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Abstract: Hyperaccumulator is the main point of phytoremediating contaminated soils by heavy metals, and the identification of
hyperaccumulator is still the difficult and key step of phytoremediation. The outdoor pot-culture experiment was used to study the
hyperaccumulative characteristics of 7 widely distributing weed species in Northeast of China to heavy metals. The results in screening
experiment showed that Taraxacum mongolicum and Bidens pilosa indicated strong tolerance to Cd single and Cd-Pb-Cu-Zn combined
pollution, their Cd concentration in shoot were higher than that in roots; and the Cd enhancement factors Cratio of heavy metal concentration in
shoot to that in soil) in shoots were greater than 1 too, which displayed that the two plants were with Cd hyperaccumulative characteristics. In
concentration gradient experiment, Cd concentration in leaves of B. pilosa were all greater than 100 mg*kg™' the minimum of Cd-
hyperaccumulator should have under the conditions of 25, 50, 100 mg*kg™' Cd added. Meanwhile, the shoot biomass of B. pilosa did not
reduce significantly (p <0.05), Cd concentration in its shoots were higher than those in roots. But for T. mongolicum, Cd concentration in
its shoots were not greater than 100 mg*kg™" in any treatment. Thus, only B. pilosa can be regarded as Cd-hyperaccumulator.
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Fig.1 Shoot biomasses of tested plants in screening experiment
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Table 1 Heavy metal concentration in plants and enhancement factors in screening experiment
TP Ab B HRAL B cd /mg'kg’l EFY B Pb/mg'kg’l EF Js Cu/mg'kg’l EF B Zn/ mg'kg’l EF
K i nd® 2.1+£0.2 10.0£1.3 38.6+4.4
- 0.2+0.0 1.8+0.1 5.5+0.7 71.1£7.2
A - Ui 8.0£0.7b 0.79
nt 32.6+3.1a 3.21
™ i 7.4+0.8b 0.73 49.2+5.5a 0.05 35.3+4.8a 0.09 62.4+7.8a 0.06
i 31.8+0.4a 3.13 24.2+3.2b 0.02 22.0+3.2b 0.05 34.4+4.5h 0.03
R 0.3+0.1 9.2+0.9 9.5+1.4 83.8+9.0
E 0.8+0.2 3.7+0.4 8.5+0.9 27.6+3.1
CK1 n 1.3£0.3 2.3+£0.2 25.6+3.1 95.2+9.8
1er 0.4+0.1 0.8+0.1 8.1+0.7 76.5+7.9
bR 0.8+0.1 2.6+0.3 11.5+2.3 53.0+6.4
