tE DT I B - IR L RF%E

87

14000 100%. - O 7I/BUAOEF DN
12000 | W 73 BESON
80% |
10000 |-
ﬂu_f € 8000 | = 60%
¥ E 6000 | = 0% |
4000 |
2000 | 20% I
0 f E e = 0% L— - o —
NH4 Gin Ala Val NH4 Gin Ala Val
3500 - 100% | — — -
3000 | O 7I/BESOES DN
80% | W EEE7I/EESOEN
2500 |-
% £ 2000 | = 60%
%E E 1500 = 40% -
1000 |
20%
500 |
0 0% 1 - I - L -_l
NH4 Gin Ala Val NH4 Gin Ala Val
5-5-1 "NEXHT7I/BERINE B /-1 2 LiEHhD 24 BERED °N ORZEE
A RBERELE, LI2AoT, JEF A )
%*E %,&_%§ ‘ﬁ s Mo" EHRE ﬂ,_ﬁ‘f-ﬁ'ﬂ" FER
HEESG T, AL R T A1ETHREE LD, £
1 RO DG FBETERTAEG TFOEREEZENS{HFE

{LFBEOZEPLBRENMEHIZIAREENIEES
ENBH, BRICELA RN EREELHERFTL7:
H, BRIRPELVWERBESREZhO2H %, A
RETIE, FREREOERFERSMEWONERME
ICRELEBR5ZDH,. TOHRIE. BHroRRICL
BEFHREL BELZBIEZBON NI EDL SV,
FHRFCIIREYERELLER - ILKTH0121T,
BRI SV EHEM 2R L, B0z E

PRRMICHIEHTIEICKD, B EE CHY

NHARLTLTELENHLEEZ LN,

EMBEEICBWTEFTEROKRECERTAESIZ
EFRTHEHH, Bk ERAEHSOEFLZ FHlT
LRI, V-EveOWEBEREHICESE, LEM
YOG LY ELIZERILL 72 NH+. NOs- Z il
ETHIENPTONT WS, FO—F T TETER
LI EREESERELEDOETILA LTV RWERH
(Matsumoto 1999) ®, ¥ ¥ FJ #h3 O FHEARP M E AT
73/ EREFERAICIIN - FIFH LT v 5#t45 (Chapin et
al. 1993, Nasholm et al. 1998) &Y. LS
EROLEFMTAIEROFETHREIE 2 L
7ot B/ LCEYICEFETE TR ADDITOVTEE
[z b o7z

AREIEE B Sh 5. BEWO S EIC
INF NI E, RTFF, T3/ BB TREAICER

67

LTwa, L2L,. EBOFREEEDRLSRERD
HEFTEAEWIIOWT, ARBEROEFTOFE,
I, WINEORBHCBET AR hETIZLA
EfTbhTwizhoiz,

ZFITERBIE TR, fEY5I 0 R E o % 6%
W, ¥ EDOBEB TH ) FREER O IR
LBRETULTERENAT I VORI X A EHER A
ICOWTRITEIT ., P~ OT7I VBEERINE, &
W77 3 /BEOHEMERNTOFHOZBEIFEL,
ToEBREFRZRINL IS ELOMERLZEITOWTR
L7,

2 HEPEBICHTIEREEROFE

ABRBENITDNAIEDIIOVWT, BEHOF
BERE LR LR To7o R, FREE
FoBHBRIEMOFEMICLIDRE{ELD, /15, T4
F, FUrUHAIERERBOBAMEIEL Fa
1), bbb, E=vrTIHMEWEWIERITELN,
Matsumoto 5 (1999) 2k 5 &, BEEfi. Fo 4 A,
YNTA, =0T VIZEREIREEROME B EL
THh., FRBRICHW-EREEETL, 414, 727
YA IIEOMARES B R L o7,

W EEERE. FICRROEEIIOWT, BYWHRE
BEEOEETRKECELRY., FITAFLILXTIEH



88

BRRRERE Ly —dE

$2%

BWEEHEHHATALBARBIFFICIEETEIENS
ERIEONT. RBBIL, Ky MR TH o708, E
BOEBRERREORES, REERAERE LYY —
TEBRICEBIEE LA AR (H6-1) OEFERL o
FEPIELARLTEY ., AR H S E IR i T
BERRDIEREICTEETSIENEETE,

COREBRIIBVT, HEOEBESERLEDOS
FRINEX L7258, Fay) CIRESEEEEL
SFWNEICECHEBESEALNLD, A4, Fo7r o4
ATIZHHBIE 2, FFIS, ARE IR X Tl
EFMAXIVEFTHHZELCOLEOERESER
BLLBRVIZLPDPDOT, AIAOEREHEIIEL 1
MIEREEFOLTIE R, FRESFELRINLTAE
BFLTWAILATRIEESNT,
KIEREBEROER(LAETUTERSNETI )
BrE—SRFL L TERPRE 2 To7. TOKE. 7
I/BOBERICLI-oTIITI/BEMTH-oTHIEWIL
EFWETHH., 7I/BoOEHIZI-TIIHEEDS
FLREDL LUIFNU LOEFZRTIEABES I
otz BIAR, FYPUHATRTIVBROBET
AFICHLTEREOKRERFEEFRON, T2, FU¥
IVRTANGH  TIRFICETFRL RO A RE DS
Roh, MRS HEIEELREIBOTEICRIL, ¥
MLTWAZEFHSII 572,
EEEOMEAHIR SN 2B TR ECKIETIE, Mk
YREWS T, ABYOZEFBHIRIST, 73/
B A REEL Vo R TFOEBYAERML LTV
EDPERIERENT VS, ARMLBTIRETEFTLTE
TP THY, Frr AR aLFIILEWTHH
Ehb, FOLILRBEIZESLTWCGARICBWTE
WESESRLIVADHATIRELERLTE/-TH
HYZENIRIEEN S,

