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HEFE HHcisly B v RO L B RBOMSERIC B JITTHE

T-N P05 K.;0 CaC MgO Fe Mn As
M B OB M ) (% (%) (%) (%) (epm) (ppm)  (ppm)
" m ¥ % 172 0.65  1.66  0.43  0.90 360 20 1.1
& " <071 0el 0,16 0.44 6,400 10 1.8
% 1= 1.92 1.0l  2.66 0.3  0.39 351 22 . 42
2.500m | 7 Z 111 o7l 023 0.6 9,000 16 1,078
' ¥ = 2.18  1.04 2.30  0.55  0.58 506 40 158
As(m) 5"‘”“{ iz} T 188 045 0.4l 0,18 19,200 24 2,302
% 7 2.57  1.05  2.90  0.41  0.69 586 56 231
10 ppm { 1R 2 3oz 029 073 0.27 33,460 90 5,260
% 7 1,00  0.68  1.97  0.25  0.36 200 22 4
2.5ppm { " Z 082 2.3 017 0.8 6,000 g 966
' x = .71 0.62  1.52  0.26 0.3 418 24 70
As(v)  sppm {£.% Z {19 0,56 0.26 014 11,200 20 2,09
10 ppm {§§ = 1.65  0.64 1.49  0.30  0.43 688 50 154
PP 1R — 1.71 0.33 0.3  0.14 20,700 28 4,880
Lhs, As() R TIIEEIC N TEBL . b5
By AEER, BICHNT, B As BED 100
HMT R A BT R L, As(ID) FFIHS As(V) 3 AsaE
Ih 2 EES2RLII. U LEETIE, As(V) % 50 Il As(vVinmE
FUIT A& WENIES, AsUD FITRETF 3
ORI B TS, —EOEMLES, WRKeAE @ H @
ooz, : £
PlEid, RTIRYVIREFEWTH L, As PE  Z o
DENUCHIS L TR 7o, ECHATik §
D As BIFOBINCER - T, Evh i tFEE *
WA LRz, As(l} & As(V) MICHH B HERIT
HHNEh T TN P:0s K.0 Ca0 MgO Mn

D v A BN, EHhe As BIEORINT, B, ¥
Brd bREEREM AN, X As() JFid As
(VIRFIX b & As BEoENTRMic LR LI,
ESEEE, BT As BITIEF L TEN
LT#h, As() FIM As(V) FFLH 85202
B ERERLT, BT As B O T Sigmoid
iR ER 2R, 2.5rpm As ¥ TRIEEERIC
Zizd, sppm Ll LT g s LALLM As() R
TS| L r oz,
FTORINEIY, As MHOMENC 751 BOOB
IR B DS & it i iz h B - e ffif 2 R L T,
As(IT) » As(V) £ 0 3 BuNEE B KENH T
—HLTnA,

VERR UHE e B & A ARER O M IR RS
S22 As LEELEHIC U A RN HE

NV # %®

b FEYAERA T AR IR E A S BE s (EE
T A5, KL TKRBE2RET 5 LU CRENTEE
FTa2ZEBEN, COFRELTRDL S I EHE
AbNB, (RKERXAEE LR O HEARIE Tk
ahaizy, THSETREIRED, Thitkdk-
THEBHEAD~ As MRS 5, Q@EhOuHEs L
BhLoBEeBABILINATD, ML AsBETEE
HELHEL 2D, CUKBLEORTAERETON L NE
795, $4bL, kEt@EsaTiRBezy,

AR « [UE8 - AL : e RFAERERICEY REETREORITMNEL TOME G118 13

WAHAO As EHNERL, FiBFHL As de
Wb & hEEOROE e BB T s bR S
N5, Uil LLLOHEEEENT 521, THIAN
A e B O  BEIREED E MALTCIEET L OB
RSB H 5O, REFIKKE{ESTIEELD
N5V EVHR QIR T ORI LT, EEORR % &
FOTE & 4 & DB T 6 it LT { S
55,

