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Effects of heterogeneous Cd stress on root growth of Vicia faba and Sonchus asper

LI Bo'?, YUAN Xing—chao'?, ZHAN Fang—dong'?, YIN Xiao—qing'?, JIANG Ming'?, QIN Li'*, ZU Yan—qun'?, LI Yuan"*"

(1.College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. Yunnan Engineering Laboratory for
Agricultural Environment Pollution Control and Ecological Remediation, Yunnan Agricultural University, Kunming 650201, China)
Abstract: A controlled glasshouse experiment was conducted to explore the effects of heterogeneous Cd stress on root growth of Vicia faba
and Sonchus asper. The root length, root surface area and root volume were examined. The results showed that the root length, root surface
area and root volume of Vicia faba was greater increase in no Cd patches than in the Cd stress patches. The root length, root surface area and
root volume of Sonchus asper was greater increase in Cd stress patches than in no Cd patches. When the root diameter of Vicia faba was 0~0.5
mm and the soil depth was 15~20 c¢m, the root length, root surface area and root volume in no Cd patches were 4.63, 3.14 times and 2.39
times that in the Cd stress patches; Root diameter for 0.5~1 mm and greater than 1 mm, soil depth of 30~35 c¢m, root length in no Cd patches
were 1.69 times and 5.04 times that in the Cd stress patches, root surface area in no Cd patches were 1.78 times and 5.05 times that in the Cd
stress patches, root volume in no Cd patches were 1.85 times and 33 times that in the Cd stress patches. When the root diameter of Sonchus

asper was 0~0.5mm and the soil depth was 0~5 c¢m, the root length, root surface area and root volume in the Cd stress patches were 1.66, 1.36
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times and 1.57 times that in no Cd patches; Root diameter for 0.5~1 mm , soil depth of 35~40 cm, the root length, root surface area and root

volume in the Cd stress patches were 2.86, 2.16 times and 2.81 times that in no Cd patches; Root diameter for greater than 1 mm, soil depth

of 15~20 cm, the root length, root surface area and root volume in the Cd stress patches were 26.94, 52.26 times and 139.33 times that in no

Cd patches. The root growth of Vicia faba was alleviated, and the root growth of Sonchus asper was promoted under Cd stress.
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Table 1 Contents of nutrients and heavy metals in the soil used

pH  AMUE/g-kg' 4 N/g-kg' 4Plg-kg' Klg-kg' BffEN/mg-kg' A% P/mg-kg' I K/mg kg Cd/mg- kg™ Ph/mg kg™
5.78 7.83 2.59 0.31 8.21 9.56 81.03 0.05 20
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Figure 1 Diagram for experimental unit
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Figure 2 Total root length of Vicia faba and Sonchus asper under

il

heterogeneous Cd stress
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Figure 3 Total root length in different soil layers of Vicia faba and Sonchus asper under heterogeneous Cd stress
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Figure 2 Root length in different diameters of Vicia faba under heterogeneous Cd stress(cm)

