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2.5 mg-kg™ Fl 1 mg-kg™ VR AL AT IR BT A . ARMKEERALHE (Se(IV ) <5 mg-kg™ il Se(VI) <0.5 mg-kg™) REICH T HI/NE M B
1 GSH #1 POD S50 A ALFHE M , B &R A ik ALY T MDA (Se<2.5 mg-kg™) &t , RVR BEAL IR 15 2 AH I o

SREEIR SN A AR FRARE /N

hE 425 . X503.231 NERFRE A NERS . 1672-2043(2011)08-1500-08

Effects of Exogenetic Selenite and Selenate on the Growth and Physiological Metabolism of Winter Wheat

FU Dong-dong, WANG Song-shan, LIANG Dong-li", MIAO Shu-yin, DUAN Man-li, HU Bin

(College of Resources and Environment, Northwest A & F University, Yangling 712100, China )

Abstract: Pot experiments were conducted to investigate the effects of exogenetic selenite and selenate on the growth and physiological
metabolism of winter wheat in order to provide theoretical basis for the planting of selenium—enriched wheat. The results showed that exoge—
netic selenium inhibited wheat seedling growth(plant height and biomass) at all selenium levels. However, selenium first stimulated and then
inhibited wheat growth as the increase of exogenetic selenium concentration in the late growth stage. The ECy, for Se(IV ) and Se( VI ) increased
from 1.40 mg-kg™ and 0.28 mg-kg™ at seedling stage to 28.48 mg kg™ and 4.56 mg-kg™ at the harvest stage, respectively. Selenite had
greater influence on the growth of wheat than selenate. Wheat yield first increased and then decreased as the increase of added selenium, and
reached the maximum values at 2.5 mg-kg™ for selenite and 1 mg+kg™ for selenate treated plants. Physiological metabolism analysis of winter
wheat leaves showed that lower concentration of selenium in soil (Se(IV ) <5 mg-kg™ and Se( VI ) <0.5 mg-kg™) stimulated the activity of
GSH and POD, and decreased MDA (Se<2.5 mg-kg™) contents significantly; the contrary results were found for higher concentration seleni—
um treated plants.
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Se( V)7 Se( VI) A4 Wil ) 32 2EHE 502,
HH T Se(IV ) F Se( VI)7E L3 iE 4k 77 XY
AR, BT KA P B stk YA
RANIIZESE o IKIGAAET , HELH %o PR 70 S A P
A I B R A B T 4 R — B B R B AR L A
PR EL S 7w WM e s, DRI TG A A A0 o v 1,
17T A AR B 5 5 A - S T BT R A7, B 2 5 R
FRTEAR Y ROARERS, By ATE A2 7 bk PR R4
HERLO, {ELRAE FH 1) Bt 7S Uil b 200 Se e
A R AR A DA AL T PO AR AN T
HEALRLRE BLHE A A LA T 5 ARPRL , 2518 F T
AR ER ™, AP 7E/INFE (A PNl 3 M Al AR R 2R K K
BRER, SEE RS, BRI T AR
RE™, H B 28R 2R8I A b H o A i
AALAI R SCBLAGPY, 2P IBEHE 30 pg - mL7Se(IV )i
VU, TESC S A R AT B 2 R R /N AR IR Y SOD
POD CAT FI ASP A, A% MDA & ; A H T/
MR ST RIS TEE, FPRm & BiRm,
[RIF IR ZI3 7 A9 P (BB AT 224 A e
Jiti Se(IV )45t Se( VI)AEER/NZE b, 3 F RIS
il it e o/ 2 A A A A PRGBS R AR
1H o ASCRGITE T PR FEN A R e S M IR e
A SR /N HE R R S AR BB, BT
/N BRI AT R AR LA IR o

1 #BE57FE

1.1 ##$

TR BRI AL+, £ A B R ERE
0~20 cm +3, AARXT, FE/GE 2 mm Fi&H. -
e LA TR A MR . pH 7.75, CEC 23.34 cmol -kg™,
BbL 39.5% , BRIRES 55.00 g-kg, B HLIE 1633 g-kg,
47 1.113 g-kg™ , 27 0.131 mg- kg A4 FF,
5350 Se( VDA Se(IV ), ¥ K 43t 4l . ZoRAEY
/NG TR /IR 22,
1.2 KA %
1.2.1 Bt

RIS 13 AMEIE, 43518 X B (CK), LA Se( VI)
1 Se(IV ) IE =X ite A ATk BE 43 5124 0.5.1.2.5.5.10
mg-kg? £ 5 AMAbHE, % R B AN R E KNSR,
383% Se( VI)0.25 mg-kg™ #1 Se( IV )20 mg-kg™ 2 4~4b

