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Alleviation by Selenium of Cadmium Toxicity to Rice and Its Mechanisms

PANG Xiao—chen', WANG Hui?, WU Ze-ying', WANG Shuang', LIU Chu-ye', HE Guo—xiu', GE Ying"

(1.College of Resource and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China; 2.Department of Environmental
Engineering, Henan University of Science and Technology, Luoyang 471023, China )

Abstract: Minimizing cadmium(Cd) accumulation in rice grain is crucial to food safety. In this study, a hydroponic experiment was per—
formed to investigate the effects of exogenous selenite[Se (IV )], a dominant Se species in rice paddy soils after flooding, on Cd absorption,
translocation and detoxification in rice under different Cd concentrations. Selenite markedly reduced Cd accumulation and translocation in
rice in high Cd (5.0 wmol+L™) treatment but had no significant influence in low Cd(0.5 wmol :L™) treatment. However, Cd at both low and
high concentrations increased Se absorption but reduced Se transport to the aboveground part of rice. Combined Cd-Se treatment enhanced
root non—protein thiol (NPT ) concentrations, changed Cd subcellular distributions in rice root, with increased Cd in cell walls and de-
creased Cd in cellular organelles and soluble fractions, thus reducing Cd translocation to the aboveground and lipid peroxidation in the cell
membrane of rice shoot. Due to the strong tolerance of the rice cultivar to Se and Cd, the activities of antioxidant enzymes and total anti—oxi—
dation capacity in rice shoot did not differ significantly among various treatments, and rice biomass and phenotypic characteristics were un—
affected either.
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0.1 Se(0.5 wmol*L™" Cd+0.1 wmol :L™" Se ) ;5.0 Cd+0.1
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Different letters indicate significant differences between treatments( P<0.05 ). The same below
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Figure 1 Shoot height and root length of rice plants
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Figure 2 Dry weight of shoots and roots of rice plants
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YA BLR AL R G145 SOD . POD \CAT 45
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Table 1 Content, translocation rates of Cd and Se in rice plants

s Cd &t /mg kg’ DW Se & fE/mg-kg” DW R %

Hh 1 R ER b 3 R ER Cd Se

CK — — — — — —

0.5 Cd 23.2+0.77¢ 337+5.16¢ — — 6.89+0.33a —

5.0 Cd 89.1+2.94a 1688+8.77a — — 5.28+0.16b —
0.1 Se — — 44.7+3.45a 68.0+9.85b — 66.6+9.63a
0.5 Cd+0.1 Se 24.1+1.49¢ 342+4.43¢ 26.6+2.52b 125+27.5a 7.05+0.47a 22.0+5.43b
5.0 Cd+0.1 Se 72.5+1.49b 1523+10.4b 23.4£3.01b 12746.93a 4.7620.13b 18.4£2.70b

T AR R IR A ) 22 7 i 2 (P<0.05 ), —F R IR TR IIRR . T IR],

Note: Different letters indicate significant differences between treatments( P<0.05 ). —indicates values below detection limit. The same below.

F2 KBTI Cd SETHMSTR

Table 2 Subcellular distribution of Cd in rice roots

b3 Cd 5 hit/mg-kg! FW SrE %

F1 F2 F3 F1 2 F3

CK — — — — — —
0.5 Cd 17.71.80¢ 1.46:0.26b 43121.34c 75 4ab 6.27a 18.4b
5.0 Cd 98.6+20.1a 10.4+3.14a 51.0+5.07a 61.2b 6.61a 32.2a

0.1 Se — — — — — —
0.5 Cd+0.1 Se 19.24371¢ 1.23+0.86b 3.90+1.59¢ 79.8a 4.63a 15.5b
5.0 Cd+0.1 Se 73.0£17.8b 1.410.56b 27.6+7.97b 71.2ab 1.49b 27.3ab
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%+ 3 kg EE TBARS . SOD ,CAT . POD T-AOC FH/EE 51T E NPT &2
Table 3 TBARS,SOD,CAT,and POD activities and T-AOC content in rice shoots and NPT content in rice roots

M H R B
Vs TBARS 7 ft/ SOD L 1/ CAT LLiE 3/ POD I3 1/ T-AOC/ NPT 56t/

nmol - ¢! U-mg™ prot U-mg™ prot U-mg™ prot U-mg™ prot mg-kg™!

