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Roles of earthworm-straw interactions on phytoremediation of Cu contaminated
soil by ryegrass
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Abstract It is well known that the earthworm’s activities can increase the availability of soil nutrients improve soil
structure and enhance the biomass of plants in uncontaminated soil. Recently many researchers found that some metal-
tolerant earthworms can survive and even change the fractional distribution of heavy metals in contaminated soil.
Furthermore it has been revealed that earthworms are able to increase metal availability and therefore to accumulate more
metals in plants through their burrowing and casting activities. It is clear that the influence of soil animals is an important
factor on phyto-remedation that must be taken into account. We studied some effects of addition of earthworms Metaphire
guillelmi  corn straw and in combinations of earthworms and corn straw on the growth and Cu uptake by ryegrass in Cu
contaminated pot soils. The experiment consisted of four levels of Cu addition 0 100 200 400 mg kg™' and four
treatments. The treatments were 1. control CK 2. straw mulching only M 3. earthworm additions to soil only E

and 4. straw mulching plus earthworm additions ME . Each treatment had three replicates. 10 seeds of ryegrass Lolium
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muliiflorum  were sowed in each pot and harvested after 30 days.

After 30 days incubation all earthworms were alive and the pot soils were burrowed through by earthworms. Results
showed that the biomass of earthworm declined with the increase of the dosage of Cu additions. The biomass of earthworm
increased significantly in treatment 4 ME as compared it with treatment 3 E . Not only the earthworms could get more
food from the straw but also could counteract some negative effects of Cu on the earthworms. The rates of straw
decomposition in ME treatment were increased about 58.11% —77.32% . The earthworm activities increased root biomass
of ryegrass significantly but did not show the effect on plant root growth. On the contrary straw enhanced roots biomass
significantly instead of shoots biomass.

We also found Cu concentration in the plant shoot and the plant root as well as plant Cu uptake were enhanced by
earthworms activities and straw mulching. The increased amount by straw mulching was lower than that of earthworms E
treatment. The treatment of the earthworm-straw mulching combinations enhanced plant Cu concentration and the amount
increased by it was lower than that of the earthworm treatment E but higher than that of straw mulching treatment M .
The accumulation factors of copper in the shoots of ryegrass were increased by 31.22% -121.07% 2.12% -61.28% and
25.56% —132.64% respectively in treatment 3 E 2 M and 4 ME . In conclusion the earthworm activities
straw-mulching and their interactions may have potential roles in elevating phyto-extraction efficiency in low to medium level

Cu contaminated soil.

Key words earthworm straw copper contamination phytoremediation
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Table 1 Effects of earthworm on straw decomposition rate
Treatment Residual amount g Straw decomposition rate %

reamen Cu-0" Cu-100 Cu-200 Cu-400 Cu-0 Cu-100 Cu-200 Cu-400

M 7.35a 8.30a 8.75a 11.01a 63.25b 58.50b 56.24b 44.97b

ME 0.00b 0.17b 0.06b 4.72b 100. 00a 99.13a 99.72a 76.38a

M ME p>0.05

Figures within one column followed by the same

letter are not significantly p>0.05 different n=3  the same below M ME

M soil only
with straw mulch ME soil with straw mulch and earthworms

# Cu-0 Cu-100 Cu-200 Cu-400 Cu 0 100 200 400 mg/kg

Cu-0 Cu-100 Cu-200 Cu-400 respectively means soil Cu concentration is 0 100 200 400 mg/kg the same below

2.2 Cu
Cu Metaphire guillelmi Cu Cu
E 2
Cu -15.00% -43.13%
ME Cu-400
T p<0.05" Cu ME E
2.3

18 19
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Table 2 Effects of straw on earthworm growth
Earthworm fresh weight ¢
Treatments Ttems
Cu-0 Cu-100 Cu-200 Cu-400
E g/ pot @ 8.02a 8.0la 8.02a 7.99a
o/pot @ 6.80b 6.32b 5.69b 4.55h
% @ -15.00 -22.50 -28.88 -43.13
ME g/ pot 7.98b 8.01b 8.03b 7.97b
g/pot 9.50a 10.58a 10. 60a 7.48a
% 18.75 32.25 32.50 -6.50
(D Earthworms weight before incubation (2) Earthworms weight after incubation (@) Growth rate of earthworm
3
3
3 X
X
3 -
Table 3 Effects of earthworm and straw on shoot and root biomass of ryegrass
Biomass of ryegrass g/pot
Cu-0 Cu-100 Cu-200 Cu-400
Treatments
Shoot Root Shoot Root Shoot Root Shoot Root
CK 2.40b 0.85a 1.87b 0.71b 1.40b 0.67b 1.23b 0.33b
2.00b 1.10a 1.80b 1.27a 1.50b 1.61a 1.30ab 0.71a
E 3.97a 1.17a 2.40a 0.67b 2.83a 0.68b 2.67a 0.45b
ME 1.20c¢ 1.02a 1.60b 1.18a 2.10b 1.19a 1.93ab 0.84a
Shoot biomass Root biomass
Variation source df F Sig. df F Sig.
Cu contents Cu 3 7.31 0.00 """ 3 4.04 0.003 "
Straw S 1 45.67 0.000 *** 1 468.71 0.000 ***
Earthworm E 1 27.77 0.00 *** 1 25.83 0.994
SxE 1 30.65 0.00*** 1 0.00 0. 166
S x Cu 3 8.3 0.00"** 3 6.13 0.029 "
E x Cu 3 3.41 0.03* 3 2.03 0.413
Sx E x Cu 3 1.9 0.16 3 3.52 0.744
® % %k ok k p<0.001 0.01 0.05 Express significant difference at p<<0.001 0.01 0.05 respectively the same
below CK M E ME CK control treatment M soil only

