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#o% FaEFT NFE
(h EREBE A SR FTHG, dEET, 100085)

W B CRAEREFRE U T WA S TGN As 504 Se 58 BAR X KRG ML 52 As Bl Se BURZIH. 45
BRI RFEIES As 5 Se A2 HAETIXTKFEL WL IE As FT Se SN, Se ( IV ) 5 35 4 45 2 K R AR 22 1707 A A1
IKAGZEME T As B9 R, X IRALBEA L, 76 1.0 wmol « L™ As( 1) FIAs( V) AL H FEA 1.0 wmol - L™
Se(IV) 3 FBUKFEM R As SHEIRE 59.5% M 21. 3% , MK FEZEM As MW 10. 4% F121.9% . As( 1)
As( V) 4b 3 2 BRI K FEZ5 05 Se MU A B (H As( V) Ab B X K FE AR R AL R Se WA R . 7£
1.0 pmol-L™" Se( V) Zb3H ¥/ 1.0 pmol-L ™' As( ) F1 1. Opmol - L™" As( V) FHUKRGZEM Se Wk B 4351t
S AL PR 41.9% F130.3% . Se(IV) H5As( D) BiAs( V) MK FEHIE As Se BIRE ) BA 38 HABFLME . F
FAERRY] AE As V5 YA H | 5@ it Se NESRAR S A 1Y Se 57, BEARAHPIXT As 19 TR 2, I %
fIE As X AMAfE e f) fe 3

EgiE KRS, As, Se, ZZHAM.

W (As) J&—FhEEMEBGR P T5 9L ) FE M PSS BN T2 A T L3 OKRE b ™ E b E A
FA R AE fiv e 4. JEAR R T AR R ML DX As V5 94 [l LAY H 45 ™ 8 XA AN E 5 i 4t A Aok
SR U o L R R 434 DXl T 7K v As YR BE T E R AR, F T As BT KR H S BOK FE RS
FE RS RRERL Y As B BRWTHE R ) S b DX K R ) S22 A 7= X, R IORITH 2R X, As i3 &
P AT AR P A e 3 © i 23K AR H 28 Hh B AW R i SRR M) R — . BREEh iY As 2L
TCHLEP A BLEH P ROE X AELE  5AA DURRAR L, oAU EA T 5 i 5. JCHLE 4% =M As (D) A
BrifAs( V) MFIER. ©A PR KRR PR i b =0 s A T B0 A7 0 = i o 32 B
IR

i (Se) e AR MBI NLH R MEITRZ —, ERA T ZEENAEYII6E, & — bt ® e il
FIAR e H L A A A B o3 T -t LA P e S S TR 78 v 158 431Xy F il
Se B b7 MBI T LR R T T B SR T s R MR AR 19 Se B TR
TR, AP Se M T RMEEICR 1Y H BRI, Kl 8 & Se KKk AKEE Se 1A 2L
AR —. AR R FEms e IR S R4 RIS T, Se FELINMNIE XAETE ; AR RR T 2
bk R SRR R A ARSI £, Se EELIDUMIE RAFAESY . LT Se XHHYIWR I 2
Hg .Cd .Pb %5 8 4 & fYFEPU/E A5 B4 i — 2L 45E. Thangavel LTS B AR B 1Y Se X} Hg Wrig T
8 V5 DR B PR VE T TR Se A1 Hg Wk BE MU H2 7, Se AYSX A 47 VE FH T B, 7 Bip ) 5 55V FH 3 5.
SRS IE I FHR Y Se T IE BRI SAUIE S I (MDA ), PR AP AR RS Y o M A AU
T B RE I e AR S 428 Cd AT Ph (I, Munoz 2512 BIFSE 2B | Se AT LA 1k 190 561 R ok 4804k
BN 0 T 14 o 4 AR ) TSI 3B RE T, Se XTAR Y Cd 3B 1Y 92 i AL 3 S B T 5 T -
(1) ¥ Cd AR BE A ARG AL U R 5 (2) B4 A H B

Y52 As FEEM As HEE TP ASIILELS S, (08 S 4 2UE A A0S P2 21, S BUEMEE A h
SRR HYA SRR A IR B R i A A A B MIR, Se S BT SRR, T DA s 4
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TG S 73 RO AT il IR 3k S, AT As PR i ke . BT PR 56T As Se &2
PERI BT H BT M A e L1 g g 100 AT R A A S A S, T S A K R D T
A RIE  HIX SRS E T Se 58— As IRASRIZSHARH].

