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b8k F I 13 LER DI TH 5,
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— 7 ORI —ITEm WD, 728 2 1E, 6.7 UM D b EETALEE S 472 A 113 U o REGHI T 24 BRI IS AR UOME &
2% 9, e FOME, MO, EHOMRIZE > T, U ML D e EOWIN A S 85 0D b
HLHHNTWD, F£72, UV AHMEFMICE B ELTWDLOTHAEIZHEASG L, BRIV DO T UV AR—4—
ICE o TSN 2D, HEeBIErAFED T AR L7 7R W Lo Shd, kS
IR R R e w3 e N A R e

70, 7RSI A MIEMOMNE L REOMICH Y HEEEEHELTWD N, TR I 2 MBROEED
AMUTH Y, F7-, MIFABEONMIT, ITENABICENT HEMTH L EEZDLNTWD, Zribi & ¥3Kk#E
Franiz=r R OROEKOK 5% ML DI 0 25% BROHFICH D EHE Lz, 2 HOHAN, FL
% Bienfait HOHIE NTL YV T RT T 2 hogkadht LABBIIEZIT ) 2 LB, E612, B
XN TR TTARTERELE L TV DA LW eEE L, Fh-, ST R T T A T v LTk
T, BOBEDY VEREIZHE L TWHDENEL LILEWEE X T, INHIZEXEZHLNITH2DICT R
TIZARNDY v gk B BORBBRBIREINDILERD D,

PlbEomAElE 2, ZOFEBROELRBENIEMO ) V2D SETRORCDOEET 7 — 7 O/ & H52
L., HEBCUF LA FTLAXFROTRTTANOYT T —7 OB egmalETHZ L THol,
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2 REBAHRK

2.1 {EME L BiE
NGA A X GFE S 2 U L3 (Hordeum vulgare L. cv. Minorimugi) Z 228044 & L. LA T OFIE TEFRFD
T 28 CARBERRS L7z,

2.2 BFRELHF

260X 5 UE/KIRKIZS /7 U AXOF &2 AL, AX—T7—THEEB0 M) LN b REAE L%, 15
MLLEFAK T W, ZOM 28> 7= # AV TaHk, Ny MIEY, 7 v 7 TREZEV, 25°0D iR
[CATL, 24 BRI LL B R E L RS /T2,

2.3 BRELEHW

BT L7215 LO T 7 AF v 7 55482 1.0 mM CaCl, &% AL, £ OHFICBWGERFEADRY =F 1
VLR NEKEIZEDETHEE L, BFELEETEIE, HEEFEFHOS 3 A7 VI 2% - T,
HREoT-, #REND 7T H#%. 15 #E O Hoagland & Arnon No.2 55l (AR, +Fe Bsith & eSS, SR #
1)~ L=y FZTEB L, MR 12 MR ETEE Lz, ZOBHMOpHIZT VXL pH A —4
— (HORIBA /1 A% =— ACT pH A —%— D-24) THEHHE L, pH OFF#EIEL, 1.0 M HCI £721% 1.0 M
NaOH %Iz T, pH % 5.5 ([ZFH&I L7=,

% 1 . Hoagland & Arnon No2 #5#t (+Fe) MDHAL

Element Salt concentration (mM)
KNO, 6.0
Ca(NO,), 4.0
NH,H,PO, 10
MgSO, 2.0
Fe-EDTA 2.0x107?
H,BO, 30% 107
MnSO, 50107
CuSO, 20x10™
ZnS0, 40%10™
H,MoO, 50x10™*

2.4 %48

IRE S 1.2 BEINC Te o 72 & & Shitid SRR 22—tk & L CTAR L U TaEA, 8HEE U2 I D+Fe K5Hh (pH
55)N A=Y XY (BL) ICBAE L., W =T L— 3 VR TR Lz, i 10 uM As + 500 uM P,
10 UM As + 250 y(M P, 10 yM As+50 uM P, 10 M As+OpM P, OpM As+ 0 pM P © 16 H f#Es L7=, A
BRX 10 uM O b Rx G0 CEBRZ T o7, o8 b . PRIFIEBRICIHE VT 10uM O b FiTA A LFITB N
T 10 uM D Fe**-EDTA Z & e HIZ BV T LW e BEOIEIRZ /R SR -T2 b Th D,
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Step 1
Step 2

1. Bienfait b0 FHE 19)}CJ:62]‘2]‘A3F1E0)771<:7P§X MIBEET B TRT TR MO
Step 1 : i1 AL KIC X BBOBEH  Step 2: 0.5 mM CaS041iZ X 5 10 LR DEEE

Step 3

X 2. Bienfait H5DFE NI L BT FTLAXBDT RFS X MNIEET BT RS S X MO
Step 3 : TAHRT T A bk MES B EH T T NazS2:04 DEIC & Y AT b S iz,

