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An Evaluation of Nitrogen Availability in Soils
by Seedling Method
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= bFEERL, ThEFATIFELZRFTLE. TOoRRE, BHE
BECELELEREMI, ERETEINRB ThoDlzxt L, BEE
FHY—bFETEARYy PERZV2. 1B TKRT L, BAZLD o0,
Fh, BEV- M LIDIEFOMMBELRIT, RERABREBICEREE %
EEFotidnznw tinbnroiz.



Fo-2-1F R Lo LM

pH* EC® THERTEN® RAREKE
Ao (H:0) dS m" mg kg™ kg Fztkg™
wERALT 6. 81 0. 040 11 0. 448
y/ 6. 15 0. 164 50 0. 520
N 7.38 0. 027 1 0. 338
E=MHL 6. 99 0. 023 7 2. 430

* TR, DEREESNE (1997) ITXotk.

" IEEIEGRRIEIC L AT 5 EICE T 2 RIERBR O FIEIZ L o7,

“E—hER, N—=FA b, RN—IFa2TA MEFELS:3:2TREL, FLARKT
R L7z,



Ho-2-2R EHEFIEDBEWIC L A EEIEERRR O ik (BAL @ #)

R IE YV FE R 8] wxE
HESRIE 52.0+11. 4 37.0 74.0
BREEH»— M 2.1+ 0.3 1.8 3.0

o S AR
. ERIEL 1 %ORERBETHEEDH B = L 7T

_24_



#0-2-3F% REATITRITHEESHEL <Y FOHFHW

HEFR (%)

BEofEE BESIE HBHE%2HH 3HE
WEHELT TRk 84 92
" BREE ST — ME 88 100
yi Nzl PERiE 72 96
,, RS — N 76 96
JIIES PEFRAE 92 100
" BREES— ME 96 100
BE=HL (3 64 88
" BEEH— ME 88 100




Ho-2-4R HHEALIZBIAEEHIEL <Y TONHEROEE (n=20)

BRIFER Ee it b ER TR

A+ ofEE i 1 Wk mm SPADfE g B
WHERAEL ek IE 64 6° 45.4+3.2  0.82=*0.14

" BREE S — ME 636"  45.2+2.4™ 0,810, 12"
KH+ PERIE 53+7 46.8+3.6  0.63=*0.14

" %ﬁiﬁ&?— & 55+8"*  45.3%2.3% 0.68=%0. 15"
JI# PeRiE 656 47.3+4.1  0.85%0.10

I R A — ME 644"  46.6%+3.4% 0.84%0.12""
E=Ht PEskiE 66+3 45.1%+3.7  0.73=%0. 15

" BREE S — Mk 645"  46,7%3.4"* 0.71%0. 12"~

" BORIEDIEREEH ) HIEE DL E TORS
b3 )NV F BOERSRFSPAD-502% FVN TRRIED FHENR & B o P TRIE L 7.
© EEE AR E.

v B U ERICRBNTRERIE L% DERBETHEED RN L 2R T.



P &
Fo2-2-1K KEBEHERIZIEEIhLhEa~Y TEFLER



E3E HZEBLELILLSIPHEHEBEORE

FHREEMOMEEZHE —MHWIIRET DI I LRIRAETHY (H/F
1982), 3 BMZET 5 L3z, EECEDZRE L CERE L
METHHFEER, BEFOHEHBEZBOIKEEMNTHDS. T 0O R,
HHEYRBREBEZ, BELBBLEAET T CERETE 5D T, FHTX
BErELLRVABEEMOREFSCHERFOEREHOMEE HE
WIEKEATEDR LD THAB. LL, ZTHNETEBREMIBE SN
BRpolledlil, BEFHEOEVWIZL I TRHEPBRRDAREL D
5. 2oy, BHEREBHRHICL T, TEELLERBEELHF L L
Brokcnhnid, BEEAMOAERTMc RN B LEELLND.
AETE, MAEOREREL2EBEL, EBCHEKRKALZFELZZV
AR ARy POBBEAKIT AT LIZODWVWTHRFNL L.



EF1f ZEBILEICEKIAABHELEHBEORE

tTRICER T LI AREEMOBREEY, BxREBE|EIh T3, L
mL, ZHRAETI2FMEEMOREEM —BBICRET D2 & I3 N
THv (HF/F 1982), BFEZET LI ELEIWVWE, EEICEY % #
BELTHRZHET DI FAER, EENTHL. LrL, HERXBRO
MRIBRRECELASH, PTHLRERHOEEN K EZ W (Gates 19
80;Morgan and Smith 1976, #& A& 1987). HXIFE 2z HF >ERBRE L X
NVOEBRELERLTWR b0, BEERICHIELZIEBE T
M DEBNEZLS, BRECKEOEBIRMCTCHLD. 20 X5k
RBMICH LT, BREEOEVWENIZOBHBR L VW B AL, FE

ZHELERTZ2MNALEAZEAERIAIERIN TS (FED
2000) . Z OB LFeRABREBRCERN TSI L, BELR
TERVWETYH, REBRBERSAEERS CHATE 2R
TE2¢LE2b0 5.

B[RS

R

5
*E D EE

ju|

— 7, 1999 CHEcChEESBRMETIE, HEFOoOREEZRE
TOIIEODORBEMHIZS, EL 2ARXNVZVHEYDRBRERIBFIND &
Sl ol (K 2000). ZToOoRRERZ, NEoOoFENRy bICA
MEMEFREMLEELEBEBZ AN, 2~V T2 3BBEET LI B
DTH5H. BEFHRIZHODNWTIE, INFAHELTERISENL 25E F

R

TOHBERNIZEASDD ET B ] LA TEINLTWT, BE%E THE

jul

TAILEZHEELTWVWAEZODMPRBEICOWWT OB TRV,

IThboZ b, HMEBEOHMEESEDOREBICHLELRRBHAZ A



HBLIEEEREBICLI - Ta~yY oA BT*»RELIEZBE?E
L+ AT L .

2. MHEBIUVHFE

DEEEEORE
THRCHEASNLIEBSCEREEM O RIHBEOE R 2K %

5. 20, EREOCERVWEEREA*LRMICERT 212D I

BHEARBZAKRLT, KE2HBET203ELEEXLLNRE. £ 2
T, K# (R F7ovrv 8, N-TIEL30X BAIT345X #F & 90mm) I
150t — % — (EX-003BHEARBTEANAEERLE — % —, Y=y
A (BR) W) L REAVHBEEH2.5LOBHRA Y (VA4 XI 70 @
NAKEEH, Y=y 72 (K) ®) 20T, #HE2CE B EIC
LTRERMBEZIT o7, EBEFEBRBEIARAFo—NLBDO /) 47 x LK
» M (NEBHE100cn®, AR 12lnn, B IT0mnOFEMAFHFER v b)
&L, JII®W (CoS) 500mLE R RBKEDPONDICHHE TS KE ANTK
bOE8EEMRMLE. bRy hE AT UL A8 OEMICHYT,
RO KEICREL, Ry hNNOALTRBERALBEIWECRD L O
KL ZRAEHE L., ZoRKEErHRBOBRAMGE 7 V—AIIC AR, 1A
12 BBATE AL XA A~ —Z2fF 7. BATORENEK LR
EAR—ZODEROBEBHREOZDHIZ, 7 —AELAlE2"ATEEEIL
N7y reffdh. EKEE, B 1L Tho7m., #IE X, B
ERLHERE (RT-30SE, #NA/ 22Xy J78) Ok ¥ —FH &£
vy hbofRR, BI26mmic B L, 1RHEEBTE&GLEZ. RERHRO
FROEMHIX, K186, RAF2.AmDHBRICEWVW T, REH