L 75 135 v A 5 R S MR LA 5T P G 1) o v T
BEREAH™, oA SR BTG A7 7 1 X+ 0 & 20,
WEIRER 41K,

FER BN 30 em JRE A 30 em FEEEL
B, B+ 14kg, BT AHMEA 0.15gN,0.033 g P,
Rt N, BHESR 2009 4E 9 A 24 HZE 2010 A 5 24
H, AR 240 d,/NE i JE B A€M 10 Bk, HERE
EEHRECRT AR, €SO R LR X HR+E
IKER 70% 53 HITERTHA(2009 48 11 A 20 H) 357553
(201043 A 5 H) Wk#A(2010 45 5 A 24 H)WE
PR B, 37 BRI RE /A2 i R B9 A B A , WK s
RN EZEL BB EYR AR &,
1.2.2 #ERE S5 HrlE

(1)IRTT BAFE A AR A 2

A H Bk S ALY GSH-Px R & =
552K B R (DTNB ) B ekl =™ i E Ak 1 (POD )
KA Has; BE b SoD kHA
5 Uk (NBT ) b 6355 5 B85 1o 48 AL g (79 8 , MDA )
SRABACE 28R Bk

(2)FEARAE KRR I 2

ORI 3G /N E ARG, EBRIR E i, B
oK e, HELZRIBK VRS, WK 4R T, 4R J5 FI BT 70
W AR, b AR IR T o B AR T 90 °C
TR 30min, 60 CHTEEEH , RIS HELEYE,
HE>™ &,
1.3 #iEGiT o

¥4 40 3 A DPS13.0 Si 143 73K {4 F1 Origin75
SRTAbHE,

2 HFREWE

2.1 REMHEIMNERXINE E KK
2.1.1 AEMESHNIERRRT /N PR ) 5

P 1 R) D0, RS NIRRT A B G /N bR R B
ST X R (P<0.05) , H FERIG AL & B3N REAR . &
W, NEMRETE Se(IV )<5 mg kg™ B 5XFIRTE B &
225,24 Se(IV) =5 mg kg™ I HFHAN & B4 N 2.2
T RE(P<0.05) , B = e B AL 3 (20 mg -kg ™) BN HR T
FET 29.05%. SR, Se( VI)AbHR/INE Bk =5 Bl A M
A e B 188 i Se 3 K, FERPIVR 1 mg-kg™! BHAEK, T
Je BESMIERT M B Y38 2 2 R R (P<0.05) . IERHA,
/N RRTERE Se(IV ) AbBEAR & B HE NG K, Se(IV ) <
25mg-kg” BI/NEMRE SXBLEEZESR,Se(IV)>
5 mg kg A H B 25 H TR (P<0.05) s /NE RR R REST
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The different normal letters in the same row refer to significant difference among concentrations at 0.05 levels(LSD test). The same as below.
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Figure 1 The effect of different selenium contents on wheat plant height of different growth stages

TR Se( V1) ¥k BE 3G n 2 55T+ , ZEARHR & 0.5 mg kg™
BRI K, T JE B AR A1, {45170 e B A 32 ] 22
ANEE, 3 MEFI/NEREH L, RS /N E A&
KASMNERTE + B, /N E MRS A R KRS
VNI SR N U
2.1.2 REWASHNERR NN Az ) B BB

ST Se( IV )AL 2), Vi/INE A= Y ek
Tt B8 38919%~491%, H 25 538 3| 8 E /K - (P<0.05),
Az Wy B A A M IR VR B Y 3G K B8 2 T R (r=—0.833 4,
P<0.05), WK, BRATG B iy Uk B b 320 mg-kg™ ) /)N
ZHEYELTAE. 0.5 mg-kg' PSS
AEES, AL E I NE YR B ERT
YT BE(P<0.05) , LA 2.5 mg-kg™ AbFRA /NS A M B B

K, B AR = T 7.02%,

XFF Se( VD ALBERUL(E 2), B /N E LY RS
TR, /NEAEYE SN E R B &7
5K (-0.793 9, P<0.05) ; TERN K & 5 mg-kg™ F1 10
mg -kg™ AL FH/NE AL B G BB AL BT R T
25.41%F0 26.02% . 5 A, BEREH/INEZ A= 2 EAH
VARV BE A3 R 23N, BRI 1 mg kg™ Bk
Bk, BV AN PR T 16.41%, T Ja/NE B A Y&
Wi SRR M B Y 38 K B & TR (r=-0.891 7,P<
0.05); 7€ Se( VI )5 /= e & (10 mg -kg™) &b P [ 2] B
%, BB FE T 31.31%,