e Vot A=
0<d<0.5 0.5<d<1 0<d<0.5 0.5<dx<1 d>1
0~5 cm 20.01£1.99 38.84+0.76 5.33+0.07 14.43+1.67 56.84+7.77 14.95+2.21
5~10 ¢cm 32.64+2.22 60.77+1.23 11.95+0.09 27.26+5.55 76.95+4.32 24.39+1.12
10~15 cm 32.72+1.88 50.68+1.32 5.32+0.33 30.55+2.67 56.80+7.78 22.44+3.42
15~20 cm 29.98+1.22 33.52+4.44 7.52+0.91 138.74£25.15 25.26x1.11 14.52+7.77
20~25 cm 6.14+0.55 20.21+0.12 3.34+0.76 2.09+0.15 3.22+0.09 8.35+0.67
25~30 ecm 29.58+3.78 34.86+5.55 8.63+0.43 8.83+1.23 39.16+2.52 18.42+2.45
30~35 cm 14.94+0.08 16.22+2.22 1.70+0.05 9.12+1.23 27.56+3.33 8.58+0.32
35~40 cm 22.76+5.44 17.83+2.11 1.85+0.03 23.40+1.11 13.11+3.44 5.16+0.23
TEd FR R R AR, AN mm, R,
R3 RRCIPE TEMFRARRERZE THRK S HIFE(em)
Figure 3 Root length in different diameters of Sonchus asper under heterogeneous Cd stress(cm)
e e HE
0<d<0.5 0.5<d<1 0<d<0.5 0.5<d<1 d>1
0~5 cm 466.41+31.19 53.51+4.23 26.83+3.01 281.41+17.52 23.81+£1.99 11.04+0.89
5~10 ¢cm 430.26+23.22 36.27+3.22 12.89+0.89 261.50+25.01 18.27+2.12 2.44+0.38
10~15 ¢cm 164.00+21.12 9.21£0.18 0.90+0.01 132.28+9.99 9.23+1.52 0.39+0.05
15~20 ¢m 261.71+33.21 23.00+3.22 13.74+2.11 149.47+16.33 8.83+0.67 0.51+0.04
20~25 cm 76.50+9.78 2.89+0.41 0.04+0.00 101.67+8.88 8.93+1.01 0.32+0.02
25~30 cm 171.48+22.23 10.89+1.55 4.52+0.78 305.96+28.93 32.35+2.78 22.17+1.99
30~35 cm 167.62+9.11 10.05+1.11 4.17+0.66 271.42+12.33 20.05+1.33 26.24+3.88
35~40 cm 325.045+42.33 41.64+3.84 26.04+3.81 169.44+5.55 14.55+1.28 10.61+2.22
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Figure 4 Root surface area of Vicia faba and Sonchus asper under

heterogeneous Cd stress
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Figure 5 Root surface area in different soil layers of Vicia faba and Sonchus asper under heterogeneous Cd stress
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Figure 4 Root surface area in different diameters of Vicia faba under heterogeneous Cd stress(cm?)
e P %
0<d<0.5 0.5<d<1 0<d<0.5 0.5<d<1 d>1
0~5 cm 1.59+0.08 8.95+0.99 2.00+0.13 1.38+0.23 13.16+2.23 6.80+1.02
5~10 ¢cm 2.34+0.55 13.67+0.98 5.00+0.33 2.24+0.12 18.56+0.55 10.97+1.54
10~15 cm 2.53+0.44 11.96+0.97 2.05+0.45 2.44+0.55 13.54+0.08 15.82+2.33
15~20 c¢m 2.29+0.04 7.95+0.22 2.98+0.07 7.19+0.33 5.68+0.78 7.78+0.93
20~25 cm 0.80+0.10 4.52+0.22 1.21+0.24 0.18+0.03 0.72+0.06 3.55+0.44
25~30 cm 3.02+0.45 7.61+0.93 3.57+0.11 0.82+0.03 9.52+1.01 8.70+0.06
30~35 cm 1.37+0.03 3.75+0.09 0.63+0.23 0.57+0.08 6.66+0.88 3.18+0.62
35~40 cm 1.62+0.21 3.97+0.42 0.64+0.04 1.41+0.23 3.14+0.43 1.96+0.37
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Figure 5 Root surface area in different diameters of Sonchus asper under heterogeneous Cd stress(cm?)
e hE
1)z
0<d<0.5 0.5<d<1 0<d<0.5 0.5<d<1 d>1