2.5 PIRTS R DO ELAE &S BB RS

THRF T A NMIIIET DT RT T A Mk& ZOMOTHEIT Bienfait & JikE NC X v wiEk Lz, £0)
% T, pH5.5 © MES #%fi#% (10 mM MES, 0.5 mM Ca(NO3), 1.5 mM 2,2° Bipyridy) 23 iV & 1072, #AIC,
R 3K T (X 1. Step 1), P, MRI%100ml @ 0.5 mM CaSO, I S (K 1., Step2), &5
(2 100 ml @ _EFT MES #EER D I 5 oy (B2, Step3), D, 5ml D 250 mM Na,S,0, % Il 2.
10 77ff. WEfT, MR 21208 L2 3 DWWz, OB TY AR 77 2 MRITAE L, i Shiz, 2o,
fE 1% 100 ml @ 0.5 mM CaSO, ~b E L7z, D%, WAL, T O L iR A2 08 L. BAGRK
TYel L7, HBROFEHL 60 £ 5°C T 48 Ipfilizfi S, A —mESBERIC L 0 0 Lo, SFfRIEIRIZ 5 mliZ
WefE L, IR TE0mHIZEIR LTz, 7R 7 7 A Mkl L7- MES @R & WK D3Rk o U v LA
DI G BRI A AL B A & R RO EEEFH(AA-6200; Shimadzu Corporation, Kyoto, Japan) T43#T L
Too U TS EE FH(model UV mini 1240, Shimadzu Corporation, Kyoto, Japan) % VT, Imamul-Hug & Alam
2005 @ J514: % T 420 nm IZ CHtER L, PIXE 2 AW CHlIlE L 72,

3 MBRRUER

3.1 HEYDEIR

TRV D IR S T V) PR E DWW ZHEVERL 72572, HRIZ 10 )M As+ 0 uM P [XIZHBW\WT 16 HHIC
HIRIZ AR 720 (K 8), REIFERT T — 7 OFFAEZ /R L Tz 1289, 0 uM As + 0 uM P X ORI DX &
ARREEL, HE OB L ATz,
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0.4 |
b
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As and P concentration in solution, pM
5. 223 VEBETERAE Lt A LXNEHORD Y iBE
LROYVEE BRRATAIZ7y_y b 320 kT — &1
Ryan-Einot-Gabriel-Welsch multiple range test iZB W\ CHEZE
(p <0.05)28% 5 Z & & T,
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K4 Rie2Y)VBETERLELSTLXNEDOR
DEME BRDZTANT7 7 Xy Mot er—#i
yan-Einot-Gabriel-Welsch multiple range test (2 X 9
AEEP<0.05)035H 5 Z & &FT,

3.3 IEYIDRTREE

3.3.1 Jv

ROV PEE (mg/lgDW) LR
(mg/ ER) 1ZEEHD U R DRI
RN LTz, TRZZ A DY 0%
PIXEIZ X > ThHEH SR> T2
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3.3.2 %

Vox2 52 5T TIIROT R
A N OBREIZIFIER L Ch o7z, LL,
VU ZBROWIESRIETF TR, 7TRT 7 A MD
PRIBEIXY v & B 2 I AIERIC
ol (X6, &3) WRITHET HERIZ
FIZTRT T A NAFET D Enbn
ST, TR T A NOEROEMIZERL Y
VINTFAE L72WOSAEQO UM As + 0 pM P) T
1T 7eino7z (X6),

M6. RpdeRE Y VBETEE LAA AXOMOE
BELIROSEE

RBEBZT7TAV7 7y befFh T s
Ryan-Einot-Gabriel-Welsch multiple range test (23

THEEZ(P<0.05)13H5Z L 2RT,

3.3.3 &

Vo b 2 280 Tlid, BETARTZ A b
BEFEE LI BOREIEMO Y VRE
DR TIZENEF L, 10 uMAs+50 uM P [X
ThEIZR>72(K 7)., MY EHT T,
MOEFEEEIZ 10 UM As + 50 uM P & Erifig
LIRS ooy, TAHRT 7 A MO e FH
FEEE < 2ol

TART T A MEEREG LIz FRIiL, RoF
DeFL VbR, KRE
B o7=23, U ZBRWELBT T, 2 £
REIZE E o7, MR BT OEAE R
DFERTH -T2,

M7. ReseRL Y VBETEFTLEALLF
DRDE RBELIBO L REE
BRRBZTNT7Z 7Ry b EMTEDNT HIZ
Ryan-Einot-Gabriel-Welsch multiple range test {Z
BOTHEREQE<0.09)8H 5 L &R,
nd : BHIHT,
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#£2. BRBY) Ve RBETCEAB LEAFLAXOROTHREE