BN A L 8, /NEE X Se (V) BT 32 B 1 K
F Se(VI), RIL A AH R & EKFET ,Se(IV )b 38/

&1 AERARE BRI/ NEEWERIE EC, B

Table 1 The value of ECy on the effect of different selenium contents on wheat biomass

ek

ECi/mg-kg™ Harvest  A:¥j8 F X 72 Equation of biomass

Hi
NGO 3 B .
ECi/mg-kg™ Seedling A8 R X 5 Equation of biomass
Se(IV) 1.40 ¥=0.000 1x-0.004 2x+0.064 8(R’=0.944 6) 28.48
Se(VI) 0.28 ¥=0.000 2x°-0.003 2x+0.06(R*=0.930 7) 4.56

y=-0.037 7x+4.633 7(R*=1)
¥=0.014 2x°-0.360 9x+4.909 5(R*=0.993 1)
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Figure 2 The effect of different selenium contents on wheat biomass

FHEYERNZ/NT Se( VDAL, BF5TH H FAENT
FxF B F= 8T 10905 (4 ok B R A G 2 2 A9 I
TP (ECyo)™, 36 1 44 H T BRPSMNEAG AL/ NE AR
[ B A T fY) ECoo 1

mEIIUES, ZEEH Se(IV ) A Se( VI)4b#
X /NG A W R ECoo 237102 140 mg-kg™ 11 0.28
mg kg™, BRI 43 B FH =i 3] 28.48 mg-kg™ 1 4.56 mg:
kg (5 2 —30) . EHIABERE Se( IV )ALHEAY ECyo
533052 Se( VD) AbFRAY 5 £5F1 6.25 %, #F— L UEB T

Al —E K Se( VDB FEEMEHBERT Se(IV ),
22 AEMASMNRE N E B R =B E T
A1)

/NG BAPRL B ok SRR T RS R B
TR, ARG 2 REBCR A R Y, BURS/NZ2 T
HLAYG T B T BOR T REALEOAN TRLEL . 3 2 45 i PTb
IR IS VAN DR il i A W e =

M2 2 I, N E TR EREE Se(IV )W AYIY
KREIITHE KA/ H TERHRE 10 mg kg™ B

R 2 AREMZSINRIRS /N E = BRI RN

Table 2 The effect of different selenium contents on wheat yield

Se(IV) Se(VI)
semg g e ind temelwegsy PPyl somgr BUR G T e TP yeld

0 29.24+2.02¢ 35.74+1.63ab 12.72+0.38a 0 29.24+2.02¢d 35.74+1.63ab 12.72+0.38ab
0.5 35.02+3.7ab 34.06+0.56b 12.35+£1.43a 0.25 34.18+0.61b 33.6+3.23b 12.69+0.54ab

1 37.48+4.16a 34.34+1.01b 12.79+0.76a 0.5 33.83+0.71b 35.96+0.21ab 13.07+0.19ab
2.5 35.47£2.87ab 35.07+0.74ab 13.56+0.33a 1 37.45+2.66a 32.69+1.27b 14.1+0.61a

5 31.9+1.13bc 36.24+2.34ab 13.05+£0.72a 2.5 32.24+0.76bc 40.51+3.74a 12.63+0.49ab
10 33.45+3.13abe 38.5+1.99a 12.59+0.89a 5 27.65+2.06d 36.86+3.39ab 11.96+1.23b
20 34.27+0.47abc 33.93+0.7b 12.89+0.4a 10 19.73+2.93e 27.15+3.32¢ 8.55+0.93¢
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KB A, BN IR E T 7.72% , &Sl B b B ]
ZRABE . B Se(VDHEEWEALIE(10 mg-kg™)/
TR BT X RS, H A Alvk B Ab HET /)N
FE TR ENTBEZM

/N2 TR B e A MGG Tk ) 3 R 2 BSEI KR
BN, BN SR EIER E 1 mg kg™
AHRBIR K, 4rBIExt B4R T 28.18%71 28.08%,
I /N2 R B AT vk B 8 R T R, (EAR R R Y
2, Se(IV ) b3/ N R BRERI Vi JBE ) 384 I T RN B
58,18 Se (VL) Ath 34 Vi B /)N 22 TR R 550 B AT ¥k 2 ) 38
BT B2 (P<0.05) , ZEAM i i v A0 B2 (10 mg-kg™)
AR BB AR, BN BREAIR T 32.52% i BHIE AT
X /NZZ P B R i R LR TN AR B