3 WEPHEBIHTITI/ EBEEORE
TI/BOEBT~NOEEIBRICL-oT—HTITL
Motz —HOTI/EPEREERLASEOEFT LR
T—HT TI/BIZLoTidmnAFTHELZF SRS
ThHE EFCHLTEEDOKRERFENERON, &
BESEULOEFERRLADIZIVEILT, EHEE
EBFRLIIZFESEOEENRTI=V, TIFZy, TAN
TV, TANTE L, FVEIVEE Yy, SO
Ny THELN, WITHRVWAEFHEXN) T 77y, O
A7 NY», FOi v, AFF=v, PATAY, Y
oLy, VI FzoVTI=rThots,
EEVRIFTHoLTINIIY, T, HELSN
NAZDNT, BIPRBMERETo1oHER, 7TI/B
WL 2= DO RBOPEIIR 62 DLIIER LN,

68

WINERT= T NI I NG TrE=TAF v DEERILE
|ZIZFERRIC GS-GOGAT #ZERICHID A, FVyIy
BR, TANGXYEEATI/ ENERBL, b7 /8
EROBEZRBRELTHERAINEZAON, T5=0%
IR L 7=A A S Tid, BILESNAZT I=1E 7 3
NITIVEZERSE, TORIEIVYIVERBERA
WREEELEoTWBEEZBNT, —H, N Vit £/
MLTERENABEMETI /BT P OATHY,
DT I/ BRENIRBE P ET VO ENTERELTL
T, AFFHELLOLHEN SN,
PEOERDS, YTV TFhofE 0TI JEL
PF2A5 WINEORHEBREICLY, MPWEFIZLWE
BE525NEIDNRELLIEREIND,

BT FHEE
B 61 EERBEHBESE2-THEIIE
BITHREEERBIEOMXOIR



TEYMOT I/ BRI - A B4 2 %8

89

I
CEEREY) o
ISN-NH,* > ISN-NH,* _L ISN-GIn ~ —»  5N-Glu —» 5N-Asp Z» I5N-Ser
l / I5N-Ala
BN-ZU ™08, BlE%E
I5N-Asn
5N, 13C-GIn B 5N, 13C-Gln = PN,C-Glu —» ’N-Asp i‘SN-Ser
u I5N-Ala
ISN BC-H# /308 | ks _ 12CCO,
yYyYy
_ATP
ISN-Asn
5N, 13C-Ala S8 15N, 13C-Ala ' =F 1N,3C-Gln =% *N,1*C-Glu —»'*N-Asp Z»'5N-Ser
| 1SN
u ATP u SN-Ala
BN, BC-FU 7| k% o 13C-CO,
ATP
I5N,13C-Val 33 15N,13C-Val =% 5N,!3C-Leu
U i L INOBE
N, BC-HZ V., EiE% —» BCoEhX
(FmRast) (Hfary) —» ATPOHEhZ (mpast)

6-2 NERTI/BMERRS YA X GHEYRO 24 BRIED N OFAE

4 FHREEZFOHEH

YN L-oTORERESEZFATA L2 TEFIE
BESFEIVHMEINLZVTI20P IR RO R E
LR EIN TS, FOERTHEL,:IZTE:
W, BRERMMVEEZROTI JBICLIAN —H—FEEBE
Tolze FNVIIVREEFERT UV EZTAF LTS
L HTHTOFERIEL, 0% ANERET I /B
ELTHERET, o HERECFHAIATVIE
Bbhs, FVWyIVEERIE, SBERILORANOBER
EBWTH ERPSOEREY 2 LELET, I EE
PODFEALEDOBAGICHIBRESN A Z RS 328
PREBRREICHBEHR(ERTELILPTRESNI,
Fro, FVFIVEERFEIL 24 BEBICIZESD EN
W ErSEDLNTEY, EFET7I/EBBICIVFIH
L7:f8id, TCAHAZNEEREHL, SRLREELT
BHEN BT EATREENT,

WXL 727 3V BRORFR G ORIz L FEoh b
ANF—iL, REOHE. MYetoERILERT
AINVF—D 4] ~ 94%I AL TS T EAHHL IR o7,
ERRRESS IR, Sy I IERESNADIZ, L
TokHiz

7FVyIEE + NH+ + ATP

69

— JN%3Ir + ADP + Pi
TIWEIY + 2-FFV 77 IVEE + NADH + H'
— 2 7IWFIVEE + NAD

H EEHoOF(LEY (TCA EEE) 7560 2-FFV 7N
FIVEERPATPB LU NADH (L L{IZFd red) ALE
THhb, T L, 7TIVEBEERRLEEEILLD
FLEPRPZAINF -2 LELET SHIIREL
FOMRIZ L) TRV F—HiE sh b,

FLED 2 EDOEHHOALRLT, TAVF—FELT
bEHLIEZ EITEYOLETREIZBNTIEFIZKEL,
CDIIBHRICLVBTHOEFTFRESN/EER
bMbe

LEnEsic, Zuy3svidi LEr»SoR{bEDZ
FEHE TSR DICERET Y NV EERAERT S
EDTRETHY. 610, REEHGOFFRIZL) ZF
F—2BHILNTELLD, FICHTHICBWT B
NAALEBREMREEIHTRIFIHTAILATE
TWah kMmoo,

FRBETHELHEMIMAOREENI NI LR,
HEBTOEELTNENELN S Z LA EERAIAYIC
Mo Twa, COERELT, IhET FHREGEE
IZ& B HEYFEEOW B, MAEMHDZRRILIZLS



