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KA ALXIZEITAHDERFSIHOLENIL FOBEIE &
EMARDOTEREE

FERE L L aEE L ERAT L BHEL e A

VA TR A B R
020-8550 & T WL JR[w 7 = M 3-18-8

XHYBART A Y N =T B IRAFZE T
020-0173 ‘& TR E FARE IR A G IR T/ 237k 348-1

1 [FLC®HIC

ANV REHEY ZLOBEBEBNERE CTHZONZE, EHICEENEAET D, ZHITHEYIC KA
EEZDNAMEITLFE, T LT, MWIZHETIIRWRES BT FIZONWTH LTS, Cold, #H
LR TIT WD, ARPIRLEEOH T E2H5 25, ColZEHX IV B, tHELE L THLNTWVD,
INET, BWITEITD Co RZIEZBF BT, MWIZHA ST E 7o, By &3kt i,
FEIZ BT, Co 1T~ A BHEY OFRRIIC I 1T 5 Rhizobia &, FFLAREFEE OO, BHEBE T ¥
HOWN ODPDOFEICBNWTHRHEINTWVDICHEEDLLT, RTOMMITE W THRAMENEFHK I TiE
W, Co ITHIIE, MATLHETIERL  AHTELHESR TS D, BEIZ Co l3EMICEE KITL,
W & e B YR FEKIEIIFEIC L > TRAR DM, #TO 30-40 ppm DR FEFHPH A B ThH 5,

KIEOHA . Co BT, BEVEYOMREAEC S, WEVET, FEOEIRM 7 o v X, EDkk L i
oA, O rr R LRIBEHOBENET BN D, Cold, HAMSCHETRIE, MTmE. LT
AFPWED L H 7, MBI DL OBBRERETS Y, MYOMETHEERICHT DT — & I
DO D L BEH - EE VT BRI OO Co MENEIZ DWW TKRD X2 IZ#E LT D,
M EEE, £, TAZEOKMmEOREANL ARAICHNL ERY . IRWTEMNOBEEIZERM 7 e v
2%EET D, ZOFERIL, CoSppm LA ETHBNIERO H4L, 20 ppm VL ETHIZET 5, HRETIL. 5 ppm
THROFEENELL 720 BEBEEHEAALL, HTWRIE, e BRIZEEL, FIROMBEITRT TEILE
THI-D2BROFRNRIEREE L .

UL, Co EEFIZIBEICAFAET 5 Z LIXHEN/ETIT@EFE XDV 2720, iz, DAEO B RES
WCEBWTCoBFENIE Z o Ty, L2L, CoRZiE, IFLALEETOKRET, £ COETHEINT
WY, ZRIE R YRR a LR EORBHEMICE W THE LN TSR, T4 LFITEIT D Con2EH), #
B2 PIZRITZICHLDZ o T RWED b2 W E b, Lo T ARBETIR,. A4 X2 HWT,
CoN MM B AP 5 2 D B A A LT,

ARSOLEEY 7RI TACHIE, WMHEBYORGIZE > TREVIZETEME T, KEED F 71350
FEWICBO TR AR EDFOERZ b2, kil, AMEBORE L L ToOEMERICBIT D
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Cd4E/EIT, AT OBEEMERRICB T, IEMOEENE L BEE2ERICES LEBSREREE LTHL
SR TS P78 cdix, MEEHORIEY & LTELR, bbb, @, BHCEA, T LR
TVOT, TN EBMOREME, %68, BMEEOy, Mk o A v F | PEK CdS DR
BHCHWB NS, 2, BAFOHEECLAVONS, Cd OBRRLEE R WIAT LEFETH S 10,
T Cd G, EMOLEBRELID . WHESN—A BN —~OHER - BiiL. ThizRX5H
M~OEBENMBEICR 560/ EL< . BYEHELZBEL T bORK L2 &R+ M), BRaeizznn
FOTHEEICEEIOA XA A ARIT HROBEL MO CAIBERIZEDE POFRTH D P, Cd i,
ETHEWRE TS, HEZSISEITLRBREIN Y, @EICAX DY LWMILEMICK L CEMET
HDHL LD Cd EELeb L ),

