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Effect of selenite on arsenic uptake, translocation, and oxidative stress in upland rice

YIN Xing—xing'**, ZHENG Xiang—qun®, DING Yong—zhen*", FENG Ren—-wei*, SHI Rong—guang*, CHENG Wei-min*’, CHEN Pei—zhen*
(1.College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2.Agro—Environmental Protection Institute,
Ministry of Agriculture, Tianjin 300191, China; 3.Key Laboratory of Agro—Environmental Pollution Control and Prevention, Ministry of Agri—
culture, Tianjin 300191, China )

Abstract: Pot experiments were conducted to study the effects of different concentrations(0, 1.0, and 5.0 mg-kg™) of selenium(Se ) on growth,
arsenic (As) uptake and transport, and physiological parameters of upland rice under stress induced by different concentrations (20.1, 65.2,
and 83.9 mg-kg™) of As. Low(V1) and high(V2) As—accumulating upland rice were selected as the experimental materials. V1 and V2
are different varities of the same species. The results showed that under low—concentration As stress, V1 biomass increased by 3.50% and
31.13%, compared with the control( CK ), in soils with low and high Se concentration, respectively, whereas V2 biomass increased by
17.89% and 34.95%, respectively. Under medium—concentration As stress, V1 biomass rose by 56.42% and 122.96%, and V2 by 34.38%

and 38.73% at high and low Se concentrations, respectively. Se increased the As content in the roots but reduced As accumulation in stalks
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and leaves, and distinctly reduced As transport coefficients from root to stem. Under conditions of no, slight, and medium As stress in soil

containing a high concentration of Se, As increased in the roots of V1 by 55.69%, 27.08%, and 18.22%, respectively, whereas it decreased
in the stems by 18.89%, 21.10%, and, 30.93%, and in the leaves by 19.63%, 27.68%, and 15.12%, respectively. Under the same condi-
tions, As increased in the roots of V2 by 48.98%, 23.82%, and 12.71%, whereas it decreased in the stems by 17.02%, 24.58%, and
16.16%, and in the leaves by 17.61%, 20.52%, and 13.26%, respectively. The malondialdehyde (MDA ) content in leaves rose under As
stress, but Se treatment resulted in a significant reduction in the MDA content. Under low—concentration As stress in soils with low and high
Se concentrations, the MDA content in V1 leaves decreased by 9.73% and 13.26%, respectively, whereas that in V2 leaves decreased by
16.09% and 20.68%. Similarly, under medium—concentration As stress, the MDA content in V1 leaves decreased by 9.29% and 19.01%,
respectively, whereas that in V2 decreased by 14.80% and 19.79%. In V1, Se clearly enhanced the activity of antioxidant enzymes (SOD,
POD, and CAT) in leaves under different levels of As stress, whereas in V2, Se enhanced and inhibited antioxidant enzyme activity under
low— and medium—concentration As stress, respectively. This study shows that Se can effectively relieve As stress in upland rice. Owing to
differences in the As uptake mechanism of the low (V1) and high (V2) As—accumulating species, As uptake and transport in V2 are con—
siderably more efficient than those in V1, and the MDA concentrations and POD and CAT activities of V2 are considerably higher than those

in V1.

Keywords: upland rice; arsenic; selenium; malondialdehyde content; antioxidant enzyme activity
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Table 1 The physical and chemical properties of the tested soils

g pH CEC/emol-L™"  As/mg-kg™ Se/mg-kg”  APB/g-kg! AMBH/mg-kg'  EB/mg-kg!  HA/mg kg
Jei5 4 (CK) 6.65 12.47 20.1 0.65 24.3 11.63 488.5 1691.2
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Figure 1 Effects of Se on biomass of upland rice under As stress
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Figure 4 Effects of Se on As content in leaves of upland rice under As stress
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Table 2 Effects of Se on As transport coefficients of upland rice under As stress

A3 As W /mg kg Se Ab ¥ /mg kg™ 2/ "R
V1 V2 V1 V2
20.1 CK 0.081+0.007a 0.097+0.007a 0.073+0.004a 0.079+0.006a
Sel 0.079+0.002a 0.081+0.008b 0.066+0.003b 0.061+0.007b
Se5 0.042+0.001b 0.054+0.008¢ 0.038+0.001¢ 0.044+0.002¢
65.2 CK 0.061+0.002a 0.084+0.009a 0.048+0.000a 0.061+0.004a
Sel 0.051+0.006b 0.070+0.006b 0.039+0.004b 0.052+0.001b
Se5 0.040+0.001¢ 0.051+0.004¢ 0.029+0.002¢ 0.039+0.005¢
83.9 CK 0.067+0.004a 0.085+0.004a 0.046+0.007a 0.064+0.003a
Sel 0.054+0.001b 0.080+0.002b 0.042+0.005a 0.059+0.004a
Se5 0.039+0.001¢ 0.063+0.005¢ 0.036+0.001b 0.050+0.006h