2 M (FHYS5B, ¥ 4 XV 8) 2 EBSE TV ARVEA L, BEMR
HEBY 223CHUBREL CHBSELBEL THBUE L.

2) B DR

BMEBAAMAE 7 V=250, AHTHIEETOX BAIT460X B X 740mm T, 20W
WEE RN (FL20SS-W/18, R EH) 6 K% / 4 Ny A4 = VK
y PO EwWH»OL220mmO FHICHKRBELRE. 7TV —-—LOFIBERE Y E
BELIZIABOE =AY —FBAVWEEBEOT VIR THYL,
FUT O T H220mmD EEEIWC BT 2K EHE 2 B EH (TRL-10%

FNRNA ARy 78) #HWT, 50mmDEFFBENMN TCHEL =.
3. BRBIUEER

DELHEEEOREL

EZHRABEBSHET T, KFAREZESEBOKX Yy hoiiBiX, &0
MMEBIZEWWTH23Crb25CIKHBF TN (F3-1-1K). £ 7=,
ZFEEROBABRER, ZHFABLIEHIE 22 LI sTHACITR - .
BHME 7 L —-LARNCHEBELERy bEE (EBRBICHEY) 0B E X,
ZHAEAEBIETVRVEBEOSRASICISCHIBICE T LB, 2%
FEEHIHLFAEICIH24CICHE T (F3-1-2K) .

INIECE->2T, FHEEMRCREEICKEL TCEBRRYPERT
B SRR OFMMAAEICARSL EE XL .

2) B E O &R

BBAMET 7LV —LRNORBREIZT, FRITORBENLI00001x%E 8B %,



AV FORECHHR OO L ot (H3-1-30). & F &L H
PRENRELE DD, Fy MiBdon—7F—varvit+ s sRnEE
LWeEEZIbLRE.

4. WE

FHREEMOREEZER —MBWIERET A LEIEECcCHY, 3B
FETLLERVE, ERICHEDEZRE L CREEZ2HET B HFiEE,
BEZOEMEZBRL T EEWNTHS. ZDOK, /AT = VHE
MABRIT, FELBBLZ2ERAETECERBTCEXTI20T, ST ERMHLEE
FRWABEREMOMNERSCHERFZOBBIER © & EEH IC K<
FRATESZHLOTHS. LrL, ZThETHEBLLABRTELRELS
D, BREFHEOEVWRL LI THERBVERZ I LBHo.
D, MEREBLELERN T A LICEY, avYyToRKEEiTH
ELREELREZHERCEIIEBIBECE 2.



——AI1

— O — Bf

- A - -C

-- O - D1

—o—A2

--0---B2

—4A—C2

—8— D2
o [=4 o (o] [} o (o] (=] (=} o [==] o
S S S S S =3 =1 S S S <) =1
© 0 o N o N < © [= o] o (3] <
~— ~— N N b - i

A E B %I

F3-1-1X EEOELRA> 2Ry FPAMEBO#HE

Al D20 & & i,

Ny PDOBEEEZ T,



BE(°C)

30

25

20

18

10

5

0

11:00 15:00 19:00 23:00 3:00 7:00
2l

w3-1-2K ZRMICIAIBEHENEEORLE
W ZHEERE, @ ; ZHKIE, AEFHER
O BE=E=EER, O; B=E=/AKE, ABERER
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012.5-15

3
i 010-125
Rt
0 7.5-10
m5-75

#3-1-3K EBIRICII2EBRNORESA



2 BHEOREZRUHLUVLKSEUDY—ORH

D BEEFTOBS TOLEAS W EIT, FEBE CHME KIS N
TEDHZEDPEFELL, FERE (KBLH 1995, HE - Sy 19
32, Topp,G.C., Davis,J.L. and Annan, A.P. 1980, 1982), =+ &
REKDE Y —3 (FE 1998, mBES 2003), hEFE (F
i 1997) EXAMEOA TS, KFEFEEEITLOOF TH LA HE
REWRIEETHS. L2rL, ZTO0FERITBCERLE-EEEO®
SEZBREL TS 2, BHELERCAEN RO BRI EE R
BEVWHBBLCEIMEXNMLETHSL LI TWD (FLE 2003, FB 19
98) .

—HF,. BEMDOKRKZERBEL LTERASRERIN LN TR Y (]
B 1996, Williams,P.,and Norris,K. 1987), +HEAK S B E ~D
BIGICD2WTbHHEIN TWS (Bowers,S.A. and Smith,S.J. 197
2, Dalal,R.C. and Henry,R.J. 1986, k& 1992). = o K5 & i,
KPERNABOBREDODHEREZRN T2 L2FMMALTCVWS D, &
FT2EMEROEEZ2Z T WEEZLNRDE. LL, T F
TOHRERT, LtBCEETNI2ZRPO0OABRERICE T2 L 08% L,
KoOERRHFBEFL LToRFTEIAD R, 72, LERBEBOIR
MIZEZ2PE~DODEERLEB AR LCEAKEBRBEET CoOFRNAITONT
REFHF I TR WYW., B8, XRICAKDHBICHEAL L 1450nnft 38
DEXIA T —FEzAVENTHOEERBEEINLEZ (NI 2003)
TeENnb, BEITBIZBWTHEATEIHZKoHA FENEE



SNDHWBEENDD. £, Ty PAOEKERBL L TRE KO
ERALEFE (KRERKR 2001 ) PEREESNLTWVEID, 2BEHRET
D/ AN ARy PZRERAHIETERWYW., 22T, ZodkERXE
Y —FZIEHALT, ThETEBEEEIRETCH-Z /) 4 Ny LK
y hOEHBEKRKEZRA .

2. HHEBIUVAEZE

DXFEXNKGgEVyF—DOHE

HALLELAFZEXN KTy - (KKX&s 7PV — 7 8, SH-1202L)
DHBEZEI-2-1RITRT. Er¥ —~y FHIZE, 1300% 1450 nm
D2BEHOARNABEBARAIA A - FPRMBEALAENRT WS, 1300 nmix &
BMATHERRGOARRERBFOAILEROBEBIZH A I, X
SICHMIRENBZHEE L LTI450 nnZ R AL TWVWD . ZTHEF LB
E®MOBEBIZLI0 nnT, ZO0HMEIEXDOZODOT7 - FTEDLODRLTSE
W, Z—FORETIBENF LEMT 5 (HF3-2-1K). HEEIX
Ty — Ny F#HEaryirtoe—LEHLEEDLETL.I7T ke Th 5.
BEXFAA—FEERALTVWDZDIC, BV —EFHEHEBEENNT.S

WeEWS/NHNBOEETH D .