Cd IFHEMIC BN T, K& BEHEBRFORIN 2D S5 LRI, Ak, W, ZERNHHOMEZ
Fla it 2 aREMENRH 5 19, CdBEIAFMEMEMIZ. 2uM (02ppm) TEZ 2 7, fimict ~T, L
B o pH 2% 4.5~5.5 O#iF T Cd 2 L <RI L3 < pH6.5 BL ETIEIWRINL LIZ< W, ERIGER & LT
X, ROAEBFERENEL D, F7o. CAIBEIIMEM D Fe RZEFHET 5,

Cd 1IN Zn I E 2R L, BFERMAERIL, WX 5206 DEMITIBWTCA & Zn
LOMTEZY S5 ™, WMHEANTIZ, CdIXZn 7 4 U H—EERFO L 57 Zn fESHDF7 S Zn &
BEXHbDL, LTIV EY 20 LICBIT D Cd FEEMICHET L2006 LT, 2RI Xk - THiM
WY 7T IVREICKEEZ KT Y, Z0OBEBERITRLE TS Z2 8 L CEEBREM(ROS)ZAEET 5 =
& AT & 9 Harber-Weiss/Fenton JHMMZEHS L7722 WZHE 00 59 .Cd A o F 2X— 2 g o OHEFHE#%.
FTTIT, BILA P L AZB X ITAREELNH D 0, &b, AHARBRERFETIEEE LD
L7-, fil %1%, Choudhary & *V& Oriver & 2%, D7 L b ®ODOEMT, Hlz i, 24X Zn K
ZHETEHETCONLIRFIC, AFEMF O Zn L LOBENNIL, BEICBIT 5 CdERZED ST L 0W)
WEE Lz, FERIC, VHXRERT LYY DIZEWT, Znld, B 5 O Cd WU EARE 2 6 H B~
Cd DEEBITOM T 2D S8, Hart 5 3, XU a3 AXLTFa—FLaL1FXFOHITBWT, Cd
DRNE DO E Zn ORI E ORI E OB OFEAEERZH S L, FRE LT, Cd & Zn 3R MR
ECHBOBITEREZEXE LTV Db LN EWn) Z EaREBLZ, LaL, fLoMrseix, Ccd &
Zn & ORICHAEENZ AL BN E7-13, Cd & Zn & OB OHEEMOFEMN H 2 2427 D LHm LT
B, ERITH WD,

THENI AFLXOAERSCERBESOE R, BLOLAX RBOWITHT 5 Cd DEBLZRE LT,
Flo, KPHEHT O CAIREZ SuM I L7722, KIRO CdiHEYRTEFTTIX, CdEAEN 1kg ¥V 2.5mg
ThoTBE, HERE T O CdEEIX, 0.002~0.007 uM TH 5 02 Lns . B TR, HEEET
DCAdEEN S MIZETDHZ LI THD, £2 T, TEEEL, AR TIZ 0.5 uM LT O Cd B E T
A A LX OKRPHEE 24T, ZOABREZRG LT,

2 REHE

2-1 FEBRREWY) & B 1k
2-1-1 HEYE L miE

NEAA LXMW /7 U AF (Hordeum vulgare L. cv. Minorimugi) % B & L, LLF O FNE TAHE
HE L7z, BAEITEE, XX, 774 bbhry (MNLRHR=E) NTiT-o 72,

2-1-2 BFRELHEF

2 %S D LMAKBERIC 7 U AXORE T2 AL, A% —TF =T 30 o) LaRnsRmZERE L
%, LB ERATT WS, ZCOBF2B o722 ANV TR, Ny MIRE, 7y 7 TRIEZEB D,
25 CoOMEEARIZ AL, 24 FEREILL E§RE L CRIF I,
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2-1-3 BELET

