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BN S 15 mD A 5 R4 L R TRBNENRR L2 7. MEBMLORIROM TR, NK -
FRAIAORIMEED 1) 7 = R0 AN U ix EOBKEME OBREE, MAROKOEBNRENR
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ENIH TN, HfE% 7 B TREOZERBEEIC L 2EBENORBLER L Lo L
FAL CON HOEIFRZVIZSWEZEZLND. = RURTAZ 7 L7 7 Tk, BEEE
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Most of the N-fixing plants showed no "N discrimination during nitrogen fixation that is which
means the whole plant 3°N value was close to 0%o. Significant >N isotopic discrimination occurred
during transfer of fixed N, that resulted in "N depletion in shoots compared with roots and nodules.
Hence, 8'°N value difference between shoot and root can be an indicative of nitrogen fixation. In case of
nodule N-fixing leguminous plants (nitrogen fixing endosymbiont is rhizobia), N enrichment is a
common feature. However, in case of actinorhizal plants Frankia is the nitrogen-fixing endosymbiont and
is difficult to conclude whether actinorhizal plant nodule is enriched in "N due to insufficient data.

Materials and Methods
In this study the following species were used:
Plant species used Family Endosymbiont
1. Alnus hirsuta Betulaceae Frankia
2. Pseudo acacia Leguminosae Rhizobia
3. Lespedeza cuneata Leguminosae Rhizobia
4. Lespedeza bicolor Leguminosae Rhizobia
5. Bauhinia purpurea Leguminosae Control plant (no N-fixing)
6. llex paraguariensis Aquifoliaceae Control plant (no N-fixing)

Natural *N Abundance Method was used to compute 8N value and glycine (H,NCH,COOH)
having 8"°N value of ~0.37%. was taken as laboratory standard.
8" "N%o = [(Rs/Rstd)-1] x 1000
Where, Rs is "N/"N of sample and Rstd is °N/'*N of atmospheric nitrogen
%Ndfa = [(3"°Nn - 3N/ 5'°Nn - 3"*Na)] x 1000
Where, 3'*Nn is 8"°N value of non N-fixing plant (control), 8°Nf is 8'°N value of nitrogen fixing plant
and 8'°Na is "N value of nitrogen fixing plants solely depend on atmospheric nitrogen

Result and Discussion
In this experiment, it was observed that a nodule of legume plants were enriched in 15N but were

depleted in non-legume actinorhizal plant. Actinorhizal plant nodules grown in N-free medium were more
depleted than those grown in field condition (Fig. 2). The difference between shoot and belowground
8"°N values were negatively correlated with percentage nitrogen derived from atmosphere (%Ndfa) in
both legume and non-legume N-fixing plants. However, correlation coefficients differ from species to
species.
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Fig. 1: %oNdfa caleulated by natural abundance method Fig. 2. Isotopie fractionation in different plant parts of dinus hirsuta
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el ETic, Fre7iiE BrERMATORBRBSRIZC, v A (Cajanus cajan) -
’{ZX/*fS‘T(Sesbama seshan) L L, KRORLEEMIEBREELE BBS K5, 2002) »H
WTHE~ ABREDIC BT AT KRB L OBK~DIRFEOEE LB % MIT L7~ (Sekiya and Yano,
2002). FORR, WHEHE L 2mU EOBRS T TRAZRESE, BEMIHTA~T 722 L
TWERBEDLLT, EANRSTIIHTRKIEET 2EE/EL. F7AIBKIEKETIEE
DENWZEBHALNE RS, LIL, WEILEHICASE, HTAK~DEFEEMEF < 2
TS L CHIRZBREUTE 7208, 01, U FARK~DIEKBEERH VE AR TIIHEZE1E L.
IDZEND, FATEERLRE HEN D ORAKESBE N DIZ, AR HT A~OK
FEMELRY, EAR=T TR, HITA~NT 7 2R TERRVBRBLT UL AKRIUCELSE LT
WRVDOTIRRONEEZT. FZTAMRTE, ZORRERET 2D, AEHELZRHVE
T NVEREToT.