with straw mulch E soil only with earthworms

2.4

ME soil with straw mulch and earthworms

Cu

Cu Cu
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Table 4 Effects of earthworm and straw on Cu concentrations in shoots and roots of ryegrass
Cu Cu concentrations in ryegrass mg/kg
Cu-0 Cu-100 Cu-200 Cu-400
Treatments
Shoot Root Shoot Root Shoot Root Shoot Root
CK 8.97b 24.49b 12.01b 348.06d 25.40¢ 544.99¢ 52.98d 854.57d
9.16b 35.18a 19.37ab 446.67¢ 26.92¢ 576. 66¢ 63.28¢ 1105.83¢
E 12.68b 39.32a 26.55a 619.00a 34.73b 918.22a 69.52a 1312.50a
ME 20. 86a 35.21a 21.72a 536.59b 41.23a 771.70b 66.57b 1226.04b
Cu Cu
Variation source Shoot Cu concentration Root Cu concentration
daf F-value Sig. df F-value Sig.
Cu contents Cu 3 227.56 0.00 """ 3 1250. 61 0.000 * * =
Straw S 1 4.64 0.04" 1 0.28 0.604
Earthworm E 1 42.20 0.00 *** 1 203. 65 0.000 ***
SxE 1 1.14 0.30 1 44.45 0.000 ***
S x Cu 3 0.32 0.81 3 4.01 0.023 "
Ex Cu 3 0.39 0.76 3 26.10 0.000 ***
SxE x Cu 3 3.57 0.03 " 3 6.51 0.003 *
2.5 Cu
4 E Cu
Cu E>ME >M >CK Cu ME
Cu
Cu X Cu
Ef = Pe/
Se Cu 0.11 ~1.69 4
Cu 1.0
Cu 31.22% ~121.07% 2.12% ~61.28%
4 E>ME >M > CK
2.6 Cu
DTPA  Cu Cu Cu 2" DTPA  Cu
CK DTPA-Cu
1 DTPA-Cu Cu
3 M DTPA-Cu CK DTPA-Cu
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ME >E >CK>M DTPA-Cu Cu
r=0.934"
5 Cu
Table 5 Effects of earthworm and straw on total Cu uptake in shoots and roots of ryegrass
Cu Cu uptake in ryegrass pg/pot
Cu-0 Cu-100 Cu-200 Cu-400
Treatments
Shoot Root Shoot Root Shoot Root Shoot Root
CK 21.53b 20. 82a 22.46b 247.12¢ 35.56¢ 365. 14b 66.17d 282.0lc
18.32b 38.70a 34.87b 567.27b 40.38bc 928.42a 82.26¢ 785.14b
E 50.34a 46.00a 63.72a 414.73¢ 98.29a 624.39ab 185.622a 590. 63c
ME 25.03b 35.91a 34.75b 633.18a 86.58ab 918.32a 128.48b 1029.87a
Cu Cu
o Root Cu uptake Shoot Cu uptake
Variation source
df F-values Sig. df F-values Sig.
Cu contents Cu 3 73.64 0.000 *** 3 173.448 0.000 ***
Straw S 1 8.34 0.009 * 1 142.831 0.000 ***
Earthworm E 1 98.25 0.000 *** 1 46.712 0.000 ***
SxE 1 21.21 0.000 *** 1 4.477 0.049 "
S x Cu 3 0.45 0.717 3 18.315 0.000 ***
Ex Cu 3 11.92 0.000 *** 3 6.706 0.003 *
S x E x Cu 3 1.79 0.178 3 0.854 0.484
3 0r mCK oM BE @ME
= 40
<
)
£ 30
S
Z:I_ 20
C/N (=
a 10
21 22
0
AIECuik g
Soil Cu concentration (mg/kg)
23 24
1 Cu
Fig. 1 Effects of earthworm and straw on soil DTPA-Cu concentration
E M
ME
Cu ME E @
C/N
Cu ME=M > E=CK Derouard
4 3
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