BEMFm LIS LD T 7 AF v 75812 1.0 mM CaCl, I8k 2 AL, T O PG HFmFEHADORY =
FL By NEKEIZEDECTHEE L, BELLETZIE, HESEFROD 3 BT VI %
BmoT, EEEFF-T,

R/ D 7 B 1/5 JEE D Hoagland & Arnon No.2 F5Hh (LARE, +Fe 55 M & FE5, 2 BR: Table 11-1) ~,
BHLZRXy FZTEBL, MR 12 EMICRA ETER L, ZOBMO pHIZT V¥ /L pH A —H —
(HORIBA A% =— ACTpH A—4%— D-24) THHBAWMFE L, pH DF#IL, 1.0 MHCI £721L1.0M
NaOH % il 2 T, pH % +Fe B2V TIX 5.5 |12 —Fe BB W CTiL 6.5 ([ZFRET L 7=,

# 1 Hoagland & Arnon No2 i&ih (+Fe) & Hoagland & Arnon No2 & iE#h (-Fe) MR

Element Salt concentration (mM)
+Fe -Fe
KNO; 6.0 6.0
Ca(NO3), 4.0 4.0
NH4H,PO, 1.0 -
NaH,PO, - 1.0
MgSO, 2.0 2.0
Fe-EDTA 2.0x107 -
H3BOs 3.0x107° 3.0x10°°
MnSO, 5.0x10™ 5.0x10
CuSO, 2.0x10™ 2.0x10™
ZnSO, 4.0x10™ 4.0x10™
H,MoO, 5.0x10™ 5.0x10

2-1-4 #iE

DIRES 1.2 FERNZ e o 7o & & O 3 IR Z —k & L TAR T H, 16 % 1/2 IR D+Fe
BiHh (pH 5.5) F£721%. Hoagland & Arnon No2 t{Z8H:ill—Fe B5H (pH 6.5) WA -7 U 34> (10 L)
B L, ZEER= 7 L—yva ARy 7 TER Lz, ZOREMOER THR O Co XL Cd EEIZ
% & 91T CoSO, £721% CdSO ik 2 M A 7=, pH FAHIE 2 BB X ITITV, ST K 2 386 BN 2 CHE
L,

2-1-5 kR Z it

ZAUiE 1/2 #E @ Hoagland & Arnon No.2 i & Fe-EDTA ZBR\N7= 551 T4H U . Hoagland & Arnon
No.2 thZEH5H L S, Z DOWEFIZ DN T, 10L DR Y NT Y 5T Fe g EOBBIRAZB <729HIZ 0.1N
FAREERIC 30 LA BRI E & L, S BLEH A L BiEAK (BEEERE 02 1S m' UUTF) TF4+nT
MO LTz,

2-2 o074 I)LEEDAIE

BB O O 5 3 HELAFEORED e I BE e o 3 &7 & $EREE EH (SPAD-502 Minolta Co , Ltd)
% T SPAD (Soil & Plant Analyzer Development)fifi % ] iE L 7=,
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2-3 BE# WK (Xylem sap) DIEE

BREURERE] (B H 12 13:00 205 3 BERIFRFE) EATIC, AT > L AROB ) Tl EEZGIBR L, XA Y —)L
Ay hEAWT, HOENUORE LY FVEICEERMKREZRR L. XAy =1Ly h &Y
YTOVEIL 01 N AIEIRIC L ABRERLEAZITo7) . RMBBEDLICHEL, YU TV EOEIZEL
FlE, HERWIKOERERLE LT,

