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Comparing the fungal community structure in biological soil crusts obtained

under different plant communities in a copper mine tailings

LI Yang, LIU Mei, SUN Qingye "
School of Resources and Environmental Engineering, Anhui University, Hefei 230601, China

Abstract; Biological soil crusts (BSCs) found on the surface of bare wasteland and heneath the tracheophyte communities
in mine tailing ponds, play an important role in the processes that are involved in natural ecological restoration of copper
mine tailings. Fungi are an important part of BSCs, and they adhere to the surface soil and other components stably through
their fungal hypha. It is important to enhance the resilience of mine tailings against wind erosion, as well as improve their
moisture holding capacity that can be beneficial for the plant colonization on loose mine tailings’ surfaces. However, the
structure and diversity of microbial communities ( especially fungal communities) of BSCs on the surface of mine tailings are
poorly investigated. In this study, the changes in the fungal diversity and community structure of BSC samples at different
successional stages, as well as tracheophyte species, were investigated using molecular biotechnologies. Moss-algal crusts
beneath the Hippochaete ramosissimum (YM) had the lowest diversity index (including Shannon-Wiener index, Simpson
index and Pielou index ), among other significant differences of diversity and evenness that were observed in the fungal
communities from the BSC samples and tracheophyte species. In addition, significant differences in basic soil chemical
properties, such as loss-on-ignition, total nitrogen, and available phosphorus, were also found among the BSC samples.
This indicates that the fungi in the BSC samples included the phyla Ascomycota, Basidiomycota, and Chytridiomycota. The
phylum Ascomycota was dominant in these samples, and displayed a higher relative abundance 55.12%—87.73% , followed

by the phylum Basidiomycota with a relative abundance of 12.27%—43.86%. Significant differences in fungal community
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structure were found at the phylum, order, class, and genus level. In addition, a non-metric multidimensional scaling
(NMDS) analysis also showed that the fungal community structure is significantly influenced by tracheophyte species and
the successional stage. However, canonical correlation analysis (CCA) indicated that this variation was not mainly caused
by the substrate chemical properties of the mine tailings. In addition, Pearson correlations showed no significant correlation

between fungal community structure and soil chemical properties.

Key Words: biological soil crusts; fungal community structure; fungal community diversity; copper mine tailings;

Basidiomycota; Chytridiomycota; Ascomycota
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BARIE AT LA K AR R 37 M 1 0 A ) et B X G it T A 2 O B Aok R TR 4
BRI TS LSS A1 [ B A ) -3 435 e vb () BT AR v S R IR 5 M i 8 Ak, i — DR AN [ R A
78 LA SR 1 X AR ) - RS e LR TR S A S

1 #MRERFE

1.1 P XA

el e AL A VT AR R R R P ZE XU AR R 16.2°C , B AR 27.4 °C, TSR
230 d, 4E 2R K i 1390 mm , AEF RN 75%—81% . AW FE Bl E KA B i 111 v (30°54'N, 117053
E) iR A=) RIS e il e TR SE AR AT 1308 U7 v, FE XA 22 hm? | R XK T
FL0.54 km® [ Z B RS HL 1991 4FFEAE S IFiR A AR ARSI 7, H AT A1 AR AR 1 4R AL e v 60
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GCT ATG AC-3', 435 3E FHBREIE A YT Hha I A Msp 1 X M13 438 =Wy A T BEUITH AL, FH 2.0% SRR B 5E
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5 T2 EHE(P<0.05) Xt i MEGA 4.0 #17 R4k & WA HE, FIH Mothur (1.31.2) 75 AR [H
OTUs [ARMLEE , DAARRUEE 7 0.97 44 OTU A%, FIH R 3BT (R 3.2) 5T OTU K511 Bray-Curtis B 255
I i — A AAE B 5 Z2 48 RE 53 T ( non-metric multidimensional scaling, NMDS) , 7E R 15 5 P35 i #.70
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Table 1 Biodiversity indexes in each sample

FE TR OTUs Shannon-Wiener 35 %( Pielou 54X Simpson F8%% PEZS/ %
Samples No. of clones Shannon-Wiener index Pielou index Simpson index Coverage
YB 98 19 3.699 0.807 0.901 94.90
YJ 165 23 3.251 0.637 0.843 94.55
YM 106 9 2.679 0.575 0.812 99.06
YX 98 23 3.722 0.812 0.893 88.78
YL 150 13 2.793 0.562 0.805 96.67

YB, YJ FlYM 53578 FSFREVE (AR5 2k RO R IR IRETS T AOBE-BER A 45, YX IR BRZEEE 1, YL R AR X A ToAe 4 2 K
Mo

(K 2), ¥ F & '] ( Basidiomycota ) Fl a7 B [] — VB YM —YL
( Chytridiomycota) (4 3)) . 7EF 4 H 1] FIH F#1 ] B —v—x

