, BEHMET OB OWTIE, BFEAY 20 L9
e T (RNy K E~OEIE) TEBETHAT
b, Ny FREICEISLTERERD Y, EHIZERE
ZRIINE 22 LITRET 5. 20D, ZIE - ZEEH
BIET HIEM T, BIERTOME L OERZER E /o 1348
IEN BT IC X 2 kB0 ZEFRIBIE KW, #HEaio+
BEROLTPNIWEECHHATRETHY, Z0%

#£3-3 HFABUENERMBEFRTO0.125dSm™, HEHEN
T 25 mg kg™ DN & 72 5 BEUS K

A E= i R TEEAHE T E=DAE
N R Hi s R N
B S 0.6 0.9 -
AR 0.7 0.7 -
B ORES 90.3 903.8 ¢ 6.0
rp g 98.9 1149.9 8.5
CBEZRQ  as 7.5 6.2 0.1
P St 5.7 23.2 0.1
N T O 3.3 24.0 1.1
PR 2.3 12.0 1.5

A THEEUREE 20 AREL L TILENRD D,
(3) FIHGREY LR

U VEBIIHRRIECOFEEN DR, Dot EPT
B EBEN L WD Th D RiT, MgksEsy it HEA
E>ROHLE CRIGANEL, HAfL T ORIEIC
b rEZ 5N (Mallarino 1996).

THEFTHRE Y VEBIT RN T R TIRPAI O TEEDNIT
&<, BENT ZOTIEHA DRI, @ TIXEAM 2 E A -
2o U UVEBBIZERANAY ZBIVEFAY 2RV T
FREFLRIERORS & LT, BREAT 2B W T
A THEREBEM LT, ZhEnBmsh, ~NU 2
WO JEINC BT B 7 BT W iz,

TIEATRERE U VEE SR RAZE OHPAN & 72 D BRI
X, PRESOSEPORIET S L, BEAT ZQER
WTEEUTTholc, ZDd, NI A THPG 5~
6 BT EERIT 5 HIEIAFIAGE ) v ER 2T 5 E Tl
WY TH D,

(4) NS

RTRVTNEINT T NI HEREEM L L TAE
WCHEA =, oA HIBICEMZZ T T W L b,
AL T & EHIEML T DIBFEICR D LELXLND,

T~ 732U MTERAN T ZTRB W THAID
BECENCE <, BEANAT 2O TIEH A BRI E - 72,
2 TR MR T 2B TE LR IEE O
BELT, BFEAYZOTRMAZ THEREEM L LT
bENENBA SN, NT AN JEENCHAR L T 3
N,

T~ 732 T LB XUV Y T AR REDE
AN & 72 DRIUREIE, £ T AL b b~6 8L
Thol.

B, HERWMEI YT DMIEF AT ZAQITRWT
HA PRINE <, ZOREEHA AR ORFR O P K EE
PIKTF L, ZHEOBEBERHA IS WTO R



24 eiEE RS

Tl tELZBbND, Lo T, BEOHASIEL S
EVRBL L T 2T D T DIZiI Ny A DT S B E
TERT 2 ZENEEL L, i THREIRBERE OHERE N
METH D,

3) #EOKEAICEET RE

RN B TR O g e LSRR L O
VU AGFHEEOREZGIZE T L (FEI15 1964), 7]
EPEABSREN (L S 1989), W ONCAHME S U 7 A (A
B 1997) (IHEREREFIC X 0 #IINS 5 2 L s, W ATE
IIHERRREF A T OFRIRIC R D & B2 b D,

PR BENIIEZ AT 208 L U@V THA
AR CEro e, HERHMED U U MTERANA T 2ICE
WTHAOIR XOCRHloETE <, BFENAT 2O X
VOB THABRITE o T2, —F, BFEATZOQ
TIEHFEREREMIZ R SN2 o T, BERNTABLIUE
FNTAQQ T FEEA SN TRY, O
FEFIN T 7 X =07y NMZXo T ZAROH AR
MHTICHREL T, AAITHAIL Tl &an, HAR
N2 <M S 4, HERBICHRT 2 AIVATE A HIEN & %2
D ) U LAPRERLTELEZEADND, BEICITHEE %
WA LI Wiz, ZHIED ) 7 A TERANT 20N
DEETE <, —FELHY OHIEHAENLVERNT X
OO TIHANMTHEEF ICE P LBELLND . —F,
BEANTAQTIIHEE AL TNz &b, Zo
Lo RBHEZTRONR NPT,

FIPRMES BERE N DS RREZE OREBH NI 72 2 BREUS B0
HEA LR R T 98 o 43 i BB L T 2.2 ~ 53.8
REBFENY ZFBIGEVBRONTED, HWED ) T A
WZoONWTIE, 68T Thole, Licdd»T, A
PRI 2580 C RS 2 Z L IC X W B O L 5 %
WTFDHZENBTES,

4) FREDEESR

FTH H OBWHE T2 3822 ORI 72 2 BREBUS I,
FE A EDGE, HARMZBR RIS O 58> 5
BT 2 &P rotz, WL, TEEEEM B IO
ZRERFOHEH 2 7 3BTV A DA OBRER 23l 1
L2 L THROBENREETLEEILNLD,

p HOSPFRREZE OFFNIC 72 2 RBUSEIEE T 21T
BWT 5 mEF, ERINOEELRIECHLSITONTS
AEROEY 5~ 6 MU T TH D, 1ELofbFEE2W7
LI Tbhg —EOBEPDL 5 ~6 BET I
FEHRLIMZONWTORBURE L L THY TH D,

EHRITOVWTHHELREN 25 25 mg kg ' DIRFEFFANIC /2 5
BRBUR BT AN DV % 52 T T 41 BRI L 7o JB R
NI AIZBNWT 12 1 TH Y, KD 5~ 6 5 TIEAR+

e RERBRIGEWE 5129 &

BTH D MR OREEREN

BIPAKELEX D,
Flo, BEAUZOO LS ICEBICEEOBRD L <

VERDIRAER 2B L T, B T EE O EE K8 o

T2 OB E Z T I WA I, RIEDOREE I 21T B
WCERGTFEZROLTPELTND ZEBE N, Z0XH7%
BREEOS A, BEROBRRAGLEEL 72 ZWE L5 D

ZEIERERFRERTH D,

TEBWCE S HEIREE, 20 X9 EIREEIT -

TNBAY ZTIEREH TE 2R,
Dbz &rt, MiELEEE oD

LTI T OEBPLETH D,

@ HAORE BB Z R Pl 2 R 5 2 &

@ NUZAOFRIMIGRMETE S~ 6 BHChizo
TRIT 52 &, 1221, HERIOMEBEEEN 224
5ITiE, 10 SREORRSKHETSH D,

@ HIMETHNR S U < IZRDIRAER} 2 B8 1 e fE L T
M AKIT i@m/bh%‘ﬁﬁiékmﬁ%ﬁofw
DAL, BRIEER L EEENICOWTEFEED
mmu/%ﬂﬁ%ﬁ%é LIINETH D,

W+ HITIE 10 SREO

AE L 2 BRES

7B, RRETIELERSOSBEREEWERT L O
R AR TE R o7z, HERD O T ICHERRE
NoOS#EE, FMEELTORKRERY, FMEELT
BESOREZHETS., ZNOSOMRERET LD
OREREE O LSRR ETH 5,

5. Ef
HERBIFICRBWTAY X 1 AR 2 HEIER 52

Wil % 15 % 728 O THREUFIEIC O W TR L 2.

1) ELZBRET 2 BRI, Ein-CHEREE A o & Z AT
% T2 DITHA AL J OVERIBR A8 v o il 2 R 3 %
Z &, BROPIKNFEL T B LOERLL T Z#ET 5 7

DITAT ADFRIP DRI E TEE BTz - TR
WTHZEDBLEELY.

2) BHHTEBICOWTORIIC L2 RBEZpHTO0.2
LAY, ATHEHRE U VRIS X OVRHAMEIE R TOME D 10 %
PRI 51TiE, ™7 A LS ORBUSEE5~6 4
e T 200 TH T,

3) MEAEETORBEREN IOV THABRE S 25 mgke LI
W2l 5 icid, 10 VTR EORRPUETH > T,
712 L, BifE BB ICHEIE 2 L TR AKIZ L D Ry
RIZH/ AT 2 BIBEZTT> TV B BAICIE, BR
fRER L BN ICOWTEBEEOE W ZEME A5 5
ZEIIREETH - T2,
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E28 REH, WIS FOEMEFRIEIS
HEICTRLEHE

1. [ZFC®HIZ

HIETHL RS TCBY, BINHIC R 5 EREF
BORNANY A TIIFELITHEBIEN 2SR E L TWDH 05,
TR > T IRZWE TIRAEAE T O/E L1507 L 7o iR REN
LR L CTHIEEZ RO TN D7, FETICHEETS
THERREN 2595 Z L 23 TE 7, FERAICER 2L
PITONTWLRNE DD, £, REICHIZY IS
N RFHEELEIEZIT O OB —KiITH 525, BILK
MICBIT 2EWRII TEICGEL, & JITFEET Dk
BENZRNT S0 LBESND,

Z I T, KETERAYZAHROTELITRIT 5 MHEERE
N OFRAFRER L ORI L 2RI EZH S 2N L,
T LITERATF D AHERRE N 2 3l L 72 i JE B ik i 5
THILEAMLT D,

2. HABRAE
1) TRIZEGFET DHEBEEROEYICL ST AR

B IR IT 2 RENR2NT A THD F~ b (5
T T ZABRKRER) BIUHRAR X (5 5 o) 12D
WTTBICREAT B HEEREN OWR TR & 8 X % 2002 4F
5~ 9 AICH R E B S R (biEE ALk, e
ERBRL) ONTRTRWNTRE Lz, sk T
LD — b AR 3 -4 1R LTz,

EE0.4m, W1 moOMAFAZHER L T2 KETHR
BRL7c, b~ N TEEZ 90 cm & 721% 60 cm OfTL2>MZ 50
gm” OFEEEREN %, A X ¥ TIHES 80 cm E721% 40
cm DIALDNT 25 g m™? DORYEREEN & 45 4 FEE 1 L3 v
LA TEMANCHIEL, SEMEICET 2B GEER
HER ], EAET 28 H H2 b A EDOHEEEN 2R 5 5B
JIB) &rER L e, WifED &b 4 HEMERKE v ERIT,
HIEEEIL R~ F238.0 A m™?, #AFX¥2379.6 K m™
LT DAKIMELBOKRGRT Vo ¥ VISR~ T

98.1 kPa, #iH®X¥T19.6 kPa lC/xoTc & T2 HZIZ
LTC1EZ2% 10 L m? Z&MmITfT-o 7. #IRE R i
Peamz R B VT THELL, VVBBION )Y
TAE R~ b, ERAR T L HITP20s- K20 ZHfR T 20 -
25 gm™? &2 ML .

T3 20 cn B O SBALFNCEREL L, JRE % 1 - me
EBNZ 7 x /) —EBETHT LTz, b~ b OINEITE
NETHY, b~ b BIOMARFOEFTIIEFTHEE
L (em) X PHERE ITERZE (cm), TRLT,
2) FIFBLUERBERTORR

b= P BEUREA R F 2R RGMETREBE LI &
DOIRRERE L 72, HTTRMALFEL TH D, ML -
< h THEIEN-P,0s-K20% 10-20-20 g m™, BEN
KO &M% 30 ~ 70 H HEHICAFF20-20 gm™?, #K
H3* X THEN-P205-K20%10-10-8 gm™, N -
KO %EMif% 30 H,60 H HEIZHA % 5-4 gm™?E L7z,
BHEBEIX P~ FT3.3AKm™?, SKEHFXF¥T83.3 4K m™
Lllc, ZOMIIRTIHEFEKTH S,

RRDEENL T A 2875 (IHN 1998) 1235 % 50
mm PO L RZET HMOABIC LV FAEL 72,

3) TEMBEHELA I LOTERERRINCE5ZSEE
= b OB TEOMEEN 2RI 5 & &I, THE

T2 1T 2 BRSO BEDFIE Y B 2B E SR & 72 5

FIREMED B D DT, ZTORBEMGTL 7.

AiE & [ DR REBRIC R W T, HHRE 0 1FE 2 E L,
JEARAT 2R X 40 cm F 7213 80 e ITEL W T2 ALEE &, OBk
BOEEEZEEL, EES ~ 10 mm oL #%EE 40 cm
DA E 7213 80 cm LARRICIE & 10 cm (SO T AL 2 3% 1T,
RIS RS 2 /EH U e, SIS 90 cmi2 50 g m™
DOFEEEREN ZHEfE L THEEKE W IERIT b~ hRREL, &
B (IRIGHIBR 22 L) ST 2R L 7z, £ oo
FMEMELFACTH D,

4) TERLOBHEEDHETE

b IC BT 2T 2 LR O T LIRS ER L

HY, FTORBEIZ0.2Mgm>EELS 1.4Mgm™>%

£3-4 AT Ghibyiit)

B KR EC AITAVEEIEN  RIFAEE P 2Os RHNEH L (mgkg™)
cm g kg™ pH dSm™ mg kg™ mg kg™ K.O CaO MgO
0~ 20 175 6.2 0.12 25.0 272 462 3695 488
20~ 40 180 6.1 0.07 23.7 239 469 3380 476
40~ 60 186 6.1 0.07 23.1 244 471 3375 482
60~ 80 191 6.0 0.10 23.9 242 465 3386 486
80~100 215 6.0 0.09 21.4 226 433 3410 500

1) E CITEREBER, WEMEAHENIEIA— 7 L—THiHE (105°C, 60min), 7

FRBEP 2 OslX b v A — s,



26 LHEESIIR A
BADLDOETEA THD, Dk, FTRICEFETD
THEEREN 2374l L ChEfR & A B3 272 T Lo
AEELHEE LR D2LERD D,
IHEORMEY (F123 A TFa»L 4 APaE) 12k
WT, AHICHE TICH -2 20 FE L i iafik
KiIchH 2 LHETE D, 22T, ILHBHERTOKH L
(n=91), Rt (n=51), GHMEITERI L (n=
28) Zxt4IT 1998 i~ 2000 HICH Y & 4 A FAEICK
KEUTOLEEARIRL, THEKRLEAFHELE OBG
ZIAE LT,

3. HERKER

1) TERICEEYT SHBEZROEDICKL ST AR
k= MRRECITEMRTICE S 60 cm ICHEEAREN % fit I

LICKDOAER LONEPRK EFETHY, RS 90

em THEAE U 72 (X Tt BRI > 2. 8 E % 5 TIXFE S 40

WRIeEHE RSB

#5129 5

BV 80 c ICHHFERE R E R T DX TRRE U b4
BOL 5T (£3-5). 8 60 cmfEl b= hFIEXITE
U 2 AL O TIEREEERE N I, BRI 2@ U TEES 40
~80cmIZRWTH AR IKL 236 b~ hDARIC
W T Lz, HE40em XV _ EDBALICEIT 5 IEE
IR 2B U TIR<SHER L 72 (R3-6). HES40cem
FEARER 2 2 BT XA I 1T 2 BALB O T RS L RE N 1 X
EAER 84 H E'&Eif&iﬁ?/\’ IR E 40 ~ 60 cmiﬂ%ﬁﬁé
20 ~40 cmIZ EFH-L72hs, ZOEFEIIEDET, 20
Uﬁnﬂiﬁkﬁ%f\'@iﬁhﬁéo’C%J:'U“Cﬁ”\" T LTz
(£3-7).
2) FIFBLUERBERFORR

k= b OIRFRITBAERE ORIHITIIBEICEE & 60 cm #2
BECEIEL 722 (F3-8), HEAXFOMRITHIKT
KT oA EDNES 20 cm INOELBICHTEL 72 (K 3 -
9),

®3-5 BEHRMILMAEDIHEMOLET - NRICE X DHE
@@ =4 bl\—? l\ 1=} -2 $kEf‘j}\‘b
EHEL 2lNE(kem™) EHEK
WE90cm (80 cm®) ITHEAE 379 18.6 151
WE60cm (40 cm®) IZHEAE 434 23.7 155
TERET228H B HIBIE CoEHEX) 436 24.8 178
Yy ANFEA R X OLE
PAEBER=FL (cm) X PHEREIERE (cm).

F£3-6 W60 cm ITHIEL 7= b~ hEEEXKICR T B @A LIEHERREN O HER
BEE JEALR] O L HEEEEEN (mg kg™)
(cm) 142 28 42 56 70 84 98 112 126 140 156
0~ 20 4 3 3 3 3 4 5 4 6 7 8
20~ 40 5 4 3 2 3 4 5 4 5 5 8

40~ 60 18 38 70 o4 92 70 6

0

41 53 46 32

60~ 80 148 134 116 111 63 43 69 69 44 43 63
80~100 12 11 11 14 7 6 8 7 6 7 8
TERERS B, P ALEE  ERERTICIE S 60 cm ICHEFRREN ZHEE L 72,

£3-7 FEE40 cm ITHEIE L 728k A R RREE KT B B AR IR EEIEN R
BEUE JBALR D L HEEEEEN (mg kg™)

(cm) 282 42 56 70 84 98 112 126 140 156

0~ 20 7 6 2 3 4 5 2 3 2 1

20~ 40 21 28 32 44 47 28 2
40~ 60 79 78 68 o7 ol 38 5]

6
1

60~ 80 9 15 16 15 15 11 10

80~100 6 10 10 11 12 11

5

40 32 27
33 25 23
8 7 7
6 13 4

“TERE ARG ©ALEE S ERERT

IZHRE 40 cm ICHEFAREN ZHEAE L 72,
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®3-8 EMWLUED b~ b ORERIME #&3-9 PHEERFD b~ b EEE TR FORT

ws TERERR B fES) HEERE (mm™)
(cm) ORHA 4R H 28H H 42H H 56H H (cm) F= b L=y
0~ 10 46.6x7.3 45.8+12.3 38.1£9.5 44.7+8.9 56.4%+17.8 0~ 10 53.9 372.9
10~ 20 19.8+ 8.4 16.7=7.1 28.8+9.4 31.6%+21.6 10~ 20 55.0 161.7
20~ 30 6.5+ 2.7 2.9%£1.0 5.1+£1.2 17.2%£10.2 20~ 30 45.1 52.8
30~ 40 0.2+ 0.3 0.8%£1.0 2.6x1.8 25.9%+ 9.3 30~ 40 39.6 6.6
40~ 50 2.5%1.0 36.4%* 2.0 40~ 50 20.9 3.3
50~ 60 1.0£1.0 24.2+11.1 50~ 60 25.3 0.0
60~ 70 0.2£0.3 11.5%+11.0 60~ 70 26.4
70~ 80 2.5+ 2.3 70~ 80 15.4
80~ 90 1.1+ 1.0 80~ 90 23.1
90~100 1.0+ 1.2 90~100 11.0

) A URERBICEDHERE (mm™)

3) TEYEMNA T PO TEERRINZEZ 55E 1.5 |
k= b OAEF I ORISR RS T b *HRIX & g
LCil S, RIKZE<HIRT 213 EF L1roT,

AR S &, BRI S ST L D b AT L0 |
L 72 (B 3-10), I T I TR IE N 1 1#% g
FREZRFITITEZ 60 cm £V HEWBIZIIFE ERD 6 ~
Teinode (F3-11), gOJ
&
£3-10 IRIGEIES b= F OEFICE 2 52
o RS R RN o
(em)  #%  (kgm?) 0 200 400 600 800
SHEARAG 40 335 23.0 BEMOLEEKE (¢ kel)
80 351 25.9
[ Y= 40 284 20.9 K3-7 REMEHICRITLTRLEOEKERLEFZMEELE O
80 206 23.0 (n=170)
SERRIX (IR 441 37.3

CEESE=EE (cm) XTHEE (cm). FHEAR (gkg?) x b LT IAHE Mgm?) =

10°x%—0.003 x + 1.94, ORI HE L (K3-7),

£3-11 b= F OREHIRAER OB 15851 58

(IR R 4. R
fé) AR A R R ARENCHITD b~ PRI TE, —MREVR b MRk
cm

BE40em %HES0cem HES40em HES80cem  (HEFHIFR)
0~ 20 11*+ 6 11+ 2 9+ 3 13+ 2 11+ 5
20~ 40 T7x 4 5+ 0 5+ 1 6t 2 6 1

(> ThAKEZD 78 BB LT Gik 1994), EAL
O TEMBEN OB 2 R5 L, TRE»OELBICH
o TEALENE I Vol bDEBE2LND, F

40~ 60 45+25 31+25 12+ 4 3+ 1 13+ 3
60~ 80 8377 33+27 6531 55+23 8637 e, b~ b OERPULERFOMRRE & ORICEIRD
80~100 10+ 9 20+19 21+ 9 66%26 5+ 0 Dz ENmBND Jacksond 1990), b D Z & h

5, FTEICKFT DHBEND b~ MRS D D,
EIC b= FORPEES DRSS IKFT D EEXT, b

4) TRLOBHEEDHTE

T A TR EEEKRRERD L, Bk TR UK
, fHFEOBELTRWERICS T, BEH O
EKER L FFEE & OMICIEEV RIS S (R?= 0.957),

~ N ORI, ALRE IR 1 5 ZRK E W ERT—RAYITE
NERF D FI-ITAE Y 3 5 M 42 B BICIZER S 60 cm iz
FEICEEL TWe2s, BERFORRITHEK TR TD
1EAE K VIR ITIEEREL TVl Tlo, ¥ L[E L Allium
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BAEMITH D EZ~ 3 XL EBMEEY TH Y (Greenwood
5 1982), 4> T, MIEMIAS N ITHRAET D MEEREN (T 6F
L CTER D RIEZ R L TIe OIS EY ORI 5720
EBEX D, TRICHFET DHEEA A METE RS
LewATR—ICLY) LichhroTBETLILDOEE X
HNDD (BRIERED 1982), N ZAFEED X 5 1Y 720> A
KEAITV, O~ NTF 2B L THROBERE 2T 5 5%
X, THEICEFET DMEEA 4 v oWt BlELR
BROBEICEIEKGET L DOEEX D, EL, KA
FXFFIFICB N T O AEBFHNIC TEEEEREN AMED 7205
DEE ZR LT, THIMELE ORBRICHEN TR
BT EF L e RE R MER R IR S e b o b
ExD. 7B, BE 90 cm EIE L ZHEEEEN b, AFER
HICiE b~ N ORPBEEL TRINS DTV EHERT S
D5, R DB o o T O A R K ORIk L 72
MPolebDEEZD,

UboZ &irt, b= MEOTFRRMEEY ZHEET 55
AT EMRNICES 60 cm £ TO TR ICEFT 5 IEERHE
NZiBIEZESR & FfRICEHMET 2 2 L8 TE 5 Efbm L 72,
2) TRLZMZMREIZTHIERHF

TELICERFET 2R 2MATL2DITiE, TEOY
HHMEEPMREROME ZEL 2V L BRI S,

ARETTITEAE DIZ S 2R L 0 bAF 2L 72
0, BABTIEITELOHEIN I AKPE I L
Nz, AREENCHE S EEEN OB B b il s iz
EExT, L, EROERERE TOKEB)IER D
ETNVEDBAIREIND EBEINDDOT, ZOFEHR
DRYHENE D1F 5 RIS X bIEMOEB RZET D &
IFEwmTE R,

o X oz, RETHEL WHEOEEEKNTH D
MO OTFE(ENE, TO T OBICERET D HERRESE
RO~ MCEDZBRINEHIRET D Z L2 b, Rohks
PRET 2REEBESC 7 7 @R ELFBICTEERD
WINZPRET D LHETE D, B, EREIROME
ZIHETOREIZEOMEIC LV B2 DH, KEOD)
TITHIAR DO FEFE ZFHET 5 981 kPa ML E (=4 1972) @
GEICHEERE 23 IEPRETHA D,

7E, dLEEORERINT ZAERMTIE, HIEDEHICE
DL HEIESR IS 24T > TWRWAT 2R WTHEIERTO T
BT T DREEEREN 28, TIEBW 2 PIFEE T 5T
AL VTR 2 ERWEIRICSH Y, £, FFROBRN
N ATIETEOMBEENBEREOHB S Nic T 2 X
D bEPoTcE DWEDRD D (D 2004) . BB ITE
WTHERERTIC B L 22W3 5 2 L I3ERAR 2N s
HDHZLicnsizd, ERSGE TR, TELZEZ1T9

RENTADEMN 2B LBERETDHZEBEEND,
WE-T, THELZHORRE LT, TEZHIcES<E
JER S 2R L TWRWAT R, BFROREI TV
WA ZA RIS 5 2 B3y L35,

3) TERXLOBREEDHTE

— I LEP ORSEEREN L MEIEESE &1, RIEFRS O
MEZhR D% D& ORI D 553, JBABNCHIE L 724
HEREEREN MBS FEICHY S5 2oiciE, T8O
REEZREL CHBEY D OBICHE L 72 L TlHigd 5
ZLEDBEELY,
KAEEZMOSTEAPOHET L HFIELL TE, &
EHEYEE L AREE L OMICEERBRESH D Z L h
L (AR5 1974), FH#WE EH O OHEE D (Ruehlmann
5 2009) BENTH D, —F, BMELEGM TIIREHO
THOK S P REFREICS 2 LEE SN, BAREE»D
BRKRDEEZHEL 2FF (L5 1993) 22H 5 2 &
N5, KETIIBMEHOEKEREZHNTHELZ, 20
R, Z<OTERICBWTARBELNVEHET D Z
ERFBICFRETH D Z B BT o Tz,

7R, EBOBE TR, ICEMEZ 1 Mgm® L7 25
LEF Imgke' X IMgm®=1mg L &0, T#X10
cm¥7zY 1nd 4729 02EFIL 100 mgm™® TH D A5,
THEhOEFE 1 mgkg! NI E D ) OMEEEITER
0.1 gm?ITHY TS, BES 20~ 60cmdtJEZHET
DL, 2O AEEMBE L FRICHIATTRRREFR L2 D,
4) NIRATRBLZEEDER B

ULOFRERPS, JBHEDO Y AFIFITRIT L TRE+
DWHEEZR 3-8 D X S ITREL =,

ARDWHE 2 RO & BB L IO f Witk 2
LT B, FH2EE 1R 2 EERHAED T —
S, ERBIEFTREREEZHEE L2, TELZEEE
~ NEOEIBMEEY 2RI LIc FIETH D0, —&IT
NT ZFEEE TR EAER T, b~ N ORIEME
A D B 2B 3 2 FHE N (RS 2009). #E- T,
I = MIETOI TV D IEIET L RTHETIZS & LD,
DI SN TS TARMEAEY SF G S D 2 & 218
L CREZT -T2,

KT 31T D FAERT O LIEREEREEN 7> DB R EE R D
WIEEZ BT 5 &, BUTIETIEEER L /070, 0~
0.7 gm?ThHo7c (£3-12), M3-8IT;mLETEL
ZWHEIC XL VRS 20 ~ 60 cn DFEFAREN % MM 5 &,
b~ NEHTH D, RTTHEETT24.2 8 XU 13.6
gm?, FEPFITE KON T 9.0 8K 009.6 gm™
DAL 72 o 7c, FHE] TIHRRAFERID /N T 2120
THFERICHOMEENSEEL TRY, ok, TE