90

BERpERs L RS

#2%

EWtEobE (BE 1986), HHEBOEH (B4
1971) ZEMIRBENTV AR, FIUSIZ RFFFEOE
FI2ED, ARERELSOBENDLTI /N, BEF
FELTOALLT, KREWRED (KEIR) O—ifzX
BIbILICViEYERETMOGRREERZRLTVS
WEEMEAR R T LA TEZ. B~V TORINEEE)S
LETH DD, EREREOMROBPIZORADLHEK
RThrLEZLNS,

5 BREBECBIZITZI/BOFSIIOVWT

FERLD, B IoTIEV{OHIhDTI B EE
BELTOEFNRETH), EREEFZL LOEFD
WEETH AT LR ENT, ARBOFBE,S, Hi
EEROME, BLIUEREEAORhRZFHICN
THMRETEZ Do

KEHITETOEMETI RESERITVE-TESH
R LTEBBIZ1/5551/100 THSHH, HiE100 ¢
B-nEFLELT01 ~1 mg (70pmol ~ 700pmol/ k g
soil) THELTVE, HIETFTHEZ{OEEDOTI /B
PERBETRELTBY, EELTI/BRIZ. 75=2,
TV r, )y, FVIIVEE TANTE VB y-
TI/BENZ NI EATRENTS (N 1970, 1k
M 1984).

L. TI/EELEBICERL, ZOREDED
B @Y OT I BRUPL TEERN 2 HELH
% (D. L. Jones et al. 2005, 1LUZ5 1999), T bHDH
Hix, TI/BEFOZIHALEVHIEERTHY, 7
I/EEEEE-EICHEE L COBEY D5 R F T T
BILLTLES LT, #HARICHL., HAMRIZYK
BB,

TD—HT, TVEZTREZENVELIET TR
TLEEFOTI VBERIL, KBETHIS—EDOL
A0V (70 ~ 140pmol/ k g soil) ZR-TWEHE (&
& 1979 . HEOMATLIEFOTI/BEE
A ALFIEEED 1.2 ~ 1.6 12832 (L
1984) bH B, F7-. hE (1970) &, KEEHEDE
KR OBERET X /BB EEIE 56uM THY, BEHTOT
I/BEFZOMBEDLLIZEKRIL T0%L LTHRETLE 70
~600uM &b EEE LTS, L235-oT, KHL
BN LET I /ERIBEEIX1~50uM L EZ SN,
4 BT R T I VBRIV L —H—
EBROKERNS, WMWIZTI / BERINLTWAI LA
FiEEN S,

T HEMEROTI OBICKHTEKnET2 ~
233uM (D. Lipson et al. 2001) & HEILTH. AHF%E
THELNIAFO Km fE1L 54 ~200uM TH Y, T
WMEMEBFES L2 MINTELZ LY TRETH L L

70

ALENTz
AREEHZEENICEAT2EREETIE, 18

FOTI/EBEELERICHEML, fEROMELSIZZFD

EELFRNICHERShAEEZON, EEOHETRED

—Er{ o TWA I LATHL R RN S,
AWFFRICED, HEOTI V BIEELEOLHERE

PEEIEE TR 32 F RO LB BB ORI

it EFROEBLEIZT TR, FRBETERTS

TI/BYPINV—BEELERICZLZENHEHLLE S

et

S, FREREOBEICB VT,

(1) EHRESFICIZ, TI/BEEOE=S) Y
(2) FEHREMEEOSRIZLVERSNIENTI /B
RRMEETI/BELREORBEOEA

(3) HHEEEHINR DD A1EW DRI 22 5358
BETHALILIREN, TS LVEEMICHRET
T5ILETHRNOLERELEEOEEL € DM
BEERLTWCIEIZED, BEICHREDD 2 B
BEOCERNFTRICRLLEIONS,



TEOT 3/ BRI - (B3 2T %

91

BEtE @ B

AREREOMERPE~DE—ELLT, AREEE
DEHCBETULTERENLTI/ BOWEDIZLIE
BEFRICOWT, MY~ O7 I BREERIRE, WL/
7 3/ B OFEEPN TOF AR OWTHRE L 72,

1. EREEHOEDHRADRSLVEREZZD
EFICHTIHEOBEBIT

(1) ABEEEILATDRAEBDIZOWT, BEFHO
GO R EARL-DICRERBETo72,
HEABROBE, FRELEEORRIIHEY OREE
ICEDKRELRRY, 412, TAF, FU¥UH13F
BHEIEHORAEI B Fav), b, E—
< TiEP o7z FHIBROEED., b EEFERE.
L EREREOFETRE(ELRD, HFIZfad
JAFTIIAERERH 2 HHATALRRLIERIZIL
EELL.

(2) TEOERESEELEYOSFERIEL HET
AE, Fa ) TIHEREBEFELEFTTINEIIH
TR LNTDS, 4R, Fr7 34 TIRHEBIE %
Molze BEIS. AHEIEE X Tl m 5 e
REWEFHBZELTCOTEDEREEERHI» D%
W2 Db oT, FADBEGEENSZVEVIE
EVRHFON, AFPEBESROATIIRL, HHEE
EFRTIRNLTEBTLTWAZEIRBEN T,

2. PI/BeBE—BRBEULERHBICHIE7IVE
DEEFEEICEZ5HEOBIR

(1) ZN7EFHETATI /B0 BErERFLL
T, 5 HEEOWEY (4. 3LF, Fo5 U094, ¥4
A, Fa)) REEOICEEL:. 2O#R. 1
A7/ BEOMERICLY, EFICKREREZERS N
Llrolzds. A%, Fr7r ¥4, aAF, Fay)T
I—HOT I/ BESEREERLFAEOEFTLRT—
FHT, TI/EEICIoTIEMVWATHEZFIZREST
RE EFICHLTEREOKRELZEENRONIZ, 1
POEH TERBESEYU LOEFERLZOBR I VS
IVT, BRESELIIZRASOEEFNTI=V, T
NEZL FANGXVER, TANGF, Ty
B 7). 7)) o THEBNz, SR T M7 T
oAy, Ny, FOIy, AFF=y, YAFA
Ava4y oy, V9or, 7o VT IV TIIRWES
HENRLNIZ,

