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Identification of organic forms of nitrogen in soils and

possible direct uptake by crops

Shingo Matsumoto
H xR
1 ﬁ,% %« ....................................... 9 2) %gﬁz :C/NL‘L’,(DF%IJ\ (7~10} :gg%
O &YV Y ol HBREE 4 ki L BE O R v s
OIAE, FEMEIRRLORER & Hodg 3.8 B
L= HBi#E s o EahRt 1) B - O/NHOEV (19) A
1. B Hhd A /B 0 ZER WIS
9. F B 2) HEEBR 2 . C/NEEDOEW (7 ~10) Hi%
1) BifEdts iR T A EROE R WL E

2) HEMEOREUS L UFRE
3) WEMROSHT
1) FAPBEIFOA K a iy
P
5) EOSH
3./ B
1) R vy Y voAeFR I ORFERIN

=
=N

2) FHBRXTEPICBI AEFERED
HEw%
3) AUV UOT AaNE ER,
o U, HBRER
4. & £
0 ;ﬁ%%ﬁﬁﬂq%ﬁ;j:—c@%ﬁ- ............... 10
W D AR ) 72
1. B B
2. 5
1) B : o/NeoEW (19) Fish s
HER LIz oR b3

4. & B
IV HEORGRBREROME b e 16

TN DA HRE R ORE

1. B 8

2. F i
1) 1/1aMH% Y RS ERmmIEIC L 5
RIfRERE R OHEE
2) THERHHIR OHPLCHHE
3) FHBERBIUCERIERbOX
Ry E DT

3.0 %
1) MR X 2R EROHE
2} LEEh K OHPLCA BT

3) AHEEERBICERIERETOX
R B DG ESA

4. & £

V G AR ST O 20

FHEREEE FEOBERRR L OVE ORIR
1. H B



2 . BARIR RS ERR AR R 1 34 B (2003)

2. F
1) FimEnLED & o7 EhE o
e
(1) U v EREEIREH O XEERR
HPLC
(2) U EREEIEhh HY 00 SDS-PAGE
2) AMMETRN LB VEBERE
ko 7 X B
3) WHAMEZER ORI A S D
-2 -1
3.8 R
1) AR ER I OHPLCLSDS-PAGE
2) A ETEN LI U iR
It DT 3 7 W
3) FIRBEEZOBERICT MmO
B
4. B £
VI Fravhdg, s PrBEG e 25
R LY O D A
EFROETEWRIN
1. B M
2. 5 ik
1) T3E o E L F YA,
=Py B IO — L OEFR O
iy
2) RS T ORI &

I ##

mj

BAG OB, WO ARBEEREL L T
HERNRZIER OMEIETBRERARE L, W
MERREOEANI L INEOm EAER L TEL.
7, TEOLSNLRRERASEROBEBICL
n, EHsLPEE S AREARMICE LY AR
M B d X 9o CE . B IER 5 H
S ORSEAREZE T X DI« WB OS]
REEE D 22H % (Singhk and Sekhon,
1979; Ritter, 1989). APEBMIFIZHBWTH, b
LR B E H o L 5 SR 4
PEOBELO T, EMORBEETRETOREN
ZHLTWDH, ZOLIeERE L LT, At
BELTCBI DHELRE L, FERL
FrpA¥—0RARFES L, RBE L O

U RARE R SRS T A,
=P BLOE -2 OEF BT

T

3. &% B
1) oV B ER I AT OHPLC
B

2) HEEHE OHPLCATHT
3) ERHEN T TOEMOERRIEIG
4. & 5
VI %ﬁé\%g .......................................... 30
1. AWFHROBR
2. ABFGLORE R
3. RV LY UOBERERRINRIGTEBITS
(LR RELOWEIE & BN O HE R O bk
i
4. FTEYIER St T coERRINRIGD
R
5. TIEFHBEROFEELFORR
6. FryorABIt=v Ptk st

HE AR EE SR OWRIN

7. AHRBER ORI O/ Rl &

LT R
T T 96
;3”2‘3]3‘[% ................................................ 37
Sumﬁlary ................................................ 43
HE B 46

#E0 el b &M EREY % RD SHlow Input
Sustainable Agriculture (LISA)-~EH5E
F T3 {Stenholm and Waggoner 1990) .
ZhIT E bRy, (RFIEEHI D DS ke
Bl UCREIE, BEREY, ERHEKFHRED
E A OZmEA, DERZFIHRERD Hh
TV 5.

LT A AW ORARE Y LT |
KA I E O X - THEMT RS X
5l OUGE, HIERCEYROUEEIC
L AWEEMER (FH1986) RERAHITOLNS,
e, BREAMEDORIEN S > L HREVES
TV, TOHEGHE S LT, HEE - BIER 8%
U & T D HHEEN SRR O OB
MLV ERTE . o, EERENR
EBIRERICET 2 8L < OWMREP T T
W5 FICERY ) L0 EROERLE TR



s HHRD WG SRR N & B 7 DR RARIR 3

HRABEOHLE oo TE L. AR I,
Liebig (1840} 17 & 2 AN ARTE STl
F, TEMIEEEREREZBIRL TWDHTHA
51 Min, HEPIZBWT A 5 ER
SNEEROLZRNTALEZ LN TERLR
HTHD., BE, A rFa—arik (2R
HFH 1965, Grunes et al. 1963, Stanford
and Smith 1972) SCEEEFRGY Mgty (9 - H
FH1977, #1986, [LU=E1988, HEF51990)
W o T R S h S B R 2 TR BV R A RIR
THREELOHBREWI LB LN EN
T3, -

L Lehi b, FEdn o TIMR AR M A3
HHM AT L ESPERTHY, i
WM L O R RN EE 5 2 2T
Lo THEINSEBOEY, BHELERIA
LTS, B, FHEER Uike RIS TR
UCE e, $£7,  TESeamait) & LT3
(1979a, 1979b, 1986) AT e —EOBFZEHS
Rl ks e, R UOKSEREVRNS
N7 I8, X0, R A ROHE
AR L Y B EAMIIRINT 2 B8R
Do Tiedbb, ERSEMERERET TR,
HHEERELERRLE LTESTH 2 L ik
ECHD. EEL, ZhbDFERITIVWTRY
WM CH 700, AREERE Sl EREIC
BN F R T 3 ERERETH
D, LEEEYOFEE TR AEE Lo
B A RRIIT - Tz, A oEEE
WIROAEEEEZEHLEZ LICESEA LS. L
L, AHBAEOTEBERSRERSTY
ORE, EREN-CERAEREICEET D000
FEABHEEDNSG. FOY, SHIKEBNT
Hink, EMARINT 2 ERTERLICE-T
AT AEMEERCHA 2 ENFIHRE XN,
HELORBPERINTWS., ZORMHEIZ L
Ak, EOERWINET Lo BgEEE
BERMT L7, ERWNEE LETORE
RRBFINZETF OB COEEN T 5
TOEBEERECS LIRS EEEND.

LIAR, ThET, BEMEHRE LR
BRSO P EROERBINE & S EER
EHMHBE LSO L M TROLEND.
Mattingly (1973) &L, »Sbq g, B kA

ECIABFEIBES T SRR LR D b, ARIE,
HEAR A K OF M A A L 7R ENRE <,
ERFAELENEBEL TS, 72, LR
5 {1996) {XC/NEE A 200 FREE Lk L &
D4 VREYEIBIEH LIZgE, Uy by
BEroEnalreRKEl b2 OERLIRIN
L, A aiEH L7258 0B RIS
FEPMERLD 2 L 2RO TWE. Ehi,
19934E 7> 15 19084F 1 s THT b T Bk e
OERFERERAELERCHEFRICB T 4
BOHEF— Z BRI LT &, 2SbA T,
v b, =Py, PUEraY, Ry lrY
v, B BWT, fitd BHEIRO N — 7 HER A
AL E0ERRINER, HIFHRYC L
B LARINLEMEERESY RRIZHEN
BHo (BMAKESBERIERL9) . Z0kD
WA AR R U CED R R LA,
LFREEOLE2HA LIZEa L xR 2 ERE
W T m T PR NS

BFE, BIgNY Y U AN FEREY
DM, BRESME RIS R P ok
WEER-TEY, TREE OSEHER LR
LT LEZbD ez d, Bz, YR
THHENCEE T A A S A A L L e
TEMEERLI VLT /BEHFATRIELT
BY, Zhid, AlBoSmREL B, %
FBOFTERTERERT I /B THEY FT
R O LBEHICEIG L2 2L b O
T3 (Chapin et al, 1993) . Fi, ¥
COFWAEERIChE - THRL TV A
H ORI ESEER L VL7 I BEE
SR LTS (Nasholm et al. 1998) .
O XD IR R CHE Y b i O BRI
FLHRDE, R R O O
WA TE UM BEEER TR LTS b
VN BRI B D L Ao TL B,
TEGCERE SN S EFROFEELRIRI R
EIZHE ShZEmE Tidal, HmhEy
RO ABERETHD ZEPAHLMI SR T
BY, IhETRESREFELTVD. 7B
FRERICEDHEHT I /B HLT 3% TH
Y (Nemeth 1988), IO MEMILESR OHIGIEIL
BT HOMETHILEILN TS
(Stevensen 1982) . Z M7=, &< OMEHE



4 EARFURERBRIG BT WS 34 & (2003)

I & o TER A S R A RS 2 38 00 3 I B s
HpbLTEE, 205 t, i Bremmner
(1065) DFENIE HWHERTEY, BEIAKS
R SE DA% & HH DT 2 ) BRSO 5
PCOSAMHRES & &SR L, BHME, Ml
LI OREBEYZITL I EAEBEN NS,
—J, AR ER L Do, T
A ETE DM S Bremmner (1965) O F #kiZ
Lo THBHF LGS, A bERoLFEHK s
FZEsE O HIRAE (B ) L oRicET LY
—TEOBRBEENRD bgn-o 7o 2 L B ETH
EhTnD il 61981) .

ek, LEOWREEROFmE LS LT,
T A — R, —EARS TR L, BRI
e SN A BHEEREERT 51 % a
Ao g R FT I T & - (Stanford
and Smith 1972, Janzen 1987, Campbell et
al. 1988, Mengel 1991). L& L ZDOHETIE,
BERITET A0S EREFERET D8
B SRR B LI RE B D, D
KR EE, RlAFEEEE LT, TEOWH
BEEROMIGE & 2 5 FEEER WL Rk
oL, BFETIRAPRITOATER
(Keeney 1982, Keeney and Bremner 1966,
Dolmat 1980, 4@ 001981, /I 51988, & i
1988, BEH1990, Numan et al. 1998) . #d
G T 1/ 1M U R R RS 1
Fat—g AEEOMEBRE, BERART
AHREEFROM S tFEERE L LTUACELLT
WA,

{L et oM &AM 2, AR ARNE
5 &5 Sk 0 BN ET 5 R B
T, BRBEREACAREMNED S EIRE BRI 2
BeST Bl AR R LR e Oy
x OBEFTIEEHZP OMCT L EBEE
N5, FOEDICHE, THYOBRLEREY
R 5121 TR <, ML S D RTO A
gEZE RO T COBRRIZ OV Em AR BRI
BB EIRD.

EFFE T, R LYy OEERBRICEW
T, FHBEZEZFESRIUHA STV AR E TS
fett, EROBOGH AR TED LRy MRBRIC L
Wi L. i, AEEERICT SN
LR ERFT B, FoqiR: LT,

Y BRI Lo Tl S D HISRER O

Bhkfensaw T 74— BIOEBERK

i Lo THF L, HECEH Shfe OF
W OBHER B LA L=, Bi, A
BERBENEROLENEERICH LT, Z0FH
HEREZE R O [E R O W BB SOV O RER B 1R
EL, TOERZToT.