INERTRIEEBEE Se( IV ) Ab3EVE B A3 K 2 B
SEHEINE PR 1 2.5 mg kg WREEIHA B,
B HRIRE T 6.63% , (B4 Ab 3 ) 22 FAR i3 Se( VD)
Ab TR /NFZ KL B AT Uk P AR A e 355 Se(IV ) Ab 3
M, SEYENSER—5(E 2): ZEEBIE 1
mg-kg? A, BN HRIE S T 10.91% ; B ARAE H BLFE 10
mg kg BF, BRI R R T 32.76% , ik .3 25 K F
(P<0.05),
2.3 AEHEWETNEEERSR T

3 FIH T HRM SN EE T /NE T A
B HEFEIRR SR
2.3.1 AR AHEXT /N T E IR M

H% 3 W], HIEANEEATS , /N SOD TP RE
HIMIGRR VR 1 K 2 SRS T i o X F Se(IV)
b PSR, , B AR H BUAERR M 5 mg kg™, BEXTFRT
VT 65.73%, FERT 20 mg-kg™ V& BEALFRRT , FOE A
[T, B BEER T T 4.80% o Xt T Se( VI)ALFRSI , He
B AR HH BRTEA 0.5 mg kg™ AbBH, EXTHRTRET
16.03%, IJ5 SOD {14 [l 4 MG AT vk B B4 186 i T 386 K

7 Se( VD) B i FE AL FE (10 mg kg™ ) Bk K, Bxd
HAE 20.01%,

AT AL /NZE I 9 POD JE B TR
R, FL Y5 RS MIGAT e B (38 K 52 RS 38 5 WAL A
B, 507E Se(IV )5 mg-kg™,Se( VI)2.5 mg-kg™ X%
TR, 4 H B T 38.43% 1 3.42%,

P M AL E/NZE I o GSH TS M3 B 3
KFXFHE(P<0.05), H¥ 2 BLRESMIRAR v B 38 K 5
BN B, ST Se( IV ) ¥k, GSH %
PETER R B 10 mg kg™ AbFIRTR K, HBXHEER T
33.33%,Se( VI ) Ab3E/NZE 0 Fr o GSH & MR AE Al vk
J& 0.5 mg-kg™! AbIEIRBNIEAE , BE%F HRER R T 43.33%,
2.3.2 REMRASHIRT/N22 55 3 S A F A B

3 3 B A LAE H, /NEr B MDA & &3k
T4 NIRRT e B () T Vo 2 B S R T o8 R 3 A
Hr 25 H MR b P B 1K (B 3 H BUAE AR VR & 2.5 mg kg™
i, Se(IV )1 Se( VI) AbHE 43 5%t B T [ T 28.01%
1 24.02% , Bt S5 AR IR M B Y Rl 9 /NZZ i - ) MDA
B B YRS NIRRT BE (43 TR I, (BT T X R Ak
H, EARIR TR PR Se(IV ) (<20 mg-kg™)F
Se(VI) (<10 mg-kg™ ) EREEIN /N i - MDA 94
B, AR T /N I i R AR A
3 iFig

IR 25 AT T /N22 R R B B ) 2 R SRR [ o
Se( IV )45 e B AL R % /N 22 T MK 1R 29 B (R 3 AR
(P<0.05) , T4 7 50 01 i &/ MR AT e o 186 K 28 S 38 s
R AR o PEREZE S NFAR7E £ 358 v AR RS 55 Ak B/
FHK, INERERBIR KRS NERER B R,
B BT AR Se(IV ) 43514 1.0,2.5.20
mg-kg™! A1 Se( VD) E 537102 0.25.1.10 mg-kg™ i
HH /INZE o TG 14 T 52 e B I A A ) 4 S S T 1 K

R 3 AEMZSINRMRS /N E EIRIEFRER0D

Table 3 Effects of different selenium contents on physiological indexes of wheat

Se(IV) Se(VI)