2-4 WEMEADOTESTHE
2-4-1 EZMERTEROEHH DOFEE

AEERND 14 HEIZH > TNV E = =2 V@ A TERELL, BfE IS AL, 48 FERE]LL_E 60-80°C @
WABRIC AN, oL b 5 TR H LT,

2-4-2 WHER-BIERE N RE

2-4-1 THELNTRE 2 # B & REINZ 0T e E A WEH . 100mL 2 =7 /v —H— (30 3LLE,
A REER IR IE DR L72) W CEE W TRl < A A, FrfkiglE 2 5 mL I0 %, REGHIL (FhfgER LR 2 L 72)
THEA L7z, BH 100 CIZBA LSy b7 b—F E TGRS BT, IWENH- 72 & 3@ E., FF
WmEEE 2 SmL oM X 72, BN R ONRL o2 %ICHEED 1/5 BEOEE#EEZ AL, 160 CT 1
BRI L 7=, WHEIE. AH (ADVANTEC TOYO No.5C 90 mm) CTAi# LT 50 mL {Z fillup L., 4
ARGy o HE ek & LT,

2-4-3 JL—LRXRFRARERICLIER
2-4-2 O AF B AT REHAIR D Fe, Zn, Mn, Co, Mg, Cu, CdREIL, 7 L — AR JEFRILH G
(SHIMADZU AA-6200) (2 X WY EZRE Uiz, 72, 08 T & ITBERR FE O FEHEVRIR O WO % Il E
L, MEREEKRL T LHREBELZRD T,

2-4-4 JLU—LLARFRAXEFICLIBEXTRDEE

7L — AR TIIBRH CE o T IR O EE — @ R0 fRVESIR., O 2-3 TH &7 BE B INIK
® Fe, Cu, Mn, Zn, Co. Cd ®E&EZHTITIE, JRF RIS EREZ(HITACHI 180-30) & H 7=, 72
B, U TVREERIZ, 0~100 ppb DIEHERAZAED | REMEIER L7c, AW E 134T 0.1 N HNO;
WX o ThReBLUEEZ LT,

2-4-5 PIXEIZC &k B EE
2-42 MHBELNTZREHNAR., XIE 2-3 THONTEFERWIET OLREE O SN IL, MEF7FE X
BT PIXE (Particle Induced X-ray Emission) % H V), £t iZblz> THMr S iviz,

2-5 frEtaniE

EBRTHONTT —Z DMFRE LT o7, AENITEFRFAHERUEE X —DO KA a B a—F
SAS OHEFALE Y 7 F T 5 SAS statistic D anova Z W TT — X D E21TV., ZEBREEZITo7,
MBETOMALET, tREZHWTITo 7,

3 HRRUEE

-1 ANLFBREIFHTIZETA2F A LXDEE
M1ICAALFOEBEOH 2R LT, ColBEMNO0, 0.1, 1 uM ORXTIE, ZEMFEAER LN
Dol 10 uM OXTiE, H EFDO Fermmr vy A, 2L TR r v ARALIL, BERAEFTHENE
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Lahle, RBITBWTH, IROBLWREIH 2 S, SEMICEHERAEFTRES A O, &6
(2, BED LS ERMBE SN, ThE, EWEOFEREL LTS TZ(M2), #EE LR

=~

HMCTHBEREMEORVVAONTZDIE, 10ypM ODXOHZLTH Y, MORITITHERZITEN -T2,

B1 AALXOEBORT

M Shoot
ORoot

1.2

1.0

0.8

0.6

Dry weight, g

0.4

0.2

0.0

0 0.1 1 10

Co concentration in nutrient solution, pM

K2 Felt#fA A LXDEEBE FBHhE)
M E B REZNH DT — X ICIENFIC R 2T V7 7 Xy N &fF LTz,

INHORREIY, ColZ LDENBEFEICBENAREIZIOUM THDH EWVWI T ENbr o7, CoFEDM
THER T, #i B o rsmn 2 xru v X RFEOEEFEHRE CTH 7o, A LFD Co FEiX, Kk
HEFIZB W T, I~10 uM O ORIE THND Z LR ST,