0 kLB HEFERD
AR, RN OERELERL
= ERERERN ORI

1. B #

T4, WEENFIEICRD D RE R
REh, &, 2%, B EOABMRE LN,
Seiel, el PO EPERIL - T
XT3 {Jong and Kim 1995}, Z¥L& OEE
i, BIARERECHEE O TIEREIR
b5 L giis o~ o BLRE IR TV DA,
A HEE AR O SEH 3B R D E A S KT
BZOWTRRICICARALRERE . TIT,
BASRE L LTHE LT AaAE B, IFE
L < 2V VilER, o BAEFNERERWERT
EENBRT LY UEHER LT, BFEED
BIRE L OWERE R L ARE s T S
TR kT, GEEIEROBRANRFY LY
7 OAER L OB RS I RIT TR M
A,

2. A &
1) FHEHE

B B B T YT oD BRI BB U BRE D IR
fKH L - RER (BE BB TRU LY
vt Yy y
Magic) #3RbSL7-. MR LOMEEEIIER 11
L7z, MERsLiEE (RARIREMKESRS, 1989)
FOEFTFEE L, FEiPE L TEHE140kg ha, Y
VER140keg ha?, H U 100kg ha™, iBRjRE LT
FR0ke ha, Y 40kg ha'ZORE, @FT, RN
THEF U7z, MEMEER ZEE L GI0%HIRL
7= @10%BARK, [FHEIC20%HIHE L 2@20%H
B, HEEEELREBEOERZEEmALE L
THEE Y RZE S Y (15-15-15, 70 A
CHEFD U7 @B Iest R, MEitEER L REO
IR KA (7.2-2.0-1.0) THEA
L, VrBorRREorARER (3.5-20-0) T

(Spinacia oleracea L. cv



Fig: RO EHERER R ORE LB XD € ORI 5

#F1 FEBRICBITAMEE LU ORI E (kg ha")

m oW X & e B e & &

N P.0s KO N P.0s KO N P:0s  K.O
R s 140 140 100 80 0 40 220 140 140
10 % B R 126 126 90 72 0 36 198 126 126
20 % W OHE 112 112 80 64 0 32 176 112 112
O OE OB 220 220 220 0 0 0 220 220 220
KE M H» T 140 140 14 80 23 6 220 163 20
Al A ¥ iRl 140 140 19 80 30 220 170 27

KR Y R Y (16-15-15, 70 BB LA

WHELUCHME L Z@KEmmd K, REickk
LT (5.3-2.0-1.0) » ABRVEE CHEMR L
@7 M TR 6 B AR T2, e
HEEHX TSRS B TIEITRIC bR loni
VBB LUh ) REE s s 2 SicinoT.
KEMATRS LUV hilmh3 Ko ¥ ek
HEIGEIEMO XSk L oo hiisd
ZEEhD Y CEBES, BITEINLEL -
To. E T, IO OB RS cha A
TAHIERBRE Linizd, H Y OEHREND
hp < hp o B RIS T R o, BB

1R300 T, 2REL L.

FEIED M I19944E 3 A 1981247V, [F4E4
HosH (FEFEME30H) WBERT-»7z. HHET
3 A28V, L2m® 5 hilgiz 2 X &
L, 40Mn O EEIC2 D94 A2

TS E&#Tok. INH#IE 5 B16H (FHEE
50H) IZfT-7z.

2) WEYMADERERE S UHRE

WE¥iE% 4 A26H, 5H6B, 5HI6RCE

B L7z, $EE L 7-3BHYE 510 105°C ¢ 1 Il
R EzAE | CEER D ITE IR A1, 60°CCiRE
RS, R ChERL, RERS
DM LI, (AL, T RS CEEO4H
I QA AT, REHEIE 4 Clo R
e feGREIZRE L, F0EO Y bhiohgiric
7.

3) HEMEDTH

BEEOSIFIIH = FEE (FKl1990)
TIT > 72, FHEEOML IR0, 5 g ({2Riks0
aL&MZ, F72 o VEEOMIHIIRFREE. 5 ¢
W21 NIEESS0 mlLE A CEhEh 1L REEIR S
Lz A58 LTITY, ZOMBEAEERRL

TAA v~ N 7T7 4 —TCERNENDES
FHIE U (E25199) . A A roe by
Z 7 IIDIONEX#BI01C Analyzer & BV, o I
5 IRERETC{T o2, 4 7 AlonPac AS4A-SC, ¥&
BitiE 3mM Na 0 1mM NaHCOs, BREHES0mM
H.S0,.

T AN O HTITAERER0 g 1210%

CAE D ERLIOMLA T TEREL, REES%E

25 I 5 K CRIR LT200 nlic B Lok
ABL, B RZVETERLE (BfH
1994) .

4) ERBRELEDAA a3V R
B AL D 2 38 D AL D R B A 1
BT5izwic 3260, 44260, 546 R
RO+ (S 0~15cm) HEEL, HEoO
A rFat—a r@ABEiToRk BERLET
KRN 2 am DR L%, 1000l 75 A
T A v 7RI g R L, BRRBAKEDE0%
WARSEREESH L TRBONER ) 2 F L7 4
ALTHE L. 3 B26H ICHE L i,
BENAGBIPE CORB#HTHS308M, 44
260 U5 A6 RICERLEREIEhTh
10, 20CK R ERGHN TEEEZT
T OEREER, T BBLUOY L0 E
OFEEEHRE L.

5) TEDHH
R A 10 & 2MOED U 7 A
FREL00 mL A N2 T LRFREE L 9 Lz A8 L,
F— b TFFAY— (Fr=or) [CX0EER
EEER I B TEERSEE L.
T3 BRI A 10 g 120, IMARES20 nL
Nz, 1WHEE S LigAEL, = F
Vo TER LT (FE51092) | BRI oA



6 BARLEERBUBTINME 8 34 5 (2003)
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EEEEE neTESE BEEER BEREER TaovEER BAESR fBERE s BREER

it T 150.3a* 32.2a 182.5a 203.1a 53.7a 256.8a 177.4a  27.8a 205.5a
(82.4)** (17.6) (719.1)  (20.9) (86.4) (13.6)

10 % % BB 133.2ab 20.7b 153.8p 172.7b  30.5b 203.2b 146.6b  25.9a 172.6ab
(86.6) (13.4) (85.0) (15.0) (84.9) (15.1)

20 % 8 B! 115.9bc 24.2b  140.1b 154.4b  32.6b 187.0b 138.9b  29.5a 168.5b
(82.7)  (17.3) (82.6y {17.4) (82.5). (17.5)

W TE R R 105.3¢ 14.3¢  119.6c  236.9a 29.7b  266.6a 201.8a . 25.0a 226.8a
{88.0) (12.0) (88.9) (11.1) (89.0) . (11.0)

KEMAsT 7864 24.1b 102.7c  85.0c 48.4ab 133.4c 115.2c.. 38.4h 153.6b
(76.5)  (23.5) - (63.7)  (36.3) .. (15,00 (35.0)

fefolMA 8600 35.6a 120.6c  90.4c  60.4c 150.8c. 117.7c  48.2b 1659

(70.7)  (29.3) (59.9)  (40.1) (70.9) . (20.1)

k[BFOBARAHT T 72y NEICIEAERE (p<0. 05) 7’)33595 <E fT@' _
(DUNCAN' S new multiple range test, n=3) i
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B O T BIRI0E # o I8
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T A IaVA ] T8 Y ZavE |
15 o 13.0a 184. 4a 6. ba 158, 2a
10 % =4 i 10. 7ab 174. ba 5. 6a 122. 8a
20 % Tk i 9, 8ab 175. 7a 5. 9a 148. 8a
5 & e #t 9. 2b 122. 5b 5. 4a 104. 6b
AXOE W o 7 21. be 265. Oc 16. 8¢ 218. 4c
A o S D /RN 19. 8¢ 292. 2¢ 17. 0c 238. 6¢

RESNORRDT AT 7w ME
(DUNCAN' S new multiple range test, n=3)

REEE (p0. 05) BB A T &

Rt

#4 BEHRBEOTEEROBREINNEEES (%)

1B AR o 11 BIR10 E o+
o O (10 A Mk 2E) (10 A fIEER)

WEEER  evRER O TUEER AoVEEE BEREER  DAUBER TUBER  LoVRER

H T 719 19.0 0.6 8.5 78,3 12.3 0.4 9.0
10 % W AL 76.0 13.4 0.6 10.0 77.5 13.7 0.4 8.4
20 % @ AR 731 15. 4 0.6 10.9 73.7 15.6 0.4 10.3
WO B 835 10.5 0.4 5.6 83.7 - 10.4 0.3 5.6
KEM»T  49.8 28.4 1.6 20. 2 62.5 20.8 1.2 15.5
el 472 31. 6 1.3 19. 9 59. 1 24. 2 1.1 15.6
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# B O Bk 736 + 39 106 = 10
KEMmMAT 73413 99 £ 9
AN A b/ 751 £ 74 99 + 11

THELS D, n— 10

miEF
0 - D1 0% AR
: B 20%3RE AR
35 BHERER
T30 b i1 =
a (BirfztaiEn e
T 25 —"
fﬂzo - a a g a b b
c
40 15
5 | 7
0 il
30

a abb a ¢ ¢

& 34 B (2003)

3 I B A BOMB AR Lis, 20EK L
HAEFT AT UNELIc o T, HERS R
MU=, WPRORHHIZ RO T BI85 S
BVMEER L7, $£, BRI Lo THEBE &
IR T L, $EFEH#40 8 SARIZ209% FAE X C1ELT
R & ORI AEENRD L, (R (EREE
50A) i, EITEICR LT, 10%MARKA%21
%, 20%MEIBRAS33%IET Uiz, #EREX
i, WP OB THIBITK LY HE,
Bl o, FEERFED ORI
—F, AHEEEEmAE L 2 MEK TR, 1§
FEHZAHLHERERR OGN, bbb,
IO 2 NEKOHEBE RIVETRORSE
EoEchy, FEEVPEDLNE, %0
H LU b b o LB & bl U CE B B
L, [WHEREOMES &, BITRER LT
AT K H346%, KEMDTKB42%ET
L, HHEEIRE ORI L 5 ERER R R
HHiz.

4, & B

{hEERRE ORI L > TR 2 IER Lz Lk 91
SRR Uiy, S E OB bR
AE, 20%EREIZBWTHIBITRIZS LT
63%@@&’%iot OB, RV
FOMBEBIARIETL, kaomEhinmtE
Lt.ﬁ@%(wm)iﬁiwmaﬁé T T
T AR EREL EOMBREBIET 2 0E

ll

=

40 5

EEARAY
HS{UMH%WﬁEW%ﬁﬂ%iUﬁ%Eﬁﬂ@ﬁ%##?V//WWWﬁ

BRI

E) R~ N~ P ORELT L7 AT 5 2 <005 HHTEETT (DUNKAN'S new multiple range test, n=20).



Fogs: R R RREE IR O ERE LRI X D DR RIRIN 9

BHBTEERBLTVWS2, BES (1991)
B, R LY UOINE S RS BEOREHG,
FE 3000 meg ke' FVRL OB S ENS
Baid, MBS LIRS n L ARBRHTINS,
AFRER LB 1 D IR O B & B BT R
35.2 g kg DW, 10%ERIXA327.9¢ ke DW, 20
Yol BEEAN22.3 g kg DW T2 &b, K
AEEND ERETHE FhEh,
3520mgkg™, 2790 mgkg”, 2230 meke &7 A,
AR WT, AT R 2 10% AR X3S
L 20 %I D@ EORDRITZh 203, 3
%, 6.3%LDTHTHY, FEELREDLRA
Modz. TREORERITI000mg ke HERICINE
PEAGICLRDETHEED & FBLRERE
BRimbotELLRS.

THERIER, R E LS ndandia
DEEOE R, AEEMIICESR LR, BB
L AEBPHREAR O ER 2o, FIH
(1988) LB S AHENR, FHAMMOMEH (60t
ha™) LV RT LV Y OHEOL 2 BRI EER
HOLHEZHASHIZEE LD H20%REEE S
NEZEERELTWS, £, 8BS (1996)
WY v REFBR L TRy Loy v i dig
TAHL LIV ~T2% Dy 2 VEEEEDRT
TR L. TR T L TR O ~
IBenDALBIC T v Eo THREERE Y2
16lmg kg FFELTEY, oMKy Ly
I S TR L BB LTV A,
FRABRIZEB VT, FREIESHEHE chLRE
WAT KIS LoV fz A KT, o
R CHEOT v BT RERORENS
<HRBLTWEZELPIDETY, YavBEs
DIETHRD -7z, ZoHELTIE
SHEIHFTALERD D L Bbhiz.
ReEm TR LU+ K¢, 1§
TR ATl w7 Lo 7 O R EE-S B AR
L7z, BABIC X » Th MBS B R L8,
IR OMMEEROEERB I UESR
WINEOETFIZRERAT AL EZELLNE.
b, BITE, 10%MARK, 20%IRK Tk
TR OEROBERNFEER S ENL LR
VOT, B KD LB O AR S R IR
Lo TRy LY vhomiBesab{E T L
LEZLRD. —F, AEEPEEER LT

B EEo B EE L UM EOENL I
F T, MORBERIZAST RER O RS
FOFAERBITELS, PrE=TEER, 73/
MEERS LY 7 BEREOEIENEL 7
N, WEREROESIELS hot. Kiza A
260 OBEFEHE (BMEHE08) IWHH Lo
UTe Hscid, MR Riond a7 a7
TEEWBE ORI, KEMHTRDN36. 3%, RFE
M EA40. 1% LIEFWRE < o7z, mrk
L7z & 9@ o i iiBIEs 2 Ehaf 5 o &
Lo T7 e 7T RERIMHEAMNICE <RI
Eh, "Ly ohoOMBRERERMETT S -
LERELTWS, ZORRLEEBIC, KRR
BT OHMERR TORY LY o ORsER
SREOBETO—REIR, HEPOHEBEEEERER
BN E, BROEEBERICSD LT E
=T HREROLBERMOK & B L TRHOT,
FER I B RE B FEOWINEIAME T L &
L2 bDEEZLND.