TER, VEMOAEFT KB LIITEMO L He o
TETONT OB, HTOMEYD & Bty
INTHLNTNEY, CEEEORSMMEE 25 KW
THIZEA EFTTONTINIY, FICiEWREOES LR
RGOBICE LT, KOs LS THEEY
2T HE hEEEAIT,

FLTERELBAKBHETEENIELBO S Y 2
AR B ERICEML T, KRBOBRI RO OWIT
AN THRE 2 MA. FORBIRFHLIZLS
I As EEDFHEN L BN BSRE b5 A, NE
ESRELH A L THROBEKIOBIESHEL LT
WAL &M oiz, NAZEOEFR, Bkt 3
As ISR X - THZD, HAEEE TR, TOME
DEFR LT, BASOERUISBICETL, Ficil
EEDSHEINE 3 &, EREPHLAET LAY, Dne
H—EOHERTLIICHALT. TO D RS
O F —~id, ZHRG 100 5B MR RE 222 2 5
WTFT - BRI L {EITHh, v EBEORN
& 2> THREHBARED ERL TS, Eiok
SRRy FRRG E §—B T, BRNsEE
BEMHoh, VoBPRIDE, SEECEZIEMNS
RS %2 BN L Tibiic B EBREEE 11 42 k
CEITHE, BORATHOETRERT I 0L
mahic.

L BE R M b BRI & A KRRIR OB SRR O EEER
BLMT 2L, ROD3IFV—FRRBTENE,. b
by, MeREEeR s ORNEHEERSIZIFREE T
& B EE4y - NOy, MgO, CaO, (2) As JUEDFIANC
MEE O EEERDS cBRLYELhI KEbsi
2%, ARSI - TR P20s, KO,
(VEE e s v B L b FAFIERVI L itk & RS-
NH,, Si0,, H,0,

(ORSIFRBRUCE T 4, SEERSLS
h5ZEht, MECHSBEEMR, Bz oBmiBEowE
D& THPET B T EIZAET, BEHERICEDLOEN

BHaEHCHESHAE,

ZD5br 1 8hE, KOBELELLTEHED, WFE
OIS TH L, As OFELIZBEEZ LIiTKE
A BOBERE T 0 v TR, —oDEELITIE
IFREL 2 EBA RS 6. 2O EhbE F4
BORIL, HOBICHEL T, MR
BREEEINTHE30:EL NS, #E-THE
Bl v B CHEER IR R IZERSL 6h 3013
EIBRAD L S iKE T A EETH 5,

fEfgicd % As OfERIEE c iR s e iR E TED
RENZEE YD 2 &b T 3 PN RIN OEER
TrLEBT AL, MHEE VELOEmSZEN S,
FSMAUTH LT, B SEEFIO 235 L6, g
B2 ip L CHRT SN ERRRATEEVVE, »
U, 7rez7ik EORNITFLRE & &b THEE
ICERE N TIThN TV AN, sre s sz 2ORIN
RELAEHE: SEERETHS EELLNATING,

As T L ATEDBNEENL, B cRE V8B
BENTIE LD BRLIELILTEY, As 2L T
SEEEEES N, BAREBEEZ SN EE
ABCEWTES, FCTARERO Rt LIFd
As ORERM S 9, As IWHHICREIC L A I5EES
OUATIREL % F <2 8EHR, As izt - T IRNEZ ST
Hot, MeBleBlh  TORESAENC LS
ot

As YO ERERICE LT #8iconT
fFbhio Ugid T T 558, BONNERD jz Lhud
TEOBETN O 4 v F— BRI L S EEE
ZhERiZ, 107t~ 10-5mol D eEE It X hHZE 31 3
IhEs, ZOMMEOEETE REERZ EESN
D, Linl, A v F—ABEERORMIC & - TR
SERGIEE I NS L L 28D, TOEEEAMY -
RN L - TEETI 2B oLz, 0%
Er b e Y BRI OB E B L TEEHEE
RA2ETELERTREL TN,

