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Abstract: Litter decomposition is a key link in the material cycle of terrestrial ecosystems, and heavy metal pollution
can greatly affect the activity of enzymes related to carbon and nitrogen cycling and the structure of microbial communities,
thereby altering the rate of litter decomposition. To investigate the effects of earthworm—mediated decomposition of poplar
leaf litter on the activity of enzymes related to carbon and nitrogen cycling and microbial diversity in lead—cadmium contami-
nated soil, a pot experiment was conducted with eight treatments including no (CK), low (L), medium (M), and high (H)
concentrations of lead and cadmium, as well as with the addition of earthworms (E) and without earthworms (N). A total of
8.0 g of poplar leaf litter was applied topically for 90 days. The results showed that lead and cadmium stress inhibited the
decomposition of poplar leaf litter by earthworms. At day 90, CK—E treatment showed the highest decomposition rate of
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poplar leaves. The contents of soil organic carbon (SOC) and total nitrogen (TN) increased with exposure time, with the high-

est content at day 90 in treatment CK—E, respectively, which were significantly increased by 19.61% and 7.40% compared to

treatment CK—N (P<0.05). Under low and medium concentrations of lead and cadmium stress, earthworms increased the SOC

and TN contents of the soil. The activities of enzymes related to carbon cycle (8—glucosidase (BG), phenol oxidase (PO),

peroxidase (POD), B—xylosidase (XYS)) and nitrogen cycle (urease (UR), leucine aminopeptidase (LAP), B—N—acetylglucosa-

minidase (NAG)) decreased with increasing lead and cadmium pollution concentrations. Earthworms significantly affected

the activities of enzymes related to carbon cycle and nitrogen cycle, and increased the microbial richness of lead—cadmium

contaminated soil. In addition, with the increase of exposure time and soil lead and cadmium concentrations, the relative abun-

dance of Chloroflexi and Basidiomycota increased in the soil. The study showed that earthworm—mediated can alleviate the

stress of heavy metal lead and cadmium pollution on soil microbial activity, change the activities of BG, POD, XYS, and NAG

during the decomposition of poplar litter, change the stoichiometry of carbon and nitrogen released, and thus affect the carbon

and nitrogen cycle process of soil ecosystem. This study reveals the effects of earthworms on the decomposition status of

poplar litter, soil carbon and nitrogen—related enzyme activities, and microbial diversity under lead and cadmium pollution

conditions, providing reference and theoretical support for correctly evaluating the role of earthworms in nutrient cycling in

heavy metal—contaminated soil ecosystems.
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Table 1 Basic properties of tested soil

BEH, pH ﬁ’rﬂﬁ{ff/ ﬁ?’f% é%}/ﬁl ﬁ&i%ﬁ{ i&/ﬁ%/,. ﬁiﬂl‘f%]l
(g-kg™) (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)

X iR 44 (CK) 5.91+0.08 7.76+0.24 2.24+0.13 67.24+2.56 2.88+0.37 1.20+0.57 0.23+0.07
54 +- 16 (LP) 5.75+0.09 7.62+0.21 2.23+0.13 108.09+3.35 8.29+0.88 13.91+1.78 2.85+0.19
Ry Y +4E(MP) 5.82+0.07 7.83£0.52 2.31+0.05 147.26%5.80 17.93+1.41 25.31+0.89 7.80+0.48
5 Y -3 (HP) 5.83+0.12 7.79+0.30 2.32+0.11 191.55+4.37 42.39+1.54 37.14%2.09 14.02+0.76
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Table 2 Changes in the physicochemical properties and decomposition rate of lead and cadmium contaminated soil under the mediation
of earthworms in the decomposition of poplar leaf litter

e S iz 5] FHLBR (g kg™) A% M(g-kg™) A L pH R R o R ()
cK E 14.03+0.58 3.50+0.09 4.87+0.35 5.72+0.05 2.61%0.11
N 11.18+0.66 3.26+0.18 4.22+0.26 6.01+0.22 2.31+0.38
Lp E 12.03+0.44 2.97+0.14 3.61+0.22 5.63+0.09 2.42+0.33
N 11.18+0.66 2.73+0.07 3.44+0.30 5.67+0.16 2.33+0.45
P E 10.770.66 2.91+0.12 3.80+0.31 5.38+0.31 2.36+0.20
N 9.28+0.76 2.68+0.12 3.50+0.58 5.57+0.39 2.03+0.20
Hp E 9.90+0.29 2.88+0.10 3.44+0.26 5.41+0.26 1.81+0.27
N 9.63+0.56 2.57+0.18 3.65+0.44 5.71+0.12 1.63+0.12
AT YL P<0.001 P<0.001 P<0.001 P=0.013 P<0.001
A P<0.001 P<0.001 P=0.087 P=0.016 P=0.015
YRR G exie 15] P=0.010 P=0.926 P=0.150 P=0.664 P=0.780
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Fig.1 Changesin Pb and Cd contents in four contaminated soils under the participation of
earthworms in the decomposition of poplar leaves, and results of two-way ANOVA
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Fig.2 Carbon cycling-related enzyme activities of BG, PO, POD, XY in each treatment group, and results of two-way ANOVA
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Fig.3 UR, LAP, and NAG activities related to nitrogen cycling, and results of two-way ANOVA
#3 TIEREY Alpha SHEHMEIEE
Table 3 Alpha diversity index of soil microorganisms
B ERY P S e 5 Ace Shannon Simpson Chao Coverage
CK E 4 230.19+608.78a 6.47+0.01a 0.01£0.000a 4.016.28+374.64a 0.968+0.008 4
N 4 356.08+188.46a 6.33+0.24ab 0.01+0.002a 3900.27+251.97a 0.960+0.003 3
LP E 3 604.38+651.24a 6.22+0.03ab 0.01£0.000a 3 575.31+605.68ab 0.978+£0.010 9
) N 3 923.74+389.86a 6.02+0.31b 0.01+0.007a 3 529.35+252.87ab 0.967+0.002 9
il
MP E 3 825.02+387.67a 6.32+0.15ab 0.01£0.001a 3 422.36+57.98ab 0.970+£0.001 8
N 3 846.98+231.10a 6.10+0.12b 0.01+0.002a 3806.12+213.51ab 0.967+0.000 9
Hp E 3 508.86+575.33a 6.02+0.22b 0.01+0.001a 3 308.06+331.14ab 0.975+0.007 3
N 3 348.94+909.53a 6.10+0.13b 0.01+0.007a 3117.93+577.88b 0.979+0.006 8
CK E 1 765.81£364.45a 4.34+0.29a 0.05+0.02b 1 776.01£366.05a 0.993+0.002 5
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