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Abstract;, Soil fungal_communities are reconstriucted uni‘ijep heavy metal stress. Thissstudyzwas conducted to explore the structural and
functional .,('iiversity of soil fungal communities under different land-use patterns, namely grassland and farmland, in 15-year-old or 10-
year-old poplar plantations (Populus deltoides ev. * zhﬁhghuaﬁcl)pgy"g’ ) near the Shibahe copper tailing dam and the surrounding area,
locatéd fin Yuanqu County, Shanxi. The results indicated that the abundance and diversity of fungal communities were the highest in the
15-year-old poplar plantation and lowest in the grassland on the tailing dam. The dominant fungal groups in the study area were
Ascomycota, Basidiomycota, and Mortierellomycota. The Ascomycota members were the most abundant at all four sampling sites,
reaching 92. 92% of the fungal community in the grassland on the tailing dam. The highest functional diversity of carbon utilization was
found in the soil fungal communities of the 15-year-old poplar plantations; moreover, the diversity in the grassland on the tailing dam
was significantly higher than that in the farmland and in the 10-year-old poplar plantation. Meanwhile, we also observed the highest
glucoside carbon source utilization efficiency in the grassland. Notably, the correlation analysis revealed that Ascomycota was
significantly correlated with the utilization efficiency of the glucoside carbon source in our study area. Moreover, the soil total nitrogen
content, but not the soil heavy metal content, was significantly correlated with the abundance of the soil fungal community. There were
significant correlations between the cadmium and arsenic contents and the soil fungal community diversity indices. Our results indicated
that the soil fungal communities were more influenced by soil fertility and land use than by the soil heavy metal content. This study
underlies the application of soil fungal communities in soil remediation of heavy metal-contaminated areas.

Key words: heavy metal pollution; fungal community; carbon source utilization; functional diversity; tailing dam
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Fig. 1 Sampling sites in the study area



2058 7D 53

B =

42 5

®1 HRXEEFHE T EBAMRY

Table 1 Soil physicochemical characteristics and heavy metal contents at each sampling site
) TDO TD1 TD2 TD3
pH 8.00 +0.02ab 7.76 £0.20c 8.04 £0.21a 7.80 £0. 11be
TN/g-kg ™! 0.58 £0.03¢c 0.89 0. 16b 1.12 £0.06a 0.89 £0.07b
TC/g-kg ™! 12.28 +0.26¢ 16.20 +1.27a 13.95 +0.46b 15.86 +1.52a
TS/g-kg ™! 1.51+0.71a 0.73 +0.10b 0.59 +0.02b 0.68 £0.11b
As/mg-kg ! 6.94 +2.42b 12.28 +4.32a 7.15 £3.44b 10.52 +3.96ab
Cd/mg-kg ™! 0.17 +0.08¢ 1.25 +0. 66a 0.54 +£0.34bc 0.76 £0.25ab
Cr/mg-kg ™' 47.24 +20.04b 381.91 £176.75a 371.90 £169. 15a 339.05 £174.71a
Cu/mg-kg ™! 338.00 +184.21a 323.28 +157.5%a 122.10 +36. 15b 157.91 £36.37b
Ni/mg-kg ™! 34.17 +7.63a 79.51 £55.13a 77.89 +44.53a 101.79 +67. 16a
Pb/mg-kg ™! 756.76 +221.91a 1227.24 +360. 65a 983.42 +292.03a 1098.53 +349.17a
Zn/mg-kg ™! 33.43 +18.91b 77.17 £36.37a 89.23 £23.84a 64.67 £16.73ab
RI 392.35 +£37.34c¢ 889.78 +278.7a 548.21 £119.19be 663.76 +148.39b
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Table 2 Abundance and species diversity of soil fungal communities in the study area

e ITS rDNA Chaol #5%k Shannon F8%% Shannoneven 841
TDO 4.43 +0.10b 558.69 +49.66b 2.51 £0.93¢ 0.4 £0.14b
TD1 4.78 £0.24a 951.62 +51.99a 4.44 £0.04a 0.66 +0.01a
TD2 4.69 +0. 18ab 523.35 +44.98b 3.11 £0.08bc 0.51 £0.01ab
TD3 4.71 £0.26ab 842.00 +188.57a 3.89 +0.57ab 0.59 +0.07a