As ik ATEMOETIEE 2 SRR S 55
L, eEL Y CERE OFEUHEORY, FUF—XT
BORILOERIC ) L BORITET R EMTES, L
Pl BTiaVF—~EE8e b - cE, L aF 3-
phospho-1-arsenoglyceric acid 7p &k 2L ¢
ETH-T, LHIMKSRL THEDO L
3-phosphogiyceric acid /239, ff-TrE Itk
BEFIF VA -V o BOBIENE R E— )
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B (ATP) oERE S 2Ll #iT3 3720 FH
FERIZ S b EE SN T, £Oz 3 0¥~ 13FIHA
TET, AT LRI = & VA — B2 I TR L
T, ffarho ATP 2 30E &5 SREGICELE
WEEXITTREEALL. BN - B{EER ot
% (uncoupler) ¢ L UDNPdigé L AMb6NT
Wah, vlfd ADP O VB LR o iR % W
L. ATP OAREHEETED,

Ll DNPRI6) 2 iz k5 S50 DBHE % M
W3aL, hY, Pre=7 CREBRATH S, I
CEEOEICEE & BN AL RS, Tizhb,
DNPic &% ) oo MINBHEEFLLD, =Bo%
BERORELRNTLTHE, TOL 5 ENET
HOFEREAI BT 3EERROBRIL L - TET S
b O, SHROBFHELIN,

Ll bid el X B EERA2EBEN SE» bR G
A, Hefié v B L oG A ED: o #HE L
iz & DA, e X B e BRI ) BT &
ST 2N A4, HeBoRI ) -l -T%
WaxhicnE b Ting,

HAROBFSENICE LT As OS82, 2Ol
DS RIS TIEE R B3 U o isiR,  As(ID)
2k AEINEEGESHAEN O FIETS L,
K;0pNOg « NH»PO5>Mg0>Cal IFfL & 72 b,
As(V) (T X =T K0« NOp>NHSMgO « P05
CaO DIELLs T & & AF. COEMIEY VB %
BITEBERAEMEARZLCER LMD S, ZOE
AE25AMIch iz - T As R ki, EDiEe
ST L RS o SR & DBEEIRAL & iz b &
BEHEL S, BIEOBEIT4005E & 5 S o =5
Th a0, HEOEEIZ25AMIcH Tz 3 R
EHOERTH L, ENHORETII As LA OESR
S EHE— 222 L3I BHTeDTH a0, BN
M EHET 5 L, AsOEE, BELSSILEST
AR ORNEESRLS, & O LD
H£E, THEOMRLD, HTFHEOFRE, ME, R
DOFEFEIT LICELUWEREZETE, 00X 5 2HEA
fkd3 As RIS R B VR & LTRSS IRPIESW
T fBEL, ThdOEBEERTOWHIERHSIC L -
THEEIGS SRR ENA C Lizins, HREE
RIS D e BRI DBNTH -1 5 D5,
fEREOXRE SHELDD, EFAF— DR ERE
TR IS, BESRATEROENEMNTE &

IETREOHELFHRL, FHEORBTLEOEY
EOESENETET 2 CLIEHETH b, BHHO
REMIE 2 —ERI BT A m 2 A LT
BFRETHBELTING,

B oL AR kIR e S ERIcEIS LT
WAHEEE, WHENEHETLAVE E & T, Wik
REOTEFRNICE NI THENRIZCEERHL
TWA, FTRbLAHD WK sHTiEA Y, Y
B, 7o T=7 R EOEEPAENDY, LEBETL
EV LT e T IRREEEIN s h, H
e OREEERNE 2. FEEGDFEER
THME 1 EEI A S b THE e B TR
) OEHEEHMSEL LT, elTIR) L8 BE, v
FARy A, LA, KRBT, BEH
DEIETFRS L, HEEUSZLEL -1, 25HH
As QLIRS IT Ve 2 347 L TR To R R R T
EELHETZ L, AIHOIERN b b EHBENSH 5.

