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Effect of Selenium on the Uptake and Translocation of Manganese, Iron,

Phosphorus and Selenium in Rice ( Oryza sativa L. )
HU Ying, HUANG Yi-zong, HUANG Yan-chao, LIU Yun-xia, LIANG Jian-hong

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

Abstract: A pot experiment was conducted to clarify the effect of selenium on the uptake and translocation of manganese (Mn) , iron
(Fe), phosphorus (P) and selenium (Se) in rice ( Oryza sativa L. ). The results showed that addition of Se led to the significant
increase of Se concentration in iron plaque on the root surface, root, shoot, husk and brown rice, and significant decrease of Mn
concentration in shoot, husk and brown rice. At the Se concentrations of 0. 5 and 1. 0 mg-kg ™" in soil, Mn concentrations in rice shoot
decreased by 32.2% and 35. 0% respectively, in husk 22. 0% and 42. 6% , in brown rice 27. 5% and 28. 5% , compared with the Se-
free treatment. There was no significant effect of Se on the P and Fe concentrations in every parts of rice, except for Fe concentrations
in husk. The translocation of P and Fe from iron plaque, root, shoot and husk to brown rice was not significantly affected by Se
addition, but Mn translocation from iron plaque and root to brown rice was significantly inhibited by Se addition. Addition of 1.0
mg-kg ™' Se resulted in the decrease of translocation factor from iron plaque and root to brown rice by 38.9% and 37.9% ,
respectively, compared with the control treatment. The distribution ratios of Mn, Fe, P and Se in iron plaque, root, shoot, husk and
brown rice were also affected by Se addition. The results indicated that Mn uptake, accumulation and translocation in rice could be
decreased by the addition of Se in soil, therefore, Se addition could reduce the Mn harm to human health through food chain.
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Fig. 1 Biomass of root, shoot and grain of rice

under different Se concentration
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FURE KSR 28 P S0 B 352 . BRI Se XFK
FEAR AR AR 22 Mn & 384 2 R, (H ) 25
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mg kg " I K REZE M Mn B2 43 1) b X HE Ab B AR
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Bl # + 48 Se Vi B (W38, /K FE AR KA. AR
2 ZEM | SERRPRI Y Se i EY LB W 0
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RER | ZEM | A5EHEERL Se 2500 HL R IR L 4R
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Gty Mr R W, AR Se xiF K R ERIIE . AR AR
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mg-kg_l Se J5,Se FHAERER . MR &R . 2R R4S 52 ) B
Kb i i as R EC oy R 188.2% . 54.0% |
40.0% F131. 1% .

IKFEAS BT AR 2 Fe HURE IR BN . 5%

> ZEM > MR > B, iz Mn (0RE S R AR > Bk
i > 28N 858, FEiE P BIRE I O BRI > IR R >
B > 2B #45 Se BB N . 5% > R > Z&0t
> PRI

£1 SeXf/KFBEEMAL Mn, Fe, P 1 Se SEHIZIH) /mg-kg !

Table 1  Effect of Se on concentrations of Mn, Fe, P and Se in iron plaque, root, shoot, husk and brown rice/mg-kg~