MOHTR  EISH O MRS IC BT D LR L IR R PR R I B D g 29
FEREOEM & B3R
(hv bErid*ay U %) é-ﬁt%@”é%ﬁ—
Eﬁiﬁifi:ifﬁﬁz&w:&éﬁﬁﬂﬂﬁﬁ?& >
FEICIT-ATET,
BEIE A AT IZ BN TN B, — /
EX 60cem NI T 18 » BERG - Eﬁlﬁ_
e¥, ROMEZ#MBEST S @ EH S,
T B x # &5F
TEE 20~ 60 cm ZHH
THREREZEFR (mgkg') X0.4% X AHE = BIREHRLRALT (gnfA4E)
fthOREE IS EZ T T2 ONERE?S ERLOREZEC 5
) HEEX10 ecm¥%720 FEEdho%zEHE I mg kg UL, AEELZ1IMgm? eT5L%%0.1 gm 2Ty,
BEE20~60 cm (E& 40 cm%)) OFEARRL T, 20 4 {5 % 3,
B3-8 NUATELZEE
£ 312 HEEHRZWOWFEIC X HIBIEO RS
o~ JEIERTOELEON O3-N ZEX20~60 cmBONO;-N PZWrER OB RN Jg R £
;;ﬂz (B0 4EE (mgke™) B (gm™) Bk BT TREL2ZWE wEss
- 0~150 150~200 200~ 0~10 10~20 20~ (gm?
SEEET B (n=28) 28 0 0 15 9 4 0 12.8( 6.4)°¢ 12.8
L4 (n=16) 9 6 1 0 3 13 2.0  44.1(22.1) 46.1
- - . (n=44) st 6 1 L 12 1w 0.7 242(12.1) 249
ATHHT K (n=13) 13 0 0 5 7 1 0 11.4( 5.7)  10.4
HR (n=11) 11 0 0 8 2 0 10.8( 5.4) 10.8
TR (n=17) 7 0 0 2 2 3 0 22.2(11.1) 22.2
I . . (=31 st R L 0 6 0 136(6.8 13.6
JEPRRT R (n=8) 8 0 0 8 0 0 0 2.3(1.2) 2.3
1~44  (n=18) 18 0 0 14 2 2 0 8.1(4.0) 8.1
5~64  (n=9) 9 0 0 6 1 2 0 16.7( 8.3) 16.7
- - . (n=35) B o 0 Z 3 4 0 90045 9.0
NI RULYY Y (n=18) 18 0 0 11 5 2 0 11.3( 5.7) 11.3
=3 (n=10) 8 1 1 9 0 1 1.2 6.6(3.3) 7.8
XA (n=28) 26 1 1 20 5 3 0.4 9.6( 4.8) 10.0

PENTAZ L OWIEROFISE, O UEEERBITE & TE LB L O&Fk.
CEHMEDY (TB) b hoBIEERE (20 gm®) ICHTLRIEEE (%).
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PWNCEEDWIBIEE E DJRIERIBEE D3 D - 1203,
SEERBET OB E O AERL L KT oML, BAR 7 1L T
B e, FRFEN12.8, 11.4, 10.8 gm™? TAEITR
Molc, MFHEICRITH2EKEY b~ b 114720 DB
JEEREIL, OB TEEVOHAIZ20 gm® THY

(AbEsE B EOES 2002), 2 EFRICRE T2 &, Lo
JERTEEEIE b= N 1/EYS 720 OBIEEFRED 45 ~ 121 %
CHHY LT, 1> T, AREMOEBEAIC LY T ZHEHIC
BII2EFRBEELZEO L, THEICEGFT HHBEER
AR S, FOREFE L L CEMARN~ DR AR 2%
JHTEDZ ERALNTRS T,

B, 2L OHIBICRIT S 12 ~ 3 A DL DRk
B34 200 ~ 400 mmFEE TH 5. HEOLRE i
60 %, FBKIZ LY LEBANOETOMEEEN 3 BET 5 &
BET D &, FHs #&TE%EOJ’Fj:FOD{mé 10 cm IZfFIEL
T REERREN I, ZAHIFICHES 43 ~ 7T ecm & THENT 5 Z
Lt s, EBRO L OEERE N&:ij:i% CRFFE 78
DOBENT LI L2 /MET S L, S 60cmE TEEMF
EHRELUTHMET 5 Z &%, RIFEOIEYHBFIA LY
Dol BRERIMECHASE L HEE L TH#BRZY T
A5, BEMED b~ b TR E 2 5 LHRFR A
T2y, BECX2BMIEICEL D ERENRD D
2%, ZOTREIZEEIEERGRHICE W TR SERN
KRS bDLEZ D,

e RERBRIGEWE 5129 &

5. E
eHHE DY ZAFIEITIRIT D TR RITERAET D iHEERE

NOEYERIC LR AR EZHAL 2L, v NEOR

R FEA R RICL T, TELICEFT SHEBEN %

PN L 72 MR B R 2 B S r I LTz,

1) —FE (AT D IHEREN O X 2RI, ~ v

RIEHTE L TR ZEET o~y AFESRIETIE, £
J’E%*E—f‘@ SITRFFEL, EIRMEEMTH D F~ B
DIRRILEEFHA ORI ICEES 60 cn BREEICEEZEL,
Z ORI ETOHBEN ZBRESR L FFICFH L2

S, WIRMEEY THLIHMARFIIFBOERZ+571C
*'JFH Liahotz,

2) TEITERL DD WITEATE 2B L, €O T Ik
ENZHIET 2 &, b~ MIZOMBBENZFIHL 72
Dxofe. KR L 7o AEEERE N IZARRF& T R I SEARAT o |
ICIEDPNC BB TS, A O FITidsh L Ronzho
7.

3) BARNCEIE U 7z HEEHEERE N & 7 2 eIl 45 3R (T
WERDLEDITE, HEORBELRLILERDD
72, MEMOEKEND TR LOFRBEEL L&}
ETDHELA LN LT,

4) ULORERPG, AREDNT ZAFFFITRIT L TR+
DWHEZIRE LT, TOHEICIVImEDNZ < o
U AFENCIBWTHEROIERIC L 2 s L D 578
EEEEOL, TE kﬁ%f'é’é’)ﬁﬁﬁ&" EN 2R =5
s,
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FEI3HE ERE WIERILUYIDHEERA A
REZEBRTHS-ODOTELINE

1. [ZC®HIC

R Ly Y viddbiE I B 2 IER N T 2B T
bV REHEEPRORENWERHTHD, xYyL Yy
HEE TR BEROBPICEZ TR L L TIH#ET 525,
— M FEH OERIIMER A 4 2R L3 < (&
5 2006) , INHER) DRSERA AV IRERE E D 0TV, &
D7, ALEETIER T LY 7oA ZERIZB W T,
INETHEE VEE TOMEEA A4 VIBEICOWTIE O
FEAEME (BrfE Y720 3.0 g ke "BLF) BIOYEEME %
BT D 2D OME Lo TR FEF N2 £ OFIHRE AR
ShTE (HESL 1991).

LoL, EEOIMENZ X5 L L o EREFHE T,
TEEOMEEEEN 23 20 ~ 30 mg kg 2 L {RWIRAIT D,
R LY T OREERA AR E D TREE &8 2 5
W% BH BT (6 - BN v & — - R
By 2006), 2Dk &, FEOMBEN LAY LY D
TR A A L PREE L ORI —E DA AFED g, 1E
T OMEEEEN 2t 5 L 3 296k 0 HEB WSV e %
FEHCEAT T, KLY v OMEERA A4 AL
TIZTERWIEADODHD Z LR ENTZ, 5258 15
T TRBICHBENOEF LAY LY U8 NT R
DELBEDHLNLTRY, ZHNCERLTEAY LYY IO
A A BEEZED TWHAEMENH 503, FDZ b
WCOWTIHZRE TR SN TR 2o, T, [FHE
TRFRY LY UREEN T ZAERICIS T 5 F M 0FH%E
FHEENERFHEI Y 40~50 gm? E-72Z Eh
b, BFRIEKOHPO bEELZSETL2HERD D,

HIEi TIEA T 2B IR W T FBICEFE T 5 EREOF)
X, FIHEYMBROESITIREFEL, RROREL 2E
S E TIFRAFT DIEEEEN 2RI 5 Z L B>
2. FZT, AEHTIEAT LYY T ORBOEMER L O
TRICEFET 2EROFMARMEICES S, Y OHEE
A A BERRTESEL201C, FTELICERET DM
FEN Z3Fli L 7o e E B AT 2 2 L 2 A E 5,

2. BBAE

1) BMEERE
HRTABIAR D Loy o AR DL HREN T 2 2T
& D HBJTIC RV T, 2007 4F 2 ~ 11 A2 4 BONT 2T
BT LY U OMERA A VIR CE#fEN 2y, LT
U) BIOLEMEEN % FFEHAEL 2. LEAENIT
YRGB ETHY, FY ZAOFEHHIC T D — K
LMD FE 2 3 - 13 1R Lz, HIIFEA 30 mm
DAL TERE L BELZ IO LTz, TEarEITRTE
LREILTHD, AU LY U DA 4 REX7— R
Tuty P THRREL 2%, EBAKERML TREY A
W— TR L THHT L 72,

2) RROZHRRIVFHERE

R L) T OULHERE DAR R % IR 8 PK 5 1+
(AbvgER)IT, {6 - T3t v 2 —) T Rick
W 2007 7 AT, T4 UARRZERIE (LN 1998) (12—
AT & [FARRICTRAE L 72,

THEDOVE S BIDOTEEREN OWIL /& — o % 2007 FHK
x (97 11 HEERE) & 20084EE £ (7 H 4 HIEMH)
& OIERIBNCHRA U 7z, $AEE % 100 Bk m™®, 1 XEFE
Z0.04nd & L T2 KMETKA OFFIEHNTHRHIC ¢ 30
mm DR EZRIT T, PRI 10 ~70cm (FKE Z/ERITITE
E50cmET) OFFIC 10 cmZ A THERME 22 2 T
N 5%atom THEHE L 72 iR 7 /L3 7 W K 0 RSEEREN %
5gm?iHAL, REMOREL LBICER TRy LYY
ERFE U Te, WY T B DA 2l mEL R L 7221
WO U ChiEE @B LK RIE TR L 724, 1 K
7z /) VEHETEERRELZHE L TERRINEZH
HL, BEoWEICE Y kil 1996), EA1110 -DELTA
plus Advantage ConFlo II System (F2yti@pakkt St
ZFRFZERT) % VTN atom% Z2HIE L T, £XITE
FEPNOEINEREFM L 7,

IR I 1T Do — b AR 3 - 14 IR L
TR LY U OMBEHEIIAHRAE L S 33 AL L.
3) EXRUHORFRLEBO%RE

2007 4 2 H~ 2008 4 10 A @ 2 AR ITHND 4 B
DEFENT A (b B +1) ZknwTky Ly

£3-13 FEEMAEL ey 2 LRO(LAME CREREME) OFE

B . EC FIVAMEEHEEN  WfEREP20s ZHMEH R (mg kg™)
cm P dSm™ mg kg™ mg kg™ K.0 CaO MgO
0~20 6.3 0.53 125 3392 630 5547 680
20~40 6.1 0.29 55 1295 411 3783 500
40~60 6.0 0.28 38 1326 406 3235 458
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ERVA Ve
Ua 1TEYTD 5 EERTL, EREIERREIT o, &
BRI 2007 FFiciE Bk od 1) TERERAE L 72w 20—,
2008 HFATITHTTNTRIE L 7oy A & AW T{T > 7z, 2008
FEOMENT RTIT D TIHEO— AL M O 1
2007 FONT A LARIRRE Th - 7z, WHITAER O
ERTIC, OfFEL RS0~ 20cm), @EFEE 0~ 40
cm, @EEE 0~ 60cmDE X ITHFIET HIHEEREN 25
DNWTERBIEEZRTEL LK, BIUODEEZEX Z5H
EL, HERICBITDET LY T OMEEA 4V BERSX
UHLIE 2 3AA L 72,

W XQICRIT 2 EF R EIL, S 0~20cm(a),

WRIeEHE RSB

#5129 5

20~40cm (b), 40~60cm (c) DOFBIITEITS
THEMMBENEGELZ0~40cmET (a+b), HDHWIZ
0~60cmET (a+b+c) BELEDEREME (d)
R RICRITDERAFEREL BT, K3 -14ICEVTTo
Too £3-15 OFEHITB W T HEMEEN DX 5 & %
FHIE & & OxnBfRIL, BEFOILEERIET A N2k
VT % EHFRAERT ISR CbvE B EGE 2002) DX ICHEL
TIERR L 72, 783, FAEMIRIT O 1 /EYS 72D O HRT
H¥1%36.9 + 4.9 HTH Y, MEITYFEZPEIEIC
L b0 Z ATz,

#3314 M LEolEEN Gkt

BT LY T ORGSR ITIPER S T S 40 ~ 50 cm T
ELTRY, EERBEITEICHES 10 ~ 30 cm 7
TELTZ (F3-16), £, #E 10 ~ 60 cm 135810 HE %

Hs - EC TIEMABIEN  FIEHEP.Os EHAPEE I (mg ke™)
cm P dSm™ mg kg™ mg kg™ K20 CaO MgO
0~20 6.1 0.48 119 1269 905 3867 990
20~40 6.1 0.49 95 930 811 3541 920
#&3-15 THHMEERICE SV EREIEEIEICR T 5 5 HMlixt S L BIROMT TiE
RS TR SR FHMERI SR LB KL TD ERROKMEd (LEEESBEER)
(cm) (mg kg™) X (cm) BEZE LA ~50 50~100  100~150  150~200 200~
0~20 a 0~20 a =d o
20~40 b |= 0~40 a+b =d= ?EHE%) 12 9 6 3 0
40~60 c 0~60 a+b+c=a =M
) doREIY I, dLEEIETA NICRBIT52 87 Ly Y UEIERFO XSRS ERE LT,
T4
3. AEBER = s
1) WhSEREERE % 9 |
I 2 N SN RILLY IO
AT L LIz g T 2132~ 11 HtElzc e % ; . A
BN, AHEEES TICh o7z, ZhidyigiEic 5 o . . . .
BT D — iy ZEHIFEETH S, KAy 2T & 2H7H 4H2H 5H26H 7TH19H 9H11H 11A4R
'8, 32
13~314EIChi AR LY UREEENTEY, 3
B 300 1 & ~TURA
AR P IC &~ THR 5 B S e, FRIOE ok —-o- 1 B EE 0~20 cm
N o ™ . = —— C
fEETIEEGIE S 4 N (s REGH 2002) 1243 Za0, &~ 7 D
& 39~ 51 g m PO T O T\, ZHEAHEHEN z
1% 57 ~ 196 mg ke ' OREIC o To. Sy A BT S 8 10
INHERF DR T L v Y o ORNERA AV IREE, RS 0~ 20 %
cm (FFLJE), [ 20 ~ 40 cm @ LERIEEN TS 2Dﬁ|?a 4H 2R 5A26A  7TA19A 9A118  11H4H
1/EE TR, #FEEREFERTHIEEmEoT2 (K 200 ¢
3-9), é ZE& 20~40 cm
s
Z
2) BROERRIVSHERE »

TH19H 9A11H 11H4H

55 26A
T HEREA

2A7H 4H28

B3-9 EFAYRIIRBITLRT LY YORE
A AR L LIERFRREE R O EEHIHER
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SHITHBEREN Z L TR Y, TS 20~30cmb» b
FEDERERIN L7 (M3-10), HEE - FKES DM
PERLE b ICFIBRDOEENC & o T2,

£3-16 AU L vy VRO BEGESB 5

RS RERE
(cm) (mm™)
0~10 157+ 51
10~20 373105
20~30 231+ 97
30~40 69+ 50
40~50 20+ 21
50~60 5+ 14

+ PUF IR ERAE.

1SN B (%) 1SN EIR R (%)
T’ o 10 20 30 W& g 10 20 30
(em) . . i (cm) . _ .
10 @ 10 [
20 [TE— 20 [ V—F——
0 e 30 ; ]
40 [ 4 40 [T———r
suF:jE%ﬂ 50 [T——
60 74—
£, &, 4L, EEx r
(% % OWAEE S50cnE T) 70 B

TE) FIEEHNTHREINZ ¢ 30 mm DR ZRIT, & 10 e
TUONAFREEE V> 7 b w2
B 3-10 FEZPNCHEAE L 2 NAERREEE v 7 L
BFROFT LY VI X D ENER

3) EXPHORFLEBO®RE

BARICIS 1T D MERERT O TR REN AR S HINC R S &
(#3-17), 1EBEDOELTIIFRED T ZT 10~ 30
mgkg ! FREETH - 7203, #EE 20 ~ 40 cmI2iE 100 mg
kg LA EH DT AL RSN, 20EH DAEICITS B L b
TEIDHEL e VR A ICE E -T2, E 20ecmPL T+
BT D HMEBER L L GO TEHET 2 &,
BNTEECIHMET I3 ERT LY U ORERA 4k
EMET T2 AN Sz (F3-18). Mg+
JBAHES A0cmETE T2 &, WA A IR OFE M
PACHRHE IR T 200 B FERE (3.0 g kg "BAF) &2 F[HE -
oo TO&ZOMNEIIMELOBW O TEREIEE L
T DLHTEIL VLB P Tb DD, FEFHTL.2
kg m? BERF LN, FMHR LB EES 60cmE T
ETB L, WEEA A VBRI LI T LD, 7 AL

BEOMINES KT T 2EHmR ANz, AT LY T
THUXED 55 70 ~ 80 % BRI EIC 2D (B
5 2004), P TE ARSI A0cmETELZEED
HUNE 1.2 kg m™? 13442 0.9 kg m ™ O HRINEICHY
T5, THAbiREORE~E £ SERITR T 5 — ik
72 BAEINEY 0.8 kgm™? THDHZ A5 AT LHEEE
BeES 2002), RAFRNEL~LVENWZ D,

THEE THEMBREN 2R L 72 & & DESFHEFR
&z, (FLEORZFHET 2BE L kT 5 &, B’S
0~40cmZFH L7235 T15~16gm™?, 0~ 60cm
T23~2Tgm2OEIEICR o7, BBE0~40cmET
AWML XOBHFEIEEITRY LY T X AWINE
EHERFRE»D D WIE T (£3-18).

4. BER

1) RILUYIDHEEBA 4 VRE L TIRHEEEN OXRE
IR T L vy U OlEEA A BEIIEICE £ kI
KT 2D 25 (IR 5 2005), F—FEHNTIEE
FHEEIC X 2205 BEHiMZEI Y KEL< (S
2006) , FHEEA A IR IIFIC B RS HEER L L
WCEVEHFTLI2LDEELZ D (B 1990) . AFHA
T 11 BICIEL 72 5 1F B ORSEEA A IRED R b Eh -
73, ZAUTSIED LB HIM P ICI T D EEEEEREN A3
BP0l Z L ICBRAT L EEX D, RAEICKITHER
T B 3 L8 AR AT D REEERE N e L TIRAE L 72
5, FELIBITIN 2 THEE 20 ~ 40 cm DFEERHEN 235555 5
B ICEEEMERLIZZ LD, RY LY 7O
AT VRBEZREDIZEROVEDTHA 5,

2) RILUYIIRRODERRIVEFE

RU LY U OREMITHR IS D VIIET VT DR
ML ZEZ BN TR, BARITIEMEL 70 A THRE1.2m
WCEET D (FJ111989), dLMHEICBIT D AT LY 7 D
Ve A RII B ARETH Y, KRR TH RO A
BThHorn, RRABRICRIT 2 PR O F FEARREHK A
HE10~30cmicd v, FHEEREN Z A BT i b % <)
IWL7eEENR30ecm ThHhoTc, THHDT ELDL, Ky
Ly Y U ORRBNHER S TELB LY FiIcmEL, T
JBDEFEWINL TNWD Z LIFHSTH - T 84 (1998)
FIANT ZAFFER Y LY UERIC T 5 R 2 i g
FRHEN 15 % BETHD Z EE2HBMLTVWDH, 20D
—RIFTRFEL L TenT ZD T ICFERF T D HEEREN 2378
LY IR END Z LItk Db nlEXD,
MBI CRER Lz b~ MZOWTh, MAOMHEL -
SETOTRBLICHFEET DMEN 2RI L TWeds,
AFRNTAREE THDLET LY 7ITRB N TS, I
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£ 3-17 FEHOMEIERTICI T 5 e S B0 LiEEER e E R E
%Eﬁii%é THEEREN (mgkg™) AV REN
(cm) 3A 5H4 7H 8 A 9A B RIA:) (mgkg™)
2007 0~20 8+ 5 42+ 34 108+ 67 96+ 48 162+ 98 241+112 109+ 51 123+ 71
20~40 14+ 12 36+ 20 51+ 27 67+ 35 83+ 39 111+ 62 60+ 28 69+ 24
40~60 38+ 31 54+ 36 50+ 25 71+ 41 106+ 57 107+ 62 71+ 38 34+ 13
2008 0~20 24+ 23 126+ 59 139+ 44  187+107  243+194  227+164 155+ 92  157+105
20~40 102%111 91+ 82 139+ 59 126+ 64 1624129 1724100 128+ 87 68+ 25
40~60  135+100 1524104  311+114  230+142 197 +164 131+781 82+111 36+ 15

CRBRL AT ZOEFREE T L O, £ LUNIIEERE, R3-18 bFEL.

P 1 {EH O, A — b7 L—THiHEE (105°C, 60 43).

£3-18 xS L +2 LBOME LRI, KT LY T OREEA AL IEER X OUE?

. LR FELHN(gm?) SEeA AL YEE (g ke ™) HLE (kg m™)
! OES (cm) MEEE ®INE 3H 5H 7H S8H 9H B 3H 5H 7H 8H 94 ¥
2007 0~20 45 25.4 2.16 3.12 3.54 2.95 3.70 3.09 1.33 1.76 1.23 0.94 1.03 1.26
0~40 29 24.4 2.16 3.29 2.93 2.77 3.36 2.91 1.33 1.84 1.05 0.79 1.01 1.20
0~60 18 21.0 1.89 2.82 2.73 2.85 3.05 2.64 1.22 1.57 0.84 0.66 0.90 1.04
N 0 164 065 1.27 1.79 1.62 3.05 1.67  0.65 1.00 0.67 0.67 0.90 0.78
2008 0~20 29 25.2 2.52 2.69 2.91 3.60 3.72 3.09 1.64 1.43 0.96 1.38 1.23 1.35
0~40 14 23.8 2.41 2.00 2.40 3.40 2.66 2.58 1.45 1.26 0.84 1.19 1.05 1.18
0~60 6 22.9 2.42 1.96 2.11 3.40 3.01 2.58 1.44 1.24 0.64 1.19 0.98 1.12
-N 0 22.3 2.32 1.96 2.11 3.00 2.41 2.36 1.32 1.24 0.55 1.02 0.98 1.04
BEOMEEEA AV IBE AT SE 5201, TEHICE Bh5, 1€-7T, LEERNOFY LYY UE#MTTRE L
TET D REEHEN % 3+ 2 LB H 5 & & 2 bz, ERDM A HEHET S 20T, BERBITS, HDEWIT

3) FTEXIZHFET HHBEBERICNIE LI-EREE

PEDX 5T, MARORME L ERZH ORISR LIE 2 MR
HLUTZRER, mT LY IR W TSN 2 L e s
SWEEA AV IRE A KT SE57201ciE, IERT (b5
VVRTTE ORI T ) OB X 40 cm E To LB EERE
NIZESWTHEEZRD S Z L@y tiEm L, A
REIITIE, E 0~ 20cm, 20 ~ 40 cm D% 4 O 5
FREEN 25 L, A8 (R 3-15) oL ETEEMIEE %
Wb %, EEBUSITIS T 22 Wi ORI E D, TRS 0~
40cmZ—FES L TELNLME (mgke") 2L
BEICIESNTIRO DL ZELFETH S,

ZOLEFOEFMIEEIL, HIEMERENOEBREL o
TATIERT VoY U OEFRIE & FRED D WIET
m5Z &b, KEWEEZRIT5Z &Ik RN
TIHEREEEREN L~V MR L, HU K72 & OBREE~D A
PR SN bDEEZ D,

BB, KRREZAT-CBEHNY A TIREHICE R
BEEO LXK T, TEHEFICERL TRy Ly Y UR
HZERICHIE L TRIEZ AT, IWEDIKT L iz H 6345k
HHONTc, AU Ly Y VREHRITEEOMEEA A iR
BEREWSEM T TRBEAIME S 5729 (Akashi et
al.1987), fE L DHSEEREN DIk D h3 %895 & B L 72 AT REME:

THHFT D2 EOEARTN 2 WATL TED DLERD
b Elo, APWHEZEMTHH0RE LT, Aif & Rk
OBETHDLEPES 40 cm L BRI NlennT 2 1
BEMB LT D,

5. 8
N AFIER T LY U OREEA A VIBEZ KT S

L7z, TRLICEGFET IHBENORT LYY 7T

L ORI EIC RS &, TREEHE 2 L it SeE ik

PO LT,

1) B CIERE L 2R Lo Y T DR A 4 IR E,
EE0~20cm, [[ 20~ 40 cm @ HEERYELEEN (37
b 1EE TR, R AT 21 S o 7.