(2) MAFBZBICHMLTLTIVBOEEIHAON,
LFTlX, TNV, TANSF OB THETR
REBOEEDERIZ ol BRI HEWIZ Lo

TR7I/BEERRLLTOEENTRETH), &
BESZSFL LOEFTOWNRTHLIZ LR SN, F
TEFREP 72T 3 BRIV NG AEW AP H g
MZL{EINDETIVEBTHEILLD, EWH»TI )
R EERILL . EL I AH, FAIEALTWwAZ LD
Filllshiz,

3. 7I/BOEERINOSE. BLARROUTILEA
LARXA—=T 0 THLORIGEE. FHEOET

(1) 135HEWERE,. 73/ BOEZERINOFHZS
ATze WITFEBICINZ., H EEHTOEE#R VIV
DFEFHEREINAZ L, BEROBRPIITELRE
BERMoT7I ErEFER S hroloTl e
b, BEFPO IV IVIIMPLERERININLZE
EHLPICTBEIENTE

(2) 73/ BROWIPLEBRERLWIE 2T T5720,
Wik oW E BhRE IERIEA) TV 7 A ATHE R
THBNVTWVIALT =S T TT5T714 VAT LR,
HERRTI VBRNOAA=V T 2Bl holze 4
FOBPBBRFDOI NI VRT IV ERINT 58
BEre L. EEETr6. 73/ BoORPURUF]
EESEICRRS S B TEVI EATRENT,

(3) TI/BMOWIUIERHELZNMLTVELEIONS
TEPD, FNIIVET IV OBRIREREZ R
INEBEE T o720 WIGREIZIAT)A - ATV K
IZHTIEEY, ¥ ID Km{EiE 199.7uM. Vimax
{1x 29umol/g/h, 7 5 = ¥ ® Km {E 1% 54.0uM,
Vmax fEi 1.2umol/g/h TH -7z

(4) 73/, 10uM LUF &) (i B © b fis g 2
WINZERLIzZED 6, HEAOTI VEFMELRY
ETHRINTE B EEEATR SN,

(5) WAL D L) HREMHTIOT I/ BRI~ 5
BLTwA» el dsz0. EL28ZBEEE (7L
¥3v, NH,', #8E#) TEFLA PRIV
FIVWINERIE LTz, FOER, WTOWEIZE
WTHRAE, BINEIZEIALNLT, FTVFIVE
IIZBES-T 2B LD VAT AL, BERZPRE
DINTIVIZIBELTHRATLIOTIE R, BRE
BLTWwWabD LRSI,

4. WRULE7I/BORBERDERADEREI MOBR

(1) ALY, WINEICEEHEPVThofEE
DT I/ ERHTIL 72,

(2) BINSN/ATNTIANE, TNVIIVER, TAINSGF
VBATIFESERL, o7/ BREBDERIR
LTSN EZ N, T2, LERT S
SVETNEIAITI /R EBESE. FORIES IV



92

BRREERE oy —HtE

®2%

FIVERBRLRBRRE o TWAEEZ LN,
TNWEIVELTRINEN-EKIL, EXFRLOR

ADOEREIZBWTH LEr S0 AR ENZLEL

BnZlhb, #Hi FESSOR{LEROMIGICHIR S

NBEZLGHEFICEBTELILEEILN S,
TWE I TRINL 7 RFEIL, 24 BEEEICEHE

SHHEWEL,SHEELTEBY, EFEETI EEBIC

ORI LRIE, RICXhZEB{bREE LTHRIE

ENBTEHRRENT,

(6) BINEN/TZNIIvhoBONET RN F—34
BILERIRANF—D 41 ~94%ICHYEL120 £F
B EI AN =PI NVY IO ETHIT
INVF—RELF|WRIZ, TVEZTTEFLA
A E RSB, TVE I ORI KO
BRI AN F—HBIDRLL TVIIVHEHEL
NBTFINF =D, TOFTFEFIZTIASNILE
26N 5B, .

(6) 7N 3 idHh EEA 6 OFR{LEY % HHE 310
RPICEBRE I N AR MR T LA RET
HY, FRIZEYRFFFIEATEIET. FicH
THICBWTHDAALZERERREEIIRE LA
HeaIld, ERESRLORRIELEZILN,

(7) BIRShizN) i3, RBLTERENETI /B
WOaAL L DHRTHY, MOT7 3/ BEEAITHAHHE
FRVOEHNTERLTLIY, £FFHEELSD
DEHER &7z,

(8) AWFZEICLY, HEOTIVBIBELEDOAHERS
AR E R % 5 5 7 1% R 3 o e AR B BB AT D T
Vi, EFR0OEBLES T TR, FHBRETE
WTBT I/ BROBYEBT~OFENL)—BEER
BRI EEHLGPIILI,

(3)

(4)

@O

ZIKET’;EOJ:‘EE&:BWC RIRMTECRIBICEALED
Y5 L AR B0 THEE R B o - E KRS T KT
BRIC, ERELIEHEBTIT.

