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Abstract; As a by-product of the uranium enrichment process, uranium tailings (UT) has lower radioactivity than purified
natural uranium and similar chemical toxicity to enriched or chemically purified natural uranium. When inhaled or ingested
in sufficient doses, UT causes a distinct health hazard. However, few studies were reported on the hazard extent of plants
under the treatment of UT. B. juncea, B. napus and B. rapa seedlings were cultivated in the mixture of uranium tailings
and river sands at the proportions of 0 (CK), 25% (T1), 50% (T2), 75% (T3), 100% (T4), respectively. The
emergence rate and the biomass of seedlings, the contents of chlorophyll, malonyldialdehyde ( MDA ) and reductive
glutathione( GSH) , the activities of superoxide dismutase(SOD), catalase( CAT), peroxide enzyme ( POD), ascorbate
peroxidase( APX) , and glutathione reductase( GR) were determined in B. juncea, B. napus and B. rapa seedlings. The
results indicated that the emergence rate of seedlings was promoted by UT, but there was no significant difference among the
treatments of UT. The biomass of seedlings was the highest under T2 for B. napus and B. rapa, while the biomass of
seedlings was the highest under T3 in B. juncea. The MDA content was the lowest under T2 in B. napus and B. rapa,
while that was the lowest under T3 in B. juncea. There was significantly negative correlation between MDA and Chlorophyll
content. The activities of SOD, CAT, POD, APX, GR and the content of GSH were increased with increase of applied UT
in the three Brassica species. The study showed that low proportion UT could promote the growth and the antioxidase system

of Brassica plants. The three Brassica species have strong tolerance to UT and can grow in UT as the pioneer plants.
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HR—FIEERIL o B HIANAEE LB LR, BRI EWALR NS E, SR R M mEE" >,
RV 2 KR A B B R, RS A RA A A i SR R A ATE R . s T
K MZSE S AT R R B R T AR it 3 K DA SRR A AR IR GRS Gt B AR AR SIS A (R 1
BARREMAEE. ERHEN TG KARTE o B HER R E S 1Bq(HH%4TF 0. 04mg- L™ KA
D" T BN TR B Y B K PR —E S ROTUIHER R MES R TR . CAEMRE
B, il YD XF KRS S SOD \POD 25 S AL I 1k A K Al % 3 5 1 DNA Ry se skl T — @ R, S5 2@ A
WISt TS M E SRR . T EER SRR bR EIME R PUE, ERY FEA R K. AR
ERYITRANMSR P IR AEY B K, W R B LR Pb Cd\Ni . Zn FI Cu HXE&RAE — & W%k
HE A AT ESR IR KB E . SR, 4R XY B 4 A K 0 2 R R M B AR Ak DL A
B2 B R EMRLE B>, LR R R R B A K WY . 4 (BY) MrE 7T B R SH S5 Y 1)
FEAQE AR , anBE SR IR B B BB R GUIE R R R S A S AR AE B . it A
RIHFE T A [ Lo il R YD BE SR B TP A H iR R AN 388 3 PSR4l v AR R BL LA B i 8 A S L 1
SR, A AR ) 2 Al R YD e I E VLR R B s R K A B R RS R
1 #R5HEE
L1 A5k

FFIRALMIE ( Brassica juncea) WIREITSR , Fi ¥R B ¥R S A FE X ; H ¥ BLH 3R ( Brassica napus ) W 15 |
HI3REIME ( Brassica rapa) KR YPEAEFF R B B MR R SR 730 SR YDECE H R M0 5 P e Al
B FE,1 kg fiEVHE 106.7 mg 41,8390 Bq 4%,2.0% £k ,3.47% %5,0. 16% £ ,0. 02% 4 ,0. 0005 % 45 (iZ %,
B ma R EZILREL) .