2) wY LY U OUHERFORRITFICTHES 10 ~ 30 cm
ZH Y, BEE 20 ~ 30 cn D EALITHFEET DAL B O
FEREN 2N L 7=,

3) HEERNICEEES 0~ 40 cm o HHICIFAE S 5 WYEAHEN
BICEDOWT, BFEMIEEL 0~ 12 g m > OHiFH TH
BI2Zlicky, EEVERY LYY UDOMERA A
BEZKTSEOD, —BHRINEZHERT D Z L5
T&, ZOLEBEFMEEIFY LY VICLDHE
FRINE L FIRELTIC o7z,
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AR RARFOEERECHE DIV IEE & HIREM

B8 RERTORYEELSIUVEHRES
IR AR 1

1. IZL®HIZ

AIEICRBWT, AR FIIRBRENEDICTRE LI
GHETLIEFRE+DICRATE NI LA RLIE, 20D
T L, AR TR CIRITRE RZENEC X Y g2
HieEmEL S ORI L 2EKTSE, 20Xk
VEW CIIABREICESIEIEEZ R T Z L —E
HETHD, €I TARETIE, BEEICRIT DR
AR X 2 RICABENREIEEZA LTI L L
L7z,

JeEE o i 3R RS TR R 13k & 22 /ER TR AR
I, fFRIC X > TESBRINARE — VB0 D L
Exbhd, PTHIEFEOMBRFAOEFEIC X > TE
CHEmHIRIC RO 4FE D ERITIE, REMIH
ENEVEICEESE ST D 7o), R ERch s E
KE RS L IHEREEE SRR R D L BESND., 22
TAHITIE, MAXF2EENCIEREET 52Dk
BRI A A2 G 5720, BEKE D B X OAEE Y &
(ZBT DR EPER J U R ICDWT, mfER
ZIWEHREFI LRGN THZ 2 HBE L,

2. ABRAE
R EERBRIBEDO E=— LT 2 TR 21T - 12
HExRX (5 o) 2L, EEcs T2 —%&
HI72ERL (B S 2003b) THD 5 AEML B E VI1E
BB IR HEMLELAFEEV O 2{EBITHE LTz, &
KL D ERICIE 80 HRIEH L7214 1998 4E5 3 27 HIC
EML, 11 A 4 BOWHEE T 164 AMH
L, AKREVIEHTIT66 HREIFE L.
H% 1999 45 9 H 3 HICEHEL, 2000 4F 4\
A5 AOIHEE T 214 AREIEL 7= e |
EITABREREIE T A N (bHEE EEGH 2002)
WCREWIEIBIZR S 0.15 mE TRESEIC,
I AKHTF 22— k> TRIE T4
HITHEAE U 7z, B R 3 L OV bl i b &5
FEBIOH Y 7 AEHR L, ZRITRE T
VESD LR, YU LNIRES Y U LA
HWTHEIE L 72, Rk & W ERLC 1T 5 5
BG4 5 gm?, SHirE 2 [ GERET 60,

E4-1

0 HE) MEL, 44 gm?2L Lz, &FELVIERICEIT
5 HfRIEA 8 gm™?, HMEILER% 143 HBIC%& 5 gm™
L7, BTHEMHTmES 2H SR THL, 2EL,
THEEE Y VRS RN 760 mgkg ' TH D TY UERIT
b IR & LTz,

FAERE 1L 83.3 bk m™® (BEfH] 0.3 m, #KkfH 0.04 m) &
L7z, #EHHFIIAR-BR) = F L7 0 LATE
a2~ VT L, PAKIIMELBOKDRT v VD3 19.6
kPalt/e o/l Z2 HLICLC1ENIZ2E 10 Lm &~ /L
F O TFIHMRBNCERER L 20 AR F 2 —7 2 HnT4a
T ZAT o 7z BERE O AL 1T E A3 80 ~ 90 e F 1
BRoOTEIT T T AF v 7 DT 4 )V NEM TR S E S
0.4mEFTHATIToZ (K4-1, BEA-1, BHEA4-
2). THIHALIEE DT A B R FICRIT 2 HER IR
A L FETH D (RS 2003b) . RABRTIXERK L 0 fEHRY
TEM#% S HAMND, AFRLEVIERTIZ HAPLA X
e b2 bta L T,

X ERK L D ER I ERE® 10 BB 10 A
fBic, AREVEMUTIIEMW%Z 24 HAPS 68 HHAET
I 10 BARIC, ZD%I1E 25 ~ 50 AT, &4 O
e 10T >&2 2 E TV ELY , BEH L HER L 12T
CHEEFLIR L 72 BICHIE U T2 0 L 7o Re ikt & it il -
BERLKFIE TR DML 728, AV 7 =/ —VEHE
TEFE, TV ITUHETY) V%, RTROBRERE
THYV UL, AINVV TN, TRV T LEEZRIELR,
FHEMMBOY OAREE (LIF, CGR) FHUF®
KXTHEM L (LA 5 2000),

CGR=1/FxdW/dt =1/F X (W1-W2)/( t1- t2)

(Fe72L, F :iR&mE W: i, t R
/()( —‘;.\ /’.{( \\\ 'A .l'{f\\\\\ a/f}(;\\! ‘?f\\\ '4?11 J‘ I
{ / i 7 |
: = .l

VRV

vxw

!
MRT 1A /

BZ1404
T 4 v INER B I TTT O i ER R R X ik B b 7 ik

30~50cm



3. HERER

1) EMEERE

HRKE VEBIC R 2 EITEE S, ZER & b ERER
30 HEEZE T3, Z0®%EML, SE{koDIic
B CIHERY A8 U 7 BRI 80 A BERIC T AIZEED s
FEFE L T—REICAEBMER L, ZHOLIEITEYEDE
M iaieotc (K4-2), HEREOWYEITIES T
0.79 kg m™, H#E#{TO0.62 kgm™?, H FE2AT1.41
kgm?® Tholc, CGRIFIEY, FEH L b BRI O
MU T @M 50 ~ 70 H HE IR b A<, EHDIED
DELSHBEL T (KM4-2). SAILBRAIC X0 —#F
I BIAATZ, 90 H B ARE IRV VE THER—E £ 72 0
EAZAEDEVNTFED BRI T2, BRI ER O
ThbE <, ZO®RIKT LEMER 30 B LRI RS2
BAZR ST, ZEH D70 ~ 80 g kg ™, FEHH3 80 ~ 90
g kg "EETHB LR (M4-2), MABICRD L, &
flit% 80 H HEZ R\ TIER NS <R L T2,

IR DS, EAFIOFEEEIT 15.8 kgm™® T
BHote. TIWIREAREEY 250 ~60 % FBELTD L
(BTER & 2000), 7.9~ 9.5 kg m™2 FLE DG LI EITHH
ML, JEERES A K QbiEE RECE 2002) o BERIX
£10.0 kem?X Vb 5~20% FBERKIL- T,
AFEVIESICR T 2 EITIES, FEH L b EER
45 H BEARRIC K & <#ghnL, kB kBiA% O ERE 130 ~
140 A HELAREIEEE S TIIRA U 7228, S 120 £ ©
BINUeT 7z (M4-2), RO E ITH Fm ek
T1.47 kgem? Thot., £/2, CGRIFEY, FEH LT
BV SR, EH TILERE 45 ~ 60 A BEIC
RbE<Bmo7ns, 140 A HEZ TIN5 gm™
day " BREAMERF L 7o, JEZENAER L7 180 A HELE
CIEHEWFRLETL, BHTEERrUT o7 (K4~
2).

ALiEESIR A BT e BRI S 5 129 5

P—.. e i_\

BEA-2 TANVLEMERVTRALL T 5 RHRE* ¥

INFEREDIEEy L BERE OGP EIT 14.8 kg m™? Th -
oo BUBPILEIZAE L e o722, B E 28
KEVVERNCHEL TH0~60 % FEEL T L, ZAULT.4~
8.9 kg m” B EE DA MINEICH Y 35, 7272, B
HU TR B o Teizd, FEEOPGHINEIZIN LD H0
REr T b D EHRINDD, ZhEBEL THLILME
EHAEHT A FICBIT24FLEVIERTO HEFNES5.0
kgm?X Y b&EL, +AREBERHE LN,

2) ERMIFHE

HIKEVIERICRIT 2 EREHFRITEY, EHLHIC
ERAEBIC R T L7213 40 A BEE TO0E T
D, THLIEITIES T 23 g kg 'YL, HERIT 14 g kg !
WAATHERE L7 (M4-3), EHREHREITYE L Ak
D/RF— 2 THNNL, B TILER% 30 B BED Lk A
{LBRAEHI TH 5 80 H HEHE TOABFHEH K LML,
Z DB O AR HEINIIEI ML 28 S HER L
Too BEREIC 81T 2 & EILER. 30 A HEE > O IUHERE £
THRAICHEM L (M4-3). [HERICES, EHEE
bR EEEFEITI2.5egm? Tholk,

ABREVIERICRIT 2 EREERIIEBVINOEE
B ETEEY, AHBRMICAL LETL, KARSH
EH b0 200K Ui, IR I ERE 45 B B
DU TIME T L (KM4-3). BRGARIIEMKE
0 VERL IR HERS & CHERIEIN LT R3S HERE L oD
X LT, &FLVIERTIIEkALEBEAT 5 132 A H
EETIEEMLZb 00, ZNLBIFES TR, ©hb
# 180 H HEHLAREICITAEZE DR 1T > THER T b
& eo7c (K4-3), HERICEY, ERZzAHDE
JEEEHREIT18.5 gm? Tholz,

3) U UEERIAFHE

U UEREAFRIIEKE AR TR AEF NI
MICHDPES, EHEbABFTHMAEL URIE—ET



M EMMOEBRAE TR D IR & DR BRI B S 2 g 37

by, EHT5~6gke™, EHTLI~5gkg Tho
7z (M4-3), &FLEVERTIIESRLRKICAEFTOIH
DOABTEMICADETHED, By - BRI L 10~ 11
g kg TR o T, FILARRITAR T Ligerd, IRERFICIX
EHERS 45 B BOYALUTICE TR T L, BiD, $s
M2 0 TEKE VIERALRLE VIER L DK <HEB L
7z,

U UEREAEITWER &b EICAFEICRE < HEm
L7z, ZRUARBIEERKE 0 ERICIIZES THMASIEE Y
TERE U TR BN LR, AF L W IERITIX
TEIFFERRDMA E o Tk BB BRI DA I B2 5 Tl L
FEHTHEMMTIEILLE -7 (K4-3),

4) h) 7y LRI
BV T NEGRITEKE VR TIIABYH ORI

1.5 ¢ [ ]

o o Al .
E . e
e i Bl gwe g
o5 £ : X 8§ o o
:/?gﬁgﬂ’ Slees
0.0 6 0GB C EiEm - I
0 40 80 120 -
P
15 | :: -~
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o
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o
w5
i
oy
¥ z | i i f
. #: i
- i\ o Wy
lw \\\ O xm
~ 100 ®- |
. _ N :
# 50 ! ‘C'Kgﬁ—?% $ 56 é__g{u -
0 I I I 1
0 40 120 -

80
EHEH A%

KT Lictk, AFOMREICHEM, EAFEHICETL,
B ZBAR L Zc R I ERERE D 6 BIRREEIC 2D, £tk
b TR UIHERS (T EREIRF DD FREEIC R o T,
AF VR TIERPIHOERR 45 A HEICR LS <,
ZRLARE TR TR T L7 2s, BEE, HEE & b BRI
ZBUTHEHKEVERI Y bEHEB L (K4-3).
B )T LEEEFEKE DN TIRIES TRABS R
WILARE T EEINAN R D, SER U £ TEDITHIIN L i
Fic, £ L VERTEM EMeAoGa=ITN#EE T
BEANUAGET 7223, AEZF SRR S A7k B R 0 (R 3 LA
ICIES TR LIER THEIN LKL 72 (M4-3).
5) ANTILBLUTT L7 LRI
YDAV T LEFHRE, WERL RN 28
U TRk L, RS I I ERER OB EEITIR T L 7.

15 - o ¥EF 3
—= %m //”I
‘210 } o A#
E e
L]
R 0.5
®
0.0

15 |
2
‘I\]'U 10 =
=]
s
B 5
i
i
#
y S2gs8 = 3 £8
® ldiids I % & 1
5 L S - T U= 8 {E g E
TEfE% B3 -
~150 3 o IEH
|w b o %m
= —
% 100 \bingg g B 8
B !
& 50 AREVER
# 0 i L L + -
0 40 80 120 160 200

EMEA K

B4-2 HExFOERBIOEYE, whEREEE (CGR), WHROHY
D 2 BRREVARERL, 4 AR EVERL, EHRIIEERE, M4-3bFLU,
E2) HRA(LBIARIZERK & VIER TEMERS0R B, A& L VIERTI32AH A,



38 LHEESIIR A
TR TLRBRICIE T L e 32 OREITES L1 100/
ot (M4-3). IAVTLEFEIL, BEKEVE
BBk FALBRAATR I — RS L 7203 D b BE Sy, ZERY L
b IHE E THIIN UGE T 7208, &R L0 MERI Tk B
HREMICES - ER L LD L (KM4-3), fEXLAD
HIAE2ROEHER SO ERICH T, £, X
DHNY T DEFRIIMOTAL L Y HFEL <Ko T,
YRV LAEARTWER L b IS THRHESHIM 28
UTHRAICETL, EHTIAEEEME2EL Tlh—E
THY, AKX KRERBENTRD N7 (X
4-3), 7 XU AEFEREEER L b EERO /2 —
VCINAEE TEEIN LKt e (4 -3).

4, ER
1) EYMEEREISHZETRAT—3
-1 o AFLY ¥y
%ﬁxﬁ(gkg }/. AN ER
o HBEY XL
30 ‘o - E 1]

ooooQ§-

> -

Y8 (P205s)

(=]
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20
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B4-3 #KEx X OERRIOMEES S
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<7 F9L (MgO)

200

e RO 3 #ic

#5129 5

BEKEVFRICBWTHRARFOAEBTAT — V&Y
EFEEDOELD G, HMER DRV ER 30 H HEEE T
DEFYI, Efit% 30 B BE 2 b A AZ BT 2 80 H
HEE ToABRY, ThlED CGRMESHERT S
DI LTENEELEXD, A
JED (1967a) 1£5~7 AEML e x ¥ OEE L&
DRI T L, ER% 1 - AEE TIIeE, FEH
HEDBEEES, Z0BDO 1 ~2 » AMICALEL,
ZNLAEDOAERITRONICR D EHELTRY, AP S
(2000) b E/VEREIE & 5 A EM L I ERIC B W TR
OWHEELTND,

AR X (Wb %Japanese bunching onion) DL
SRR O L E 2 MM U IR I B 72 5 720,
HREALBRMATE DB OEIE, WHhIZALRRAEBTHD
TEHIC 72 273, BRAZOFERHO CGRIZZALIATEL Y

ZHE(gm™)
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bhS e, PERHT O HEARHT S OMFRIAE Y
LEZ DN, HEH L IER L IERERICBICMEL TV
ZEnn, EAET bRESTHD, AT 1V AHE
BOERERD L, EREITAL 20 TEREORIME
BL, EHRIZORHCRbHRET L2 L00, “‘WE
B OMRREY EEX D,

AFL WIERICRIT B 4E 27— b HIRIZ R 72 5 23,
HRE VR ERRRIC ST bhsboEX D,
HIG EMfL 45 H HEE TEAEFIM, 45 A HE» H8E
{bZBREA L 72 130 ~ 140 H HEHE TEAFTEN, £nll
FelfE £ CEBREAEMERH L L (M4-2).

HRKE D ERICILIHE £ TREARDR L 225, 4
FEVERTIREKA2BA L 7oERE 140 A BE2 S
TR S N T2 OFE TR, EEoMEIHE -
TEHOEMEINED L, RAMSHESRITITEFTHR
ATEARICE L T2, EEOMEITX F OGS E L2 T
KD, EFBROMICINET 2LERHY, fE
FHWE COEBNNELRET S, AFHECHHAL 2
snflE JoEC IFALMEE OB E AR TR AR L T
BB, ARIRICEIGE L THZW LT (FIEES 2004) .
AFEVEBRITIIHE VAR Z LI Wi & s L <
I E CRBERAERSESL 2L, HLLIE, #iEw
ETICHAREBTRLAHMEL TRASS ZHEIES Z
EMBINT DB EEZD,

2) EBRMINFHE

B E IR CIEBTEMORPEICCGRAMRbE <,
EFBEHOFEICOB TS Z L TENEBEOND L EX
HIVD. —J, MASGMHTRAEER L EIMHE SN
LB L VERITIE UUHK 1989), CGRSE S T
W AEBBHO%BICERES T 5 Z L TEFOMHE
ERELZNEBOND EEX D, L, ZOHAE
HIZWLIZ K Wi 28335 Z L AR & 725,

—EHKEY

]
(=]

-
@

NI ZRADEHRIER (T)
o

5 A
0 1 1.“.‘ —L 1 .'1:
T 40 80 % /120" /160 200
-5 EAE% B

B4-4 BHHRESONT R OTLE

— I BB R RIIEFEMEOFERDO—D> L S5 D3,
2 XFOREFESMOITH T D BFAE OF BRI BRI
Rtm7el ZICRY L 5 (LIS 2005) , &5 & 0 7ERY
TIERER 70 H B2 HFEHKIRS 5 C LUFIT/2 b (K
4-4), fEFESMEO T OKIREBRE I+ S boTc 2 &,
e, EHFMEAOBEREHEPEKEVIFERIY bE
MmoleZ b (K4-3), HHEMUITENOERARL
WERL THFE SN2 b D TiE/A <, Yamasaki & (2000)
O L FARICKBREEIC IV FES LB D, 1B
FMOLIRRIY, AEAERICER L2 LIC XV Hi e
FRINBHH TN, ZTORBREE L THRANE
FEREMETLcbD LHET L, E-T, LKLY
VERICIIAEEE L RE O EFHAE I X o T2
il S B 2 BIE TE eIV e B 2 o, B3
SERTNC R ICERBINEEDLRETH D,

3) U VBRI

BEEDOHRICKIT LY VG ERERD L, 5~11 A
TR L el R X 0 ) VRS A RIS, R
L 5~10 g kg THDEOHE CAED 1967 a) <,
X IR ) VEEEHEREN5 ~8 g kg THB L
7zl oWE (HP S 2000) bdH Y, RBBROMERIZHIE
BLb]MARFICBIT 2RI ) VBEFEEL LD
HHICHD EEZD,

XX LFECANumMBIEH TH D Z ~ 32 X TiX, HEE
BRUAE 2Tl OEY R Y VEEEH L 10 ~ 13
g kg " BETHY, HEFOFRIEY VEEESEOBEINIC
Beo THMHR Y VRS A RTINS (FHE S 1982), —
¥, ARRTHOLNIABEEDEKE VIERICEIT 58K
HRX0) U BEFRIIEFTHMEZBEL TYv2F¥ LY
OISR L TV, PIHIAERICKIT A X
FOU VBEREZIZ X XL LENZ EEES L
%, LirL, £AFEVIEMTIIEFTOERICE TS
UVEBRERRN10 g kg T BEE THMNL, iUty <X
FICBITDEBFTOMOENY VEEEFRITEV. W14
BOMMBENEE FHES 1982) 724 <3 ¥ LFEREIC, &
IR CAEBMERT 2P THRDRY EF 2mD TIEH S
LR INES 2 LB B HAF L VIERITIIAIAES %
EODH T ENZIPUTHKEROL EEZD,

L7ei3oT, HRKE DRI L &KL 0 ERIL TIIINE
TP D HIMIAER ORBENRRER Y, EKED TR VR
ZEMIEE T TERED TH ) VBRI K-> AT E
EEHOTHLENEIT RN EEEINDN, &K
EVTIREEOREREEY VEBRBEKE ) TYIAE £ &
» % 1,000 mg kg™ FREE (RS 2003 a ) & > T b HNLHE
BELND O LRSS, 2L, ARk VBER
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231,000 mgkg ' ML EH D L, HIKE VIEBRICHIHAE
IEEDDBINEDET (Fh5 2003a) T5720, BRKE
D EAREVERLIZKMAT DT A TRHEO R
U UEEE LV IKSHERETRETH D,

4) HY) o LRI

BV U AEGRITEER & b EME A RO L &b
AR T2 EICH - 720y, BRKE 0 1ERI TR O
EREHRELHY CAJED 1967a, HEFH 2000), AR
BROFEF IR A X XITRB 1T 2 —Mi7e U 7 AR OE
MThHdEERD,

AFCVFACIIERIR 2@ L CERENE Y
L, FRICEBUMTES, EHEbEREVFERLIY L
HSRCE P oT, B 7 AOHMENICIIT DD
O EDFHMBENORBEZMFFT 22 L THY, BE~
OEFEEEmD L Z MmN D RIS 1984). B Y ¥
LHERBIZEVEND ) Y AERFREEDD LY Vv Y
I v OTHEMERR L 2#E (k5 1980) X2, 4V
7 ARSIk FiTh VR Y RHEEZITRLTNE
EEBOIHE (P)I11963) BHDZ LD, FXDOX
BREVERTHY U LAEEERPRELSHEE L 20D, it
MEALSEIEECDLESL L THIBRNDREELS
DIELDOEHETES, £/, HV VAL XV ETUE
=0 LA F DML ZRET S 72D (R 5 1990), KR
THBEPDIRWAINTENICT ) U AREEICHFEET S
L, e L AR MR T 5 ETEE LV REBIC
b LWRT D,

722 L, REBMICRINS NSRS THDL I ) T hEHK
MOD I NAINGREREIET 2 2 &1%, vA 7 r—%{C
X o TR S LD DLy T ORI E Z ) <
HRZEGIESEZTAREMER DD, LI oT, LKL
WIERICO B Y v KFEIEE, EEF oL ) v a0
FERET TR THREERANT VRO BET S 45
DD,

5) AT LRIEHENSA =R FHIEDTER

TN T NIRRT TR LT S BEHRE O TIEME—ZK
O B4 (E U TIRAREBHIAIC IR I S 2 Rl o i\ SR
Th Y ([HEE 1990), KISV THIR LKl 720
VX, EoW AR R B I RIPGE DR BE WO D R o T2 Z 2T
BRTDLEXD, —MRICERD DRI ULE
WHEND BV 7 WRZ E T i o SRR 23 & DFEHUE
RIC XDy T A EREOBIHRIETIC L - Thl &k
TENDZ LB (B 1991) , M iR TIidEk e & X
DIEFITFESAENE Z 03 < (5 1994), $ekr#
BN 2 D IEEMNIZET O I N T LEFRDKTIC
ERT 2 &b, AR FHEICY o TidtEp H

BIEIC X 5 EEA~O BV T BiG, HESHME~ 7%
VOLEHNT TN EDEIENT A DRI W,
TEMIRIC & 2 18K I & BB A FIRR L 22 & 9 12k
BRI o0 AKER (NFFFED 1994) ICHEETE
Th o,

FElo, AT NIEREFEERLIC W), &F
EVERITIT FAIZEDOEIE & & B ITHE L TEB =N
DY UTe Rz, AHIHO OISR BRI Th T 15
SO AV T DRIANIH S A, TR S
NRpolebDEEZX D, 12721, WHERFIFTAEIEIRE
RS D L EIE DS TV T 5720, £ DORNTIHES
EThY, XFELVERICBITIEFRRBEDO I NV T
LAEHEEOETIE, EEOFHR TR E RRETIEZRW
EEX D,

5. EH
HKE D BLOARE VIFRTAY ZFIGHA XX D

HEW AR PRSI & R RIS E 2 B v L, MR

B EOMES ZRE LT,

D) ABAT—VZAEFNH, CGROEEDAFELY,
AL 2B L 2% TCOCROETL TWAHEELERS
HEHCHEIL 2, &F L0 /ER T AL HEY
CAEBHPEFERICER T2 Z 820D, NEIAEHF
FRETOEFTRICEVIREIND, E-T, HIEN
ZRILICKWHREZRRE T2 2L, b L <iFHEw
ETETDRABREHRT LI LEPLETHD,

2) CGROHERBI LT, BFMEIEEIIEK E W {ERIT
FAEBUHICHEL, AFEVERTIIATRY 0%
PIAHET DL THEAZNEHBOLND LD LHEEL
oo ARRBRICRIT D 1EOEA AR FIC X D EHRBINE
i, BRKE VEMT25.5 gm?, AFELVIERITIS.5
gem? ThHolz,

3) ABVHOERICKITZ ) VEBEEEERNL AT, AF
EVERITIIINEIC KT D IAEBT ORENEKE Y
TV KREL, HEORREERY VEEEED THIHIAER %=
FRIRT 2 2 L MEIIC SR 3% b D LR L 7=,

4) ZFEEVERTIEID ) v AEGRNMEE 2 LW
LlbICELSHEB LI 1D, TEOZHRMED Y Y
AP EEEE TR RVWE ST 2LERD D,

5) WfERIE LI A RL CEFOD VY T AEFR
BT 2 Z L s, BHERIICE Z 2 MM 2R
WSEDD, THEpHBECLI E~OD LT
LfRe, TR~ 7 RX T AT T A E O
ERNT VADMFFEICEET RETH D,
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F28 TIREBREZERICHE L-2REEE

1. [FC®HIZ

N ZNEW) e BRI AR E % To DI IE R D SE R
BRI L ~VICHERF T2 ZEARETHY, Zokd
Wi, MERRFIE SR COEF RS HR L 72
AHMRIEEEH 2T OLERH D, Eio, TFEITEE
A S NI EBFPBHRIMNC AR 2 5 2 28 9, R
BB DR D b ERML O PEETH D,
Z 2T, RIS MIT L iRk E R X o) L
BROERWIFFEICESE, REITRALEEICRWT
RO FEREMTHDLEKE VIERI 2350, Ax¥
DEFRIN Y — o & TEHEHHREERORFRICHE L
Te S FEHEAEIE 2Rt LT,

2. BABRAE
1) RIEZEREORE (H8&1)

IR R ESHERKA R XOETICE 2 HELHS
T B, HRZEFE0, 5, 10, 15, 20 gm2 ® 5K
WERBIT 2. 2B, HIEOMICERR 70 B B2t
WICZEFES gm™” 200 L 72 BN m RN O
E=— LN AT, RERBAARTO HIBOFRERERIEN X
2.0mgkg ' LFRERL, o HESEATRIEEFL TH
%, 1XKHE#EIT4.500 T, 3XETHD, 64 HHEEHL
B A 1997 FETH L HICEREL, 12 A 18 ADIU#EE T
170 B FI#HE U 7o R ok FbILERER 70 ~ 80 H H
EICHIET & AU HETHT -7, e, VUVBBIUAY
7 A (K20) 13FEEICE % 10 gm™@, 25EICiEh U oL
% 2 [8] (EREF% 60, 90 A B) % 5 g m™ ZL@HEIE L 72,
HERE VIR L 720 Te. BBRMAE 15, BEEE, A
K NV FHEOFIESLMITRIEH LRI TH 5,

HIEWE T OAFRER X OINEREICKIT 54 FHE
o (FL cm X BEREAE cm), B, —AKH, AR, KA
&, W E, A, BUSNINEITS 4 20 EIRICOVWTHR
HLTz, EOTEMERNSS 3ERZTEMERH T —
A=) THRAIL 72, NEFETITEE 0.8 micy] Y Hi
ATCHE 23~ ABFRL TRELZHE, AHSOEZ
250.4 mPL EE SN ERZHEAG & Uiz, Tk
OB AFEB L OO FETFE2FEELFELTHDL LIT
[FIER) o
2) £IB - AEEEOHKEH (HEk2)

LR EFEMIEEE 20 gm2E U CTHE - HHES2ME
HICE 2 5 BRIz AHEKIZOHEE S5 gm?E 5
fi15 gm™ (5 gm™”X 3, EM% 30, 60, 90 A H), @
B 10 gm@2& 410 gm™ (5 gm™X 2, THif% 60,

HE), HEIE15gm2E 3% ER% 9OH BIZ5gm™
O IR P L OEERX & Uiz, ABRBtARTO LE o
FATIHEEREN X 9.0 mg kg ' LFA L R WM TH o 72, 69
AMBEMLICHZ 199845 A 18 HIZEML,11 A 19 H
DOUHEE T 185 AHFIE L /e, BHRMIESER X UMho
HRFETFIHEEFEL TH D,

3) AHERLO®E (X8R 3)

[l —HIE & TV T MERRIRRE I 2NV ER 1T - 2 D 4%
R LT, AR ERIERES 20 gm™® b L CHBESR
®% 10, 15 gm™ ® 2 k¥, 4 EBHLAR 2 E it 30
HE (), M60AH (B o2 L (F4-1),
TERER 30 B BIC/ i 2 BdA L 7oA Of E e iR E R E
BRI 5720, RBR2 1BV TR LZINES L
H(FEAE 5 g m™®, EAE% 30 H BB AR 15 g m™ 43 i)
ZXHRIX & U 7o, i BRBALART O HIBOFRFREEREN 1T 4.0
mgkg ' LFEE RNV TH - 72,64 HEE S L7z % 1999
512 BICERL, 11 H 1 B O E T 173 B MR
Lz, SEHRMARITER X OMLORERGIEITRTE L FIC T
H5,

®4-1  "olEREomE GRBR3) ) 1Tk DL

B A AR sihE GERERR H ) &t
HIE+53 gm?® 300 60H  90H  gm*
0 0 0
RHRX 5 5 5 5 20
C10+R 100 5 5 - 20
15+% 15 5 - - 20
Cl0+E 10 - 5 5 20
15+ 15 - 5 - 20

) R I MR AAREN N ERETR30A B, B 1XF60H A,
#4-4, £4-5bFL.