B3 7 b— AR R RESE L CTHRIE L 72 IR D Co B &% 7 Lz, KBS D Co R 0,0.1 uM
DALFRXAZ BT, Co 1FHL BEE, REIZIE W TR S >7z, Co 1 uM X TITIREBO Z 3K H S
Nize VIV, Co M 10 uM X Tl | uM K & 5 LEIXE o7, £72, 10 uM K%, H# B
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IR AT 5 L. HEEFD Co BRI VRS Co lTMEICERLIZZ LB bhoTz,

FelXiz 35 Fefitis A 600
h a 1200 g
Hh 36 iR &6 - 30 ith 36 B
[ 1500
4 11000
250
| 300 1400
3 20 |
| 600 1300
9 15 |
1200
1 400 10 |
‘ |[f20 s 5 | |1100
w w wm ] wow ND ND ND NDND|_| 0

0 0
00.11 10 00.1T1 10 001110 001710
ABHEHO UL HRE (uM)

3 FeftisA A LFDCoBE
ND: RS e oz

ng/ g DW

40 —a—n iy 250
20 = b . 200
20 b 150
100

10 I [ 50
0 . . . . ' . 0

o 0-1 1 10 0 0.1 1
#h L &B RE

4 FeRZHEYMDFeE=

412 Fe RZAFLXD Fe &% /R LTZ, Fe RZMHIZE W TIE, WIh o Co EEAFIZB T
HhFerzuunv A (EOFL) NAONTZ, M B TIXHEMEYL Y OFEMN Co 10 uyM K THERKT
DR BN, Flo, HBEO Fe Z&iX, Co 10 M K THERBMMA RGN, ZDZ LiX, Co Rz
LD, Fe P TEICEML, M EB~OBITHRMZONDZ EE/RL TV,

3-1-1 CoBERIEVMDOHE —BIERBIBED I L—LRXRFRALEELELEPIXEIZLDBET—2D

5433
# 212 Fe #4442 F O HlE — b Mg H e 0 i D Fe & Co IR & & Ji WO LR & PIXE THIE L7z

FEROEDO—Z R LT, TRICE > TUELT7 L— 2T e o 7228, PIXE Tl S vz
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HABHAK L H o7 £ DX T ColaEEIZPIXEDIF I NIFIE 2 Fm WML R L7, LT, £RBX D
T A EHEERE LA RITI T L— AR WAL & PIXE TLEIE—E L 7=,

%2 FeliifAALXDHEENERD Fe & CoEED
7 L—LKBEFRIAINLE E(Flame AA)E PIXE DBIEEDLEE (ppm)

Fe Co

Flame AA PIXE Flame AA PLXE
0.4127 05220 0 00039
07143 | 09094 0 00023
05873 - 06879 0 QP25
0.9841 1.1395 03612 05399
1.1508 1.4303 03452 06369
1.8005 2.3540 02167 (3806
05317 06333 01445 02280
035711 X2 06365 01525 X2 03140
04603 Q6125 04255 06519
1.5000 17037 16777 323
1.0635 1.1530 16456 27890
0 00910 2 2076 38313

51 Fe flifa A4 L XD Fe G E%Z 7 L — LA R WL N ERH & PIXE THIE Lo/ ROERZ R L
7o B TORIZBW T PIXEIZE T TIES 2B EWMELZ R LTc, 7 —# ORLEX[FE L O RRIZE T 5,
FEERZECEIAEOIEILSXIZONTIE, EHLLbRBEThH-EBbhiz, MFO7 T 7ORIFIZIE
FCCTHRUC@EmZRLEZ, LorL, 7L —AKTiE, Co 10 uM KOl EETHEZRIR TN A 57223,
PIXE CIIAERBENEN ST, 2O X ThbTHEWVIR NN, T —% OERIE— L., EWFEH
RERIZEI L Th o 7,

0.5  mg/g dw 0.5 me/g dw

Iusmn O Rost g
0.4 N 0.4 N
0.3 — 0.3 b -
0.2 0.2 b— | N
0.1 0.1 .lﬂi. ﬂ— a al 1
0 - ' ' p LELL ' ﬂ : H '