—J7, AHEIREE R L KOERRINE
HASETOBMSEESFENECHR LZIC L)
oL, BITFE L IFER%EThok (F2) .
—i%iz, FEBIEEOBHZIEE LT, Fo
BEY S LiF e D, Zhix, (BB
Hr T L AR T2, BESSIC L A
ZHo L, FIREREEDL LI LOTHS,
OB R ET S I OB A e L
PR ASRE L. SRR A X Crk, EHR
WEIXETREFRE Cho7zds, kol /)y
ROMBESEIK TS, ABROFCHED
@VMEE R U, LEpoBBREERE, 4£F
I IEITE L 0 bR Ao ond, HH
o hE EEAEL R L, R4 igtE o
RO CIIEBEBEROBS IR LE Lok,
SR, BRI B S H & N s AR s
W LS Th Y, #HEIEERKIZRENT
LRINEROEEIIWBEERTH-7mBb
iz, T, BY LY T hOREES &I
EFLE - EELZLND., Tihbh, FH
BIEERICBWT, Ao by Y oHoiiiee &
BETLECHELGT, BITKEREOESR
W B s U7e 2 &, O 7 IR h LSk
DERPEZ XHEBR. Tihbh, ABE
FEEHKAZ I T, SREEEAR 218 U TR
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BRI EWEERLET I /BEERBS L
I T RERTERBE L LTHAL T
AR A R T DS ER S 5.

I ARYEAZEETTOERRNED
EMEER

1. B ®#
BHEICBWT, K7 b AR R
PR LCORES LS, HETOBREEESR
EESFEHMT 2R L CEEEEEE R LY
LK HER LW S b b9, RN B
OEFEFWIN L, = BICIRMNEEES B K 2
EERRDTL. —H, RRE L ARBERET
BRERTHESFEICIBNT, SR THERY
MR L7=si B AR M Eh 29T, Zhe
FERREFNRHEINTWAEERH A, T2
e, Albfia, B—h, Py, bUE
aay, KbV g, BECBNT, bbb
HEEC S — 7N H U L S0 ERRINE
W, FREEHIE YL D S AR & D R e
FEX EEZFEERBLZERREINATHS
(BHKEEBERZR1999) . ZhbHOFEH
nh, BEEMEPER LSS OEDOEERIT
FORWATE DM ORI L D ER B H L 0T
MRV S HEER AN, £ 00, A i R
L7z HECOMBEOBRE Ry L, 118
POEFEOFERER L CFOEERINFEIED
Z B LEHRE L.

2. A &

1) EE1: C/NEOEWIN FMMERAL

FIBEONR Y SR

A= F 2 T4 bR ATSIE
BOBRR 7 1(41.7g C kg, 3.4g N ke™) 28
tha:1OHETCES Lo MRLEL L
oo Ik, RO ERORE AL
THHTHD., ZOIFCFEHLL & XL D
4:1 (Eek) BA%ERBS, 25.0 ¢ N ke?, C/N
th: 18.9) %100 mg N kg™ Bif U7 HEEARBSIX
& L7z, RBSEEMiAH DA XRIX S Lz, L
BE LIz Y CEERIK (150mg P kg') LHEEED U
(100 mg K ke™) ZhfA L, wmABKEDE0% L
B LK SEFRELCCERT 2 EMEEL
7.

b —-2 2 (Capsicum annum L. cv. TH- ¥ 1),

A A 2 (Raphanus sativus L. cv. TIREA D),
7w w2t J —{Brassica oleracea L. var.
italiea 1. cv. %), F 1YV (Brassica
oleracea var. capitata L. cv. YR-FE), F
VWA (Brassica campestris L. cv. B
28), RV Y7 (Spinacia oleracea L. cov.
v 3w P), #7{Brassica napiformis Bailey
cv. RO ), B —7 v & A (Lactuca sativa
Looev. v R7 74 7—), = (Daucus
carota L. ov, T2 5 ) OFET & N—F o
P LTRFSH, 199740 7 A26H I LS L
BEFDI500mLAF v MBI L, TZ7ANT A
THEE L, #EEATo T EoEREEAT
BT Ai-nicEfToRy hEREL, 1B
dEhieRy b EERICEBER T,
MR 4B L ues AL, BETRy Fod
MABME L, 7, 14, 21, 28HICERENE
B L7z,

BRI L 7o R o REHD 3 B I T0°C Tl AL
B L THMEERIE Lick, K- A CHR
L, sificiit Ui, RERENT T 7 A F—
(Model NC-80, Sumitomo Chemicals Co. Ltd.,
Japan) CHIGE L7z, 4 st i O miES K Chiil
L, EHFRLCAA a5 7 40—
(QIC Analyzer, Dionex Co. Ltd )iz -~ THiE
Liz. ToMBERER MHREER, 7%
ST REER) 2N KCLCHiH U, i ORE
oA — 7 F T A4 ¥ —{Auto Analyzer,
TechniconInstruments Corp., New York, USA)
WEDHEER L. FEOY I/ ERI0. 2MEE
BT L, HhilEOBRE Y L-Teucine & 1HE
ME L L T=re FY UECIE L7 (Snith
and Stockel 1964). 18D & 237 EIT1/15M
i) CEREER CHEH L, MRS ORE
a7 A7 e BEmEr LTa— ) —ik
(Stotzky 1964, Rej 1974) CRIT L7=.

2) &2 : O/NLEDEL (7-10) AHYiEE %

BRALLBESORy FEIEER

F8 MR TEAMRE L. Tl e L
ChathimA Y RC, 50.0 § N k', C/NEL:
7.0), HMEA5A(DCF, 15.6g N kg™, C/N ke
10.0) & 22100 mg N kg #ERLIBICHIAE L
B HFFIENRCEB L ODCFK & Lo, #7z,
TEHRRRZESR & L CHRZES 4100 meg N kg HaJH L7z



A HIROAHERRE R O FE L EWIC L5 0RFRTRI 11

KZASK & L, FH, WMEEROER21TH
PRl B A RE Y Ui, U VBB LU
VoS LI CIAAFOEE» ER 1 & FEIC
1T,

PN—=F A b ECRIFIF2HMEEL -
vy, V=D VUHR, =Py, FUHF
YA, RO LY UOELZIGTMER H11A K
A L 7-600nl R » Mo L, T
AR TR Ui, MR L O s oG
EBr 1 LFRRICIT - 7. '

3. % B
1) EBR 1 C/NEEOFEW(19) HHEMiERICx
T HEDDERBIRRE

BEHHEPOSEEOE#REEES BT
35. 0~44. bmgkg* TH o - DT L, RBSE O
HEEE RSB E 1-140 £ CrasdBE LD

Q7 E=7RESR

o . NEX

" Fab ok RBSNEME
30+
20
0.0
0 1 1 1
1 7 14 21 28
BiERAY

B4 REARPORERD IROBREE RS ROEY (35 1)

Yertica) bars indicate standard error of mean (n=3),

%?ﬁ&iﬁﬂ(mg pot"i .

LB LT 0%IECHERE L, BAE28R /- T
IRER CARREE Zo o7 (B04) . Zhid, RBSOD
C/NEERS 19 & &<, Akl L AsetEd oy
LTI ESRERERORV AP ok
HEEZHND. BHEEI-1TH £ TORBSEOMH
FAREZE a2 (0.3 _ 4.3 mg kg™) FERHIEK (20. 2
_ 25,1 mg kg KD HERH TS, B8R E
TIZfRA IZHEML L2, SRR E kA - L
IXiehioln, T oo T RREROSEIEH
MR AL X & 1T R UKol U7
RBSEE DT 2/ BRE &I L 0 b < HEB
Ledd, freloild L, BB L~uiniE-s
W afe, RBSREMD F o3y B E B A
PERELTETI-FOEEFL, SHEEO 3%
Thotz (”5) .

B4R L OWHIIBITTAY w1 b Y —

6 —o— B (RERE
— o fihLRLMRBSE

400

=
&

B4 (mg kg D
E <]
=

o

g&ﬁgaa ®
5 REHRFORERTLHOT L BRI 2V BERORE (51

Vertical hars indicate standard crror of mean (n=3).

WiltdE#

OHEE (e R
Hfih5 RbHMABSIR

=)

B 714

EREMBng o)

=T FAUR oW

sy Tovay- &7 Ao

BitizeRg

=)

E—=r U-IbEA =L FAA gl e

Tay- Fie) v

6 BHE 4B L0028 HROFMORERFIE (R 1)

VYertical bars indicate standard error of mean {n=3}.



12 AR R BRI R
150 O7VESHEE R Z:
AR R o
100
50 b i;
0 £
o4
150 g
100 + t&,
e W
by
E“ ] E ' 1 4 !
ﬁ 150
= #iRd5A (DCHE
%F 100

14 21 28
BREER

RERhoRERT tRoBREREAROED ER2)

Yertical bars indicale standard error of mean (n=3}.

X 7

—-a- FERASIK

—a— Rl T ROR
—0- BEiRS 5 ADCREE
—o— B (RERX

14
BERBEH

8 HHiEtoREIT 073 BRARO 8 2)

Yortical bars indicate standard orror of mean (n=3).

21 28

- - BRASIR

—a— =t T ROE
—o- §124 5 ADCHE
—o— B {RER)E

B2 7% (mg kg dry soil)

9 REARCORERT L0847 EEROEDR (RR2)

VYertical bars indicate standard error of mean (z=3).

28
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B4R & BEEASIE

sz Rilh T (ROIK
E3z8 45 ADCHE
ORI (RERIE

oL
B 10 HEUBLEB BELETRY—2y, -7 VEA, =V Y,
FoRF o BEORY V) OEFRIE (£52)

*EFIODRRLT AT 7 Ay MEHRESHDL 2 L EFT
(Duncan’ s new muitiple range test, p < 0. 06, n=3).

LA =

L Z AOERRINEIDN T HRBS L U & xR
OFBBEL ot (B6) . Zhb DRI,
THEOMBEERSBEOEL KB L T,
VL, FUF YA BRIV Y UOE
FRNBEI Y — 2 =7 LR LI IR
W, HEOEBEEREESEVICEED LT
HMIBE LY HRBSEDFMRE oo,

2) =2 - O/NEEOBEWT-10) FHMERIC

w9 AEDDOERBIES

R P o HE O MR E F S B R
(fEZE ) A328~E0mgke”, ASEEA390-133meke™
Tholz (M7) . RROEHEEERR L UH
BRREER S B R ITHEML T feds, ASK
D~ E LA Ao 7 DCFRTIL, THBERE
EREBOBMIfE > TEMSEERER IR Y
ML T, FIERREE O BEh o
7.

RO L ONMCFR DT 3/ EbfE%EE®R (M8) kB
Ty s EERE (9) SRIASKE L
FMRE LY LEVWKETHS T

BRI 5 EH OERRIN R ED
DOfEFICL Y BT (K10) . e
LU b F A D14 X URS RO
ERWINEFASES R bE L, WOTRCE, X
BREK, DCFX & 720, ZOIBMT 4 VRSO 1+
HEOEMREBERSBIRB LI b0 TH 12,
ZHICH L, BHEBERICBT S VY, F
LH LA B LU LY DRI R,
ASEE N Hh T T O BB REZE IR DM Ao 72 RC
KOHHASK L 0 b ZE34. 3, 46, 3, 25. 9%

_—

< oo, BHERZ, Thb O OEERIN



A HHROWRTBER O L I &5 E DR EARIT 13

#F6 B 28 HRICEY SR ORERR LOMBRE R EE RIC KIS T TN O 8 (5 2)

% % W i & B -
WiZ (AS) 72t adm g (RC)

2 £ F (g kgD W) 26.1 a' 21.0 b

o v [HEREFRE (g keDW) 3.0 a 2.1D
| TEBgRETEE R (%) 11.5 a 10.0 a

2 2 F (g ke'D.W) 34.4 a 23.0 b

U—7 VL HA  FEEEREZEFE (z ke D.W.) 4.2 a 33b
_ ERREREEEREEFE (%) 12.2 a 14.3 a

£ % #F (g kgD W) 34.4 a 32.3 a

= ¥ ¥V v HEEEEFE (g ke'D.W.) 4.5 a 2.3 b
THERRRE R S eaE (%) 13.1 a 7.1b

® B F (g kgD W) 21.3 a 21.3 a

FrFot A HREER (¢ ke'D.W.) 3.1 a 1.8 b
PHERRRESR RER (%) 14.6 a 8.5 b

£ % F (g ke'D. W) 34.5 a 32.3 a

WY FHEREESR (g ke'DLW) 4.9 a 2 b
IHltRRE R S eEE (%) 14.2 a 9 b

kEATORBRABTAT 7y MEICEEZRH A Z L &RT
(Duncan’ s new multiple range test, P<0. 05, n=3)

BiE, RIS O B EERSE
DL > DR O FBHBR LD &< Ao
7=,
ASRELRCEICBIT AR UL 5 {Eho2EH
BRBIVHEBEERESTESEGIL T LE.
e & ) =7 L% RADEESES LU
BERITEMASE LY LREE A Fh FhE<
ot RERITHT DHEEIRER O LFITAS
R(¥—=r 1 10.58% J—7 1L &% :12.2%) L
RCK (E—v 2 10.0%, V—7 L& 2 1 14, 3%)
DEICEVHEHED B doln, TR L,
=Py, FUlN A BRI LY OT
HeERE RN ETRD b Rhho ke
A%, MHERMREREEIIASK LY GRCEDFIE
BiELS feafe. 0, SEFICHTH0
PRERE R DL EDRCK (=P 114, F0
VA BB%, AR LV Y 9, 9%) MASIK (=
VL3 1%, F A 14.6%, R Ly
Vil 28 L b EBEEL kot
4. & =
FHLIZBWTE - b YT X A5
RN EIFRBSE L 0 b RK (JEEE) oFRn
Ll zot. Livl, =vPy, FrFotg
BLUART VY 7 OEBRIN SR X

£ LRBSEOF B E <, TEHOMEEIC X - TH
BT D EFRWINEIGICERATED LD
BWRLR-%. CheoMET 2EERNERGL
Bor LIz S EEOEHIC VT, BBSEY HO/N
DAV RCHS L UDCFE A L C R E 1T 7.
DCFK o> oo Ml RE e RS 5 (25.5 - 35.8 mg
ke") {IRCIX(41.3 - 82.8 mg kg™) L ¥ ©H 72 Y
&<, BRI OAET LRIECASK LD &
REL{ S0, FOkw, FHEERIHTA
ZRWILSR DB EARITT DI Y 72 o THEAS
K ERCECE X USHREK & DCFX & DT+ hFh
TohaZ LRHEYThHOHIEFZLRE. 20
PBENZE T, =v Py, FrrirbaBLO
RILYEE—e L I —T L2 A LD b,
Bl R LB Tl 2 0EE
AWR L EEBLBND.