4) MERBRRETO LIEHERRERERICKIE L= EIEEDRE
(g 4)
FEAERT O TIEREERREN 23, /v 2D 301 mgkg™, v
2263 mgkg! D 2 KEDEFNY ZIZBNT, HEiCZE
#8410, 5, 10, 20 gm™>, @0, 10 gm?2& L, %EH
ShiEEZ@ICRBWT 2\ (Ef% 30, 60 H) %5
gm?ZE UTe. HEARIIHEF U 720> o Tz, #5512 @ 1997
FETH20H~12H 16 H, 2199943 A 28 H~8 H 10
H, RBEHAITIO 1 Kmfgs 13.3 m, 2 ME, @I 60.1
of, 2B L L, hoiFix®, @8 bERMRAIE,
SIS X O B VIR & R U, P A RS
FEREO/NEN, HETBal L Th D,
5) tBEDEELEEMICHIT I LIREREZROER
1995 4F 11 H 2 ~ 3 Bicdt#BEE O B AYHR EREEIcH 5



42 eiEE RS

SR D 85 D EF T A TEEITE W THHEEREN 0 FERE
RAEEITo T2, TNDIZEAEDNT R i/J\ﬂ}ll(W\ -
TRk &S T R OB R IC R S TR Y, E R X4E
PFEICERA SNy ARE Do fe, RAEICHRL 7o
7 AD FHHTE G 3 X IR E03% <, KB
MREE R LR H Y, BRI L olc, Kk
NYATIERHS LU HERREM Team e sh T
BV, 6~8HICEML X X R EF"CZ?)OL

3. HERER
1) EEZREOKT GHR1)

EME% 30 HHETOYIMIARTEZRD &, HnER 0 ~
15 g m™? O TIXEPENZWIE EAF R (EL cm
X cm) D3 CEABRNL OO, 15 gm™ K & 20
gm? K EDETRD N7 (FAd-2), EWER
FOEREEET, IUERICITEBEEFR 15 gm™® KT
KERY 20 gm™? K IV bEholo, Bk NIGE LR
EF 15 gm? KTHRATH 70, FHBIEENRE 725 LT

IRk BRI RE 129 %

MR DR EPERIR (WMYE/EREHE) MET
L, mM&EOHICERZRADOHE (p<0.01, »=0.983)

DO b, £, THEMBEEBNILEMEZ 30 B BE»
DINH#EET1~4mgke' BRELKHEB LI (FL-2),
2) &iE - RIS O%RE (HER2)

EHOWMEBIOERGAEOHBE LR L &, AL
5 gm2+5HE 15 g m? KITBWTER% 30 ~90 HH
ETOEMEPMIX LY bEhr ol (K4-5), FEHO
W ER L OEREHEOUEMEIIEER 60 H HEE
TIERLHF, 60 HHLBEICHEIES gm?+45/E 15 g
mPRICBNWTEREGHREOHMENR L H o7z,

RS PUE TSR 5 g m 2+ 20 15 g m 2 KIZR W T
RRKTHY,Z0L &0 IEHEEENITEM% 30 H HEE
DPOINHEE T4~ 11 mgkg FEEEITIR<HER L7z (F 4 -
3). INHEREDZEFEEH EITEIE 5 g m>+43iE 15 gm™
RIZRWTHRD%< 24.2 gm™® TH Y, MEFRRX L DE
LelE Ik 2EEHEFHRILT4.8% ThH o1z,

£4-2 HEEFELHAXFOAT, NEBIUVERGHE, HEMBEBEROWER GBR1)

IR U R [N HERF D= LIERRREN
A& EREF308 H AN IR NI N
o % B ORENE wpe swawE SMAEHE  mgke
g AR i [— ke m? gm? ke kg S0HH B
43.9+4.7 3.1+0.1 13.3+0.8 7.5%0.5 1.06€0.05  16.9+1.4  65.0+57 1.3 0.8
5  52.041.4 4.2+0.7 15.3+0.3 8.6+0.3  1.13+0.04  18.3%2.7  62.9+7.4 1.3 1.7
10  52.3+4.3 4.9+0.3 16.7£0.9 8.7+0.9  1.27+0.06  22.3+2.5  57.3+55 1.0 4.0
15 58.1+1.8 5.5+0.1 18.840.5 9.940.4  1.60£0.10  27.3+2.8  59.0£3.6 1.7 3.7
20 57.3+1.5 5.4+0.3 16.5+1.2 7.5+2.3  1.3540.07  24.9%1.9  54.4+2.2 4.0 4.3
) ABEEE=50 (cm) XEEE (cm), £LUFIIEERZE, £4-3LLTFHREL,
b4
0.8 -
3 & EH
o w 0.6 -
= bt
Ve ‘HOA-
Y B
i ® 0.2
0m -
0 30 60 90 120 150 180
15 + 15+
L WEE e x s s5505s ETR
e Ey . £ —0—10+10
S 10 2 10 —e—15+ 5
] -]
i i
v 5 --%-- 5+15 a 5
Z —0—10+10 4
—e— 15+ 5 .
0 ' - 0 w—" - ' I

0 3 60 90 120 150 180
EffH A%

0 3 60 90 120 150 180
M AN

E4-5 - ShEdE L EERS LOERSEROMER R 2)
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®4-3 K- oG LINERIUEREAE, TEEREEROHEE RR2)

ALFR X A, I E BRI E EFREHE TIREEEEN (mg kg)
e+ 53K kg m*2 gm? 308 60H  90H  Bf#

0 9.8£2.0  1.58+0.60 9.3£0.3 43 4.6 3.5 9.7
5415 22.1+0.9  12.57£0.22 24.2%0.5 83 4.7 43 112
10410 20.6+1.4  11.66%0.77 21.7+2.5 1.5 4.0 4.8 9.7
15+ 5 21.0+1.7  11.80%0.96 22.3%0.5 3.1 6.6 4.1 10.6

3) ArERHORE (B 3)

ReHI R DR E 2T RS &, ES ORI EITE
% 90 B B £ TIXEMH% 30 B B 045 (F-1 5 it 2 51)
TED o T3, PHERE DAL I/ NS Do T (R 4-4).
—77, JEE ORI EITERR 90 A B £ TIHLBEMZEIN
SIPoTld, RS TREH SRS TE oo, &
FEAEONHEFZITEYE L FCEE 2R LT

R RPN O E 2 RIK L g 2 &, FEHD
) BT R RN N TR L <HER T D M3
bV, EETIEME 90 H B £ TIXAHEMEI NS o
TR I X RIS R AN BN TE o Te, K,
EREGHRITES - FER L HICHEIE 10,15 gm? KT

WTEhol (Kd-4).

HEAINEIT RIS ERII TS roTe (F4-5). Z
D& EFOMIMZETENE XV bHBEANNEICBWTK
& < B L AHERAAG L 72 R A T IS N i O B — AR,
HRAER X CHARINNE o Tz, RIS RSN O
JE10 gm™? X & 15 gm™? K& DOHICAEF R L OIEZET
P BRI T2,

THEERBEEN IR AT KT B W TR HER L, 2Lk
B B HERFNORIE 10 g m 2 KIZRWTER% 30 A
Hiz 33.3mgkg”, i T1l.1 mgke' TH -7 (F4-
5).

RA-4 R L REBI OO E, EREEE ER3)

#E (kgm™)

EREHE (gm?)

o i S T =

60HH O90HH U  60HH O90HH I  60HH 90HH U 60HH 90HH U
0 0.143  0.183 0.544  0.158 0.199  0.458 1.8 2.9 95 08 15 4.2
XHEAK 0.328  0.578  0.923  0.237  0.497  0.795 63 9.3 16.1 2.2 3.9 7.6

© 1045 0.350 0.614 0.954  0.247 0.501  0.882 9.8 12.3 17.3 2.6 4.9 89
1548  0.309 0.628 0.991  0.263 0.515  0.873 10.5 12.9 18.0 3.7 4.8 8.8

© 10+  0.346  0.583  0.952  0.235 0.49%  0.797 6.7 10.3 16.1 2.2 4.2 8.0
1543  0.359 0.571 0.955  0.238 0.471  0.792 8.3 11.6 16.4 2.7 5.0 8.1

R4-5 DhEiEEEAVENE, NE, EROEFEEE, TIEMBEERZROWHE G 3)

ALFR K 4, — AR E/QEE=S AR N E FREE NI & BEEGAE TEWEBEN (mgkg™)
FRE A+ 53 fiE (g) (mm) (mm) (kg m™) (gm™) 30H H B
0 99.3%12.7  359%23  12.2%0.6  11.8+0.8  2.42+1.73  13.7%2.4 7.6 14.1
SEAK 144.9% 3.6 419+ 7 13.5£0.4 21.3+1.1 10.24%1.16  23.7+1.3 23.0 11.9

©10+5  146.1% 5.0  437+13  13.8+0.7 22.8+1.4 11.19+0.41  26.2*1.9 33.3 1.1
1548  143.0%13.4 435+ 4 14.0%0.5 22.5%1.0 11.13£0.94  26.8%1.1 56.0 12.5

© 10+ 132.4%15.9  412+11  13.0£0.8  21.4+0.4  9.61+0.54  24.1*2.5 34.3 15.6
1543  136.6% 4.0 417+ 5  13.0%0.4  21.4%0.5  9.56£0.75  24.5%2.2 54.9 15.4

4) FERBRTD LIEHRREERRICKIE L= EIEE D5
(H8&4)
IR O HEERERIEN 23 301 mgkg ' & & -T2
DOTIE, MEIEEPD R EHREHRTOABRE TR
TEBEVPEZNEL S PoT (F4-6). HEELEE

g - B A SO - RE L ORICITA B2 EoRE (p<
0.05, »=0.974) 238D SNz, EHRFICKEDDAK
DT, R0 gm™® (EER) KR IT 5 L EEmHEEE
NIFAF O (ERE% 30 B B) I 127 mgke ™, BT 55
mgkg' ThH o717,
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FEAERT O HEEREEEREN A3 63 mg kg DT 2@ T, &
fE#% 30 H H,60 H B 0AEFERI J UM E LB FZE A
RO bR oTe (FR4-7), B 30 H B o -
FEENIIZTEIEO gm? RIZBWT 20 mgkg”, 10 gm? X
IZBWT 42 mgkg! Thotz,

5) LEBEDETELFEMICH TS LIRHEHREZROERE

FHEHAR h O T O IR RE N LB & 23 732 mg kg,
EARAEDS 3 mg kg™, EEHEA 178 mgkg™ TH Y, 200
mg kg LA EDOAT ZANREAKRD 39 % TH-72 (K4-6),
INT REEFR S OFRREFEE L OB TIE, FERKET 5
LIXSOSHEPILS R EVVEDONT 2 A5 X
NI o To M, HiTiE, &% 1 #F£T200 mgke” B %
TN ZRA N ([4-7),

4. BER

1) EEZEROLEM

BiEi CAZAEBTOH O C GRAES, WL L ICER
EH SHEMERICH Y, Rk 1 OERIELEFHEART

D, TR E TRALEIE 15 g m™? RONE K
bYZirolc, ZOXHIC, BRGREAEEZED2HI
B O+ 5 R ERMEBBBETH Y RIEEKITEE L
Exbhiz, 1L, ZORRTIIABTEYOERIIN
&l :iﬂ,fﬂﬁ@%ﬁ: 5 gm? LD, YR AT

cHA, RIPEFEOEEIT L gm2L) v k5T
Hb‘lﬁ?ﬁ*&)éo

7B, BHRXHEICOVWTO—KE (kD 1989,
B 1989) O HICIZEMER D IEILIT ARSI & Eh iz b
DY DB A, ALHEE O RAEIE TN 2G5 7D ITiIA]
WEBLZEDDLZENEETHY, HIBEFRITLE L
WrL 7z,
2) BYEES LUERBIVEHEICRE U - BR R

R 1 TR 15 g m™ K (SEKICHiEL 725 g
m?E AL EFHEEEN 20 gm ) ICTBWTIER X
OEFRGEERIPRKNERY, AIEIOEKE v ERICR T
L5 IELT Y OBRFEAEMN25.5 gm? THoZ &
b (K4-3), e - HEOGFHERMEEEIT 20 gm™

IEEE 15 gm? F CIREZENRL VT EHIAET S E PRSI b= e | TR O
R4-6 TEMMEZFEOHBERIVAE, NE (EEATHEMEEN ; 301 mgke™), (GLBR4)
WHRILmE FIERFAREN (mg kg ™) EFERE IR (kg m™®) ENG
gm? 30H 60H BiH 30H H 60H H Ly By kg m™
0 12717 62*13 55+ 9 51.7x2.7 118.6+9.7 0.600*=0.026 0.517%=0.011 17.5+1.0
5 191+24 13121 114+ 6 51.5+1.4 112.1+2.7 0.535%£0.018 0.487=*+0.051 15.9%0.6
10 232+79 189 +23 18017 49.7+£0.8 109.6%6.8 0.537%£0.045 0.458*+0.050 15.3%1.5
20 322+44 376+£91 313+54 47.2+4.1 101.3+4.2 0.507x£0.012 0.401%+0.013 14.4+£0.1
dAEFEREHE=EL (cm) XZEEZE (cm)
RA-7 TEWMREZFEOMBERIOESE, NE (EEaTLEmmEE#% ;63 meke™), GER4)

R NEn +IEREAREN (mg keg™) EFERE IR (kg m™®) ENE
gm? 30H 60H B H 30H H 60H H L HEHY kg m™
0+10 20+ 4 9+1 5+0 20.6x1.1 81.2%0.3 0.677x0.075 0.659%+0.036 16.6%0.4
10+10 42+11 204 46+1 22.8+1.7 83.0+2.6 0.687x£0.090 0.671%x0.069 16.8%1.3

CAEFRE=EL (cm) XIEHZE (cm)

750 | o
T, . ° 5

oy -

g, w 500 | ° 80

g Z ; o 8 °o

H 1 | ﬁzm e 8 g ) o 00

o
ke i€ e B g 2 a o 8o
ﬁ 0 Q O ﬂ (o] 8 © O.
50~100 100~200 200~400 400~ 0 2 4 6 8 10 12
THMRBBEN (g kg™!) BREORIBFEK
K4-6 ZEAFEHICKITEIERTLEREIEE R DHERE RA4-7 v RAERGERE LA ERRBEERL L
(7=85) (n=85)
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A EINCIIZES O R B ITHIN L e i) 7o p3EE
REAEOHEMIENLTHY, EFRKORBL L BIC
BEHICRAMYNERE L et BT, AE (1967) 13
IR B R IV TR LB AR 72 IO SE B RITA e 373
BEOABHEL, oL EHICHIT D MEIHEM
ETHEMIEPRELRD EHEL TWD, AT F I
HEE CHRBARLRHEL, W R IS 24k
BT L TELNIEANBRREBAT—VThHD, T
DRI ITIERERPHTE 7 4 VA FIZ L > TH S 40 cm
DLk Y S A (RS 1999) , RMLED IZIET 555 5 5
PR SN IEMBICIRR T2 L ZEA N T b, %
HHOKE S LI OMAE Z + 591 E D 722 1Tk A
b7 A NVATHET D ZLENEBEEEXD, TIT, 4
BEI O ERE R ED D b O - SHEEIE Lok
BAAGIREH 2 ARET L Tz,

A2 T, HEBEEL < LK TIEIERE Y (v
LR E TCOLEBBHOEGEPRERY, ZORD
BB R N EERE R 20~ D AL PEY D Bt i 23N
L CHEHENPRKES SRV SN RoTz, E-> THLESR
BBRDRWEETY, DR 2R 50, E-I30H
FEELLTLILETHARNENPEOND LEXD,
LA L, #RBR 2 TIXohE & D 72 WALER X 0> 45 fits B AR I
HIDEWTZ WD, ZINBNERRDEEEDE N L2 XD
BB OB NZ I L 2 D3 TE R Do T,

AR 3 T, R L CIRELBME E TOAFREY
WCHEEEZKELTDE, £ 10 gm™? LI ETIER%ICE
W35 BTz, fiE- T, D HaBRLARE 2 EfE#% 30 A HEE
FTRDDLE, EIEIX10 gm? BDEYETHY, 2oL
DOAMEEIL10 gm? Th-o7 . HEIE 15 gm? KIZR W T
LREONENG LN, BTN ERDVEL L,
B o L5855 0 =R UG 2 EE L THEM AR RN
ELMIL RO ST 52 EREHNTH D 5K (B
JE5 g m™2+430 15 ¢ m ™) 1231 2 NI F-HI 72 M B ik
RINE O b D Ipinotzin, B L phEbiis L 72RO IR
FVOEDoT T LR 2 OFER LITFEL LW,
I L~V I3R0R K> o T R RNV 235k 2 L 0
b 10 AU ERE o 7oz, 38 X TN 1999 4 8 A ICFEskAY
7oA (8 A _EAIOSFGKIRDS 1998 4 0 19.8°C, 1999 4F

125.4°C) 3B Y ARMFERGEM AR OEER
BER LI THD L Bbhb,

PLEDZ &b, HREE 3 1063 5 SR M
JEA 10 gm™@E LT, 10 gm™ BE DD % A% 30
HEEOEBFRHLOHET 22 LPEYE THD,

3) FERRRTD LIRFHEREEE R L RIS LR E

AEHFEN ORFBHIFERIK A X FEMDO—D>TH 5454

M2 T, HIEMEEIEN L~ UUIFHE L ey 20 39
% T 200 mgkg ' B A T iz, JLHREMIE S A K (b
TE B 2002) TIEMEAERTOFRTEREERREN 23 100 mg kg™
Dlbd s & BRI OXNG L2, —F, FHRICBIT
2 MEERHR R X~ O EHRMICEEL 30.7 gm > THY

(FAT 5 1998), ZAUTALHRHERIE S A RiCR1) 5 4l
EEDOK 2R ThoTe, T720H, MRKAX X 4EE
HTIEZ% < DAY 2B W TE RN RIS EBRIE I H
D, oL, % 1T 200 mgkeg ' BB X 7o 250,
BEF% 124 T 40 mgkg ' BEDO AT AR LN Z & H
5, BEMICX2MEEOENRKENEEZ LN, 15
DIFIFEF L ~TE L THIEEZE S 32 L3y
AT E IR DA EE AR T D e DIlchE L E 2
Do

Z 2T, MERTCHERTT 5 HEMEEREN L~ & LR
&L ORREMRET LT, EEEERBRGNTERL 24
ABRICRIT D HEAEAT O THEREEEEN X 2 ~ 9 mgkg ' L b
TTHY, HIETHEY & L e E MDD - IEmRRE
NBMEWESBICORBEHE NS,

HERERT O T EEREEAREN A% 301 mg kg & @mWER AT R
+ETIE (£4-6), HEEFZELVRWVIZEEFTEN
%<, EW% 30 BB O EMEEEN XEERX T 127
mgke!, FEINEFES5 gm? XTIl 191 mgkg! TH Y,
5 gm? RONEITMERX LV b D Rpot, £, &
[EEEFRZECTIEERNEIETL, BERERICEN
TERLENTH o/, TNHLDOI G, EREC
THEEREN 2% 100 mg kg™ LA & 2 145 CIIEAREE 55 4 e i
THMEFR L, 200 mgkg™ A Ed D ES TIREME
30 HHEOSMHIZSLERNWEEZ D,

F 72, fEfERT O TIEREEAREN 25 63 mg kg & AP ITH
T 5 BEFEAT ADEH L)L LY b0l BT (R
4-7), KIEZEF 10 gm? K & HEHRX L OFICALHEH
MO NIRRT, ZOZ s, FEAERTD LR
EAREN 23 50 ~ 100 mg kg™ FREEFRTF 92 M35 Cl3EneE
FaEEL 72 < Th KWAEEERSH 5. LarL, HiE 0 X
WZRIT B BN 30 H H O HIEMELEEN X 20 mg kg &<
MK L, HEEITE N EED 2 DITIE 5 g m2 FRBE DA
WHEEEZ D,

Db Z L, MAERTCETFT 2 HHEHEEREN %t
IS L EBEEIEEEZERA-8 DX O IT/ER L. B, T
TIGR L R EHEEIEE TR X LEOBERERINE L D b
DTN, — R EFRM ) AR o ETH D Z
LERIREE TS, AMEIEEAEATLZLITLY, KA
I XHIENT A D LIEITTRAFT 2 HEERE N (26 5 (AR
T& 5,
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®4-8 NIEHTOFRAT TIBAEEERRZE 3R IO IG L I BRI TE

TEEEBEEE EEERE AR E (gm™) i o 22 3%
mg kg™ gm? TERE%30H H E 160 H tH RO
~ 50 10 5 5 MERy
50~100 5 §) 5 E DN
100~200 0 5 5 Pk
200~ 0 0 5 KX Wb
5. Ef
JHEICIIT 2 HRKE 0 FEFH Ak X ORI EFER X 2) MEAERTICERTF T 5 TIBIHEAREN L SR ML & L DY
ORI I HD < EHRMALE A RF L 72, %05, THERYEAREN 25 50 mg ke A CILHLIRZE %
1) AFYPHITIZICGREZEELZNAE L 2DIT 10 #H%10 gm™@, 50~ 100 mgkg ' TiX[[5 gm™, 100
g m? RREOIEABZER 2 ML L CHIIAE 28 DN E mgkg! PLETIRFEE ®, 200 mgkg! PL L CIEE &
W&o T EFEHRIITITC G RO D & VWVERE 30 A EME% 30 A BEO A L blicE e EREL .
AEAGERZ 10 gm? BESHET 2 2 LiCX D En 3) FHEEHIMHICTE L e BHRE AT 2D 39% T T
NENE LN, £, EEEMICESGELRDD L HEN L1723 200 mg kg A %2 TRV IBFICER L T
WA EICIES T D OEBTRREE Y ZILE 725 Wiz, §E- T, AREEHEITZE < OBE R FHEE T 2
foo 1IEYS 72 OEFMIEEIL 20 g m? FRERHEE T O TEICERF T DHBEN 2R TE 5,

HoT.
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F I3 LIRFHRREY VBRSNS LTz Bk
il g

1. [XC®HIC

N 2O KGRI O 72 DI ) ERARIR I %
EICHES T2 LERD D, £, ITHEITBRICEASN
7o) VERDSEHIRAMCHH LR ICAT 2 5 2 2 6D
B3N 1997), BREEREOHRE S b 135 ) VEEIE
REOHIELNEETH S,

% 1EICRWTHLEBE O FEERTH 5 ERK L Y Dk
HX X T, IHIAEBOMEPEE R~ X X LR,
U VS EMIEE o EERE O B VR X o THI
AFREBDTHZN LT bW LDLHE L. %
TR TIXEKE Y x4, £F - &L EOF
FEHE Y VR L DEIR, WM HIERREE Y VBRI R L
T IE7R Y VEEREIEEIC DWW TR L 72,

2. HBAHE

1) B ENTEAEMICES TS LIEAHREY VBOERE
RTEN CHAA L 7254070 85 B EBF T A TERE L 1z
THICBWTHRRE Y VB2 ST L .

2) EMEYHERIZHITHLIRAREY VBLEES

5 AERIERIC I 1T 5 HEFHaHE ) VR & 2 ¥4 F
& ORfR ZFITIHBNCHET L 72, 1997 F£0RBRIE 5 A
290 (EME) ~10 A9 A () o 133 HEHkEE L 72,
JEvEE O M R R FHFF B W TE 2 EM T T 5358
DEMKE VIERIAE L 2, SR TERIIEEY
13 390 ~ 3820 mg kg™ DHEPHIC 5 KHEEFRE L 72,1998
FEORBRILS A 19 A ()~ 11 A 19 H (L) I2 184 H
Ikts Lic, F 1ERRET 2580 E VIERIZE L
Teo TEMERFOD LIERTHGHRE Y VR ENIT 180 ~ 4440 mg kg™’
DOFPATHKMEEZRE L7z, LHEOREREY VBRI b L
A — 7 (Truog 1930) THIHL, £V 77 v HETH
BEREL P08 TRLZ, LTORBRTHRE TS 5,
MERER & b IEF RGN O B =— 1T 2 TT,
TRk E S EE Gt () BRI RERIE 8.3
gkg™) THoD., tho LEGMHFIME AU THL., E
Tz, AIkEREY VEKEDFREDIZDIC, HEBRT DEIED
10 A icEResk, HREBmAIK, VU 1KED Y U A,
VUBE2/KET RV U AZRAELTO0.15 mOEE O L85
ERFLTz, EIREERRBICH ) Y AoZENERE R
B 10 gm™@, ZfE 2 [E4 5 gm™? (EHE% 60, 90 H H)
El7c, Wi CToE ARz, ARBRENE, EE0.4
m, EZ 0.4 mOMPEERE EFRONT X EITITS
WA Tr, FFEBEEIE 79.6 Bk m 2 (1 B4 72 0 10 %, 7 0.04

m) & L7, FEHERIeamsaE-BRY) =51
TANETINAT L, DAKIIMELEOKRSRT V%
N0319.6 kPa bl hlc7pofc b 2 BRICL T REICDX
10 Lm™?® Z2HNO LI/ T - o, BIEHE D o4 FRE
i, AETEEH (B om X EHZ cm) BROER 2.5
cmPl EICEAL 2L LML) ZRIEL, &% 10
ER DB Z R LU Tc, (EMEOEME, V) U BER=R
B R ORI E TIEY) Z 10 iR A DX TRAE L 7249
o) VEBERRITBRERERICHB AL, EY 7T
FHETHAERL POsRE TR LI BBRITVWINnd 2 X
BETEELZ, UTORBRTHLRETH S,

3) TIEFHARE) VEELANILFID ) VESIEIRE DIRES

5 HEMBRK L D IERICR W T, R ¥AF T 5 15
AIERE Y VLV ) U ERHERE R & DRIfR & 1999 4RI
MRETL 7o, THEERTRARE Y V8 2 k¥E (200, 500 mgkg™)
LU VERfEIRE 3 KHE (0, 5, 10 g m™®) EFlAASDE T,
TIERTRARE U VR 200 mg kgt RANC I T B HMEAERAT D]
HBHE Y VBB EIT 209 ~ 222 mg kg, 500 mgkg! %FIT
13508 ~ 529 mgkg ' TH o7z, U UM ILE ISR G
JKTHioTe. #EHIMIZ5 A 128 () ~11A1H
(%) o173 A TH o7z, T OO ITR1HE
LRBETH D, ABRIT 2 KETEML 2.