1.2 %5

8 A Vb v e o B AR X T et 3 mm 7, DA B E R 0(CK) 25% (T1) \50% (T2) \75% (T3) i
100% (T4) 5E&EMPIR G5, 3T 20em x 15em x 8em FPHRIE N, BHVDER N 2.4 kg, BMEHER 3
Wo BHAHE RSN F ORI FPRIETE ) £ 2% XEUKIHFE 10 min J5 , FIZEBK oh e T4, 2 546 F T & A28
MV A, B AR 30 BIHEEAR 7, 20 IR = AT ZE A B IR 5% , B3R BE 200 wmol - m s ™' BRI B (22
+2)C/(16 £2)C JBEE(60 £5) % , RZFIABRIMZEWEAK 1 IROKEAEIZANWYE) , £ KGR
2d PRAMAK 1 K, B 150ml, FRRZFESH 7 REETHISEH R (LK 2 M58 A ES MNP EK
F—BE 4 3R, E SR 30 d B AR IR 41D , IR AR AR SN K 43, IR e 4 v SR AR I B 2, O
RS 2 ~3 B2 (W EET) # 7 ERIERE
1.3 Wi A K5k
1.3.1 WEE(MDA) & &E

KA E ez Bk
1.3.2 MEREENE

AR ™
1.3.3 @SR (SOD) it SLAL RS CAT) AL LAL4HS (POD) HOTF

SOD {7 3 5 3R JFF 2805 PO i ( NBT) 38 JE 1) 28 Ay T LASMA NBT Sefbid Ji 50% f) i o — A B 1
BfT, CAT {&HER AR EE" ™ ME A 1 min A EAIZEILIESL. POD WEMER A A AIA R B k!,
421530 s FRHEANEY AL,

1.3.4  Hidh M ERd A ALY B (APX) f 35 P
%:H8 Chen and Asada 7 b3 UG, 72 R M (pH 7. 0 ) 50 mmol L ™' BEBRZE Mk , % 0. 6 mmol L'
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BTN MLER ) AN ARFR 734 10% H, 0, , 57 BFIE 290 nm F 3 min PYSEIRICH T R
1.3.5 AMHIKEEE(GR) BTE N

SR Vivek %535 RNt . BU1 g Bt ABTEE B R, 4% 1/5 (W/V) Efilfii A 100 mmol
L' W P (pH 7.5,4 1 mmol L™" EDTA H11 mmol L™" DTT) ,7£4 °CF 12 000 x g B.(» 15 min, |iF
7 GR HEI . GR JE MM AE : W WA 100 mmol L™ BEFRZE btk (pH 7. 5,4 0.5 mmol L' EDTA ,0.75 mmol
L™' DTNB,0. 1 mmol L™' NADPH #1 1 mmol L' GSSG) , i AB§# 5 % 335 nm T M G{E,
1.3.6 BJFERAMHIK(GSH) & &llE

%18 Devi 1 Prasad M5 36" o B 1 g BiEmt A, WAUBTE BB oK , R A 4 ml f3RBOR (Hp 1 ml
25% H,PO, ,3 ml 100 mmol L~ '#§#R4L-EDTA ZEuh¥k,pH 8.0) ,7E 4°C T 10 000 x g B5.0» 20 min, 354 GSH
FIMPEM . BL 100 pl EIEWMA 1.8 ml BEEREE-EDTA 22 ppyi 1 100 pl 878 — H ¥ (OPTA) ¥ (1 mg
ml ") RAFEEIRE 15 min, T 420 nm FIEBIEE,

B PP 2R TR SR P s i e e ™, DA I 95 1 2 1 ( BSA) kit
1.4 HdEabs

i FH SAS6. 12 Geit R 44T S I HHR AL B 43 HT o S [R] B ) gl B2 VD% I 3 20 | H 4 780 R | SR 8 3 3
B3R A DA R — S A R AR 5 SR FE 7 22 53 01 (ANOVA) S8, FE R I & AL BR A ) 22 7 M. FET 4
RE&E S5 MDA & & ZE/EAE X4 #1 ( Correlation Analysis)
2 GZR55H
2.1 SHEV IS & B R AL YRR

HEVAET 3 Ml R 5 A LA S R ZRARE (P >0.05) (K1), #EY
PSR R RARABMEER . FFRFIBRPERTREEENWRE KOEFMH, B S5EFERF
TEE —EMXR , AT A4 R Y b R ST AR TG R R T A0 7 IR ERE R LTS AT A F AT
PR K2 8 BT 2

