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BRSPS , AT HPLC 434 NS XS4l i SR Iaa ik AL e H IR (GSH) B i iR A0 . 45 2R 3RH, BRAk BV B2 150
300,450 wmol L B, 5 il 10 mmol+L~ Ca> My REAT ACHE DA BRAY L M7 AR .5 mmol L7 Ca Al 5 B0 iS4 7 MDA i 4
P (H,0,) 7 i, B i B S AL B AL (SOD) i AL S0 (CAT) A DE H IRIE S5 (GR) A D H ki S A W i ( GPXO FIAS e H ke
FRmE(GST) M X GSH &tk o BRAMIMA M EE N 600 pmol - L IR, JfiA%5 f SR 4l i 1 LA )4 A MDA 55tk i U4l (RS HE A GSH
TR, 5 CK M2 AR B3 (P>0.05) . b FEVEE <450 pumol - L B, 5 mmol - L' Ca> AE M 5 ZZ AT S M S K R BT 32 )y
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Effect of Exogenous Calcium on Seedling Growth and Physiological Characteristics of Brassica juncea Under
Cadmium Stress

LIU Li-li, FENG Tao, XIANG Yan—ci, XIAO Lu, YAN Ming-li

(College of Life Science, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: The purpose of this study was to investigate the effects of exogenous calcium on seedling growth and physiological characteristics of
Brassicajuncea under cadmium stress. Calcium of 5 mmol - L™ and 10 mmol - L™ was used to regulate the growth of seedling of Brassica juncea
under the stress of cadmium of 150, 300, 450 and 600 pmol+ L™ by water cultivation. The changes of the activities of antioxidative enzymes and
the content of malondialdehyde (MDA )were determined. The method for determination of reductive glutathione( GSH )was based on high per—
formance liquid chromatography (HPLC ). Biomass and root length of Brassica juncea were significantly increased under the treatment of 5
and 10 mmol- L™ calcium. Under the circumstance of 5 mmol L™ calcium, contents of MDA and H,0, were decreased effectively, the activities
of superoxide dismutase (SOD ), catalase ( CAT ), glutathione reductase (GR ), glutathione peroxidase (GPX), glutathione S—transferase
(GST) and the content of GSH were enhanced under 150, 300 and 450 pmol - L™ cadmium stress. There were no significant differences be—
tween treatment of within calcium and control (without calcium ) under the circumstance of 600 wmol "' cadmium, the content of MDA was
increased while the biomass, the activities of antioxidative enzymes and the content of GSH were descended. 5 mmol L™ calcium could allevi—
ate the stress of 450 wmol - L' cadmium and effectively promote the physiological activities of antioxidative enzymes in Brassica juncea, as a
protective agent for growth of seedling of Brassica juncea under the stress of cadmium.
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L1 i{3a#F

FF 3237 (Brassica juncea) W R 732 , 2K H [
FAMEME o RAF ST e 43t o
1.2 iR3ig it

I S R 3% 0 FH NaClO 47 3% 18 4 # 10
min, ZE1E7KIERVE 3 WU, 40 HL 100 iR AR
15 mL AN A 35 SR AT B 55 . SR 12
Hoagland & #4351 & 0.150.300.450.600 wmol L'
i Cd*, Rf— CA> e )8 N A4% 0.5 .10 mmol - L™ Ca®3it
FTAE G bric s CK T T2) . FFAE AR 9 em [
FRgR b & 25 H 3 2 U84 E R 2R IR, Fh+ Z [ {45
—EMEEE, N TS PSR, SLiRE 200
pmol *m=2+s™ BRI 22 C/16 C£2 °C, FEFG 24 h Fr
LB KRNI R A, MR BT o el
TR, B2 d Bk 1 REFRE, 1EFE 10 d J5 41
AERORGL—E gl g Tl . A EE 3K,
Bl H SAS 6.12 34T 22537 o
1.3 EgiAIHREX

BT g M T e A ER B 7R B R
AR HEHANA 3 mL FlA HE 0% ($EB0EH pH 7.5.100
mmol - L™ AT ER R 2% vyl e il , Horh &7F 1 mmol - L

Na,rEDTA, 19%(W/V )R ZIGMEBERR ) , 78 4 °C, 12 000x
g B0 10 min, B T 00E N 8 (MDA) & & |
i A AL Y AL (SOD) i S AL & (CAT) L4 e
JRIA i (GR) 458 B H kst LAk P Bl ( GPX) A4 bk
HKEE RSB (GST) TG
L4 MEmBEMFE

REIEHE 10 d =40 i A P AR

MDA £ il R A E L Z-FR k1, HLO, I
SES MR Cho Fl Park i J74E1,

FIFHAGR) 6 (g s Bl A 4 8 R HE )P SOD |
CAT.GR .GPX F1 GST i3 14k o

SR 5 R (2,335 (RP=HPLC ) il 72 3 J AU 43
JOEH AR (GSH) & ™, A Ak i (A3 544 . UV Al
2%,Cs FE(150 x 4.6 mm, 5 um) , FE36 2 30 °C, i 3hHH
Ry LR ER (pH 5.6)= 8:92, Jii# 1 mL-min™, £l
P 285 nm,,
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2.1 SMERESITRAME TR RS EEMEFIR
AL

