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Fig. 1 The tailings pond and the biological soil crusts
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Tab. 1 Samples of biological soil crusts in different tailings ponds

JEW FETailing 457 4%% 5 Number of 45 7 25 Type of /45 Habitat PRI E Algae & ¥ 7% i Moss
pond the crusts crust coverage (%) coverage (%)
JLS JPC L P 0 0
JA A SFih 84—86 0—4
IMA BE-PEAh I ANRL, BASKE) 55 32—40 57—66
IM HHELh RHEE, iR 3—6 85—90
NTS N.PC pIRLE “Fhb 0 0
N.A Wk BT EEL 2 1N R 90—98 7—10
N.AM T-ERLS it 50—60 2535
N.MI RS L e Fi 0 4555
N.M2 JE B B FHh 0 97—100

I E, SR (TK)R A K GBI e, EiRTE bR
FIE SR (RS E=N.
14 TEEEEESENERTEEN
4R A A B A TR R
A (ICP-OES) AT & . %, E L3R — 2
FrifE, K G2 S5 615 AR BUEVPAN BR X 1358
HEJRERKFATN, R 2R E 15 Yt diot
/AW /1l

P \/(Ci/Si)rzllax +(Ci/S) 2
me 2

Aorf, PRI IX (S8 A5 e Fa 50 CoNTS G
Wift) S & B (AL mg/kg); SpNTS FeMifI PR b
HECRAImg/kg), AT SR 3 B 3R — 2%
FRUE; (Ci/S))max /9 13875 Yty b 5L R V5 B 48 B0
KAB; (CS:)aye N 3575 Gety b B [R5 JeFa 37
PIME. AU ARRN FEAR AL LN 12
PP 25 Rt A% B FE & A AL R bR . S
J& B M AT PR EL
1.5 ZEHRBERIENE

FREN1.00 gW\TF- ()45 KA i, 7850 B FE NS mL
SR, 4 °C BIEHEEL24h. T4 °CF, 8000 r/min
O 10min, B B, F 66 tHll 2384, 490,
663F1750 nmAb I YERWAE « 12 T F1I3A4N A K
Zt%a (Chla). FKHE b (Can) ML 2 (Scyt)
W AT A IE

Ags3(ChLa) = 1.02(4 463 — A750) — 0.027(A 354~
A750) +0.01(A 400 — A 750)
Assa(Car) = 1.02(A 490 — A 750) — 0.08(A 354—
A750) — 0.026(4 663 — A 750)
Assa(Scyt) = 1.04(A 354 — A 750) — 0.79(A 63—
A750) — 0.27(A 400 — A 750)

FFRIE Sk Ras AL N ER R BCBE R AN

B 9 R 092.5 250R1112.653 Bl sy &
H(TE, DW)S K4 Ra. KA bR
MR R, ®on Npg/g DW.
1.6 HEPIEERE. HE. BHFEENE

fi i Bio-Rad 2~ & 1 2 )t & EPCRY #E 4 (CFX
96" Real-Time system), 5% 5& #PCR (qPCR)J7 £
RS . HEAE &1 FE, 2 5 R I 16S
rRNAFE[H . H#25-28S rRNA K & #F - S rps4
B it fe s bnid, R BRI R % . |’
WL BRI E TSI ILE 2.
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45 Fe K ZH DN A SR BULE R it R B S 2 ) A 5
Ji%, 18 FIFastDNA" Spin Kit for Soili 7] & i 17 2
W, K F B e it e Lk T B2 B I DN A AT 58 48 4
K, 5% I Nanodrop 2000 (Thermo, 3 [#)illl iZ DNA
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SCEEHAT AR I o KA i Readsi#EAT HE AT
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Tab. 2 Primers for cyanobacteria, fungi and moss

ERZE
Target gene
16S rRNA CYA359f GGGGAATYTTCCGCAATGGG

CYA781r GACTACTGGGGTATCTAATCC

5|4 Primer /¥ %1 Target sequence (5'—3")

(A)  CATT
CYA781r GACTACAGGGGTATCTAATCC
(B) CTTT
2528SrRNA  NLIf ATATCAATAAGCGGAGGAAA
AG
LS2r ATTCCCAAACAACTCGACTC
1ps4 psS’  ATGTCCCGTTATCGAGGACCT

trnS  TACCGAGGGTTCGAATC
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X5 #E16S IRNAFEE . B 25—28S rRNAKE
Rl J & B S AR rps A DR 3EAT 48 %) € B qPCR, HH:
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W 5E 45 B 3P . BSCsHWA L. 20 A A
455 =F B 43 51 °89(0.63—2.01)x 10°, (0.19—1.53)x
10°#1(0.08—3.34)x10 copies/g DW soil; #)FE 45 i
(PC)H WA < BB AN & B 10 48 %6 =2 7 9 ) N
(0.54—4.05)x10". (0.43—4.26)x10°F1(2.76—8.37)x
10° copies/g DW soilo A [Fl R # AR BH T HE &
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Tab. 3 Physical and chemical parameters of soils from the two tailings ponds