Se/ GSH-Px/ POD/ SOD/ MDA/ Se/ GSH-Px/ POD/ SOD/ MDA/
mg-kg™ U:g'*min® U-g''min®? U-g'+min? pmol+ g mg-kg™ U:g'*min® U-:g'*min? U-g"+min™ pmol+ g
0 427.50¢ 4 230c 13.54a 7.72ab 0 427.50c 4 230be 13.54bc 7.72a
0.5 473.47b 5135b 10.10b 7.73ab 0.25 528.07b 4 020c 12.70cd 7.71a
1 468.09b 5 135b 9.47be 7.16ab 0.5 633.80a 4 484a 11.37d 7.6%9a
2.5 537.00a 5 440ab 7.42d 5.56¢ 1 578.66b 4 432a 14.26b 6.97a
5 546.64a 5 856a 4.64e 6.75b 25 563.86b 4 475a 14.54b 5.87b
10 570.00a 5 041b 8.04cd 7.95a 5 573.54b 4 349ab 15.22b 7.35a
20 467.01b 4 730bc 14.19a - 10 570.31b - 16.25a 7.16a
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XEXESFEETE ERTIRGR -8, XAaE2H
THIB/NEZA YR/, H A S X8 F e
i MkEE /MEAK, HAEYRDR, FN&ESELT
SE4x, /NEERN B B RE N AHGUE RS, d
HHEY RIS KIFMRRBRRON A K. ARk LN,
Se (VI )X F/INZ2 A R TEAR MR B2 B (9 02 1 A FH 5 5 R
R BB EE IR T Se(IV), 3 i@ PiF
P AN /N AW SR Y ECy (ER/IME BIHHIE, B
INZEVEHAFIBCRIA Se( VI)ALFE) ECy 437152 Se(IV)
AbFRE 5 F5FN 6.25 f% . X5 Sharma SFPO7ETMZE LAY
FRER 2L

INZZ P B PRI AR VR B 3G R B B TR
JE ARG H, iX 5 — SR E L H AR 1521
GER—BE, GZEFEPIMILE T /NESE K
= ETehn , TIEESME AR AR B LL Se(IV ) <2.5
mg-kg” 3% Se( VI) <1 mg-kg™ H'H,

GSH-Px J2—Fh S i1 S LB, A0 B H 2 41
2 DANEFESEENABIRE, T EESR
A W R NS B R SRR SRR S PR B AIME
FAB, AHISE K BUR AL B /NAE 1 e GSH V& 11
FTA I, GSH Rk B B & TR . XEFN
BB GSH M4 BT , 145 /N 22 GSH 11
FHEP>,  POD YA N TE IR BREHE I R 5
2 B ORI B, XA Y e A B AL E T
VR AR IR E I 5 E IR FEY, &
I R PR A FES MR BE R POD V&Y, RV EE
WEANE T POD MTEYE, LAV BEMTRE AR HE/NEE
M BTEALRE T . FAEEMA L EE 1 FAE Y SOD
FERERIEP, R PR R ISNE I A F S
JHp SOD JEHR R P, AR H/NE M R SOD
T AR B I B0 32 5 (B 7E = Wk R AR A B A
Pt . XATRER A HIEAMERATG S, /NErt
GSH-Px {30, A3 AL R R Z A 193]
AV R AL AR B (Se(IV ) <10 mg-kg™ il
Se (VI)<1mg-kg') B} SOD BHE &%, GSH.POD
SR . BT A GSH-Px IEMAF R, EZ M

Bt A Ak i H,0, B GSH-Px Frid R, 8 SOD #y
YERRSIED , AR RS IE 5 A BRI REXT SOD iy
T SRAENT REA, T35 SOD & AR, Xof 13X
L —PUEE

eV BEYO L Y, BIRAS [R) M A X /N2 it
H MDA & & i fk 3 m SR Ik Se BRI 5 T = A
P (B/NE R MDA & 239K T3 B8, 3L B A Al LA

AR B B A E R A, 31X 5 R GOK S
TR EIS 2S5 —3 ., B GSH V&ML FE 4T
2 (Se(IV)=10 mg-kg™ F1 Se( VI )=0.5 mg-kg™ ) FIPOD
AT 5 (Se(IV )=5 mg kg™ Fl Se( V)=0.5
mg- kg™ ) UL BIUR BEAR AT R I AT A A E A S s ik e
i | RE A A E R, 3928 Se( VIR T Se(IV ) o

25 E R, BRI AL BT, /N R A e A A B
RO, A FEN AR MIERIG X /N2 A 5 TR
PR AIG FUE RS AR . (H/NE KRR, T
FR) A= BRIE R A2 A DL B /N ORI 9 7 B i 2R A R
BB o Pt b A BRERHR AL T U R N A K
FeAn A= R B AR S, AT DA R PRI A A 1
T, Se( VD) AyAHk B RO HEAE FH AR vk B O B AR
BRTF Se(IV) IR,

4 ZEig

(1) PR S IMERGXT A R A K B BN A K 48
PR, H oA AT B KSR R S AR
1B Se( VD)X F/NEE KB KT Se(IV) o /NEXF
TG ) i 52 4 i A < ] PR SEE SR BT 48 K, T3 A
AMIEAR LA Se(IV ) <2.5 mg-kg™ F1 Se( VI) <1 mg-kg™
HH

()M EERT (Se(IV ) <5 mg-kg™ il Se( V) <0.5
mg-kg™ ) A ERREMEHRTT]I/NE T B GSH, POD %
PLAEALERE M, FR 0 i S ALY MDA (Se<2.5
mg-kg™) & & B E TR, AfEsE T/hEMER, W
R VAR AT ) R SR 3G T /N B A R T A R T
NI

SE 30K :

[1] Hawkesford M J, Zhao F J. Strategies for increasing the selenium content
of wheat[J]. Journal of Cereal Science, 2007, 46(3):282-292.

