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Absorption , Bioaccumulation and Translocation of Selenium in Four Different Vegetables by Applying

Selenate

DUAN Man-li, HU Bin, LIANG Dong-1i", ZHAO Wen-long, FU Dong—dong, BI Wen—yang

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

Abstract; Pot experiment was carried out to study effects of different levels of selenate applicated to soil on selenium absorption and transloca—
tion in four vegetables(pak choi, mustard, lettuce and spinach ). The objective of the study was to provide the theoretical basis for selecting

vegetables which have higher capacity for selenium enrichment and phytoremediation of soil contaminated by selenium. The results showed

that lower selenate supply rates(<1.45 mg-kg™) stimulated the growth of four vegetables, but higher selenate supply rates(>2.04 mg-kg™) ex—
erted toxic effects on vegetables. Selenium concentrations in shoots and roots of four vegetables increased with the increasing of selenate levels

in s0il(P<0.01). Among four tested vegetables, selenium concentrations within pak choi and mustard shoots were 5.8~8.5 times greater than

those within lettuce and spinach. The selenium concentrations in roots of the four vegetables showed the follows sequence : mustard>pak choi>

spinach>lettuce. For different treatments with selenate application rates, selenium concentrations in shoot were 1~2 times greater than those in

roots of pak choi, mustard and lettuce. Selenium concentrations in shoot and root of spinach were related to selenate application rates in soil.

When selenate application rates in soil were less than 5.02 mg-kg™, selenium concentrations in root of spinach were larger than those in shoot,

while selenate application rates in soil were more than 5.02 mg-kg™, selenium concentrations in shoot of spinach were larger than those in

roots. BCF g, Ratio of selenium concentrations in shoot to selenate application rates to soil ) of shoots of four vegetables showed the follows

order: pak choi =~ mustard>spinach>lettuce, and that sequence of roots was as: pak choi >mustard>spinach>lettuce. Overall comparison results

illustrated that, pak choi had the greatest level of TF ( BCF s/ BCF oy ), While that of spinach showed the smallest. Thus, pak choi was the

most suitable species among four tested vegetables to eliminate soil selenium contamination because of its relatively larger biomass and better
selenium translocation capacity.

Keywords:; vegetables; selenate; absorption and transportation
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R AFSIn® HMETER, ERFEE AH
YA fEREA B B U1 R0, KRB &5 vl
T R 7 S 3 7 P , LR 7K P BT A R AR )
PURA —E T ERA . BIRRY,KEF 72%49 8
(T )FF R [RI 2 BE A sl A BRAR ), T A A A A8 A 2
NPASE AT ) 2RI, By L 2 - St A HE SR
B R PR A B T S T ARG b X R DA
ARGEAES, B RTE NS S C A B 7,
AR S F T PR R AR B R R 5 | R B T
IR 1 5% B e R PR 2 3 9 S, 1l 1 B A
Yy B B i 4 BN LA B (A R B A 45 R
A9 BT SR Dok 2> - 38 v TG 5 B 2 22 B AT % e
X A=W 2 B 2T kP,
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HIBTR EAIRE" EXARR AT , AR A
IR PR RS T T AR RS . A SCE
FHERHUNARAITEE) SR A3 AP ()8R
SR BT ARG, BEF T A R & B NIRRT R R
XF 4 FhBRSEAE K I RERFIFE 2 BE IR, B
e Bl g2 R JT A AN IS YA 1 R AR it Ee
e o

1 #REFZE

1.1 ##

MR AT 4 AR A PR ILRMBHE K
RIS H, DA SRR REE 0~20 em RE L+, H
RT BHE 5t 2 mm 5, TIEAEEATRAMR S «
pH=7.75, BHE ¥ 22 & (CEC) 4 23.34 cmol kg™,
B AN 39.50 %, BEERSS 55.00 g-kg!, HHLIE 16.33
g ke, 2R 1.11 g-kg!, HIELMEE 0.113 mg kg™,

BARVEM N /NAZR (Brassica chinensis). J¥3¢
(Brassica juncea L) A 3£ (Lactuca sativa Lvar.capitata
L) F1P3¢ (Spinacia oleracea) , TP 43 A RFEH 2 5|
Z2IT 2008 AU BEIE AR 2 AN H A JE RS, 23K i
PHILARMAB K 2= 2 B w4t AL iCAm g
B TR NS B IS
1.2 Rt