EESem B 15em OABHEEZ L T2BICERTHEFRA « BAR=TREAF ISR, LB _
WIVEA LR RV IET I CRAREL, TRIXEEA2HEETAIZ L THTAREE LE. &
it 57T HBIC EB~DWEKEEILE LR, k- TRE»LOKRNEOHREZ 7 ARIZHE-> CTH
ELT., EORE, I~ARREEIECOEBRIETT 2 & TELEN L OBMBEAKRINE 81N
L. —F, EAN=T R LB HEOERIET LT TELE b OBEKRIE I8N,
FHEIZL->TERBEIED L., £, BEREEF~A0OFPEIELHBLE. To%, k-
TR ICBRZERL TREZHELL. Z0&E, LEHETRIADFREVR
REESEE. —F, TRHETRERAA=ZTOFRRVBEZREIY, BMEAKRNEOEE L
—RBFBE L. 22T, EEVRE (KK, 1998a:1998b) BIUOUREZBIE L ZA, TE
FRIREZELZ AR TOREF - ACHATELS - BVROZBNVWIEBRHELNE 2o, £
T, BUIR 2ER LTRSS BB LIER, I ATHRBEINR o REMBRE &
AN=TIRIEBIC L BZEEE TV,

UEDHRNS, BEAR=TEX v A LA TERES/ NS W, KRIRES X &2 35S
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3) HMBR D EIE /AR OFHENLEB R COZE(L

SUE _FIR, B, TEHORROE E 45 1A 1
FIFT 130, 160, 170cm FToHAAL, FHELE
PMEVNEE IV ORL TD, IR EDE E
Sy F 1L, W ORHEIZ R T TR ORE
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FrHEME) CBEAEARX (P3 B~P5 K) KBTS ERY EFRIE, #Et) CBREMR
BHEK (Pl K, P2 K) ICHRTELSEHWEZERL, TOREIIN Sesbania BIZHLNTKED
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BEETAZLIIUEIMNLELNATVS, LML, TOBEE L CIERAOERERELY
birL A, BEBRFERICESTRENBSREZELALLEDLEELONTE . kbl HRE
AREEREL hUEQ I BT AEAIERTE IO, TUE=TERERELE
EEMALHR T AEAREFIIFE NI EEFRELNCLE. ORI, HREHEOSKIL
S TR ENRET VE=TEERY, EARESHCEBLBEE~ LR TH LT,
BEOMARRAAELO LI EMEETE TS, £2 T, FHATIHERBREN LRE
HERERZBE~CURTINENERIELE. £, EYBEBRERICHTIERE
DRAFRRIZ OV T b RIRFITREE L 72,

MR IO E] BIERTERVWBEATERTES T/ oAy va (LEm RV

T, BYEEBEADEICYT-BE (TR) #HELL. BOEIIERYEBORVERED L
RREL, BRE (Glomus aggregatum) #HERB L ChUEna & L. +oI0RRNE
AR, BLTICR~ 5 SEEOBEASEERE L. Thbh, B28E L F UEER - R,
BHRICBDRERS + (BERX), $EBLC hYEoavEE (0.46 atom% YN, C/N 1 13)
Pz (EYRERX) O3LBRLZ®ITE. 28, ZOREWITELERS L0 § BN
ERKRELERZZE, ZLT, TATHROLBTEE LEZMVET DO §BN HIZbE
DERNEBENDZZLZ2HO0UDER LTS, BASEZRETIBIC, SEMICE
E L5 mmDOEWETX ¥ v L UTRT, BREZNMLTLAMEIREADE,OERLER
TERWVI ST LA

[REBLIUERE] AZRIZBWT, JBELMOMBRKEOMTrYEr v FEO § BN
BZRBEUEHE, TRHIEADEASED O EEMRROERLBNL, FyEo=
SANEEIELTDLEZ DI ENTED. BRELT, BADERB®R40BED U ED
L EEO § BN EiT, HEREMOAEBER OB TEREREZEERED O, £, b
vEna Vv EBROZERSRIIEYRERTE LS
$, OTEHK, SBROETH 7. Lo A
T, EREEYRES L CLEEEr bR sn 7] T
FERERNL, BETHS TR I UAHEL I\ -
TWEEEZBND. AFRICLD, BRESEE
HRER L E I ESMET BN 2L LD CRE
FHILRTEIE.

&M (=7 ¥ x> 7)

- G
FA Ay a
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FUERaY LR ORBMICET S RBEREREEO S

)il TEME*-E R
(& H B REXFG A MBETER)
*E-mail : 1011017m@mbox.media.nagoya-u.ac.jp

VEM DR DR DO 10%12 ATP 2EE LR WREFRTH L L Fbh T 5, RE
FERIY, A RVAGERLIZES LT A EVWIBELH LR, TOEEMNERII+S
STV, REEROSSIIEMORESCRO A VILL - TERT I LEX
BNTWA, AFETIR YT a vt T OROFERIZED HRBEER