1

AL oSzl Mn Fe p Se
R Se0 45.74 +7. 66a 45868 +7 116a 445.1 +54. 4a 1.65 £0. 05b
Se0. 5 37.89 +5.70a 40 940 +3 550a 346.4 +8.75a 2.28 +0. 36ab
Sel 49.53 +3.77a 51573 +3 574a 401.2 +19. 6a 2.62+0.21a
WR Se0 16.15 £2.30a 1564 £307a 672.8 £23. 1a 0.59 +0. 05b
Se0. 5 17.67 +1.95a 1737 £275a 715.6 +£33. 6a 1.25 +0. 16ab
Sel 17.95 £1.0la 2251 +56.3a 700. 6 +13.3a 1.63 +0.07a
2t Se0 1167 +140a 471.0 +37. 2a 3272 £88. 1a 0. 65 £0. 04c
Se0. 5 790.7 £74. 8b 470.1 £42.3a 3356 +91.6a 1.50 +0. 15b
Sel 758.6 £75.9b 490.9 +£7.31a 3535 +120a 1.98 +0.05a
A Se0 1368 +122a 136.3 +4.07a 1 160 +46. 8a 0.320.0lc
Se0. 5 1067 +142ab 116.2 +15. 1ab 1190 +130a 0.68 +0. 05b
Sel 785.7 £63. 8b 94.90 +10.5b 1227 +80. 6a 1.06 +0. 05a
iER/S Se0 47.34 £2. 64a 62.37 £5.43a 3496 +233a 0.29 +0. 03¢
Se0. 5 34.31 +2.39b 51.30 +1.67a 3337 +141a 0.67 0. 03b
Sel 33.85 +2.93b 54.45 +9.53a 3428 £75.0a 1.25 +0.07a
1) AFE/NG FHFR R AR Se AFE P <0. 05 K223 B3, FIH
F2 KEBHEE, RE, EMNEFEHAEEKFEIE Mn, Fe, P 0 Se IR E
Table 2 Translocation factor of Mn, Fe, P and Se from iron plaque, root, shoot and husk to brown rice
iE R Qb3 Mn Fe P Se
TF e Se0 1.13 £0.21a 0.00 +0. 00a 8.31 £1.41a 0.17 0. 0lc
Se0. 5 0.97 £0. 16ab 0. 00 £0. 00a 9.62 +0. 18a 0.32 £0.05b
Sel 0.69 0. 05b 0.00 +0. 00a 8.61 £0.50a 0.49 +0. 04a
TF 0 Se0 3.11 £0.45a 0.04 £0.0la 5.22 0. 44a 0.50 +0. 06b
Se0. 5 2.08 £0. 41ab 0.03 +0. 00a 4.71 +0. 34a 0.56 +0. 06b
Sel 1.93 +0.29b 0.02 +0. 00a 4.90 +0. 08a 0.77 +0. 04a
TF foot Se0 0.04 £0. 00a 0.14 £0.02a 1.07 0. 07a 0.45 +£0. 04b
Se0. 5 0.04 +0. 00a 0.11 £0.0la 0.99 0. 03a 0.46 +0. 04b
Sel 0.04 +0. 00a 0.11 £0. 02a 0.97 +0. 03a 0.63 +0. 02a
TF Se0 0.03 0. 00b 0.46 +0. 05a 3.04 £0.29a 0.90 +0. 06b
Se0. 5 0.03 +0. 00b 0.46 +0. 05a 2.87 +0. 19a 0.98 +0. 03b
Sel 0.04 0. 00a 0.45 £0.03a 2.82+0.17a 1.18 +0. 04a

IKFEMR R | AR AR | ZE0 | B FERIREK AT Mn
Al Fe B 5 4 R BUL ML T /K FEFERE 4 %% B X Mn Al
Fe & SEAE ST 05855, L Mn # Fe 76 + 3-8 R
BT R ME S R . 3 BE R, HIETRIN Se
XK FEAR R | R AR | 20T FIRE K & 4 Fe HRE )
WA B (XA 7T Fe (195 5 REGE K
KOEDGSIN 1.0 mg-kg ™' Se FEA5T Fe B4R B
FIEME(P <0.05). Se Xf /KGR FHRAEA R & 4
Mn %A B3 520, (HXF 2Rt | RIS RREK Mn & 4

REJIRgmn B 3 S ECEEN | RAEAREK T Mn R
KB E AR (P <0.05). Fe fEKREA [RIHEALI & 45
BRI R > AR R > 2K > 5578 > Bk Mo
FEKFEAS RIS AL & 4R R BN . 558 > 250 > BRI
REK >R AR,
2.4 A[FEVRIE Se X} Mn, Fe, Pl Se £ /K Fg A [H]
T A3 HE R R )

K2 A Mn. Fe. P il Se 757K K& 453807 19 57 e
Feg. B 2(a) AT, Se TEKFEATRALAY /T BT H 26
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R3 KFERRKIE, MR, ZM, FEFHEKT Mn 1 Fe WEERY

Table 3 Bio-accumulation factor of Fe and Mn in iron plaque, root, shoot, husk and brown rice

R b3 DCB A& E) 1wt A
BAFy, Se0 2.07 £0. 32a 0.07 £0.01a 0.02 £0. 00a 0. 006 £0. 00a 0.003 £0. 00a
Se0. 5 1. 85 +0. 16a 0.08 £0.01a 0.02 £0. 00a 0. 005 0. 00ab 0.002 £0. 00a
Sel 2.32 £0. 16a 0.10 £0. 00a 0.02 £0. 00a 0. 004 +0. 00b 0.002 £0. 00a
BAFy, Se0 0.28 £0. 05a 0.10 £0.01a 7.26 £0.77a 8.52 +0. 76a 0.29 £0.02a
Se0. 5 0.24 +0. 04a 0.11 £0.01a 4.92 +0.47b 6. 64 +0. 88ab 0.21 +0.01b
Sel 0.31 £0. 02a 0.11 £0.01a 4.72 +0.47b 4.89 0. 40b 0.21 +0.02b