RER A LA, T 2008 48 4 A4
BN 7 AR EKF(0,1,2.5,5.10,20,40 mg-kg™)
RIRRER G, ISR 7 DK, B ES

4 IR0, REFIHT LI A B AT A 3 -3 SRR 5 B S
H1.12,1.45.2.04.5.02,17.28 .34.84 mg-kg, EKi
PR R FOR A AL B 4 3 5 A 4 SRR
M4 MESREY, BT R P a5liEA 0.15 g N Fl
0.033 g P, MRS )G, 2= BIA 4R 18 em IR JE 15 cm
BN, Bt 2.5 ke, B MEIRIE 4 M EE, T
2009 4E 8 H 29 H#ERN, 53 d M (WERFESIH
W), 7dERIEZE 108, 12d 5ERE 58, EAK
SR AREN AR LIES KE N HE K E
1) 70% , B BREFPIAR R E 40 d TR,
1.3 #FmREMIEIRNE

VR SEEARWOR G K e, P RIZRIBK M,
0 10 A ) G =7 - 0 e O 1152 i o e 7 L
EMRE IR EAERKI R REETIEET 90 CTRE
30 min J5 70 CHLT, R EH_EFidb NI T B30k
Jo A+ 33 B HNO;-HCIO, (R FH L Ky 4:1) 7K /%, H
Y A - R T IOE e EE (JE R R AFS-930
BERTFZOEEET) MEmEE, FAHaKEL
(GBWO07404 ) F1[R 932 4: (GBW 10014 )4E 4y it & 51
R, SE B REN f I £.(0.61:40.13 )mg - kg™
[AREfE 4 (0.63+0.18 )mg -kg™], &l F13% 4 (0.21+0.01)
mg kg™ [FRUESE 7 (0.2020.03 )mg kg ], +EFA
JOTFH I
1.4 HHEESHT

BHEALFH] SPSS 13.0 e it bk 4. Rl , 43¢
SIAT LU
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HI7% 1 AT, BRA SRR AR K BE M IEAR & B 9 T
T REARSE , /N I3 TT SRR 3E SR A AR K Y BE A1 5T
AR E ST SRR EE(P<0.01), RILE &
AMIEARALEE (1.12 mg-kg™) XfA: SRR 2MHIE
o WRMMGIZARE RS B A3 ( <5.02 mg-
kg™) P 3R (<2.04 mg-kg™) AR AL A BH B 19 42 11
F BB AL /IN A SIS AR KA B B Y
HIVE R , B HIVE A RS NGRS B A3 3 k. 4
T S 1 R v ALV 5 R PO 18 0 22 ST 38 K5 sl N R
o FEM RO 1.12 mg-kg™ B X AR Sk R A PR AT
FIRBIR K (K& B (<2.04 mg-kg™ )AL BT 4 Fh
B ARK AR E IR RERZRAKR HEE&E
i (>5.02 mg-kg )b FHRT, KEF BE, HNR S E
T X B S  A  RE BE K

MFE 180T LAE B3R K AR R 5
AbFRAK G SE P R B2 22 5 (P<0.01) . WA FE
225N, SRR B B K PR ITSERAR I R R A
MR R R, HKOR SR NESE, R R AE
3% s MR EIVE F R/ R IR 30>/ B 3> A 30> 3
3, X ULHHZERLAY 4 FPEESE T LTSRNl iR L & &
2 B U

Bl 1(a)FE 1(b) 43145 H T 4 Fhgi e b i
T AR RESNRAGRREE & B AN, I 1(a)
AL, B 3R i 2 RS NIRRT Rk A B A 3G K
TR/, EoAy 3 Pk 2 A0 ML A e 34 Bl A MG AT
R R E SRR INE R NS Hr oy A
YRR BRKEHS RS &R 1.45 mg kg, AE5H
fih 3 FhER SRR M AR R 22 5 B 3 (P<0.05) s AR
3 Fhighsesh b AWy B E (1 BTN 5 B <2.04
mg-kg?, Hith FAEYENERANEE ., FEMAFES
B <5.02 mg-kg AHIHKAY 4 FPERSEH A YRR
IMRIRRFTES /NS> A>T