(Alternative B X ¥ /X F 4 —, Alternative RIKEM) O/f%E hyFaa v
3D DIRBHIZZ > T,
ML H  BEIEE MY uay (RyFa—y) ooy (20 F I R) %
Za—RAF A~ NTERE 25C, B 12 BHOEGTC. KEXTEFTSER, £
NENEFE 3. 5. 7T BEBCEFROERN»D 2c0m £ TOHS (=2371F 1.5cm)
HEH D 2em ETOESY, FRED 2em DW (FREREHRS, EFRT, F2E
LIRS XTI i, BEREE (Clark & Hansatech ##) ##H L T 25CT,
RO EELBE L, £0%, 2.5mMKCN & 10mMSHAM %JEXRMZTF h7 o
— NRETENE & REPEREE A RIE LT,
HRLER B ROSTIICRIT DEREEDOFEHEDHEBEIZOVWTRD L, PUE
3 S DRI BRI RER & TR L2, =87 T L e, g OMREE O
LAARRIBIERC Chore. BB R~ 2NREEOSHLEEER S ARD Y ED
TUNCONWTRS L, ERETRLEL, EHICMr o TREIET Lz, L LiRE
DR B E OROEII/NE Do To, REERPIC 5 S 2 REFROFE & R
EMECRD L, EME, hREBEVY, EHTELELM 26%, 30%RT, 31%TH-
o, ZRIMVERREFERICH L TZATH, £ 93%, 41%, TA%ITHEY L EFIRIC
BT A NRBREREEOHSIILTFREOH 0% BETHY, hyETual xRy
EORCTHEEREIRD LN RICEER S5 BEDO /7 IO TAHAD L,
BEIZ IR ERREEOSFAIZ R VT avOBRE L LTV, PRI EER
BT AETHREE TH 72, RENFROFIEX RS L, LR, PREBERG, EHT
FHhENK 82%, 86% KK, T8%IZHY L7, BFRIZHIT HRBERREHOREI2
R EOK SO%BETHY, My Eual bz A7 LOMTHREREIRDONR
Mo o ARRERIEH OIS IOV TR > TAH D &, BERRBIZX-TELOD
E#;IHDHLO0, BEEECE-> TEERULIVOREER L, £, Z0EF
EREOR CRRChH -T2, '

PLEDOREREN D, Rt L-EFR CIIREEEIREIC > TRE KT D2,

REEMERIEMIZ 2R OIEIE 30% &% 2 5D Z LT,
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[

‘(’E%#ﬁ@ﬁﬁ&k&(ﬁ?’ :tiifmk - BN - BEIREOES
: HIROHEE - BXREROEME
InEERLF " - SRR B B
(BAEEBREREREGREFARE)
* E-mail:i011012m@mbox.media.nagoya-u.ac.jp

BALETOLEIT, B LTROREICH LTRERRRE 25, BOEFEHRTS
MBI R P L RIZIE, BB HEBIUBRAR FLRARERDLY ERShE TR
RODOR P LARES L THEYRICEELZRIET, Eavis(1972HBOK - R - BIRE
By RYGROBEREICRIETHELZREL, T ThORERTFAEOBETR L
RBERIZRY S B3PEFBRLMCLE, LML, TORBRET IHEIIREERTE LTIEERD
BT, 137 L THOESREIZ DWW T L RBROERMBTERD LD PE TR S Te D,
& 512, Bavis(1972 O ECIE MO BEREITHERIL > THEHESh TS 120, £
HREMARO TR TILER LBV E VW IHIREH D, €I TEPFRETIE, A F8, <A#%
EEDRRDABOEDEAEHE L, LR IEHEOBESR ML RIIXT S OMROEERIGIZ,
BEENADONANEIPEHOMACTAZIEAB/E Lz, £, TBoOZBKRECH
LTH., BEEEEEZRIET S ZLICE»o T, REBOBVIC L2 ERHERTAZE
BPRAT,

[HBELUHK] ERIIASIRED T (B 87.0%,3 v b 9.6% 451 3.4%) Z A=,

R TBOYBELFET 570, BRIFRMEICBT SKTREER, BRLHBGEE

(ODR) BIUEABRELRE Lz, TEAREIT 1.3.1.4.1.5Mgm3 D 3 BRFEEIZIREL
7ro HBOKRT % ik, 0~—120kPa THAIERE, £ X0 bAEOER T VA
r7up—F—iERHOTRE L, BREBEEEODRIZHSEREICLY . BEABHER
B 0.98mm OBEFHZ LY Imm/min OB AEE CRIZE L7z,

FyErav(Ry S a—) A4 FIRATI09), = RV (REI=+8), 7 #(KUV—T7 2 v k
EER U, HEAEREEY 3 BR(1.0.1.3.1.5Mgm?), KBTIy E 4 BRE(-1, —
5, —10, —80, —900kPa)lZ&¥ & L7=FE (N 50mm X B X 50~150mm)IiZ & 164 2 ¥
L, 20CH /' a—RF ¥ o "—HNT2 AFMETSEE, FORY VTV TEITVRELR
RN D Smm B OBROERZBE L.