3. HERER

1) LBEDFEEEMICHITZLIETHEY VBORE

PN A D TERFRRR Y VBRI R & E A 4,355
mg kg, HAEMEA 388 mg kg™, IEI(EA 1,633 mg kg™
THYIFEAENRS00mgke U ETH-7(K4-8).

NG ARG ORGRFE L OBRE RS &, TR
WD e &b HERRERY VEBEDE AT R DN
T DR R L2 2S, I i3 R4 2 4£ T 4,000 mg kg™
BHRBA DAY AR 11 4T 1,000 mg kg™ FREED
AL AL (K4-9),

FRETIE, W OB ZFRFICEZDONT 2T
HIELTRY, TOFEOHMFEICL > THENY ZITE
F D VERIM AR AR % [T D > T e,

2) TIEFHREY VBB LAFT L OBRK

1997 FEDFRBRICIS W TAEF IR (R XEHR) 13E
% 60 H H & TIXEHERHRIE Y VR 1970 mgkg ' XIT
BNWTHRKTH- 72235, 133 H BIZiX 1010 mgkg ™' KT
WNWTRRREL o7 (£4-9),.3820 mgkg! X TILE
% 60 B B % TOABEIT 1970 mgke " K & FRRET
o T2 H3, NHERED 133 H BIZIIhoOX E W /hEh oz,
BERIT &> THIE U 7214 B 1, EM 30 H Bi2id 1970
mgkg! KIZBWTHRARTH -7, EfEL 60 B BT



FEHE (%)

48 JMHESLAR A
FEXT R 2R AL BRI ZE 3 N & < Tp o Te, INHERE D REY & 1]
FARE Y UEEE 1010 mgke! KICRBWTHRA LY, Th
PAERIFERR Y VR RS EINT 5 L iR~ IR T S A &
LTz, NHEREOIEMED Y VBRERRB IO VK
INEOMBEZELHIR & LR o T2,

1998 FFDFBRIT IV TABFIREITEMEE H BHaE
2% EFH B 2B NS < 729,90 H H £ T 1340
mgkg! KIZBWTHEKRKTH - 72208, IR 184 H AT
12580 mgkg! KT E 22V (M4-10), 2660 mgkg™
PLEDOR T LPIT/NE o7z (F4d- 10) Eﬁ‘ﬁﬁg !
EEEDS 580 ~ 4440 mg kgt OHFIPH TILRIHARE (i a e
IR (184 HEH) DAEFHRE L DM _ﬁi‘f;ﬁo)ﬁﬁgj

(p<0.01, r=10.997) @D (X4-11), EhE

WRIeEHE RSB

#5129 5

%30 HE2S 60 HEE TOREHIE 1340 mgkg! XKI2k
WTIRKTHY, T EICAiEEEY VBENEL 2D
LIRT U7, EROWIEFEZEZ RS &, 180 mgkg' K&
1340 mgkg ! X & OZEILEME B EAFGET 213 E/hs <
720, 1340 mgkg! X & 4440 mg kg X & OEILEE
AEDERT 213 &K E o fo, IERF O HZ E 1T 580
mgkg!' KICBWTHRATH Y, ZNLL LAY VRE
PEED LD Uiz, EED Y U ERTRIEIT AR )
UEEE: 1340 B XY 2660 mg kgt KATI VN TR M
RGN,

W4 208 U TR O BB LU EIL, BX
% 1000 mg kg LA L TIIRTHARE U L FRRASE F 5 1% Ll
L7z,

o B
~ 4000 - 0
| o]
75 e o
@ 3000 F
S o (o] o] o o
50 r B g
N 2000 - 8 0 O
= o o0 8 g o 8
L & o e 8 7
28 % 1000 | §°ogg ol o
_ I & o 2 g 2
. ] B om pm =
500 500~1000 1000~2000 2000~4000 4000 -H ¢
LIWERIEY VB (ng kg') . 2 : . ; S
o] v £ *
e BB ORBEK
K 4-8 FIAEMICRITSMERTEERIRRE Y VERDFERE K4-9 NURERBZEREMIERTO LEATIRE Y VER
(n=85) (n=85)
£4-9 KL VIFHICHI D THATRIE YD LR L AE O, IEROINE, ) VEREHES LU LRI (19974)
RAIFARE Y LR EHREEE BEH (K 4 (kg m™?) VoBEEAR (g ke!) VU UBERINE(gm™)
mgke! 30 60H 133H" 30HH 60HH IElHy &t g TR OEy EH 4
390 2%6+0 56+3 149+ 4 3.6%0.0 5.5%0.2 0.633 0.395 1.03£0.02 5.0%1.4 4.9£1.4 3.31 2.00 5.31+1.33
540 273 54+2 152+12 3.8%0.1 5.6%0.1 0.650 0.387 1.04%£0.10 5.0%0.1 3.7£0.3 3.40 1.50 4.90%0.31
1010 251 60+3 159+11 4.1%0.2 5.6%0.1 0.675 0.402 1.08£0.07 4.6%0.6 4.7£0.1 3.25 1.98 5.23+0.65
1970 2742 66+1 156%10 4.3£0.1 6.1%0.3 0.679 0.391 1.07£0.07 5.4+0.2 4.9%#1.1 3.80 1.98 5.78%0.15
3820 2%+1 64+3 134+ 2 4.0+0.3 5.9%0.0 0.638 0.391 1.03£0.09 5.4+1.3 5.4%0.6 3.58 2.21 5.78+1.02
A AFEE=2 L (cm) XBEHE (cm), DI IHERERZE, P Efg K. Uk, £4-102£4-120R T,

&4-10 K EDIERICRIT B LTS

/\J—\b
AR

U VR L AE OHR, IHERFOEYE, V) UBREAERBLIOY VERNE (19984)

RIfAREY VR L=EiTE () ) E (kg m™) VWEEEAHE(g kg U VEERINE (gm™)
mgkg! 30H 60H 90H 184H 30HH 60HE Ly IEH At ey TR OESY TEW At
180 15£1 77+ 3 126+1 18426 3.3%0.4 6.5%0.3 0.750 0.638 1.39%0.29 5.9+0.5 4.930.6 438 3.05  7.4330.88
580 28+2 103+10 1605 235+10 4.8+0.2 7.3%0.3 1.027 1.040 2.07£0.31 5.4%0.7 4.1%0.2 5.3 4.2 9.59%0.62
1340 40+4 118+ 3 16240 223+ 4 5.0+0.2 7.8£0.1 0.958 0.858 1.82+0.13 7.2+0.3 5.2%0.4 6.89 4.48 11.37£0.28
2660 3+3 98+ 8 150+4 206+ 4 4.8+0.2 7.3+0.2 0.979 0.844 1.82+0.04 6.4%0.2 6.1¥0.4 6.2  5.09 11.31%0.38
4440 %B+1 71+ 3 1747 173+ 5 4.620.1 6.3+0.2 0.837 0.842 1.68+0.12 6.7+0.4 5.1%0.2 555 4.30  9.85+0.24
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—O— 180 mg kg~
—@ 580 mg kg !
—0— 1340 ng kg™’

A FREO AR
s 3

]
o

20 70 120
EHES A%
K410 AFREOMHE (1340 mg kg 'K %2100& L7z

850 oHER (19984F)

170

3) LIETHREY VEELRILBIDY UEEIEIRE DR
TEMER% 60 H H 3 X OUHERfHh oD TR #ERE Y R R
BRI IS W THIERT & FRETH Y, HHALX T

EPETT2HEABA AL (F4-11).

FIAEHE Y VR E 200 mg kgt RAITIE, U CERHEARIC &
D AFRES X O ES ML, 5 g m™” L EOREIC
Yo THERERE ) AR 500 mgke ! AL RIRRE L 725
7 (F4-12), 0L EOEED ) VEEEFERITEEY,
U VEERINE SN 72, ARG Y R E 500 mg kg
FRHNTIL, A% 30 HEETIXY VBRI L - TAEF
TR DA & T 5, iERE 60 H B AR T f i st
HZDBED LR P o T,

TEAE 30 A H OAFREGS X OZEEIT, "Tiae Y ik
FEDVE 500 mg kg RINTIRNTE Do 7288, £ R FIN
'G‘@J/}HAHE&&EEFEJ%@/J\ Srole, TROBLHUMAEFICS

DEEITEEY VLY b RERRR Y VEBEOEN
73#(%75)/) 7.

UEDZ s, IEROAFREIR IOy EOH
hn, Bl s I3t L CRIFARE Y Vg 200 mg kg™ %
FITIE5~10 gm 2 RRED Y VEETEESIESTED 51,

500 mg kg™ AN TITMENEN R ITFED S e ho 72,

2412 LEARE
U VBRI BT 5 2 DA

TR B HEER M L R

PRYEICRET 5015 49
250
# 200 L
X r=0.997
p i
&
< 150
E
Jz
{r
Al 100 : ' : '
0 1000 2000 3000 4000
TERAEY B (ngkg!)
K 4-11 HERHEEE D VERE: & IR O EF R & OBEfR
(19984F)
K411V UBHIEH O LERRE ) VU BREOHRE
AP X THEEEREE Y VR (mgke™)
4R i P TERE%60H H SR B
200~ 0 202+ 11 193+ 7
200~ 5 214+ 5 209+ 5
__....20-10 21310  210%£12
500~ 0 502+ 21 486+ 22
500~ 5 506+ 42 489+41
500-10 53039 526+ 32

mgkg’, "gm?, £4-12HFL.

4. EBE
1) EESRERTEROMIRE) VBEDERE LHER
JEHFHEN O F ERHERK A R FEMO—2>TH L4548
HTIZBWT, FARE DOFENT A DTERGHE D L TEDS,
JeRERIE S 4 K (s B G 2002) TY B 2R
Poxttid s L~ (600 mgkg 'Ll E) 1 T,
ZOXS AR Y VEBEOEmWEERO—DF, JtiiE
DF =X FMICIIT D THEATHEHE Y VRO H LD

U Uil ) CBRREIE R L OMABEDEPAER MY, ERFORYE, ) UBREARBLIT

S X BT A HO R E (kgm™®)  VvEBEER(g kg U o EREINE (gm™)
THE-MEE 30H 60H  90H 184H  30HH 60HH Iy IR &F Ty Wy W A
200- 0 141 754 121+1 197+ 4 3.3%0.1 6.9£0.0 0.946 0.832 1.78+0.09 5.3£0.3 4.040.1 4.9 3.3  8.32%0.67
200- 5 15+1 81x4 1356 219 1 3.3£0.1 7.0£0.1 0.971 0.971 1.94+0.05 5.8£0.9 4.5£0.0 5.63 4.35 9.98%0.56
200-10  16+1 78+2 133+3 213+ 0 3.3%0.1 7.2%0.3 1.030 0.930 1.96£0.01 6.6+0.0 4.4+0.0 6.76 4.10 10.87%0.01
500~ 0 160 863 138%3 215+ 7 3.8£0.1 7.1%0.0 1057 0914 1.97£0.33 6.2%0.0 4.8%0.3 6.50 4.32 10.82£0.89
500- 5 18+1 863 1351 213+18 3.8£0.1 7.1£0.0 0.999 0.942 1.94+0.00 6.6£0.2 4.3£0.3 6.59 4.05 10.64%0.49
500-10  19+0 822 128+4 204+11 3.9%0.1 7.2#0.1 1.010 0.855 1.87+0.21 5.840.0 4.4+0.3 5.86 3.76 9.62+0.89
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FLHE(E 23 800 ~ 1,300 mg kg™ & FFE—M D EIEM L D b
&< (b AR A 1989), ¥ ~ X X ORI -
AR FEZOH T VBBZEHIEA— & 725 T
WeZ DB Z LD, [FIMIRICRIT 25K T~
DY) VEEfEIEEIL 28.1 gm™? Th Y GHIAF 5 1998),
—77, BAXEN METELHT ) VEBEEIISARICER
VT 2RI B 2 ALiE DT ZAEFKE Y IR IC BT D IE
JKHE (ALiE L IE R R SR 2000) & bhis L TR %
EBRBLNRI0 gm?BRETHDL (HES1967b, A S
2mmo:@%%%k%%ﬁb%&@%f@éngmﬁ
TEDE 1 ~ 2/E T o LBICER S NIRER, "R )Y
BENEHRICEEsTeeEZILND, @k,;®%ﬁ
BT NT 2ADZ% ATERBMICERR S, ERERE
FHITHE L TRIRRR ) VR BN R £ D08, R HBAEK
DL TH EERIRRE Y VIBESE L <ENAT ZA0E
PR L THEELRUWNAT AL H -1 D (K
4-9), BEMICL2 ) VEEREEBEOENPKE N EE
ZHDb,

JEHEE D & ~ 3 XM TOLEEREE Y VBEREOELAET
T CREOIRMICER T2 2 L AR L L T,
PIAET OERIC L 2N ZEE AL L TEREIN
TW5, UL, MsdkE R X Tk 2 ERIC X 28
BTN, Wb H2REDONY ANEE - #ilk %
L TSNS, £/, Z<R2XTRY VERHEIERK
It E < BEERTARRE Y VRO E EIRES E VY (Ffn
H5 1987) & &N TWD A, AR FTIRY V&
DO Z 2HINAH LTS WCHEIED 1967 b, 1968) .
- T, FEFREKH R FMOMIER FHEA/REE Y VBRI
X XMCRIT D HEEEE L VERIREST D2 &0
WY EEX D,

2) BEGTIEARE) VEBEDETE

TEEATHEHE ) RN R A R ¥ HIE 21T o e &
25, 1997 BB T 2HHAET GEH) B X OUHERF O
EFRE - Y EITLEARE Y VEE 1010 ~ 1970
mgkg! K TORMES T2 b DD, B 5 272 AL EE 21378
LR oTe (84-9), 1998 FlzRBWTHIHAEE (G
BB IOEBER 131340 mgkg! K TESZHDD,
AR DA EFEEES L ORE L 580 mgkg ' K TR X D3>
7z (£4-10, M4-10), 2D & XRHARE D LR 580
~ 4440 mg kg OFIPHTIIRIFREE Y VEEE L A BIER &
DRNCEBEZADHBEABED SN (K4-11), WEEZEL
TINER O AFTRUR LY EIL, 8 X% 1000 mg
kgt DL TIXAIEIE Y VEREDNE F 51 EWiE L 72,1998
FITIIFRBEEARI A3 1997 FF L0 b 50 HEL B0 o 7e e,
B LB IME - 72 580 mg kg™ [KIT B TULHERE O 4 &

e RERBRIGEWE 5129 &

BERZ <720, iRk VR L AEFERE OMIcE
BERAOHEIELNLb D LE XD,

ZOZ PG, FIIEE OFRICITERERTO LTS
R&Y L EREDS 1000 mgke ! BRETH D Z L L E LV,
B R R REAR D 720121 500 mg kg BBETH4Th
LHEEZLNI,

AR LR )RR XE (Allium) {EYTIE, ¥
TFRE, DU JICOWTHIE TERIEY) L RE 2K
AHLICREPNLS S b 5, FES (1982) 14 ~x ¥
DOIEA TINS5 I HERTRERE ) L ERE % 800 ~ 1,000
mgkg "IZED THIHABT L RO L MNENH D & L, FI
5 (1992) IIE/REICBVWT =0 =7 OfEINED 1,200
mgkg! METEHEOLND & Lz, 26 OEMITWF D
AEBFD R AR OKI O REERIBERBICET 5,
THERTARE Y VR RSV Z &I oBhNCE %)
ThY, Lo 2/EMEIVEAT ZEEICT 5 2 &5
ERIERHNIC I T DERIE K 2R S HINES R E D (il
5 1968) . —77, #H X X ICITRTHOIEY O X 5 /e AEH
DT <, [N E TREAREVRRHE TS Z L0,
WIHAEB RS DENLTS Z0B%OREEIICRIT 5 4F
M52 & THRICNEDPHEETEDLLEE XD,
WH OINE L L TORARFOHY P Y VEEEERIT
AFHMABLTA~6 gkg BETHID (FED
1967b, f/ED 1968, LEHIS 1989), HEERUIMIATE %
R T 27D DF X XFOHMH Y VEEEFHIT10 ~ 13
gkg' THD (FHES 1982), 20w, YIHEBHICE
FTHOMEAXFDO Y UBERMET 2 F LD bENWESE
A, MARFEY X F L0 RN TERRRED
fie CRIFZRPIMAEBTRRELE B X 5.

AEICTHEL AR FRENT Z0% T HIERHE

B VEBENREL, THony AT, & ICEHIC

w(i%x@ﬁﬁWVWA#+%u%D,#hm%ﬁ
B T2 TV BT B0 b T NINE 2 2 F6I2 R
HALD (FHE 1999) . F7z, BE R ¥ & ARk ICRBEAER
B Th DY 2 X 7 OOFIVEE, THEWREEY V@
ENEGTEL@MBICBIT DNV T AORINEETSH S
ELTERENDD (RS 1986, /NEFRS 1994), AR
BRICIE T 1998 4EICHTHARE Y &5 580 mg kg ! LA
LfiT%%UV@E&W%ﬁ@iﬁ%ﬁk®ﬁ:ﬁﬁ
READOHBERRD LI, TALDT LG REH %
%ﬁ%_kwéi%Tﬁ%)/Miiwiﬁmkkaé
EFICHERF T2 2 & DNREEE X Rt S H 5 72D IR #]
RCTH 5,

TR S0 UERtEE, EYIROMREER IO

VEERINAEIX, WL ERHIE TR S A e, (KIR
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D) VBRI E TR T D e DICLERE TS Z 20 H
% (Prf 1958, HIlI5 1958, 1A D 1974, RO 1986).
LAL, NYRAZBWTREEDKIEMICEWT 256
THIPREIC L > THIREZED 5 2 LR THY,

F7z, %< OARF AT ZIFER 2 BEMT L CTRESE
FlAEhD, ZoZehn, TEAGRERY VBELZED
TIKIEHOFHAET 2 L D8MEE T, HiRMICER
THERICIRWT ) VEEREIO T ICAF RISl S D
&, R 2 BUWEMHT LT OFRAEER L) VBE &
JEREIC X o THML e B2 b5, E-T, H1H
ICBWTARE VERITIRY VIS ERIEIC X 0 #I0T
DREREMED B D Z L H4RH LIk, LR VR
BLUOMEEOBEEMIT, FREZXSETITREL TH
BWeEEZT,

3) TiEFAREEY VBEBIIHELEY VEEIEE DR

TEMC xR L TG S5 ) VBRI g & iR ic frske 3
5. T, U UEBEEEEIEERAE ) Rk
IS L THRR T 2 L ERH D,

TEEFRRE Y VR & Y UERREIESIER & OB 2 REt
L7l 25, WHEROEFRER XU EOEM, R
HIEHIC R L T HERTAGEE Y »EE R 200 mg kg™ SR 5]
TIE5~10 gm? BEDY VEEMENRESE b,
HERTRERE ) R R A BUIR L~V ICHER S 2 7o iiE,
72 < THIEMRIC X 2 W & [FIRE o & & H AR 3~ 2 £
ERHY, ) VEEEREIT 10 gmE AEY EEXLND,
500 mg kg™ RFN TITHEAEZI R 3F880 B AL/ o Te, Al
RE Y RS 200 mg kg RGO GAFIC OV TIEMET
TR oledy, TEATGREY VIR 2 & D 5 70D
TEMIRIZ X2 WINE L Y bERELYZ < T2 0ERH D,
JLHEEREAE A A N TIERIFERE ) EERAS 200 mg kg™ A
DIKY VL~V DOM~OREEEZ 25 gm?E L TRY,
INEERTLZENZYTHA I,

PEDZ &ins, HEWRIEY VBRI LIC ) v
BEEELZRA-13OLICRE L. T78bb, T
FIFRRE Y RS 200 mg ket RN TIX ) VERIEACE & 25
gm?, 200~ 500 mgkg’ TIX 10 gm™?, 500 mgkg™
PAETIRERE E L, AffEiwmoxgidEicaeaii
ThY, ) UVBBRINEEROENERZ LTiE+a7%) v
ARV RS DR WARRERH Y, Fiz, AT
METL Tz, BR 7 113 Z ofbimoxt % 55

Wiz, 772U, RIfi TR L@y, dbisE o EEEMIC
B 2HARFHIENT 2L HMEH gV, KiE
WII TR EEEEETILDOEEZD, KHEXOIX
HEBRHIIC 31T 2 HIE AR U VR R TR O L v &
FRRETHY, ZOMIEEICL-> T, AXFHRENY
2O LHEATHERE U LR ENE 500 mg ket LANICHIBI S B,
F, HEFREY VBREICHSL THIEEERRET D
FREREEL, 2 < DBFEANAY ZTRWTHERREY v~
R B & R Aol e FiPH CTHERF 92 2 & 2 FTRRICT
EERXD,

®4-13 dLimEORRIKA R FHEHTRIT D
THERTRARE Y VR RIS KIS L e U o b

TEETARIEY VBV R Bt 580>
mike” am® o) v
~200 2 S N )
200~500 10 e
500~ 0 S BRI

) ZiclaEEag e L BRY Lak<

5. E#

JLHEE DOREFHFIG R IT RN TIHAFR X0 ) kR

i A O e

1) FIHIEEZED 57201213 1,000 mg kg™ FRE O 113
FHGRE Y YRR E LAY, FOROEFIXFTATE
U VUEEEN 500 mgkg ' BEETKREL, ZORBTHS 2
INEDE B, ZAUEFE CAllumBIEY O % <3 ¥
HEFICIBIT 2 HaTe Y VIEE LD bIERKETH D,

2) LHEEERGRE Y VR L U VEEREIEE L OBIRAMRETL,
AIAERE Y R EES 200 mg ke ARG TIX Y U ERMEIEE T
25 gm™, 200 ~ 500 mgkg? T 10 gm™?, 500 mg
kg ' LA TITMEMEAL & BRE L 7o, AR ORI RITEIC
BEl L Th Y, BRI bR,

3) AbifEiE O FFAMERRAR A R FAEFEMICKIT D BH Y
ADLHERFERE ) VR EITE < O%E 500 mgke T LY
m<, ZEBESNTWDIESE LSV, 85T, Kl
Mk B R F SN T 2O HEERTHEEE ) VR E % 500
mg kg LIPITHIBI L, £ < DREFAT TRV THHE
ReY VERE A BEHIAYICHE F e s CHERF 5 2 L 2]
REICY 5.
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#5129 5

o R FEFERHORHENE O 28 5y ekl 3L D < fiiJ ik

B HEOEMAER T ROB LSS
52388

1. IZL®HIZ

HERRAET TR T 2 EENE ARG S 272 DITiE, 5B 3 &
BBV A B TRLUIE X S T HEBWO IR ik 2 & B
fb+2Z Liemz, HIESOEGEYICEENDED 2K
BICFMT 5 2 bMETH D,

HERE D 73RS L OHEIBIC & £ 5 iR, L <IcE
FOTHHMERFICREITKFT 5720, HEELMTH
2 ALMHEICIV TS, EHB O AR T HEICHEA S
NEHBOWEEZHAL LT ILERD LM, ZhbiC
OWTHEINEFFITIR LRV, £ TREITI,
AeHEE O MR F S (T B 1T D HERE DM RN R 2 535 72
DIC, FH2EOMETRLZHHAIN TN IHRTH -
Te 3 PR B SRHERE O AR M & B b DR AL
& DREMREMRET L, HENE TR O R & @] 22 HE AL A
BEXHLPCTLHZEEEME LT,

2. RBAE

M L 72 HERE PR I3 3R 5 - 11TR L e, B bt o
PHETHE 2 ELFLUTH S,

1) BEHICBE T HEERADEE

R REABRGNOEFHREN Y 2 (PhE SR
K t) TIF-70. HEAEIXO0, 4, 8, 16 kgm™2%, 2000
o~ 2003 0 4 FHICKFEO 5 A EAICEAL, B84 10
H oI R L 7z BB T OSBRI 13,1 ~
14.8CTH Y, sUBRHAIZERR0.15m, X 0.2mDM
TR T 3 E CTHEM L, HEAEMH R X O HEREIT
BRE 0.15 mE TfTo 7o, OG5 HRMHEAKS (3.1 ~98.1
kPa), AFEEI L ORI 5 EITAR0. 1L O -8 TH
L THRIEL 72,
BEHHTEem 2R BT VAT LTFL, ©
B ART v v LR 98 kPa LA kicie» e & & 2 BRIC

LTIEIZSE 20 Lm2&0AKL T,

2) BRNADRIZBITSHIEERDEE

JLHEE O B ARUEHR RIS 5 DILAERT OVRIRE 7 T A
K+ (BAF, 774 1), WONTITZERT o Nl B
T O EREBIT OEEEEBEERN 2 - (BT, BAZ 1)
ZNED 2 HFDEFRAT A TiT o T, HIBIZ 7 Z A4 1 TO,
4, 10 kgm™, BARZ£+TO0, 4 kg m?2% 1998 &~ 2002
05 EFRICKFED 5 A EAICHEA L, 84 10 H A
THEAES 0.2 mE TR 72, SR o4 H
BiX/514+T13.5~14.3C,BR 7 +T12.0~12.6
CTThY, RBRHBILS 744 1T3Mm, BRI £T50
i T2 KETEML 7z, REBEHIMPIZS T4 L TEKE
DEEHDZNEF2T ) EAFELV LI REDRENE
B, BRI TR LY URK L DBEZOBEITICEY
i Shie, MEIXY 7 A £ i dbimEEE sy 1 K
(AL B BER 2002) 125> TEFEA AT 20 I —1H
ATV, BR 7 L CIEER A, ) VAl
ERARAT A RV NT ZARE I, B U LAEH
HE 1 kg OfEAIC2E 4 gBEL TITHo 72,

3) RBSARPERNDIRIZEITSHBERDEE
B EERBRGN O FEEREN T 2 (PhE e
B 1) 1T 1987 F7r & f34F 1 [8], FIITHFZ R RHEAD
BFURX0.15mETA kem2ZEHALAEZKX (LT, 4 ke
KHE) LHEREABER L R0 72X (BATF, HEHE O /K ¥%E)
EREL, 1998 E0 D 4 kg KHED—ERIC 4 kg m 2%k
FHL T8 kgm®ZHA LK (LA, 8 kg /k#E) #5%
LT (K5-1). fiif S Ui HEARIZEAE R U R I F
—DBEEZPLBALLLOTH L., EWITET L v
VU ETIE b b OFRRBR LRI N 7 g L A
DIRL, BETFELH L. 4 ke 8L 8 kg KEDHTE
V345 % 70 nt, HEFE O /K HEIE 170 nd & K HEDHEFE % I <
TR U 7 O THEREALHR o AR VERRE L 72 2o T2, 1987 ~
2002 FEDEFHLRIRIL 8.4 £ 0.6 CThH - 7z,
FIEEEHT 2002 SEDOFEAE THRAC 0.1 L O+ THE

#£5-1 MR L 24FRERMEIEOMR GBI T 05, #@y47en)
. %%% C/N C N 41505 K.O
g kg g kg
BN B 259+18 19.4+2.3 276+61 14.2+1.6 23.2+8.4 16.4%+3.9
BEz 774 L 280+59 18.4+6.6 213+88 11.4+0.7 10.1+1.2 8.3+2.6
BFE BRs 4 269+ 34 18.7%+4.5 25645 13.7+0.6 15.0%+8.2 8.2+3.5
BN BB 276+22 19.7+1.0 202+11 14.8%+1.2 20.2+7.0 16.1+4.7
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X 0.1 miHEA&AKIEC DX 6 KERIRL T, AR5
R X 0 KA AT Vo v L% 3.1 kPa I LCHlE
U oo (B 1JB 0 B B FE 1% 2002 4F DRk T REIC [ S5t
AERERFCHES 0~ 0.25 m % 6 K CHlE L7z, {05
WEERIE L) & AEEICAT - 7.