FHEZE R AT 5 EMB O EFRI SO
BhoBlLUo=vPy, S B ORY
Vo O RREREAR LY E OEFER
WLAZ S TEFOERE LT,

1) HEOESEERIZBI S MEmEESE
LT s T REROE

2) FEWRERI D DRI ORE
3) AEREEHE
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4) W OREE S AR
5) o, Fugurg, Kb
IC L D HHEEEROMA
MEZ LIS, TNENI 20T, BUTICHE
+ 5.
1) RBEPOBEEERICEITOEBEESR
ET UEZTREROLE
PR T W T I ORI IRE SR & T

o TREREEORBENMEMOERRIRICHEESE

BE+ZEPRMEEN TS (Tkeda et al.
1983). BlZ4E, LH R, 2w, =Pl
T BT RERERCILBRE 2B ONTE
RET TS, NI A, Ry,
FA O IEREERORREVENEETS
B EREE SN TH D Moritsugy et
al. 1995). LAL7Zed5, Zh6 oMbt
OB LT LE—F LTS LD 220,
Tihbh, ERl1iBNT, BRI LT
B TRREROREN R - TZRBSEIZ BV T,
L& ADAEFEL >T-RBET LY ooAER
RBSED HEMREThoiz, iz, 7o E=7TH
IO IEDPITIERE T - FZRCK & ASKIC IS
W, X APIASKCRFREFEF LD
WL, KLY 7ERCEROFRASE LY B
B E T LE Thex, HgEdhcory
EoTHEERLEBEEROLEOERII -
TARRBROBREL FRICRFHATERNEE R
Hhb.

2) BHMBmRIZHE S LIEYIBEORE
TR HEE R AT A FIC L > T O
R EE SN, FTOREBERORBENELE S

Az

PHOLNTHA. L LUeRsxElBiloh
HDOEEEHET S0 BIEHIEO0% I
NI F =T PEREHRLE &8I, Ry b
G TH DI DI EH ORISR S T
WD, EDRs, AMBORRAIC L HIROREE
I8 D E DR & ENXER OER NS K
LIS T L RELSRNEZEZENRD.

3) A REEME

AW O RN A I & D (R
MEREETh T2 tRImbh TS
(Orzolec 1983; Ozawa et al. 1981). L»L722
N, AR CHEHINEZF#SDICEOL S A

MEREGENTOVAZ LR IAETCEMEIR
TROLP, FEHBICHERLLERRBEOL 72
MBIt ST bR iR &
FLTWRW, i, Rt SolE
WL BRI OB R A (R & Bk
&L Tnoizd, IThEERRIREOHEN
W BB R ST ERT A T & LR
THD.

4) fEMEPOHEEESER
AMEIREICBIT A —w b ) —T7 12 A
OFEMME R O2ERICHT HEBRERERO bR
IER L BNl 2, ZTHRGHOE
BRI RIS TR OEEEE RS &0k
ELEBOTHS EWVWES, ZhiexL, =
Vv, FUF A BIRERY VY UOEE
FICHT AR EROSAEILASK I Y HRC
DHEPEBEIEL Ko, TR L OREER
WIS ST LS DR OWBEERSESY
T b Gl nwn EERBLTWS, &
NERBE, TR TEERIIOVWTY, 4
BHEFAE L TRCEO HEROF 2= THE
BRERIEIASKEFABES L LT ELTOK
Wlod ot ZOFh, HliE AL L X
DYEOERRIE SR TEPOESIEERE &
AT LLERBLARNI EARBEND. F0
To¥h, ASEKSPHERR LD bRCKD A ZETFE
L7 iR R O RN Jed s
EEEBTLHOLENSD.

5) Ly, FuELHABLUERDLY

Vs HEREBEEOHA

=y, FH A BIUORY VY
REWWEMR @B =R — 7 v
A2 L0 L EWERRINES 2R L R
WTRED 2 H>OERBEZEZGND. 3, =
NEOSEYHE— =T L AT
TARME 3035V AR OMRSERE L, %
DIBHEAMEESNIRREE VI ZEZH Th 5.
VEMRE HEIm B WO BB ENJERE i
1D bLIEADIE S BRI E S 0 >R
TG IERE T L D BE DL ShThs, (F
PR ORI R IEET B & 5 e B & 4y
W5 e B IE, BRI B O i 04y iR
PERS NS (REZE, Clatholn (985, Hart
et al; 1079, Moister 1987) . =Rtz
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MU T EFRINEIC HEMRZENENL D b O
EEZLNS. L, FIBEHORE R
BIFABEFREIE VW, BH (1983) ,
Havano (1986)35 & U'Havano et al. (1995} I%
phosphatase, phosphomonoesterase,
phospheodiesterase and B-glucosidaselZ-2W»
THEMBEEPED LN, 77 —8
OFEMHITIRE, FEEE E Lic/EMicZ oER
BOonbolt LHE LTS, EE, Kan-
azawa (1988} 137 0 7 7 — ¥ ML IEARME 1%
WP TR CIERIZE WD, ESRIC =R
BoohinwZ @il X6, LEL
(1996) ITAMEAREFR & L Ok E A L CF
MEREELELE, V7 hURbTERaL
DL OEFLRNT LI LA L, I8
POFEBREBREROR I TFLOE-BRETHL T
7 T BRI OWTRET LR, V2 b
PORB R I) ol D,
ToT TR X A RES RITESEER
B TOU 7 o OEAHEOTER Gy é
WELTWD (1997 . ZhHOMENL D,
RED R L5 EOHOERWRE R DOELR
WIEEFLTUIR,

W=Dy, FroFrbABLIUdT LY
VMO R S TR ER AR S
RBRAEALTHWL LS EZ LT THD. ILEDH
(1997a) I3, 1BNTCEBE S Kb a i/ LT
e R G Uc & &, IR U iR
RO IBNRE AR 22N 4 b b Te
DL, U7 b wsIR Ui R OINRED
e arPd A ALY bEhof 2 ding,
V7 M7 b UER aLes A RiTot, ki
PEFR AV L U C e i TR e S e
RV ERENWLETOFREBEEEL RN L
AREMES B A SR LT D, RRBICB T
LIREROBGNEZ Hhiciow, BoEITRED
TH#MEER S EYOERRINERICOWTE
DITHE L.

IV TEOTFEERL#HTEIND
hiEY) UEREE R EREERD
HE

i. B ¥

B, MEEWTH#ESOmA ST

Ve O 2RI B (X EB R ZE N RS &
, ZhEEHEROFBBERICHT SRR
BORHETOEME L. FLT, JOHER
ERREET D 7o hiciX TR O H B E R O E
EELMITALENRD D EE T, FRETI,
AHEEROFMEE LTELERLTHS
1/15MSHE U o BEEETR TR & 1 o F m i
VarEOREETY L E LIS, EhSE
HEEROSEFA LT A DI, 2/
DEERE s g~ T 70— HPLC) ITLB
SHETo. sbhiz, FAsmsaw b T
J4—itdh, SGTEITLOESEEEE, £
DR EREFHEL, 7R BON0H
BHRELE.
2. 5 & :

1) 1/15Msp ) VEMREEMEERIC K D]

HBEROHETE

BRENE BRSNS T74 L5 M, K
k-2 8, BAR7 £4 5, BOHEKRT6 M,
W sRBA b 3 R0 R o fric iR Lc. R
Fobl0g 4 7 AREIRIZ &V, JRKEKED
60% & B L iCHiAkE I ®, RY T
VT4 A THE L, 30CITR - ER R
TR EIRERE Lo, BREtL, 2ME(vA ) AT
FHEER AL, AREEBEBCL-TE
B8 L7, KEEWMCH O TR IR
TEBEEREYELI VWAL REER L
Lic. —%, B L2 BB omcRERRE
T H-DIic, BEMORET10gI21/15
MW Y BRI (V) B — b U AL Y
B FY 7 A3.9: 6. 10REK) 4mLE Nz
TEERTIKRHE: Y LIERABL, AHETFoO
B eER & P N — IR, KRIREARYE
WEoTEE L., Z0ENLSMRRENT RS-
TR OISR ERE 5 L2 A
BRER S L. ¥z, UV oEBBEsEhbEho
oA B TS5y N7 4 — ik Bradford,
1976) (T X W ERE L. EESEC Yy
Yo Bvy, TS LY e
B L.

2) TEHHEOHPLCY T

1/15MY) BRI L > b hi- kR0 +
FEOMBGE A Y RHERHPLCE KR A 32
HPLC T4 L. R EHONPLCEEE LI T D



16 EARREEABR T AHRE 3 34 5 (2003)

WY ChDH, Yo APEBRHPLC : U7 A Shim-
pack diol 150 (Shimazu Co. Ltd.), TBENH;50
m U EERRETHE (F0.3 M NaCl, pl 7.0} ,
iR 5 2.0ml min?, 7B 200, HEH
25 UV-280 nm A A AHAHPLC: BT A IEC
DEAE-825 (Shodex co. Ltd.), FBEH{H:A:20 mM
U 2-tEEe (pH 8.2) ,B: A+0.5M NaCl, A—B
J=7 75 2x | {604y) ,f#E 1. 0ml
min”, H R 20uL, BEHEE . UV-280 nm.
3) ARERRBIUARLELEROI N\D
(OB
BRE=TIBIT TR S BR 7 188 (28. 5
gChe', L.7gNkg) HHEALT, D - BEEEHETR
WX o Tl Sh o FERERR L UHEEI L=
FEOHE LRI ECONTF VAR b TS
T4 LD TRILCHEIL, FrAE
OHF T, Btlog b VRkr Rz s
LC4mg, ZAa—RA%RFEL LT, 40, 805
S T60mg I L, KA & KBEKED60% IR
H, 30°C T2 HEMAEEENE L. HRE S

LT Ak KO OERINE & 3¢ -
REEOTERE 4AEEO/1I5MP Y o EBREE
EEM2 C1IEFMIR: 5 Lz A8 LEZ. 2o
Hi H5 97 1 mL% SephadexG-25% FEIE L= 5 A
(1emX50cm) O LymiZ¥EE L, 50mdY o EEfE
iR (pH7) WX VEHL, 777 varal
g E LV STFRILOESY RS Bbh
7= W47 #centrifugal vaporizer C20{X 1o FENE
L, BoHFOH "I BERET Ty F74—
REIC L D fIE L. BEME Iy — 727
VEHW, y—F a7 ) BB LIy o]
EREYREHB L.