TH SR &Iy B AR A RIRR R 347 Bt i A P e 3 1 15
112 732 23 E (£ 1), 7E 0~300 pwmol - L™ 440 3
B, T1.T2 AbFR = A i AR 1 B 2 & T CK
(P<0.05) ; 5 2 A 450 pmol - L™ I, 76 CK T1 F1 T2
R ISR B 7z B AR &, {H T1(5 mmol -
L™ Ca® ) fE i 2 32 /5 T S A2 4 i AR A (P<0.05) 5 i
FHe B R 600 wmol - L7 APy I A 22, MREX
BOTL T2 th iR E g fIAR K 1 5 CK R Bl R
A (P>0.05),
2.2 SMIRES X RAME T3
=M

IF RTINS MDA 5 £ Fifi £ A 3 Uk 38 34 R T 42
FT R (| 1-A), 44U E R 150,300 Fi 450
pmol « L7 [, T1 AbI IS ¥ MDA & & i K T
CK 1 T2(P<0.05), 50 5 mmol - L™ §54% GE 4 50 5% i
IS PR 25 | & g B 484k o TRk A 600
pmol - L i, T1 T2 ZbFEAA= MDA %12 5 CK FH L
ZRAREE(P>0.05), EELSBEHFEME T, MY
HA U H0, St W, JUHAR AL HVER 2
450,600 pmol - L™ Byt i H,0, i 208 LT 5
F1 10 mmol « L™ Ca®*4b 3 44) BEAH I B 4 ka0 T vl =
LT 0, S (H T1 H T2 4B A4k S o Sl i (&
1-B),

SEBM3E MDA 71 H,0, &
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Table 1 The growth of seedlings as affected by cadmium stress and Ca* treatment in Brassica juncea

SRl B BE /wmol - 1!

it H
0 150 300 450 600
He Wi/ mgFW - kR CK 87.62+11.45" 55.07+2.53 " 35.01+5.82 " 17.83+8.94 " 9.21+0.33 *
Tl 112.5+6.46 * 73.27+4.29 * 49.50+2.76 * 20.77+5.56 * 8.87+2.92 ¢
T2 117.88+8.51 * 73.92+5.8 ¢ 44.29+2.41 ¢ 17.9+0.87 " 9.39+0.7 *
AR /em CK 5.37+0.95 " 226020 " 1.54+0.06 * 0.72+0.09 . 0.51£0.09 "
Tl 7.46+0.17 * 3.29+0.18 * 2.75+0.26 * 1.53+0.13 ¢ 0.93+0.26 *
T2 7.78+0.37 * 3.07+0.11 * 2.35+0.07 " 1.23+0.08 " 0.79+0.45 ™
T BATAR R R B RR# N 225 .35 (P<0.05)
Note:Table in the same column with different superscripts differ significantly(P<0.05).
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Figure 1 Contents of MDA and H,0, as affected by cadmium stress and Ca® treatment in Brassica juncea
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Figure 2 Activities of SOD and CAT as affected by cadmium stress and Ca® treatment in Brassica juncea



5 28 45 5 ) AR

Bo% o2 R 981

2.4 SMESEXTERAME TIF3EEM 3 GR .GPX (GST i&
%% GSH 2 Er50m

THSRA T GR I 1 Bl A FHL e J 184 T A i 3
T UL B FE Ry 450 wmol - L7 I, T1 A3 )i
3 GR G PEIL B i mifl, HAR AR 600 wmol - L™
i, GR i MR N (& 3-A) . FRik R 600 pmol -
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F(P>0.05),

GPX J2 LA 5 B2 e H BRI WAL o3 fif A=
RN B HLO,, R AL A IR, 4Rk B E 0~450
wmol - L™ S I N, R4 1 GPX W P T3, i
FVE 2 600 pmol - L™ B GPX 1 P T [ (&l 3-B).,
[Fi] B 47 Ab B VR 2 AE 150~450 pmol - L7 S I, T1 4k
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Figure 3 Activities of GR,GPX, GST and contents of GSH as affected by cadmium stress and Ca* treatment in Brassica juncea
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i TR R, ARG O SR AL SR A A
e R A 2 o 5 A (9% 1 i 0 T SR B i S Ak
PRV EE A 150,300 F1 450 wmol « L B, JHISE A=W 543
R Y 62.85% .39.96% F11 20.35% , i fill 5 mmol -
L~ 45 4b 31 A 3 = A2 ) i 43 0l o xR Y 83.62%
56.50% 1 23.70% , 7] WLAE— & W FE B Ip A vhoin A
A 55 e B I R I SR 4 B AR A P A2 A MR AL
PR 600 wmol « L I, 45 40 BT T S 407 A i
55X HEAH LA BB 25 5, 1A 600 pumol - L Fasb B
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5 1 BERAIC MDA 5 5 F# &5 SOD (CAT 164, {HIH
L R A YR AT ARG, ARt B S SZ A, T g
RN R TR Z G B R EEBEAT T4 A 4R
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