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Abstract To explore the effects and mechanisms of biochar on the growth of earthworms and Cu enrichment
under Cu pollution, the earthworm species Eisenia fetida was exposed to artificial soil containing Cu solution
under different pyrolysis temperatures (300 C and 600 ‘C) and application ratios (1% and 3%) of rice biochar.
A 45-day subacute toxicity test of Cu and biochar on E. fetida was conducted. The results showed that the
application of biochar inhibited the growth of E. fetida under Cu pollution. In addition, it significantly promoted
Cu enrichment in E. fetida, exacerbated the oxidative stress of E. fetida, increased superoxide dismutase (SOD),
catalase (CAT) activity, and malondialdehyde (MDA) content, and induced morphological damage in E. fetida.
The Cu concentration in E. fetida under 300 ‘C biochar treatment at 1% and 3% application rates increased by
3.13% and 28.04%, respectively, in comparison with the 600 C biochar treatment. Further, biochar application
resulted in a rapid increase in water-soluble Cu content. Correlation analysis showed that the Cu concentration
in E. fetida was significantly correlated with the soil water-soluble Cu content prior to earthworm culturing. The
soil water-soluble Cu content was significantly correlated with soil dissolved organic carbon (DOC) content. The
soil DOC content and water-soluble Cu content at 300 ‘C biochar treatments at 1% and 3% application rates
were higher than the 600 ‘C biochar treatments before the culture of E. fetida. This may be an important reason
for the higher Cu enrichment in E. fetida in the 300 ‘C biochar treatments. In addition, no significant correlations
were observed between Cu concentration in E. fetida, water-soluble Cu content, and soil pH. The change in soil
pH caused by biochar application was possibly not the decisive factor affecting the morphological change of
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Cu. The results indicated that the increase in soil DOC content caused by biochar application may increase the
bioavailability of Cu under Cu pollution, which is not conducive to the growth of soil animals and has a negative

impact on the soil ecosystem.

Keywords copper pollution; biochar; artificial soil; antioxidant enzyme; dissolved organic carbon
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Table 1 Basic properties of maize straw biochar
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mg/kg Cu (Cw) , ® AT +3E+ 200 mg/kg Cu + 1% 300 C
WK (Cu + 1% LB) , @ A T 13+ 200 mg/kg Cu + 3%
300°CHEM K (Cu + 3% LB) , ® A T. 13+ 200 mg/kg Cu +
1% 600 CHEMR (Cu + 1% HB) , ©® A T 13+ 200 mg/kg
Cu + 3% 600 CHH% (Cu + 3% HB) . AFMbFEIL# B3
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7%, W EREHI20 £ 2 C. 2838 by 68w AL I 5 LA 1k i ]
R ARSI K. KRR, 82 did i AR E AT K 7.
JEIAE LIRS N — R BE N 1 2R 2%, 78 A o D 1 2% i |
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e ] AR Ak AR AR I < o i Bl ) AR /N B, BN 0.86% NaCl

EaR pH Asﬁf@% ) Cl% N/% DOC/gkg' CEC/molkg’ Cumgkg®  BET/m?g"
300 C 8.6 R 50.1 6.4 2813 17.58 11.56
600 C 10.1 36.9 68.7 17 198.4 23.56 24.61

DOC: wWEMHNK; CEC: BHEFac#sE; BET: RMFL

DOC: Dissolved organ carbon; CEC: Cation exchange capacity; BET: Brunauer, emmett and teller.
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Fig. 1 Relative weight loss rates and Cu concentration of Eisenia fetida as exposed to different treatments. Data points with different letters
are significantly different at the same sampling times (P < 0.05). Bars indicate standard deviation (N = 3). LB: 300 C biochar; HB: 600 °C biochar.
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Fig. 2 Biochemical responses of Eisenia fetida exposed to different treatments. a. SOD activity; b. CAT activity; c. MDA content. Data with
different letters are significantly different at the 0.05 level. Bars indicate standard deviation (N = 3). LB: 300 ‘C biochar; HB: 600 C biochar.
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Fig. 3 Skin ultrastructure of Eisenia fetida exposed to different treatments. MU: Mucus; MC: Mucous cells; E: Epidermis; C: Cuticle; N:
Nuclear; NU: Nucleoli; M: Mitochondrion; RER: Rough endoplasmic reticulum; SER: Smooth endoplasmic reticulum.
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Fig. 4 Changes in contents of soil dissolved organic carbon (DOC) and water-soluble Cu from different treatments. a. Soil DOC content;
b. Water soluble Cu content; c. Soil pH. Data with different letters are significantly different at the same sampling time (P < 0.05). Bars indicate

standard deviation (N = 3).
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