RN R > 280 > IR AR > B¢, FekL 1 B RS
145 Se Wk RGN, Se FERR I 9 43T b R A A T
WD AR R | 220 | A2 FREK i i 43 L L Fe 5
BRI NS, ASTF] Se ABEXF P AE KRG AL Y
SIBCHCERICHH B [ E 2(b) ], P E/K R8T
SRR K | 25 > 858 > AR > ZRIE. Fe 1E
TKFEA TR BC L3R RS R > 250 > 55¢
> REK, Fe FEAMAAEBRE [ & 2(c) ], BRE Fe 2
i ¥ Fe 97 94. 5% ~95.3% , ik Fe iy 1%
5 9.8% ~14.0%. Ui Se Xt Fe ZEARIE 250N

L} 5 R

o 7

Se3 i HL3/%
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Sel Sel.5 Sel

100
99
98
97
9
95
94
93
92 |
91

Fe 4} At b 3/%

Sel Sel.5 Sel

o

BEK A3 BE R Z AN 28 0 1.0 mg-kg ™' 119 Se
IR L T Fe TEAR R/ LA, 5 0] BEAH
FEAR &R Fe HLR BN T 29.4%. AN 1.0
mg-kg ™' [ Se AbHLF A TE Fe LU LEX IR Ab 2R
Ik 40. 0% . Mn TE/KFE A FRALAY 23 BC LR BN . 47
56> ZEM S BRI REK > ARAR[E 2(d) ], 3R
Se Xt Mn TEREK | 2R5CFIZENT P (1) 23 B RE A AR (2 3%
{HRHERIN 1.0 mg-kg ™" AY Se AbFR I = T
Mn FEJAEFIAR 2 (%) 20 BC e e, 55 00 HEURE EL 20 ol 422
1 71.3%f173.8%.
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Fig. 2 Distribution ratios of Mn, Fe, P and Se in different parts of rice

3 it

RN 0.5 mg-kg ™' A1 1.0 mg-kg™" Se Xf/K
FE2ENT . L AR T4 00 55 X0 WA H A B
= LIITEAIRIS S50 N AN Se X /K R A= ) 12 52 k)

AKX 5 HAA T E AR 25 5, X P 2% 5 n Be
F2 AT 50 BT SR K A i L it Se 54N [R] i
. RIS L ISR AN 0. 10 mg- L™
Se, /KR4I H B . A T E, B E P Lo
VY BN TS EAY Se & AT LM #E K RE A AR K
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B 34 5

I Se £33 MUK FEAE R AE ) 0 REAIR , 48 S0 A2 %t
IKFEAR R A EE R, Zhang 5512 BT KW, Se XF
AN [r] 3 R Y 7K A it el A 0 2 i ) 22 S 50K

BN Se ATREMOKFEZET | A SEFIREAR A Mn
i, Se Xt Mn B3l S PR R oA DSe 5
Mn 55 4 4 I A 350 M 67 25 T BRAE P44 P 1Y)
A WAL @B X Mo BRI @WK
YRS Y e e . A B SR 45 R W, Se T 52 M /K S
Xt Mn, Fe H P BRI, iz A4 B AN FDT
RIS IRCRA —FE. 20508 W £ 4E Se
XHEPIRACR R Mn | Fe, P Al K S5 J0RAYRZIR. =
F5 W5 R U WO R IR AT ST, 2 B Se 4 B
AR K AL B R P, IRV Se (0.1
mg- L") I E P E KRG A B Fe A1 Mn & i 1M
VRE Se(1.0 mg-L~") A1 i 35 M R (K RF 4 i it
) Fe #l Mn 3. Filek 57 75 MS K32 5 dv i
100 pmol-L ™" 1200 wmol-L~" Na,SeO, M , KA
WREE Se XMWAS/NZ it AR &R P & WA K (EX]
PIAS LRI /NE L 1388 P 3 i S A 25 55 NN Se
FEUNEMR R Fe & AP, HXS 1 EE Fe &
AN ; Se X /NEAR R EFF Mn & 4
—FERZIN AR NAZ R 25 R Wu SEP
B F5 TSI Se n] S EBOE M RE ( Trifolium repens
L. ) Ml “E 5 ( Festuca arundinacea Schreb. ) W1 P 7%
R, IR Fe SR, M5 £ Fe B i
WA 84k, Dhillon 45 7EXF /KRS | /N2 S5 4 40 (1
W5 & B, Se XMAEPI IR 2R Fe, Mn S50
A BZFE LW AHEVEY) AR ) P 5 Se Z[H]
L B FEMIEM KR (P <0.05). Zeng %
W9 R B R P K, Mg Fl Mn & 5 22 5 3%
S s A R AR (4, 1M Ca, Fe, Zn A1 Cu 1Y i
W AL NIRRT AL [l ). AT SRR
TIETSN Se MKAEERIEE MR | ZE0F | 45T RIRE K
T P A Fe(BRATEHN) SRR, I, Se Xf
IKREWIL | 538 FNF 4 Mn | Fe A1 P 95200 5 4 ]
YIRS | RIZAE AN [F] S A A2 KA B v AN [R] T
R A BT MR | R RS A
K.