R ST R ZEIE R B B 8012, TFZEDRLD M AD 5
RERE T, BHIICDY e p 2 bh TG E L
PERITHE, NHRCBIELEBEN F L2 LR
BHLETFES,

BRCEHMAELICE, AEICHWALZo01T %
EoCTEE, ExED 2 FTIREMANLREE S
¥ CEEE L, BMATHEZRLE. EEKEK
ZheHEH BRI RIZIE, AfRIcBITAER - B
FHodi7zoT, TERLLICT €A i E 4 Rk -
7EEF L7z, ELHFLBL EFE S

72

R EEDBIZONWTIE, FL{DHADBHEEIA
DNFELA. EBTUEPLELATHHZ VWS E
RAFEKRZEEHS 2K, FHEZK, RyHEEY
AEBEFMEZEOERIT, EIRFHHL LT3

AW EEEREL LT XL bF LT
o BIHBEEERRKERREICIE, XKL ED
HET, S REAMFLESHBE 2 E3F L7, i
HEZERWKELHEHRBER, BHBLELIZIE,
FRBRECBIAHBTOMES. EBRLEOTFNAA
ZTHEXL/c. RAIHEEREICSIE, MXETLHLIC
HENEELRIEREZEVE L. AE=FE. FH
iR, MHECHL, ZFdH00K, KF—HEK.
EEPLTFIR, SikE—K, EBEEER, EFETK.
EPEERMAEROERFIILOBRBERERE LY
F—DHXIIEFHON b, KRXLETLDAILH
720, BOVWEIELETHAEES T LA, EJHFLEL
ETFES

ZLTMED, KL, RIEOEMBLEZLIDBMT
THEFTTELDLOTT, HEALLTOWMEAEFEFEL
DHEhEL. LRZFEEZRITI TN EBL, HIRERET
RICENTLEVELADS, BiEEfiiI2BRE52TL
NS LES,

RBIC, FEOEHMEZREL, FEHELTIETA
FAAD L DOREHE L E TS

5| A 3Tk

=

ILER—, 1988, ZKHIZB1T A BROBIEEIC T2 N k
L—H—kOBEERMER , LARE , 59, 538-548

LEIER, EEZE. BBEBC. Kirei, 1990, &
FERRAEITRIC L5 B ERFERA T AT A, 1B
7k, 61, 273-281

Mattingly,G.E.G 1973 The Woburn organic manuring
experiment. II . Design, crop vields and nutrient
balance, 1964-72. Rothamsted Exp. Stat. Rep.,
08-133

Matsumoto S., Ae N., Yamagata M., 1999 Nitrogen
uptake response of vegetable crops to organic
matrials, Soil Sci. Plant Nutr., 45 269-278

Nemeth K., Bartels M., Vogel M., and Mengel K. 1988
Organic nitrogeb\n compounds extracted from
arable and forest soils by electro-ultrafiltration and
recovery rates of amino acids. Biol. Fertil. Soils 5,
271-275

Virtanen A. I., Linkol H. 1946 Organic Nitrogen



YT 3 BRI - BT AR

93

Compounds as Nitrogen Nutrition for Higher
Plants, Nature 515 158

Ghosh B.P., Burris R.H. 1950 Utilzation of
Nitrogenous Compounds by Plants, Soil Science 70,
187-203 -

g - ILEZRER - B 1966 WMEEPEET T
DKM OETICRIZTTIVBOFE 5%5E
WOEBIZRIZTERYORZE (B 28 LTELE
FLE $3TE 311-34

FEL 1979 REY O MREREFLBY B ERFAEER L

EIREE R, BIRE 1961 71 2o RIT SRR B i
Dz, TR, 32, 315-318

TR 1986 VAREEEOBREOEFIIN THEELILY,
A AEEE | 57, 171-178

=HAEF 1962 KFEOHERIEICH TARBROFHE
(BT 5098, LAREE , 33, 497-500

BWHE 1959 KO HAREIC N T2 REREROF R
22T, HER , 27, 171172

Chapin, F. S. 1T, Moilanen, L. and Kieland, K. 1993
Preferential use of organic nitrogen for growth
by a non-mycorrhizal article sedge. Nature, 361,
150-153

Kieland, K. 1994 Amino acid absorption by arctic
plants: implications for plant nutrition and nitrogen
cycling, Ecology, 75, 2373-2383

Lipson D., Nasholm T., 2001 The unexpected
versatility of plants: organic nitrogen use and

availability in terrestrial ecosystems, Oecologia,

128, 305-316

Nasholm T., Ekblad A., Nordin A., Giesler R., Hogherg
M. and Hogherg P. 1998 Boreal forest plants take
up organic nitrogen, Nature, 392, 914-916

Nordin A., Hogberg P, Nasholm T., 2001 Soil nitrogen
form and plant nitrogen uptake along a boreal
forest productivity gradient, Oecologia, 129,
125-1332

T.K. Raab, D.A. Lipson, 1999, Soil Amino Acid
Utilization among Species of the Cyperaceae: Plant
and Soil Processes, Ecology, 80, 2408-2419

Nasholm T., K. H. Danell, P. Hogberg, 2000, Uptake of
organic nitrogen in the field by four agriculturally
important plant species, Ecology, 81, 1155-1161

Weigelt A., R.D. Bardgett, 2005, Preferential uptake
of soil nitrogen forms by grassland palnt species,
QOecologia, 142, 627-635

THIEET 1992 SFA MR LVEWR O BB 752 B
AW, 63, 263-265

73

Hirner A. F. Ladwing, H. Strnsky, S+Okumto, M.
Keinath, A. Harms, W. B. Fromm er, W. Koch, 2006,
Arabidopsis LHT1 Is a High-Affinity Transporter
for  Cellular Amino Acid Uptake in Both Root
Epidermis and Leaf Mesophyll, The Plant Cell, 18,
1931-1946

Lee Y. H., J. Foster, J. Chen, L. M. Voll, A. P. N.
Weber, M. Tegeder, 2007, AAP]1 transports
uncharged amino acids into roots of Arabidopsis,
The Plant Journal, 50, 305-319

Rai H., Kanno S, Hayashi Y, Ohya T., Nihei N.,
Nakanishi T., 2008 Development of real-time
autoradiography system to analyze the movement
of the compounds labeled by f -ray emitting
nuclide in a living plant. Radioisotope in press.