CK 10.00+£0.954¢ 7.721£1.732b 72.95+£10.12b 346.6+55.89b 4.487+1.159a 485.3£146.7¢

0.5 Cd 9.231+0.697e 15.07+3.008a 181.8+38.70a 717.6+200.6a 3.050+1.410a 443.6+216.5¢

5.0Cd 11.61+0.369d 10.23+0.712ab 86.31+£9.639b 350.0£107.2b 5.832+1.209a 862.1£11.27b

0.1 Se 23.67£0.747a 11.46+2.475ab 110.7+23.83b 260.4+86.08b 6.050+£0.519a 888.6+102.9b

0.5 Cd+0.1 Se 17.40+0.774¢ 11.99+2.847ab 74.71£13.69b 276.2+8.802h 6.131+0.765a 923.5£56.25b

5.0 Cd+0.1 Se 19.71+£0.414b 15.83+£1.699a 100.7+6.627b 298.7+98.51b 5.194+0.262a 1297+139.5a

JRZ—. HHN 5 Cd 454, B LA AY Cd, Tk
@ n i, KWK Cd A FEF NPT B4 A8k
AR AHEHRE Cd AbFER /KR R 3009 NPT &
FETH. BA— Se AbFE L Sl KAGHL T HB NPT 5 &
B, B Se . Cd 42 4 4b B 2> g 25 58 0 K A5 LR 5
NPT % 2, X — B4 7 o W B2 AR VR B Cd b 3
TITEAE, BAEE MR Cd Zb 3R NPT & s 35
(1296.78 mg-keg™),

3 g

5T F B, Se P 5 Hofh 5 4 & 45 & BV T
B, NI T 4 A A WA, ek R R A PN 4
o 1 SR, b T R T 4 S DA A A I R ) 4 i
A B A A A A S B 4 S I A A

SN E 4 JE TE R RN G FEE, [RIIE, AMIR Se 4b
BHAT /D KA Cd 15 5% A9 U

AT R, FEH— Se bR, Se MFEFL H 4L
o, WL 5 ok B A S AR S5 e M IR . AR 3
B, K FEAR R W SeOF i NS B 6 B b b3, 1
ETER R AR A B Se® 1, 9K 5 T 6] M b FR%E
&, S5TEHL Se ML, A HL Se B 5 Tl b #kEEER,
PR b T 38 Se [ M F B 5532 0] REZ AR I Se AOAR
B, (R Cd G T ICHL Se AL Se 54401
AR TCSE . i Cd b3 5 % IR A FE L R A0
SYBEHATH, 28 Cd ALBR)E AR FS , KER 4 Cd BB
FEREHL 358, 5 Kipper &P AFIR 25 A L. Cd &
M KRG Se (95370, B EBEAR Se FERL A, L fift
Se B BRAEKAGHL T HB, HaX—BNG A e Cd Ab 3
FHEANRE . AN, Cd iR AT DL 2 AR M Se AL B
T /KAEHL_ 3 TBARS & {H Se XK Cd 1
OIATTCRE R TR R Cd ALBER Se 2598/ /KA
XF Cd IR g o

AW LI, Cd EEF BRI MIEE(F1) |, ok
FEAN AT (F3) i A g (F2) b & /b (%
2). MY AT A R, A AR
C> Py W52 BFFRS A28y 4 J AT LER Cd W T 240 B B I
ol oAl BHL RS 2 A0 A o 2 A, 3 K R X Cd R g —
FiREL, 5 Cd B BAELNM AT 9 I, i A 2
FESEF ARG Sh A A% L, R KRS XT Cd
BEPER S —FP O, Li SEPFSE R B, 7E/NE M T
145240 K S b, Cd BB ) 15 200 B RIS 400 o 2 43
H [ IR [ 2R 1 (HSP) 254, IR L RERRAIR Cd 1% 3l
PE, 98/ Cd XTI fEE . AN Se RIS AR
FREER4Y Cd i, Jdi/b Cd A 3E 3 . Shanker S50 15
AR &I Se W] LARFEARE DXt Hg MM, JR A
Al B Se Fl Hg 7 HIEHIE A IE Y. ik
Se 5 Cd RV BETE i CdSeOs, i Cd (AT B,
WA Sk PR AT

NPT JEAHY) 5 4 I fif mp AL o ) £ Y iz —,
Al EAL AN ) Cd % 12 2000 P9 g A7, AT K
SRR ARz B 1. AEe &3, I E Cd b
R NPT & 22N B3, HEWKRE Cd BRIk
FEHL T HRE NPT & & B % B, X —Ig 5 £ 5%
U RAE SR 25 B AT . Schiitzendubel 55T
RI,Se Fl Cd #f2x 5 H 2028 1 o Hh = e 282 (Cys—
teine ) B FETR 40454, M Se SRS EH kit E b9
itf (GSH-Px ) (20 BB 43, SN Se ALY 7] B 23 (7K
TN GSH-Px ()2 — GSH &4, {2 9k Cd
SRS B Cd B9 BEYE , DT KR 3 T 38
NPT & 53,

5%t BRAH AR B Cd ZbBRER & T KR 35
SOD ,CAT A1 POD (76 ¥ (3 3), i g v B Cd Ab 3
T, X SR T T R SRR S AR AL B AT BE S
Mo 3 Cd m9& 5284k 5. Shah ZEBPUHT Maksymiec
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il SOD AT A ALBEATEYE . SN Se 31T 5 wmol -
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F KR R AR A2 B

4 Hig

(1)Se BEFEAR Cd HYME I, $58 Cd 7E4 L RE
IR (2)Se RS mi /K AEAR AL NPT &5,
Cd 285 o

X SEAEAT B T Z % Cd BN, BRI Cd
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AL B AR E IR TS RS BT R A
SR RE KR A KRR 2R
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