1987 1998 2002
HEAE 8 kg K — 8 kgm?
4 kg m?
HERE 4 kg KHE —
HEMR O kg AKifE — Okgm_?'
K5-1 REERNIVRIZEITZHEEROE
3. REBRER
1) BEHICET5HIBERADEE
THEOFEME L 2D L, FIEEAEHKEN, B v

eI L OSHE D U U AT b HERE A EA S Z L,
POEER AT DI EE o2 (M5-2), 2D
& EHEFAHERR 1 kg 72 0 OEEINED, PG HEEN I
FORHERE Y VERITHR W T 1 44 72 v oHERLEH &3 %
WEEREL (RE5-2), TWMED Y U AIZONTIE—
EDOMHEMDPED Lo le, HEEFDESRE, V) VBB
FUOHVTLDS L, HEICBWTAAMARKIEN, 7]
KRB D VERR L OVKRHMME S U U A D TER L BT,
TEABEAZ AN IMgm L BETD L, K% 8~ 10 %,
74 ~107 %, 55~67 % Thole (F5-2). FEDOK
VZ B L 72 R O BERE NI HEE FE I B 32 W &
Dxo T2 hS, EH 3 4R B AKX HEIE i BB & 97 8E
THhliez w8 b (M5-3), 7oE=T A
REZESE L HEIEME & & 0 —EOMRITAD bhizho T,
TEEOWHENZ KD &, GA MK EHEID e & 55
ZVNEE, hOBERFEREPRETIEEREED, AHEE
BXORTFBEIKTLE (M5-4).

. _a000 | @16 kem® o0 |
¥ T E
EE' %2000 - -E 1000
8 Q =
2 & -~
x & 1000 = 500
B3 [ B o 21
i 0 A i 0
0 | 2 3 4 0 2 3 4 0 | 2 3 4
MU 4 OB A 3 MU
B5-2 FFERERHFEEOHEAICE 2 Lol (FIAEEHREN, FIHAE Y VR, e ) 7 L) ORRFEL
(Feett)
£5-2 FEHAMERE 1 ke 24720 O BB AT E OB (Fde)
e HEREfE FH & e 1 kgm™@4720 0 HEFHESD S H
- kg m™ R (megkg?)  EROEL (%)
AIAME A HEREN 16 2.4 10
8 2.1 9
,,,,,,,,,,,,,,,,,,,,,,,, 4 . re 8
AIFRREP 205 16 42.8 107
8 37.9 95
,,,,,,,,,,,,,,,,,,,,,,,, 4 . 29s oo
K O 16 19.0 67
8 15.5 55
4 17.7 63
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300 r

[ ]
(=]
(=]

WEEEN (mgkg)
S

3 4

2
WA #%EK

TvE=ULMEN (mgke ')

#5129 5

b (]
= (=]

—
=]
+

0 1

2
HA%RENR

B5-3 SEKICEBEEIRL 2L & oEleER (Fdfh)
T RHEERE, A T =T LR

300 [ g 16 kgm L2 l 3.0 ;
¥ o B o e n T Py ~
E A 4 i RN S s 2.8 S —
Zaol a0 E — % = =¥ =
" I — ~ f ~+— ~ = 2.6 | 3 N
2 e —  }— Z 0.8 . S - ) —
100 i ] &= ® 16 kgm? § 241 916 kgm?
B | Eo6. o 8 b o 8
= ® A 4 g a2 A 4
= & 0 a 0
0 . 0.4 : . 2.0 ! :
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
JLGEEE S M % 4R 3 WU % 3

B5-4 AERECRHEROBTIC KD LEOWIE (BABIMEKS, ARE, RTHE) OFEZE(L

(Fegeft)

2) BRNIRIZET5HIBERDZE
TR SO M 2D &, 7T A L TIERE
HEHREN, FIHGREY VBRI L OZHMED U U A i
L HERESE AL VT E, o AERSRET 51 L
EE-o (K5-5), 20 & XA 1 kg 472 0L
B0 L T, FHEE LS 1HEE 7Y OHEREHEH
#4 kgm?L 10 kgm? L OMICERED HNT, £z,
MIAVOIEE TOMEEL D/ NErolz (£5-3). &K
7 LTI OA A HERE M D SN TFD DR o

72 (M5-6). 774 LlcBWTHEE P DS, ) U
BXOHY) 7LD bLEICRAEEKEN, "iag)
VEER X O D ) U ADOFETERE L EIA I, T
BEELZRLIMgm L BET L L, H484%, 44 ~
45 %, 25~26 % Th-olc (F£5-3), HEHHFOL
B EERE N L TR L b R A E ALV E R
VMETRNCHERS L 7273, A 4EEL & DBIfRIT—E Tid/edr >
7z (B5-7).

~ __ 500
® 200 |
z E
& X o 300 4
= T .
¥ @10 kgm™ i‘m 3
14

g ib " 100 1

0 . 0 . 0 N

0 | 2 3 4 5 0 1 2 3 4 5 0 1 2 3 1 5
MR R PLEE SR

(774D R)

FRER BORMERL DN X 5 HHEOLAE (AR TIEN, FIARRE ) ViR, ZCHAIED ) U L) ORRFE(L



M EMMOEBRAE TR D IR & DR BRI B S 2 g

£5-3 MM 1 ke 272V O BB AIHEOEEMN (BR AT R)

55

HERE S 7 HEIE 1 kg m*4 720 O (mg kg ™) HIEH S D 5 HETLOEE (%)

LM i

kg m 774+ HAR 7 £ 774+ EARZ 4
AR BEREN 10 0.6 — 4 —
4 0.7 0.1 4 1
- AIfRREP.Os 0 6.3 - s =
4 6.2 0.4 44 2
OZREBEK.0 0 2.8 - s =
4 3.0 -1.4 2 -13

100
¥ .1 s i S M 2
w T5 0 = =
\;_:E, T E I 1 ? E 300 E
& 50 | 3 Q
g A4 kem? ol | A1 kgm? *
Bl a0 g 100 nE i
T = &
0 . . . 0 i 1
¢ 1 2 3 4 5 0 1 2 3 4 5 0 1
I e 3% S FH A R
5-6 FFERIEMEIEOEAIC XD LB (FIEEAKIEN, FIfGmEY VB, "D Y U A) ORFEE(
(BRI £ o R)
300
= —o— 4 kgm™
‘o 250 | -0
-
E 200
Z I
& 150
g 100 +
E 50
L L L i 0 1
5/10 6/4 6/28 7/23 8/17 4/15 5/20 6/23 9/1
HMAER HFMER HMAS4EH HEH14H HAMER M AR

iy

®5-7 REBHIHEDOLIEHBEZEROESE (BFENT )

b

774 T ONTRATERGE SN ONEZ 2D &,
HENE 4 kg 33 L 0N10 kg m™ K & b Bl Il et FH X % 0

ZUMENICH 5 72h, 4 kgm? K& 10 kgm? K & &Lk RIEWEICH -7 (R5-4),

R5-4 BEFENUVR (FT7A41) BT LEEOEYINE (kgm™)

NpHE, KEFELED VA RTTINEZEIZED Lo Tz
DEKEDD M~ FRBIVOF2T7 V110 kgm™? KT

HEAEAE A & HA1FH HH 24 H HH 3FH HH4FE EHSFH
kg m™ b~k L&A k= k P S [l L& R *avl Xavl
0 5.93 3.78 4.85 5.02 5.50 3.74 10.6
4 5.59 4.36 5.27 5.24 5.54 3.80 11.4
10 4.66 4.31 5.11 5.30 5.48 4.04 11.1
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3) BERGARERNVRIZE TS HIEERDEZE

TEOYERME L L THRS -5 =M, BRIk ER
FOEEZ, K5-8ICRI IO 273 L Tz, 3RBREH&
ETH D 2002 4EDOFEAL T HFICHER 4 38 L1V 8 kg k¥
DOFEFEEPHEIE 0 KHEL D HIKT L7z (Tukeyik, p< 0.05),
T, o BEYEMEE R TL, HROMAIC XY KA

WRIeEHE RSB

#5129 5

U ADRTERL G, TEAEELZ AN 1 Mgm™
LHETDH L, KHAHKI5~6%, 47~ 50 %, 12~22 %

ThHolz (F5-6)

B, BHIEADEBEEY, BHEE, KMIFHERLO 009
ELBOBLEENMET T HHEA ALz, HEE 4 kg
KHEL 8 kg KL LD &, MELJEOREESHEDNT 8 0.05
kg KIEDIZE 5 DMED - 7o b OO, HKIERNIZ K X 72E N
IO Lo T, = 0.10
TEEO LA D L, FIEMEEHRIEN, Al v ‘.;U’
s L O U U MV b MR &S Vg &, B 0.15
POBHERPRET DIEEEE-T (K5-9). ZTD
& ZhE IR 1 kg Y472 0 o B EE OB EINL, 7IA 6.5
PEEHSEEN L ATHRHE Y B TIE 1 E 72 0 oI &I & '
DEDBED ST, S V1T 8 kg m™® K TEH U MEM
lcd 72 (F£5-6). £z, MADELE LML D/ 0,25
Shote, i’%ﬂﬁ*@%@ VYBBLUAYTLDSE E5-8 MMM A S B0 LR 1 5. 2 5 B
HEICTAM A SIEN, TIHATE Y LR X USSR D Y (BRI EHEF N 7 2)
K55 HMEOMAAHEOWIEIEIC 2 5 HE GRBRESNEYHT Y )
HER =Mt (%) Gy AR BT
kg m™ k] i et K5y (%) Mgm™ Mgm™
0 40.2£5.2 34.0+2.7 25.8+3.9 8.0+0.4 1.08%£0.09 a 2.71+0.11
4 37.1+£3.9 35.2+2.1 27.7+5.2 8.3x0.6 0.97+0.04b 2.64+0.22
8 37.1+£3.2 36.7+1.2 26.1+2.8 8.6+0.6 0.96+0.02b 2.61+£0.23

*3.1~98.1kPa

o RFEMICEREEDY (Tukeyik, p<0.05),

100 -2
= . ~ ~ 500
¥l a0 ¥ 2 400
z k| E
& 50 S g 300
2 x
g 55 ; 1- - §200
% E w0 f ISR : T 100
=
0 - - 0 ' : : : : 0 : : '
2 3 4 5 0 1 2 3 4 5 0 1 2 3 4
FREEAREK AR EREEARER
B5-9 AHRARHENNOEMAIC LD T (FIATEAHIEN, FIERY U, 2okl U v a) ORMEZEL

FABRBARIER D 2)
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£&5-6 MM 1 kg 272 v o LB O BN
FARBARIER D 2)

HIEHERE #I01 kem™ 4y HFRFRZDOH D

.
BRI e oeEEme k) ERoH (%)
AYRTEAREIEN 8 1.0 5.0
4 1.2 6.0
CAAHEP.Os s  13.2 . 47.3
,,,,,,,,,,,,,,,,,,, N X B X N
ZHEK 2O 8 4.9 21.9
4 2.7 12.2
4. B

1) TEAAMEREZROEL

HEATE O B ) D3 A% B 12 1) B HIERTYATE A I IEN %
EODL T EIFFHE2FETEITORLEN, Z0 &L EOEEHR
FCHEAMEIE 1 kg m™® 272 Y ORIFEEEN OHINEAD 0.64
mgkg ' THY (M2-4), Rifio 77 4 Licsir 2
B, TN EFBEICR ST SR TIEIITN LY £ o
b DD, EEICEMAZRE L TWEAY 2 TN
T, HEAEHEAIC X2 FIAPE A BEREN O IR B 1T, HEAE
1 kgm?IZDEFHTO0.6~1.2mgke BRETH Y (£
5-3, £5-6), HIERICEENLIEHFED S LIRS
WO CHBICERMT 2861, EPRPEETHD
LEZLND,

74 TR W TEKENC S SN RO N E %
%L, HEE 10 kg m™? K TOBEWMERNICH V , B0
TIEEEMBEN L &2 2 8D (K5-5), HEE 10
kg mPOHEAPES BRI ZHIEE I L b D LHET S,
7, HERSERE X & 4 kg m™ X & ORNICILEZE T L
BN, KX O ZERTHEHEN V5 F B Ah I
T75mgkg' BEDHY, T X O ICEZREREDES WL
BT, ERMOREICRW TERBEOEIIHHF T
TN h o LR XD, Kayamah (1978) 1%k
W CHRSGERBEHEIEZ 20 ke m2 AL X, b=
N OIEIIC BT D ABFPMHI Sz Z L 2R L TVD,
MERAEE IC B W THIREI R HEE O ITHIR I o X &
EEZ D,

7B, BRI L CRHEEMEAIC X 2 EEEREN O
RO b2 hole, HBHOERDOZL IFNA 4
~ A% i@ U CRATE A IR D D W I IR IC 2 LT S
bOEBEINDD, KIHETBCRIT LM 4~ 2D
AR T B VIR L 1 X 0 BV 2o (LA 1996), 7€
MmO RAR 7 LTI S I HEIEF E 3R O —E 3R]
WMHEOEEFHEL TV D RERERS Y, HEIEHEH & 7E
PEAHEREN & DBIRRICONT, &5 ICHISEEpl # A E
NHZENREEND,

2) TIEFMHRRE) VEEDE L

ITEOBRM TIIESEHEIEICEEND ) VEROEED
FHREETH D L ORENDH Y (M D 2005), 762 (2003)
3 VEBEIEE R RET SIS, HEALRELIAEND
VUBEBETDLILEVEETHD LIEMHL TS, L
DL, ZmHOMER RS TIIHEE OB & 1B ATHARE )
VR L DBIRICONWT, ZHE THA R R 2 2205
7o

sk BRIC 31T D FHEIE 1 kg 24720 o [EErTiaEe Y o
B O¥EINEY, BAEAENZVIEERE Lo, FH
BROBGITBE RIS T HEED Hd (Abbott 5 1973,
K& 1991) . ZHIHENER A E 22 < § % &L 1P TFe
AR LAl B VERBENSEEITHIC2 Y ) VR AE RS
B, Ca i) UIRIEBEE DRSS £ D Z & (kD 1992)
CERTL2bDEEZ D HIEKAED 8 kg m? LLEIC
B e, HEIEF Y VEBEOIZIESEENTHRIEY VROE T
LR L2 &z oTe, ALMRE ORERARES TI3HERIC &
ENDY VEEEIHMEL TWRWD, TEEOFHRIED
LAV ERBBEITE D IRWZDIT S, S%ITHEIE Y o~
FROENEEET D EBBETH D,

EBRIE ZRE L TV D ERD T 74 £ T AR X
OHBRIBNESER Y 2 TiX, H#IEFY Vo5 bt
BICHHGRE Y VEROTE TER L LEI& 13D Tho e
B, BRI I+ T 2B TEY 0653011 4 kg m™
X CiEMIC X W I E 4, 10 ke m™2 X TR, Zhuichn
ZCKIE (B 20 ~ 40 cm) OFIFERE Y VRS BRBA A
A (14552 mgkg™) 7558 5 5% (451+£58 mgke™!)
CEE->TRY, FLEPHERT Y VB2 RE LIIh 2
DolcbDeEXDL, TNOLEMET S L, HBICE E
N5 UBORIEEEPMEMICHE SN IR TH- -
LEZ LN, BRI R IELEA~D ) VERA T & 8R
W 2dIc bl bhs_ETHD, BRI L TIIH
fEAH 4 kg m™? HAL THRREREY VEENE E 572035
e, ZHUIEBICEZ L0V VEBENERE ST Z Ll
KT2H0LHRTS,

HEAE G & & HHERTAARE ) VR & ORI A M~ D
FIRBRICHE D T EERITHE L 72132 < (Herron b
1965, I 5 1984, LAt S 1985), #HET 5 & AHIICE
I DRER L RERBEVITRA LN, FHIEIR MR
CEEND Y VDL IESEMROT, THUME L MR
B OBEWETEZEOLAELIV /NSO EEZ D, -
7ZL, dbfE T BICHW LD HEAE D % < IFFF D
RICHETZ2HDOTHY, ZIRFOERICHKTS
HEAE L 0 U VERIEZh0R0% D RTREMED B 5 (R 5 2003).
AMHE DRGSR W THE LA L7z &0 ) Vg
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OWREFEREL, ALHEE O FEFICE SV TRET D HLEER
b5,

PR CIIHENETh 0 V) VD 5 b, HIEICAIFERE YD v
FEDE TERM L 2EIG T < THL 0% U EH D b0k
BHEN (£5-2), T4 OERICHENRT DHEE
CEEND Y VEED S B 75 % BRETEME L LTREHE © (2003)
DOWEL ST D, #2EITBWTILE O T 72
A 1 kg L2 20 VERRAEN 4.3 ¢ T
boleZ b (R2-13 XV EM), 0D 70 % Z 7
T5 L HHEHIE ] kg lzoE Y VR 3 g BIET S Z &
AEEIC2 Db D EEZ D,

3) TEXMEAYVLDEL

HRICE END B ) 7 ADOFRE KA TS VLR
FHERISDIEZh 2RO LB LTS, Halii T
JEROAV T LD, THEICZHEMED ) U LAOETE
FELZEIGIE60 % BELHH I (R5-2), 43K
HRE L LT RCEAINZA Y 7 ADOWN 40 ~ 50 %
PR LT L OELH Y (KFES 1984b), KHBRTH
[FIBEDVEML 2T Tb D LR T 5, FEERITHEY) 2k
LTW3ERDT T A £y 28 X OHBRENESHEH
N ZATEH Y T AEPIERBIN S D 72, HAL
HeEREfE AR T, TEICRHEMED Y U ADORT
ERLEEAVREELRP>TbDEEZD,

4) TEYEHOEEISR-EBLALERMEERAE
Pedelh, RWEMSRM L bHIEOHMAIC LY LEOR
BESLOLEE 2 E oy RES D, EHEAR
BROMK TR (EFREMEASHEH) 18 kgm® i L 4
kg m? fii [ & DBEWTRD LRl ZD T D,
HERE OB K 5 TR o e s R TR A S
HLE1HEYZY 4 kem? BEOETHEDON (F5-5,
M5-8), TD2fEZMmAL TH 5FEREDEMIKT
FREAICRE O WEHRPBIC holcbD &
%%, Meek® (1982) IIHEREME &3 < 72 212 & 135
DOKBFREDRL 72505, 9 kem? U EERALTH %
DECPIEFTHIC72 5 Z L 2HEL TWD, KiF (1989)
IR O BEHUBIC IS 1T 5 FHF TH DA, 8 kg m™ DiEH
CEVSHEREE VB TTEORIABELD I L%
MEL TS, F2ETRLEL S T, JbiEE TIEER
R S NIy 2T LT, Bt o Ra etk
ZHAE L THEZREICHA T2 FFA LR 60503,
DX gE, KREMMOEE L L TESAWMIEZ
2 AIREME DS RV, M EHRT TR e A E & Be 3729
W%, HEEO 1 FEY 720 O HEITER LYW 1D 4 kg
mPRBEICTRETH D,

e RERBRIGEWE 5129 &

FEHIRHRHENE 28 L7z & & o 3oy Rk
ERNR 2 U oS I o S A Tid % < (RIS 1985
b, MOEES 2001, dbkfS 1985, MRS 1984), vy |
WU R L FRETHD 2~ 4 kg m? O HYE
B2 L C LB oY R W ENR LD TNV D,
07, WERRFEE Xt L o b OB W T H Ed 72
WS, KPS (1983b) 1% 5 kg m™ o, FHJIIS (1979)
X2 kg m™® OFHHESEIE LK~ BHL T, LY
WENRB R IE LN R P L EREL TV 5,
TNDORERND, BEHIO MRS T I3 -2 4 H
Dz ﬁ#;@%ﬁ%%@ﬁﬁ#$<1$ét@2~5
kg m™® FEEE DOHED TI3 T OYRE 22 YEEN R AR D
hﬁw:kﬁ%%énéﬁmﬂhkﬁﬁwi5&%%%
TITEHEY P IERER LT <, 14%720 4 kgm™
FEBE it B TR B R 035 S AT, dLHEE Ol ki
TITHIIHERF D T D ICHERE 2 1 4524720 4 kg m ™2 S FH &
5 Z &R S TR v (ALvEiE B EBOES 2002), AL
EEELTREMTHDLEE XD, BB, KHTIT4
ke m 2 X W DRWLEL 2T LR -o DT, WEISh
7o T ERME AR LT B 7o D T b B T IR i F &1
ONWTIIRET T & ey o 7o, HEWEME AR5 ET
VBB ORI AR A ST 5 2 L35 %I
SNIRETHA 5.

5. E#

JbiiE o E RS T R BORHEIE 2 EfE L 72 &
O TEIbEEO A LN L, EY) e HE A
i L HENE i AR D 43 AT I DWW TR R L Tz,

1) HPEHROEFZD S LAKEEN O T HEICEET S
EIA TN BE L B2 v, BEAHEHEN 28 75 mg
kg BRED B IEKEOEWLETIE, BRI ORI
BWTEFRMIE ORI T 220,

2) HEEHF D) VEED S L, TIBICHERY VO TE
FBLE&ETD72<TH 70 % Ll Ed v, dbimE oY
W72 -3 PR SRHEAR 2 B0 | kg MEF L7z & =2 ) Vg
3 gIETX2AHREMRH D b D LEZ B,

3) HENE M4 kgm? HAT S L HEOREE, bE
FER LB AR 2 & ORI YE I 2, 8 kg
m? % 5 FHEEH L Tb KERMICRE O SEEIR1 B
o Tz, ALHEE O FEFRFET 136 1F 2 4 [HIHE AT A
T4 ke m? BREIEY EE X,
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F28 HMEOCERAMRIZESSERBEE

1. [FC®HIZ

HERE > & SRR AL L 7e BRIMEY O EFTRLNEICE 25
HEEHLPICT B0, EEO RS THEIE 2 8
L 72356 ORRERREY LB~ DB OV TIRETT 5
WVENRBH LN, BHHio T ZEEICRBAWNT, 0 k9
PRIRAS IR D TR0,

F~ MR TIIARE VR IND Z L BZ VR,
MEETIIFAEREKE VFEEETH Y, "N AFHE N~
NMIAEHEE DT ZAFBEERED 9 5 20 % £ &2 5D D
BERHETHS, L, AEHRS I L 28
PGS s BR T HAEBETICHE SN D Z L8
%<, ZOOAEBTPICERRKENRS IR BELE
HTE R RDIEND D, NT A TRES RIS
THGEILBIEZ1T 5 25, HEREH O UG S N2 ERIHI 72
ERITOWTIL, BIEEFRICGEHET 2 L E H 5,

Z 2T, dBmED Y 2 FEITIOV THIER R HEAE
OEAD R~ FOAEFR L OUNEICH 2 5 B ERETL,
1 2 7 HERE i A R & HERESE A Aok Ic B 1T 2 BRI E &
BoPzT 22 2EME LT,

2. BBAE
1) #IEEAE L ULIESHE

RIET ORI 3) IR L ARG NERER 7 X
W, b=k OFRERE 2000 ~ 2002 FIT TV, 1 FY
TEOHER 4 kg mPEfEH L 72X (LT, 4 kg /K¥E) 13HE
MEEF 14 ~ 16 £ H, 4 kg AHED—HIC 4 kg m™ % L5
L T1IHEYY S kgm? ALK (BLTF, 8 kg /k
#E) I LEA3~5FHThoTe (M5-1),

M L 7o HERE O MR, RIfT DR 5 - 1 IR S ALic R
ARERICHW 2 b D LRI TH % HERE O RS X 1998 ~
1999 #1z 5 A EAJ, 2000~2002 i 4 H EAITH -7,
T p HIZ 6.0~ 6.5 ZHERF 2 X 5 ITmEROHIEH
JH & BRI REE I LS 7 A THEIE LTz, RERHIE
THES IR ERBREITRD N2 o7 (RE5-7).

2) EXRrERELE

2000 ~ 2002 FEDOFAFITHEIE 2 L 72 h2 o T2 K (LU,
HEAR O K¥E) ICHAEN (0, 5, 10 gm™) LBIEN (0,
10, 20 gm™), HERL 4, 8 kg DAIKAEITEIEN (0, 5 g
m™) LBIEN (0, 5, 10 gm™) & EHAEDELESE
HIBALEE 24T > 7z, 7272 L, 2000 A2 i3—HBOLEE 217
DI, EL5-8TT—FDRWVWEAEDLREITERL 725>
AR TH D, HEIE O AKHED AL 10 +3BE 20 g m™ A3
MHET R~ M2 7 ERAOREE TS S & & DOREIE
iR (LUF, EER) Thod. HER 0 KHETIT 2 KB
T, 4, 8 kg KHETIT 1 KIE TUFL L 7o, AL ORI
St TH 5,

FERTRE 0.2 mE CTRmAREIC, BIEX1 ~5 R
DIEKRIE TITEEZ 5 BT ThAKF 2—T 12k -
TR TRMEIC, S4BT vE=U L THRALZ.
3) HESLUVHAEE

F= b G A~ 2BCKRER) IXERKE 0 (ERICTHts
L7 16K 60 HEBE®H L aEmL, 4 A T~
9A EANCHEIEL T, I AMENLTT7 B TIREL
7o FAEBFEIL 3.33 %k m ™ TH 5. #EEHIM T I3em %
HEZBZ7 4 VAT LVFL, DAKIIELOKDG KT
VYRN8 kPa Ll Blice o EEARICLTCLHEIC
DX 20 Lm? 2~ /VF O FICKIMENCHEER L 72 Ak
Fa—THNTEEIT 7. VVBBLIUN Y T LA
VEALHEE T 35 U 2 AR VENE AR R (ALl B BOH 2002) 124 -
THEL 72, BFEOFKBEHK TRICEERMT LT 23
L, B4ED 3 A TFTHAICTEAAT M~ hOEEEBET T,
kN~ b OEEREITE TR BH L 2.