AR AW IR R RS T Ul [ Se (V) [ 5 PIF As JEZAE[ As(ID) (As( V) 132 E A FXS KA
W TR K eIz As Se HYFZHA.

IR

1.1 HYEE3:

JKFE (Oryza sativa L. ) f B A6 1 5 58 2400 B 2= Be B A, /K FEFIF-42 30% H,0,7H % 10 min J5,
LB KBS B TR ERS IR 2 F G, Pk A K — BN KRR E AR S 1/3 SRR E SR
Wb FE 1 SRS B B SRR AR SR 57 1 A KA 4 F it 35 3RS LR T 500 mL 1) PVC 48
(HART.5 em; i 14 em)  BEZLFAE 1 MOKFEN. B IRREC T W3 1.

K1 KEEFRREIRICRAN

Table 1 Components of nutrient elements in rice hydroponic solution

i EFRITTER R/ (umol - L) KEEFRTR e/ (mmol - 171
Fe( I )-EDTA 50.0 NHNO, 5.0

H,BO, 10.0 K,S0, 2.0
7nS0,-7H,0 1.0 CaCl, 4.0
CuS0,-5H,0 1.0 MgS0,-7H,0 1.5
MnSO,- H, 0 5.0 KH, PO, 1.3

Na, MoO,-2H, 0 0.5

CoS,-7H,0 0.2

IR AE P HEOCIR M A K 3E e T 14 h BDEIR (260—350 wmol -m s ™") |, FIRIRIE N 28 C, K [H]
420 °C AHXHE R K 60% —T70% .
1.2 ilgeab e

IKFEYEAE R E TR IG5 1 G W 500 5 4% 2 A AR 3% R (CK) FI& ARDES As &
Se(IV) By w . BT M AR B 1. CK;ARBE 2. 1.0 wmol - L™ " As( ) ; 46 ¥ 3: 1.0 pmol - L™
As( V) ;AbPR 4. 1.0 pmol-L™'Se(IV) ;4b#E 5. 1.0 pmol-L™"As(Il) + 1.0 wmol-L'Se(IV) ; 4LFH 6.
1.0 pmol L™ "As( V) + 1.0 pmol-L™"'Se( IV). EFWH As Fl Se ALFIKEYI R 1.0 pmol - L™, =4
i (As( 1)) LA NaAsO, AN (As( V) ) LL NayAsO, 12H,0  PUA R (Se (V) ) BA Na,SeO, FEZNA.
R 1 OB IR A HE 3 d R, B b P 4 A E .
1.3 FEAAEE S5 Hr

WOk JE R K R AR AR AL B O HAR R BT, Bl As AbFRAUAR R A A 1.0 mmol - L' K, HPO,,
0.5 mmol+L~" Ca(NO,), 5.0 mmol-L ™" 2-NBk £ R ( MES ) iE W HH VK 15 min, PABR 22 43 2 W Y
As"L Bl Se AEFR AR R A 0.5 mmol - L' K,S0,,0.5 mmol-L ™" Ca(NO,),F15.0 mmol-L~" MES
WP VKIALS min, DUBR 5 AR R B Se'™ . As | Se 32 TR 56 A /K R AR 2 16 LU B P AR P 4% 0K
15 min SR 5 3% FIZK ARG b L3 — R AR R TERL T R T4 48 h BUR R AR T I S 4 .