B-E

(BB—Hn)

Mattingly,G.E.G 1973 The Woburn organic manuring
experiment. II . Design, crop yields and nutrient
balance, 1964-72. Rothamsted Exp. Stat. Rep.,
98-133

INREA - FVLEGE - KEE 1996 HEMOEF RIG
CRIZTERESEZEOMR HEILBIEHERE
675 4% 345-353

Matsumoto S., Ae N., Yamagata M., 2000 Possible
direct uptake of organic nitrogen from soil by
Chingensai (Brassica campestris L.) and Carrot
(Daucus carota L.) . Soil Biol. Biochem., 32,
1301-1310

Chapin, F. S. I, Moilanen, L. and Kieland, K. 1993
Preferential use of organic nitrogen for growth
by a non-mycorrhizal article sedge. Nature, 361,
150-153 '

Kieland, K. 1994 Amino acid absorption by arctic
plants: implications for plant nutrition and nitrogen
cycling, Ecology, 75, 2373-2383

Lipson D., Nasholm T., 2001 The unexpected
versatility of plants: organic nitrogen use and
availability in terrestrial ecosystems, Oecologia.
128, 305-316

Nasholm T., Ekblad A, Nordin A., Giesler R., Hogberg
M. and Hogberg P. 1998 Boreal forest plants take
up organic nitrogen, Nature, 392, 914-916

Nordin A., Hogberg P, Nasholm T., 2001 Soil nitrogen
form and plant nitrogen uptake along a boreal



94

HBRRRERE Ly — ARG

forest productivity gradient, Oecologia, 129,
125-1332
A EE 2003 HEOTIREEROERELEDIZ LS
ZORFRMIIL SR EBEABRSAHE 34 1-46
INERELA - IR - PITEGE 1997 PN FEICLS
KB FRINOMEY M tLE: BARTEREEEARE
#68% %35 291294

(B89

Matsumoto S., Ae N., Yamagata M., 1999 Nitrogen
uptake response of vegetable crops to organic
matrials, Soil Sci. Plant Nutr., 45 269-278

(BE=8i)

MAFIE 2003 HEOTREESEOERLIEYIZLS
ZORFRITIT BRI RS R ER T 7E e 34 1-46

IR A - 1R - FIYTI80E 1997 “N#EICX 3
K BRTIOMP LB BRI ERESERE

8685 35 291294

FOAE 1981 SE I L2 ERLEEBIUTIES
HRREROMINEE BALEEAESE 552
5 481-489

BAEE - FILHGE 2002 ARESFEIIRLICRIRE
NZew?  {kEE L&Y 40 710-712

AAERE - HIFEA - FHIE - FHEHSFAAE 1974 H8o
S A B T2 B B XU oM B
DFSIIO2WT HAETHEIE 245 #4555
23-28

IR IR 2007 F& 3& S04 % A0 i 1 438 i AR 4R
257263 @i

(5 IUE)

FitisE 1937 HAORES P FOBRBEICRIZT
R REFFESFE 8(1) 178185

PHTERE 1986 AR L 2 RERAEDOHIHE
ERYMEOFLVERE HEH 43-84
BEME - BEGNZ) - /NBHE - KMl 1975 Al
WIROEBEEWEICBET20%E (2 %) KB
HYROEFEMEICBIIZI = O 73V BOREIC
DWT  HATEEEESE $46 5 175179

F=E

(55—H0)

Virtanen A. I., Linkol H. 1946 Organic Nitrogen
Compounds as Nitrogen Nutrition for Higher
Plants, Nature 515 158

74

ZHET - RRIREAHE 1964

Ghosh B.P., Burris R.H. 1950 Utilzation of
Nitrogenous Compounds by Plants, Soil Science 70,
187-203

Spoerl E., 1948 Amino Acids As Sources of Nitrogen

for Orchid Embryos, American Journal of Botany

35 88-95
S - IICIZRED - BLEE 1966 EEWBEET T

DKFBDEHDOERTIRIZTTI/BOLE . 5t

VMOEFRIZTHEEYOLE 28 LEER

FE&EE E37TH 311314

R 1979 fEY O WA FEH B TR ARFEW LR

H

(=1

White P.R., 1937 Amino Acid in the Nutrition of
Excised Tomato Roots, Plant Physiology 12,
793-802

Steinberg R. 1947 Growth Responses to Organic
Compounds by Tobacco Seedlings in Aseptic
Culture, J. Agricultural Research 75 81-92

Ghosh B.P., Burris.R.H. 1950 Utilzation of
Nitrogenous Compounds by Plants, Soil Science 70,
187-203

FRB 1979 MO WA ETMY WERFEELRL

Spoerl E., 1948 Amino Acids As Sources of Nitrogen
for Orchid Embryos, American Journal of Botany
35 88-95

JIIHAE—ER 1982 BEERFHA A OB BAIEN L
& T4T77

Zhang HM., Forde BG. 1998 An Arabidopsis MADS
box gene that controls nutrient-induced changes in
root architecture. Science 279 407-409

IKFRR O ERIZRIZ
THEHEEFRNEY. FICHBRERVD T v E=THES
FOEBIIOWT LTHEIEHESE £35%
119-122

Filleur S., Walch-Liu P, Gan Y., Forde BG 2005
Nitrate and glutamate sensing by plant roots.,
Biochemical Transactions 33 283-286

Muller A., Hillenbrand H., Weiler EW., 1998 Indole-
3-acetic acid is synthesized from L-tryptophan in
roots of Arabidopsis thaliana. Planta 206 362-369