DR LBICBITIREBR O EMR

REBROIMERICIE, NIBEHERLAEZ (F3-2-28). AREL =L
A  2mme LRI AEBL, 1056 CT48REHI B L2k, LBRAZ A
hWlers v r— 2R TERICLEbDODERE LS L., ZDH £100 g

PEEHTEDIARY) e Ly 8]8@AGE (B X v N, HE65 mm, $105



mm, ¥ 30 mm) IZ AN, 0.025% 50.175 kg kg '@ FE K & ¥ N
TEHRIETAKRKGABEEZITY, FEHIEEERXR AN BV —D 7 — K%
BESYE, RT-EZ2HR A 2>WM-o7. WEBIMNEL2E X T8 M TIT-
., WEK, RLZ2WHEBELEZOLRALFETCAKYZREEL, LT
BEICLDAEKRKE L.

WHEEM O &
EEEHELTIEEELE-—BKHOZANAIRL TR 4B0HEELE HL
THRIDDAZRETHHALL (FE3-2-3%8). hboEEE, *
NENO. Ll molL'"OAKBRIZL, ZOKBHRLEZHMEBEOHERIBIZO
0257 5 0.175 kg kg WM L 7=. WER, BMiZ AL FETH - 2.

HB\BABLTZOFRKEROE &
EBEKELTRBRLEREOCEEILIEFENRDZET AL ELT, BAB
FOZDOHFRE (F£3-2-4K) TKOABEZ2IT>~EHEITHO W T,
HERKDG BV - EHEFERASH (KEBLITEHRKRXNLHRDI
K311A) T X 2HWEZ B L. XFERX Koy -2k 28 &
i, BIEEDO FIEICELUEI-2-5RICALEHRAEEZ0.1 kg kg ' IFM
LTHToe. FERKSFICLIA2BEIE, 500 nLFE X 7 A Bk —
NE—F— (NET0 mm, E X150 mm) ICE3I-2-4RICF L7 H#HRK
Z0.1 kg kg ?imRMUL T AKDHAEZIToHEAIB (L & L T500
g) ZXREL, LEAFRFGERCEBEHFAL T, BIEEX, %
NENSEREVELTITY, HABELZTEHL -

5) # & W B



xRy —%2IEALT, BHEKEEEZRELL. FREK
Ty —FREBELE AN LRy P #B450mlE AL, &K
BAKEDOND KD EBCHABLE. By —0FABiIca~Y FTETF
(L, BEE£2R)20ERL, BL L. FEKITEVTF—LFA
BREOFTAMY U ITAEERALLLIAy PFRIZEREL, BHEK
CRBICER L. 2B, MER, BEEOCBVA LI NS DS Z &2
5, 40B B HOBRDFALHERER (< ZdbWVWHE RN L ME424-40,
N:P:05:K.0=14:12:14) 714mg (ZEHF & L T10g m T fH %) % & & Al
R EEML L.

3. HELBLUER

DRI+ BIZRBITA2BREROEK
2RSS BV -0 THELERAEEETELNLE KK O HE
h B3-2-2KICF”T. BELMLO0.025250.175 kg kg' 0 &@mEH O &

AEiICBWTHEERX, IEERECITey b,

DYEERM O E R

DTELNT-TRE K THAEBLESAOHEBE LtEREHO KB R
THELEFSBAOHUEBEOBMICEARENIIIBTAEREIRD L
nNinot (B3-2-58). 20 thrb, RFEXKGgEVT—
TERRBECHIFEBR T VE=0U A, RE, IV VL, FE
= 2T AICOWVWT, 0.1 mol L"O KB %0.0257%> 50.175 kg
kg ' DEETHEMLTCHLEERLZ2Z TRV EIAL» TR L. =
, BLBEOCHELLT VI VADOEEBLX TR,



NWABITEZDOH/FRIKROE

CEBEOE VY - XHBFERRIRELSBRoT. HEXNKS
Ty —, BKBEOEENLBOLNT, BAKREETCKOSHAE %
LEHAETHL, ZABKRKTKOFABEL LEZHEALAKROBER Th o 2.
L2L, UFEXEAKRKLSHIBABEOREE LT, BAOI0FEHR
BMBLOBBAKEBRTCAKSHABLEZBEOHAEEMEIZ, REKTKSY

El%

WELEFELY, Ththl.20ff21.8FmWELZ R LEZ (F3-2-
6k). Z Db, XFEXNAKHSEryr¥—3F, BRKELEAFORE

WARKEBEP P ITObh 22L&y, HABEOHREL T 252 LR
KKGBEDIFARBRTHDI EEZDOND.

4) B R R
KEFERXRKS BV —2RABLEEBEHEKRKERBZHACTHRE L=
vV ITOKRBOWE (F3-2-TR) LEFTHAERERER (F3-2-8%) %
AT, BERXAT VYR ER

lll

ELRVWTHET A a~Y T O04LEEFIREA
BlIZFREKIZELE . iz, K v Y —0RKREINEB WE D, &
awY TORBIEBELREFIR - TERVLEEZE X LN
. ZhicstLl, XTIV Y 22REL, BXKBESTLEZELZED
L, aw VYT OEFRFEKLEAZFICR -T2 (F3-2-8K, H3-2-3
) .

ERADHRETE, BEVEEZEFOARZEAL THEOR K
DPHENEENLEBRODLEET LD IO REVEI KB TH D (W
B 1996). ZOkY, ERIBEHRTCRE LR EHFO>KOEFEIX
DLULAEHHNYAEOEEFEICRsTWVWI2EIND S. WEDL (1999) X,



B R M 400~2400 nmD /B AAw F o7 o7 2 RBEICAY, B —
HetHCEA - BEIETKRKSZEILD LT ERETNET D
AT LAEEZERLTWVD. 5 (2000) i, BEEBOLOBRINEY R T
LAEBRBFILEBWT, tEBoOoEKEL, FHEDEE, MWBREEE, BEX
FEE, pHRETA XYV 7L —varyrz2®&4rTw3s., LarL,
DL ERTOIMEER LERBEOERBOEA, BEHERNE2BH
SERDPOLOERRNELZDOTIER, EHOREFICIHEMBEREN T X
R, KRB TR LEAEAFRXR KUY — X, BE % XRIEM TK
SBEEICHEELLTWS D, EEPBECHELELIZES THDH. %
o, BERMITEKRKEBLOEREBBZELT DL, RO B B EKE
BIZLALND Lk, NEBOR Uy P —2 L EHTHEICEBEBRT S H B
ZEANTHILEELILNS.

SERFLEDOE, TBRTFTHIZEBLAEKRKZEETRWVWI®OH
HEThy, EREEZzEOCILITEICOVWTRSKRORFFEETHD. L
»L, RERXRAKGgEUVY—1F, tEBFOERBRREISGI RV IL 2
R (AAX 1991) g gE#H (KA 1991) KRBT 2 KkTEE
HBELTCHD THE LA, BAO2OBEREDN /NI WVWEDICHHE
DEBPRELELMTIDELIETCOBHEKRKEE~OLA»HHF
=B

4. WE

R, BHELVINVNTOLBKRKSAEEL LTHEDLDRLTWDS KFE

FROKGDHIT, BEEREFIFSFVEACMAEINLERI LML N
TW2. Zo0okd, BERASHEEZIEAL, KOBWERTH D 14



50 nnD EHX X A A — FE2XRRZLT, TORFEXZHAET S X%
RV —ZHWT, BEEEHRMNLEZINBOAKSB ERZIT -, %
DHER, TDEYY —130.1 mol L'BEICHAEBE LB V=
L, RFE, BV YV VL, BB~ XV LAOERHERKE, B &
CEATFPIVLAORAREBRBROEEEZ T ok, £, B
DR 10, 100, 1000fF H WK %2 0.1 kg ke HmM L 2 HF AT, M
FPERETHRRBRECRIBEEE»BIZTT ot LT, 2o
By -k, BARECHERSEBEEBEZR T o, T bR
RPL, TOXKGEVYY-—RIHEREAGEVWVRELB CHEATE S
KDTBEFEIRDIAREEELTRD .

