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Effect of Eisenia foetida on the metal uptake by Sedum
plumbizincicola in different types of contaminated soils
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Abstract: Sedum plumbizincicola is a native cadmium/zinc (Cd/Zn) hyperaccumulator in China. At present, it has been
applied to remediation of Cd contaminated soils. As the large differences in the removal efficiency of Cd and Zn for different
soil conditions, the enhancement measure is important for the phytoremediation process. There have been many studies on the
effects of earthworms on plant growth. But the effects on the growth of S. plumbizincicola and heavy metal removal efficiency
have been rarely reported. There were 2 pot experiments: S. plumbizincicola was planted on 3 types of soils: Perudic Luvisols,
Stagnic Anthrosols, and Udic Cambisols inoculated with Eisenia foetida to explore the effect of Eisenia foetida on the growth
and Cd/Zn absorption of S. plumbizincicola. Stagnic Anthrosols with higher Cd effectiveness was selected in the second
season pot experiment for further research the combined effect of earthworm and rich straw. The results of the first pot
experiment showed that the addition of earthworms in acidic Perudic Luvisols increased the shoot biomass of
S. plumbizincicola by 106% compared with the control treatment, and the Cd and Zn uptake increased by 72.0% and 36.0%,
respectively. The soil available Cd was reduced by the addition of earthworms. The other two soils inoculated with
earthworms had no enhancement on phytoremediation, addition of earthworms together with straw could improve the growth
of S. plumbizincicola and the Cd/Zn uptake in Stagnic Anthrosols. The above results indicated that adding earthworm can
enhance the phytoremediation of Cd/Zn hyperaccumulator, and the addition of straw is an important synergistic technique for
earthworm-enhanced phytoremediation of S. plumbizincicola.

Keywords: soil, cadmium, hyperaccumulator, earthworm, straw
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Table 1 Some basic properties of tested soils (Available P, K, Mg in water soluble form)

Total concentration

Available concentration

551

Soils pH (zﬁ(g) Cd Zn Ca N P K Mg
(mg/kg)  (mg/kg)  (g/kg) ~ (mg/kg)  (mg/kg)  (mg/kg)  (mg/kg)

Perudic Luvisols 5.29 31.6 2.51 96.0 1.4 178.0 10.2 36.1 88.6

Stagnic Anthrosols 6.20 22.6 2.39 116.0 1.3 121.0 19.3 65.4 63.3

Udic Cambisols 7.62 26.8 4.17 203.0 5.3 219.0 25.5 375 191.0
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Fig. 1 Dry matter above ground of S. plumbizincicola
in 1st season. Letters above the bar indicate significant
difference (P<0.05) by t-test between T and ET
treatments in same soil.
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Table 2 Total nutrient uptake by shoot of S. plumbizincicola for 1st season

Nutrients content in shoot

Soils Treatment
N (mg/pot) P (mg/pot) K (mg/pot) Ca (mg/pot) Mg (mg/pot)
Perudic Luvisols T 144.0b 14.3b 80.2b 299b 19.8b
ET 225.0a 30.6a 185.0a 550a 41.0a
Stagnic Anthrosols T 79.1b 18.8a 103.0a 322a 19.9a
ET 138.0a 22.9a 126.0a 382a 24.5a
Udic Cambisols T 186.0b 14.9a 63.5a 39%4a 27.0a
ET 238.0a 17.7a 74.1a 434a 32.4a

Letters of the same column indicate significant difference (P<0.05) by t-test between T and ET treatments in same soil.

10 . 22 HFHEXWERKE
_ 7 1 B R 3 Cd WL R R
29 be M3 RN . ET A0HEF 455 Cd 1 Zn ik
BT b FEY B WRME, AR L4 514 15,6971 34.1%.
= ‘ BRI+ ET AAED 5K Cd IR
5 i 11.79%, FEAM I G % 2% 5 . 5 BRI, T-2
gl 5 ET-2 AbHIE 4R VR B 5 VR IR
B )l T ETS-2 Ab3 Cd., Zn W FHART TS-2 b3,
" MR 451 Ty 38%F1 37.4%.