[2] Stroud J L, Broadley M R, Foot I, et al. Soil factors affecting selenium
concentration in wheat grain and the fate and speciation of Se fertilisers
applied to soil[J]. Plant and Soil, 2010, 332(1-2):19-30.

[3] Tinggi U. Essentiality and toxicity of selenium and its status in Australi—
a: A review[J]. Toxicology Letters, 2003, 137(1-2).103-110.

[4] Lenz M, Lens P N L. The essential toxin: The changing perception of se—
lenium in environmental sciences|J]. Science of the Total Environment,
2009, 407(12):3620-3633.

[5] Regina E, Franz J. Selenium deficiency as a putative risk factor for osteo—
porosis|J]. International Congress Series, 2007, 1297 :158-164.

[6] Rayman M P. The importance of selenium to human health[]J]. The Lan—
cet, 2000, 356(15) :233-241.

(71 BRI, Bk BB, ST R L IR B R Ak (). R d Al



1506 P85 AR SN & /N AR A B A BRI R S

201148 A

2002, 23(10):134-137.
CHEN Li-cheng, ZHANG Yong. Status of selenium research and seleni—
um-—fortified food[J]. Food Science, 2002, 23(10):134-137.

[8] Combs G F. Selenium in global food systems[J]. British Journal of Nutri—
tion, 2001, 85(5) :517-547.

[9] FAO/WHO. Human vitamin and mineral requirements[C]//Report of a
joint FAO/WHO expert consultation. Bangkok, Thailand, Food and Nu-
trition Division, FAO, Rome. 2001 .7-8.

[10] TS /N2 PP ORI B H B SR B AR BOBITSE (D). RRIRE S A

S IR RSB £ A8 3, 2006.

SUN Wen—jing. Study of zinc, selenium absorption regularity of spring
wheat and their enrichment technology[D]. Hohhot:Inner Mongolia Agri—
cultural University Master Degree Thesis, 2006.

[11] Lyons G, Ivan O M, Stangoulis J, et al. Selenium concentration in wheat
grain: Is there sufficient genotypic variation to use in breeding?[J].
Plant and Soil, 2005, 269(1-2) : 369-380.

[12] Nowak J, Kaklewski K, Ligocki M. Influence of selenium on oxidore—
ductive enzymes activity in soil and plants[J]. Soil Biology and Biochem—
istry, 2004, 36(10) : 1553-1558.

[13] Banuelos G S, Lin Z Q. Phytoremediation management of selenium—
laden drainage sediments in the San Luis Drain: A greenhouse feasibil—
ity study[J]. Ecotoxicology and Environmental Safety, 2005(3), 62
309-316.

[14] Li H F, McGrath S P, Zhao F J. Selenium uptake, translocation and spe—
ciation in wheat supplied with selenate or selenite[J]. New Phytologist,
2008, 178(1):92-102.

[15] Cartes P, Gianfreda L, Mora M L. Uptake of selenium and its antioxi—
dant activity in ryegrass when applied as selenate and selenite forms[J].
Plant and Soil, 2005, 276(1-2) : 359-367.

[16] R, BARW, HiRFF, 2. Se( V)FI Se( VI)H/NEZRAEK KL

BN BRI BRI RLE2EAR, 2000, 29(10):2163-2171.
WU Xiong—ping, LIANG Dong-li, BAO Jun—dan, et al. Effects of dif—
ferent concentrations of selenate and selenite on growth and physiology
of Chinese cabbage[J]. Acta Scientiae Circumstantiae, 2009, 29(10):
2163-2171.

[17] Susanne E G, Trine A S, Anne F O, et al. Plant availability of inorganic
and organic selenium fertilizer as influenced by soil organic matter con—
tent and pH[J]. Nutrient Cycling in A groecosystems, 2007, 79(3):221-
231.

(18] EH#ALL, R, BARW, & AR SSMNELE A KL E P RTE
AL B AW RO PR R, 2010, 30(12):2499-2505.
WANG Song-shan, WU Xiong—ping, LIANG Dong-li, et al. Transfor—
mation and bioavailability for Pak choi(Brassica chinensis )of different
forms of selenium added to calcareous soil[J]. Acta Scientiae Circum—
stantiae, 2010, 30(12):2499-2505.