& 1(b)AIE H , A3 T A 4 B e 1 S
R REETRRRIC S SRR 1.12
mg-kg™! BHAFIE A, 8 CK AHEEIN T 94.5%, /M
IS A T A Y B AR S B T R
BT R, URBAES IS N AR SR T 31X 3 FhERSAR T A=
K(F 1), 7EHEEM<5.02 mg-kg? B, 4 Figisgep U
AR T AEMRRKR,/NAE ITRRZ, R
/N ABFE R & BAGET (=17.28 mg-kg™ ) HILABESE A
YERK, TEREMEKELIET (34.84 mg-kg™), /]
HMAESRC ST, MRS e A K, Hi
SR T AR K TIT3R, UL T = & B
FEH—ENTHZEET]

1 AESEWEBRILLIEST 4 MK ERKNIIT

Table 1 Effects of different concentrations of selenate on the growth in four kinds of vegetables

s &tiﬁij{(jf/ IR/ , IRv/ ; IRy ] %% ALI:IE71J{(5_IF/ IR/ ] IRv/ ] IRy ;
mg-kg cm*cm cm+cm cm*cm mg-kg cm*cm cm*cm cmecm
PMEFE 112 -0.18+5.73%a 14.45+3.34%a -0.72+2.00%a | 1.12 2.89+4.95%a  -14.09+11.15%a -13.06+9.89%a

1.45 -5.81£1.97%a 9.83+5.09%ab 6.64+4.14%b 1.45 2.45+3.719%a  -15.12£12.55%a —4.57+13.46%ab
2.04 10.77+3.29%b 22.01+5.76%b 10.88+1.71%b 2.04 18.64£8.58%b  —6.76+£11.55%a 7.59+2.03%b
5.02 26.74+6.13%c 42.97+7.32%c 34.61+3.78%c 5.02 17.98+6.26%b -7.33£5.17%a 24.58+0.91%c
17.28 69.91+0.71%d 83.20+£0.39%d  64.67+2.79%d 17.28 54.72+2.78%c 75.26+2.43%b 80.49+0.25%d
34.84 - - - 34.84 - - -

I 1.12 -10.90+4.19%a  28.39+4.77%a 0.31+2.18%a |f3E  1.12 —28.80+6.90%a -23.51£11.84%a  0.23+6.36%a
1.45 1.760.74%b 18.40+2.53%b —2.55+4.27%a 1.45 —22.85+524%a  -15.61x599%a  —7.31£5.74%a
2.04 16.56+8.40%c 31.34+2.03%b 15.07+2.82%b 2.04 0.48+9.91%b -8.25+7.37%a 0.00+9.82%a
5.02 39.30+6.57%d 57.20+9.37%c 41.94+2.77%c 5.02 0.70+2.67%b 22.11+9.22%Db 40.53+5.90%b
17.28 48.09+3.17%e 90.96+3.47%d  77.02+£2.12%d 17.28 37.03+9.11%c 26.67+2.19%b 69.36+2.94%c
34.84 60.02+1.94%f 94.74+0.66%d 91.19+0.52%e 34.84 55.09+4.76%d 67.19+2.90%c 74.94+1.43%c

At R ATAL K S X B AE K TR AR B A

RPN IELARESE (n=4) , FFIR R FREFRE MR RER B E (P0.05), RPFESFERNARF ESTBEREFAKF,
*x FIRIKF] 99%H) 2 B E M (P<0.01).
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AN TR] i o e S X G ) O M AR RE TSR], AR 2
R LAE ), 4 Fiagi S _b S0 o & W 3980 2 & 3%
KN (P<0.01), FMEARG & & =2.04 mg kg 5, 5%
SRR B VR O, U EH IS A MR £ B BB I BE SR
FERRARXT A R, FEPTA SMERR & BT 4
Tl SR B B A (B HH BAE - 3t R A1 IR 7 &
B KRBT (17.28 mg-kg™), LB, /NEISEFITTSEM | 25
Al 2533 R A e NS 5.8~8.5 1%,

M 3 AT LLE 4 FIEESER T & B E
AR 5 52 B 3N T R (P<0.01) , R4S , 724 U5 AT
TR =>2.04 mg-kg”, BRI TS R SRIE A, UL
TR B AMIGAT A R B SEAR XA ) B o £Vl Ah 2
T 4 FPgE S T 5B & B AR/ N TR/ N E SR>
i e o