N Se FHUKFEMR RGN WA | 220k 5%
PR Se SR EI B EIGMp &R, ME
T3 Se Wk FEAYBG N, K FEAR R EKIE Se & 2
1.65 mg-kg ™" (X B& 4b H) 14 0 F] 2.28 mg-kg ™!
(Se0.5 AbBH) Al 2.62 mg-kg ™' (Sel AL HH). Zhou
SRS G K AR AR T Se AT H503 AY W FF fiE

T, A MGESS A R RS IR I R TR AR
TR, AN [R5 R R KRR AR R A S i IR R R Se 4Bl
% Se Jb T BE K s IA] 14 386 0 i d 2 1o 22

ARG Fe FEKFEAS R B A0 5 42 R EE
R > R AR > ZE0F > A8 5e > Rk, XA E
PRI KRGS Fe M B ERECN . WA >
o> REK > B9t HEHENGERA LR X nTHE
LK RSN [R A 5. Mn 15K R A [R) 3807 10 6 48
RECR 5% > 2B > BRI BEK > IR, S
£ Fe WAL IR T 54 Mn M9HE ST, IAE AOBFSE ot
71N, 7R R 7 T M A Y G T A P 0
AL KRR R | 2500 Ao bk s
£ Fe MUBE T/ NT B 4E Mo BURE S (2 3) , XA fig
ST 4 Mn AR R HLA HE Fe &, 7EK REAR
PR Fe* & Mn®* 25 5 8 %4k, BT LA iHE A K ARG AR P X
(1) Fe** BT 2 M Bl 4 Ak 76 4R 2R 26 1 sl AR o Sk, i
Mn® " 45 2 1 ol W A0 A 2 32 58] K e e 3. s
Se A[§EMA Mn . Fe. P il Se 7E /K AEA [ 3047 £ 23 it
A, P RE A AERE K R ZE 0t Fe | Se 247
AAERRRSE T Mn B2 e e st . xR
S I SR A5 RE | W RLRE AR RS AR Fe
TR ARAT Fe &AM 2.4 f5, 8.7 5
14. 3 1%, UERHER IR T Y Fe & HERL I & TAR &R
Fe F ik, i HAMF 8 45 A0 — 3.

4 it

(1) BIEAIN Se X/KFIMRZR | ZLm-FUkFRL 1 8
AR R

(2) TIERNN Se XPAKFRBRMEE  IRFR | X0t &
STRREK Y P A Fe (BRA5THM) S isZ A K H
JEIKFEERAL Se T i b 4R & KR ZE | 5T A
BEK T Mn 7% 1 I 2 BEAIR.

(3)USIN Se X /KFHERIE , MR | ZErH RIS 58 1)
BEAKFL 12 Fe A1 P AU SZ I YR 35 TS MR BE Y Se
(1.0 mg-kg™") WEHE S Se AR MRR | ZE0TA
A BEK 12 2%, Se WS INAT ARG 4% B5E Al
R G iz Mn (R

(4)P FEEEFKR R FZEN 1 Fe | Se
T E R, Mn £ 2w SRR ST 2L,
NI Se Xf K FEAS[FIHBAL /3 HL Mn | Fe, P Hl Se 7 —
FE 5.
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