[19] Broadly M R, White P J, Bryson R J, et al. Biofortification of UK food
crops with selenium(J]. Proceedings of the Nuirition Society, 2006, 65
(2):169-181.

[20] Keskinen R, Turakainen M, Hartikainen H. Plant availability of soil se—
lenate additions and selenium distribution within wheat and ryegrass[J].
Plant and Soil, 2010, 333(1-2):301-313.

[21] BT, RF K, REE, & WX/ LB RERIR I Z P55
[J1. H E AR 2, 2007, 23(09):335-338.

WANG Hai-hong, SONG Jia—yong, ZHU Xi—xia, et al. General survey
on physiological function of selenium in wheat[J]. Chinese A griculiural
Science Bulletin, 2007, 23(09):335-338.

[22] Graham H L, Robin J C R, Graham S D. Tolerance of wheat ( Triticum
aestivum L. )to high soil and solution selenium levels[J]. Plant and Soil,
2005, 270(1):179-188.

(23] e, B/, B2, S5 ANTE R SR A P B AL E A D) Al
JEH, 1993, 38(3/4) :274-277, 356-358.

XUE Tai-lin, HOU Shao—pan, TAN Jian-an, et al. Antioxidant effects
of selenium in higher plants[J]. Chinese Science Bulletin, 1993,38(3/4) .
274-277, 356-358.

[24] Hartikainen H. Biogeochemistry of selenium and its impact on food chain
quality and human health [J]. Journdl of Trace Elements in Medicine &
Biology, 2005, 18(4):309-318.

[25] TR 4T, 5K &, FRAL. WX/ NG A K AR LR R B TS PR Y
FMC]. HEfLE 4 £ EME TR RS REARTHT 4, 2004,
(6): 136-140.

HE Jia—hong, ZHANG Zheng, QIAO Ya-hong. Effects of Selenium on
antioxidant enzymes system of wheat [C]. CCS:The National Scientific
Seminar On Trace Elements, 2004(6):136-140.

[26] Luo K L, Xu L D, Tan J A, et al. Selenium source in the selenosis area
of the Daba region, South Qinling Mountain, China[J]. Environmental
Geology, 2004, 45(3 ) : 426-432.

[27) 21858, B 5. Brifde. AT IR A b e S L e A 2 ]
Jbr k2, 2008, 31(3):186-188.

LI Dao—giang, QIU Yan—chang, DUAN Zu-an. Determination of glu—
tathione peroxidase activity in liaohong|J]. Northern Horticulture, 2008,
31(3):186-188.

28] RE K, /NE, & 85, 5. TEXS/NZE B A SRR BR800 B s e
W] AL PRI 22, 2004, 23(6):1982-1985.
LINKF,XUX Q, JIN X, et al. Eco—toxicological effects of selenium
stress on wheat( Tritium aestium L. )and its critical value[J]. Journal of
Agro—Environment Science, 2004, 23(6) : 1982-1985.

291X #&. WX EFRE RPN KB F[D]. T KT R K L2 L
3L, 2007.

LIU Rui. Nutritional effect of eslenium on tartary buckwheat [D].
Chonggqing: South—west University Master Degree Thesis, 2007.

[30] Sharma S, Bansal A, Dhillon S K, et al. Comparative effects of selenate
and selenite on growth and biochemical composition of rapeseed( Bras—
sica napus L.)[J). Plant and Soil, 2010, 329(1-2):339-348.

[31] Dumont E, Vanhaecke F, Cornelis R. Selenium speciation from food sou—
rce to metabolites: A critical review [J]. Analytical and Bioandlytical
Chemistry, 2006, 385(3):1304-1323.

[32] Hu Q H, Pan G X, Zhu J C. Effect of fertilization on selenium content of
tea and the nutritional function of Se—enriched tea in rats[J]. Plant and
Soil, 2002, 238(1):91-95.

[33] Gillham D J, Dodge A D. Hydrogen peroxide scavenging systems within
pea chloroplasts: A quantitative study[J]. Planta, 1986, 167.:246-251.