3. % &

1) BRIk DTIREROHETE

MR OSESRIT0. 1~6. 8gke™, TRFIT
1.2~58. beke *OEHIz T (FT) . Y
R O B R BT 13~363mgke ™, U o EREE
N A MR ZE 3R 0320~ 250meke !, U LoPRER
WHEmHER O X BEFIT0~
60. Omgkg " T -7z (£8) . HMEREL S

#7 LR OEEFEMS

gy sy ko DA K R EF mo)
1 Andosol loam 50. 8 4.6 6.0
2 Andosol loam 30.3 2.6 5.0
3 Andosol loam h3. 7 4.4 5.7
4 Andosol clay loam 58.5 5.3 h.9
b Cambisol loam h8. 0 5.8 7.4
6 Camhisol loam 15.1 1.4 6. 6
7 Cambisol loam 20. 8 1.6 6.8
8 Camhisol loam 46. 0 3.8 6.2
9 Camhisol loam 22.3 2.0 6.5
10 Cambisol foam 32.1 2.6 6.7
11 Fluvisel loam 9.8 ¢.9 5.7
12 Fluvisol Loam 50, 6 4.5 - 5.7
13 Gleysol light clay 12.3 L1 5.3
14 Gleysol light clay 15.9 L3 b7
15 Gleysol light clay 31.6 3.4 4.8
16 Gleysol clay loam 19. 7 L8 5.5
17 Gleysol clay loam 12.2 '_ R 6.2
18 Regosol sandy loam 4.1 - 04 6.4
19 Regosol sandy loam 1.2 . _ 1 6.2
20 Regosol sandy loam 5.5 5 5.8

* FAOD soil classification system (FAQ, 1989) V¥
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#8 A IHmoEBtERER LU VEBREEIRK Lo Tt Sh 2 EHE

Y EERR R Y BRI Y
+iEy ML A TR filngsEsR VA £t
(mg keg-18z4) (mg ke #2.1) (mg ke'wot) -
i 351 224 52. 9
2 327 182 50.8
3 215 189 42.7
4 225 210 44,7
5 363 250 60. 0
6 178 90 32.9
7 120 136 33.9
8 118 102 26.9
9 180 137 37.9
10 240 130 36.9
11 68 70 2b.8
12 170 105 34.0
13 253 207 b1.7
14 203 115 40. 7
15 251 174 38. 7
16 284 215 b3.0
17 135 75 20.3
18 16 27 12. 2
i9 i3 20 9.0
20 71 90 19.6

* 30°C, 4 HAEE

Fo BEECLIERLERBRLEHROERE

BLUORFEE L OIS
ERBLUREOERE FRBIHRE v )
&= % e 0, 65"
4 175 & 0. 62"
U oEEEER R R 0.91™
Vo EERR BT 7 R R 0. 91"

sk 1%, wkk 0, 1Y TEE

R, EER, VUSSR A RS,
Y CEESRENRER O & R IR R I TR TR
HBEBRELRRDLEhE () . FOHTH,
WM LERELE ) CIRBERM A EEESR
(¥=0. 91™, n=20), VU FREEEHIE ¥ o 37 1
25 (r=0. 91™, n=20) W it FBhy FHBE R
DEED .

2) LI EDOHPLCHHT

1/15M ) BRI WA DHPLC Y v~ R 75
LEFINORLE,. EoEEIC D LT,
P XPEBEHPLC Y o= 7T k[R5 —

VEFRL, (RS 45 B D e DI
B bR E R Y E (Gel filtration
standard, Bio—rad co. Ltd. } OOFEEFREDs
b, IOE—Z DT EIT8000~00008E E L HE
EENTE, A AVEHHPLCY 1w b 7T MTE
WO [RARE O 200 & irdr B
2. 8MICH—DY— T OAPED L. Fik,
i HPLCTR S hveBE—p v -2 OmfEE )
BARE BTN E & (12 Ar=0. 95" %
A AHEBRHPLC, B12 Bsr= 0,93 A4 55#h
HPLC) 6 LUV o ERfREiimm & o o e
E (13 A; v = 0.96™ %1 XHEBRHPLC, 13 B;
T = 0. 921 F LA HEPLC) O RN ELE AL E N
HTEWHBEBEZEERD B,

3) BHMEERS L UHRLCERDOS U1

JEONFENT

FHBI o N7 L0 RESh
fo. B R B ORI TA KHERRIPLC & Bl e
EmExRLE (K1), vihbb S48
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A Yo XHERRHPLC B « # > 3#HPLC
10
o Andosol 8 Andosol
] (2% ; (2
4
2 2
R ol ..
o F 5 0 15 @ g 0 10 20 30
(a3 E=Y] A
5t Fluvisol Ty Fluvisol
£ (12) = {12
= 4 =
< T4
2 2 2,
X ol X T
s 0 5 w15 20 o 0 1e 20 30
g g
8 . a
5 & Gleysol §: Gleysol
£ 4 L (i) 2! (14)
2F é 2
oL-. 0.' o
] 5 10 15 20 ¢ Hi 20 30
! Regosol . Regosol
2 (19 3 (19
1 I “."‘L*._*"'"—“ﬁ”—
0 5 10 15 20 0 10 20 ao
Time{min.) Time (min.)

B 11 HEohdE ) EEREE RO IPLC 2 nw b T 4

FETHE T FPORMESLRT

' ¥ A, YL ABHRHPLC
A, HAXHERAPLC
= | Y=0047%-0618
£ £ =0.96+
o 2
@ 2F Y=0.01X-0.27 ;," 2r
3 =095 ** z
= -
= k]
£ =
g 3
h i
y 4
by
Dﬁ L 1 L 1
o . . 20 40 60
0 100 200 'Jymﬁﬁzégykfgf)ﬂﬂgiﬁ
UL B R
{ma kg™'} o
- B. 1F 2 RAPLC
L B, 43 MBPLC |
= = Y=0.047%-1.718 ...,
E e €8l r=0m2or
f=
8 | v=noe7x-093 &
4 r=0.93 *** z
]
- 4r Ak
5 G
= L s
e #
[
il Nz
w | ol
= - i 04 e TAD = 6‘
a 100 200 s 20 A0Sl B
U HRR R A AR i 'f_{@ﬁ@ﬁﬁ;ﬂﬂfﬂ_\?ﬁ%;ﬁ __

{mgkg™)

SRBIHPLE Lo CptishE:

(12 FARYRA)VBLOAF SR BIHPLE Il TS 13 SR BT A
< A ) s iR

¥~V — RN B R R R DI o
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80 mELFA
G/N10
60} [AC/N20
B C/N40

40

20

B 1&g fraction)

B HE(m)

B 14 HHECREE N —A5FIMUT 14 BREEEL TV B wR T EE D
sy A= N i L Nl s U N/ R DL i

8000-9000%F ' — 7 L T A L S o & Loy Hi sy
fLTWi. £, BREITAa—2AFRML
THE LSS, CNERELRBIohToh
B OB RO 2 2 S 7 B B L 7r .
4, & &

HEER L 7/=20HB 23T, Y R
BERNASERICEDDHEE, Y 8.3%T
Hode, HEEESAFICEWT, U ERRENE
iR & EREEREREONBERERAERL
BRI EREBLURRB L BREEREDE
NEY BIEOhCEWEER L, ZhETIE
b, ERPRELHTET OB, HEo2RE
BLUREREENPLTLL I EBELRNWS
&S STV A (Stanford, 1982; Mahli et
al., 1992). 7, Nemeth(1988) LTz 12 h
a7 T T b B L s T
INDUWEHEOT I BRI S 2 FHBEE
ROLTHIUICTERNZ LEREL TS,
FE, WEREOT I ERIGES S IC R AN A T
W, TBUKEIKEEINLD Z Sy,
bbb, FHRBOBENLLHLARLE K, £
i b o b EROMEIR LR O 7 3 8
RNBEIES SN @M ECidkd, Vo8
BRI Lo T ENRS L 9 e B itk oR
IR ERECHD L EFRET S,

FILT, Y CEBEERIC L > TS
HEBEEFORFEELFHZOIC2EED

HPLC i & 4T -7 b 2 A, Wb E—0O v —
7 LGRS BT, FOD4-FBi38000-9000 T &
HIEBHEE S RRBOHPLCH T T,
Withes & U CEAOLERE AV, 280nmicds
BRNEEBE L., Sk, D cER
LSO BROMRBILB Y LRI HBHEChH D
CEIZILONTNARLDTHL, B, EiE
(1992) L, EEF A7 EOERIEL HEH
SN TWHAEEAEO—BTHILT I v K
7 #— P (Bradford, 1976) WL W EEEHS
L/15MY BB R o & Xy R EDS, R
HEET O A BEERRS M7 52 22 RWEL
TWa. £k, FE (1988) A4 —br1—7
Eh OB D U 7 AHEOSENERIR
ALY MVESHTL, 280nn{EIZ BIRIRIAS &
HIEERD, IR AT REPHES
ATV EBIRIMTHE DL L HEL TS, FERIC
Numan & (1998) & LEEOS0mMARKEE A U 7 Afh
HE 0 280nmi 5 1) B WRSEEE & [k R 6 NI
KD =t R RIS ERTESE
B OMICHS TEWRBEBEERENRH S 2 L 58
BT LTV A, Mengel et al. (1999) )1 118
EROBHLE TS A, 2%HE L OMBS
r=0. 52 & oo DI L, =7 by b
FZ 4N L—a il Lo THiIHERSH
HEEREF KB L CHLNET S JBETE
BTAZrickn, ZoOTFHKE (=0.8D %K
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RicdhiF A EMWAfgeTcho L, T /8
et TREFOMBLOKBIKE LTRbE
BERFETHD Z L aHE L. ARICE
Th, PLCE L v EcH—D Y —7 Oh
L) IR R O ¥ Ry EIRET
RS CEWHABERSRY LN, £k, 7
VAR NG g L0 T RIS
B S VI o> & o B A E LT
ZA, EDH A EOSAIIV280nm THE L
ToW A RHEBRIPLCIZ L 2 % 0 & RO /1 52—
AL T bbb, HPLOSHTIcBW TR EN
O RY R ROETHLE
BLOEOZ 7R EN D T —2WE
THHLZEWRBEIND., O LEIFTD
gL LT, 1/15MY UEREEETR T L o Thhil &
NAHAMIBEROT I B L OFERIC
A &F, S THHE LT a L H s
O (1983) k- CiThbhvTtnd. £,
Wenzl (1990) (X WIEMEEERR % -FBIZ LV 45 E
L7afE R, Ao mE b i< HO,
CaCls, "M%V -BERREY), AHBEREL LT,
A3 FE150008L F OE 4y & 900008, O 4y %l
iR L, 900008, M4y CiE, & /3
2B OEEE RS folin and ninhydrinS &3 R
BRI Rt L, 1500080 T O/E43 i3 s
NEOFEIGERROENEZ EERELTNS.

T D15000LL T Omi4yhS, AR THRH Loy —
ZE@B—DHOTIAVHEEZLND. Zh
SO, ARBORR, Thbh, FuX
JRRE R LUV IBREE RN A
Fat— g VB Lo TEBLETA2EEOR
HETHHLELELIE, ThALERE sy N
2 EH LRI TWA L EZRTALOE
EZbHNIA.

L Lpde, ARzl Lzt8Eol
R H S RIS T A ¥ Lo BRER O
T IERHG0% Thh o 1=, T & [EHEOR S
IHETICHEENTWA, Thbh, =7
b 57 00k b—3 g R L TCaCl,
CrhoTHIHEShAHEEERD S B, XS
BENAT I JBRICE - TR s Bl
FI23-53%TH Y, T EELA ORI
DN TIERREOHE L #E I TS (Appel

and Mengel 1992, 1993, Groot and Houba,

1995).

—JF, BBIHOEMEYE & EMEROBERT
WY oRmT 2 ML TWD (Katayama
1988, Berden and Berggren 1990, ) . AR#ER
THOW R ) CEBRERE T, BEESS
hWi-B#EiIESicmishitvweEEzohd
B, BHEOROEMEDEIIESICHAESND
(A, 1980) . DXL o, Fr A rHWHE
S E e CESMEE OB R ICEO R
BB ENTWAZ EREL LNDIT b
b o, AREBRICBT S 2EEDOHPLCHHT T

i3, WThbE-or—27 LEDehRd -
tg&m%,_ﬂbw%gﬁﬁ%ﬁ%fffb
TWAHLOEHEIND.

gz A LRERRINL TR L

&, BT a7 v a—A0BEMENT 5L
7 hi-> CHEEEA O 53T E8000-9000 & HEE S

BAFOH R EEEPEM L. {BH
(1983) ARG L Pt va—R L
WA A L TEEE Lo B0 Y RS
Hh o7 2 /B E RS, DEEA
OF 2 MK S, o — R LRI OTRMC
Lo TH ML ANEEROT I/ BEES R
Dh—BT52 &b, HEOFEEEREE
Bk S h 2 BRAENICRERR & 30 Bl
B¢, meEYERCEETSLOTHL L LT
nA, ARBIZBWT N a— R LHEOE
WX o CHEEROF 7 FRE ML 7
ZLEOOBEFEMISLOEEZLRS.