Y Y BB Z I R AR 2R  — 0 R R MRS 2 A X . R
FELEITE (U Ra.Cd %) MG RN EFRITE (Fe .Ca Mg ) , EL B TR AEMRAENRRL Z, /™
ERHAR KT YR TCER W IE a5, A iE SR AE K Z e A EREIL. MERFRERPHED & &
Hen,3 MR A Y BRI EIETEREREE (R 1) . IFRENNERTE 75% MBI A3 (T3) THAYERE,
. CK.\T1.T2 Zp53 A0 T 27. 4% 23.0% F111.6% , T T4 H T3 30 T 18.4% (P <0.05) . H & FIFI 35 R
SEREEYIRINTE 50% HIHlRBIYPAEIE (T2) TR BIEKAE, 435I L0 BRIEIN T 12. 6% F1 15. 6% (P <0.05) , X #
FHSEAE DI RAE T3 A1 T4 hEUK D>, 100% HA Y AEEE(T4) T, I3 BRI H IR SR AE Y & 5% A
ZFABE(P>0.05) , M HZANHEH BEMMTX (P <0.05) . @A F HBlhh BV EERT 3 FisE Y&
FIFEME , BT LASEEI TSR A H B AN 5 ] i al B VDAL B B BRI 52 BB ) o

F1 HhEDHIEH B RN E YR
Table 1 Effects of uranium tailing stress on emergence rate and biomass in rapeseed seedlings
BRI ALFR Treatment of uranium tailing

i H Item

CK T1 T2 T3 T4
HEER FFRAIMSE B. juncea 90.00 £3.33a 91.11 £1.92a 93.33 £3.34a 95.56 +5.09a  93.33 £3.34a
Emergence rate (% )  HEAMZE B. napus 88.89 £5.09a 91.11 +3.85a 92.22 +5.09a 91.11 £1.92a  90.00 +3.33a
FI3R AN E B. rapa 90.00 £3.33a 92.22 +1.92a 93.33 £3.34a 93.33 £6.67a  92.22 +1.92a
H: )& Biomass FFRAIMSE B. juncea 1.97 £0.07¢  2.04 +0.18bc 2.25+0.08b  2.51 +0.06a 2.12 +0. 10be
(g-plant~'FW) HIERIMSE B. napus 2.15+0.08bc 2.30 £0.03ab 2.42+0.07a 2.26 +0.13ab  2.03 0. 10c¢
FI3R AN E B. rapa 1.67+0.09b 1.79 £0.07ab 1.93 +0.07a  1.88 +0.06a 1.53 £0.09¢

FEFEFT R EAERNFEFH R ZEFBE(P<0.05) Table in the same lane with different letter stand for differ significantly (P <0.05)
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2.2 HHRUXHHERAE A MDA A 4R & B K

MDA F8 228 AR I S B T 40 BB it ALV PR B 55 200 o B AR VD AL B B AR A, 3 i ST 1
MDA & 88 H BUCRR)E BT A E (B 1) , I3 B0h37E T3 i i) MDA & BERAK, H BE KT CK(P <
0.05) ,{H7E T4 i i) MDA &85 CK MtLZF A BE (P >0.05) o H BRI EREMAAE T2 i3 MDA 5
BERAR, ¥ BERT CK(P <0.05) , MX B FH7E T4 LT K MDA S EHE#E & T CK(P <0.05),
MDA & B7E— @ BB BRI T Y B9 05 5 AR L, to S WAR ) i T a8 BE 7, BI7E [R] — P 5 39 15 A 4
MDA & B AR /N 2 HU% P Y MDA & 875, 28Rk o AR ALTE T 7T SERLHERT A MDA
BB AR R BE A /N T H WA 9 SRS , X AT BB SRS S BT SR il R VDA T B AR i A AL A BGR
MR EE ST o

5 25
~ A B
g 4l s
an = fT-'-
S 3L g o0
-3 b P
=% -
Sz )
8 g
< 1+ =
a
= “ ;
FEASE  HERWE  E3RER FERAME  HMERMWEE  E3AuEE
B. juncea B.napus B. rapa B. juncea B.napus B. rapa

Bl G XSS E A MDA & B4R 3 & B

Fig.1 Effects of uranium tailing stress on MDA content and Chlorophyll content in rapeseed leaves