[(BRBLUER] HESHEN 1LOMgm3DBE. BRI L ARLE<{BbLNT, +
BEROBBFTLEMCEECTE D, FOHAR. byEna U FTE~A N FRER
A BRLR (—80kPa) 1LV HREEZREDER, A R FUTHERDONT, 7258
VR (—900 kPa) THMEMEIIIED Dhizhotk, —F, HEAMEN 1.3 Mg m? 0

A, TEERICEVCEBRA PLARKELRDZEIE 2T, WTFNOEHTHHBED
Bl AR, FEIC, HEAEED 1.5 Mgm3OBEAICIE, ZoOEMAL VEFAILE, b
DERaL LT RUTE, —5 kPa OABRETHIA PLABRBEOLREDIIRL, 41X
L UETIE, REFEEOETIEHRD Ao, BOBEREAD L, VHTIE, HEOK
SEFICEDST, HHEOERE LAMIERREEZED T, NI LB 3BT, &
BEMTIZBWTHAIBRBORKERBD R o7, Tihbb, EfEX N LR ITE o> THEK

BESBfIhZEWALS, SRIINBEBOLBELIT) FETH D,
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JLFOBTRERAE EEXLBITREDRR

INOIERSE - ZEB (D THET - INBEF] - AR
(B EBINHTFiHRE)

e-mail: oyanagi@affrc.go.jp

AAFOETHEOBEAECRAEMERNDD, LEESOSEMOBETRIIOWTK
505 THEICH > - EEAER, LEERENORBTREL, BRUBORBETHEL
TERBMOTNDG, ZOZEEFHELT, RERFRUREMASOE TEEMESRHK
(DHEE R NoBENOERAN (SHIZEH) LEEEOERRAN (DRSEW) %
BHU, DENSHIDBEVNVERZES ZE2HRA LR (M5 2001) . —7, HEFIZD
WTIE, &S0 0EK, #HEHBLE FEREICOWTHEERICENR SNLRM SN,
SEIIDRICHNEINEL, THENKZVWERNRR SN, ZOBHELT, BFHRO
MEAEZRDDIEGTVHELPLTRERRODEET EEHL TWDEIEEEN D 5 K H,
BEBABIEBII2BROFFOOERETHAHAREEDZEASND (NS 2001) . £CZ
T, XHETIE, REFUREHASDENSEBEIISER EFRRELAEOENSE
E50%ICDONWT, SHEYORBRTREEAELRBIOEXBLIUVTREOREREZRN
7.

M & Hik

MR HPOND GBEYE . BREAEELLE) , FXEA (FBEME  BREELE
(130%) B&U Rosella (FEARME) DZRKENSHZ113%HK (DHRHE) &N EUT
t (BB EHE) ,-E0HTE BB HRHAEE117E) , Cadoux (FHEME) @
ZRREMNSB-50%% (DHBW) #HELE. 2001FE~2002F0&KEEL T, BB
HAEBENEL Y —ORBER TOMBESEBLIUVEBREERR Y L0 - EHE
BicgEL, RBHoELETFRERZRHANE. £, ZNEEFHIC20CIKERELEZALR
KENT, A7y MEREDERKOBTFRHEAEEZRD .

BREER

BB OEIZRE L BREICEBELREOHERBRNS D, ELHEEENSBLNE
%@%ﬁﬁmbﬁﬁmmwﬁ%ﬁ%ﬁ@at:t#%,ﬂt%ﬁﬁﬁﬁ%iﬁ@émk@b
STBEMCEELEETH D Z EBEREINSE. £I2T, NA7y METHRANEETR
HEAEOEEEBLEZEZS, RBMOELOME, TREOESOETFREHERAEDMEL
S MEBEBERICIREMh -2, ZOZENS, INSOIALFERRRIIBVWTIE, B&F
BHEAERELSTHELEENZERNERN VI ENHLMTR S .

A XRMEMOELOLERIIEENBETOFBEIKRELKEL TS, INETORSET
13, 13X TRELDFEZANERNSBROES CEXREOHBRBERNRANHENT
HN BN, BEHNEREZHX TEEEBETFORETHE T2 LBROES LELOBRI
Bonily, —F, JLAXTREREEETFIHEROBRIICEEEEZIDLENVWIREDHD
B, ERETRAVWEERZRICOVWTIREENBETORCEESTATH LD, ZOR
ZOWNTORMISBICERIN-.