Th, RFEXAD BV —2EAL-EDEAXEBELYRA VW<
VIFIERELEEIAS, XTIV VRERELREVWTRET S & =
VT OAEABFTRIEBERECFEKRKLSL > TZ. “hix, XEvr¥y—0RKE
BREWED, FRa<-YTORBKIBELREGIC R TR
WhEEXbLbNRZ., ZhiEXHL, ERAFUVREBEL, EAES
CIEEFERD L, a~ YV T0AEBFTRIFEKRKLASE TR 2.



B3-2-1F HXEERXRKSEUVHV—DHH

Y-~y FE

¥ N FE T LED 1300, 1450nm
%K FEF InGaAs

B E ® 10mm ¢

HE 0.47ke

<t & 80 (W) X 35(D) X 82 (H) mm

Gy hbp—F—%

R 100V 10%

HEEN 7.5W

HE 1. 3ke

~T & 216 (W) X 170(D) X 44 (H) mm




F3-2-2R MWMBELILBOEALFEWNMHEE

pH® EC® AEE" mRKRAENKE®
+ 58 + (H20) dS m™ ke L kg kg™ ¥ +
JI| ® S 7.38 0.027 1.31 0.338

o - MEFER, tBBRESNEICK-- 2.
"REFEIZ, ESRBEOFEICEK 2.



F3-2-3% HRAREBEABFHEOERGCHE

0.1mol L'KEBIK O

W E:. 45 F K oFE BEXRTCEE® dS n!
AREAK (xR) — — (0.001)
BT v =17 A (NH4):S0. 132.14 18.66
R % NH:CONH: 60.06 0.002
wiALA Y T A KC1 74.56 12.05
Wit~ 2 %3 v A MgSO0.+ 7TH:0 246, 48 9. 45
BT PU T A NaCl 58. 44 10.03

T RE1IBZEFERL .

" IRBRBMECAXA—4%—, DS-1I5THIE L 7=.



#w3-0-43% HRBALEIOFRROBERGCEE

R g R BREEHEE'
dS m™'
R 42. 7
10 % 5.33
100f% 0.602
1000f% 0.065

v 9003 7T ABRBESENOBBRE TCRBAERRL .
P REREC A — % —, DS-I5THEL L.

._46_,



#3-2-5F BEHIEDO. Imol L'7/KBKREHRM LT & EOKGE I —FERE

0. lmol L'/KBIRDOEINE (kg kg™

Wt EE 0. 025 0.075 0. 100 0.125 0. 150 0.175

ZREE K (Rt FR) 1201+49 1429+41 152431 1623*25 168126 1841163
WBE 7 v E="7 A 1180%=30 1463+37 1528%*37 1616*51 1692+50 1832+75
R 116931 1382%42 152628 1625+32 1694+50 1811=%75
LD U A 119036 143052 1528+45 157142 168460 1790+40
FiBE~ 2 % A 1187149 1442+42 1533=%41 1654%59 1711+37 1803=£71

b= (2o il N IR VN 1192428 1390+44 1590+39 1655%34 1734*69 1832%90

BEit, FHEIEERZ 0=8).
EREKRERM UGS L ABERZEFERE=0.05) 2R THERIIE» o7,



#3-2-6K WKL EZDFERECAKORELIZHEEOKT S —DIRE

WK DAHRER

BIEFH K 1000f% 100f% 101% ik

HFEERA (mV)  0.255+0.017 0.252+0.012  0.25120.018  0.307+0.024" 0.471+0. 018"

Y2 FE~E) 1524+31 1527+51 1538+49 1535+ 35 1540+ 45

ey, EHEEEREZE (0=8).
* KEKEBMUTI-BADOIRELFEREND D (ERE=0.01).



3-2-TR% HEAKFEOEVWHRawYFTAEABTLRETESR

B2 (mm)

R X 18 B 2 8 H 318 B
(e RV ¥R L)

E = 79+ 9 110+ 21

B B K - 51+ 14 90+ 16
(EXF UV TrZ2dH o)

F ¥ K : 26+ 2 63+ 13 94+ 11

B 8 % K 26+ 2 71+ 6 98+ 11

n=9, FHIHERE

—~ 49—



= 3-2-8F%

BEXKFEOEVWRaY TEFTILRET EE

(X FERFAE)
BEKRKER E A o E B8 E
HEBEX mm SPAD g B mg
(e 257 YU &7 L)
F ¥ K 85+ 14 48.8=+ 3.1 88+ 0. 78 .220+0.018
BE#EA T73%x13 46.6+ 3.4 03+ 0. 44 .133+0.011
(e 25T U YA H DY)
F #E K 69+ 7 55.0+ 2.8 28+ 0.40 .180+0.048
BEEIEK T73*x4 55.1+ 3.1 22+ 0. 33 172+ 0.064
n=9, FTHTEERE
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)

#3-2-3K HFERXRALH BV IV —ZFHLE-BEBBEKERE TR
L~y (HFEH%218 8)
£, FH#EKXK, A, BEEK (e XFT U Ty¥2H ).



48 HHAMNFERELEHYEDRBROLR

ETHER_REZIOKE, BEAECRBRVWIERIEDES L L TR
LbEERR S THL., TEFORNKEBEERFMI OV TEFHELL D
MENRDD. AREBEEROSMBRLFHEL LTI, TEHHEICSE
TNHIHBEST VETRBREREZWUETLIHE, BEWICX D E
BEMEBLEDBDOE LT—EHHITEBE A vV FaX—2a 320 F
EHEMBRITbh TW3d. #i EHMoORmBERBREROREEZEL L TES

LTWADIIEREBEREZ2EE TS FET, AFRMATLKE L LM

(R

nELBNhD. LaL, BF, EDRARSREERIE XL LI & HIE
LOEREEMODRERETHEILLY, LtEHRFOEBRRED
VLT LLbHEBREBREREFEL I TCHEMLEISWEBAEML T L.
— %, bAEORBRMGETIE, ERfoRZ2EL2HR T D7D ITHE
MEmE - LRBRFEIHRHESISLTWT, a~~wYFE2HWESNHEY A
BRAErTIMPFHEOOLEDELELTERT LI FRAERL TWDS.
RKETHE, FPELINLWEHEEEFHETHEDRARZITY, ERET
HAWMBEERFOEERSA VX a - a YT X2 KBER OO
e EOWRBOEREAELBR LTI L THRERROAFAHAEIZSW
TRHET B iCL .



BE18 XBMELTRICSETIHPENEROES

INETRRbRANATZEIIIC, BEAELCLBVWTERIIEDE DY &
LTROVEERR D THY, LtEFOAKBERTMI OV TEE
REBLEEICEHIT A LbDEZ2ED THELSOHFEN LRI TET-.
AERBREROSONBN R FEE LTI, tEMBREICE TN 5 HEE
RTVETRERZAETHAFHFEER T TW3B. X CTit,
FHMIELELZEME LT, BHHOFAKEEROEELLTEEL
TWEIRMBEERLERTOIFELA v XFa—Ya itk s Hik
EHHEYMHERICILD FEOD=Z2F 2R T HZL T, HERRICED
AREBEROHFMOERBIZL OV THL NITL 2.