o 5 8 43 BT R PRI T e 3 A R LS R 4 R RE i 0. 200 @ (AN 2 1) 48 52 B B St AR L), A
100 mLE VU 2T AFE T, INA S mL PL G0 40 i W S R J5 | JBCA TR0 in 3 S o7 2 45 v ( MARSS , CEM
Microwave Technology Ltd. USA ) #EA T f#. 1ML R . B SEHE 120 °C ,P44FF 5 min, #8548 15 min T+
MRE] 160 C, FAREE 15 min, S5 FERE] 60 °C 58 BUH M. 1525 S B AIBRERE 5 (GBW0T7605 ) Zb 3, LA
A DO R ) A 0 RN T DR i AR, T S PR T Sl AR RS B R E 50 mL, 1 U8, AR
) As Se & IS T Agilent 7500a Y ICP-MS BEATHIAE.
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1.4 Bduorar

¥z Z2 %0 ( Translocation factor) ; 7Kg HE 7 As 5 Se ¥R 5T As B Se W E W LLIE , TR /K FEAR
RIEIE As B Se FZENMHYHE

SKIHGEH T SPSS11. 0 Xl a4 7 05 22 93 My S 2 H LU AL

2 LER 58

2.1 PAFMIESR As FiSe( IV ) S A HAR X KRR A K A 520

IKFEREARZ T 1.0 wmol - L™ "As( 1) As( V) MiSe(IV)AbHHE 3 d Ji, HZEmFIAR & T & AR 4k UL 5% 2.
M2 FTLUE Y TEBA As BUAR B B NSe (IV) AT 525 R RS 25 FIAR 2R 19 1 5, 43 J31] Lo o) B e
8T 20.4% F119.2% . (HIELEA As MIALER T NSe (IV ) XF /K AFZE M AR 2R T3 19 52 i AN I8 3%, 3X nT
RES As . Se M4 BRI [0 A7 OC. HaHRIE As Ab NN ) 36 B AU KA A W fet (R S M e K 2L AR g 5 SR
W] FPHASN 1.0 pmol - L™"Se ( IV) Al S BUKAFAR £ R0 250t A W i 1 25 FRAIR, DA Se ( IV)) AT #1046 K A
A A R AR A SRR RAE A — 30

F2 As(I) As( V) FiSe( V) HHAZHAE T Bk R4 =

Table 2 Biomass of rice shoots and roots under As( Il ), As( V) and Se(IV) and their interaction

KT/ WRETHE/ ¢
pisi!
0 +As( 1) +As(V) 0 +As( 1) +As(V)
0 0.103 £0.008a 0.087 £0.006a 0.096 +£0.004a 0.026 £0.002a 0.022 £0.002a 0.025 £0.001a

+Se(IV)  0.082 +0.005b 0.097 +0.011a 0.088 +0.006a 0.021 +0.001b 0.024 +0.003a  0.023 £0.002a
W AR FREFRAEHE P <0.05 K F25 0.

2.2 Se XP/KFERUCFL R As HYRZNH

T XS B CASASIN As 5 Se AbBE) AR AR KL 21 As 5% Se, PRI IE , 3238 31 50 5 40 AR 471 1. X 4
PEHEAT T 225007 , A SRR W, Se XK AR R M ZE M WU FL R As s i 2 (& 1) i nSe (V) 3 (P <
0.05) it T /KFIMR R X As( 1) S As( V) BIM . 50 Se 0% BEALBEAR EL, @00 1. 0 wmol « L™
Se(IV) W EHUKFIML ZR As SRR 59.5% F121.3% (&l 1a). SR10,Se(IV) B3E (P <0.05) HiF A%
TAs(ID) FiAs( V) Zb BRI K FEZER b As WRBE. S5O0 Se AOXT BEAH LL 780 1.0 wmol - L' Se (IV') 43331l
FEOKFEZEM As W/ 10.4% F121.9% (E 1b).