51 RIS
IR - ZER (RED THRT - ERER - AL - IHEHEER 2001. BTREEAEE
BEICURROEIANRRS I LFEBREHOMEL. HIER 70:400-407.
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PCR-DGGE EZ W R B M OfZHT
K BB IO OB B MO L
OLpeigs: V-pIEiiz - FREN 2 ZRERAKL 2
) BEREBEHEMTR 2 RREKFEFEMEEHER
E-mail:tetsuya_doi@nishihara.co.jp

1. Uiz

BRESAEY ORI DOFEDRINERETILORE MDY, EYOEBTRNEERTS LT
WAHOFMTEE THS, Ll /REROMAYRER CIIEMZ2FFMIT L, R - ERER %
NEENTNEY, —F, BIROSFAEMFORFLRERILVEGRTL UL TEHENIZAE D ORRT
INAIREL T2 o7, BHE DI FISH 2 AW TREMA Y ORITE AT O 2 (LB e al. 2001) 12
#i & PCR-DGGE &% VK H - M ORBEBAE SO AT ~ OB AR BI L 7O TR ET 5.
2. ML F ik

2002 £ 9 A 5 BT, HEKFEMBES (FEEET) OK BRI UMER T4 3B RE O /EA X EL
VA KB Buk)MNSHEEA 15ecm T TOHEER TN FREES 2, FTRIL. N REZ W T E
FEARIZBEL OB VNIV KPS E R L OB E R AEGmIinIc L > TIRITA F O B RE iy
L CHBEILI-b DR B L, '

PCR-DGGE {EIZLA FO7 ot ATER L=,
O afEE s ghaE ImL 22170 Fa—T7 I AFUREY FA LR PBS |C CREE G THD Y afERilE
120 RE HEMOBE YR SRR, O RS B R B R BT CR BN - aT {E T 1)
T 25°C+48 BFRZRODNA i SBERRICTEONau=—%EIRL | ~ vy A7a74NIZT 48°C-30
4y DNA M%7 o7=. @PCR 7°747v—B LT PCR R~ I7I7D 16StDNA &N 9575 v~
(Forward:5’ ~-CCTACGGGAGGCAGCAG-3’ Reverse:5’ ~ATTACCGCGGCTGCTGG-3") & AW T2, e X BV E M
94°C 1 43 . T—=U2" 53°C -1 53.7°F43 0" 72°C -2 43 X 35 $49MZTT»7°V—h DNA D55 BER{L % HEDE 1%
T H o—A VERIKENT T 16SrDNA ZHESEL T, 723, PCR 13 Forward 7°74%—® GC /77" BI T
GC /707" M 2 BT~ THRHEEYR HiF 7. ®DGGE:PCRIZEVELNIZEMIZ SV TIRFBEFVLTIY
DIEMH)T 20-50% DB EE AFLE L OF VT IIATINF A AT 130V-4.5 BE O & TrkEha 7z,

M D@ @@ ® ®

3. fEREEE
- PCR-DGGE BIZEBKEIEEER —1 IR 7,

K EhE 5, Q@D 7k HARE T 400,700,800bp BE
@@ {HHIARE TIZ 200~800bp THAB R DNA AR
PRI, 7K AL ORE 28 AL T DM AR 72 (bp)
HIEDHERSNIZ, 2, ©O Bulk  DNA ANV E7K
FARBIUMEHO DNA N VF XL DR Ens BB
MBI ~BAEYRICEAZSERE THOIIENBEIN,
4. 5% ORE

KB, IS LT Bulk THERENTZ DNA [ZOWTHEE
B SR EL CEEERER. RAETZ 17720, 400

F7- FISH iEE A S8 TEDROCR R EMLOX 51 200
SR BRI A T D LB - BT 1T2D,

X-1 REMEHOEHENT

800

M:Maker D@:KkEB @@ G®:Buk

Bl AR 1) LRRE . 2002 4 FAEYSFHREL AV EREBSEDOF LGB - ORICET 5B B

%1V Vol77,No6, 719-723.

2)D0i.T,Abe.],Boran.Z,Morita.S. 2001. Proceedings of the 6th Symposium of the International Society of Root

Research 11-15 November 2001. Nagoya, Japan. 430-431.

WEE AROHISERL L CEV - HREAFERERBFEQREM AR REBSOREREIWE . /@ —8BHTE
REITHE A AL OABNEICHEELRLET.