T S MBI S5 R, FRHER IR L ET

ALHER AR R Cd WU A 1.87 mg/pot, A T
2 KHMANTE-FEEHTEREEMENE LI 172%, Zn WIS 13.3 mg/pot, N T

=5 ALEREY 136%, ik F) 8 E K (P<0.05). fEH

Fig. 2 Dry matter above ground of S. plumbizincicola

grown on Stagnic Anthrosols. S. plumbizincicola shoot  TEZKHBF A A 5 Btk 1 18 4 P L A0 3R R L4 3

for 2nd season. Letters above the bar indicate significant Wi i E AR AL (P>0.05). 55 7 (S2) FhE R,
difference (P<0.05) by ANOVA between T-2, ET-2, TS-2

and ETS-2 treatments. RISTFEFFHY T-2 I ET-2 R EAMEZEER
(P>0.05); #ANFEFF T TS-2 AbFRAYFED 5K Cd.,
£3 EoEBAT SR ERESBRIE Zn VR B THE (P<0.05), T ETS-2 £b3 Cd.

Table 3 Total nutrient uptake by shoot of S. plumbizincicola Zn W EEAIXT TS-2 AbPREAR (K 4), {HEK Cd.
for 2nd RN - s Zn WRICRE RS T TS-2 Ab B 22% 701 23% (/& 4); F&
(mg/pot) (mg/pot) (mg/pot) (mg/pot) (mg/pot) FH BB (ETS-2) ML TR (T-2) f44"

T2 438 949 672b b ILOD - mRup cd. zn K9S SIS T 66.4%
ET-2 73.6a 13.00a 83.2a 193a  14.40a

Treatment

0

TS-2 31.0b 8.65b 64.5b 113b 9.60b 52.6%

ETS-2 77.8a 18.00a 130.0a  210a 15.70a 23 EERF+EpH RER CAdFZn S8
Letters of the same column indicate significant difference J3 A i/ i
(P<0.05) by ANOVA between T-2, ET-2, TS-2 and ETS-2 RELEICEE PH A G2 I AT RS BT 4211
treatments. B— ET ALBEN YR WIS 15 kA
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Fig. 3 Cd and Zn concentrations in shoot of S. plumbizincicola. Letters above the bar indicate significant difference

(P<0.05) by t-test between T and ET treatments in same soil and element.
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Fig. 4 Total Cd and Zn uptake by shoot of S. plumbizincicola. Letters above the bars indicate significant difference

(P<0.05) by ANOVA between T-2, ET-2, TS-2 and ETS-2 treatments in same element.
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Table 4 Changes of soil pH and 0.01 mol/L CacCl,
extractable Cd after phytoremediation

CacCl, extractable (mg/kg)

Soils Treatments  pH

Cd Zn
Perudic CcK 5.74ab  0.410a 0.830a
Luvisols T 5.81a 0.130b 0.480b
ET 5.56b 0.090c 0.350c
Stagnic CcK 5.99a 0.530a 1.570a
Anthrosols T 5.70b 0.200b 1.000b
ET 5.67b 0.250b 1.470a
T-2 5.74b 0.053ab 0.910b
ET-2 5.61c 0.065a 0.930b
TS-2 6.32a 0.041b 1.370a
ETS-2  6.23a 0.045b 1.060b
Udic CK 7.35a 0.018a 0.035a
Cambisols T 7.11b 0.011b 0.034a
ET 7.25a 0.014b 0.023a

Letters of the same line for the treatments in 1st season
indicate significant difference (P<0.05) by ANOVA between
CK, T and ET treatments in same soil. Letters of the same
column for treatments of 2nd season indicate significant
difference (P<0.05) by ANOVA between T-2, ET-2, TS-2
and ETS-2 treatments.
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