Dl 5T As i & AKTEIROESEN CHE:,
IIBRARNIT & » TEANC TR0 5 505, B e fhs
L b EEENENAEBEII—EHLTNE,

VEOEEIT & LIS H e R e Oz
TOEEREZE L HLThh T AN, Wind e
Thh, REETOHERDRN &,

LIERIG 50831 € o B % sk BEBEE L 1ciB & @ As i
i3 = B 5 ppm, e 10ppm TH L it §ET,
WO FROEREREL LMl nrzys, BT
BEoithoio., :

KIBOEERMNEICAITY c SR « RO B
N THERE U o S, KR EEE+
YO LT 100ppm As $EMERO « BRI EEE © B 2 BN
L UARRSRI TIT - o Til, e B hi s
Hh ST AR TR 3 %, HIACRIB TIRN12%
WA LREET, WEOEZN s, EHWE i
LEEETEERD - M) D AEBRIRINLTH v FEFE
TRMETFERE L <r 2B b Y o 5T 70ppm,
L b o ATI26ppm ThB E LTS, Ll
T e B E e IR RN LA, kS
Wit As THEie X - TEML D, HEERHO As g
EEDELT B 2 &W, o/ bEsTEM O E T
Vv As DIEEFMEMIE 2 1oy, WiEORE I
HTHAEOHEMD HFE b E TRET LI,
ZTOHE, FHTIRKEO BT BN TOARE
EVERETHH L EAOGHBFE L, vBIH LM

AR « LB R L B EREREICEY 2 ST RHE ORI L TOME (E1H 15

Bpie g &L, As MRS AT 81T B EF
RIE B i L IRER T E T kg A L, 2.5ppm As T,
As(M) MLEBD 503 As(V) ILE o 1% ELD
L, 5ppm [l FORE TR 1 L EO DI -TN
3. NEEHAiciz S . As(ll) MO AFEHEDL RE
KL< Z-T, b BRUREL 2.5ppm As T
As (V) WO W RiHOED L 2h, ANERE
Wi M b L. COBEMS As() DR
i, fE, EBEL D ANEAR{EDLRA T EAHMAL
1z,

L, EEOKEIRBSNT, HefElEmsh
BHE S ELS HEIC-OWT, TS
hT3 Lidn i, [RGB EEDKEICET
3 pHEHTO R - Ee Ok
(HzAsQ3 ]

[HAsOz3
TREN3 &L, PH= § T [(H:As01) = (HAsO;)
i 5 Eh=0.135V ©, WHO KETE Heios
REHTRTINECAHEL L LTS,

o THERGRE T TRFID As EEBAENERE
UTEHEDRWE EBBER T D THLLNSH
i, LEORRICE T, AsFEOENT—EIM
Wehiz, Lisl, bifict 3REAFEERRS 1B
ERVAALDIEBED LNTE D, KEICET 5K
D HEEE R LIEGO e REEOMED 5 DA T
AR T AL AR THAE. e EFRTTOBT
LT -7 As AL T A 2 S BIE S, (LR
BN L 5 THED BN T A, SHOVTE TrHES
Yup SR OMRITALIC A TS A T B v TR
B LTS, HIEOB{RTRE L OB TH b
THRNENDD.

Eh=0.666-0.295log —0.0885pH

V & 2

e B LEIC S L TR CRIBRITE L O TR
ENRETARRZELICT 2%, HIRETEE
B KERETEENREEZALN T AL R
MIKRROTSTIE, £5, [Rbhics 293 S K
WTHEHE U, fohf#RIRomb Th .

1. EH5, 6O L &, HEHA~ As 250 (%
KH)THE,BeE (7)) 5ppm XTid 1, 2IFH &
WEEDS hi' ik, 10ppm Tld A2ED FEHIENT
ROWINEHEM T 3 h iz, UL, BB (08 Tid
COX D emEE 10ppm T Beh b g ot

DEE, TEO R DI e 3508 #hixlix-
7.

