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Free Radical Metabolism and Response of Antioxidant Enzymes in Wheat Seedlings (Triticum aestivum L.) Ex—

posed to Soil Cadmium

LIN Ren-zhang, DU Wen-chao, WANG Xiao-rong, GUO Hong-yan

(State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing 210093, China)
Abstract: Effects of soil Cd concentration (0~33 mg-kg™) on growth, Cd accumulation, free radical metabolism and antioxidant system of
wheat seedlings (Triticum aestivum L.) were investigated by using pot experiments in this study. No obvious toxic symptom in seedlings was
observed in the whole dose range. However, a slightly positive effect on the seedling growth was observed at low Cd concentrations (less than
3.3 mg-kg™). EPR investigation showed that the level of free radicals in the leaves was higher than that in the roots, and responded sensitively
to soil Cd exposure. When exposed to lower Cd (less than 3.3 mg-kg™), the level of free radicals in the leaves decreased, but significantly in—
creased with increasing Cd concentrations. The activities of some antioxidant enzymes in the leaves, including superoxide dismutase (SOD,
EC1.12.1.1), catalase (CAT, EC1.11.1.6), guaiacol peroxidase (POD, EC1.11.1.7), ascorbate peroxidase (APX, EC1.11.1.11), did not change
much at low Cd concentrations (less than 3.3 mg-kg™), but fluctuated drastically at high Cd concentrations. Based on the results of this study,
we propose that the toxic critical value of soil Cd in inducing oxidative stress to wheat seedlings is between 3.3 mg-kg™and 10 mg-kg™
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Figure 1 Effect of the concentration of 4-POBN solution
on the intensity of EPR signal
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Figure 2 Effect of stored time on the intensity of EPR signal
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Figure 3 Typical EPR spectra of wheat leaves in the presence of
POBN: (a) EPR spectra obtained with wheat leaves; (b) computer

simulated spectrum; (c) a baseline of 25 mM 4-POBN
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Table 1 Biomass, shoot lengths and Cd uptake of wheat seedlings under soil Cd exposure

R B 5 /mg - plant™

FBk Cd & fE/mg « kg™t FW

4 Cd W E/mg -+ kgt Pri/em
AR H -3 A& LYy

0 34.6+ 4.5 230+ 26 20.3+2.1 0.90 + 0.05 0.07+0.01
0.3 410+ 27 289+ 21 21.8+2.4 1.75+0.13 0.09+ 0.01
1.0 449 + 4.4* 316 + 24* 226+1.0 3.69 + 0.02* 0.19 + 0.03*
3.3 50.0+ 3.2* 387 + 21** 23.9+1.4* 6.80 + 0.03** 0.69 + 0.12**
10 45.6 + 2.6* 339 + 30* 23.8+0.4* 18.9 + 1.2** 1.91 + 0.08**
33 45,6 + 2.9* 254+ 18 20.7+0.9 29.4 £+ 0.2** 2.52 +0.27**

TE: * SXTIEA 3522 5 (P < 0.05) ;** 5% B ik 325 5++(P < 0.01),,
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Figure 4 The free radical levels in the leaves and roots of
wheat seedlings exposed to concentrations of soil Cd
Asterisks indicate significant differences between
treatment and control: *: P< 0.05, **: P< 0.01.
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Figure 5 Effects of Cd concentration on the activities of SOD, CAT, POD, APX (D) in the leaves of wheat seedlings
Each value is the mean of three individual replicates + SD. * and ** indicate significantly different from the
control at P < 0.05 and P < 0.01, respectively.
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