Treatments P K Ca Mg Fe Mn Zn Cu

(M) e mg gl DW -----mmmmmmmes momeeeomoe oo pg g1 DW -----mmmmmmeeee

As P Concentrations in roots
10 500 4.64a  92.7b  1.79ab  2.89a 118.0a 9.02¢ 34.8b 12.7b
10 250 3.40b  88.7b 2.11a 2.57b 148.2a 14.4b 27.6¢ 15.7b
10 50 1.35¢ 72.3c 2.13a 1.36¢ 118.3a 25.0a  29.0bc  9.57c
10 0 0.88d 132.3a  1.39b 0.28d 116.6a 14.1b 23.1d 19.6a
0 0 0.84d  86.2b 1.89a  2.71ab 60.0b 25.3a 41.1a 13.6b

Accumulation in roots
10 500 0.51a 10.2a  0.197a 0.318a  13.0a 1.00c 3.84a 1.39a
10 250 0.32b 8.28a  0.199a 0.247b  13.9a 1.35b 2.62b 1.44a
10 50 0.09¢ 524b  0.158b 0.103¢c  9.01b 1.82a 2.17b 0.70c
10 0 0.02d 2.84c  0.030c 0.006d  2.56d 0.30d 0.50c 0.41d
0 0 0.07c 6.52b  0.143b  0.206b 4.02¢ 1.94a 3.13a 1.03b

BRBTNT 7y b BT EHMEI Ryan-Einot-Gabriel-Welsch multiple range test THEZENH 5 Z & 277,
DW : ¥#E. nd: BHINIT,

3.3.4 ZDHDTHR
RETHRT T A POERITHER LTc~ T AREIR Y CREMEWG ST - 7o, ROMESHREITE O
U UREDEKTICHEVE T L722s, B3R L) U0 TIImE o7,

#£3 BRBYV VL RBETCEBT LETTLAEOROT R IR MELHEA L TWELTROESE

Treatments P K Ca Mg Fe Mn Zn Cu
M) e mg g1 DW -------mmmmmme oo ug g1 DW ------mmmmmemes
As P Concentrations in apoplast
10 500 nd 3.84c¢ 5.87c 0.095b 720c 2.21d 50.6¢ 1.36d
10 250 nd 4.63c 7.15bc  0.099b T14c 3.76c  110.0b 3.68c
10 50 nd 4.38c 6.61c 0.098b 827b 7.12b  129.9b  4.45¢
10 0 nd 10.5a 24.2a 0.078c  263la 22.9a 684.7a  41.3a
0 0 nd 6.16b 7.91b 0.126a 114d 9.67b  117.2b  9.81b
----------------- mg plant?l ----------------- -memememeo-o----—-—opo plantle-ooeoo oo
Accumulation in apoplast
10 500 nd 0.42a 0.65a  0.010a 79.4a 0.24d 5.51c¢ 0.15d
10 250 nd 0.43a 0.64a 0.009a  65.8b 0.33c 8.91b 0.32¢
10 50 nd 0.31b 0.47c  0.007b 60.9b 0.50b 9.03b 0.32¢
10 0 nd 0.23c 0.51b  0.002c 58.0b 0.49b 15.5a 0.95a
0 0 nd 0.46a  0.60ab 0.010a 8.57c 0.72a 9.36b 0.74b

BRBTNT 7y b &A1 7-FHMEIX Ryan-Einot-Gabriel-Welsch multiple range test THBZERH 5 = & &R T,
DW : ME, nd: RHENT,
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4 EE

MY o TeREFLRME T CEE LIAL AXORPHBRICRAZ R LIZ(X3), ZOFRIE, Vo RE
DIETIZHEVWE BB T T — IRV IAENRCT K b Lz, 2%V, e BHFEFTOHTT—7
DIGHIT Y B IKIFT 5 2 L AR Lis, T, 8675 —27 O E ) U RBOBEARE ShTn5 9,

AREBRTIET AT T A MRIZHEAS LY VIS holz, 202 Lk, VURTHRT T A N T L
R LR L EARIB LT, ZOZ LIS LICHBRSNDLENH 5, Bienfait H D LN k> TT R
7T A NREARAL LIS U SN S, BB EAWTT AR T T X N BRI LT 54
EBROMFHIZB W THIBEAIE SN/ L 2R LTV, 8577 —7 0N VEBEET D EDRENRD D
DR, Fexr DFERITZFNZXE LAeh o7,