0 2T,
60 - b
go 10 - b do
—~ 50 B +Se(IV) ~ B-+Se(IV)
=1} =11} 8 B
- -
s 40+ a &0
£ £t
o 30 :d
¥ AN
< 20} b <
a
il ’——l_l 1 .
As(IIl) As(V) As(II) As(V)

1 ARFEJES As LFET, Se X/KFER FR (a) FZEM(b) H As ¥R B2 A
(ANFFREF RN FE] P <0.05 K5 B3

Fig.1 Effect of Se on the As concentration in rice roots (a) and shoots (b) under different As species treatments

IKREHR 2R B 25 rf As TR BB IR (6 3) , nSe (V) 3 (P <0.05) ik T As( 1) AL BR Y
IKFEMR R As FREM B B 2 (P <0.05) B&AIR T 250 rf As B, 5NN Se AX REAR LL MR R
N T 75.5% , 25 MK T 26. 3% . B AR MNSe (V) XFAs( V) Ab B /K FEHR 2R v As R 1) A i
MR (AU (P <0.05) R T As( V) AbFEZENF v As B RV, S5RIN Se A XS HEAH L, 250t
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FEAR T 31.5%.

FEVEK A T EEREE | HAN A S 5y Dl I = il ) T A = A AR A T 48 As 19 FE2AEE IR A
K RE W e = A9 e R A A ) A ), AR 2R e K G G i A W e As (T ) 2 T 30 e Tl ) e S R T i i
R TAs( V) ). Abedin ZERFFE KRR FITEZS As BRI h 12, 45 5 3% WA ZKORE W s =40 i
AN T2 32 Sl W i i 2ok A, i DA B A8 B AR Sy ) T, T L AR R R A v B R = A R LA
it X AR TS R — 2, B ORI 3 AT LAE Y, = M i A B KRS TC IR S AR R A 25 As
TSR . pe T A AL B K KRS, X AT it DR A L e S A 2 T SSRR AR, 7 KR R WS 8 1 R R A
TEANE Sl i FAER R RE 3 As FELLAs (D) JERAEFE , B LIK RS As 15 Y4 A9 ] 851
REEZAMR. As 0] LUGAE A7 Az S8 AL 30 T S S0 01 IR AR R ad B A2 B 1T Se mT LA APt 48 4k 571
W S SERYIR AT As EALMRa BILEH R AT T 25 K E , Se (V) BE AL IE T As 78
IKFEAR B AR 2 BRI T KR 20 As BOURIE. As 55 Se BO3X R A2 B AR FIALH A BTk A AR 42
AR — 8.

R3 AFTEE As ILBETR, Se X /KFEH F B 220 As SR AYSZI

Table 3 Effect of Se on the total As amount in rice root and shoot under different As species treatments

MER As/ ZEnt As/
Qb ng ng
+As(1D) +As(V) +As(Il) +As(V)
0 0.791 +0.07b 0.303 +0.02a 1.008 +0.02a 0.130 £0.01a
+Se(V) 1.388 £0.05a 0.345 +0.02a 0.743 £0.04b 0.089 +£0.00b

TE AR FRFRIRA N P <0.05 K225 .3

2.3 As XTKFENIFL 2R Se (Y52

AINAs () B35 HfE gt T /K FEAR R AT Se (IV ) FMILRL B (P <0.001 , 8 2a) , LARFE F /KR 2R Se
WP T REAL B 25 42. 7% H RN As (V) XK AEAR R FL R Se S AN . 2. & 2b MSe(IV) 4b
FIRRFEIEZS As X /KFEZEM: Se W BE 5200, IR AT LAE H 76 1.0 pmol L™ 'Se (IV) 4bH R K AF 250
HLY Se WP B EZ BIRIFIEA As BRI (P <0.001). VRANAs(ID) FlAs( V) 3 8 3 M B AR 1 KR 25 0t
H Se HIHEE , HAs(II) FbAs( V) XKAREZEMf Se WL A (P <0.05). 76 1.0 wmol - L™ As( 1II') A1
1.0 pmol-L™"As( V) AbFE R 7K FEZEM Hft Se ¥ B 433 HE XS REAL BRFRAIK 41. 9% #130.3% .