B4X 3, B, /K, 55 GSH 5 ASA XtAtFH e B4 LAY



55 30 %55 8 1 DI S 1507

PP LA EZ, 2010, 33(11) : 107-109. antioxidant enzymes in plants[A]. Advances In Horticulture, 2008 : 766—
LIU Ping, LV Yan-na, ZHANG Xiao-bing, et al. Study of GSH and 773.
ASA on biological and physiological changes of the peony petals[J]. [38] Yu X Z, Gu J D. Metabolic responses of weeping willows to selenate and
Northern Horticulture, 2010, 33(11):107-109. selenite]]]. Environmental Science and Pollution Research,2007,14(7):
[35] Samis K, Bowley S, Mc Kersie B. Pyramiding Mn—euperoxide dismu— 510-517.
tase transgenes to improve persistence and biomass production in alfal— [39] A Hh. 454 SOD FIBFFEHEE]. W b4k Bl2#, 2008, 12(3):6-
fa[J]. Journal of Experimental Botany, 2002, 53(372) :1343-1350. 9, 12.
[36] Rotruck J T, Pope A L, Ganther H E, et al. Selenium: biochemical role WANG Ben—qin. The research progress of the plant SOD [J]. Joumal of
as a component of glutathione peroxidase[J]. Science, 1973, 179(73). Hebei Agricutural Sciences, 2008, 12(3):6-9, 12.
588-590. [40] SRk, BRI, EIBLL, 5. BURRT RS MHAE AN S A0 & BRI
B717 48, WL, ¥ A, F MY E L EERBT ST R(C)/2008 [ [J]. H E AR R, 2009, 25(21):191-193.
SEEHR(E /) - ERE %S NBEHFEERTTHEESEIN SONG Jia-yong, JIA Hong—fang, WANG Hai-hong, et al. Effect of se—
REZiEIziECEE, 2008 766-773. lenium to the tobacco on the physiology and the content of selenium[J].
CHENG Hua, LI Lin-ling, CHANG Jie, et al. Advance in research on Chinese A gricultural Science Bulletin, 2009, 25(21):191-193.

L e S e e o S e S T S S S S S S e L S S e e e o T S S e

FMEEERWVAERZZ2ARTHTSE THES

H R E RO AR S IR R I 5RO IR PR R BB U T BT BK & 70 L St ARl R 2R A0 B 28 D i 2 AR PRI R 24 2R
BT 2011 48 7 A 22 HZE 25 HZEASEEITRIRSRITT RN AT . 3k A £ E & R L B FHTBERTSE 105 1 HA1H) 230 247
BRFHESINT 2, SV FEREIEARISTC 180 &5, HAP 161 BiSSCAITRE A GRS, 26 BTN SR TR,

T A SR FRSE AR I RHTT W B B BT R TSR 5 52 8, 2R b B N Bt ARl R 2 i e KRB B, o A A
BIERY P 2B ST A FFRF R BHIT L I B B I 56 1 B2 20 BUBCRE , FF X R iR TR BB LA o

W R T — R R R E AR PR T RS B R R R E R AR, RE T+ I E SR E KB AR R
RS A MR R E AR FRIER A O SR E L AR R TR . PR AE T R R, o EAR R —2%
R A R RIS R A IO T R E R A RPN T FRSTNE T EHR  KIFE RS AR RS L E
PR EBTT B RS LRI R AL R A B R AL 8 T R B BRSS9 & R iy, 34 LR 5
TSR R B RE” K L FRFA IR T RERHE B B IRA R = AT AT AR o ZEOCRBE AR ARl B AUt
5 )i AR, Al AR R JR A A 252 R L P AR AR R 5, X R A 2 ARl R TR R S S Bt S A A b R
R S LA T [ A Al A et , 4 1 T AR R L, R T R AR AR SRR R R, R T i fe ek 2
B AR5 TARMY BRI 3550 R AR R U o R 5 A AR 0 3 I LA S B RO MR A S 2 PR 5 TR RS
X MANAK IR CROH S TR e SRR R ERERH LR SR SRR ER RS 5B Y
BRGHORN IR RA-SHNE SRS 8 Xl A2 5 K AR AR KR R B A R AR A LR AR T 2 SR BT b
BHRRL S TR FEFTAUR SRR, AR YR, A U AT, BB 35 T R E AR R 7 )y T T B LA o 42
AR BN EEIRER , R R FMRER J5 T BB SR RN , 24 R 2 W BRI S8 3 [ ARl PRAR h BRI IR AE R Bl
TEHSR AR RO SR AMEE R SR S RE 7 PR 5 AR 5™ B 25 T A RV, AR Bk 8 A8 R J s T AT
2 B BTSSR AN FIRCR , WA TIE SEBR IR TEDR , X 3R E RO FRERH AR TAR MR ARG TR AR

TE#A b, &0 ST BRI B T % A2 0L, Al SR (R RH T BT B R BB KA T RS B RF
SR T B A o

(AT