] 0.1 1 10 0 0.1 1 10

7 L—LKXEFRANEE PIXE

K5 FetffA A+ LXDFeEE
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3-1-2 CoBEEYNDEERBRDIL—LLRARFWRAXEEXE PIXEIZKDAET —2 DLEE

Co A FIALEE L 7= gt iA A A A X L0 1-3 TlRAR72 HIECTEHILL 72 5 & WK D Fe, Mn, Zn, Cu % 7
L— AL AR EEE PIXE THIEL, TOT — X OLEEZITVWER IR LT,

Fe: 1 DDOHIAZFRWNT, £ TT7 L— A L ARFE WL EETEORIEM A PIXE OF) 1.5~2 5LV Vil
Lotz FHLEEX[E LICHEICRIT D, HEEREICLIDZHEDODIELSTOEAEWVIZOVWTIERBBLE
L7,

Mn: 7L — AL AKXOMEIL PIXE O 2 fFDOME L 720 | [RALBRX[FE 2z T 5, HiEZEICLD
EOIELHSEITHOWTIX, PIXE O NV VMHE\IN R S 7=,

Zn: 7L —ALLVAROFTN2MHENDL SIELL L, RERMEZR LIz, FABXE LIZHKRICBT 5, #
RECEAEDOIELSX T T L —A L ARDFIL DI KE o T,

Cu: BB LAHEAIZIRONT 2 00MEEDT —Z1T 1,/ 2006 20O TRARSZ X5 TH 5D,

PLEDOFERIZ, 7 b — 2 L ZARFE AW NEED PIXE L0 KREREEZ RTEHANEGDZ 2R T
Wz, HIEEOMBE CH LAl D H 52, MEREHRK Z BT 572012, T 2R TH X

JEREE L BIZRBILHENPILE L, PIXE ICBW TR HE S D ATREMEN H 5 DT, 5% KR

60

K3 HBUBBEHTEFTSELAALTOEERDBROEREEDATEICLHLER

R S

Fe iRE Mn BE Zn RE CuRE
(ppb) (ppb) (ppb) (ppb)
Co MIE;EE (uM) [Flameless| PIXE |Flameless| PIXE |Flameless| PIXE [Flameless| PIXE
0 458 266 262 121 584 97.5 33.1 16.8
399 282 211 93.3 267 88.6 15.0 31.0
0.1 499 282 272 122 199 86.6 51.1 12.3
’ 413 354 262 100 641 212 48.1 51.4
1 354 246 192 97.4 234 154 571 30.5
377 1099 281 133 175 107 51.1 29.9
3-2 AFRIVLBREEHTICEFTSAFALXDOEER
OShoot ORoot
-4 150

€ 150 | A -

£ A A =

Q.q B —

) 100 + A A 100 ?n

g A s

£ 50 - T‘[W 450 3

o o

< ﬂ 3

/) 0 I I I 0 m

0 0.05 0.5 0 0.5 0.05

Cd concentration in nutrient solution,pM

6 AFRIVLUELIEAFLFOEZYE
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7 AREIOLUMELIEAFLFOEEDRTF

WM EICB W T, RO B - IR L IR CTORERET 21 ->72(K6), £/, 0.5uM
FCTOREGAICENTIE, CdEICLDERMDERITIRON R0 -72(K7), 2O &%, HRRE
IZBWTH, BFEIEEO LEEET T Cd 0ORRHREEIIBEI NI NI L 2R LTV,

7 L— ARJFE WO ELECHIE Lz Cd & &id, i B3 - R E HICxH X & H_T Cd 0.5 pM [X
TELIHEIMLZ(8), £/, BEHO Cd FEIE, # EMEHTR I5EbmEmoT, ZORERIT.
WWRD Cd BEO LAENEETH, CORETHONIE, BESAONARNWI EE2/RL TV, 208
Bix, BERERBBHIBWT Cd DIFEEDROPIIC K, 2, CdBEWHEEIZAY LT <, AR
BYIAENSLT VI EE2RIB LT,