Key word: 1RE#AE4, PCR-DGGE, /K B .
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FISH &% AV /- R B R A gk
Taha— L OYRELKHE - BO LB
TAEE R V- OFKRE 2- FIESIE 2-ZR AZAC 2
DHEFRERAEVIER REKERLEMBEH TR
E-mail:a10014@mail.ecc.u-tokyo.ac.jp

FEEDIIATR(LIED 20021 X W in situ NATVFEAE—aFISHIC L HRE R AY
ORI EIT -T2, A E CIIBRLRIZ IS u—T7 OFBEOHREL, Hil-kh 7 u—71ck5
KB EEOBBMAEMHEOERILERAT,

PR

2002 €£ 9 A 5 BT, R RFEHMB RS (FHEET) O/KBBLIOHEMCHES 15ecm £TOAF
(B ) ORZERIRL . €N 10cm D1RBL 10 AT HOEFKITRIEL BFHEQRIZIY
RIS B L T EERE HIBLL CTHEL-b O LT,

FISH BIZUTOF b A TEML Tz, (D 2883k SR r REHRHL Wb, vaiEFEic
FO RE BN OMAEDZ S BE- BRI, QREBHEE 4%/ SFFNVLTATERT 5 REEEE,
@V F— LA 7T LR EITSIZRER ., 7T BB RS o720 BBHZ 5mg/mL DYV
F—LEHRML 30°C-557, BR 25 KIS, 7a—T7 OHRAN~OFEBELLELE, (D
ATIF A —a BEEZEORE 10 u |l ZATART FRIZHTMUT % BEDOT 0 —7% 46°C-3
BRI ANATUE A XL, 48°C-20 YU A% ToT, (5)iR8E: S M CHELERE /2T
BAAT, () ERAL: Eg % 2MELL . BEXMNRO EBREOER LK AOEROLERD T,

¥/, FISH L OB D7-0 | 3B O — A Z BRI T 25°C- 10 H MR L-,
HEREER

DAPI LU FISH i LA EEBMEERGLRLITRT, SEOFETIE, 2HERESES
N—T DRED EHHH %K HE - MHE CERECIVEM IR T, 2MEORIIAKBELY
HHREL | BEERROIn = — BB TRORE DN o7 VI RE—BEL T2, ZOZinb, KR
TEOMEICEL T FISHIZL D BB HOREF N THHIERDID, 5%, EEBOHEFITM
Z, Ta—7 OEEEHEPL TRVELOERERE TEHLIIILVY,

X 1 & HORELBOFISHIEIZ L 28 L BHMSEHER (400 %), FILTL37—RC, £55 DAPL Befs, T ABHEE
& GC & &Y A7 71— 7 (LoGC), Clostridium FA7 11— 7 (CLOS62DIZ LV EEAZML 0 D,

51 F R : IES 2002, ROBFE 11(2):p81.

HHEE AROBREEHRLL TORREVERERAZRERBRFEABEMTRHBRBORABEWNE, HINE—EK

WELRLIEL KL VAR EIZHEEZRLET,
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AKRBIZB T AHEFOREREOEFIZL bR OB L HE(L
BHEN BT - HRE TR - FE OE
HERERERERZEMRET TR
E-mail: gaichiman@hotmail.com

R IIRROAEREN L2 TMT 2 HEE L 25130, BRUZEHBROKRT 7 b ARET
Ho., BRABREOEBIZLEMTHS, AMETIT, HIKEE L HERTOLEREL DOH
BrRr@EEL. BROABRERER L UESBRIEEIC OV TR Lz, £-HEGEEIIREXIR
DEBEMLEZLNDHOT, BE, RE, SREBEOBRERE L TVINITOPNTHR
MU, SHICEERFEETED 1 5THLHERIC K IHEERE, HRFOLERE~DF
BIZOWTHRE LT,

e 5] (1) FERERATORFZKECETRE SN a1 2R E LT, HiE
2% 46 B O INEH I TEE 1 BTV oFRiPICHIREE R RIE L, £7-, BHiAI28 RO
SRR FHIC, 2 BERT 2L EKE 26 BEIRIE R LT HELZRET L7, BR L HRITG R &
LT, 7D VHE~ VAR VRREED U U L3R - ORI ERIC L Y RF O~
TOEZERD THEIRLEROBRELZHE L, -, HETOLEFRREXHBREEIZLY
1 Bflb - BT O2EREZEH L, HKEEL L HITBE, BE, #iREUeEY
BE LD, HEEZER L EE2POCER 15cm, BE 15cmOMEROIEE ) J X
PRBL. ZIEINAROEIENL— FAF Y FCRIELZ#., EWEFHEIELE, (2)
HRERKFERNOE=— AT AT, ave Y 2EE 1gN B L7 1/2000a V77 —FR > b

IBWTHEEE L7-, BHE% 58 BIZZEE 0.5gN 2 BEL, ZTORDOHIKERE L HRFOLE
RELZERAICHIE L,

EReE®g] (1) BGEEX. Fl6~7THECERR LRV, FRIETLTRBICBUEL
BT 0WHEEETRLE, £, HEFOLERBREL2EZRE L IWTHYL, BOWH
A% HAKICHEM L, 8~9 BREIZEE Lo 71, BB 215, BIEATHICEH