HERVDAET 3 Ml SR EEESOHAPOAEREER (B 1), IRt SR & 87E T3
BAS] T IE(E , 3 W& T CK(P <0.05) ,MifE T4 BIEIE BT T, (HS CK AL ZFARE (P >0.05) , Bk
A UL, I3 B M4 R AR E MU TS xs IRt B DI B D BR . H IR RS B SR BSR4 R
& EIAE T2 B BIWE(E , TAE T4 B TR, o SR AN TR B & (P <0.05) . MHLZ T, E3REM
Sert SR R AR B, Bl R YD AL TR B A i, FERE IRt R K, UE B 1 SRR S G 3R X il B VD b A R BURR
HEVDAETRITRE  HEBMESRAWE SRR ESES 5% MDA S EZH 2 B & AR
(Fpjmea = —0.90555,P = 0.0343; r, . = —0.94704,P =0.0145;r,, . = -0.95601,P = 0.0110) (0.01
<P<0.05), fHYENSIET , 41T P A P08 S BOR T ™= A K& 3, AT BEE o B AR
FEA G, i T MG R e AL T R A A st 4 ) (S M SR K S B, 3 3 MDA & BN,
HRIBAHICAE S AT R B TSR AE s B YD AL 3 F M G 3R & B W] B i - MDA & 228 LIR 0L, 75— 7 TH
W T AR SZ S B U T 8 72 BE R 55 o
2.3 HhEW XSS E M SODCAT APX \POD Hi GR & {4 Ky i

SOD RiEMRT ALY i R 58 BE, DI RE =¥ O, Bifky H,0,,BE/5 i CAT #1 APX 570 i Z R I
H,0,", BEEEFET MRS ENEL 3 FhsE SOD Gt S8 EFHES (B 2) , K Ir e mmH i
RIS e B o B S . JTSRA A H I RS AE T4 4038 T A SOD &M B & & F CK . T1. T2 M1 T3 (P <
0.05) , T F 3RS AE T3 . T4 Zb3E T iy SOD &M B3R T CK.T1.T2 (P <0.05) . FiRZEREM, & Hfi
H RV AEFEXT 3 Bk SOD JE M A T BB 50, insk T HENF T AR o

3 PSR R IP AL FE T Y CAT WEME B2 & T CK(P <0.05) (K 2), FEE MBI BRI, Iv
SEEVFIH W RIS CAT TEHE WK IG I B EFH IR BB, 76 T3 .\ T4 L3 T CAT M B E ST
T1,T2(P <0.05) , T H3EANM3E CAT iE MR IEAIRXT 80N, BLAE T1.T2. T3 i T4 4 ~AbEL[E] ) CAT 1E 2R
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FEE(P>0.05),

POD AHYVIBIEHLEE + — A E 2 AR PR, il YDA BER ik 3 POD MOTEPE (1 2) o 3 FhHISRAE
T1 43T K POD &5 CK MILLZRA B (P >0.05) ;3 FilsRAE T2.T3 1 T4 43T ) POD {5 1K) B 3%
BT CK Al T1(P <0.05) , FF3R A ) POD 154351 HLEH: CK 7 18.44% 44.86% 1 57.09% , H 15 K i 3¢
ff) POD 54351 ELEL CK 78 22. 67% \42.44% F1 45.74% , 3R POD 35 143 il L CK 8 32.25% |
33.97 M141.41% o FF3RALHE POD 15 L7+ B2 I B8 T H W 2R 3 03, 7T BRI 2 B i e 7E i
15 L9 U0 F Pl R R 995 P S 0 B ) 2 B H TR A SR A SRR o

50 - 140
2 sl A = B
2 2 120
S 40 2
= o35l 100
on on
% g 301 % £ 80|
A2 25 % 2 "
o= 2 u
25 2 -
*g 15 'g, 40 -
A 10 =
20
2 s : S )
FRRANIE  HWERE  E3REME FRRANIE  HWERE  E3REME
B. juncea B.napus B. rapa B. juncea B.napus B. rapa
10 - C
£ sr 2
TQ 7 I_E'
% g 6 #2
82 st 25
o = 4 ~ e
= i <z
i oo g
a 2+
S z
& 1+ <
0
B. juncea B.napus B. rapa B. juncea B.napus B. rapa
025 - E
0.20

0.15

0.10

0.05

GRyFEM:
GR activity (U-mg" protein)

FEMEEE HERWE R

B. juncea B.napus B. rapa

E2 HEYxHhsE SOD,CAT . POD APX il GR iEH: %
Fig.2 Effect of uranium tailing stress on activities of SOD,CAT, POD , APX and GR in rapeseed leaves