[0 Shoot H Root

=20 400
- =
© A a =
w15 1300 w
ob S
210 - 1200 =
o o
55 5 1100 =
2 B, L b P K
N 0 | | | | | 0
Cd 0 005 05 0 0.05 05

(uM)

8 CAdBEIEZEHTTEELE-ENDCIEE
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3-2-1 CAMBLEAALXDOWEIBRD I L—LBEFRAENLEZE PIXEIZEET—2DLEE

B 975 1312 CdALER L7=A A4 A5 B, ST, RESOMER S i#IK D PIXE & 7 L — LR W6
E%@Wﬁﬁ@%@%mbﬁo@Eileb(h\h\MnhOwTﬁoto%@ﬁ%\HME&7V
—AOWPEMEICZBIT L7 77 EOBMITIFIE T 52 ENRENT,

TR B DR ERERIZ-DOWNT, Fe | %Lfi PIXE & 7 L — AR FWAEREEICBNT, ZIEFRED
HEMCTCH o7z, £72, Zn IZOWTIE PIXE DI BNREDICHESND Z Enbrolo, RED Cu
B LTI, TR ENM3E. 6 FHENEZRY PIXED MK EEESNZ, K-> T, Fe Z2IET 5
WA PIXE & 7 L — AR TR EIEOFERITIE TE 223, Zn X Cu lZ oW TETHIEEN R 5581
ILEBELRE T2 2RI ORETH D Z ENRBI T,

ppm ppm PPmM ppm
o1z . PIXE wiVEIN 1012 05 1 PIXE IL-L 4 0B
010 | JRF IR {01 o, | EF RS {04
0.08 | 1 008

0.08 | loos ™2 f 1%
0.04 loos %27 {os
0.02 J ooz 01 ¢ 101
0.00 |—|v_‘ rh s N S 0 00 - h - = 0

0.05 . 0.5 0.05 0.5 0 0.08 0.5 0 0.08 0.8
KBHEROCIRE 1M KEHEHDCARE u M
i E &R RE

9 CAdMBEBLEAALFOHEES AR BHRD CAdEE

ppm " m -
1.4 - 71/_1—\ D-p1.4 15? 7"/_}‘\ F-)plz
18 | PIXE E;["&J‘ﬁ 113 45| PIXE JE%E&?‘E. 10
1 41

0.8 los °f {s

0.6 log 67 {8

0.4 Joa 7 ﬁ_‘ 14

7k%#i%iﬂo)cd;ﬁf§ UM 7k$#i%iﬂ0)cdﬁf§. u M
#h _E &6 RE

X 10 Cd szLTZ'_-L\#o)Eﬁﬁg \ﬁ¢u-t*‘|'lﬁ'l&0) Fe IEJ#
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ppm ppm pPpmMm ppm

01 | PIXE 2L—L o1 oz . PIXE L—L 0.5
0.08 JRFEE |0 o5l JRFIE {os
0.06 008 015 | {015
0.04 ﬂ m m 004 01 | {01
0.02 ’—X—‘ 002 005 | ﬁ_‘ {005

o 0 o Lom 1. - - 0

0.05 0.08 0 005 08 0 005 0B
7k%;zlti!f-'dﬂﬁcoc:d..;,;zfEF u M IKHBHIEHDCRE uM
#h &R 1R &R

11 Cd e LT’#TL\#‘@E%E& \ﬁ‘Fn-t*'I'lﬁ‘/&a) Cu IE,#

ppm pom  ppm ppm
el PIXEWL %lﬂﬁjg loe ool PIXE T -4 ..
- L o1s os | RFRE |,
IR m ﬂﬁﬂ ﬁ & ﬁ?
KB BOCEERE uM KEHEMOCIRE uM
ih L &B iyl

