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Effect of earthworm on bio-availability of Cu and Cd in soils

YU Xie’Zhil . CHENG ]ie’Minl'z (1. College of Resources and Environmental Sciences, Nanjing
Agricultural University, Nanjing 210095, China; 2. College of Population, Resources and Environmental Sciences,
Shandong Normal University, Ji'nan 250014, China). Acta Ecologica Sinica,2003,23(5):922~928.

Abstract;: Phytoremediation of heavy metals in contaminated soil has been widely accepted as a cost-
effective, environmental-friendly technology. Metal-accumulating plants are usually planted to remove
metals from soils by concentrating them in the harvestable parts, while the efficiency depends on the
amount of aboveground biomass and the bioavailabililty of metals. Though addition of chelating agents has
been shown to increase metal bioavailabililty and phytoremediation efficiency, it costs too much and shows
environmental risk.

Beneficial roles of earthworms on soil fertility, nutrient cycling and plant growth have been commonly
observed. Earthworms can influence metal mobility in soil through burrowing and casting activity. The
question arises whether earthworm activity can actually increase metal bioavailability and hence promote
the uptake by plants, or whether earthworms have a positive effect on phytoremediation. The objective of
this study was to investigate the effect of earthworm on the bioavailability of Cu and Cd in soils through a
pot experiment.

Two soils, red soil from Jiangxi Province and Orthic aquisols from Jiangsu Province, were used in the
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pot experiment. Each soil was divided into seven equal parts of 6.0 kg each and amended respectively to
contain 0, 100, 200, 400 mg Cu/kg and 5, 10 and 20 mg Cd/kg by adding appropriate concentrations of
CuSO, and CdCl,. After two-month incubation, metal-treated soil samples were divided into two groups
with 3 pots for each group as replicates (1 kg soil/pot). One group received six earthworms (Pheretima
sp. ) for each pot, the other group did not contain any earthworms. All earthworms were collected from
an uncontaminated soil in Nanjing Agricultural University and had a mean fresh weight of 0. 6g. Each pot
was added to 0.3333g KH,PO, and 0.3477g Urea as mineral nutrients and received 15 pre-germinated
ryegrass seeds (Lolium multiflorum). The pots were put in greenhouse and were incubated for one month.

After one month, aboveground ryegrass biomass was weighed. Soil pH (2g soil in 10ml 0. 01 mol/L
CaCl,) was tested using a Beckman pH meter. Concentrations of Cu and Cd in ryegrass were determined
by using atomic absorption spectrophotometey (AAS) after cineration-digestion. Fractions of the metal in
soils were also tested using sequential extraction procedures: (1)Water-soluble Cu and Cd: extracted with
deionized water, with a water: soil ratio of 10 : 1; (2) CaCl,-extractable Cu and Cd: extracted with
0. 0lmol/L CaCl,, with a solution:soil ratio of 10 ¢ 1; (3)DTPA-extractable Cu and Cd: extracted with
DTPA, pH 7.3, with a solution:soil ratio of 2 : 1. Cu and Cd brought into solution were measured by
AAS.

It was found that earthworm activity significantly decreased the pH for the Red soil, a key chemical
factor affecting bioavailability of nutrient elements and heavy metals in soil, but had little effect on pH for
the Orthic aquisols. Aboveground biomass of the ryegrass increased dramatically from 33% to 96% in the
presence of earthworms except for the treatments with 400 mg Cu/kg soil and 10 mg Cd/kg soil.
Earthworm activity markedly increased concentrations of DTPA-extractable Cu and water-soluble Cd for
the red soil, however, it did not affect three fractions of Cu or Cd for the Orthic aquisols . Total uptake of
Cu by the ryegrass was enhanced by earthworm activity in the two soils, while no significant difference
was observed in concentration of Cu or Cd in plant tissue between treatments with and without earthworm
addition.

It is very likely that earthworm activity can increase phytoremediation efficiency by improving soil
conditions and enhancing plant growth and the uptake of heavy metals by plant. But this effect of
earthworm appeared to be metal and soil specific.
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Table 1 The physical and chemical properties of soils for pot test
N P
Soil <0.0lmm Organic C Total N Total P Total Cu Total Cd  Available Cu  Available Cd  pH
Clay (%) (g/kg) (g/kg)  (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
O 57 3.49 0.013 0.41 21.54 ND* 0. 39 ND 3. 50
@ 11 5.96 0. 008 0. 62 12. 84 ND 0.67 ND 6.45
(DRed soil,@Orthic aquisols; * . Not detectable. the same below.
1.2
kg 20 ( ) . 0,100,200,400 mg/kg ~ Cu”*" (CuSO,)
5,10,20mg/kg  Cd*" (CdCl,)., , 0.3333g. 0.3477g.,
6 , 0. 6g., . as /.
o 60%~70%. 28
, 3 o
1.3
pH :0. 01 mol/L CaCl, , 5t 1,Beckman pH fisd
Cu.Cd : 2.5g 20 100ml ,
( 10 : 1) (H,0-), 30min, (4000r/min) 10min, ;
0. 01mol/L CaCl,( 10: 1) (CaCl,-) 30min » (4000r/min)10min ,
; DTPA(pH=7. 3. 2: D (DTPA-), 2h, (4000r/min)10min ,
o (sl o
Cu.Cd i : S
2.1 pH
pH «C 2 s pH o
s pH , 0.03~0.18 pH , pH
o pH s pH,
. ,Edwards  Lofty""’
pH, s pH s
s CaCO;, pH Lis.181,
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Table 2 Effect of earthworm on soil pH