APX FF7E T MG Zobifd i A AWy s A A0 Mo s , 3 208 5 R L R -4 Dt H BRI 37 e 3 B 40 g
FOTE PR B3, TR S T MR ) o I 2 BT, TR SR B3R AE T1 AbTE T 9 APX VEPE 53 CK A
ERABFE(P>0.05),{H T2, T3 1 T4 LT # APX #FHE 5355 CK AH L Z & i 26. 17% 44. 86% F
48.60% , HAFTE L& 225+ (P <0.05) , i H ¥ B A 3 B3 AE T1. T2 T3 Al T4 ZLHF 59 APX {& 3 B3
=T CK(P<0.05),

GR RAAM AL PR R AL BEH K (GSSG) it 5 GSH [ S , o i BRAE Y 40 M P &5 H, 0, H B
CRGEHMEBEASZ— GRDHAT 3 Rk CR EHEH R LI (8 2) . FF3ERIM3EAE T1 Fl T2
AEPETH) GR G 1ES CK M L2 RA B3 (P >0.05) ,{H T3 I T4 43 F A9 GR &M B E R T CK(P <0.05) ;
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HIERIMSEAE T4 b3 T GRIEMHEEER T CK,HS T1.T2 f1 T3 25 A EB3E (P >0.05) ; HKRIHKAE T4
ALFETR Y GR {EMEA B E & F CK.T1. T2 F1 T3 (P <0.05),
2.4 HHEVWXHMELE M F GSH & & K OcCk @TI BT BAT3 BT4

GSH RIE N EA IKAFAEAE YR N 5B 5 I i &4k
YLLK DNA S LR fg =R ERWYE S, N
DR E 1 B 5 E 2 o B Gl R YD Kb B L 451 1
.3 FlsER GSH SR HE FAEHA (& 3) . Fr5R
HRTE T4 03 T ) GSH F & B & F CK.T1 fl T2
A T3(P <0.05) s H I RISEAE T4 43 F 9 GSH & 8% § 7=
BERF CKMTI(P<0.05) H5 T2 fi T3 2R AR FERME  HERME R
(P >0.05) ; (ARSI T4 L FEF 9 GSH SR B Bmeea - Bnaps v
ERTCKHEHETIT2 f1T3 ZHFABE(P>0.05), B3 HRIAHISEN H GSH A iRigim
%’%%Eﬁ , T4 QI:}E( 100% E‘J/‘EEH%(’/") Xf 3 ﬁ‘(ﬂﬂ% GSH  Fig.3 Effect of uranium tailing stress on GSH content in rapeseed
SEWAERBMBESIER,GSH SR H 5T love
&R E T UG S A=Y A Re T AR 3G 58 , DA2R
i TEH SR T 32 4 JpAE
3 itig

WHMELSBEEEWHEYEZE SR G, ZEEANARE, BEED =R E, nEHE
FERICT- EHEGEY AR R IR R MR YT T R, Y A KR R 9 R
T ZFHEARIEY o AUGRTR R IO 3 Fhilh=E i H i 32 88/, AT BB TSR F 7 R ZE g i i v
ZBREGRY PRI, Z e R EAHE . R8T ER T B A KA MR K — 7 1A 2
B A TR YIRS BB R ZF IS, 75— 5 T W AT RE 2K g R YD AR S 4 TR IE & A K .

A BN SHEY A AEBBE R, M H S EAE KRR X, A R RV hE i
R AR R ALEERT 3 Fls4 il A E 0 5IRA L & B BRRRE, T2 3B BRI T H &
RIS ANHSES B AR W B 0, T3 A0 3R TR RBAR S TSR B SR A AE W B3 I, 7E T4 038R, 3 A4 B
AEYREY/NT T2 T3 A3, IS8 B A S RS A Y& S53F BB AH L 2 R R B3, T F SR B MR 20 8 &K
FXFHR . X AT RERTT SRR A WS AL SR AE HRPT R L BB VD e B B B BB LS PR AR T BRI AR E A,
BRBH IR NTEEER B MR TSR A K H 302 B ) 35 22 5 (R AT R 2 45 3R 2L I 48 31 oo
RMHAE LB WA, HS T EE AERE S A VR R B inse , T U AR A K 32 30

