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Responses of Soil Enzyme Activities in Different Soil Layers to Single and Combined Stress of Hg and Cd
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Abstract The single and combined effects of two heavy metals(Hg, Cd) applied to 0~20 ¢m and 20~40 c¢m soil samples on activities of soil
urease, catalase and invertase were studied. The concentrations of Hg?*, Cd** and Hg+Cd were 0, 0.312 5, 0.625, 1.25, 2.50 mg kg™, 0, 25,
62.5, 125.0, 187.5 mg-kg™, 0, 25.312 5, 63.125, 126.25,190.0 mg - kg™, respectively. The three enzymes responded differently to Hg and/or
Cd stress, the activity of soil urease was significantly inhibited under Hg stress, Cd showed obvious inhibitory effect on the catalase, while the
change of invertase activity varied with the concentration of Hg and/or Cd. The correlation analysis demonstrated that urease activity may be
used as a biochemical indicator for monitoring Hg pollution and compound pollution of Cd and Hg, and soil catalase activity may be used as a
biochemical indicator for monitoring Cd pollution. Under the same concentration of heavy metals, the soil enzyme activity in 0~20 ¢m soil
layer was significantly higher than that in the 20~40 ¢m soil layer. The inhibition effects of Hg, Cd on soil urease and catalase in 0~20 c¢m
were lighter than those in 20~40 c¢m, which related to the higher organic content in 0~20 cm soil; while, high concentration of Hg and low
concentration of Cd could inhibit the invertase activity in 0~20 c¢m soil but stimulate that in 20~40 c¢m soil.
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Table 1 Effects of single stress of Hg, Cd and combined stress of Hg and Cd on soil urease activities mg-g”
0~20 ¢m 20~40 cm 0~20 e¢m 20~40 cm 0~20 e¢m 20~40 cm
CK 7.86+0.124 a 5.20+0.407 a CK 7.86+0.124 a 5.20+£0.407 a CK 7.86+0.124 a 5.20+0.407 a
Hgl 7.54+0.375 ab 4.78+0.361 a Cdl 7.91£0.270 a 5.17+0.161 a 1 5.59+0.430 b 4.16+0.137 b
Hg2 6.64+0.409 b 2.10+0.587 b Cd2 7.48+0.262 a 4.87+0.495 a 2 5.38+0.789 b 2.10+0.534 ¢
Hg3 3.89+0.753 ¢ 1.25+0.182 ¢ Cd3 7.74£0.182 a 4.87+0.124 a 3 3.26+0.499 ¢ 0.95+0.064 d
Hg4 1.88+0.254 d 0.78+0.089 d Cd4 7.64+0.179 a 5.09+0.020 a 4 1.29+0.175 d 0.45+0.109 d
(P<0.05) .

Note: Means followed by the same letters within a column for a given measurement were not significantly different at P<0.05, the same as below.
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Table 2 Effects of single stress of Hg, Cd and combined stress of Hg and Cd on soil catalase activities mL-g™
0~20 cm 20~40 c¢m 0~20 ¢m 20~40 cm 0~20 c¢m 20~40 c¢m
CK 2.55+0.104 a 2.25+0.029 a CK 2.55+0.104 a 2.25+0.029 a CK 2.55+0.104 a 2.25+0.029 a
Hgl 2.30+0.137 a 1.98+0.023 b Cd1 1.81+0.031 b 1.48+0.074 b 1 2.02+0.081 b 1.72+0.024 b
Hg2 2.36+0.127 a 1.88+0.023 ¢ Cd2 1.70£0.052 b 1.2310.041 ¢ 2 1.88+0.066 b 1.56+0.016 ¢
Hg3 2.41+0.081 a 1.78+0.042 ¢ Cd3 1.75+0.061 b 1.13+£0.017 ¢ 3 1.91+0.091 b 1.44+0.029 d
Hg4 2.34+0.054 a 1.86+0.037 d Cd4 1.68+0.118 b 1.23+0.011 ¢ 4 1.96+0.043 b 1.46+0.018 d
3 Hg.Cd mg- g™
Table 3 Effects of single stress of Hg, Cd and combined stress of Hg and Cd on soil invertase activities
0~20 ¢cm 20~40 ¢cm 0~20 ¢cm 20~40 cm 0~20 ¢cm 20~40 ¢cm
CK 26.80£2.51 a 5.09+0.43 ab CK 26.80+2.51 b 5.09+0.43 d CK 26.80+2.51 b 5.09+0.43 b
Hgl 29.75+1.45 a 5.70+0.33 ab Cd1 22.18+0.42 b 5.54+0.36 cd 1 35.49+0.55 ab 6.16+0.48 b
Hg2 10.65+0.06 b 6.08+0.40 ab Cd2 18.95+1.03 b 7.24+0.40 be 2 38.81+9.27 a 5.80+0.94 b
Hg3 7.44+1.99 b 6.69+1.28 a Cd3 36.43+0.52 a 8.21+0.23 b 3 24.79+0.76 b 5.16:£0.39 b
Hg4 5.31+0.30 b 4.55+0.89 b Cd4 35.94+0.33 a 11.89+0.09 a 4 24.06+1.74 b 4.47+0.18 b
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4 Hg.Cd  He+Cd . %
Table 4 The inhibition effects of Hg, Cd and Hg+Cd stress on activities of soil urease, catalase and invertase %
0~20 em 20~40 cm 0~20 em 20~40 ¢m 0~20 em 20~40 cm
CK 0 0 0 0 0 0
Hgl 4.10 8.05 9.78 11.75 -11.00 -11.89
Hg2 15.61 59.57 7.42 16.33 60.27 -19.41
Hg3 50.50 75.99 5.46 20.65 72.25 -31.31
Hgd 76.13 84.94 8.05 17.09 80.19 10.70
Cd1 -0.59 0.56 28.94 34.27 17.25 -8.71
cd2 4385 6.40 3337 45.26 2931 —42.00
Cd3 1.60 6.34 31.21 49.62 -35.90 -61.04
Cd4 2.81 2.21 34.24 45.48 -34.09 -133.37
1 28.95 20.01 20.57 23.45 _32.44 -21.00
2 31.54 59.63 26.27 30.57 -44.78 -13.88
3 58.52 81.83 25.01 36.05 7.50 -1.24
4 83.57 91.43 23.05 35.11 8.57 12.29
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