2, M e ERNC X - TR ORISR 3 h 2 IEAT
ix K00NH, « NOgHP2053MgO « Hy05Ca0 0 g 5
igteh, ei@iz X0« NOONH MO « P05

HhCal QIFIE 2oz, 2hbDIEMEESI0E

WidkAh, FERERTHEEALN. VBB
1 R FEORRHEER 2RNL TIThh o RERERIC
Tz, e BRIV 3 Tk ORI
—HORAERNIHe BB B L O RED T

3. AsyER 1T A L, HEEETIED Y
ORIVEEESEA L, BT Y L BOEERAR
MUTHEE & b BESHROZESRS L.

. 4. As IERSHERESE L7 TR D S S EIRE
R SEEEO e BE L D {5 Sl BNET
WiEoEm E T,

5, BEHich As JEEEHS 2,.5ppm Bl BT, | A1 -2EL
MG Eh, BEORBEIARLEZ-T. 2Okl
MR As BIFE O INIC L (e h, [RR
JETRE SRR L D A AEEERENE Ui,

Hh RO SR LT AETER RO RO

As i AR 3 &, 25 H[MLE TH 1 Bk 2 ppm,
vEstEIE 2ppm Lo b, ANEENRE { £ T B ERD
3L, ThEDORBERESVETLL.

6. ITikiE AR -~ CHE £ B 2.5ppm T 78 %.
EEX T35 % I £ ih , b ppm Bl E T TED
K b h SEAREREIRE T oin, BLEDT b
Hiz A e FEBFETIE, BORBEERETS
B, Pk O &2 EELTREEMC § £ 2IET
AT EMELhIRIL . COEHIIE e B e L
h TR (BHE) T2, NETH IEERRS

THh-7.
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Summary

Inhibitory effect of arsenic on the nutrient uptake and growth of rice plant was
studied by increasing concentration of sodiun salts of arsenite and arsenate in
growth media. The results obtained are summarized as follows :

Rice plants were grown by water culture technigque and treated with various
concentrations of arsenic in the basic nutrients solution from the tillering stage to
the ripening stage,

The inhibition due to arsenite in the uptake of nutrients and water was in the
order KsO>NH,-NOg>P20;>Mg0O+Ho03Ca0 at the tillering stage, The order of inhib=
ition of arsenate was similar to the case of arsenite, but rate of inhibition of arsen-
ite was generally higher, Except for P:0s, the order of nutrient uptake inhibition
of arsenite showed a similar tendency to that of respiration inhibitors.

One week after the treatment began, the difference in uptake inhibition among
each elements decreased in the case of both arsenite and arsenate, After 25 days rice
plant treated with arsenite had higher nutrient contents than the other, Whereas,
amounts of uptake showed a reverse tendency, From this experiments it was found
that media containing more than 2 ,5ppm either arsenite or arsenate have an injuri-
ous effect on growth,

Status of growth indicated that arsenite were more toxic than arsenate, When
arsenite was added to culture solution in large amount (iQppm), the plant was
wilted 1 or 2 hours after the treatment began, whereés, the plant treated with
arsenate was not wilted,

The concentration of added arssnic at the level of half growth retardation, based
on air dry weight of shoot, was estimated to be 2ppm for arsenite, 3ppm for arsen—
ate,

The yield in 2,5ppm arsenite media showed 75 per cent decrease and in the case
of arsenate 35 per cent decrease as compared with control, In media of 5ppm or
more arsenic, both arsenite and arsenate, the lower leaves died and no yield was
obtained,

From the result described above, it became clear that water soluble arsenic in
the growth media depresses the metabolic activity of roots, inhibits the uptake of
nutrient and water, and consequently retards the plant growth, Arsenite has twice

the toxic effect of arsenate on the shoot weight, and has three times on the yield,