120 — 14 )

(2)

100 b 12

Se ¥ i /(mg-kg™!)
5 3 ES
T T T
Se ¥ i /(mg-kg™!)
~ o o =)

[ )
=)
T
)

0 FAS(I)  +As(V) 0 0 HAS()  +As(V)

0

B2 Se(IV)AIIFAFIEL As XKML R (a) FIZEM(b) H Se ¥ B2 14 5210
(AR FIFRER R FEE P <0.05 K225 5855)

Fig.2 Effect of different As species on the Se concentration in rice roots (a) and shoots (b) under Se( IV) treatment

2 POKFERE 2R B 25t v Se YRR Bk 40T, HAS R SR SEEMh Se R EE A3 —F(R 4)
RIAs( 1) S 2 AR i T /K AR XS Se (IV) IR R AR R Se BVi 3 T 64. 4% HIZAs( V) XK AH
AR Se MY BRI AL E. As( 1) MAs( V) ABEE (P <0.05) ML T 250 H Se S, 5% HEAH
FLA AR T 30. 9% F11 24. 8% . I Se ( IV ) A BRI, 52 F W 30 ) 5 5 i AR /N7 (B G A
WFFERIE , /N Wi Se ( IV ) Z2ARHIM 7] ( CCCP) A R R B0 1 | Blems il 42 0F /N 22 W lieSe (V) 257 #F
TR IR KFEXSSe (V) IR RZ AL As MR, As( D) R TKREAR R 11 Se LR,
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{EANFEAR KR ZE Y Se FRER. As( V) XK FEAR R A B9 Se & BERZ IR, (ELA]D 2 35 [ AROK A 25 P Y
Se Fr it XATRES As (1) FIAs (V') TEAKRE 1A A B WSO 2 BIL AN TR) A3 K.

R4 Se(IV)ABTFAFIELE As XK TR R AZEMh Se B4 19500

Table 4 Effect of different As speciation on the total Se amount in rice root and shoot under Se(IV) treatment

Qb3 WRE /pg ZEM/ g
0 1.442 £0.11b 0.923 +£0.05a
+As( 1) 2.370 £0.25a 0.638 +0.02b
+As( V) 1.518 £0.10b 0.694 +0.04b

TE AR FRERIRAEHEN] P <0.05 KF-22 5% 3%

2.4 Se X[/KFEEEAFIEA As 6EJT B

As BKFER RWMUS , /KR R 5552 B b 1Ry 25 56328 R80T R R K RS AR 2 1ol b I
WAz As 9REST. R 3 /W FEAs( D) ALFE T 48 1.0 pmol - L™'Se(IV) S Z M| T As MUKFEH R
b L ERAYERIE (P <0.001) , As $5i8 2055 BBAL BEAH U IRAIE T 43.3% . RIFEZEAs( V) ALFETR B8
1.0 pmol - L™"'Se( IV) th i FHFEAR T As MOKREAR &R 1 #8552 (P <0.05) , As ¥5iz ZB5 X IR
AR PRAH LEREAR 35.2% . &1 3 Won , KA XF As () 9 W Wi iz g W S & FAs (V) B nSe (IV) AT dg 2
HAs(ID) KAs( V) [l EA RSS2 X — 25 R R, Se 76 As DOK AR R [n] 22 b (19 5% 12 0o 78R 5
THYUER, X 5HE X TR T2 RAN—5 Feng 45 ™ FFTB/R, TR Se I T As MIR A E
M2 [ Hb 3R %532 . Malik 257 W3R8 , 7F 10 wmol - L ™" As AP T B4 U AN 5 pumol - L ™' Se Ji5, A i 3%
PR T TR, I HIB/D TER T As FOTRIL. Khattak 250 76X B #5 BT 58 TR IER] 1 Se RERSIAAR
EEZEM Y As WREE. AR SCAYZE SRt — 25 UE W Se [AIFE MG As FEK ALY TP B9 52, AT L% 1&
HATAN Se delb As EKFFFPRL TR B TR AN T B As ORI R A9 (IR XU
2.5 AFEJEE As XKFEFEIE Se BB JIHIRZ I

