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Fig. 1 Effects of Cd stress on lettuce seedlings root length (A),
plant height (B), leaf area (C) and the amount of leaf (D)
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Fig.2 Effects of Cd stress on MDA content of lettuce seedlings
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Fig. 3 Effects of Cd stress on activities of SOD,
G-POD, APX and CAT of lettuce seedlings

umol-L™ CAAbI R, P CAb PR R THiEs, ARAI
AR ER B B B iR E . X S AEKR
U0 NIRRT A R —2 . CR R LE K
AR AR Z . BFFEIA R A] g e Cd™ Wk AL
YIRIE, REMBAERPAERLIA, FEWIRAIE
B ez U, BEB AR N Cd™ o
i, XY AARFIRZA RN, SXRPP R
1 EZE L OuzounidouZs! ST % PRC AL PR
INFEHL RS Fe, Mg, CaflIKA) &, A i [a)4%
FEO R A KD g R S MO A ER
ANl FEASRIR T, RATEER], MCdkEKR
F10 pmol- L IHRERRIM Al 5 €0, B RIT Ay H-A8
INVAEAE X — ISR CAHR B A3 I B B
MO FEIAFI100 pmol- L' J L P-4 g, ik
2B, AT IRZE S, DT iR
W, T, HEETH

2411 b R Ay L R A T 40 L P AR e i
RS EE A5, HAE MR A T IE R A
FLI)BERYSEAE . MDA RG2S, 7]
HEAR ., %R . DR YA, B
VAL SR, FIA A e % A arig sl A
I, 1 pumol- L Cdit, MDAF 5% I B2
2557, VLB CAAXT 41 MR plad 24005, X AT B
MR G R G AE AR, dide 1 An MRS A 0
INEERSE B s 24 CAYRE 95 ~ 100 pumol-L™ i,
MDA it i Z 10, UiH & B AR MRS i 45, 4
JHURSEZE 4 SE B B IR

ARG K ARG R 7 A 0 B ST
YA EER, (HAYE A SRR SR

TR E L, R EES, SOD. G-POD. APXFI
CATHE R ZH AR IR IS P B 2 48, S
FHREHEO, FIH,0,. 554k L H,O 10, , M A R BH 11
O, " FH,0, WA 2, Il = T 1 - OHAE B
BIR i sk 26 [y KL BB i E A R s AR R
H, SODIEPE RS = 2R B T I~ 37 88 1 1 ) ol i
58, {H7E100 pmol- L' CAHkE T, SODIFIE B &
TR ATRERCAMMAT , M Fid & CA I T
SODHIA .o AN R A G-PODYE 1 Bifi %5 CdAb F ik
FE ARG Nz by, LR R AT R SRAE PR N Cdik B
—EVREERT, JEERE AR G, iR I AR
A Wrde FERG N, B T G-PODRYEWIHEE , MM
#HG-PODIEME FFH), CAT . APXIEM:RECAHE AR
AR R, IRCAHEE AL TR, CAT ., APXIHMERG R
XFCAif = A= s MR B T ARERRIERT; T
e FE CAXT CAT . APXI 77 A= 1 Bt Al 41 il 4
M. RERMTECd AT, cd Tt THA 745
e As T HES RIS, 30, FH 0. 7EAE 1A Y
ROFR B IR T APXMICATHIE MR, S8UsM
AN SIERRZ B AT s N, HYIERRO,
FIH0, BES A TR, TEVESARFLEFLE, i TR
PRI E ALY, W] e R Cd e R G 1 S AL Y
[, CA> FBEE A8 B (-SH) S, B B
FEEHh ) — S G HEE, WHT-ATP EEAIE PSR, A
HAa Ul R RS A e Pk — 5% .

Sk

[1] &5, FRORSE, T, . BRI =M USRI X 55 3 0 4 R 5 e T
IRIFFE- LU T AR SETT A B[], LEASEREE, 2005, 14(4): 559-561.
HUANG Yong, GUO Qingrong, REN Hai, et al. Investigation of
heavy metal pollution in vegetables in the Pearl River delta: A case
study of Zhongshan and Dongguan[J]. Ecology and Environment,
2005, 14(4): 559-561.

[2] SHAH K, KUMAR R G, VERMA A, et al. Effect of cadmium on lipid
peroxidation, superoxide anion generation and activities of antioxidant
enzymes in growing rice seedlings[J]. Plant Science, 2001, 161:
1135-1144.

[3] ESW, T4k, TR, % HHMRES MR ENERE
PEPBAG[T]. FREERLE224E, 2007, 27(2): 298-303.

CAO Huicong, WANG Jinda, REN Huimin, et al. Ecotoxicity assess-
ment of cadmium in soil to maize (Zea mays) and soybean (Glycine
max)[J]. Acta Scientiae Circumstantiae, 2007, 27(2): 298-303.

[4] CLEMEMTE R, WALKER D J, ROIG A, et al. Heavy metal
bioavailability in a soil affected by mineral sulphides contamination
following the mine spillage at Aznalcollar (Spain)[J]. Biodegradation,
2003, 14(3): 199-205.

[5] RIEN:, EE, EW T, & HEZH S THD] BHE
R, 2006, 17(6): 1112-1116.

XU Zhenghao, SHEN Guojun, ZHU Changging, et al. Molecular

mechanisms of plant resistance to cadmium toxicity[J]. Chinese Jour-



LTS FRIMRE T 55 4 i A K TR AL R G 497

nal of Applied Ecology, 2006, 17(6): 1112-1116. Physiology, 1981, 22: 867-880.

[6] HALL J L. Cellular mechanisms for heavy metal detoxification and [14] AEBI H. Catalase in vitro[J]. Methods in Enzymology, 1984, 105:
tolerance[J]. Journal of Experimental Botany, 2002, 53(366): 1-11. 121-126.