R - A R I S B AR AR, NESE I
A S EA S B R T SR 1~2 £, PEHH
APBTEX 3 FhgERRH R BR L R kS
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Figure 1 Effects of different concentrations of selenate on the biomass in four kinds of vegetables
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Figure 2 Effects of different concentrations of selenate on the selenium content of ground part in four kinds of vegetables
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Figure 3 Effects of different concentrations of selenate on the selenium content of underground part in four kinds of vegetables

MR RS S S B AA O, M <
5.02 mg kg™ B, MM T AR & B K F b B#, M+
BEPA& B> 5.02 mg-kg ! B, M E AR S EOR T
TR, X R AR R A 3 R B SR Ay
2.4 4 FERSEXTRER Sh A IS 68 TR0 EL 3

MF 2 ATLAE H, R A B <5.02 mg-kg ™, R
() 4 FhgR sl R BCF oo TEFTHL T HEE) BCF
{EERBE S M IGAR 5 B 3G T 0, 0 B 7 — e ViR
TR, A B A B, B R P IRl
Rl ; {55 A RS &R 17.28 mg kg™ A,
BCF s X BE TR, XRHTHEIEN R THE
A T S B A AR , AT 75 4t 442 RE
W/NOZI . /)N BRI SRl 197 18 RE(TF H)
I th 4/ MOSEATG 5 R (9 T 1 K, Tt B R 1
TR, BRSR A PR D T 532 B _E Y BE G

(B A A & < 2.04 mg- kg™ BF, TF{E/NF 1,
VLB E I Al B/ N T T S & (2 fE 3) ,/E
24+ HEAR & 2O 5.02 mg kg, TF (B X B EHE K, Uit
B B BY T e i s fit &
WE R 25 R, 4 FEE S BCF oo THH
INEZE =TS TEESHE T 4 FIBRSEN) BCF o 1ELH]
Z5BE, USRI T EEREEK, HikE/hA
3, B R SERUEEE LN 2 BE ) TF
EEK, BEERy N, UL MR 4 FhEsk s LU/NE R
AN IE R M I A RE I BR , TSR 5. 4 B
BRORAHELES, /NESERIT R B Y BCF i,
HIFEH BCF o BERKTF/INAZE, (H/INAZER TF
HBERTIE, UL 5 R Al 3 2 1Y
FRRTEARER , /1N 2 3045 5 22 A0 512 B A Actth,_E 5
4y, A /NAZRRM L AR B, BT /N A SRR

2 4 MBRIE BCF i BCF oy F1 TF {EILL 3
Table 2 BCF 4ot » BCF oo and TF values of four tested vegetables

B ABUmg-kg'  BCFaa BCF i TF H¥ AM/mg-kg'  BCFama BCF oy TF
INESE 1.12 29941339  24.60:0.0la  1.2220.14a || 43 1.12 7.53+1.92a  7.870.19a  0.96x0.24a
1.45 79.59+5.11b  53.53x0.64b  1.49:0.10b 145 15.52¢2.15b  14.95:0.16b  1.0410.14a
2.04 169.92+10.84c 104.11+2.98¢c  1.630.10b 2.04 30.19£1.57c  17.82+030c  1.69+0.09b
5.02 274.05£15.65¢ 110.83£3.51d  2.47:0.14c 5.02 30.22+4.80c  22.33:0.54d  1.35:0.21ab
17.28 213.95+5.37d - - 17.28 25.43+0.49¢ - -
I3 1.12 83.00+8.11a  87.48:0.27a  0.95:0.09a || W3k 1.12 9.23:0.28a  9.73:0.19a  0.70:0.02a
1.45 67.29+11.08a  60.01:2.65b  1.120.18ab 145 19.87+2.28b  15.93x0.77b  0.9520.11b
2.04 129.62+13.25b  106.12+4.54c  1.22+0.12ab 2.04 34.44£1.65c  22.36:041c  0.73:0.04a
5.02 295.54+25.30d 215.94+10.67d  1.37:0.12b 5.02 85.84+6.24d  38.70:0.51d  1.62:0.12c
17.28 188.02+29.31¢ - - 17.28 35.23+0.62c - -
UN=E 3 153.49a 73.27b 1.70a 3 21.52¢ 15.74d 1.26b
P 152.36a 117.39 1.16b b2 36.92b 21.68¢ 1.00c