ERFETIZBWT, 7R 7 A METY o Icbnim L7z, U G Tzl T, 7R 77X b
ETIFER U TH TN, VU REFETTIET AT T A MROBREITSMHE LM T b0 &z,
U VBN ERFETTOT RT T A RO EIHT 52 ENRBENT, 7R T A MUIBOF Ok
LV 10puM As+500 uM P, 10 uyM As+ 250 uM P, 10 yM As +50 yuM P, 10pM As+ O M P, O uM As +0 uM P
RIZBWTH 6, 5. 7. 23, 2 5@ oTz, TR T A RDPIROGEOMBIFIC > TWD Z EDRBINT-,
TRT T A NROEREMEIT e FBEE, B VRETORENE, LovL, ek, Y LB FTCRETRY
7 A MNEDTERITIZ bl

213 10 pM As + 500 pM P, 10 uM As + 250 pM P, 10 uM As + 50 uM P KIZBW T, THRF T & k&,
#5.37, 9.01, 6.47 fFmn o, £DZ L1E, VMG T TR RFMOFTIIT AT T X FTIEAREFIC
FIHFETHZLERL TN, L, Y CEETTETART 7 A MEBEET e RITMROPOEH
2R 209 5@ o7, EROWRINA, D L U ACK VG SIS Z ERRBEI N, i, U UE
CHEEFRTETE FCAET LA FORICB VT, EBIIKRIS RO FUCIIET S 2 L3 iiE S 9, Lo L,
UU R, o, EBFEFTCTERT LA RICBNT, ERIFEICROREICHFET D2 &, £/, BEBFE
T, VU REHBTEBE LA XOT T —7 O FRREIL, EBAEET, U o MHAEHCAE Licmic it
NAEEICEWV (1180mgkg ) = & A S Y, B ERIE(ESAE F T4 L 7= duckweed (Spirodella polyrhiza
L)DARD b HE D 56%AMRFUIFE L, 4% 08T T — 27 ITAFHEL T 2, MOP, Xt BOTHRT T2 ki
DEFOREITL FOFRE (LB, e i), YORE, o) VU BROGEIIKGFT 2 2 A RB Sz,

5 &M

BT T — 7 OIERITIEH D U VEEICHRKFEL TV, UV BENEDTH1EE8% 77— 7 oRiT LA

Lo VVETRT T AR TEHREKIZILE L2V DTHA D, KU UEUET TR, SRIIRLBOTRT T A
MIFELTZ, ERLIE LTS T, EEOZLIETRT T A LY bIROPIIHFE LTz, ko—Hn
THRTTZARNTEREWBE LI 97, VAITRT T A N TOv@BEOIBIHEREL T 5 & Bbhi,
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Quantitative analysis of phosphorus, iron, and arsenic in the roots or root

apoplast of barley grown on water medium with arsenic and iron

M. R. Shaibur, S. Kawai and K. Sera*

Faculty of Agriculture, Iwate University
3-18-8 Ueda, Morioka, iwate 020-8550, Japan

*Cyclotron Research Center, Iwate Medical University

348-58 Tomegamori, Takizawa, lwate 020-0173, Japan

Abstract

An experiment with arsenic (As) and barley (Hordeum vulgare L. cv. Minorimugi) grown hydroponically was
conducted to observe the effects of phosphorus (P) status on the formation of iron (Fe)-plaque. Plants were grown for 16
days treated with 10 uM As in presence or in absence of P. A set of treatment was without As and P. Phosphorus was
used as ammonium phosphate (NH4;H,PO,) and As was used as sodium meta-arsenite (NaAsO,). The Y-strength
nutrient solution was used at pH 5.5. Plants were treated with 10 uM As + 500 uM P, 10 uM As + 250 uM P, 10 uM As
+50 UM P, 10 pM As + 0 uM P and 0 uM As + 0 uM P for 16 days. Iron-plaque with root reddish color was clearly
visible in barley roots grown in As-treated and P-depleted condition. However, Fe-plague with reddish color was not
found in P-depleted and As containing medium, suggesting that As played a vital role in the formation of Fe-plaque in
P-depleted condition. Intensity of reddish color intensity increased with decreasing P concentration in the medium.
Apoplastic-Fe together with other elements were extracted by the method of Bienfait et al.. Contents of macro and
microelements occurred as Fe**-complex in apoplast and in roots were determined. Particular emphasis was given on the
concentration of P, Fe and As. Arsenic decreased root dry weight (DW) with decreasing P concentration in the medium.
Detectable amount of P was not found in apoplastic portion in all treatments, indicating that P might not be complexed
with apoplastic-Fe. Phosphorus may be present inside of roots as organic or inorganic phosphate. Iron was mostly
concentrated in apoplast. However, As was mostly concentrated in roots and a little portion was found to be complexed
with Fe** in the apoplast. Our result suggested that P might repress the formation of As-Fe complex in the apoplast,
somehow.
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