2. MHEBEIUVAE

D#HERHERE B KX

FRERSTEME LV F—THERHENTZRBORL2 3O 4 H %
B (F4-1-1K) 2#HA L. Cho0HEEIRERFOZ D, H
EHHEAELZBRL (BRED 2003), RRICHE T I2EITCAHABE CRE
L. RBRREIABHELIECHLIEHERILE (F4-1-28) I3
HMo#RE (FEXTE, T Z2h&E&£Z2F T 100mg pot'lZH %),
FWMLE (F4-1-3%). Ay PRARIT 2 ETITo 2.

BB, —EEBXKRT LEE, 2HEM2CICEVNWCT, BEBET S
T TERYDEHABEL .



2) #f &=

JANRNRTZAVRy PCRHELIETHIIERERIL LD KA 50
OmL®D 5 H450mlE AL, FRBEKEONLODIZ R D XS KkD E R
HELEL., a<Y)r (afE  BEZF) OBTI2NZEREL, BE
#r (M T EHREXMBH-565B) TA A VXA EZ2 2HMEBEMAL, &
VEMLORA L TH+HBLLT, ZERHWIIEREKXKEDEO%IZR B F
THEHTHRALE. ok, ##RXHEPBIFEEEMICA LI ERAL .
BREOKDLSSTERyYy NEREBOEDIZKRK YV zF L8 T v 7 %17
THRBEIZLE2CA VFax—% (af bbry) TREBL, &
BMBE2ZHAEBREIT vy T2 Lo THAENTZIZ2BEHRE 1A Y 128H
Tof. AR 1HB1~2H, ERUELAALEERCRESD 2
Mo, MBlERIFEERSAEBEICRTESIRTEMBIZCRS &)

%

IR ZE L THLEHZOKRL, HREZR2IBMFEZ LRI L. £F
FAEEZ, BEK7THEB 4R B CHKREL, BRE2IBBIIHKE, BEX
ER, ¥, LU MHEE, LB EDELZHEL .

A vFaX—va VAR

HEARRLEAKROMBARKSEHE (HERXREKEBEDO0%RITKSFE) T
FRRIBEOFSAHREZEMLT2SCIRARSE. 1 BM I L ICE
MEERL2TEEL, 4 BBEMEL L.

3. MERBFIUEE

BHERZ, 3SEMICOLDEL TavY TOoOKBIRFEL-1-4RKD X 5
B L., -, NEFOAFTIIHEOCHEEFEIZL > THEERH Y,



HRT43CT481F, EXR 2B HECHBE T DL, MBI LY T AT
ZEFOF¥BLHOTLLORERODLEAELZHBILYATHERL
bDOLREDODAEFTEZRLE (F4-1-5FK, $4-1-2, 4, 5F). # g
T4713, EXEBL2HE CHRBT L, MBIV Y L TEHRED ¥
B2 o7 bDEIVAEERSL o (F4-1-5%, H4-1-3”). 7 8,
WTHORBRETHL, BBV ITLALERDoNErol b (5
4-1-5, 6R), ZNOLDOHFEHPBPOEENLREROERNIZ, HH%
SEHBMONEHHBRTHEMTEL LD LEEZ LN,

4. ®BE

ABELERZEME LT, BHHOTHBEROEBEEL L TEHS
LTWOIHBREBEERZEERT DI FE, A vFa—Vvavitksh
B, DEDRBRECIL2FTED=ZF L2 BT 2L T, REABL T
REEROFMEB VW TLEDIIRERB D20 IC D>V THEL

r\‘l‘.,

TORR, 2EREZ2ZE L LEFEHBEICIBVT, BENE
Y, MBAINYYLCHETIEDE T THEID -2, 72,
BHRELTa~Y T 2RELEBRE, BHIIZTLALERD LM
ST, A LELBHEOEEVLREROEDIZ, KA %
SERMONHEHRBRTCHEMTETIbDLEIL LN,



F4-1-1FK

R L4 EHEEOAR

LEHERKD

H R & 5 H R o N ER mEEER L2=EFR
T43 AFESAAELESAEIN T HR 3.5 21
T47 AESAEIN T HIE 0.5 17
T48 AESABILSTEIN T HRE 2.5 32




Ba-1-2%k BRLUEKRHELRES R Lo B FHE

pH* EC' FHEAREN" BRAKE
A+ofEE (H:0) ds m" mg kg kg #tkg™

2B iR Ay 6. 81 0. 040 11 0.51

_.59 ==



®4-1-3%K

SV TR R K

B s n & B EMEWNE Y BR h VYT A
g pot™ g pot™

T4 3% %8 4 # MR T43 4.85 0
T43¥ & 4 3 HE B T43 2.43 0

T43% & + 4 3 HE BB T43 2.43 0.072
T4THE % 4 2 HE R T47 6.06 0

T47% & 4 % HE B T47  3.03 0
T47¥ & + 4 ZEHE R T47 3.03 0.072
T48418 4 MR T48 3.11 0

T48Y & 4 3 HE B T48 1.55 0
T48% & + 4 Z HE B T48 1.55 0.072
b Bk 12 % 2L 0 0.144
b /% ¥ & n L 0 0.072




HA-1-48 a~Y THEEOHR

B & (mm)

B KX 138 B 2 @ B 3 # H
T434Z % 292+ 2 64+ 6 73+ 8
T43¥ B 24+ 92 53+ 6 58+ 6
T43¥ & + 23+ 3 56+ 8 79+ 12
TATHE Y& ) 19+ 2 20+ 4 42+ 5
T4T¥ & 18+ 1 28+ 2 39+ 4
T47% & + 20+ 2 33+ 7 46+ 7
T4841E %8 20+ 2 51 % 6 60+ 6
TA8¥ & 21+ 2 41+ 5 50+ 6
T48¥ & + 20+ 2 51+ 6 61+ 7
1t Rk ¥E #E 21+ 2 59+ 8 77+ 13
b m ¥ & 29+ 2 45+ 9 60+ 10

n=18, ¥¥HytEHRR=E



Bi4-1-6K oY T AEFICERETER (INEREFE)

xKRKEER Ef ¥ = Y E

REKX mm SPAD g Bk mg #E
T43}E e 54+ 4 36.3+2.5 .69+ 0.11 71
T43¥ & 44+ 3 48, 9= 2.7 .46+ 0.09 53
T43¥ B + 52=*5 38.3+ 2.4 .70+ 0.17 67
T4THE % 28+ 3 32.9+2.6 .21+ 0.04 26
T47¥ B 26+ 2 33.3+ 2.8 .18+ 0.02 23
T47¥% & + 31%5 34.5+ 2.6 .28+ 0.07 32
T481E Ut 45+ 4 32. 7+ 1.5 .46+ 0.07 54
T48¥ & 35+ 4 33.1+2.7 .29+ 0.07 37
T48¥% & + 44+ 3 33.9+ 2.6 .47+ 0.09 55
1t mk 12 % 56+ 7 37.2+ 3.6 70+ 0. 25 70
1t/ X & 43+ 7 34.1+ 2.2 45+ 0.13 54