TR 4 MBSO R R T 2T, AT AR T RE R 257383 (P<0.05) , FREAF RIS R BCFBCF' \TF {E#/),
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B, 35 B IO R £ A5 (<1.45 mg-kg ) AIARHE 4 Fpigs
SERAZER A K, B A W& (HOR R332 hE A )
B AEM & B A AR ST HEIFEH 5 5%, iR AT
REENKSESBENTO, LRSS ZES RN
S FTRAL , T4 TR X A0 7 AR A 3 1 2 T3
AR AR i 4 32 BHL A 2 28 i B0 LUK, il S i AL 4
MR A AR, A 6 VE R FIREIRAE A P H
Tk , TR 5 Y6 A VE AP IR AR A, 2 3 T HE8
P B AR B B, ARV i A B Ik R AL i R
(GSH-Px) A B4, Z HHEWIARN B i ZE AR,
HEMEE R T HE Y AT E AL RE ) A B A BT,
XEHEC RV EYI A B e T 2o

VFZWITIE R, 13 P hEAR B A B S A
AR 1 AR IS AR B IR A 25 5L, B 4 Fpi
S b T SR A B A I A NIRRT B A3
FHE . (EAR4E AR, RETTESE S AL R RS MR
B BRSNS RGN, (B 200 2 B R B VR X AR
Wb FEERBCRES, RS EEABREAE, H
W% SR AE U B4 A= 2 I T IR A/ MR 5 2 1 3 T S
E T, PSR R S YRR %, 4 MiEE
H DU/ E ST SRS AR R, IR /N I SR AT
AT FALRHEY), A B B O K H RE
7000 LR ARG g JER R A LB o R 2 . /AR
ITIEANA e, bR & BT b T, X FERE R
MR RS , B i R 42 2 b
W, FEI R EEA U E s kAL R
FEL, T DAAE AR TR 7S A i SR b, b b L L T
WREMMZ B, TSI & F< 5.02 mg-
ke B, M EAERLRE/NTHF SR, H TF (&K
N B S SRR 5 B> 5.02 mg-kg ™ B, BESERY TF {H
BB, 1 B U SR IR AT A4 DA b, T RS ) b R i
BE 1SR , AN [R] - A S B KSE 3 e RS 12 R i 22
SRR A2 DA SRR K- BER AT

B ETE &S & KT 1000 mg-kg™ AYE
Y, B RS A P B SR AL SR
BPUIEAA HUAR AL FE SRR A 2535 Y i B A R DA
BEVE 2 PH M ], A AT S Bk 15.74 mg-
kg, B ik 26 mg kg™, ARG HETIEM S E =
5.02 mg kg Bf, AERKAB/NEAERITRM S EHRT

1 000 mg- kg™, {EIF e I 1 38 P IR i A AT 4 2 4 R 2R
TEMGER, BT LM B 2 A R E /N AT S
A TS BB R

4 i

(1) 3 I IN3E B /S Bl (<1.45 mg-kg™) ]
fRHE 4 FhERSE(/NESE T3 A SRR ) AR FIZE
MR, W mEA Y & B 2 (>2.04 mg-kg™)
STV BB EAE A 4 RS E AR AR
MR IT 3R>/ S A >3, H DA SRR b T
EYERK,

(2)4 FhgRseHh_ b . M T H0RN & B Bl E SRR R
S BRI R, /NSRRI F S & R4
FERPERA 5.8~8.5 ;5 Hb T HRAR S B A K AMRIR K
IFE>/NASSTESA R, MM/ NE 3R JF
SERA S AR B A R R M T
A A 1~2 4% 5 T B S 7E - 30 1% F2 <5.02 mg kg™
B, 2T A B o b R

(3)4 Mg b= 5 R B BCF g THR/IMEK
WHRH/PNAFE~TFE>WH>AR, MTFHEERK
(BCF o TE I R/AMERIR TS /NS> TS A3,
PU/NESEXT R ie RE(TR)E R, J3e /o it
A 4 FEEE /N A S B R R 7S i DA
TiaR RS, BRARE N EAEY R, H
AR B ilE SR A s Y H IR MY
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