i 13.2+1.4c¢ 1.32
ES 28.3+4.3b 2.83
= RERE I I 53.7+3.6a 5.37
1y 12.4+2.2¢ 1.24
Hh 13 28.3+3.5h 2.83
i 12.9+2.8¢ 1.29  110.5+9.8a 0.11 38.8+4.3a 0.09  264.8+25.0b 0.26
EN 28.5+4.1b 2.86 30.1+3.7b 0.03 11.7+1.9¢ 0.03  198.3+21.1c 0.19
T nt 51.9+5.0a 5.19 39.8+4.2b 0.04 26.1+3.6b 0.06  580.9+66.9a 0.56
17 10.3+1.7¢ 1.03 22.7+3.5¢ 0.02 11.0£1.6¢ 0.03  262.5+31.5b 0.25
Hh 1 27.1£2.9b 2.71 28.7+3.1b 0.03 12.3£1.3¢ 0.03  280.4+24.8b 0.27
R 0.1£0.0 0.1£0.0 5.0£0.6 22.7+3.3
Pz nd nd 4.9+0.3 8.9+0.7
K1 E £0. 1.10.1 1.8+0.1 8.3£0.5
i 0.1+0.0 nd 4.8+0.7 48.7+6.4
1ey nd nd 8.5+0.6 32.8+4.8
B3 0.1+0.0 0.4+0.1 3.4+0.3 15.4+2.2
Licd 2.120.2a 0.20
e 0.6+0.1c 0.06
o 1 = 1.1+0.2b 0.11
nt 2.3+0.2a 0.23
1y 1.6+0.1b 0.16
Hh 1.3£0.2b 0.13
Ui 2.1£0.1a 0.20 68.6+7.8a 0.07 27.7+3.6a 0.07  102.6+11.7¢ 0.1
ez 0.6+0.1c 0.07 6.7+5.2 0.01 8.6+0.9b 0.02 23.4+3.2d 0.02
™ £ 0.9+0.2b 0.10 14.0+2.8b 0.01 3.0+0.2¢ 0.01  141.3%17.0b 0.14
i 2.4+0.3a 0.24 6.2+0.9 0.01 5.2+0.6¢c 0.01  330.6+30.0a 0.32
167 1.5+0.2b 0.15 2.4+0.4d <0.01 9.4+1.1b 0.02  161.9+20.2b 0.16
Hh b3 1.3£0.1b 0.13 8.9+0.9 0.01 6.8+0.7b 0.02  144.9+12.3b 0.14
i 0.3+0.1 13.9£2.3 13.8+2.3 17.1£2.2
ES 0.2+0.0 8.4+0.8 2.5+0.4 15.5£2.0
CK1 nt 0.4+0.0 6.9+0.6 4.9+0.3 11.6£1.8
16 0.2+0.0 2.1+0.2 5.9+0.6 3.5+0.2
Hh 1 0.2+0.0 6.4+0.7 4.2+0.5 11.4%0.9
i 28.5+3.1a 2.85
E 14.0+2.1b 1.41
ZRMEE T1 i 19.5+3.0b 1.95
1ere 6.8+0.9¢c 0.68
Hh 15 13.7+2.4b 1.38
i 27.8+3.3a 2.77  287.5%30.5a 0.28 145.7+20.6a 0.35 229.7+33.8b 0.22
£ 13.5+2.1b 1.35 51.8+6.7b 0.05 11.6+1.3¢ 0.03  333.5%40.1a 0.32
v nt 20.6+2.5b 2.05 20.4+2.2d 0.02 15.4+1.6b 0.04 57.6+6.7c 0.06
16y 5.4+0.7c 0.54 4.1£0.5¢ <0.01 17.0£2.0b 0.04 41.4+5.8c 0.04
Hh 1 14.3+2.4b 1.43 40.1+0.7¢ 0.04 13.1+1.4bc  0.03  240.7+26.7b 0.23
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e
LEE7i JOBL] HAr B Cd /mgrkg™'  EFY & Ph/mgekg™! EF & Cu/mgekg ™! EF & Zn/ mgkg™! EF
R 0.4+0.1 2.7+0.3 12.1+1.3 17.6+2.5
ES 0.4+0.1 1.7£0.2 4.9+0.6 15.7+2.9
CK1 Ht 1.0£0.2 0.7+0.2 6.8+0.7 41.9+6.7
e 0.4+0.1 0.5+0.1 0.9+0.2 6.9+0.9
Hh 0.6+0.1 1.3£0.3 5.0+0.4 22.3£3.1
i 11.2+2.3b 1.11
ES 21.0£2.2a 2.08
[EE S Tl i 23.9+2.9a 2.37