LB, EbERORRE 25 LB
TRAHERE#NL, OB LT, S
£:8000~0000FR A TILEANIC b B — e A g
FThHY, ThIXEGEMRVERDE L EiE
BEmZ 37 EEPME LT 138 o
g FItBEESRTWELDEEZLRS.

v AHmEER S i T IROELE
SRS £ ULOER

1. B #° £ i :
e, i%ﬂ®ﬁ%%®wmhomfﬂ *
DI BRI HIT X7 0%, 1
%mﬁk#9i$¢®ﬁﬁigﬁmﬁfh%
J\U\if/‘ﬁ‘?gému%%@“éﬁ ii+;} iibh o
U 3@)/%&@@ L b Eh




FAAS: TIRO TGRSR O SRR LEMIC L 5 £ DRI 21

DRI IRE PR ER ORI TH D,
T EROBBICEDL LT, BUEYMEERE
D& 37 E L R D L ey —
RHEBEERTHLI L EHE L, AR TIE
B OFWPOBRICL - T, T#hhkod
HREREROHERS LUHBVETHL AT S

By KRR & OBIRE ) IR g

DY APEBRIPLCES X USDS-PAGE {4 — o % i}
WA Z L L. £z, Hid L R AE
WEERMLUTHERTAZ L LY, TAERE
FROWRICEETHEMORBETET S,
2. A &
1) BEMHENEEOS U BRBEOEE
(1) V) ERGRE R B YO 1 XHERHPLC
R TIBT BNo. 11O FELE200g 127V
oA R (GLA, C/N20IZFRERD |, b o &
KamOERE4 0 1RAY [RBS, 25.0 g N
kg', C/N ratio: 18.9)i L7 A7 3 o (ALB)
HEFE L LT8melRML, KIyEBAKEKED
BO%ICFHE L, 0CTHERZE L. BE1,
5, 7, MBHCEwERY L, FVELRF
7 IR T EBRRENRIC L D AR E R A
H1, o RPERRHIPLCITHE L.
(2) V) 2B RO SDS-PAGE
2% 728 BNo. 130 BAR 7 HgEI- F A a— R
+Ei% (GLA, C/NH20iCfl) |, fib o &K
MOESN 4 THSY (RBS, 25.0 g N kg™,
C/N H18.9) Bl ei-himsd (RC, 50.0 ¢
N kg™, C/NE 7.0) #EHR L L CodmgiHhNL,
LFC & AR THE TR L UVE R ER O
HETfT-7., HBohhi ) EREERMEY %
7y rFa—7 (GFR3B) TEIFTL, &
Fri% I6EICBM L, BASREE LY T8
3000000 _E M 732 BERR L /= 386} 4 SDS-PAGEIZ {1t
U7, SDS-PAGEIZIXIS% AU 77 Y7 B4
N (7 b8, SPU-15SEY) ARV, fF
BO MY A R fEE R CESIKE L
(20mA) , $RHe(adk (Budowle 1984) (X b
7L,
2) H¥mESEMLETIED ) BB RS
HHO 7 =/ BB

50 m LEORUEICAEREZ20gL 0, EX

TABOGE 2B LoloKkeEMz, Zhicy
o2 PR (GLA, CNH & 2010388 B8 L e /-

AT (RC) #NE LT 2gkg’lchen L 9
ML, E6IC2%HYEOEARZ (41, 72 C kg™,
3.4g Nkg") FHE L LTINA, 21HRE0CTH
BheE Lz, BErRiook B ElRmL, Kog
PEE—ELARD L2 L, EEEZ4I4FEED
1/15MY ERREENE (pH 7 ) &M A2 CTIREHE & o
%, 7,000rpmCLOAEASEE L, Bk
EEL B AF o — T (RS, 000H )
CHEMST L. T3 B OST O, GLA
K. RCEFIFIUT-DOWT, FHT L 7= PIik60ml
R o GRL— 24— CEEL, ZhiZ2nld6M
EEENZ, AR LEEBREOPC 10T, 22
WERIANAK IR L To. KRR, SRERE =
Rl —&—CEmEL, ZiC10mLo0. 02MEEE %
& THAER. 2un A T LT g e E— (B
— AT E7— FR)CAHR LR E T 2
JEEGMTICHL U, i, 72 e E ST
H(AL-8500) k2 L v, AfRiES A Ay 7 K
K175 (4. 6mm, B0 &AW ERIE ST
Tof, 73 /Bil=rbe PV i nRBEaS
H, 5708 UMK EEHE L, &7 3
JERIERFRMIC L O REL, — R E Tl
AR L, BB LT, IgERio LS o
WCH T L, B REE O R & i Lz,

3) AREEZROBRICHT IMEDOEE
AialeERoORELHET 27201, Fi%)
FEEFCHUAESEERRML, U CBEHEEIC
T THIHEND ¥ w37 g OEfEE Y 1
A HEBRHPLCES & (RSDS-PAGEN K W & L 7=,
5-2~1-1DMBR FHAD, i ERE LT
g~FI R, AT UTARIELTZ a9 A
7w = E EN R I000mgke WINT AR E
BE L CRER SR CREELIT, ) EBEE
Wi & 7, et AEEBRHPLCES

- L URSDS-PAGES T L7, MiagifSfhs b I

EIR L A G Ry

3. % B

1) 1 UEEE R OHPLCS 4T & SDS-PAGE
GLARK D58 1 A% OHPLCY vi= b 7757 LIZhE
{RERRS, 44517 0 — R B — 2 g L
(F15A) . ZOE—7 3B @OETICE- T
K OBEICR 0B o T o, RBSRK ORsE
1 H# By CitRiiefb. 3500514, 2457 O]
WRBSHINE & HFE Sh 2RO Y —r7 g sh
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~—
P
=]
=
i
[
x
R
[0
[&)
[y
o
0
| .
@]
3
< ¢ 14 d 8 14 d 8 14 d
6 [ 6
4 4 4 :
2 2 2 g
0 0 0

g i 15 0 0 %
Time (min)

15 20 O TFTTo0 15 0 7
Time (min)

Time (min)

16 ORI LGB A TR OV B E R i OV Xk

HPLC 7o b7 2 LDE},

A a2+ (GLA), B gt iah(RBS), C: 7 A 73 (ALB)

* AR A 3

o, Zhoor—7iiiEFR14B A £ TITEEL,
PRIFFIRFES. 4y D EE L = 7 TN A S
(B15B) . ALBKo#rE& 1 H HiTid, 6,943
TNT D=2 BiEH LA, RBSK & [E
FRICZOE— 7 [ ESINTI L L, 8. 455D
BAHOE—7 A SNE (KI5C) .+
bh, ARBRICENT, Ao L
BN A DR O 7 ST E L, B
EOETIC > THERBAOC— 7 iclih A &
h, TORINVEL 2D L0 ) HAORHFMEE R
L7z,

—F, SDS-PAGE/S & — > HHPLCS#T & Rk

Triesephosphate
isomerase
{26,508 Da)
Myaglobin
(16,950 Da)
Lactalbumin
(14,437 Da)
Aprolinin
(7,500 Da)
Lasulin, b-chain

(1,423 Da)

R Hivke (|1e) . +heblb, HHE
W oBEICEL LT, HEIOMCHRL shi
Ry FiE, BEUAETKHEEL, F&
8000-9000 & #E7E X412 LEEEH 03 KSR
lrol, HERESY FolESLS ST
BIHPLCIZ K o TR &N B =2 LIEIE—H L
LAY
2) BEmEFMLETEOY LEEEE RN
HiOF 2/ ERHRRE
B OCLAK 33 L ORCK 0 7 3 BEALRE
M, BEERTOHEEICHNTRERBORARLN
- (BT . b, BN, GLARK CET

16 HEROPRIC LR T T B EED SDS-PAGE »W— DY,
AT (RO), B: Fa—A+RE(GLA), C: fEbs  Hhh (RBS)

* B AE B K
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EH1B®
§40 ¢ OUI-A+HHR(GLA)
s [ EET=REAYT (RC)
4 BiiE
¥ 20
=
10 R A =
[ Vin I 1 [
;E' 0 _ai_ 7 A, [ é = : v é
~ His Arg Tyr Phe He Pro Lys Leu Ser Thr Ala Val Gly Glu Asp
. bt Valsk:
= 0¥ ha-A-+RE(GLA)
iifl 40 Biifz4aili 9 (RC)
Ba | B
da
B 20
10
;l.'} 0 AR, A 04 :é-iﬁf 1% Ak l;‘ Ia I; g n " "
[N

His Arg Tyr Phe lle Pro Lys Leu Ser Thr Ala Val Gly Glu Asp
17 e COsEL- B0 BEEET R Do 73 BER 0T

A HTAERRHPLC
RBS+
B2 12 3 - 12} RBS
S RBS PETERE S ooy et
£ 10 i A YRTAT LS
'R 8 B
I B 8
2
£4 4 4
H
2
i 2, z
fl—— - oL .. e O— e
67 F 10 5 % 5 160 15 20 0 § 10 15 20
| Reteation time (nin) Retention tice fmin) fetontion tice (min}
B. t#4 ssguric
15} ”RS 157 | RIS+ 15! RBS+
< FHOAFUIE POZAT LA
Ny
5
21 10l 19
F
2
55 5 5
; “L*,
H
E
3 fY S ol
1020 30 10 20 30 0 30 20 30
Relentlen tima {mind Fetent|on Lies (min) Reteation tine (pin}

B 18 F@boHAK¥ (RBS) thiEME AR AL C2BMgE L ED
VB ErR R OHPL v b 57
A B C

STD.|RBS GLA RC |RBS GLA RCIRBS GLA RC {STD.

Triosephosphate
istmerase (26,625 Da) 5

Myoglohin
(16,956 Do)

Laelalbwamin
(14437 Da) %

Aprolinig i

{1,300 Da) e

insulin, h-chain b
(3.496 Da)

Bagitracin /

{1,423 Da} : T
B 19 H¥pimsmEr oA L CEBEELZHEo

U BERRTETRAN I O SDS-PAGE #350—

AL~ INEM, B fUAABEEN, C:/e7A7 c=a— 5N
IERMIEE A ENT, RCKTRRT I HHEOREFI4AHO ) EREE R RO
BRI RE S Biz- Tz, LvL, #5514 RYPEERES O A LV ASHEHPLCY o~ R T AT
Hg, 21BHICIEEE DT I/ BHEIEIER BEhEhERov— s B Eh (F18).
CLobobiholz, S5 Y, HEEA O 7 ORI OHPLCIT
3) AHAREEROWRICHT SMEMDFE BOTHMOMER LD b/ Eho?z, —F,
RBS & [RMFIZ 7 B T A7 o = L B WS L VAR FERMUSEES, fi4mE s



24 BIRBEERABRITRHE 5 34 5 (2003)

I & AR R o v 7 BLAMC o
=7 iR S o v,

O X 5 AR HEMEESDS-PAGET X A5 T L F
WCholz., ¥hpb, /I h7z=a—)
ZFEERCRM LIZES, WThoREEX
BN THOBER4BRICBWTLERD S F
BIR-STEE T, 4 FE8000-9000FHF D3 B
FHIBR E Lizdeode (119) . ZhicsL, &
JuA~F I REBMUEZES, F4AnERE
TN & WL 4 F ER000-9000 7/ 3 FEIS - A
WEAe S B & hledo iz,

4. F B

TECEESS AR LS, Fh bt
PWAEMIZ L - THfFsSh, BEFCERYAENS.
W, O ORI CGRECIT LI
D EMRH BN/ TE 72, Bremner and van
Kessel (19003 8BIiCEMLAYCTF UL &N
To &7 Nt A DIBRFE LIP3 v ACIC B
ENABZEEHRELTEBY, Urquiga et al.
(1998) i3 H3EIC F & W = B iR 3 LA
Mo o THRMC RSN D Z & BRI A
OWED S ALUPICEEICET S 2 L bHER
LCha., ARBICBW LY OFBEY Y+
BoEm UL &x, U ERREIR R O Y A
APERRHPLCES J. URSDS-PAGE/S & — i &
HEOEHE OB SGECMCHE L, Thb
H, IhOOERIENEh A B ko
SEAERC IR RICR AT EER
THOTHS. —F, BBEOHWITINEST, W
Lo THRIBENAE S, BT E
8000-9000 & #E7dE X 5 THBE A OB IALA,
Ehito., Ef, ThboRERIL, U o EEETT
RO T 2 B ER Sh - AhoR
FWICER D O TR O HEO 7 I BRI
Lz b b—8T5. ARLLERICT A
TG A EPBICRM LR ERT, 9405
AWMLEEOT I/ BB, B2 hRas
HMTh e b EOHEEAEDOT I 7 BRI
SLLEEWEL WA, REBROT I B
AR, AARONRWME L7 I 7 B &
g5 e (04), F b o —E L Tn
oo Ele, TOEERT I BAAHEREE
DT /BEAELTHA D E3Kai et al.
1973, Marumoto et al. 1982, Chantigny et

al. 1997, Degens, 1998|C L o THESH T
L. PTTIBVECRNT, HHROEKLEESR
OHFRIRCTH 2 2 S OB Th—72 ¥
VRTHME T D D L BTN, TR
i, ThETHRESRELDRT I/ BOHERR
PHbEMTLEND. X5, FREOUPLCER
L USDS-PAGE RN Z — D436, HEEICHRIN
SN T B A R R R SO DMLY
AEN, TORBBETELIEHEICHETS
H—7pE A HEICEBE L TN SRR E
hs.