KBTI HBERLE, ZhE YV HIBTOEZERETHMICEL L, B 2w
ED, BEOBRUIRSGBICRESEEEZ T AHRENRB IR, £ THITHICE
JHOHBEEDOETICL LR IEBE LD & HEH T CRMER T & ST L.
BEBIUBREIVTNROHIGEE L FFOHEB 2T L, RE, BE & HKEE & ORICIX
FEORBEEIRED LN, —F., RS HEE & OBRIIFAR TCIIR o7, HiRS
DEEXRBREILSEFTHNLZEL TBONET T 2EM58 wEh;ﬁﬁiimﬁ%m2o
RlicE—7 Ly, HEBEHUBICAMIZEAO TR LW IMBE R, (2) HKEEICH
6@%®%@%A6k\EM12ﬁﬁ%if@ﬁ%Z&%ﬁ%Zk@ﬁﬁﬁﬁﬁ%ﬁ%b%
NV, 24 BrfDIBITBIERNEBIER % LEbot-, 12, BV O2EREIHITE
EOBALIZELRY, BIE 12 BE#» LEBERICBOTEEREMAED biv, HKEE
LD LREBIEOHEBEAN TV, T/, BEKBICBITAHREERFRIC, BHLY HH
HoOEFNHEKPOLERENTE Lo,
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BAL TR DI DK RS EB DR O BHI G

FEHE' - P g2 -ZEmet-mx B°
VRS EFE; (R RER R A AR AR, BRKERR MBI R 7 —
*E-mail : abejun@cup.com

YOI ENER R EEE50Ic, BESMHcEL QAR TOEERCEIGORMELIERTS

TEREELEZILND. AFBOEAN RETIHRREITON TSN, BAN 2RERIT
EICR OB ENRE DI T EMNEVITLITH VAR TRV AR T, A
ZOYHEDE RO TEHUTEL TN LR MBS OREOEEHRAE L.
Mt F 3 KFG (Oryza sativa L.) D BAREE Lemont D2REE AV VE. B ARRIIMRE MR
SN BRETHS. 400ml ORYMNIAXEHHOK L (M%) 2 RHEL THEELE Ry 2
TR, BB BICKE RS THICBL KL, SHICHEEZ17H BH35A B
TH18 BEICh=>T, 0mM, 50mM, 100mM D3KMEDELFT N Y LBED Aofza T FHilB
LTI LT=. |

EE%358 BITE2EORLTORBEEL, 0%y /— AR TREL, 1IRBE, 1RIRER, #

BRE (V—PAX Y T REE), REEHE) ZRELE.
RERLER HAN AOBRELY X ENEYE CHMETSHE, Lemont i3 50mM K TiI R (0mM)
LRRE Thoreds, 100mM K Ciif 45% R T U7, B AW 50mM K CTidie L AR IX Y 85%
BEEAEMEESN, 100mM K THBRLFEE Chofk. Tmafld, ERMITELBEDOER
HEVZITT, SPAD HITEAEIC IV AL,

BORIGHRETHSDE, Lemont (I BRIZHAT 50mM KT 65%, 100mM KT 35%F TIE
TL, BAHS 100mM KTk 50%ETHETLTEY, Shoot,/Root HITHARICIVELIHAL
UL, BREEHDLEAN ZOEEII NS, HICIRBORSTELBIZILEN/MESHo
. BBETATY, 50mM KTixisLAEML TERY, 100mM K TH Lemont (IXFRX D 70%, H
AR 95%BRIBEL T, Thebh, AN RZIVRIIHRE (=RIBE BEYE) B8KE
RBEORFGIEDELER L.

P EDRERDS, FRELHIS, AN RZIVEERICH S TR~OEDOHGEPELIET
L7eas, 18 (610 13RAR) SRR 2 B L CIRE R MR TOEbDLEZDND. ROSHEORE
BEZTTOHEEBE(GRBE /21KIRE) X 100mM K T/HEL, ZozZid, HAMN RZLbR
SHARB DA, AIROFEETIIRL, FRIRBOFEBHOEIZEIDIEERBL TN,

oo
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BERBE L FUVEna L OHROMERE LIREORE L 0BG

g &> - HFE R FE OIE
RHRKFEREREFEMFEHER
*E-mail: aa27001@mail.ecc.u-tokyo.ac.jp

BAFEEZHAE L TV AIEELERO 2, BREBRL TV 3 E% DROMHEIFIH
Thd, e DRIIBERESHEEEZRL, e RFMIHRELTNDEN, TDAH=X A
ERFFZICHA LN TR, £ZC, AR TIIESGHRE L by Ena s OfiREfR E L,
R8O HBRLIZREORLIEMENEKRER L, RAKE KEHm»HLOAE)
EREDOIEE & DBERIZ OV TRRE L7,