Cu Cu treatment (mg/kg) Cd Cd treatment (mg/kg)
Soil Earthworm 100 200 400 0 5 10 20
0 4. 04* 3. 94° 4. 08 4.10° 4. 04* 3.90° 4.01° 4. 042
Red soil + 3.94° 3.99° 3.90° 4.03" 3.94° 3.95% 3.98" 4.01°
0 6. 96° 7.08° 7.20° 7.21° 6. 96 7. 207 7.20° 7.21°
Orthic aquisols + 7.05" 7.13b 7.18° 7.22% 7.05° 7.22° 7.21° 7.22°

*

’

(P>0.05),

The comparison

uses “Fully Factorial (M) ANOVA”(SYSTAT). In a column, means with the same letter are not significantly different

at P>>0. 05 between earthworm and no earthworm treatments. The same as below. O

3

0:Treatment without earthworm addition; + :Treatment with earthworm addition. the same below

2.2
C D s s s
o , Cu 200 mg/kg s
Cu , 40% 0, Cd s
s . , Cu Cd s
s 33%~96%.
s N N P
", pH ( D, . ,
s o pH ,
s o s s
s N
3 (g/pot)
Table 3 Effect of earthworm on shoot biomass of ryegrass in soils polluted with heavy metals
Fresh biomass Dry biomass
Soil Treatments
No earthworm ~+Earthworm No earthworm +Earthworm
0 11.35+1. 14 13.78+1.13 1.67% 2.33P
Cu 100 11.61+2. 62 13.03+3.82 1.21° 1.82°
(mg/kg) 200 10. 16+4. 50 10. 33+0. 87 1.09* 1.31°
400 1.71+£0.55 1.78+0.43 0. 43 0.39*
Red soil 0 11.35+1. 14 13.78+1.13 1.67° 2.33b
Cd 5 11.91£0. 45 13.05+0. 88 1.49° 1.57°
(mg/kg) 10 15.08+1.58 16.07+0.97 1.53° 1. 60°
20 13.63+1.04 11.95+0.77 1.27° 1.23*
0 5.8640. 84 6.42+1.25 0. 80* 1. 20"
Cu 100 12.66+2.32 12.82+2.01 0. 80 1.45°
(mg/kg) 200 8.4142.51 13.21+1. 34 0.79% 1.30°
400 5.96+2.45 8.16+2.73 0. 46" 0.90P
Orthic aquisols 0 5.8640. 84 6.42+1.25 0. 80 1. 20"
Cd 5 8.154+1.99 10.66+1. 22 1.10* 1.15°
(mg/kg) 10 9.60+0.41 11.234+1.89 0.96* 1. 28"
20 9.5040. 94 12.07+1.05 0.99* 1.45b
2.3 Cu.Cd
DTPA-Cu  CaCl,-Cu . H,O-Cu ; Cd
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Fig. 1 Effect of earthworm on the bio-availability of Cu and Cd in two soils
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Table 4 Effect of earthworm on Cu and Cd contents of ryegrass

Cu Cu treatment (mg/kg) Cd Cd treatment (mg/kg)
Soil Earthworm 0 100 200 400 0 5 10 20
O 14. 88" 34.79* 44. 03" 45.19* ND 7.90" 13. 85* 27. 60"
Red soil + 21. 68" 33. 28 36.49* 46. 85" ND 6. 88" 13.07¢ 24.79*
O 10. 37 25. 86 31.27% 63.92% ND 2. 45" 5.93% 8. 77"
Orthic aquisols + 9. 94 16. 86" 27. 55 50. 00" ND 2.31% 4.28" 7.46%
= 40 —_
B35 g 7or Lo
"3 ud 5
n e o o
& 24 40
B S &5 30
Bg 3% 20
= 10
3 .8 ) . : .
4] 5 10 20 0 100 200 400
Cd 4t £ Cd treatment (mg/kg) Cu A% Cu treatment (mg/kg)
[ ] Red soil: A Orthic aquisols
Treatment with earthworm, ------— Treatment with non-earthworm
2 Cu,Cd

Fig. 2 Effect of earthworm on the uptake of Cu and Cd by ryegrass aboveground
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