ME 4 F i 7ESe (V) bR IS IMASFEITE A As X /KA 12 Se A B EFM (P <0.05) , Se 8 R4
BTG IINAs(TD) B nAs (V) XF KRG S 2 Se 520 B K. 506 FEARFEAR b, W80 1.0 pumol - L™
As(II)F1 1.0 pmol < L™"As( V) 735 7 HOUKFT Se iz RELFFAL 59. 3% F127. 7% . Se( IV ) BEAE YW
Je RIBAT I ACRA L Se SEAFAERIPIIR R b, /NS> Bl 6 32 R 138> T8 4 R, Se(IV) 4k
T KA Se Wiz REUHE 0.07—0. 17 Z 8], BEHIK R B Se ( IV ) [a] I #5512 (1 B AR 2. KL 4
AT LIE Y, As AbFHLIE 25 M REAROK R XT Se UG5z RE T, HAs( D) AUS2 M 2R TAs( V), B T8 H 4%
o As EZLLAs() JE AR, R nT DASERT As 5 940% 2 S BUKRIFRL D Se & B RS, 88 Williams
AEIRAE B RS R As W BRI, KR RPRL R Se 75 i I R I

035 020
a go ;T
0.30 B +Se(IV) 016 L b
0.25 - .
: & 012 [ ;
@ 020 - % I
1 0 !
0151 ¥ sl b
2 a s v T
0.10 - T
I 0.04
005
0 0 | | |
As(Il) As(V) 0 +As(Il) +AS(V)
3 Se XUKFEFEIZE As FUSEIR B4 Se(IV)IIBTAFEIEL As MKFEHIZ Se 15200
(AR FEER R FRE P <0.05 /K225 3 (R FEFRAFRR P <0.05 K T2 5 82%)
Fig.3 Effect of Se on As translocation in rice Fig.4 Effect of different As species on Se

translocation in rice under Se( IV) treatment
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(1) BhnSe(IV) & 25 i 4t = K REAR R B AK ARG ZE X As BT IR R,

(2) As( ) Ab3 i 2 bt R /K R AR 22 (0 I B AR R 25 X Se IO IRURFR 2. As( V) bR T i
2 RFEAR K REZE 0T X Se (MR B0, X KGR RFL R Se 1A M.

(3) Se(IV) B EHAMFIAs (1) FAs( V) MIKFEAR R [n) b L F 05 she )7, [AAEAs (D) F1As( V)
5 E A Se MOKFEHL R 1 250 (0 z RE ), HAs (D) B9S2 FEAs (V) K.
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Interactions between arsenic and selenium uptake and translocation
in rice (Oryza sativa L. ) seedlings

HU Ying HUANG Yizong ™ LIU Yunxia

(Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing, 100085, China)

ABSTRACT

Interactive effects between arsenic ( As) and selenite(Se) on uptake and translocation of As and Se in rice
seedlings were investigated in hydroponic culture. The results showed that the interaction between different As
species and Se significantly influenced As and Se uptake and translocation in rice. Se(IV) significantly
increased As concentration in roots but decreased it in shoots. Under 1.0 wmol - L™"As( ) or As( V)
treatment, supply of 1.0 wmol - ™' Se(IV) increased As concentration in roots by 59.5% and 21.3% ,
respectively, compared with the As( ) or As( V) treatment alone, but the As concentration in shoots
decreased by 10. 4% and 21. 9% respectively. Similarly, As( ) or As( V) significantly decreased Se
concentration in shoots, but did not affect Se accumulation in roots. Under 1.0 pmol-L™'Se( V) treatment,
Se concentration in shoots was declined by 41.9% and 30.3% , respectively, with supply of 1.0 pmol L'
As(Il) or As( V). There was an antagonistic interaction between Se(IV) and As( I ) or As( V) in rice
plant. These results imply that supply of Se can inhibit As uptake and accumulation in plants, and therefore,
reduce As hazards to human health.

Keywords: rice, arsenic, selenium, interaction.