(€-110):0))

B - AR - BER 1966 EEHEET T
DTN EDDOEFTIRIZTTI/BOEE  BFiH
MOEFICRIZTERDORE (8 2%H) THEEE
Z4&5E 37 F 311-314

= Bl



TEHOT I/ BRI - R B3 2%

95

SmE

(5—8n)

Nasholm T., K.H.Danell, PHogberg 2000 Uptake of
organic nitrogen in the field by four agriculturally
important plant species, Ecology 2000, 81 (4) ,
1155-1161

Weigelt A., Bol R., R.D.Bardgett 2005 Preferential
uptake of soil nitrogen forms by grassland plant
species, Oecologia 142 627-635

Nasholm T., J. Persson 2001 Plant acquisition of
organic nitrogen on boreal forests, Physiolgia
Plantarum 111, 419-426

Persson J.,. T. Nasholm 2001 A GC-MS method for
determination of amino acid uptake by plants 113,
352-358

Nasholm T., K.H.Danell, P.Hogberg 2001 Uptake of
glycine by filed grown wheat, New Phytologist 150,
59-63

Nasholm T., A. Ekblad, A. Nordin, R Giesler, M.
Hogberg, P. Horgberg 1998 Boreal forest plants
take up organic nitrogen, Nature 392, 914-916

Ohlund J., T. Nasholm 2001 Growth of conifer
seedlings on organic and inorganic nitrogen
sources, Tree Physiology 21, 1319-1326

FRHBAKE, HPRAE, B, BHEESE 2004 K#H
BEAXBTCOFYICBIIAT7I /BRI, HHEEE 75
(6) ,673-684

I p—, EFFA. WFE 1999 KHEHB LU 58
B HEMETI VBOPCEN LL—H—RIC L B8
REfEAT, LABEE 70 (6) |, 739-746

Orte P.H., M.].Ibarz, J. Cacho, V.Ferreira 2003
Amino Acid Determination in Grape Juices and
Wines by HPLC Using a Modification of the
6-Aminoquinolyl-N- Hydroxysuccinimidyl
Carbamate (AQC) Method, Chromatographia 58,
29-35

(55—

Clarkson, D. T. and Sanderson, J. 1978 Plant Physiol.,
61, 731-736

Colmer T. D. and Bloom A. J. 1998 A comparison of
net NH4+ and NO3- fluxes along roots of rice and
maize, Plant Cell Environment, 21, 240-246

Sharp,R. E., Hsiao, T. C., and Silk, W. K. 1990 Growth
of the maize primary root at low water potentials,
Plant Physiol. 93, 1337-1346

Taylor, A. R. and Bloom, A. J. 1998 A mm onium,

75

nitrate and proton fluxes along the maize root.
Plant Cell Environ. 21, 1255-1263

FHREZ., FHIEE 1968 KiFROZHAAIZBITS
86Rb K UF 32P INEED ZE R IZ2WT, 2 EFE 39
253-257

SETHE 1998 ARDEE ML | 345-347

(BB=H1)

Rai H., Kanno S, Hayashi Y, Ohya T., Nihei N.,
Nakanishi T., 2008 Development of real-time
autoradiography system to analyze the movement
of the compounds labeled by f -ray emitting
nuclide in a living plant., Radioisotope in press.

Nakanishi N, Bughio. N, Matsuhashi S, Ishioka N,
Uchida H, Tsuji A, Osa A, Kume T, Mori S, 1999 J
Exp. Bot.50, 637-643

Yonevama T, Y. Akivama, K. Kumazawa, 1977
Nitorgen uptake and assimilation by corn root. Soil
Sci. Plant Nutr, 23, 85-91

Oaks A., 1966 Transport of amino acids to the maize
root. Plant Physiol., 41 173-180

(#BIUER)

Crawford N.M, Glass A.D.M., 1998 Molecular and
physiological aspects of nitrate uptake in Plants,
Trend. Plant Sci., 3, 389-395

RKEH 2003 ERERITAKR—F—, B OEH=
VAT A, FEfL, 48-56

Von Wiren N., Gazzarrini S., Gojoin A., Fro mm er
W.B., 2000 The molechlar physiology of amm onium
uptake and retrieval, Curr. Opini. Plant Biol., 3,
254-261

AR - EHE - EZE - ILEZ 2002 fEHORIC
B350 (102) BOT rE=v LA+ R0 AL
(5T 5BETH, BRBIUEZE, 77, 39-47

Fischer W.N., B. Andre, D. Rentsch, S. Krolkiewicz, M.
Tegeder, K. Breitkreuz, W. Fromm er, 1998, Trend in
Plant Science, 3 (5) , 188-195

HBET 2003 73 /BN Y AR—F— | HiYORE 7%
VAT A, FHETH, 48-56

Hirner A., F. Ladwing, H. Strnsky, S. Okumto, M.
Keinath, A. Harms, W. B. Fromm er, W. Koch, 20086,
Arabidopsis LHT1 Is a High-Affinity Transporter
for Cellular Amino Acid Uptake in Both Root
Epidermis and Leaf Mesophyll, The Plant Cell, 18,
1931-1946

Svennerstam H., U. Ganeteg, C. Bellini, T. Nasholm,



96

ERBRRERE Ly -G

#2257

2007 Comprehensive Screening of Arabidopsis
Mutants Suggests the Lysine Histidine Transporter
1 to Be Involved in Plant Uptake of Amino Acids,
Plant Physiology, 143, 1853-18560

hHESE - EEE - ILEZ 2000 Y OARICE 2340
& (79) OB &SRO AR 58T
TR, BEBIUEZE, 75, 301-308

Kielland K., 1994 Amino Acid Absorption by Arctic
Plants: Implication for Plant Nutrition and Nitrogen
Cycling, Ecology, 75 (8) , 2373-2383