12 CAdEBLIEAF LFOHEIBHAMBRERD ZniRE

ppm PIXE 7 L\ PpmM ppm Ppm
08 Q02 015 [ 4 01E
JRFB 2L—L
015 | {018 PIXE E;u‘&ﬁ
0.1 401
01} 401
|—X—‘ 0.08 m ﬂ_‘ 0.08
005 | 4 oom
0 . . . . . 0 0 m ]
0 0.08 0.5 0 0.08 0& 0.08
IKBHEHMDCIRE u M 7K$&Hri’§iﬂ0)0d.«lﬁfg: u M
ih_E &0 R &R

K13 CAdUMBLEAALXDOEESBHRBED Mn BE
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HEE
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Concentration of elements in tissues of

cobalt- or cadmium-stressed barley seedlings grown hydroponically
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Abstract

The physiological effect of toxicity of Co and Cd on the barley (Hordeum vulgare L. cv. Minorimugi) grown
hydroponically in green house or phytotron was investigated. Growth of the plants was not affected under the Co
concentration between 0 and 1 pM. In the 10 uM Co treatment, however, Fe chlorosis and necrosis was observed
in shoots and growth of the plant was retarded clearly. Elongation of lateral roots was severely repressed and
growth of the roots was totally repressed, resulting in significant reduction of dry weight. Concentration of Co in
plant tissues was elevated in 10 pM Co treatment comparing with the other treatments (0 and 1 uM Co).
Concentration of Co of shoots was fairly low as compared with that of roots. Cobalt was accumulated in roots.

In Fe-deficient barley, Fe concentration of the shoots (umol g DW) decreased significantly in 10 uM Co
treatment. But Fe concentration of roots was increased significantly. The results suggested that accumulation in
roots and translocation to the shoots of Fe was repressed by Co toxicity.

The data of Co or Fe concentration of the solution obtained Flame Atomic Absorption (Flame AA) or PIXE was
compared. Sensitivity of PIXE was higher and about twice than that of Flame AA. Result of statistical analysis
performed on the data of Flame AA and PIXE was consistent. Iron concentration in all solution applied was a
little higher in PIXE measurement than Flame AA.

Iron, Mn, Zn, Cu concentrations in xylem sap of barley grown under +Fe condition were measured by
Flameless Atomic Absorption(Flameless AA) or PIXE and the data were compared each other. Fe : Except for on
sample. In all of the solution, the data of Flameless AA was 1.5-2 times higher than that of PIXE. Mn: Data of
Flame AA was about twice of that of PIXE. Zn: Data of Flameless was 2-5 times larger than that of PIXE. Cu:
There was no consistent tendency between the data of two methods. Ratio of the data between two methods
seemed to fluctuate from 0.5 — 2. Generally, PIXE gave larger values. The reason needs to be considered in the
future.

There were no visual symptoms induced by Cd toxicity up to 0.5 uM Cd of the concentration of the medium. It
indicated that visual symptoms of Cd toxicity may not be observed under the solutions of usual Cd-contaminated
soil in nature. In dry weight of the shoots and roots, there was no significant difference among the treatment with
varied concentration of Cd. Cadmium concentration of shoots and roots increased clearly at Cd 0.5 uM treatment.
Cadmium concentration of roots was 15 times higher than that of shoots. The result showed that elevation of Cd
concentration in this extent does not induce symptoms in plants. It was suggested that recognition of Cd toxicity

in foods, such as vegetables, is difficult and that Cd can be easily incorporated into food chain and human body.
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The data of the concentration of Fe, Cu, Zn, and Mn in the solution of shoots or roots digested by nitrate was
obtained using Flame AA and PIXE. The tendency of the data of Flame AA and PIXE were almost similar. In Fe,
the data of Flame AA and PIXE were almost identical. In Zn, the data of Zn was a little larger than that of Flame
AA. In the case of Cu in roots, the data of PIXE was 3-6 folds lower than that of Flame AA. Therefore, the data of
Fe may be comparable between Flame AA and PIXE. It is suggested, however, that the values between two

methods should not be compared in the data of Zn or Cu.
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