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Abstract: In the present study, we investigated different chemical forms of soil heavy metals, soil chemical properties, and fungal
diversity and composition for the contaminated soil collected from the tailings in Chenzhou Pb-Zn mining area, Hunan. The results
showed that, compared with the Hunan local standard of heavy metal remediation, the polluted extent of the four kinds of heavy
metals in soil samples was as follows: Zn > Pb > Cd > Cu. Compared with different chemical forms of the same heavy metal, it was
found that the contents of Fe-Mn oxidation fraction of Pb, HOAc extractable fraction of Zn, HOAc extractable fraction of Cd and
residual fraction of Cu were highest. Heavy metal pollution significantly altered the composition and structure of fungal community,
rather than the richness and diversity. The relative abundances of sensitive fungi (e.g., Glomeromycota) were decreased with the
increase of heavy metal contamination. However, the relative abundances of tolerant fungi (e.g., Ascomycota, Basidiomycota,
Mortierellomycota, Mortierella, Fusarium, and Penicillium) were increased with the increase of heavy metal contamination, while
they were decreased under severe pollution. RDA and VPA showed that heavy metals were the main factors affecting the fungal

community.
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Table 1 The content of heavy metals and chemical properties of soils in sample plot for the experiment
pH SoC Ng'keg™) TN Ngkg™") TP Ng'keg™)
CK (6.58+0.06)c (13.620.05)d (0.0490.01)b (0.27+0.02)d
CL (6.84=0.02)b (16.70£0.57)c (0.0630.02)ab (0.40+0.01)c
cM (6.97+0.04)a (20.58+0.24)b (0.070+0.01)a (0.56+0.02)b
cH (7.02+0.01)a (25.47£0.13)a (0.072+0.01)a (0.630.02)a
Pb /(mg~kg’]) Zn /(mg~kg’]) Cu /(mg-kg’l) Cd /(mg-kg")
CK (37.08+£2.47)d (146.28+2.61)d (48.79+0.33)d (2.97+0.02)d
CL (735.34+1.75)c (1074.30+4.08)c (72.76+0.16)c (13.990.02)c
CM (2014.35£33.17)b (2884.24=24.38)b (116.01£0.95)b (39.39+0.22)b
CH (3311.18+36.62)a (4692.97+39.60)a (195.24=1.46)a (69.63%0.44)a
(P<0.05)
1 Zn Pb Cu 2
Cd Pb
(P<0.05)
Zn Cd
(DB43/T1165—2016)( ) Pb Zn Cu
Cu Cd 600 700 500 20 mg/kg Pb
3 Cu CL Zn Cu
Cd CL Zn Cd 4 Pb Zn Cu Cd
1.23 1.53 CM Pb Zn CL
Cd 336 4.12 1.97 CH Pb CK 3
Pb Zn Cd 552 6.70
3.48 4 Pb Zn Cu Cd CK
Zn Pb Cd Cu
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Table 2 Contents of four chemical fractions of heavy metals in soil of sampling sites mg/kg
Pb Zn
CK (0.55+£0.07)d  (8.52+0.05)d (1.60+0.13)c  (26.42+2.37)d (3.60+0.10)d (2.63+£0.01)d  (12.76+0.84)d (127.29+2.39)d
CL  (17.36£021)c (435.6243.77)c  (2.57£1.01)c (279.80+5.84)c  (301.96x1.67)c  (175.92+0.50)c (396.03£1.93)c (200.40+3.80)c
CM  (54.84+0.11)b(1256.22+26.95)b  (4.69+0.57)b (698.60+10.57)b (1123.47+7.62)b  (755.28+2.06)b (665.38+4.80)b (340.10+13.46)b
CH  (82.53+0.27)a(1777.40+19.69)a (11.92+0.31)a (1439.33+24.30)a (2023.89+13.45)a (1227.824+6.35)a (774.19+£8.02)a (667.08+32.16)a
Cu Cd
CK (0.36+0.01)d (1.36+0.02)d (0.97+0.03)d (46.09+0.31)d (0.48+0.01)d (0.26+0.01)d  (0.11£0.01)d  (2.13%0.03)d
CL (2.24£0.03)c  (8.39+0.08)c (11.22+0.08)c (50.92+0.27)¢c (5.09+0.01)c (3.14+0.02)c (3.01+0.01)c  (2.74+0.03)c
CM (5.75+0.09)b (11.97+0.34)b (26.86+0.13)b (71.43+£0.88)b  (18.66+0.02)b (9.80+£0.06)b  (6.48+0.17)b  (4.45+0.13)b
CH  (8.88+0.08)a (17.45£0.21)a  (30.28+1.62)a  (138.63+043)a (37.17£0.13)a  (17.31£0.19)a  (8.00+£0.23)a  (7.14+£0.10)a
(P<0.05)
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Fig. 1 The rarefaction curves of fungi of soil samples
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Fig. 2 Alpha diversity indexes of soil fungal communities in sampling sites
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Fig. 4 Principle Coordination Analysis (PCoA) of soil fungal

community structure in sampling sites
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Fig.5 Composition and relative abundance of fungal communities in soil samples at phylum level and genus level
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Table 3 Correlation analysis between soil chemical properties

and heavy metals content and the redundancy analysis

(RDA) axes
RDA1 RDA2 r? P
pH -0.5859 08104 04241 0.0753
SOC —-0.8293 0.5588 04793 0.0431
TN -0.5845 08114 02117 03564
TP -0.6131 0.7900 0.4840 0.0378
Pb -0.7899 0.6133 04809 0.0401
Zn -0.7951 0.6065 0.4990 0.0329
Cu 09413 03376 05016 0.0441
Cd -0.8474 05310 04922 0.0390
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