(71 705, XUHEIF, BRHE, % WX NERTE R A A K & [15] 30, /e, AL, Mabsixr 2 fh i kA e R K bt
A BEAE AR R PE RO R (). ROL PRI RL 24244, 2005, 2403 TI): FEBERIRZMAT]. R PR E2A4R, 2004, 23(1): 55-59.

17-20. MA Wenli, JIN Xiaodi, WANG Zhuanhua. Effects of cadmium on seed
LI Zhifang, LIU Huifen, XIONG Xiaoxia, et al. Effect of cadmium on germination, growth of seedling and antioxidant enzymes of rye and
seed germination, seedling development and physiological and bio- wheat[J]. Journal of Agro-Environment Science, 2004, 23(1): 55-59.
chemical characteristics of wheat[J]. Journal of Agro-environmental [16] farfi¥, {EHiTY, Ak, 5. FMri X @ BUSOKAE 2 AR IR TG PE R AR
Science, 2005, 24(S): 17-20. W TR PRI [T]. A ASPREE, 2008, 17(3): 1004-1008.

[8] WEiZifl, BIAAZE, MV, 4. HRA BT A AR KR HE Junyu, REN Yanfang, ZHU Cheng, et al. Effects of cadmium
RORZI[T]. FREERL2E, 2006, 27(7): 1398-1401. stress on reactive oxygen species metabolism and antioxidant enzyme
HUANG Yunxiang, LIAO Baihan, XIAO Langtao, et al. Effects of activities in Cd-sensitive mutant rice seedlings[J]. Ecology and Envi-
Ccd* on seedling growth and phytohormone contents of Glycine ronment, 2008, 17(3): 1004-1008.
max[J]. Environmental Science, 2006, 27(7): 1398-1401. [17] OUZOUNIDOU G M, MOUSTAKAS E P. Physiological and ultra-

[91 FOrmA, fuskss, @, 4. Cd XA R A R structural effects of cadmium on wheat (Triticum aestivum L) leaves[J].
WFFE[I]. FREERN2E, 2008, 29(2): 506-511. Archives of Environmental Contamination and Toxicology, 1997,
YU Fangming, QIU Rongliang, TANG Yetao, et al. Effects of cad- 32(2): 154-160.
mium on the growth and nitrogen metabolism in Brassica chinensis[J). [18] =&, dhllyg, (155, %, Cd. Pb A XHEE R is vA
Environmental Science, 2008, 29(2): 506-511. BRARGEMEMT]. AR, 1997, 17(5): 488-492.

[10] JEmgLr, FEEEE, okok. SEIEXSTEEL ( Potamogeton cripus) #H YAN Chongling, HONG Yetang, FU Shunzhen, et al. Effect of Cd, Pb
HEREFAEA R AFEENZmI]. ASIFEE, 2008, 17(4): stress on scavenging system of activated oxygen in leaves of to-
1342-1347. bacco[J]. Acta Ecologica Sinica, 1997, 17(5): 488-492.

ZHOU Xiaohong, WANG Guoxiang, FENG Bingbing. Influence of [19] VEBE, B, FoCHE, & ARWBERIMEXT ORI CAER .
the growth and photosynthetic characteristics of Potamogeton cripus g B A AT AL RS M s (D). AR 3R S IR, 2008,
in light[J]. Ecology and Environment, 2008, 17(4): 1342-1347. 14(1): 36-42.

[11] 5K R AR AL B2 5000 8 T M) AL st RS20 R, 1990:59-62. WANG Hong, ZHAO Shicheng, XIA Wenjian, et al. Effect of cad-
ZHANG Zhiliang. Plant Physiological Experiments[M]. Beijing: mium stress on photosynthesis, lipid peroxidation and antioxidant en-
Higher Education Press, 1990: 59-62. zyme activities in maize (Zea mays L. ) seedlings[J]. Plant Nutrition

[12] KLAPHECK S, ZIMMER I, COSSSE H. Scavenging peroxide in the and Fertilizer Science, 2008, 14(1): 36-42.
endosperm of Ricinus communis peroxidase[J]. Plant Cell and Physi- [20] SRAMELL. =ANETE ShFp T 565 Ye i Az 28 AR 28 N K o e A [I].
ology, 1990, 31: 1005-1013. H IR, 2005, 14(5): 658-661.

[13] NAKANO Y, ASADA K. Hydrogen peroxide is scavenged by ascor- WU Xuhong. Comparison of the resistance of three varieties of alfalfa
bate-specific peroxidase in spinach chloroplasts[J]. Plant Cell and to cadmium stress[J]. Ecology and Environment, 2005, 14(5): 658-661.

Effects of Cd stress on seedling growth and activities
in antioxidant enzymes of lettuce

Ren Yanfang, He Junyu, Liu Chang, Luo Xingling, Huang Tianxing

College of Agriculture, Guizhou University, Guiyang 550025, China

Abstract: Effects of cadmium at different concentrations on seedling growth and activities in antioxidant enzymes of lettuce cultivar,
Sunwang No. 1, were studied after solution culture. It was shown that plant height, root length, leaf area and the amount of leaf were
inhibited seriously by Cd at 10~100 pmol-L"', but were promoted by Cd at 1 pmol-L™". The content of MDA and activities of SOD
and G-POD in roots and leaves increased gradually during increasing of Cd concentration. However, activities of SOD in roots de-
creased significantly when Cd was at 100 pmol-L™". 1 umol-L™" Cd can stimulate activities of CAT and APX in roots and leaves,
however, the activities turned to be restrained and the effects increased gradually.

Key words: Cd; lettuce; seedling growth; antioxidant enzymes
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