MR REYILEER MY A, KA B SRR EEYE S ERAE, M SRR HIE 5T REBOLE
YEFISCR RS B R, T3R8 H iSRS BT SR 2 BIAE 75% (50% F1 50% F 4 8 Vb A 3R B it
MDA & BN E & BEE5 R, 7l W& X4 i i dh B VA 3 R R AR SR i 4 R & B il MDA [ #-
. SRMTE 100% 8BV ALHET 3 Fimse4h i 4R & E¥MEALE M F MDA &2 8T &, v W E &
sl YD 38 51 A2 A AR AT ISR AR 8 T8 2 1) MDA , MDA 7 5 32— = 1 M g 1 E b & RE g Bk

B8 LR W 25 I 2R 1 O DA TR 2 — 25 o) JoR A PR 45 4 RN ) R s AR AS R 2 M), (5 JEL P £ T et i B 1S s 1 4

MOBRRR , s S ik )2 B ) SR 41 o R B S5 A 0 AR , s I P T sl ik I L S B 45 6 0 4k s ma 62 F A
BERHSEERY AR 3 sk SRS B S MDA &8 2 BE AR W —iFE Tix—id .

Y7 78 32 755 T3 e, JEC A RS2 B 7 A K BB A0 0, JH, 0, %678 T 3% 8 vk BE FO 4 1o
oy B M RE R i AV P B e, TS R U™ A 5 E R Z 18] W sh A T4 18 2 B IR, 5 OB R G 10 405 A 4 g
i . PRI RR A AE Y 3 B sk bk 3 R Bh b AL 2 (SOD \POD  CAT i1 APX) Fidi & {b# 5 (GSH 4% ) ki
BRI BT PR 4E 1 PR, DB AR AR M 5 5 O o 3 R T DASEO ML (R A B A 1 SOD i

GSH# & (nmol-g”' FW)
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F3E 5 SRR RSN R A T A BURT ) SODS . B % Al R YD AL 3 EL 81 9 87, 3 Pl SOD I o
HE EFHES W RER SRR T A A S AFAER) SOD BEEME b EE 6 BB SOD R, T CAT,
APX F1 POD i Frid 2 H,0,5 SOD BRI AR 3715 A, LASE S35 P48 B b 2 fX) AR R e 1R oy 2 P 32 i 0
1 . AOIERY], Ea R YA A K AT R AL B AR N — oA S A7 7E — BRI B2 T TR0 i veg o
BETHAMEIRO ™ o ZEASBRIE R, T1 T2 Ab3R% 3 A iliSE4h i 3L Loy AL (SOD CAT Fl APX %) T #E |
T BEAE AN K , AT BB T S IR Ho il b R v A BB A 58 A B I o A A R R 55 BB, Bl R U0 Ak B L 51
RN, 7E T4 ALFEF 3 BSR4l ¥ U4 AU HEHE P B R B IR A, B8 T e st AL BE YRR B 2
5, YU T EAE AR A BT B H T TR SRR BRI AR G A0 BT MR AR B9 A B B 55 T T 5, A ROE R T A
W EHE T A B3, X W 5B KRANE LB SR I o R T R 1 A3 IS Ak
B PEAT 72 I S O S R FIGRI B A0E , 3 o ] BE R AL 7E — RE AR BE b M U 5 ol B V0 & B 15 35 BT R HH 9
SR o
BEE fl YD AL BB 93,3 FPHISRAI T 9 GR &ML B #i = , HA AT GSH & B¢ LT, GSH 2
HEHYAR P MRS TRARESY, YDA K KRR DR ERED, Ft 2
PIENBEEHAMIRRAESH T o BEARERER, MR AT AEE 1A GR 154 3 fn GSH
B BRI SR 4l il R YD MBI TR 32, DAV A PR VD B AT o TS R AT ¥ e X AR ik 3
X SH 7 R A it JBC R M ) B G T RE S LR ) L i e 2 XU T i — 2P B o

References :

[ 1] Purvis OW, Bailey E H, McLean J, et al. Uranium Biosorption by the Lichen Trapelia involuta at a Uranium Mine. Geomicrobio J, 2004, 21 ;159
—167.

[2] Wang HJ. Environmental pollution and treatment concerning uranium geological exploration engineering. Radiation Protection Bulletin,2000,20
(2):27—29.

[3] WangRL, Wang Q, Yi S, et al. Effects of uranium tailings stress on chlorophyll contents and protective enzymes in rice and wheat seedlings. Acta
Agron Sin, 2005,31(8) :1064 —1068.