LA D 8 S A, AU T T 1) R T A
( Dothideomycetes ) | H{ 2% B 24X ( Eurotiomycetes ) | % 7 2K
(Pezizomycetes) | £} 24 ( Saccharomycetes ) 148 [ 24X
(Taphrinomycetes ) 5 5 4% DL S 0 5 B ] 09 4 18 49
( Agaricomycetes ) B H-41 ( Tremellomycetes ) FI{HER )
I 44 ( Microbotryomycetes ) %5 3 24X, £ 8 4, #HXT

OTU#%{ OTU number

JRERE e ) DA 9 20 2 A P A T < T A L AR AN Mol
(P 3) M7 ST ) A e 40 O W (K 2) ,iX 4 o
ANER ok SR L TR A L ] 35 R ik 90% , b AR I A 1 #BENLREERANBRIELE

Fig.1 Rarefaction curve analysis for each sample
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JRHIFEM AR BE R . 5 DREARAUEIT TRIEHA W K AT B2 57 e TR M IS HKF B
MR W W25 . TERBTI P AS 2 REE T iogh oAy 3 MU B ORI 2 B 2 SR B s 4
B H (Dothideales ) > #4151 H ( Pleosporales) > #ilJ& 52 H ( Chaetothyriales ) ; M 7EEESS S5 B UK AL T )25
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i35 GenBank LR, 75 5 MEA BTN 9 R 5, SR T 5~ 1 TR T TR ELE 2 Bl 17 @A
12 J@ . Hip e 20— A AR R T 5% B HJE 735 0 9 J@ A 5 J& . HATEAR A AR XS 42 8 IFAAE
TR EWANEAT R EEWHE T2 5 18 Taphrina . Lamprospora . Cochliobolus . Candida . Bimuria .
Aspergillus S5 FN ¥ B [ 11 Sphacelotheca . Rhodotorula , Rhodosporidium . Hyphodontia | Fellomyces . Cyphellostereum
5o MRGERBEMHPRTLIE LS MERTERIAKCE AR EE BB 225, 76 14 MEJE+, LA RT
W 10 Rickenella J&TE 5 ADFEA R BIAT I3 A, AXAE B —FE A HAT 85 i A0 F B2 89 J& AL 4% Phaeosphaeria
Leptosphaeria Alternaria . Collybia F Trichosporon, .| Leptosphaeria , Collybia F1 Trichosporon {1 1E HFHETE T
(49 045 B v o5 35 T Phaeosphaeria F1 Alternaria AN 53 HIAEARWAEVE T 45 B2 DA B2, Ky v AR 34
22 YIRS B R U AR
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100 Ascomycota sp.(GU250354)
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YX-OTU21(11.22%)

78— YJ-OTUO04(1.82%)

9 YJ-OTU23(0.61%)

8] ' YM-OTU04(31.13%)
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YJ-OTU13(1.21%)
YL-OTU09(0.67%)
45 Ascomycota sp.(GU250336)
Glyphium elatum(AF346419)
63[| Coniosporium perforans(EF137365)
78 C.perforans(Y11714)
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C.apollinis(Y11713) _ _
‘ﬁr YB-OTU14(20.41%)
%g YB-OTU19(1.02%)
— YJ-OTUO03(1.82%)

13 YJ-OTUO05(17.58%)
I Aureobasidium pullulans(EU009479)
- YJ-OTU06(0.61%)
F YL-OTUO1(23.33%)
YJ—O”l]"DUl 11(20.61‘?1) .
18 Aureobasidium pullulans(DQ242509) .

YJ-OTU22(0.61%) Dothideales
Discosphaerina fagi(AY016342)
Aureobasidium pullulans(M55639)
52| Aureobasidium pullulans(AY030322)

YL-OTUO03(31.33%)

— YJ-OTU01(26.06%)

- YL-OTU11(0.67%)

— YB-OTU12(12.24%) _
Teratosphaeriaceae sp.(GU250351)
Teratosphaeriaceae sp.(GU250340)

991 | YX-OTU13(1.02%)

99 L YI-OTU14(1.21%)

5 YJi(ggUIS(O.M%)

YX-OTU18(2.04% )
97 Bimuria novae-zelandiae(AY016338)
YB-OTU15(3.06%)

100 — Saccharicola bicolor(U04202)
YM-OTU08(0.94%)
YB-OTU16(4.08%)
YM-OTUO05(18.87%)
YM-OTUO01(16.98%)
Alternaria sp.(GU190188)