N - BKE HHLIE A payid ek e T A
Tailing pond p WC (%) OM (g/kg) TN (g/kg) TP (g/kg) TK (g/kg) AN (mg/kg) AP (mgkg) AK (mg/kg)

JLS 8.19£0.19" 19.68+6.03" 8.9243.15" 0.19£0.07° 0.02+0.00° 0.17+0.03" 17.0846.16"  1.04+0.39" 25.32412.22°

NTS 8.82+0.14° 11.88+11.17° 1.39+1.00° 0.09£0.07° 0.02+0.01° 0.12+0.06° 12.80+9.14°  1.02+027"  2.41+2.11°

NG R, b TR R R A BEAL R AR ) 225 1% 57 (P<0.05)

Note: *lowercase letters a and b are used to indicate the significant difference of physical and chemical parameters between different

tailings ponds (P<0.05)

F4 JLSHINTSEW ELENEEESERESREIFTRTMN

Tab.4 Heavy metal contents of soils and Nemerow multi-factor index in the two tailings ponds

J2H" P Tailing + 2% 4 )8 7 B Heavy metal content in soil (mg/kg) 4 B 2 495 e F5 N emerow V5 ek
pond Cu 7n As Ni cd Pb Cr muti-factor index Pollution levels
JLS 428.99 21433  85.15 9.29 1.33 53.06  18.39 3.26 HETG G
NTS 162.48  54.88 6.17 8.29 0.10 4.17 21.23 1.18 BTG G
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Fig. 2 The contents of pigments in the soil crust layers and their underlying soil layers of the two tailings ponds

AEFIBA S RIS I AN K L RIR G5 B A o /NG 7 BEF T ARTE S5 B2 2 1) AR 25 1 22 57 (P<0.05), * I TARiE i )2 5 +

182 2 IR ) S 35 1 22 57:(P<0.05)

Group A and group B represent the crust types from JLS and NTS respectively, the lowercase letters are used to mark the significant
difference (P<0.05) between different crust layers, * is used to mark the significant difference (P<0.05) between crust layers and soil layers



33 B RESE: BJR WA R R SR T R A ALK 627

3 g

A RVR TR R 2, R A B 2
Eof. JLSAITLSEW FEH LA B B2, H
To BN RIE ST, H 3 pHAIOM. TN,
AKEE SRR B EMARGR 3), X A& H T4
Y AR KB MEE TS8R . By E
A LT FE 75 5525 (38 0 Bh 1 n i a) 1F & 3%

X855 111 EH"FEILS tailings pond
a

T 16
§§ 14 | Orc A Nma Bwm
22 2 a

d~ 10
=) b
SXE S b

[ L
HE 4| b /N
| o ) L
& 2 o

8 :

5 #Cyanophyta H E#Fungi E#EMoss
= 25 a 4K ER FENTS tailings pond
® £ OPC 7AA @AM M1 B M2
5 2 g
= g n

e~ 15 /
= / '
EXZX 00t /

& 5 a,a
w8 / /
ge o LU N

&)

W Cyanophyta H [#Fungi E#EMoss

K3 Z5pzHhl%E16S IRNAJEIN . FLER25—28S rRNAJEK K
B BRI SR rpsa kR0 3 (NS S BEH T3R5 1 il ] 1 22
S, P<0.05)

Fig. 3 Gene copies of cyanobacterial 16S rRNA, fungal 25—28S
rRNA and moss chloroplast 7ps4 in crusts, significant differences
between samples are marked with lowercase letters (P<0.05)
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16S rRNA
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TYPES AND SPECIES COMPOSITION OF BIOLOGICAL SOIL CRUST IN
METAL TAILINGS PONDS

HU Yao"’, PENG Cheng-Rong1 and LI Dun-Hai'

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan
430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The metal tailings pond is a typical degraded habitat with high soil heavy metal content, low fertility, poor
matrix structure and low vegetation coverage. To study the biological soil crust, samples were collected from two aban-
doned tailings ponds in 2016 from Huangshi City, Hubei Province to assess the species composition by spatial se-
quence method rather than time successional sequence. The absolute abundance of cyanobacteria, fungi and moss in the
crusts were (0.63—2.01)x10°, (0.19—1.53)x10° and (0.08 —3.34)x10’ copies/g DW soil, respectively, and the abun-
dance of moss increased with the decreased abundance of cyanobacteria and fungi. A total of 41 species were analyzed
from the biological soil crusts, in which Proteobacteria, Cyanobacteria, Actinobacteria, Bacteroidetes, Chloroflexi, Ver-
rucomicrobia, Acidobacteria, Planctomycetes, Gemmatimonadetes and Thermomicrobia were the main components.
The accumulative abundance in different crusts was more than 90%. The composition and successions of biological soil
crust in the metal tailings ponds are similar to those in the desertified area, and Cyanobacteria have an irreplaceable
role. Studies have shown that biological soil crust can be widely distributed in metal tailings ponds, and can enrich the
soil nutrients in the tailings pond, which can be widely used for ecological restoration of metal tailings ponds.

Key words: Biological soil crust; Heavy metals; Tailings ponds; Species composition; Ecological restoration
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