1) %4 4 mean + SD, AR B R R RE L] 22 57 .38 (P <0.05) ,ITS rDNA 085 b x B i J5

(@) IR

TDO

w

W Ascomycota ™ unclassified k_ Fungi
M Basidiomycota M others
i o W Mortierellomycota
.F-I
TD2 &

TD3

0 0.2 0.4 0.6 0.8 1.0
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@ m Inocybe m unclassified ¢ Agaricomyceles
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L AWCD Shannon $§ %% Shannoneven 5§ %% MclIntoch 5 %%
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TD3 0.4204 £0. 048 2¢ 4.0247 £0.042 5¢ 0.883 8 +0.009 3¢ 6.0153 +£0.577 3¢

1) BE A mean + SD, /N [] §49 7 RE 375 PIRE ] 22 53 ;2.3 (P <0. 05)

T RE 75.73% (K 6) , 41 23 Rk Kb &2 .
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Table 4 Loading matrix of principal components
Ty BRIESEA g r Ty BRI BRI r
PCl KA EY) D-Cellobiose 0.943 PCl EAEY Dextrin 0.768
D-Fructose 0.677 PC1 Z Il Maltitol 0.949
L-Fucose 0.966 Glycerol 0.715
D-Galactose 0.71 m-Inositol 0.949
Maltose 0. 866 D-Mannitol 0.941
a-D-Lactose 0.945 D-Sorbitol 0.863
Lactulose 0.845 2-Aminoethanol 0.83
D-Raffinose 0.867 PC1 e M N-Acetyl-D-Galactosamine 0.803
L-Rhamnose 0.971 N-Acetyl-8-D-Glucosamine 0.854
D-Mannose 0.97 N-Acetyl-8-D-Mannosamine 0.836
D-Melibiose 0.826 D-Glucosamine 0.628
Palatinose 0.872 Glucuronamide 0.759
D-Ribose 0.934 L-Asparagine 0.834
Salicin 0.707 L-Alaninamide 0.872
Sedoheptulosan 0.963 Putrescine 0.94
Stachyose 0.967 PC1 HE B-Methyl-D-Galactoside 0. 828
Sucrose 0.788 a—MethyIfD—Glucoside -__,r@ 96—8
D-Tagatose 0888 [ D-Lactid EstgrAcid L J0.968
D-Trehalose- : 01871 Succinic| EsterAcid J."'. 0.889
PCl D-Gluconic Acid 0.977 | Gyeyl-LGlufanic Acid A 0. 834 |
D-Galacturonic Acid - 0.92 PC2 [ty a—D—(}luénse ':r' -0. 764 ,;__,:'
D-Glucumnic Acid i 0.726 / D—Pgicose gl 0762'
= ‘,u-""..2-tho-D-Gluconic Acid ] ; J 4 9625.- { F . D-Mlelezi\!bse ¥ F- 0"'.694
/ vy (D-Malic Acid F Iy _9-,}"/'21 ¥ LsSorhosé i = 0/867
> = | Qirinic Acid 0917, || P2 FRBR /  2-Keto-D-Gluconic Acid “Z0.642
= l::‘{‘lmaric Acid ! /B 0, 664 ‘ f: Bromosucgfllic Aeid “_ 0.86 f
B=Hydroxybutyric Acid | | # & 0. 662 &% L-Lactic Acid -0. 634
# s Hydroxybutyric 7 A 0 971 d J Sebacic Acid 0.775
.. ',I ..-'“ 7 , p-Hydroxy-phenylacetic Acidt' | 4 0. 734 : |PC2 IR L-Glutamic Acid™ 0.961
J U Ja-Kétoglutaric Acid I T N-Acetyl-L-Glutamic Acid 0.68
. ~Succinamic Acid 70943 PC2 ML Uridine ~0.658
Succinic Acid 0.769 PC2 BAY) Tween 80 -0.855
PC1 &L L-Aspartic Acid 0.839 a-Cyclodextrin -0.959
L-Phenylalanine 0.856 B-Cyclodextrin -0.83
L-Proline 0.944 PC2  ZJUEE D-Arabitol 0.813
L-Serine 0.848 Xylitol 0.746
L-Threonine 0.771 PC2  MeHIBERE  Adenosine 0.702
PC1 biiacs Arbutin 0.85 pc2 HE a-D-Glucose-1-Phosphate -0.842
Amygdalin 0.923 a-Methyl-D-Galactoside 0.787
Uridine 0.735 B-Methyl-D-Glucoside 0.825
Adenosine-5'-Monophosphate 0.782
1) r R ERSTBAE