T BHI B FEOEIEFIC B KEICOE 6 r T ERS
0.2 mE THRIL, BIFHIRH b o SEERE NS IS &
4 rPTERS 0.2 mE TRIL TE 4 25047 Lic, 24
EIEE2ELFALTH D,

YIHAEBRELE LT~ h~OIBEBARY TH 5 ERE
#% 30 H ABICRE L & 2 (RBEHOE T O i THIE)
ZHEE O KHET 6 18,4 kg 8L V'8 kg /K#EIX 3 IET
BIE L 7z, HENIEITELIZR, USRI L0 g &K

®5-7 BRI AN GRERR P 0 54 O 1K)

HENE RFE* THEAHEN AIHFAHEP 205 i (mgkg™)

kg m™ g kg™ mg kg™ mg kg™ K0 CaO MgO
0 13.9+£1.5 8.32+9.71 306+ 56 183+30 4923+593 459 +£55
4 20.0x1.3 4.51%£3.67 663+ 73 215+ 36 5146 =595 598 +53
8 21.9+1.4 4.59+6.42 798 +151 301+84 5020 =487 673+18

#2002 D FRBRKE T FRFICEREL
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DREZFRWTHEIH L 72, b~ F ONRIEITIH#EL 7

PRFE LI TREOEEL 25D THEHHLZ, £0
IHHEIHFE AR LFLCTH D,

3. HAB#HER
1) PR FOMBESE

# 5 - 8 ITHEIE D@3 b~ h OFIMIAEFICE 2 D 5
o LT, EMER 30 B HEOE IR L OREKE T DX
BERDE, HIEOKETITEENENELL 2D LAR
DEEY (Tukeyis, p<0.05), 4 kg KETHHEEIL
2o T OOREEDMEmNS R G203, 8 kg KHETIX
EENEICLD2AEFETED NRD o7z, HERRHEA L
Te SRR DA E AR b el 5 &, 2001 S0 4 kg /K
HEWCRIT2HEIE 0 g m? KTORL - e, 4 8L U8
kg KHEDK X & LIHEX L [FEFLLETHY ((RTE,
p<0.05), HAE 4 kg mP?OfEH THIEEZ 5 gm™, HEE
8 kg mPDJiif THIE A 10 g m?ZWIE L 72 LHE KX &,
HEAEAE S H OFFHEXIC I 1T DU AFTRITIEFRSETH -

IRk BRI RE 129 %

2) b LOHBRIE

HEAEE A & BRI E & %R E RS L, [F—ofEle
N&E (EIEBIUER) ©L EOEF, HEIEHHE
ZVNEEL o7 (£5-10) HEAE 0 B L U4 kg KHET
FEENERLVIE EDBIENERZWIE EINENRS
Dro Tz, HER 8 kg AKYETILEMEN S5 g m™? TINEDIEHE
IHic 2 FRBPBD b,

FEAEX. (MEAE O 7k 4E, ZLAE 10 +3BE 20 g m™) 1281
HINEA BEICL CTHIERA O R A2 2D L, HIE 4
kg KHETITEME S +BI10 gm? K T15 gm?® DEFH
WAL 72 & SRR L RZEONEIFLN, Ez,
HEAR 8 kg /KHETITHEAE 5 +IBIE 5 g m™? X3 X OEEE O
+3BIE10 gm? X T2 gm? DEHFREHIEL 72 & X1
BHEX L RS EONERSE LI (FR5-11),

NI EIFHER 4 kg, 8 kg /KL HILENEDL W
FEPODBIENENRSZWZEFEE LN RL, [F—
OREENEO & &1, HEEMGEH RS Z VIE E NI E
W& h otz (£5-10),

72 (£%5-9), BEOFIEMM P o TR NEE X, F—EEE
TIHHEEAESZVIZERmVEANICSH V, B T3
A O K HECTHEIEfE 75 K Y SV MERIC S > 72 (38 5-10),
#=5-8 HEOHEAMN F~ FoOwIHAE (EM%I0E BE) 52 2%
HEAER  FEAE L (cm) 1R FEETOXEL (mm) 2 B R FEE T OXEL (mm)
kgm? gm™? 20004E* 20014F 20024F 20004F 20014F 20024F 20004F 20014F 20024F
0 0 68.2+6.0a 66.6£9.8a 73.3%£5.0a 9.6x0.6a 8.3%£0.8a 9.3+0.3a 6.1x1.0a 5.3%x2.0a 6.8+0.9a
5 82.7+5.1b 86.1£4.9b 83.4%2.5h 11.2+1.2b  9.5£0.6Db 9.6£0.2ab 11.0x2.6b 8.9x1.0b 8.9£1.0b
10 89.1£2.5c 89.6£3.9b 84.8+1.9b 11.540.6b 10.0£0.5b  9.6£0.4b  12.6+1.1b 9.8£0.8b  9.7£0.8b
4 0 - 85.7%£9.2 84.7+3.0 - 9.2+0.1 9.8+£0.4 - 9.0+1.1 9.6%0.5
o5 941£36 91.6£5.1  88.2%2.7 12514 10.2£0.7  10.3£0.2* 145+1.1% 9.8+04 10.7+1.2
8 0 - 89.7+4.2 88.2+2.3* - 9.9+0.4 10.3£0.2% - 10.6+0.1*  10.8+0.4
5 100.6%2.3* 91.7%4.3 90.5+2.2% 13.2+0.6% 10.2%0.3 10.4+0.3* 14.8+1.3% 11.4+0.2* 11.5+0.6*

X 2000 ~ 2002 1% 4 kg m 2K CHE 14~ 16 FH, 8 ke m KT LEHHEA3I~54H,
YHEE 0 ke mP KN TOREFSMICAEZED Y (Tukeyik, p<0.05).
HENE 4, 8 kg m 2K TOBZHL, HEAERX N0 kem2+HEIE10 gm™? LOBFEEHY (tFE, p<0.05),

®5-9 HIEEMICLZEEEROBWIEL F~ NOAEE

HEAE  HERESEH HE B REETOESR (mm) HEREEREE
kgm?®  FH gm?” cm 1ERT 2BRT gm?

0 - 10 87.2 9.8 9.7 -

4 15~16 5 89.9 10.2 10.2 5

8 4~ 5 0 89.0 10.1 10.7 10

#2001 ~ 2002 D FH{E, 8 kg m >R o FHHFHIE LR BIMAE OFE.
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R5-10 HEEOEMA ~~ b OFRENINE, ZRWINE &AREHF D O THEEREERICE 2 528

IR FEIE BIE HAEPNIGE (kgm?®)  NIUE(gm?)

EHRIEN (mg kg™) ; 000F EHEN (mg kg™) ; 20016 EHHEN (mg kg™) ; 20026

kem? gm™ 2000 2001 2002 2000 2001 2002 EfEk BILK R B TR BIER UES: B PR BIRH IUER B
0 0 0 5.7 4.2 6.4 8.8 6.7 7.1 13 10 8 4 5 5 6 5 9 5 5 6
10 11.3 8.2 11.5 17.7 12.4 14.5 14 9 9 5 5 5 5 4 9 5 7 5
20 10.5 10.6 12.4 22.1 17.5 22.4 14 14 31 10 8 6 8 3 14 5 18 8
5 0 87 51 79 130 93 98 3 10 9 5 2 5 1 6 18 5 5 5
10 11.5 10.5 11.8 20.4 14.6 16.9 34 8 11 4 12 6 6 4 21 6 6 5
20 10.6 12.4 12.4 22.8 20.4 22.0 30 12 40 18 13 7 7 5 23 5 76 20
10 0 93 7.0 98 149 11.6 1.4 39 13 16 5 38 7 7 5 24 12 6 6
10 11.6 10.1 12.3 22.8 15.6 16.9 4 13 21 5 24 5 5 6 24 6 6 6
20 12.6 12.9 12.9 28.1 22.3 23.9 39 28 29 26 32 8 17 5 34 6 38 42
4 0 0 — 5.2 8.3 — 10.8 10.7 - = = — 17 8 6 8 30 7 5 6
5 — 10.1 11.7 — 17.9 13.7 - = = — 34 10 6 6 17 7 6 5
10 — 12.1 12.9 — 20.4 20.7 - = = — 11 7 6 5 19 5 9 5
5 0 92 7.6 93 167 125 119 4 13 11 6 2 10 9 6 20 14 7 6
5 — 8.3 12.4 — 13.4 15.4 52 15 11 5 12 8 6 6 25 8 7 6
10 11.0 12.8 13.2 22.4 24.7 19.6 40 26 9 8 21 10 7 5 38 8 7 5
8 0 0 — 7.1 9.7 — 14.9 16.5 - = = — 24 8 7 5 10 9 7 6
5 — 10.6 14.0 — 19.2 19.8 - = = — 21 9 12 6 23 8 6 5
10 — 13.6 13.9 — 27.7 20.9 - = = — 31 15 10 9 27 5 9 5
5 0 105 83 11.0 185 151 164 53 12 17 7 24 11 7 8 24 23 9 6
5 — 13.1 13.8 — 23.6 17.3 446 15 14 8 42 23 9 6 29 8 6 6
10 11.7 13.6 14.8 23.7 28.9 25.6 49 21 32 10 47 29 27 7 45 12 13 6
3% 2000 ~ 2002 1% 4 kg m X THEM 14 ~ 16 £ H, 8 kg m X T LFEHHEM 3 ~54H,
£5-11 HEMEHIC X AMEIEEZORIEE F~ kN DOINE
HEAE  HEREEEA EAE BHE FRREAINE NRE B MHEEN  BILATERE(gm™
kgm® T gm? kg m™? gm? mg kg™ e EE
0 — 10 20 12.9 23.1 23.5 - -
4 15~16 5 10 13.0 22.2 4.9 5 10
8 4~ 5 0 10 13.8 24.3 7.2 10 10
8 4~ 5 0 5 12.3 19.5 5.4 10 15

*2001 ~ 2002 FEDFE, 8 kg m? K OEAERIT LT BIMAE DFER.

4, ER
1) FT FOMBEE, A HIBEABFOREBZERFE

HEICHEIE 2R 5 BRIO O L DITIER R 7, I
NZBIET S Z &0 H 5. b~ hONEIEIZERE & B
LT HENDED, HEEITEICEREE OIS L LR
ZEO DDA I, BIEIIREDOIEKRBLEE > T
PARRIC B 2 MR L > RINCE Y I Zfikfe 55 7o
WCHER S5, BUFICHERE E 12 X 5 BAEN O R L) H
EOHIAEBE, DML .

JLHRE DRSS~ ~ b TIXEIEN OEAERH10 g m™?
ThbH, EHE TN 10 g m™? Z2HEH L 72X L H#E
JIE 2 fi F U CEEAEN 29808 U 72 50 EE X & & el 45 &,
VI AEBEEITHENE 4 kem™ O TEENEZ S5 gm™?,
Skem? DO TI0 gm?® ZREIEL 7z & RS TH -

7z (£5-9), INHORERNS, HIE4 kg m™ ZHEH
T5LEHIENZS gm? LTS5 Z ESRREIC 2D LB X
5. E T, HEE 8 kg KHETIT LR 3HFEH TH S 2000 4
(CHIEN 5 g m™? TORMIAEFPMEERX Z ERH-TERY
(£5-8), HA 34 ITIEBICEIESFTTEEIC /2 > T
TRIREMEDS D D, ARER TIXEAE 4 A EICHEIE 2 6 L
Th<hEEBL TN I 25, ERBOKEHTL
H 3~ 4 FHEICITEIEN OBEEAFREIC D b o L
HET 5,
2) FRFOREMNSH-HEEAROEBREREE
AITE CHEAE 4 kg m™ OB FTIXEIENZ 5 g m™ )&
JECEDZ EEMLMTILTZ, &2 TRMIEAYRE, B
WAEX TOMMBANNEL RS &, BIEE 10 gm® BB L
TG A CEREER LM% Thofe (5-11)., ZDZ
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D, HEE 2 HEMEA T 2 L HEE4 ke m? ITD&
BIENZ 10 gm 2 HET 2 Z ERMREICR Db D EE X
.
HEAR 4 kg KUEIC 4 kg m 2% B L 72 8 kg AKHETIZ
10 g mPOREJEN 2R TE 72 Z &5, [FHEIEKYE, &K
JEJIE £ (HEAE 8 kg +2E[E 0 g m™®) ICH1F 5 BAE X
BERD L, BIE 15 g m? B T Bt 4 45 H o 2001
FITIFEEX L 0 OR0MIN L 72235, E3fHE 5 4 H o 2002
TR CTH o To . RRBR O T LI Hilsk T 2001 48
MEBETHY, EHEICITERT4EHTHEENZ
15 g m? BB T & 72 a3 & 5 28, EEEHI TN
HUEERZRET D LTI, 20X 5 REEFEICGERELZ L
EOYV RIS BBL THEELRET LI LPEY TH
59,

UEDZ L, HEE 8 kg m™ 12D AL T & 2 BT
N&IX, HH4EEBETIZ10 gm?, S5SEHUKIT 15
gm?IZRY, ILICHEAFKELERD LR ITEmL,
FTEAEMEHA 5 EHEIE 4 kg m? ICOEBIEN 10 gm™?
ZWIET 5 Z L RRRICR D LER D,

e & SBAE L 2 SR TR FTHE 2 N & T HEIE 8 kg m™
WCHOXHEHA4~5FET20~25 gm?ic7e-7 (F5-
1. ZORERIZEY, HE1 kglz>ZHEA 4 ~54H
TEH2.5~3.1 gOBWENFRETHD EEZLND,
ZHIT kY, FEEHIFE e S D HEIE kO N &2
HETE D720, (EYOIEERPESICRY, EED
BEMICEETE D, Eie, ERHFEER NI DN
T, RBFEICHEBLLEEZD) R E#HEL TR
JEE AL 2T HI LY THA D,

AL HEE O B M T E AR & 1 T o N LR
2D BT HEDOHENE 1 kg 25 ONAHIEIZ 0.8 ~3.1
g RS B, 2D 5 BLOK 70 % BMEMMEICFIA I
% UNEFFES 1998), > T, ERROBIEEERNEITZ
DEPORTOEYTHD, £, BHOMERIEE TIX
T S EDFZEHEE RN 0 58 % IMEMICIN S e & o
Wit (S5 5 2001), B D WITFFEHEREF N O 6 EIFEEER
R IR LT D L oW CRRTS 2003) 238 5
D, REABRTHAL LHIEOSE, TYREBEGER
WCESEEET 5L (F5-1, HBREMHR), HED
W1 kg ORI OENN 4.1 gBHRASNDZ LD, HE
JE1kglZ>EN%AZ 2.5 glflEd 2 LHEFDOENDS B
61 % ZFHHL 72 Z &i72 b, HENEHh N OFHHL, B
DOREH S TR T 56 L FAREIC o7z, BID, MR
DR E R H TR & [ ICHEE P O N 2 FI 4 5 720
ZiE, EERAICI YN ZZESELZENREEL
WHDEEZ D,

728, ALHEEITIS VT 2 HE AL bE F R 0 N AE e it v FE A
TAT 9 (bEE BEGH 2002) . F 7z, Misksihs CHERE 2 f
ALz L Z2ONMEEIZOWTIFEEMICE < OEinH
23, K A% OURBERER 2 AR5 L 72 S 1R S 72 57805
Too ARAETITHEA KM 2 HERE Ol N R & 2R
EIBIE L ORHBNCE ST L7 ds, SH%ITHEERH L
AT DN TS NIFARE 2 HAE LB AR & 12 1 THf
k322, BEnMETHA9,

3) BRE~QATFEM L RI-HIBERERAED LR

HENEIT & £ 2 NI RBEL LT THfE s,
HAFEHRE T2 LRAICRPITORIEREE D,
RICATRBRICHA I NS (FR5-1, HNEHER)
CEENDIENPETHRENISE, FMETEELZ
WY, HEIRHEY 1 kglco& 4.1 gONBIHHENSE Z L
2720  HEE A 4 kg mP e T 5 & 16.4 gm P EEON
BRASND, —F, ARRTILEEIC BT 5 — K72
FAEE (IbvEE B EEs 2002) T 5 10 kg m 2 FEED
BSAIEME SN2 L &0 b~ b ONBE T 15 ~
23 gm? Thole, —fRIC k= NS TIIES A MR
DD EEN OEHNEIIC /25 05, HEAROMRHE
JED S ONOREHIE—E TidleWic s, HEAE %56 H 32
L ECIEIMEN O2EEZHER TRET L2 L0 b, e
BHEOENMEIER 20T ZENEE L., 2O,
LR 72 Y ORENEE BT, HERR RO N AL h < K
ONENEL Y bD LD XISCHRETRETH D,

ARFER TIIHEIE 8 kg m™ A 3~ 2 B A 38 L 72723,
ZO%E, HIEHRONEAREAN32.7 gm™? 2, k
~ FONENEL Y GHLPICED -T2, TOEEIE
BALEND2 DT TERENL DD, RENCHA SN
TEENY ZEUREICAT 25 S T RNA D 5 (K
5 2000) . F 7z, AR I 2 B CILHERE 2 fi F
L7EERKONMEEES b~ FONRIE LY D EEL
722l b H Y, PO BN IIHEE 8 kg m™® ki
TOEEORPoTZH, HWRZRHENEH AL, I
FH NGO Te DIV D EFEM 2T SH 5 (IBH 1977)
kit b,

ko Z &, WONCHIET THM 4 kg m™ F2E OHETE
AT HBEOYBA R UENRPEONIZ LV EIEL,
VEW A2 PEME 2 HERS L FILBRIRICAR 2K Z S22 icdic
i, HEREOERIMEHEIL 4 kg m 2 BRENEY LEZD
D5, IHICFEMRRREZITO ZENEE LV, 2k, i
JEN o4& ZHERE THRAT 2 &, NG 6 A THEM 6
kg m™ 2B OB A FEEIC 72 5 . AHT Tk & O LR
fEIFREL R o720, ZHWEALNCT D Z Lidks
NIEFRETHA 9,
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5. &

JLHEE OMEFRARFE T b~ N AR L T, 4R HskHE
JEDEM B EIRICEZ DRRE, 1 FLT DEE LV
JE At P B, HERE RS O 22 SRR B 2 B 5 /2T L 7z,

D £5-91CBIF5 b~ NOUHAEFLS AT, HIE4
kg m? ORERICOE 5 gm™? OREIEERZHIET 2 Z
EMARETH - T,

2) £5-1112BI1F5 b~ b OHBENNED S LT, HEE
PEALLE IR TE 2 BREEEIEHN 448
FTIEIHEE 8 kgm2 122 & 10 gm™, A 5 FE AL

IIHEAR 8 kg mZ IC0& 15 g m™?, +E4EREM T 5 &
HEE 4 kgm2 122X 10 gm?2 ThoT,

3) U bEofERIcESE, BIRLBEE ZEDED &, H
NEEIY) 1 kg OFEAIC>EHEM 4 ~ 5 FH TIdEHRL 2.5
~3.1 gWWETDZLEMAETHD LB LN,

4) 1HEY7ZVHIES kem? Z2HHT % &, HETICHE
TORRRARN b~ ML DEZERNELREL B
\lY, TEAOEFREARELHSEITRNED D,
AR TCHEIE D 1 472 OfE &L 4 kg m 2 FRED
Y L LT,
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FE38H HEOERERNEICLSERELERD
Fe 4 H

1. [ZC®HIC

FEEICRIT DAY OWIRICEET % & L bITRE
PR AT 5 B b 2E5E (N20) 1L (OECD 1997, Sahrawat
5 1986), TITHHLANE - BLERES% O TR IC L > T=
FRRF SN D BRITAERKR D O T (Anderson ©H 1986,
Bremner® 1978, Yoshida® 1970), AT 5%EFHE L
HHEZ L B p HEZKF &% % & (Blackmer
51978, Egginton©1986, Goodroad»1984a, Linn®
1984, Nishio® 1988), #A I T 5, L2 L, Th
B DOFFIETIIEY O INEDME T UAEFEE 26 ORERS
LIVEEWZ D, BUTONEL ViR TE 54T
N2O Z il F 2 N 2R T 2L BB H 5,

NoO DFERFEAEPRIT H IR THEOWRES TH 543 (Khalil
5 1992), £FEAETRIT 5D D +32 6 O FEAFI G T T
FRFEAETR (LA RE O BABES) 2 ERl 5. 1996 £ 1 P
C C (Intergovernmental Panel on Climate Change)
F2UCHMEETIE, KRS RBELMH-LHEEMETIETH D
D3, WEHE 1380 b DO FAERNG & 20%FRE & RS o 72 (B
FH 2000) . & DFK D N ZHIFEAER 2T 2 & R ESE
DHTORBELRFETH S, 207, FHPETIE 1991
D5 R ES I iE R L0 b O3 EE D 2 E
FIICFRE S 20, ALHEE IRV T B2 S DR AR (K
&5 1995, E#EA D 2000) & T4 il oA nECH
W Of EDS R S Hule (K16 2000). LasL, Maseds
RIS U TR SR 2 om U 72 b o 3R g i T
72N,

EEHUAEEE & RS & ORI OV T
SOPDORE IREND D B 73, BRICHERHSE T~ T Ofif
FHSONZ D /07K K0 IR ASE & D HOK D bIRRFE LD
DT, b X O EMERE S (Beauchamp 5 1989,
Goodroad » 1984 b, Bremner® 1958, Folorunso®
1985), AL H BN 0 DIFAEICEEST L L AESND. Z
D=0, FEHMFEE THONTBEEONOFRAICET 5
HIRDS, ZDFE FREFHRFBIEFICHBEH TE 5 LITRL 20,
ZO XD BRHEMFICRBNT, F2ETHLMILEL ST
FERRRES CIIHEIEAMER] 10 ke m? DLE & KEICHEA S

H5ZLb% <, £, MMHEROBRAE LR (7
FR~ERERD PERBIIRE SRR D,

% 2 TR TR BRI IC BV TN O 84 L HE
NEfEE & OBIRZ SN L, BT OINE L~ &
FLA2BONODFREZIHT 2 HREMFTL 2.

2. BBAE
1) #EESE HRAHE

LR B35 V30 i S BRI PN oD ORI 1 -
T, AMEIZX1.29Mgm™®, FABFKEIT492 gL, &
RFEIL 23 g kg, £EFIT1.9 g kg ' THY, FoOMo
THEEMFIEIEE 2HEFEL Th D, THEITH AR
CEBFICHES 0~ 0. 15 mLEEL, 2 LR U Ak
Tp HEREEEN 204 L. FHaE#IR T o8 p HiX
BRBRIZBWNWTH5.8~6.4 DHFATHER L, £z, &
HEBROBBIT 1 KA 3.6 m, 2KETHY, S
THEL 72,

NOH AR EZDT Ty 7 2B v —X KT ¥
o=k (Jury 5 1982) TiTo 7z, 8RBT ¥ >3 — (&
fEDS 0.097 nf, (AFEA325.2 L) #RBELIZEZB IV
10 BRI F ¥ VA=A 1 LOZKARIL, &%
DN OTABEEPEL, TOREENPLT T v I A%
FH U772 N2OH A BEFPNI-ECDf & A 27 u~ k7
Z 7 (BEEFTGC- 14A, # F AiXPorapak Q, ¥+
U7 HAELCHaZ 50ml L' &H LA TEEL .
N:07 F v 7 2134 TN0R8%FE (ug m™? hr ') TF
RLTC,

2) ¥EROLLOHIEDBERE

FEMDOHIEEZH L7z & EDOBRENRT T v 7 A
CRIETHELZA LT D70, HEMMO R 2 H
AE O K3 X OHEIE R A X OREIR) Z23%0E L7z, fit
AL BRI ZRCAHE (FE LD L DRAY) 20
EV, 3 7 AMMERE L C, BMVWERBE Y E~H A0 D
D BHHK), 1EMHFERL T, RN EBEOL
D 1HEK) &Lk, ML HIEOMR 255 - 12137
Uic, #HERR% 4 kg m™® Z3RABAART B \[<heH LIRAN,
MPAKUTC, 199746 H 25 H~T7 H 7 BB X T 1998 4
TH6H~T7THI1THD 2 HFEHFHEL 7=,

£&5-12 ML 74 ERD SHL MR (Fz472 )

[l B C/N £C 2N NHs-N NOs-N pH ERURER
HERUI A -1 -1 1 1 -1
g kg gg g kg mg kg (H20) dSm
3 A 185 20.7 359 17.3 148 460 8.5 1.78
1 4F 188 18.1 234 12.9 134 776 9.2 3.08

H) p HB L OERUSERTRY - K&l - 5THlH L TRIE,
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3) bZRRE 223K e AR AT D 3 A He AR B 1A

LFIERtE F AT ORI L 7 v 7 2 & D
B AT L 7o, HERR N A RE BT 3L 22 Rk 22 SR e AE o
2 AT (2 @A), 1HEERT (1ETX) 3 X OMEFE
BHEFE L RS (FRFEIEX) &L, 7z, HERiEiE
F TR E BN D HAT o T2 X (ZBHRHEAE D 72 X)
bR E LTI 72, HERRIERITE & [F U 42 fg o o HEAE

(1 FMHHERE) %2 4 ke m? AL, (LFIERIZEFRIT 10 g
m” 2T VB =T A THEIE L 72,1997 4 6 A 25 A~
S8HTHRIU 199847 H8H~8AH 18 HD 2 H A&
L7z,

3. HRER

1) $EMOSHBOBREN TS v I XICRIFTEE
2HEDNE T Ty 7 AFHEERHX, 14EX, 30

AR 4 6, 76, 608 ugm=2hr ' Thoto, HEIOHH

B0 ¢ 19974

TH
= 600 -

‘s

"]
Z 400 -

=

Q 200 |

Z

0
0 3 6 9
A% B

e

=I%‘E

="+

=

a

o)

Z.