16y 5.6+0.8¢ 0.56
B3 19.9+1.6a 1.97
i 10.2+1.7b 1.01 58.3+7.4a 0.06  40.8+4.2a 0.10  408.6+42.8a 0.39
E 22.8+3.5a 2.26 16.8 £2.5b 0.02 12.0£1.5b¢  0.03  276.3+30.9b 0.27
T2 i 25.4+3.0a 2.52 9.8+1.1c 0.01 16.1+1.8b 0.04 430.6+39.8a 0.41
167 5.8+0.6¢c 0.58 1.2+0.2d  <0.01 10.8+1.2¢ 0.03  120.5+14.5¢ 0.12
B3 19.6+2.4a 1.94 14+2.3b 0.01 13.7+1.5b 0.03  350.9+39.6b 0.34
i 0.2+0.0 1.4£0.2 5.6+0.7 28.8+3.2
= 0.1+0.0 0.7+0.1 2.0+0.3 18.9+1.5
CK1 i 0.2+0.1 3.4+0.5 2.4+0.2 28.3+£3.6
1e 0.1£0.0 1.1£0.2 4.3+0.4 14.8+2.7
Hh F 0.2+0.0 1.8+0.1 3.0+£0.2 19.5+2.4
Ui 14.1+2.1a 1.39
E 6.2+0.8¢c 0.61
VB3 Tl i 8.2+0.9b 0.81
1ey 2.8+0.3d 0.28
Hh 1 5.8+0.4b 0.58
i 13.7+1.6a 1.35 77.0£8.7a 0.08 31.8+0.4a 0.08  247.2+28.6b 0.24
E 5.7+0.5¢ 0.57 11.7£2.6b 0.01 4.1+0.5d 0.01  208.9+22.6b 0.2
T nt 8.7+0.6b 0.86 13.1£2.3b 0.01 19.9+2.8b 0.05  504.3+45.2a 0.49
167 3.5+0.4d 0.34 7.2+0.8¢ 0.01 7.2+0.8¢ 0.02  237.8+22.9b 0.23
Hh b3 6.1+0.5b 0.60 9.6+1.4b 0.01 10.1£1.2¢ 0.02  233.1%30.7b 0.22
i 0.8+0.2 10.3£2.1 2.1+2.5 39.6+4.5
E 0.5+0.1 2.5+0.3 3.1+0.4 43.1+4.2
CK1 nt 0.5+0.1 7.7+0.9 8.9+0.9 54.3+£5.5
16 0.3+0.0 0.4+0.1 7.8+0.6 4.5+3.8
Hh_F 0.5+0.1 3.0+£0.4 5.4+0.3 45.6+6.7
Ui 13.3+2.2a 1.32
E 8.0+0.9b 0.79
Liigsbars Tl i 9.9+0.8ab 0.98
1y 5.4+0.4c 0.54
Hh 1 8.1+0.7b 0.80
i 12.4%1.6a 1.22 69.6+7.8a 0.07 48.1+5.4a 0.12  178.5%22.5b 0.17
S 7.5+0.8b 0.74 13.8+2.4c¢ 0.01 5.2+0.4c¢ 0.01  304.5%32.6a 0.29
T nt 9.8+0.7ab  0.97 78.3+8.9a 0.08 46.9+5.8a 0.11  260.2+28.9a 0.25
167 5.2+0.6¢ 0.52 11.0£2.0c 0.01 19.0+2.1b 0.05 134.2+15.4b 0.13
Hh 1 8.1+0.9b 0.80 26.7+4.4b 0.03 18.0+1.9b 0.04 247.1%26.5a 0.24
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Table 2 Hyperaccumulative characteristics of plants to heavy metals in concentration gradient experiment /mg*kg ™"

4 AL RI R2 R3 R4
Ui 8.2+0.9b 12.0+0.2b 26.0£2.1b 41.9+3.9b
nf 31.9+0.5a 39.4+4.5a 45.5+6.5a 60.3+5.4a
A v 12.2+2.2b 14.5+3.1b 15.3+2.0c 18.0+2.6¢
Mo 13 31.8+3.4a 33.0£2.3a 36.8 +4.4a 57.2£6.2a
EF 3.21 1.31 0.73 0.57
TF" 3.87 2.75 1.42 1.36
i 11.6+4.1c 20.9+4.2d 25.5+5.6d 35.4+0.8d
E 35.4+3.8b 84.0+4.8b 97.1+11.7b 115.4+4.3b
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