n =18, ZHEERE



EA-1-6K a~vY THEREOHRE

& (mm) I E
R B KX 138 H 2 A B 3@ B g H%
T43FE % 11+1 18+ 2 20+ 3 0.07%x0.02
T43¥ & 11+ 1 17+ 1 18+ 1 0.06=+0.01
T43¥ & + 11=1 16+ 2 20+ 3 0.05+0.01
T4THE % 12+ 1 19+ 2 21+ 2 0.08+0.01
T47% & 11+ 1 17+ 1 19+ 2 0.06+0.01
T47¥ & + 10+ 1 13+ 3 18+ 3 0.05+0.02
T481E Y 13+ 1 21+ 2 26+ 2 0.10+0.01
T48% & 11+ 1 18+ 1 20+ 2 0.07*0.01
T48¥ & + 10+ 1 17+ 1 20+ 2 0.06=+0.02
b 5k #E % 10+ 1 13+ 3 17+ 3 0.04+0.01
b ik ¥ & 8§+ 1 10+ 1 12+ 2 0.03+0.01

n =18, TH T IZEERE
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25°CA Fa~"—h(GE)

Fa-1-1K BMb LT BIloH A L 724 3 H B o 8% E xR

® ; T43, A ; T47, W ; T48.

MIBEZER mge1DM
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|

E=N



A-1-2K INH#EREREOa <Y FEEF (T43)
B E®, B FE, TE; & +.



S PL I BN ST [ RUME S ERTINT

ST T

H4-1-3K WHEEROa~YFEET (T47)
B ER, R R, TE,;, X8+ .



Fa4-1-4 NHEEHEOax~Y F4AF (T48)
B EH, b, EE, TE; X8+ .



Fa-1-5 IR Oa~YF AT (LRE®)



F2H RUEBELXIHRIZBETI9HEVEROES

—BHOICRMEE LB ICHAEHEELZRRA T OIL, BAE %I
B ZziE A ERST, FRLERFDODLIVRAAPEI o T, EYNBE
Rz E - T bdEhTWVWD (B 1994). Rif T
X, RHELBCBBYTE, BRIV E E24EHER, M
MEBERRSA UV FaXx—va VER»POTFREINDIUEORER %2 T
FTZEEBHLMNICLE., AE T, RUERSERLLZEZ+ 4o 72 EE
BLXOBERBZ LTEDEELTo CTREL S E L L H 2 5B
LT, BHHHOAKBERTOEE L LTEEL TVWLIHBREER %
EBTAHFELLA VFaX -V a vl FHEEHEDRRICE S
FEOD=ZF2HEETHZ LT, RERBRICHEI THEZEFEOFEMOD
BERElIZOoOWVWTHL L.

2. MHBIUVAFE

DHERFERELEARK
BMHORESFEORLRLZ SEOFERRE (F4-1-1F%) ZHFL
o, RBREKEIRMEHLLEIERE R LT (F4-2-1FK) T 3 & D #
EZHML TBIRom (F4-2-2K8). RBRIX 2ETIT - =.
B, —fEERXKRTLE®, 28M2CCBEWVWT, BEEHET S
T TERDEHEABL L.

2) & =



JANT TRy PCERMBALLEI-BSENOERLEZERE AL+
BoOEMLL00mLD 5> H450nLE AN, ZBREKEDOHS0%IC 72 5 X
XKD EZHABLE, a~Y ) (B, EE_E) 0OBF T 128 %
mEL, WMEH (BMTEREERUBI-565B) TA T THhAk%r 2/
M#EAL, BV AL THoEBLLT, BRBICERAKED
60%IC72 D ETHEEHFRCHRARKLE., 2B, HAHELBITEEEICH
LEEMLEZ. BEEOKDoER Yy PIBRBOEDIZRY = F 1L o
R v 72HTTHEFHICLEZCAH v Fa—F(asf hhnay)
CREL, BEKR2BBECI vy T2 Lo THETICEZBEL 1A
HIVI2HERMITo7. EAXKIX1IA1~20E, EERHELANL EE
HCTHESZH -7, Ml EXBEERSBAEITITE 3717 % M8
BICR2D2 L 9K EzR L Chl&E kel LM A2OKBR L, HE
BR2IBMBE LR T, £FREX, BEKL 7T HE L1408 B lo &
Z, BE2IPRCHKE, BRRER, 6, HEXNFHE, B LxH
MEZRHMEL .

A vrFaX—va Q&R

HKIERRLEAKOBARAIEHE (ERXEKEDB60% 12K 4
LEREBEBEOHASAEEZEML T25CREABHE. 1 BB Z &0 E
BWEERL2EEL, 4BMMBEL .

!é%
S
A

3. WRBIUEER

BE%Z, SEMICOLIEZTa~s Y ToKRITEL1-2-3F0 L 512

%@L, %‘f@HEOD%%@i*U%}: Lf@i))of: if:’ LIR%H#@EE:%%
EHREL, BHEBOMBIC L5 EBITIZL A LED 7 (H4-2-4,



BR, H4-2-2~5K). L L, BEREL Ca~Y ST 2HELLHF
R, BRI THEIARFDOLONEZZ &S (F4-2-5, 6F&),
IHOLOFEHRIEOEENAREZORD T, WH 3B O #E R
BRCIEFMECcCET RO EEZLLNT.

4. WE

BB LR ERMLEE 2B L LT, BHBOTRESEZOD
BELLTEELTVIMBREZSEL»ERTDIHE, 40 F a2 X —
arvilEAFE, DEYDRBRICIBDFEOD=ZFEHLE TS L T,
HEABRLTREZEZOFEMIEB VW T LD LI RBEENDH D O i
SVWTHRHNLE. TO/RE, BRIEILLOBRHSBBERZVH A
W, " FERCEIHEROEDIEIHARALELZWb OO, 2/EBICITIED
EBEDbTLONRD o .



Fa-2-1%K MR LEZRMAELLZHEESE B o BEAAFEME

pH’ EC® TYEAREN® BRRBKE
AT ofEE (H:0) dS m" mg kg’ kg BEitkg™
wEEAL 6.21 0. 266 107 0.44




HA4-2-2F

STV THEMHRE K

B X womE & EMEBEME MBEEHIVYDA
g pot” g pot™

T431E %8 4 2 HE R T43 4. 85 0
T43¥ & A4 2 HE R T43 2.43 0
T43¥ & + 4 & HE R T43 2.43 0.072
T47HE ¥ 4 3 HE B T47 6.06 0
T47% B 4 MR T4AT 3,03 0
T47T¥ & + 4 2 HE R T47 3.03 0.072
T48#E % 4 25 HE B T48 3.11 0

T48 & 4 EHE R T48 1.55 0

T48 ¥ & + 4 E HE R T48 1.55 0.072
{b gk #2 % L 0 0.144
b Bk ¥ & L 0 0.072




A4-2-3FK

awY THEBOHER

R & (mm)
REBR X 138 H 2 A H 3 A H
T431% G4 D 66+ 9 110+t 11
T43 & 26+ 2 Tld: 8 124+ 15
T43% & + 25+ 2 68+ 7 119+ 12
T4THE % 27+ 1 75+ 10 124+ 12
T47¥ & 25+ 2 756+ 8 1994 1.8
T4T7¥ & + 23+ 2 69+ 9 114+ 16
T484E & 25+ 2 71+ 10 119+ 14
T48 & 26+ 3 72+ 9 125+ 16
T483 & + 2842 64+ 10 112+ 14
1t Bk 2 e 28 &2 64+ 8 114+ 11
{b Bk 3 & 24 + 1 75+ 5 117+ 8
n=18, EHLEERE