(et L OHIE] 2002 iz, REKRFRFRBFEMBEMITRMBRES GRE
ERET) CTEITHE LTy ba—vEMBE L, #EEN 1 v A%DO7TH 24 B0 D
8 A 11 HE TOMIZ 6 B, MEFOHR (RE 15cm LLT) 2BEL T, RELBRAE
ERELE, £, 200 DR ERIL TIREH S OBBHRECI A 2 F L., Y757 =
ZFIH L7 PAS e 1TV, HABMBETRELS L Rar A FoRE S, ar X FTHEA
DT ISTANOERE ML ORERE LT,

[BEBIVUER] AWMETES-F5HLOHBALLERICOVTHRFLILEZ A,
2 LTRBELHEAEORICAEREOCHBBEFRIRO b, EiilicHD &,
%3%&@%@iﬁ@@&ﬂﬁﬁ@ﬁﬁﬁ@ﬁmmm&mot XL B 4—-FE5HIBT
R THREFAPE( L, AERKEIRIEAPRD LN, . BOME
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I. Introduction

The chemolitho-autotrophic ammonia-oxidizing bacteria (AOB) carry out the rate-limiting step
of nitrification in a variety of environments. Because of their functional importance, much effort
has been placed in understanding the ecology and phyiology of this group of bacteria. Molecular
biological approaches, in particular, have been instrumental in elucidating the distribution,
diversity and ecology of these bacteria. Methods that have been very useful in biofilm studies,
such as PCR, DNA fingerprinting (e.g., denaturing gradient gel electrophoresis-DGGE) and
fluorescence in situ hybridization (FISH) can also be applied to characterize the bacterial
populations present on rice roots. Knowing more about the community structure and population
dynamics of AOB on rice roots can tell us more about their function and the nature of their
Interactions with rice plants.

I1. Rice and nitrification

Rice planted in the lowlands are typically maintained under flooded conditions where the main
form of available N is ammonium. Although the accumulation of ammonium is undesireable in
most environments, rice is unique among agronomic crops in its ability to utilize ammonium as a
main source of N. At first glance, therefore, nitrification appears to be an unwanted process in
paddy fields. Moreover, the competition between rice and AOB for a common substrate would
lead us to expect a limited role for AOB in the root environment.

1L Characterizing AOB communities on roots of different rice varieties

Our current understanding gleaned from cultivation-independent molecular microbial ecology
approach suggests that AOB have an active role in the rice root environment. PCR and DGGE
have detected different populations of AOB in the rhizosphere and on root surface biofilms. The
populations are enriched on root surfaces, and furthermore, different populations of AOB appear
to be specifically associated with different varieties of rice. For instance, PCR-DGGE and FISH
have shown that Nitrosomonas spp., although rarely predominant, are detected at higher levels
on roots of modern breeding lines. In contrast, AOB populations associated with traditional rice
cultivars constitute mostly Nitrosospira spp.

The difterences in community structure of AOB in the root environment can be partially due to
differences in rates of oxygen excretion from the roots of different rice cultivars. This was
confirmed by microelectrode measurements: higher oxygen concentrations were detected on
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roots associated with Nitrosomonas spp. Many representatives of this group of AOB are known
to be r-strategists, requiring higher substrate concentrations although capable of higher rates of
maximum activity. Oxygen excretion from the roots, however, fails to explain how AOB have
adapted to an existence on rice roots where the expected NH;" concentrations are low due to
plant uptake.

IV. New insights into the role of AOB in the rice root environment

The differences in population structure of AOB on roots of different rice cultivars could also be
supported by differences in the nature of N uptake of the different cultivars. ’N and hydroponic
experiments showed that plants that support a greater abundance of Nitrosomonas spp. also
perform better when supplied with a mixture of NH," and NOjy". This has led us to hypothesize
that rice cultivars that are well adapted to utilize NO3™ or a mixture of the two N species allows
for the establishment of more abundant Nitrosomonas spp. populations due to less competition
for NH4". This would also suggest that AOB present in the root environment contributes to the N
use efficiency of plants that benefit from the co-provision of NH;" and NO5".

The availability of a variety of new scientific tools can enable us to better understand the ecology,
diversity and function of microorganisms on rice root surfaces. Such knowledge should provide
valuable insights into the nature of N cycling and other biogeochemical processes occurring in
the rice root environment.
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