Capnodiales

99

98 I Cochliobolus sp.(GU190186)
YX-OTU16(4.08%)
Setosphaeria sp.(GU190183)

YM-OTU09(1.89%)
YJ-OTU09(1.21%)

YJ-OTU15(4.85%)
YL-OTUO07(8.67%)

77
100[

YL-OTU02(16.00%)
96 [ 99 [ Phoma sp.(AB252869) Pleosporales
Dothideomycete sp.(AY275186)
YX-0OTU20(1.02%)
4 | Leptosphaeria maculans(U04233)
Leptosphaeria maculans(LMU04233)
YB-OTU01(5.10%)
Phaeosphaeria avenaria(EU189211)
3 YX-OTU06(1.02%)
47, Phaeosphaeria avenaria(EU189209)
Phaeosphaeria nodorum(EU189213)
YX-0TU12(14.29%)
YX-OTU17(1.02%)
71 YM-OTU06(11.32%)
YM-OTUO07(6.60%)
YX-0TU07(20.41%)

72

Phoma macrostoma(AB454217)
YJ-OTU17(0.61%) _
YX-OTU09(4.08%)

98

—
100 Uncultured Pyronemataceae(EF024848) Pezi :
64 — YB-OTU07(1.02%) czizomycetes
Lamprospora ascoboloides(DQ646531)

100
lOO:YJ-OTU21(O.61%)

Taphrina pruni(AJ495828) Taphrinomycetes
00 - YL-OTU04(2.67%)
Candida orthopsilosis(FN812686)

0.005

9%¢ | YX-OTU04(1.02%) Chaetothyriales

Eurotiomycetes

Dothideomycetes

1001 —— YL-OTUO06(2.67%) Saccharomycetes

100 Candida intermedia(AB013571)
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Fig.2 Neighbour-joining phylogenetic tree of phylum Ascomycota in 5 BSCs samples
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61r YJ-OTU19(0.61%)
1001y X-0TU23(1.02%)
YL-OTU13(0.67%)
YB-OTU17(1.02%) .
f Uncultured Chytridiomycota(GQ995372) Chytridiomycota

100

Uncultured Chytridiomycota(GQ995375)
Uncultured Chytridiomycota(GQ995374)
66 Uncultured Chytridiomycota(GQ995373)
YJ-OTU02(9.69%)
YL-OTU12(8.00%)
20r YJ-OTU16(4.24%)
YJ-OTU20(0.61%)
63} YX-0TU22(1.02%)
5 YJ-OTU08(1.21%)
YB-OTU11(9.18%)
YX-0OTU02(1.02%)
YB-OTU04(1.02%)
YX-OTU14(1.02%)
YB-OTU05(3.06%)
YM-0OTU03(3.77%)
11 YX-OTU11(14.29%) Agaricomycetes
2- YM-OTU02(8.49%)
Globulicium hiemale(DQ873594)
Cyphellostereum laeve(AY752973)
Hyphodontia abieticola(DQ873600)
Hyphodontia floccosa(DQ873617)
92— Hyphodontia subalutacea(DQ873629)
Rickenella fibula(AY771599)
Hyphoderma praetermissum(AY707094)
Collybia tuberosa(NG013178)
YB-OTU08(2.04%)
1007 YB-OTU06(5.10%)
71- YB-OTU13(2.04%)

54] 100| YB OTUO3(9.18%)
4} YB-OTU10(9.18%) ] Basidi .
Trichosporon debeurumannianum(AB035584) asidiomycota

————— YJ-OTU10(1.21%)

74 Fellomyces lichenicola(AB032661)
100 53t Fellomyces chinensis(AB032660)
91 [} Kockovaella litseac(AB042218)
9860’ Fellomyces sichuanensis(AB032662)
277 Fellomyces distylii(AB001036)
5

96

Fellomyces thailandicus(AB044804)
Fellomyces horovitziae(AB001033)
Cryptococcus sp.(EF363152)
99[ YL-OTU05(0.67%)
100 T.YL-OTU10(4.00%)
YJ-OTU12(1.82%)
YX-OTU03(5.10%)
YX-OTU08(4.08%)
YX-OTU15(3.06%)
Cryptococcus sp.(DQ645520)
100" Cryptococcus carnescens(AB085798)
99— YX-OTUO01(1.02%)
04 971 YX-OTU10(2.04%)
Sphacelotheca cf.(DQ832220)
Leucosporidium sp.(GQ336996)
93— YB-OTU02(2.04%) Microbotryomycetes

Rhodosporidium babjevae(AB073270)

0.01 99 YL-OTU08(0.67%)
: YB-OTU18(1.02%)
! 79' Rhodotorula mucilaginosa(DQ832199)