FiokEr28 (NEEHRAE)

K RKEERE I & oA = i E

=B X mm SPAD g B mg B
T4348 %t 87+ 9 39.0+ 3.2 .31+ 0.35 90
T43¥ & 93+ 9 39.3+4.0 .52+ 0.48 96
T43¥ & + 91* 6 40.9+ 3.5 .41+ 0.29 95
TATHE % 97+ 6 40.1+ 3.8 .57+ 0.35 101
T47¥ & 94+ 11  39.0+ 4.1 .61+ 0.52 99
T4T¥ E + 90+ 9 40.5+3.0 .43+ 0. 43 94
T48FE #E 94+ 12 39.6+ 5.1 .51+0.53 99
T48% & 93+ 13 38.9+ 5.4 .55+ 0.49 99
T48¥ B + 86+ 9 41.3%+2.6 .26+ 0. 34 86
1t Bk AZ % 81+ 10 38.5+ 4.7 22+ 0. 42 80
b Bk ¥ & 88+ 5 42.9+ 3.5 54+ 0.37 102

n=18, ETHEEERE



B A-2-53%

aw Y TFHRBROHR

B &£ (mm)
A B KX 1 & B 2 & H 3@ R
T434E #& 23+ 2 62+ 10 104+ 17
T43¥ & 23+ 2 6110 95+ 15
T43¥ & + 229+ 1 56+ 9 102+ 14
TATHE % R 62+ 7 86+ 11
T47¥ & 23+ 2 65+ 6 91+ 10
T47 & + 23+ 1 64+ 7 101+ 11
T481E ¥ 23+ 2 62+ 6 112+ 18
T48¥ & 23+ 2 61+ 8 98+ 11
T48 & + 29+ 1 590+ 8 106+ 9
it mx 12 % 21+ 2 57+ 6 111+ 12
bk ¥ & 23+ 2 62+ 4 91+ 6
n =18, ¥H +EERE



BA-2-6R o<V THAFTREEIITEE (NEREFAE)

R RXEE E A ¥ E Y &

El 7 mm SPAD g BH™ mg R
T434E # 79+ 11 40.3%£ 6.1 0.96=+ 0. 30 74
T43¥ & 69+ 9 42.8+ 4.8 0.76%+0.23 63
T43% B + 76+ 12 39.5+ 4.1 0.95+0.28 59
T4TIE ¥ 66+ 8 42.1%+3.9 0.69+0.21 61
T4T7¥ & 70+ 3 44.3%+5.1 0.77%+0.15 70
T47¥ & + 73+ 7 39.3+ 4.5 0.90+0.24 68
T4812 % 80+ 13 41.3+8.0 0.93+0.30 64
T48% & 74+ 9 43.3+ 6.3 0.84=+0.22 64
T48% & + 80X 7 40.1%x 5. 4 1.03+0.25 70
. Bk AE % 87+ 8 39.7%+5.0 1.16x 0. 31 74
b % ¥ & 70+ 6 35.5+ 4.0 0.78+0.17 63

n =18, LHEE R =



50 r

IMMAEERE mg g—1 DM

25°CA ¥ 1_—r(GA)

#a-2-10 WM LBCHEA L FEEROBBEER

O : T43, A ; T47,0 ; T48.



@w4-0-2K IO <Y FAEF (T43)
bR E¥, R EE, TR ¥E .



w4-2-3K INFEEEDOa<~Y FTEFT (T47)
B oEuw, fB EE, TE,, £E+.



WA-2-4K] INFEEE DO a<w Y FAEF (T48)
By EU, B, B, TE,, ¥& +.



F4-2-5K WNHERHROa<wY FEFT ([{bRE#E)



FOH 4REEOKBHEIéHEBREONDER

— BRI EREEIT, BB EL, EELLTEERBM L L
TORBEIRFINL TS (KEDLH 2003). #Fic, ML =+
BIZBWTR, T EBMEDCIIZ2ZEROLVRAAZPREBIY, —BFEH
WERIIBEIPIEBZ DLWV ERLX DD (EHD 1994) . L »» L,
HMEETCKEALELESIREHEOLE T, KERTREER DI IE
EENTVWIHIHEBBERRS S Vv Fa"—TvarRBRoOKEEEL LEHE S
B ERT oL BB AR o, LT, ZhDLOEEDED R
KEEDOLbDIZHRT 2O, MOBEBHSICEETNLTWVDHEONE, XK
MEHEZEZB I RS2 THLMNIZT 5.

2. MHEBLIUVAE

DBt RHERE & RXBR KX
MMHOREGFEDOR RS 3EOFERIE (F4-1-1%) ZHH L
. RBXRIARHELECHL LR E AL (F4-1-2%) I 3 &
DHRE, HEOKMERELIZTOHMEBHBEEZERML L (F4-3-1
). HHFERZ, HEOFMEEICAEKLI00nLE M 2, 1 B HIE
IOV 2HERIECLEYN—ETELEBDOEZHMEHBRREZOEE L L
Te. RBRIXT2ETIT- 2.

2) Bt &=

JANRNRTEZARy PR #HELTE T RS R OHE A £50



OmL®D 5 H450mlZE AL, RREBEKEOMNLODIZ AR D LKA EZ
FELLZ., a~YFr (afE; REXZE) OB FI2HMEZEREL, BE
28 (M TESREXRBH-5656B) TA A v RXMBAkE 2HME&EHL, B
DEmMLOA LT+ BLLT, BERHIIEREKEDO% TR B E
THESR THKALE. 2k, A AHIERIEBEEMICAR L LERL 2.
BREOKDLDSDTER Yy NEIHFREBOEDIIFR I = F L8 S v 7% 8T
THRRBIZLEZ2CA v Fa—F (a4 bbb ry) THREBEL, #
EMBE2HBWREI vy T2 Lo THETICELAEHAEZ1HEH DY 128
fToc. EKXKZT1R1~2H, EERELARLCEZRTHEDS &
Mole., MBI ETRXHEEKSBBETTCIRTEDILTERMBIZIAR B XD
COBEBRL T ST LM EMEORL, BEL2LA MR
AR, AFEREE, BEL 7T HAB 4B B ICKREEY, BE21A
BRICKE, RRER, 6, M EHFHE, I LXZWELHEL

3. BREBIUEE

HEETA3L T48Z A LEZRBR K TR, a <Y T OKBITHIE 2 &
A LEREKMBMEHES2EBALEZROAFTNELELEZ. L L,
HEET47TTII KM HBE 5 OREZ 23 /M E 2o 7o (F4a-3-2%) . &K KIE
B, ¥, FHE, UVWELKBLEZKOBEREZ R L ($H4-3-3
). KBTI TEBREBEROZLI N AKBMHEBES BT L & &
Ezbh, KhHESZ2HEA LEROEFTIR, TE2XKBRLEZLO®
ThodHlrah7z., L2aAL, BEM4O LIS ICEERRAR T =
vV TREBEREBTLILIABEOEREOHME, EHWENRBF LIS



b Dol

4. WBE

AHFELTEEZEME LT, EHOELRSZ3IEBEOESALHERE IS W

TAKMEBEBS EZOREBLSORDERE L. ZORKR, B0

AHEIC L TR, BEELSOLZEZHEALTL, XBROBREREO® 4
BERTOHERDDILBIHAL MR- 7.