0~5 cm 25.93+4.44 18.48+2.22 16.75+1.14 19.13+0.99 9.16+1.77 5.56+0.78
5~10 ¢cm 23.26+3.33 13.86+2.09 6.79+0.88 17.87+2.05 6.18+0.99 1.07+0.12
10~15 ¢cm 10.33+1.22 3.71£0.06 0.38+0.05 8.17+1.07 3.74£0.09 0.14£0.09
15~20 ¢m 10.50+1.09 9.92+1.08 9.93+0.05 8.33+0.08 3.38+0.54 0.19+0.04
20~25 cm 4.05+0.07 2.23+0.04 0.02+0.00 6.37+0.09 2.26+0.78 0.11+0.02
25~30 cm 8.45+0.09 3.99+0.22 2.26+0.32 11.64+0.08 11.26+1.08 12.54+1.09
30~35 cm 7.96+0.22 3.39+0.55 2.11+0.08 10.05+1.03 12.94+1.09 16.70+1.71
35~40 cm 11.39+1.45 15.71£1.78 15.70+1.88 4.54+0.43 7.26+0.99 8.09+1.02
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Figure 6 Root volume of Vicia faba and Sonchus asper under

heterogeneous Cd stresses
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Figure 7 Root volume in different soil layers of Vicia faba and Sonchus asper under heterogeneous Cd stress
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F6 RRCIPETEREREZAFARER THRERDHFFE(cm’)

Table 6 Root volume in different diameters of Vicia faba under heterogeneous Cd stress(cem®)

% HE
+J=
0<d<0.5 0.5<d<1 0<d<0.5 0.5<d<1 d>1
0~5 ¢m 0.014+0.001 0.170+0.009 0.439+0.078 0.014+0.001 0.249+0.025 2.165+0.444
5~10 ¢cm 0.018+0.002 0.251+0.067 0.706+0.023 0.020+0.002 0.367+0.052 2.064+0.432
10~15 ecm 0.012+0.000 0.230+0.009 0.531+0.031 0.021+0.003 0.264+0.038 3.454+0.008
15~20 ¢cm 0.018+0.002 0.154+0.012 0.600+0.023 0.043+0.001 0.105+0.091 1.291+0.098
20~25 cm 0.009+0.001 0.084+0.012 0.036+0.009 0.002+0.000 0.013+0.008 1.131+0.008
25~30 em 0.029+0.004 0.136+0.033 0.120+0.004 0.008+0.001 0.189+0.037 1.297+0.001
30~35 ¢cm 0.012+0.000 0.071+0.008 0.019+0.001 0.004+0.002 0.131+0.052 0.627+0.123
35~40 ¢cm 0.012+0.006 0.073+0.002 0.023+0.007 0.009+0.000 0.061+0.003 0.413+0.111
®7T BRCIMETEFRRATEERE THRERDHFFE(em’)
Table 7 Root volume area in different diameters of Sonchus asper under heterogeneous Cd stress(cm®)
L Pk AE
0<d<0.5 0.5<d<1 0<d<0.5 0.5<d<1 d>1
0~5 cm 0.231+0.030 0.207+0.009 1.214+0.231 0.147+0.023 0.111+0.023 0.269+0.050
5~10 ¢cm 0.208+0.009 0.133+0.013 0.339+0.078 0.142+0.009 0.080+0.013 0.041+0.003
10~15 ¢cm 0.088+0.001 0.030+0.008 0.014+0.006 0.072+0.008 0.035+0.005 0.004+0.000
15~20 cm 0.101+0.009 0.088+0.005 0.836+0.123 0.065+0.001 0.030+0.001 0.006+0.001
20~25 cm 0.041+0.001 0.009+0.002 0.000+0.000 0.047+0.008 0.029+0.002 0.003+0.001
25~30 cm 0.063+0.006 0.042+0.002 0.104+0.008 0.092+0.001 0.131+0.009 0.694+0.088
30~35 ¢cm 0.057+0.008 0.038+0.008 0.099+0.011 0.067+0.007 0.144+0.023 1.168+0.232
35~40 ¢cm 0.112+0.032 0.166+0.009 1.063+0.222 0.049+0.009 0.059+0.008 0.861+0.111
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