FLT, ZEICEBEIhD ¥ T EhE D
TR RS T A OREEA LT B0
i, HERE LTS A7 e=ma—), Bh
EHIE LTy aadi RO 2BEOHEY
BEIRM L TE 38 %17 - 7=, HPLCKS J U'SDS-
PAGE: Bl 7T A7 rma—ni o TH
PN R OTERESEIR ENDS T L ERERR L.
Tiebh, BEE4ARIZBWTLERAHMYH
SEOE Sy & R D RO 780 bk
+EBlr oG AT e a— A EREAT S LY
TN T OBEBEAIH Eh s D ik, SKRE
OMFERREESNRD Z B bLhTn5 (T
b5, 1977) . Thbb, ZOBRGOHPLCE IO
SDS-PAGE X # —2/iX, BN Li=ah i fdk
B L DS CHEEICIR D A ER, SRRE
HEOW S MRAER « FERINZZEEFRTHO
Thsd. Fl, A27F) 7 OBENPIH S
WHETHE, ZHlBORIGHEET, &Ry
ROE OBESAIME Sz Z LR ENR A,
—F, Iu~FTI RERMLCEELLE
B, YT AT s LRINEO &9 EK
OESEFD BT, SRR E R S E e E
TOLBRO LN, FOEERHRX LY L0
St I, bbb, HEONEENEER
GEUECH LRI EDEOTEEMEES NS &5
Z 7=, Sowden® (1977) JRimfA, ME, Lok
BRI UBEROT 2/ BRI % il U B,
HEOT I/ BERSEEEEhOFhEED
RS E N L EHE L TRY, ARBoE
BREEE—HLTWDS.

PAEOFER I Y, FEICHR W =E#,
BAEDIZ X > TS, BEMICMEOH
ik, HEEAOY V7 R E BT E
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R LY ™MIn kDT EAREE
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ERFRPLTWHEEZORD. (B3R, HiE
SRR OWIR B A HEE 9 A 5L, N OE
ML E R L CE AR L, IR

DIEW O " NatomkZ BIET 2 Z iz X niThh .

T&je ((U=1990) . Z BT, BReEE
T T DAY HEEFR ORI A E TR
B, A TERR L O L D IR CIRIT X
NNV TR IR T 5 Z i TE R
V. RS (1997a) JXPN CIERE Lo K
HBRLEY Z 7O Natow%ds b 7810 %
HARXDEFNE D bENZ b, V7 Funs
FHEEERFENLEERTHLB L LTS
2%, TOFER, Kb HEEZROINIREN
FEE R T T L OSBRI L > T
FIRENDANRIN SNz THD EVHHE
BRI LOTHY, BIRENAHREEROT
DWW THEE LR STV,

—7F, BN, VEILBWT, A#mEiiHE s
AR S oBEEICEL LT, B
RSl D5y - B8000-00000D & 337 KMV
BTaZaHLMI LIz, Frivian
YU UINGIREREAAT RN EK STy
HEDTHNIE, ZOX AT EWE PRI - A
AT amitEr|mnetEzohs. Zhit, ©
HERICIRERO T L BIEREbD PR, &
il P OBEILES SN EMREEOERES

WEBRITIE, S5 FES000-90000D 5 37 HE
PEHEREREOTERITERELZ 20150
LTHD.

B DR O RE RSy O EE B dh
BIEITHE R TH D, B o b~ s LD
B - WS 2 B D EF IR L o REE
BB ENTWS, Frrohfeor i
LoTHERDH 2 R EBRIN STy
B ERET Y, B O TR O
TEF LEBEET, AERYOTRNFEDL LA
Mofo - Rk RRY, SERPIc gy
VTR EE L ER RV EEANAD
T nh e HEIhS. 22T, ZoELE
WEET A 7o 0ic, AR5 L O R
& mLizF P, =Lt
Vv o OEETR AR, Y XEEBR HPLCAr
i L v a2 1T o/, S6I8, Zhoo
EFRWINE IS B IAERAEDE N L TiTbh Ty
B, BB CIIEBERIR LT AOREREIET
A, LIRS R0 KR R B L T Bk
TEBENICF oA, =P BLUE—
RS, FOERRNEIS T L
2. A &

1) XA VNOEMELEF YA, =
UOUEBEUE—T U OEEROLE
BMEC I B LS L OB R & A LT
o8 A th OWARRHT RE AR L, U R
BRI L0 ZhE TR FIECH R T R

B R U, Aevchmdyt AR L C238H

MRy eI ENnEF U F oA, =Y
BIUv—vr (BNECEITHRCE) Ok
WA HIEE A 1en?R L CUIBR L, YUBNEGIC60
BTN AEBEALTERHLEE, BT
$H80% T /v — A TR - ol U RS & B
Wil SmLE T T AT v 7 F a7 F HINTEIC
EWHLYST, HWBINAEEEARIL.
T OEER FRID00ITATVY, P00 T T A
F oyl Fa—TEERLE. —F, LS
F IRV TR SN TR R O R R Ak R
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Tof, 14RMEEELT- %, Litd iRk
FIECEERAEER L. BRSh-EER
TED U CERERER R Tk T e ElRA
GV A ZYERIPLC T 24T o 72, BT, F
7Y A OFEFEOHPLCHTIC R NT, 7
LIEMR T ORMEE & 2080 EICERIRLL, EILER
ODEAPEEENS>ERELHMEERSIEH
(Mitsubishi Chemical Co. Ltd. Model TN-05)
ThHtr L.
2) |EEBEGTOEBICHENELEY Y
BEERBEERNFUSUYS, Z0D
VBIUE—T U OEBICRIZTEE
Frrvdd, 2Bl —< 0
T4 5 YW HREET U v AIZ205HREL
7o, WEAXTIEREEL, 120C, 1L.28ET
A= b7 =T RS- F T PO
L7z, BE3% 2 RS L EEE LT rRd
FHETHE LS8 U, 300ml 75 A=
W AORE 2R 3R R R\ T MS TR R 0% Bl (Murashige
and Skoog 1962) 3L, A—IF% 271 25
g ZHEEBRL L, 120°C, 1. 28FE CiEE LT,
D5 h, MSH{REEHL10% 45 X UR20% (fEfY
) #HEOY CEREEERERETRET AR
ERTY, 0.2umD A T T T g e B — (Ster—
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HIZEIL, WO $50ml L7 s L3
L7z, HHO Y o EREEihiiEy, Hont
H200g DLW Fra—2 (1.6g) LT
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R E CHE L, CofBiRE e Y v
Fro— 7 (5 F 835000 T & BERR, Spectrapor
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B ERie, ST oihtito s o RE
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1) TEO Y EEEEME ROHPLCS §T
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oY CEERERo s o N 7T AETR
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FHbhE, Thbor—70F S L EEITAS
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HIRF O F 7 BIREILGS Lo b O,
2) EEROHPLC T
RCEDF 1 7 ot A B BERE S Sl BB iR oD
B ZPERHPLC Y v b 777 A, (R
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A FoH YA
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22 IEBEENE U BTV R RSN
HERETEO) BEFHR RO AR HPLC 2
B AHE

O ¥ A Eh R R Sh g Y —
7 LRREERENA L WS, Aoy
OEZER L IO —r ARt an (9
22) . EHREFOL THER Sh-Hoaglandi
THEENET A b ER SN HE
e C IR 0% RE8.9,9.5,10. 1, 10.6, 11. 4, 12. 2
SPICRCIK H AR 2 v — 2 SRR & s, RC
K CHRH Shi-8. 450 e — 7 i H & /o
= (®21) . “hicE L, e, i
NOFIEFEFICBWT S, HEORHE TR
ENAHB 45O~ 2 ZBE SN ok,

RCEE TH#S ST o A o bR L=
MAE R D) A ZYEBRHPLC D AR % 20500 43
WL TERE S LI LA, BPLCANZ— b
AR 2 — o TREAN R S (F23) .
LT, 8. 450702 RETBISICLER N
HEahk., ¥hbb, Zos 4450 — 211,

5 Osk#t

4 - mtERC)
g
W2
b

'|_

i !
0 svo—s1r 505 72

S FEB000-9000 L HE SN DD TEOERILA
Wehariwmliz. —F, KEggsheET
VIR A DBEIR A R T L2 A,
HPLC & Rl Ae 3 & — %R Lz, HPLCASHTIC 38
WU, REBREE R TS 40— 2 it S h
iR leds, ZOBESPICBEERSEREL
RCEEIZ Hor T T Ao 7.

3) EEEHT CORYDEERI

MHEEETC, Frifvdi=rvPrRt
EBHHEBEORINCL - TEBTRRE -7
(424) . —J, -HEEHMEB#EORIL, v
YOABITBSRNBED Skt Fuy
A b m U DERFN BT MR O
WIEAEM B0 TERL o720, v
v OEBRWINEIIEM L ed o7 (EE10) .
4. E =

ARBREERS S LU ERRE RCR) TEER AN
TeF oA OBEEPICE, A Bk
HPLCIZ B W T FHE 0 T Tl A I8+ 5
E— 7 (8.9,9.510.1,10.6,11.4,12.24%) 73
BHEILE., ShbOE—Z708 51T hb
THHREOFIEL holz. HEHOEE LT
FRFRBET A LRI TSI TEY,
Catald & (1988) ¥, #hHLO—{RESED
EICESE L TWD E LTWD, FHEBRICHE
TR B L O EEom T v o
IhbLOE—ZICRERNFTENTHND 2 0
B, TROLIMAYTAEEL LS.

—7, RCEP LB ST 7t O
FRAFITLHEO R K & RSO MRERRE (8.4
) e ZRRE SR, ZOEMLERY
EATNBI DG, Zo7BEOERLEY

Retention time

& 23 HAREEER HPLC Lo TH SN F L7 A ST OREST
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B 24 MEEZEHETICBWTERT)—MSEHIC HEREREERARNL Gz
FLFoHA(A), =P (B), BEUE =< (C)DER

7o R 20 o6wshn, rha: IR 10 % dshn, C: EERhn

10 EHEREEESR 2 PRV NS Bt HIRERIEER 2L, BEREAFTERE SO OZRRINE

g )
vl il P =g e F oA
(ug N flask™) (hg N flask™) (ug N flask-1)
® n 78.8 & 1.3 23.0 £ 0.9 _ 54.0 £ 0.9
10 % # o 69.9 + 1.6 69.8 £ 1.4 86.3 + 1.2
20 % # 76.5 = 1.4 167.8 = 1.8 153.56 + 2.3
Mean = S. E., n=8
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ThoHEMEEND., LhrLiehb, Z08. 45
R I Y — 7 i, AEg SR A
A QEFRERPIBH S W ol FO
e, ZOV—ZICHY T AERLERB T
T oA B Lo TRE S E Ty
ZEMTRENS. $in, T OEEHE Y R

HE ARG LIRS, MEOEY—7TE—-8

Uiz, =r P oBERTIC S g & [
UHRFRBICE— 7 8B I, Zhiox
L, E—vr0EFENLIROThORESE
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bbb, AEMOAZBRORM-TZTF S
HA, SV OEERPIIOR, TEOY
R RDE RSB AR E N i
D, OB, EREERERSMEV AR
FEHT TH{EFEER & %L EoBRE BRI
LisFwdwrihg o urn, LBICERL
TWAHZ AV RMERSEERE LTRHAET S
BARGLHEREES RTLOLELLRS.
—fRi, TEP OB TR SR
fEND. MW BT SR OB R OE
BELBEREIMERTHY, KEE LIRS THE
HENTWD., RERECEE CEREINTE
W, —FEOTRTTRAF 4 v 7 ipEBERY,
HERSIENOH B OB~ RT3,
IS OMBROEEE, RTRBIShEER -
RS A EFRICL VMRS TS
(Nooden and Mauk 1987). Satoh et al. (1992)
D RF vy RECBNTEBOZ A28 (4
FET75000, 40000, 32000, 19000, 14000) A3#
BHRHEBETHI L ERE L. b0
ST BIAKOBENE &b, RIlEEEE
MOTRSZ AT ¢ o7 Bl %8> TEERK
HHZBENT S, Fo v VIicBW T L4 FES30000
EHEESNDF ST ERRNLHIEE BT
ERH R EOH B OBABICBE TSI LB
Sakuta et al. (1998)1Z X » TEHE I TV A,
7, Cleve et al. (199D 13375 OBy # o
SRZE (G TE30000) ASMARHRITARHARD thio B
W ERD 2 LG, WMYOMRERN 2%
B 2OEEST I BT TR, s
TEOERETTOWRETH D EHE LT 5.
G Bt A R D ORI S
8. A —r NARICERE SR o Bk

WE LR UWETHD LW DI EICEN
BRSNS MNETHEHP, LLEOWEN LTI,
S FEB000-9000 & HEFE S5 7 L 37 #RIE S
W Lo TR S, BERERWEEShS
TERWRETHY, FrFLY AR DR
FOWAER LTV ARREEIIEVEH#HE IR
5.