Soldal T., P. Nissen, 1978 Multiphasic Uptake of
Amino Acid by Barley Roots, Physiol. Plant, 43,
181-188

Jamtgard S., T. Nasholm, 2008 Characteristics of
amino acid uptake in barley, Plant Soil, 302, 221-231

Wang MY, Y. Siddiqi, T. J. Ruth, A. D. M. Glass, 1993
A mm onium Uptake by Rice Roots, Plant Physiol.,
103, 1259-1267

Youngdahl L.J., R. Pacheco, J. ]. Street, PL.G. Vlek,
1982 The kinetics of amm onium and nitrate uptake
by young rice plants, Plant and Soil, 69, 225-232

LS - BB 1985 KHEICBI2H L 580
BEMORARREICETA0%, BERRERRE
ik, 24, 1-15

(SBTFLE)

KEF 2003 EBEFZ NS L AR—7— | M OEEH;%
VAT L, FrEft, 48-56

MG - ILEMAT 2002 ERAH, A TENCF
7w, 366-379 v

AR - EHE - tHEZE - ILEZ 2002 HER ORI
B9 AREME (102) ROT Y EZIALFVRD AL
RS AEETH, BEBIUEE, 77, 3947

ELE

(55—

IWA504T 2001 3%, FAEEIE, 53-58

EBYEER 1999 e ORBEIGE, FiEit, 160-170

Mori, S. and N. Nishizawa 1979 Nitrogen Absorption
by plant root from the culture medium where
organic and inorganic nitrogen coexist. Soil Sci.
Plant Nutri. 25, 51-58

KILARTE, REIREAME 1972 KFRLAEWICRIN S 7z
PNO,-N, PNH-N ARG Ic BT 5B IZONWT,

T ABEE 43, 329 ~ 332

76

(FE=Hi)

Tanaka A. and J. Yamaguchi 1986, The growth
efficiency in relation to the growth of the rice
plant., Soil Sci. Plant Nutr,, 14, 110-116

Yamaguchi J. 1978, Respiration and the growth
efficiency in relation to crop productivity. J. Fac.
Agric. Hokkaido Univ,, 59, 59-129

A. H. M. Brunsting and H. H. van
Laar, 1974, Products, Requirements and Efficiency
of Biosynthesis: A quantitative approach., J. Theor,
Biol., 45, 339-377

Sinclair, T. R. and De Wit, C. T. Science, 189, 565-567,
1975

=IE, ILEYSE. AETERET 1993, 105, BmEEE

108-110

Youngdahl L.J., R. Pacheco, ]. ]J. Street, PL.G. Vlek,
1982 The kinetics of amm onium and nitrate uptake
by young rice plants, Plant and Soil, 69, 225-232

Penning de Vries,

EARE

EfEE— 1979 MYOFKELRE (21) , REBLV
=, 54, 96 ~ 102

FHER 1986 HHEWHEEICX2REMAED O

BERYEOHLVEE kit 43-84

FRAERHE, WO 1971 73IVEROMREIZEIICHE
THU9E (5 78H) EPiRoMELENCBLIZT=
rMIT7IVEROREE, TR, 42, 291 ~ 294

MEEEE 1970 KHEITHEOKBEHEERWICE TS
%t (a0 B RS :

s, EFHRE 1984 KHIZBUIZARYE L
U BREMOBHAZRICETL0%E, EEERE
ABGERE, 24.1~15

D. L. Jones, J. R. Healey, V. B. Willett, J. F. Farrar, A.
Hodge, 2005, Dissolved organic nitrogen uptake
by plants-an important N uptake pathway?, Soil
Biology Biochemistry, 37, 413 ~ 423

IWER—. EHHFAN, SFEX 1999 KHB UMW 58
CBUAERETI /BOPCPN L —H—EiIc X B8
REMRAT , HREREE , 70, 739 ~ 746.

D. Lipson, T. Nasholm, 2001. The unexpected
versatility of plants; organic nitrogen use and
availability in terrestrial ecosystems, 128, 305 ~
316



HIOT 3 BRI - AU B g o

A Study of Amino Acids Absorption and Metabolism by Some Plants

Naoto NIHEI

We present absorption and metabolism of glutamine by some plants. Rice, wheat, soybean, qing-geng-cai,

and cucumber were grown in a culture solution, each containing different kind of 20 amino acids as nitrogen
sources under sterile condition. There was a large difference in growing and root development according to the
kind of amino acids supplied. Growing was well when glutamine, asparagine or alanine was supplied to the root.
Especially, in the case of glutamine, the seminal roots and lateral roots were developed well. On the other hand,
inhibition of the growing and root development were shown when cysteine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, serine, threonine, tyrosine and valine were supplied.
Then the glutamine absorption manner was analyzed applying "C-labeled glutamine, using the real-time
imaging system we developed. The uptake amount of glutamine was steadily increased at the root tip. However,
in the middle of the root, glutamine uptake curve reached plateau after 10 hours, suggesting that the glutamine
uptake and accumulation were active at root tip, while the glutamine was only passing through the middle part
of the root.

To analyze metabolism of glutamine in the plant, doubly labeled glutamine with stable isotopes were used. It
was found that the amount of nitrogen derived from glutamine was higher than that of NH," in roots. In the
case of glutamine uptake, the precfile of amino acids in root was rather constant compared to those when the
other kind of amino acids were supplied, which suggested the smooth assimilation of absorbed glutamine. Since
the absorbed glutamine was estimated to be the starting material for the amino acid synthesis, the utilization of
nitrogen from glutamine was supposed to induce good morphological development of roots.
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