— 85_



Fa4-3-1K a~Y ST HEHRBR -

R B X W& & MWD&
g pot™
T43W T43 4. 85
T43S T4340 H 7% & =
T43L T43# H & -
T4TW T47 6.06
T47S T47H H 7% & -
T47L T47H H &K =
T48W T48 3.11
T48S T48%H i 7% & =
T48L T48Fh H & =

xt R X 7L -




FT4-3-2F%8 o=V ITHERBOHR

Bk & (mm)
RAEBRKX 138 8 2 & H A B
T43W 23+ 2 57+ 6 70+ 8
T43S 19+ 1 35+ 5 44+ 5
T43L 23+ 2 54+ 6 67+ 8
T47W 20+ 1 30+ 4 41+ 6
T478S 16+ 2 27+ 4 39+ 5
T47L 18+ 1 28+ 3 36+ 5
T48W 23+ 1 49+ 4 57+ 5
T48S 17+ 1 28+ 4 40+ 5
T48L 22+ 2 41+ 6 49+ 6
xf B X 17+ 1 23+ 2 30+ 4

n

=18, FHELEERZE



F4-3-3KR a~vVITAEFTRIEIETTELE (IN#ERHHE)

XK ER E A ¥ fE E B 4 &
AR K mm SPAD g Bk mg #%
T43W 46+ 5 39.4%+ 3.0 0.61+0.14 85
T43S 28+ 3 33.8%+ 3.9 0.23% 0,05 38
T43L 44+ 5 38.4+3.0 0.54+0.11 81
T47W 27+ 3 33.7x 3.2 0.21£0.04 30
T47S 24+ 3 35,0+ 3. 3 0.16+0.03 24
T47L 23+ 3 32.0%£3.3 0.15+0.03 24
T48W 39+ 3 37.2%+2.0 0.40£0.04 60
T48S 25+ 3 38.0+ 2.3 0.17%+0.04 28
T48L 33+ 3 34.8+ 5.1 0.30+0.06 37
B X 20 % 2 32.0x 2.9 0.10%0.01 19
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SUMMARY

An Evaluation of Nitrogen Availability in Soils

by Seedling Method

Tomoji Uchiyama

As a plant nutrient, nitrogen is the most important component of agricultural
production; there are numell‘ous pieces of research regarding the evaluation of
available nitrogen in soil. A method of measuring nitrate nitrogen and
ammonium nitrogen contained in soil extracts, microbes, a method of burying a
test specimen in soil using an incubation technique, and the like are performed as
analytical techniques for available nitrogen. A consistent evaluation can be
obtained in a short period of time with a method to determine the quantity of
nitrate nitrogen, which is rather fixed as an indicator of available nitrogen in
farmland. In recent years, however, opportunities to reexamine the spread of
controlled-release fertilizers and the effects of organic materials such as compost
have broadened; settings in which nitrogen nutrients in soil are not necessarily

evaluated with the nitrate nitrogen content alone have increased. In addition, a
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testing method using plants has been stipulated in Japan's Fertilizer Control Law to
ensure the safety of fertilizer and an orientation towards emphasizing seedling
experiment using rape, Brassica chinensis var. Komatsuna, as an evaluation
technique has been indicated.

The test crop for this seedling experiment is assumed to be Brassica chinensis
var. Komatsuna in principle and temperature control is in principle kept within a
range of 15 °C to 25°C. Thus, evaluation of this testing, with regard to the
same rape variety implemented at the same time, remains at indicating indexes
for growth when a standard fertilizer was given and when test materials were given
and a comparison of the two. Then I examined a selection of Komatsuna
cultivar and devised on improved seeding method.  All 9 cultivar of Komatsuna
showed a high germination percentage and high germination rate at temperatures
above 25 C. At the lower temperature of 15 C, many of them germinated
later.  "Hamami-nigou" showed a high germination rate in a broad range of
temperatures including the low temperature band.  The seeded sheet method was
compared with the usual method using 4 kinds of soils.  Germination was more
stable with the seeded sheets and plant growth showed no difference between the
two methods. In addition, the fact that the growth of rape can differ
substantially due to environmental conditions is easy to imagine. = Comparison

with other test results may simply not be possible or differing evaluations with
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respect to the same materials may be rendered depending on the circumstances.
Thus, improvement of cultivation test methods was investigated, given that
investigation of a test variety including methods of planting and equalization of
cultivation environment are first important in making seedling experiment more
effective.  In addition, objectives of the research were to compare methods via
conventional analytical techniques and a seedling experiment for evaluation of
available nitrogen in soil through the provision of test conditions that are highly
reproducible and to investigate the effectiveness of methods via a seedling
experiment.

A cultivation device with artificial lighting and soil-temperature-controlled
chamber was constructed to equalize the cultivation environment and an automatic
sprinkler using an optical moisture sensor that is not affected by ground salts was
investigated along with effects of the device. As a result, the fact that an
environment can be constructed where the growth of rape is stabilized by a simple
device equipped with lighting needed for control of ground temperature and
cultivation of seedlings became apparent. ~With lighting for a small-scale
cultivation system, fluorescent lamps are a promising light source and lighting
sufficient for plant growth has been ensured.

It is known that the Time Domain Reflectrometry (TDR) or Amplitude Domain

Reflectrometry (ADR) method conventionally used for measuring soil moisture at
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the levels found in field experiments requires correction under the condition of
high salt concentrations. Hence, for measuring the moisture content of river sand
containing salts, we developed a method based on near-infrared spectrometric
sensor using a light-emitting diode at 1450 nm, which is the absorption wavelength
of water. An optical sensor was used to measure the reflected light. It was found
that this sensor was not affected by fertilizer containing ammonium sulfate, urea,
potassium chloride and magnesium sulfate adjusted to a concentration of 0.1 mol
L". The sensor was not also affected by a sodium chloride solution of the same
concentration. When 0.1 kg kg"1 of sea water in 1, 10, 100 and 1000 dilutions was
added and tested using the ADR method, the effect was stronger at the higher
concentrations. However, when tested with the near-infrared spectrometric sensor,
it was not affected regardless of the sea water concentration. These results confirm
that this sensor can be used conveniently for moisture determination in sandy soils
having a high salt concentration. In addition, an automatic sprinkler using the
sensor displayed performance equivalent to that of a hand sprinkler in semi-closed
Neubauer's pots in which there are problems with moisture regulation.

Moreover, a seedling experiment was performed with equalized cultivation
conditions and evaluation of available nitrogen by determination and incubation of
nitrate nitrogen, conventional methods, was compared. As a result, capacity

to supply nitrogen nutrients above that evaluated by analytical techniques has also
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been clarified in uncultivated soil with little available nitrogen for compost of
cattle feces, which is generally assumed to have a minimal fertilizing effect.
Combining the results obtained with the current research, the seedling
experiment technique has not been adequately used as an evaluation technique for
available nitrogen until now and it will became a technique that is highly useful as
a method of evaluation for vast agricultural resources through equalization of the

cultivation environment.
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