[ 4] Integrated wastewater discharge standard of People’s Republic of China national standards (GB 8978-1996). Beijing: State Bureau of Environment
Protection and State Bureau of Technical Supervision, 1995.

[5] YiS, Wang R L, Wang Q, et al. Effects of uranium tail Stress on chlorophyll content and MDA content and activity of SOD in rice seedlings. Acta
Agron Sin,2004,30(6) : 626 —628.

[ 6] Vandenhove H, Cuypers A, Van H M, et al. Oxidative stress reactions induced in beans ( Phaseolus vulgaris) following exposure to uranium. Plant
Physiol Biochem, 2006, 44:795 —805.

[7] Huang J W, Blaylock M J, Kapulnik Y, et al. Phytoremediation of uranium-contaminated soil; role of organic acids in triggering uranium
hyperaccumulation in plants. Environ Sci Tech, 1998, 32.:2004 —2008.

[ 8] Nanda-Kumar P B A, Dushenkow V, Motto H, et al. Phytoextraction: The use of plants to heavy metals from soils. Environ Sci Technol ,1995,29;
1232 —1238.

[ 9] Haag-Kerwer A, Schafer H J, Heiss S, et al. Cadmium exposure in Brassica juncea causes a decline in transpiration rate and leaf expansion without
effect on photosynthesis. J Exp Bot, 1999,50.1827 —1835.

[10] Jiang X J, Luo Y M, Zhao Q G. Study on Phytoextraction of heavy metal polluted soils II[. Cadmium and Zinc uptake and accumulation by Indian
Mustard. Acta Pedologica Sinica, 2002, 39(5) :663 —669.

[11] Zhao SJ, Xu C C, Zou Q, et al. Improvements of method for measurement of malondialdehyde in plant tissues. Plant Physiol Commun, 1994 ,30
(3):207 —210.

[12] Zhang Z L. Measurement of Chlorophyll a and Chlorophyll b in plant organization. In: Zhang Z L and Qu W J eds. Experimental Technology of
Plant Physiology. Beijing: Higher Educationa Press, 2004, 67 —70.

[13] Pandey V, Dixi V and Shyam R. Antioxidative responses in relation to growth of mustard ( Brassica juncea cv. Pusa Jaikisan) plants exposed to
hexavalent chromium. Chemosphere, 2005, 61:40 —47.

[14] Lin AJ, Zhang X H, Chen M M, et al. Oxidative stress and DNA damages induced by cadmium accumulation. J Environ Sci, 2007,19:596
—602.

[15] Chen G X, Asada K. Ascorbate peroxidase in tea leaves ; occurrence of two isozymes and the differences intheir enzymatic and molecular properties.

http ://www. ecologica. cn



4222 B Ox ¥ R 29 %

Plant Cell Physiol ,1989,30:987 —998.

[16] Dixit V, Pandey V, Shyam R. Differential antioxidative responses cadmium in roots and leaves of pea ( Pisum sativum L. cv. Azad). ] Exp Bot,
2001,52:1101 —1109.

[17] Devi SR, Prasad. M N V. Antioxidant capacity of Brassica juncea plants exposed to elevated levels of copper. Russ J Plant Physiol ,2005,52(2) :
205 —208.

[18] Bradford M M. A rapid and sensitive method for the quantification of microdram quantities of proteins utilizing the principle of protein-dye-binding.
Analyt Biochem,1976,44:276 —287.

[19] Mishra S, Srivastava S, Tripathia R D, et al. Phytochelatin synthesis and response of antioxidants during cadmium stress in Bacopa monnieri L.
Plant Physiol Biochem,2006,44 :25 —37.

[20] Chien H F, Wang J W, Lin C C, Kao C H. Cadmium toxicity of rice leaves is mediated through lipid peroxidation. Plant Growth Regul, 2001,33;
205 —213.

[21] WangHZ, Ma], Li XY, et al. Effects of water stress on some physiological characteristics in rice during grain filling stage. Acta Agron Sin,
2006,32(12) :892 —1897.

[22] Sandalio L M, Dalurzo H C, Gomez M, et al. Cadmium- induced changes in the growth and oxidative metabolism of pea plants. J Exp Bot, 2001,
52, 2115 —2126.

[23] Israr M, Sahi S V and Jain J. Cadmium accumulation and antioxidative responses in the sesbania drummondii callus. Arch Environ Contam
Toxicol ,2006, 50121 —127.