HASC, R, AR AR I A R i -3 rh Cd 724 i
RAMEE  XE®REZILAERRNESE Cd
HASEEH. B RW  7e5t Cd A & £ 16 A
Yy-AME AR B AR R | 2235408 (Inocybe) N
MVFZ RSB TS Y B IX R 4% B & B TDI
A1 TD3 A M, 22 55 < J& ( Inocybe ) 43 ) i B T
0.5% F122.3% (& 2) , i H e B ok WA
HTERHEA RN ES BN, K E4R
oY X A A AR AR o AR R T R R 4 AR
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i+ W '] ( Basidiomycota ) 1 # 8 % I']
( Mortierellomycota ) FIAHXT 3 B ¥ 45 5 (& 3) . X Af



Wi SCA . SRR I S 10 b S U REVS 454 5 D RE 2 Rk

2063

4 1

[CVRE S~ B I - o~ - ol D 2 s

o« @E

‘e®_ K

al 22 .

pH 6} .

Zn . . .

Ni el ..

Pb e0a Il

2 000 06 L. -

“ 90009 : L0

rce®c ecocoH mu F'

¢ ® @ K I ]: . 0.8

cd .. ! . . 06

a3 . ‘. . i

o 0@ 20020 |

$ - "-m

oo

-0.2
L 0.4
-0.6
-0.8
-1.0

S 00e Q """"': o
B o0@eee @933308..0
(ﬂ%@ﬁ(hﬁﬁﬂm%ﬂ
Bamdloﬁ{wota a3 %% 7~ unclassified ad £ R
Morllerellomycota b1 FR i S ER SO, b2 FRm He 2EBkU
b3 FIRBAKAL A YSERIT b4 FoR F IR ISR, b5 FIR R
FBRIR b6 KR 2 TCEE BRI, bT Fom AW AR, b8 KR
FEH IR, » FR P <0.05 KPARR; s FoR P <0.01 KF
HE; s FIR P <0. 001 KFAR

E7 MIRREEHEASREFALES
IR E T Z B R

Fig. 7 Correlations of the soil physicochemical characteristics
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with the dominant taxa in the phylum level, carbon

source utilization intensity, respectively
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Table 5 Cm:reldugms between soil| Iphysmochemlcal Lhdractens{i

and the fungal diversity‘:index, respectively

F P
R 5l M JWiH ITS tDNA Chaol #§%  Shannon #5%%  Shannoneven #5%i
al £ Ascomycota, a2+

pH s o AT A
TN * ns ns ns
TC ns * sk £
TS ns ns ns ns
As ns ® * *

Cd ns * TS TS
Cr ns ns ns ns
Cu ns ns ns ns
Ni ns ns ns ns
Pb ns ns ns ns
Zn ns ns ns ns

1) A FRTAMR; ns FORM MR BE,
e FER P <0. 01 ZKFHISE, FH

« 278 P <0. 05 /K FAHC

Fo6 TEEWBEMAESHIERREZ BAIHEXE

Table 6  Correlations between the carbon source types and the dominant fungal taxa in phylum level, respectively

i H Ascomycota Basidiomycota Mortierellomycota unclassified_k__Fungi
Carbohydrates ns ns ® ns
Carboxylic acids ns ns ® ns
Amino acids ns ns * ns
glycosides ® ok A ns ns
Polymers ns A ns ns
Polyols ns ns * ns
Amines and amides ns ns ns ns
Miscellaneous ns ns ns ns
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