TE: AR FRERIR 22 53 8.3 (P<0.05)
Note: Values followed by different letters are significantly different at P<0.05.
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Figure 5 Effects of Se on MDA content in leaves of upland rice under As stress
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Feiz As RHMIBEAS R AT .

MY & B S ha T, S FEURNTE A
(ROS)FH i 5 | AL B i 2xk S A 0 405 , = SSORE i75 P 1
TR BEAZ 45, MDA J& AR i iy 22274,
B i AT DU A ) 32 B E AL A AR B, AR
W B 3 As JPRIA AR, i MDA R R
=, R RS B A A IA R EEAE IR . i Se 7E
B hEE As AT, B FEAL T MDA i, K Se
G T AR P RERE R A RO, B T As 51
IOE=RAE AL

YR N AELE BT AL, ani S b (L i
(SOD) i % AL Wit (POD ) Filid S AL A (CAT) 45, i
Frid it ROS, BHIE LR B DAL T AR . SOD J2&
FE P AR B — B B &R P, B RE L A H
P L AR AR RN L AR T4 A HyO,, POD AT CAT
W B 10, 2 HL0, 1 S F 4 1A P AH . Bp ]
PRI 20 M P REEZEAL) , FE— R B b Gl 45 13 X A
BRI E, FE As B 5E, V1 V2 IFE8SOD . POD |
CAT G R ZFm sl E ST ma BRI, ST AR
IR S6 B As LT AE AT AT TS R, L3R
FLU BRAR NS E SRR T, As VR BE 28 1R (ML 227
P, BRI DU ABHE PERRAR, H 22 2 5 B R A E
K, M E AR RGBT VEXT As ka6 6 b 4 5%

it Se X V1 V2 470 & Ak Bl i M 1 52 i AS[A] o XoF
V1 Rk, Jifi Se B EHEE T A As 8T (1) SOD
POD Fll CAT {&E, AFRGUASEGLEW N Se 2% As
B BRI — 2k X V2 R R As BT, Se
PSP ALV PRGN, =5 As B F, Se Ml PR
FEEEEPE VL V2 FUAALEE M Se B/ As BEETT
TR 2250k, ATRES B X As 2= A
X, IR T EBUEACERG PEXT As i A m AN R A
Ko V2 AT MDA 5 &E, FE51J2 POD il CAT 4
BV E AR 2, V2 XGPSR A SR AT BR D RE
5, 3 AT BESEH R As WRISCRFIE Y 220U 2 — , S
A AR SR BT AL S AR, V1
AN POD Fil CAT i& PEAIK, Se 2 As il N Y15 S
ETbEsEk, AR Se IR0 ZEM As fE AP
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YIEINCR RS Y £ 36 5% 5 H

Ko i Se B FHFEALT V2 25 As 7 iE, {H POD,
CAT KM K, AT REAAAE AL AP A A B R T B 2R
7% HL0,, B4 B B A Bk TR (GSH) Flid J5 L 45 bt
H K AL (GSH-Px) . BACK L, As B T Se
GRRRE As BEHE S As B MPLEIA Friff—20
5% -

4 #ig

(1)As B X SRERE T, it Se &
As BFE HE R “'ﬂﬂﬁi{@%io

(2)Se 1N T R R As Fr i, (HFEAL T 25 0
As B2, Se WERLT As MR R ZEH 542

(3)As 1B, Se E PR T A 0HEE MDA &
i, WS T As IRRISA P VI IR SOD . POD F
CAT HrAAALEEE P, % As Wik b Ab V2 PR AL
TEPE, TEAR As AR As Wi T 43 il e 4 F i o 7
.

(4)EAMIE (VL) B (V2) As WY 22 5 S5 1L,
RILAFE V2 IR AR As WU AR ZE As $hiz i i 1 V1,
PLJZ V2 RN MDA F i FE5E POD #l CAT 36 1
mET Vi,

S 3Lk
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