[24] Gajewska E, Sklodowska M, Slaba M, et al. Effect of nickel on antioxidative enzyme activities, proline and chlorophyll contents in wheat shoots.
Biologia Plantarum,2006,50(4) :653 — 659.

[25] Chen H, Jin Y, Zhang X H, et al. The effect of ® Co-y Rediation on seedling growth,root protein and oxidase activities in Oryza Sativa. Acta
Scientiarum Naturalium Universitatis Nankaiensis, 1999, 32 (2): 116 —120.

[26] Jiang HD, Zhou Q, Li N, et al. Effect of Cd on the growth and physiological characteristics of rape seedlings. China J Oil Crop Sci, 2006, 28
(1):39—43.

[27] XuZZ,YuZW, Dong QY, et al. Effects of Water on Cell Membrane and the Ultrastructure of Flag Leaf Cell in Winter Wheat. Acta Agron Sin,
1997, 23 (3): 370 —375.

[28] Sreenivasulu N, Grimm B, Wobus U, Weschke W. Differential response of antioxidants to Salinity stress in salttolerant and salt-sensitive seedlings
of foxtailmillet ( Setaria italica). Physiol Plant, 2000,109 ;435 —442.

[29] HeZ Q, He C X, Zhang Z B, et al. Changes of antioxidative enzymes and cell membrane osmosis in tomato colonized by arbuscular mycorrhizae
under NaCl stress. Colloids and Surfaces B: Biointerfaces, 2007 ,59:128 — 133.

[30] Bowler C, Montagu V M and Inze D. Superoxide dismutase and stress tolerance. Ann Rev Plant Physiol Plant Mol Bio, 1992 ,43 .83 —116.

[31] Tang C F, Liu Y G, Zeng G M, et al. Effects of Cadmium Stress on Active Oxygen Generation, Lipid Peroxidation and Antioxidant Enzyme
Activities in Radish Seedlings. J Plant Physiol Mol Bio, 2004 ,30(4) :469 —474.

SEHk:

(2] ELO%. S PR TR R KOG, R Bi3ER,2000,20(2) :27 ~29.

[3] E&m=,E5,510,%. SR DHHEX KRE/NE LB 4K & 8 R PTR LR, /EY3#4,2005, 31(8) :1064 ~ 1068.

(4] i AR EEZRETG KA HE Rk CB8978-1996. Jbit: MFIMEMRY R MEHANE R ,1995.

(5] S, Ea, 3K, 5. R UHHE X KFEL) #4035 & MDA & 871 SOD 7 ML, /9541 ,2004, 30(6) : 626 ~628.

[10] %%, Bk, BHE. ELEEELENEYBEENR 1. &8 HEMY Brassica juncea 3 EHF MR BCRIFUR. 13244)7,2002,39
(5) :663 ~669.

(111 RUHEZS, PP AR, AR %S , 55 A2 v N RN R O 16 AR Ot . L) A P38 IR, 1994, 30(3) :207 ~210.

[12] SkaER. M4 ab FRWE. W KER BT E5. MY LR S, U BHEEH bR, 2004, 67 ~70.

[21] EBIE, D, 250 R, 5. K IMHR0 X KA 45 S — S A B AR (R 0. AR 40544 ,2006,32 (12) : 892 ~1897.

[(25] BREHTMH,TKERLL, 55 AR 60Co-y ST /KRE S i A I AR R B —Se S (LB P M . 1 T R4 ( A ARRHE) ,1999,32
(2):116 ~120.

[26] JUAMEAR,JAZE, 2200, 55 Cd XHb3eS i A R H MAE BRI RS, o R E Y 24K, 2006, 28(1) :39 ~43.

(27]  AR4RAL, THRIC, TORHR , 55 ZK S0l 3E0 0o 4% /INZ2 ML I 400 LB 58 % - 1) 40 MO A 5 A PR S . VR 241, 1997, 23 (3) « 370 ~375.

[31] &I, XNz E, 86, 5. WaxT S st ™ 4 I8 B A A0 T AL B I T R . ) A RN 43 F A 22 41, 2004, 30

(4) 469 ~474.

http ://www. ecologica. cn



	08b69.pdf
	08b70.pdf
	08b71.pdf
	08b72.pdf
	08b73.pdf
	08b74.pdf
	08b75.pdf
	08b76.pdf