T DR BRSO ORI 0 A M
BOBERRKE N LT TICBE<HE SN
TRy, RFEALZENCAMEIC LS Y BRI
BERHIFbND. IF, MEREHOEFR
W bREdT sz EndEshd L 9ici>T
& 7~ {Chen et al. 1999, Cairney et al. 2000).
EHMOBRBRERRE,S>TEBO I L, =
PN LA Z it b Ty A,
FrF oL 3T T FROEn TR, Th
FCIZAME & O AR B LN EATRE S
Ty (Tompson, 1991). Z@ X9z, FHH
R L AEFRRINEEOERE LT, AME &
OFLAENEE LT E 5 DIy, £
T, ARBCHEEEESEERET S L
W R0 AR OREEBER L, B Em
SRR RO E T 5T
A, =P rB LU — O 2RI
IREWREE Lz, SR B ORMETFCIIAME & it
EIIARTEETHY, ERFE LTHERMLESY -
R BRI T L o T b SRS
ZE bR,

IOERBEEH TR TS, EER PRI
TS R R E LR DRI E— 2 88
BRdEh=F oot o P OERRIN
BB s RSE ORI L > TEinL
o, ZAUZRL, BEEEIIC B Y o7 B
BHERRRE—7 BHEHEN ol E—2
TS AT BRE RN T ERWIN
BB Ude oo, ARRECREARE M i
HEEERFIRMLUTWRE NI &bk, Furiy
Yo &=V OERPINEOEML, BN
iz tgEy R EICHET A EEABNT
5. Tihbt, Frraot =T iEdk
ERAEYPREB COEBIICL ST, B
T2 & LS 7 B 2 I U e & & 28R ORI
SNA. Fi, B ATEO LD IR
BAOZHFLTCWRWEEDRNS. D EOEEN



30 AR R B e B IBAT A 5 84 B (2003)

D, BIIEZBWNTHERE R LTS L
BEOCRY b ER RIS O ZEOE
BEREARE, I ERT A F VM E R
BHFERRE LTHIRT 20BN HD EE %
HILD.

Tl RS FEE R RO - oo
A FIZEEFEEN, 73 ovsEEAELT
IR E R ->TRY, BEERRPILIEEALY
BHEWRW, Ok, Frivi=y
VYRR AT R E R D 70
W, T CREFEET 5 0ERL L. AR
KWRWTH, £ I0MEBESETHTHES
T, T OMEIZES LT, Ao
s & LT SIRCEIR R G S D %
V— MNEE T S A BRI EE L7184 (Chaney
et al., 1972, Ae et al. 1990)%°, #THFAe and
Otani (1997) £ > CTHRAE & T SRR 15
ELEPE R OIS ARSI Y E LTV D
DTN EHERIND.

WAz, EEF LR BB AR O IEEE S X
UERalE 2@ L CIERKEIR D AEn 2 8E L
HONCT H0ERS L. Z R BEOEST
FREYRICR D AEN TR S 288
WOk, Nishizawa and Mori (1977, 1980) o
KO LMZ ST D, KPEERICERIR
ELTAEZa ML TA 22 2T &
AL, BRI O (invaginations of the

plasmalemma) 3% {EBEEINBLIITAN, ~

X0 FEIMBEEO - O Ui b b 2
S THIBEPHZIL D IAE R (endocytosis) , =
NABERILT 524 71, HA WA HEY
NENDH AT T OB CHb D, AR
WRBWTHE LB Y V7 igE oS+ &
AT B E LD ais/hE Wi, Zo
Lo nF A=V EDEE
BCIRELPETFATH D, 5HIDOAIZHE
L THEICBRT 2 0ER DA 9.

VIl #B&EE

1. AREOBH

A — IR O L O L S h s R
B (A ¥ 20—t VIRIT & 5 TR IEE )
R ORI & & FEREA R <, Fi A

A Ll i nT b, OB
HOIIF R SN TE . L LAaRD, 19934E
25 B 19984F (i T T B K EES OBRREE
el e FHEF R B A& RO®R
HEr—roRici, AR RA L CGHESh
feb g g, B b, =Yy, Ut o
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BRI A b AR SN S e E R A S
EEIZFEHMRFEDH NS, T HOEFE, &
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5 EHTHRHEIIEF L.

2. KROER

EHEERE E LSl hirdk LR Em
PEEBELTRT VY OB, b
FREEE R L7 A s X ORI % e
L7 & £ OERBINER L L. B3
FHOBIER Lo ThEh oEREEREIRT
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P B LN — 7 A AT g o MR
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RO B BN RS R A AEMEREATET ¢
b (LSRR & (B LA E D BRI i &
DL RO TR, GRS ET O
VD 22BN RS IR S 2580 & h,
FUF VYA EUTVBETRY L Y
A BRI o CRR N 5 Frig e
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I CWNie Y BRI o0 2 7 B
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EMBLEMTONE. &b, B LR

W Z AT o= (FEEAD FEmL

THELZBEEZOBEBBIMEENE 2 Lk

b, TRIEET SEHEERIIMEC L0

EXh, TOHEEFICHKRT R EHEIhE.
PRTE IRt B LTS LieF A

A L= OEEE RIS N B

BEHET BB SN, ZOBSEK

BtE ST v 7o RE Y & 5

FHEDFR BRI Do I & — L DEE R

B EIhRnZ Ehh, Frirvdhge=r

VN TEICEET A X o BRI E AR L

TWHEEBZ LR, £, BESMAIZEBNT,

RIS R A S E RV o L Ry

BOEARMLCEE LEBA LTy Y

A L=V OERTINESEI L2 0,

IEOERRINE L, HRE & 04 -0R

AT 35BN L TiThbh b O TR

R, FrirbARo= P Bty Ry

HOE A BEERNT2ENEFELTWAI LI

Lat#EZLRN. £, ZORIOEED,

BEMAERA L THE LSS DS

KRN RSDOVEMBZEOFBERERTHD Z &

AR X ).

3. RILYYIDOERRRRIGIZE TS
EFOBE & FRERHOMEROLE
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Summary

Nitrogen (N} is the most crucial element for crop production because it is a limiting
factor for the growth of almost all crops. “Inorganic N uptake theory” has leng been studied
since the research of Liebig became known. Liebig’ s conclusion was correct, and crop
production in agriculturally advanced nations has been extraordinarily enhanced by the
application of chemical fertilizer based on this theory. As a result of intensive application
of the fertilizer, modern agricultural production can nourish the huge number of people on
earth. However, chemical fertilizers are produced from limited natural resource such as
petroleum, phosphate rock, and potassium salts. On the other hand, orgasnic materials are
increasing because of their occurrence as by—products in various industries, and sometimes
these materials cause serious environmental problems. Thus, the intensive use of organic
materials must be inevitably promoted to save natural resources and protect the environment
Therefore, to know the effective use of organic materials in crop production, the status of
organic N in soils and N uptake respoase of crops in soils amended with organic materials

were considered in this paper.

1. Influence of Organic Fertilizers on the Growth and Contents of Nitrate, Oxalic Acid and

Ascorbic Acid in Spinach{Spinacia coleracea L.)

Spinach(Spinacia oleracea L.var.Magic) was grown in the alluvial soil field applied with
six kinds of fertilizing treatments at the Shimane Agricultural Experiment Station, Shimane,
Japan. Those treatments were as follows ; standard application rate (220 kgha™'N as ammonium
sulfate, 140kgha 'P as superphosfate, 140kgha 'K as potassium sulfate), 10% and 20% reduction
rate of the standard, slow release nitrogen fertilizer (15-15-15) applied with the same amount
of nitrogen of the standard, as weil as oilcake of rapeseed and soybean applied with the
same amout. of nitrogen. Effects of the fertilizing treatments on plant growth and contents
of nitrate, ascorbic acid, and oxalic acid in the leaves were studied. Besides, soil inorganic
and organic nitrogen were estimated.

Nitrate contents of 20% reduction #treatment of the standard in spinach leaves were
significantly decreased. Total nitrogen absorption of the treatment rate was alsc decreased
Dry matter production of spinach in the treatment was comparable to that of the standard,
Contents of ascorbic acid and oxalic acid in spinach did not differ significantly amcng any
treatments. The contents of soil inorganic nitrogen in organic fertilizer treatments were
less than those in chemical fertilizer treatments. The contents of organic nitrogen, such
as amino acid and protein in the soil applied organic fertilizers kept very high before
harvest. Nitrogen uptake and dry matter producticn of spinach in organie fertilizer
treatments were equal to those of the standard. However, nitrate contents in spinach leaves
in organic fertilizer treatments were decreased by 45% compared to that of the standard. The
soil supplied with organic fertilizer was delaved mineralization and nitrificatiomn,
therefore the reason of decreasing of nitrate in spinach grown in organic fertilizer was
considered that uptake rate of nitrate was relatively decreased and that of another nitrogen

form mainly smmonium was increased
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2. Nitrogen uptake response of vegetable crops to organic materials

N uptake response of pimento, Chinese radish, broccoli, cabbage, chingensai, spinach,
turnip, leaf leituce and carrot was tested in a soil supplied with a mixture of rice bran
and rice straw (RBS) with a C/N ratio of 19. Inorganic N conceantration in the unplanted soil
was lower but amino acid and protein concentrations were much higher in the RBS treatment
than in the control soil (without additional N). N uptake by pimento and leaf lettuce was
higher in the control soil than in the RBS treatment. On the contrary, N uptake by carrot,
chingensai and spinach was higher in the RBS treatment than in the control soil despite a
consistently lower inorganic N status. These results suggest that the N uptake response to
applied organic N depended on the crops. Similar results were obtained by using organic
materials such as rapeseed cake (RC) and dried cattle feces (DCF) with a lower C/N ratio
than RBS. N uptake by pimento and leaf lettuce was lower for organic N than for ammonium
sulfate (AS), whereas, N uptake by carrot, chingensai and spinach was higher for RC than for
AS.

3. Extraction of mineralaizable organic nitrogen in soils by a neutral phosphate buffer
solution

The availability of soil nitrogen is often evaluated based on the amount of released
inorganic N during incubation of a soil at 30 C under field moisture conditions (called the
”incubation method”). In place of the incubation method, however, we have developed a
phosphate buffer extraction method, as phosphate huffer—extractable organic nitrogen (PEON)
appears to correlate strongly (r=0.92 ##k) with the inorganic N obtained by the incubation
method, based on an analysis of 20 seil samples collected from various soil types. The
substances in the soil solutions extracted with phosphate buffer were analyzed with
size—exclusion HPLC equipped with a UV detector (280 nmy and sodium dodecyl sulfate-
polyacrylamid gel electrophoresis (SDS*PAGE). One major peak was detected in HPLC
chromatograms irrespective of the soil types. The peak area in the HPLC showed a high
correlation with both the amount of PEON and the protein concentration in the soil solutions
extracted with phosphate buffer. Further, the major peak detected in size-exclusion HPLC was
identified as a uniform protein-tike N compound as the SDS-PAGE results showed only a major

band and the molecular weight of the band corresponded to that of the major peak.

4. The status and origin of available nitrogen in soils

In order to determine the origin of the homogeneous N compound that appeatrs as one major
peak in the size—exclusion HPLC and SDS-PAGE, three kinds of organic materials (glucose and
ammonium sulfate, a 4 : 1 mixture of rice bran and rice straw, and rapeseed cake) were added
to soil, and their soil solutions extracted with phosphate buffer were traced using size—
exclusion HPLC and SDS-PAGE. The original peaks of the organic materials disappeared rapidly
on the chromatogram, and one major peak that was present in the primary s0il increased, even
though different organic materials had been applied. However, when chloramphenicol and
organic materials were added simultaneously, the appearance of this major peak was retarded,
but when cvcloheximide and organic materials were added, the major peak appeared more rapidly
than in the case of organic materials without any antibiotic. Therefore, we were able to

confirm that the source of mineralizable N may be a homogeneously—produced protein—like N
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compound derived from soil bacteria with a distinet molecular weight {about 8000 to 9000 Da).

5. Possible Direct Uptake of Organic Nitrogen from Soil by Chingensai (Brassica campestris

L.} and Carrot (Daucus carota L.)

One possible explanation for the superior N uptake by chingensai and carrot in the soil
with applied RC could be the direct uptake of organic N, especially a protein—like N compound
with a uniform MW of 8000 to 9000 Dalton that accumulated in the soil with applied RC. In
order to oblain evidence to support this hypothesis, two typical vegetables were examined:
chingensai, which responds better to organic N, and pimento, which responds better to
inorganic N. Xvlem sap was collected from these plants and analyzed using size—exclusion
high pressure liquid chromatography (HPLC). In xylem sap of chingensai grown in the soil
with applied RC, a peak similar to that found in the soil solutions extracted with phosphate
buffer was detected on the chromatogram, while this peak was absent from the chromatograms
of chingensai grown in inorganic nutrients culture solution. In contrast, there were no
similar peaks for the xviem sap of pimento grown in the soil with applied RC. Further, when
chingensal, cartrot, and pimento were cultivated in an N-free medium under aseptic conditions,
the N uptake of chingensal and carrot increased with the addition of a soil solution
extracted by phosphate buffer, while that of pimento did not increase. These results strongly
suggest that the superior N uptake response to the application of organic material in

chingensai and carrot might be related to the ditrect uptake of organic N from the soil
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