25

5 15
ER ML A K

BERICEEST2T7 Ty 7 ATEBITIETL, 5~10H T
X MZE X2 <Y, T, 1ERELVH 3D ARDIE
IMEICE<HE L (M5-10), FRAAMIMF o586
BRENIFEK E D 1~ 25 mgke L&A T,
2) BEREEAOHEERRREAT Z v I RCRIETRE
FEIRFHEAE X Tl 2 W4 & bk & R i 4 1 3
LSKRESRTZ v 7 ABHBIL, Z0%EHEL 72 (5~
1. £/, AXKOILAREERERE O 2 0 EF87 F
v 7 Z1% 216 ugm?hr ' T, BHEHBIEDOHRXD 30 ug
mZhr "XV L EEICED»o T (Tukeyik, p<0.05).
LU, 2 AT E 7203 1 IEETK O L E ek E E it o
2HENYT T v 7 AT 440 ugmPhrt THY, EHE
MEARD K & DEITRD Lo Te, T7hbh, HE
Zhi AT 2RI EE I L 0 b 1EMLL R
TORAT 2 L, LRIEREREIERO T T v 7 2035
B HHENE e F St & RIRREE THER L7z, 61T, 4

- 34H
-o—- 14
—n— HE I8 4 i

19984F

6
A% B %
5-10 HEEORRE L HRILER (N2:0-N) 77 v 7 2 L D%

H)  SHAT X3 AR L MR A, 1T 131 SRR L 2HEIE 2 A,
MR IR FICO 7, TSR, AHEICRE AT 4 kg m,

1200 19984  -m— 2 AR
o0 1 /&l
Lo —o— 7] BRF ff I
800 o BRI D &

15 25

5
ERMIEE A K

B5-11 HEICH RS & migfkeEsk (N:O-N) 77 v 27 2 & D%
) 2 MEET MR E R o 2 EERTCHEACEA, 1 EAT 1 1 EM R HERT A,
FIRFREAE (LA SR S HENE 2 R . S AR ERR S
L IERIE R R 10 ke m? TR & b5, SHEEMEAREIL4 kg m™,
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A O 2 W FEEE T Z v 7 A%/ TY, [FRHEEX
(216 ug m™?hr ") > 287G, 1#EFTK (B7, 53 ugm™
hr ) >ERBEIEOHX 19 pgm>hr ) T, FFEGEIE
KBFEEICEP-> T (TukeyiE, p< 0.05)., ERIEIEHE
OBEHRECEE 2 & 1997 4RICIXFERFEAEX (0. 51 %) >
EHRMALDO X (0.20 %) > 2385, 1HEATX (0.15,
0.14 %), 1998 FFICIZRIFFFEALK. (1.01 %) > 1 HEFTX

(0.45 %) > 2 X (0.30 %) >ZEFRMAL DX (0.12
%) Th o,

THEREARE N IIHEESE I K-> THEPIZE T Y, BH
MEREZ D 2 7RSSR, FRFEERX, 28X, 1EX
T4 4 51, 58, 49 mgkg', R DX T 36 mg
kg! THotz,

4. BEE

1) IBEOBRAEEN07FvI R
3WHAKICBITD 2 WEDWYEHT Z v 7 AT 1HFRD 8
BThHoleDd, ToLEHEIZL> THAL LtaERE
F1EREIY 1.3/BEZVWERETH o, HEHIEIT43#
ETROOLEREALTHBELIELLOTHD Z 026, HHE
B DN S BE DRI E 2, HERA%IC
TUE=U AENDERMLSLCTWVWLO LR TEX S .4t
T, LM - EESEN IS 2 L Tk - iz
METL, FAUTHE S TN ODBELSBELTEEZD,
Thebb, £EfbDLHIEOMAICY 7z > TEREET
SHTOLOHAT D Z L23, N2OOIHN T EB%)
EEXD. Lh, Wb DR HEIE O F I3 hE 5%k By
CBITDEAHMNTH D720, BRAOR+5 2HER O
TR _RETH D, LEL, FEEREDEATD
WRIZBNW TSN OBFEET LD T (Willers 5 1996,
Petersen © 1998) , 43 JR o RHEAE D HERE BRI IS W T
BEEEZEHDIFRMNICT S Z &1 X0 N2O OFEA
SNDEDHMAITHDHLOD (A4S 2004), HeAOHEH R
DN ODFEEICHOWTIE, HEIBRELZO THRL S
VERH D, SHIT, HTFEEL IKIZEFT 5 N02
BAHNCRRTH S 2 56 S s S T % (Minami
5 1984, Sawamoto® 2003, A D 2010). FBEHERHE
JEICHR T 2 NOIZ XD BREEAM Z5m U 5 eI, H#
JEAL DA THETF K ICHE S vic g, ShIiREERIC
KEFICHE SN2 EDED TRIANTILERHY, 5
BOFEE L THEIND, 28, C/NOKEWHER 2
M35 L TEERENORBIEPEZSZ 006, HEE
DISHE L NOFEE & OBURITHEIEICHW 2R EHT L -
THERD AR D D,

2)EERBIEAOHEEAICEDIN07 5 v o XD

HEREME ] & A2 IR 2 SRHENE & [FRF ICAT 5 &, B32IE
BIERRIEHR O 7 T v 7 A EERARE 2 EHE O 2 0 HE
JEEFEHX LD LE LB E- 2D, HMTOBEGH
T d D FIER 2RI O 2 BRERTE 7213 1R
HNE 2R T2 &, CPIERERBRERDO T T v 7 2D
MRS X & FRREIC 2> (K5-11), ZhboH
HIE, ROXIICHFETE D, HEE L LRIk 2 R
AT L, HIEICE T 5 EHIE S S 25 kA Y
EMEFERFEEHCMbD 5, 207, HLHEOBEM
DI LR SED & L biT, BOMmIEaREY U
28 2R S8, FERAICNOREZELL<ED D, L
L, HEZEHEHIED 2~ 1AM TOmAL T
<&, EFRMICREICITHERL T O Z 0 6 DEEIC & 2 FE
D HEINTEY, ToOoMH s XOBERRESL
PFTI7ITv I ALETLIZOTHAH., IEL, Ok
BROHEATEHRE 2R 32 Z L ARHRICR Y, B
DARA53 e HEE I 1AM ANCHEAE L T b EREIE% O
T Ty I AVREEDAREEND B,

INHDOZ RS, C/NOHEH/NS WHEEDOEHA,
JEFADIE A TEHERE Z AL EAERI SR MAE L 0 b 1IEF L
RNCHAT 2 2 &, (LERE 2 IR O N O Fs4: &
HERE R S & AR ICE TR TS5 2N TE S,
BT, HEIERER TR D 2D & 5 e B o HEAH
ZIESFT 5 &, BUTOIEKELZHERFL 2235 N0 D%
EEMHTE 5,

5.

LB OERFIT IC BV THERLESE (N20) FA &
HERE e FE & BB A RET L, BATOINE L~V 2R
L7235 N0 DFAEZMET 2 HREHLIT LT,
1) 3V AMHEL c4FERDOHIELEHAL 2L &0 2

TR 7 T v 7 20, 1 AERIHERE L 72 HERE XV K 8 fF

BW608 ug m2hr P THo T,

2) HERERE A & EHEMIE 2 FIRCAT 5 &, EFMEEHD 2
HENE T T v 7 2L 216 ug m2hr ! T, fEEDHT
HERMEREF 20 o T & o7, LinL, ZEHRIEE
O HERL RN FORIELZ AT 5L, 77272
L <URTF L7

3) LLEDORERED G, BRADUE A TEHEIE 2L AR 2 SR
EEY S 1EMELERNCHA T2 &, NoOJ8 AR ITHE
IR ST CIL2R IR 2258 O AR L 72 5o & RIREE I
B EBHLNE RS T, TV OFEITEEE B
EORERFMTHH Y, 22 ONOFA DI E R L
W5,
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HO6E &

FERBCRHE T —fRICHALE S 72V OREEE D% <,
FIEHH P ORERNIC L 0 B BERL L 22 Tew, +
ORI X DHFEREE 2 0o, M
IR D A2 PEME ZARTF & RSt OfERr 2 IR EEIC %
Tz, TEOERET ZRMEICHER T D e icid, 1R
CHEHZEESE RV L S ICHEEH T D LERDH D,

% 2T, AWE TSRS T D % ALiEE O i i
BRI tHE MO EREMERZHL2ICL, Z0
EEM RIS E S oo e LT, HED
Wrik, TP L EMAEBREICE D KR, WO
HERE DR HITE & HEREfE AR O L E B D& 4 Zm L S
HLIEPBETHDLLEER, ZNHIONTHRF LT,

1. ZRAELABEIZHITEEZ— NI RFEORE

HERBARFG TR AT D BEFEBOOL DT
HDHD, WCAFEENCIIT DB —IC T T ARE LR
TOIEL T, BBPETIEE ==Y 22 L5 H5RD
KeRANCIERB L T2, E=— AT 20T, H T A% TYE
L7ciRE & iR L THAEOHRSOCBER DD TRS TH
b, TO, MEEE TR ERL @Y L aRE
T X BDEEPER LTV, ROE TR 208
L CHEARICHT, &2 WEHOBFTcE#T 52 &
THEERMZBT 2 Z EMThbhTE e, L, M
IO 2 BHREER IRV TR LW BB I
FeT DRFEFE DL, FITHEEA AV L TNICHEET D
N T EAF U EEZLNDN, Z0H LIEREERIT
KBRS NEBH TKICEL ZhEBEYRT 5, B
CHFIL 22030 BEEIET 217 O N E BT, EEEok
S IR RE R O BRIERAN BT SN D LERD 5,

Fio, WEEZHNL THEANICHE T RREEE, Hisk
BNCZDBRPFER DO L BES N, B, FTH
PREREH T, ERICE S L BR LT 5 2D pE & H
BT ZEPBEBETHY, HOMOBEERBKEIZLIY &
WERIEZIRB GO NS, —TF, EEELMTH SIiEE
TR & I IC B ICHE L TS S D . FRICES
IEEYTE B D VI 2 R0 T D B A& DD 725 T
ICERD AN AL TRY, £DO X5 AT A TN
RBICLDBRENART 22D T EPBES N,
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FUEOERBRINE L RIRECREL, TOMEREZ T
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BT 52 b Ee, RAXAEHNTH S,

Z 2T, HEEPOER DY) BRI SN TR
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fe% 3 gRERIETZ 2WEMODH D Z L 2fERL 2.
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Teo —H, EFEOHFEHLPICETEND Y VIBEEZ R
% L, 1990 FRUBOILMEE TIXENLRT LV mE > T
BY (EHS 1985, JbiEE EEEHS 2005), ERIRTHIL
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KREE 2> TEEMEERL TWD, TIUTHECRY
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CRIT D HEDMEREM LY AL ICEro T, T2
2L, dbMBEEO N 2 LEICRIT D ATHGRE Y RO
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EEOILMREICR T AR, 09 bEFRLY
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ALHEE DT ZAFEERIC IS 1T D T RITERTF T 2 R e
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3) BALBNCHRIE L 7z THERNIAEN & & 2 iR R M
X LHeDITE, TEOREELZRELOILERD D
729, MEHOEKENPD TELOBFMEEL L2
ET 2 HERZHL N LT

4) BFEAY ZTIERE LR LY T OfERA 4
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1) EKEVBIUOAFRLEVFRIL LI, ABAT—VE
YA E OV I WAFRIH, A2 5EE

TOEEREH, ThUENPCGROEKTFL TWHEkA
W EINC AR 7o, &3 E D ERITIRER A &5
EHNCABTHEIAMARICER TS 2210, NEIT
EFHRE TOAEBEICIVIRESND, - T,
Nzl LIt Wil 253452 &, b L <idhh
RPWETIT IR RERREHRT D LBBETH S,

2) CGROHBIH AT, BHRMICIEIIEMK E Y ERIT
FAEBVHICOL, &8 L VIERTIIABFRY 0%
PO T DL TELAZNEHFRBOLND SO LHRL
7o ARRBRICHIT D 1EOA R F 1T XL 5 EHRRINE
%, BERKEDERIT25.5 gm™?, AFLVIERTI8.5
em?ThoTz,

3) EKEVERlicR T2 8FEktEE LT e
DL DOREIEEL, CGROMVWAFEYICER
B8 BFRMRT DD ONERE L OEZREFTL
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5) EMEVERICEIT D Y VEREIEE AR Lo L 25,
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Soil diagnostic methods and fertility management under the

condition of field greenhouse culture in cold regions

Tetsuo Hayashi

Summary

Hokkaido is located in the cold region and has much snow in winter; and therefore, management techni-

ques in greenhouse of Hokkaido are different from most of the other areas in Japan. One of the serious

features in field greenhouses is that growing period in Hokkaido is from early spring to late autumn, some-

times through whole the year. Average of the amount per year of rainfall in non-growing period is 150-300

mm in Hokkaido. Soils in greenhouses tend to accumulate excess amount of nutrients in growing period,

because the soils are not subjected to rain. Artificial soil containing excess nutrients is easily produced

under the control of human in greenhouses. In this study, problems in soil management for protected

cultivation in Hokkaido were pointed out and examined.

The aim of this study was to devise the way for continuous production in vegetable crops under field

greenhouse condition in cold regions. The following items were investigated :

[1] Development of the method for measurement of nitrogen for soil diagnosis, based on the concentration
of nitrate in the subsoil.

[2] Development of the method for application of fertilizers, based on the soil diagnosis and behavior
in growth periods of each crops.

[3] Improvement of the methods for application of cattle manures, based on the evaluation of available

nutrients in diet.

1. Characteristics of nitrate and other nutrients in soil and management of soil fertility by the application
with cattle manures in greenhouse cultivation in Hokkaido

To improve soil management during cultivation in soils under greenhouse conditions; the nitrate levels
and other parameters of soil were measured in the range from the surface to a depth of 100 cm, and
the management styles of each soil were investigated at four regions in Hokkaido. The summary of the
results is as follows:

1) The average pH of the plow layer was 6.1 and average levels of nutrients (all in mg kg') were 87
for available N, 1249 for P:0s, 593 for K:0, 4315 for Ca0O, and 640 for MgO. These results indicated that
all soil nutrients largely exceeded the standard values of soil testing criteria in Hokkaido.

2) Fairly amount of nitrate were remained in both the plow layer (0-20 cm) and the 20-100 cm depth range
at harvesting time in almost all greenhouses. In almost all greenhouses, the amount of nitrogen applied
to the soil was more than twice of the amount of nitrogen taken up by plants. In addition, the amount
of rainfall received by the soil during the fallow season had been insufficient to leach and remove excess
nitrogen out from the root zone.

3) Available organic nitrogen in soil is steadily increasing year by year in greenhouses in Hokkaido,
because the amount of organic nitrogen supplied by livestock manure is inadequate.

4) It is essential to evaluate nitrate levels in subsoil and available nitrogen in the soil of plow layer in
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order to determine the amount of fertilizer application and maintain fertility of the soil under greenhouses.
5) Available phosphate in soil is correlated with the number of years after the construction of the green-
houses, and it is steadily increasing year by year in Hokkaido.

6) The amount of nutrients (all in g kg"') supplied with cattle manures were 4.1 for N, 4.3 for P:Os,

3.8 for K:0. Exchangeable potassium in soil was increased when manures derived from the livestock were

supplied.

2. Sampling methods for soil diagnosis in greenhouses considering spatial variability

Proper sampling methods for diagnosis of soil in the plow layer were evaluated considering variance of
chemical composition and fertility under greenhouse conditions. This examination was performed at four
greenhouses, one was performed just after the end of the culture of flowers, another was in the period from
thawing season of snow to planting season of spinach, and the other two were during the period of culti-
vation of tomatoes. Soil samples were collected by soil augers in 25 mm in diameter. Based on the exam-
ination, followings were concluded.

1) Soil samples should be collected in a center of a greenhouse and should not be taken from the areas
near the doors and the windows, because a variety of artificial fertilizers and applied livestock manures
affects to chemical composition and fertility of soil.

2) Several samples should be taken and gathered at the points from the front to the back of the green-
house, for fear of being disturbed by some irregular underdrains disorder and leaching of the minerals
depending on the individual places.

3) Five to six samples per a greenhouse should be gathered to reduce permissible sampling errors into
less than 0.2 for pH, and 10 percent for available phosphate and exchangeable cations concentrations,
respectively.

4) Approximately, 10 samples should be gathered to minimize the sampling errors in nitrate-nitrogen
concentrations within 25 mg kg, when sampling is performed before planting of crop. However, electric
conductivity and inorganic nitrogen concentration cannot be diagnosed precisely when powdered or
granular fertilizer were topdressed to the aisles and the beds are irrigated to supply nutrients, because

nitrate-nitrogen are not leached out from the plow layer and stayed till next planting.

3. Diagnostic methods for measuring nitrogen in subsoil, based on the properties of each vegetable crop

Capabilities for nitrogen absorption in subsoil of the plot of tomato (Solanum lycopersicum L.), Japanese
bunching onion (Allium fistulosum L.) and spinach (Spinacia oleracea L.) were investigated in greenhouse
fields. Based on the capabilities of each crops, diagnostic methods of subsoil by measuring nitrogen were
developed. The summary of the results is as follows:

1) Absorption of nitrate in the subsoil by crops was mainly dependent on the depth of root systems of
each crop. The root zones in tomato culture were reached to the depth of the subsoil (60 cm)when topdress-
ings were applied. The nitrate existed in subsoil and topdressed behaved similarly for the growth and yield
in tomatoes. But the greater part of root system of Japanese bunching onion existed in plow layer, and the
nitrate in subsoil was not effective for the growth of Japanese bunching onions.

2) When the growth of the root systems in tomatoes were blocked by hardpan, the crop could not absorb
the nitrate in subsoil. It was observed that nitrate in subsoil rarely moved upward during the growth
period of the tomatoes.

3) Soil bulk density was estimated by water content in thawing period of snow. Based on the value, the
data of the soil nitrogen content was converted by calculation into the amount of nitrogen fertilizer to be

applied.
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4) Based on the content of nitrate remaining at 20-60 cm depth before cultivation, the amount of nitrogen
fertilizer to be applied was estimated reducing by 90 to 242 kg ha on average in greenhouses in Hokkaido.
This represents a 45-121 % saving in the amount of nitrogen topdressed in the typical field greenhouses
to be used for the cultivation of tomatoes in Hokkaido.

5) Nitrate content in spinach grown in Hokkaido, soil nitrate content in the plow layer (0-20 cm) and
in subsoil (20-40 cm) in a growing period were steadily increased according to the repetition of spinach
cultivation.

6) The main root zones in spinach were the range in the depth of 10-30 cm at the harvest time. Spinaches
absorbed nitrate in the subsoil until the end of the cultivation.

7) Nitrate content in spinaches was reduced when the amount of nitrogen fertilizer were reduced by 0 to
120kg ha™ based on the subsoil nitrate diagnosed. The yields of spinaches were in moderate, and the rates
of nitrogen fertilizer were near to that absorbed by spinaches at the time.

8) The conclusive methods for diagnosis of subsoil are that the soil depths for us to evaluate nitrate
content should be 20-60 cm for tomatoes, 20-40 cm for spinaches, but when hardpan existed at higher
level than the depths, the crops did not absorb the nitrate in the subsoil. In addition to that, it seemed

sure that the nitrate in subsoil was not effective for the growth of Japanese bunching onions.

4. Application methods for nitrogen and phosphate on Japanese Bunching Onion

Japanese Bunching Onion is one of the major vegetable crops cultivated in field greenhouses in Hokkaido
and is known as a crop applied with the excess amount of fertilizers. Because of its root system which
develops in shallow zones of subsoil, subsoil diagnosis had not been applied to the crop by recently.
Based on the fertilities, which was determined by the soil diagnosis and the growth rate, dry matter
production and nutrient absorption properties of the crop, application methods for nitrogen and phosphate
were investigated for 3 years. The results obtained were summarized as follows:

1) Growth stages of Japanese bunching onion were divided into three stages artificially: [stage 1] initial
growth period, [stage 2] maximum growth period, and [stage 3] blanching period for the harvest. The yield
of winter harvest were decided by the growth rates before bolting of the crop, because the growth phase
of the crop changed from vegetative growth to reproductive growth in blanching period. Therefore, a choice
of the variety with bolting resistance, or property of much blanching before bolting are required to obtain
higher yield.

2) From the point of view of the crop growth rates (CGR), nitrogen topdressing to the autumn harvesting
crop was required in initial growth period. The CGR of the winter harvesting crop was low in initial growth
period. The CGR was high as much the same as the rates of the autumn harvesting one when blanching
cultivation had started, and was maintained until the flower stalk had developed. The methods of nitrogen
application in topdressing to the winter harvesting crop differed from the autumn harvesting one. It was
proper to topdress in later part of maximum growth period. It was assumed to useless to apply nitrogen
after the flower stalk had developed.

3) For the autumn harvesting crops, 100 kg ha' of nitrogen as a basal fertilizer was appropriate to main-
tain high growth rate during initial growth periods of the crop, and to obtain high early growth rate and
high yields. To apply 100 kg ha™ of nitrogen as topdressing about 30 to 60 day after transplant led to
higher yields, since larger gain of dry matter was observed when topdressing was applied in maximum
growth periods. Gain of weight of leaf blades during maximum growth periods led to higher weight of leaf
sheaths during blanching periods, and resulted in high yields.

4) Japanese bunching onion absorbed 255 kg ha™ of nitrogen, when it produced 158 Mg ha™ of fresh
matter or 14.1 Mg ha' of dry matter. Proper application of nitrogen amounted to 200 kg ha™ of absorbed
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nitrogen.

5) Proper relationships between the contents of soil nitrate-nitrogen before application of basal fertilizer
and the amount of nitrogen fertilizer as basal and topdressing were as follows : When the content of soil
nitrate-nitrogen was less than 50 mg kg!, 100 kg ha' of basal fertilizer plus 100 kg ha' of topdressing was
appropriate. When the content of soil nitrate-nitrogen was from 50 to 100 mg kg™, 50 kg ha* plus 100 kg
ha' was appropriate. When the content of soil nitrate-nitrogen was from 100 to 200 mg kg!, no basal
fertilizer plus 100 kg ha™ of topdressing was recommended. When the contents of soil nitrate-nitrogen
was more than 200 mg kg™, only 50 kg ha' of topdressing was appropriate.

6) High levels of available phosphate in soil (1,000mg P:0s kg, measured by Truog method) were required
to obtain high early growths, and 500 mg P-Os kg of available phosphate in soil were required to obtain
high final yields. Negative correlation between available phosphate in soil and harvest index of Japanese
bunching onion (=0.997, p<0.01) was obtained in the range between 580 and 4440 mg P:0s kg™ of available
phosphate in soil. Japanese bunching onion requires less content of available phosphate in soil than that
required by onion because of the following reasons. The growth stage in onion transfers from vegetative
growth to bulb formation growth, while Japanese bunching onion continues vegetative growth until harvest.

The extent of the importance of early growth period for the harvest yield differs between onion and
Japanese bunching onion. Moreover, phosphate content in Japanese bunching onion is less than half of that
in onion.

On the other hand, for the winter harvesting crops, phosphate content in leaf sheath in initial growth
period was 10 g P-Os kg' approximately, it was double of the content of the autumn harvesting crops. The
winter harvesting crop made higher initial growth than that of the autumn harvesting one, so it was con-
sidered that high levels of available phosphate in soil which induces high early growths led to high yields
of the winter harvesting crop.

7) Proper relationships between phosphate fertilities in soil and amount of phosphate to be applied are
considered as follow : In the case less than 200 mg P2Os kg™ of available phosphate, 250 kg P»Os ha™ of
phosphate fertilizer is adequate. In the case from 200 to 500 mg P:0s kg, 100 kg P2Os ha™' is adequate;
and in the case more than 500 mg P:0Os kg, application of phosphate is not needed.

8 In 39 % of the greenhouses that were surveyed in this study where Japanese bunching onions have been
cultivated, the contents of soil nitrate-nitrogen were more than 200 mg kg in typical production areas in
southern Hokkaido. In addition, the amounts of applied nitrogen were in excess there. Similarly to nitro-
gen, levels of available phosphate in soil are in excess in most greenhouses, in which Japanese bunching
onions are cultivated, in southern Hokkaido. Amounts of phosphate application are also in excess there
because amounts of phosphate application for Japanese bunching onion in Hokkaido follow the practical
amount of phosphate fertilizer for onion.

Therefore, the application methods described currently may enable the reduction of the soil nutrients con-
tents in most of greenhouses and maintain the proper levels of the nutrients in the long term.

9) On the other hand, potassium content in the winter harvesting crops was maintained high as compared
to the summer harvesting ones, probably for the purpose of developing cold tolerance. It is considered,
therefore, that the winter harvesting crops required proper content of soil exchangeable potassium.
calcium content in the leaf blade in both harvesting types of the crops had decreased gradually during the
growing period, so it is noted that the crops required proper managements of soil pH, content of soil
exchangeable calcium and irrigation in order to avoid the appearance of tip drying.

5. Application methods for cattle manures, based on the evaluation as available nutrients and on the

environmentally conscious practices
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Transitions of physical and chemical properties in soil by annual application of cattle manures in green-
house fields in the cold region were investigated. The amount of the annually applied manures and the
nutrients supplied with the manures were determined properly in the cultivation of tomatoes. Furthermore,
the effects of application practices with some manure on emission of nitrous oxide (N:O) were investigated,
with the aim of the evaluation of efficiencies to N2O mitigation by the practices where current yield levels
are maintained. The summary of the results is as follows:

1) Nitrogen in soils of greenhouse in Hokkaido is accumulating, as available organic N in soil derived from
livestock manures was assumed to several percent of the nitrogen contained in the manures. Nitrogen
fertilizers were not valid for the crop cultivated in summer and autumn seasons, while available organic
N in the soil were more than 75 mg kg™

2) Phosphorus is accumulating in Hokkaido, as available P2Os in soil derived from the manures was
estimated to 70 percent or more of the phosphate was derived from the manures. One kg of average
cattle manures in Hokkaido deserved as 3 g of P:0s in chemical fertilizers.

3) Four kg of average cattle manures deserved as 5 g of basal nitrogen fertilizer for the initial growth of
tomatoes in Hokkaido. In the duration from four to five years, 4 kg of the manures applied annually
deserved as 5 g or 7.5 g of topdressing nitrogen for the yields of the crops. Based on these results, nitro-
gen in 1 kg of cattle manures applied annually could deserve as the amount between 2.5 g and 3.1 g of
nitrogen in chemical fertilizers in greenhouses which had the cultivation record of four to five years in
Hokkaido. In greenhouses subjected to annual manures for more than ten years, the nitrogen in 4 kg of
the manures could deserve as 10 g of the nitrogen in chemical fertilizers.

4) The bulk density in soil, compactness and penetrability were improved by 40 Mg ha' of the manures
applied annually. Application of 80 Mg ha' of manures, however, was supposed to cause nitrogen exces-
sive load to the soils, because the nitrogen contained in the manures much exceeded the absorbable
nitrogen by crops. The proper amount of cattle manures to be applied annually to culture in greenhouses
is considered to be about 40 Mg ha™’ in Hokkaido.

5) When immature manure, which was made from a mixture of cattle slurry and rice straw, was applied
to a field; the mean flux of N2O was 608 g ha' h' for the two years’ experiment. It was as 8 times larger
than that of the case when a matured one was applied.

6) When manure and nitrogen fertilizer were simultaneously applied to a greenhouse field, the mean flux
of N2O was 2.16 g ha' h™' for the two years’ experiment and it was 7 times larger than that of the case
when nitrogen fertilizer was solely applied. However, when manure was applied more than a week before
application of nitrogen fertilizer, the flux was as low as that of the case when nitrogen fertilizer was
solely applied.

7) Based on these results, it was demonstrated that proper management in practices, where matured
manure was applied more than a week before application of nitrogen fertilizer, could mitigate N2O

emission from the soil of greenhouse fields.

6. Conclusions

Methods of management for soil fertility in greenhouses were investigated for continuous production of
vegetable crops in Hokkaido. The summary of the conclusions is as follows :

[1] Diagnostic methods for measuring nitrogen in subsoil could be applied to determine the amounts of
fertilizer for the crops, whose root systems reached to the subsoil.

[2] Methods for application of fertilizers to each crops in greenhouses could be devised based on the
growth properties of the crops, and the amounts of fertilizer should be determined by the results of the

soil diagnosis. The suggested methods for the application of fertilizers to Japanese bunching onions will
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be a good model for the development of the methods to the other crops.
[3] The amount of nitrogen, phosphorus and potassium contained in cattle manures applied annually in
greenhouses, which could deserve as the nutrients of chemical fertilizers, could be estimated as for the

cultivated crop in cold regions. The estimation was conducted based on the evaluated available nutrients.
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