Tremellomycetes

51
75

100

3 ETMEEMEN S AN EYIBEERNETFRNNZERTNREREN
Fig.3 Neighbour-joining phylogenetic tree of phyla Basidiomycota and Chytridiomycota in 5 BSCs samples

AR A=y L e B g BE AR B R RIS S R I —E Y 2 5 A RAEAR R T A9 2R W) 1 S 45 Bz AN
A EEA ) TS B P B AR RN O i TR, AN TR] XA R A B A AT RS Cu BT Zn
Frim BIE2ES AHAERAE PR P AR W25 5 b (YB) G Ph & i 3 8 TRRHLAL (YL) o B KAEH R
W 5 MR T A W 485 B h B R A S Cu Zn I P RS A G EH SN ESEA K,
2.3 SEmARY) A b R 2 HEE RS R

NMDS & ([&] 4) SR A R AR v 15 TR B B o L B O RRE PR 2 4 7 A R I, b RS [ R e T R
HEVR A MR il 2 708 AR RO Y B N RIS A M T A B 1 A7k, i CCA A (I 5) R Bk
P LR RIS A AT AR T2 th A AR B MR SO MR 9, [ ECRTE 7 2 RV S e MR B 0 2
HIHENE(FR3) .
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Table 2 Chemical properties in tailings under BSCs ( mean+Std, n=4)
i Kededt R e 8 Cu ATHE Ph AT 7n
Samni-*% pH Loss-on-ignition/  Total nitrogen/ h()V:Ih‘(i)rui y Available Cu/ Available Pb/ Available Zn/
e (#/k) (mg/ke) RN (mg/kg) (mg/kg) (mg/ke)
(mg/kg)
YB 7.76+0.03a 12.29+3.57a 52.24+27.69ab 17.73+£3.52b 30.19+7.25a 2.67+0.86b 18.33+5.82a
YJ 7.75+0.10a 14.47+7.10ab  169.15+81.19ab 17.35+3.52b 25.96+10.52a 1.70+0.17ab 16.50+5.02a
YM 7.65+0.17a 23.76+11.25b  127.47+97.54ab 19.06+5.70b 43.98+21.28a 1.88+1.17ab 14.94+2.13a
YX 7.59+0.10a 11.63+5.39a 200.94+197.21b 15.25+4.61ab 43.14+£14.87a 1.99+0.65ab 15.72+4.43a
YL 7.67+0.23a 4.82+1.06a 5.56+9.36a 9.94+2.46a 40.41+9.34a 0.88+0.41a 15.77+3.54a
IS 5 AR/ NG F-BERRTE 0.05 K225 3
3 iTig Stress<0.001
M
TERT AT 5 AR 133845 e e A v LGN s 04l
BT 3 AT ER (B2 1] MG ,
TR 0 B 25 B FAR 1K TR (B A 0T o, v
Zygomycota) | ARG 1, LIF 5 DNA $2HE PCR § é
BT S R A O FER I D, T 2 |
AT REA 2 5 L% (55.129%—87.73%)
HR N T B (12.27%—43.86% ) , 4 B 1) A0 F 3 oa L
- W : YI
SAIE( < 1.02%) ik — 55 5 57 HL Al T 5 O T X v .
RIS IR — 5 (5% 8 LML 6] 02 0 02 o4 06
NMDSI1

URAYIEE B P BE S R A BT ANl BRI IRA
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Fig.4 NMDS plot for fungal community structure in 5 BSCs
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Fig.5 Canonical correlation analysis (CCA) for fungal community structure with environmental variables
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Table 3 Correlation analysis ( Pearson correlation) between fungus diversity indexes and main chemical properties

SR et e ww MUR mmsao fEsR WK
Diversity indexes Correlation ignition Total nitrogen phosphorus Available Cu  Available Pb  Available Zn
OTUs Pearson A& 0.176 -0.323 0.525 0.079 -0.551 0.329 0.464
25 ) 0.777 0.596 0.364 0.899 0.336 0.589 0.431
Shannon-Wiener 15%{ Pearson FHCHE 0.112 -0.249 0.346 0.204 -0.360 0.682 0.656
25 ) 0.858 0.686 0.568 0.742 0.552 0.205 0.229
Pielou $§ %X Pearson FHICH: -0.011 -0.148 0.317 0.259 -0.179 0.761 0.598
b 25 ) 0.986 0.812 0.604 0.674 0.773 0.135 0.287
Simpson F§%{ Pearson A& 0.102 -0.121 0.317 0.318 -0.291 0.797 0.666
25 ) 0.871 0.846 0.604 0.602 0.635 0.106 0.220
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