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Abstract

Ficus tikoua patch at different successional stages (Ficus tikoua Bur. patch + Y, Ficus tikoua Bur. +
Herbaceous patch M, Ficus tikoua Bur. + herb + Woody plant patch 0) were studied as the research
object in the present study, while the bare tailings in lead-zinc tailings wasteland in Huayuan
County were used as the control. In order to explore the relationship between community struc-
ture and diversity of bacteria and fungi and soil nutrient, soil physicochemical properties of Ficus
tikoua patch at different successional stages were determined, while also using high-throughput
sequencing methods of soil bacterial 16S rDNA and fungal ITS to evaluate the community diversity
and structure changes of bacteria and fungi in soil. The findings revealed that: compared with the
bare tailings (CK), 1) The total phosphorus (TP), available phosphorus (AP), total nitrogen (TN),
ammonia nitrogen (AN), organic matter (OM) and water content of tailings increased over succes-
sion, and the soil bulk density increased first and decreased lately. 2) The diversity of bacterial
and fungal communities in tailings wasteland increased gradually, while there was no significant
difference between different successional stages. 3) Proteobacteria, Cyanobacteria, Actinomycetes,
Chloroflexi, Acidobacteria, Bacteroidetes, Gemmatimonadetes, Saccharibacteria and Deinococ-
cus-Thermus (relative abundance > 10%) were the most dominant bacteriophyta, Ascomycota and
Basidiomycota were the most dominant eumycophyta in soils. and Acidobacteria and Proteobac-
teria increased, Cyanobacteria and Verrucobacteria decreased gradually, while Ascomycetes de-
creased first and increased lately, relative abundance of dominant phyla was no significant dif-
ference at different successional stages. 4) Pearson correlation analysis showed that the nutrient
accumulation was mainly affected by the diversity of bacterial community and the species number
of fungal community, a-Proteobacteria and Sporinomycetes were the key groups of nutrient ac-
cumulation in tailings soil. Thus, along the positive succession of Ficus tikoua patch, significant
differences in the tailings soil microbial community structure were observed, and the relative ab-
undance of Cyanobacteria and Verrucobacteria decreased gradually, while Proteobacteria in-
creased. New fungal groups such as Spheroidia and Chytridomycetes were generated later in suc-
cession, which effectively promoted the accumulation of soil nutrients in tailings wasteland. Based
on this, it can further provide experimental data support for ecological restoration of lead-zinc
tailings wasteland by Ficus tikoua Bur.
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b2 TR T AR T HAR R A P R B 2, NI 7 PO PSS A M E HE 2 T R
K, XFEHHER ROV ET AN, 7R 2 30 fFH, KEAWIEHUESE & NAE TR/ 524
BRGTHEER2], FIHBEFEDEREEH SR TR TRRUASRGELNAESBE TR
[3] [4]o MTAERMTERIN, FAP RN K AL R R A ARSI E A T [5] [6] [7], BV HEYIZRE
WP S BEVE K B DS FR, RN EA Ll R S REVE (7] [8]. HHEV YN S E EAH
A DUV 25 A A B M, AR SEDR S (R BE 7 0L o] DA AR 38 RG DR — RV,
LI AU SR AR R L 3 G R IR FE I D R AR 254K SR A E FE AR [9].

ERESRAGEHBE LT, BARLERS RS DM EERZENERE, T E S5
Sy P AR EL RS [10], 3B AR VIR VE CE SRR A R 30 I LR 0 AN F7 0 R A S o B AR, A
Wy ay 3 o AR 2 (W TR S 8 34 A 7= 55 ) SR s i) - S5 AR 0 vE 31, AT 508 e AT 1A P L 8 2% A
LG 3k 25 AR AL DA R R A W R TR B 3 FE AR AR AR [11] o HE N RTAE R0 & 42 T R 358 N B9k 4
MFRI IR, TR TR AERKFAESD, HARRTES) DLVE R A, 3 — DS AT I
AR, SEMmcE, EATEAE&EAEHR. 7o S, BImEEMN G2 m IR 5 A Y 1) 4 Ror
ZAEVE[12] [13]. SRTA ST F0 F B T HEM A 2 5%, BB AN FR B N 2 TRl 284k, T KB
TR (VE M) BIX 5 (%) B T8 5 0T T 38 G AR D v T sz e LA R 338 9% 7y AR A E MIHLRIE BN RS R G
HLFERA B

LA (Ficus tikoua Bur.) N SEHA & 1 e AR TR A, 5HADFEARF L, HALE G &AM E K
RSN« I VD RUE AT AR 5 5, MR A VEE A PR A %o 2 Wl oy A M e B 22 VR F [14] o B A1 25
R, A T M R AR 2 B B 2 TP Ly, BN AR B AR ik 2 m B R CR AR
HAE), AR THRIEN PRI G BREK S, TS TR R FE ) K7 A 2. BT X E 48 Cd.
Pb 1 Cu 25 BT 52 [15], DA M REAR REAEBYER B IR FF IR T, FF ML X AR S5 . BT R 78
T AL ST AT R T R ) B vE AN L SR AR VR S B I R (R AR, R AR R RIE
KHJE I II[16].

ST, AW UL TR TR A b, TAESER )L 2 T AR RN, OO R R I S b
B REAR BT B MR A ) BE SR B AR I B A IR AR B, 3 — 2P AT T AR B AN [
TEB B LIRA B REVR R AR AL 2R, IR 1) IXFE RN A2 St S H AR E AR
BRI A G 2) R AR B AR L . DU YRR AT R 2 A S R R R KR
2. MREFHE
2.1. MiRXE

ACHIF T 395 5 1) 2 THT PG 3t [X A 1 L (109°15'~109°38'E,, 28°10'~28°38'N) i JL £ i AT 4vey B, i% B H
FEASAEAE FH, (B R HERR () BN R T A B LA BES B, IF 28BS AL . B IHH
NEAE BB AR A A A, 5 B b S S AL A R B AR A ) = e — AR AR R, IR R 2
2 [ (Setaria viridis) Al X4 3% (Clinopodium chinense), 8 2 Jim 1 (1) s ML E B B ob (A0 S8 0 T HOG

(Senecio scandens Buch.-Ham. ex D. Don). L& (Artemisia princeps Pamp.). & H#4(Rubus coreanus Mig.)
15 (Indigofera pseudotinctoria Matsum.) .

22. BIRAE

221 THEHEARE
T 2021 4 9 H ik BUE Y Hu(CK). 18 B4 IR BE SR (YY)« 18 55 ob 3T R A B e (M) ATV 5 i 30 3
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RUACTET(O) 4 FASFIE B B BORUAEPE S . SR NS B B BN 3% 3 MBIk, Hh{E mREEE )
KREEPLHLA 0~10 cm RJZLHE, 2K 5 A M/ MEAEZERAT BB &5 3T, DY 7398 500 g &+
FE R T HORHR Y, WEEFFE M AREE . J1HL 100 g VRS FEHTK B 50 mL B0 s, A UKE T, EH
SR . WA LA AT AT 100 H e, FT BT /0. vKERert i 32 B R A T—80°C H T-1
AR SR AT

222 THFHME

SICSCRR[L7]HET, 3RS /K EN e K H E K ArdE GB7172-87; IR FE XA JIENE; TIEA L
Ji K R AN A B AR TR A - A EEIEHATIE s BECR YL E RIEIE, SRR B My i bty
W5E s CVBEFIA 280085 R F BH B BT LL (2l 5

2.2.3. TN EYEELEWTWH

KH FastDNA {7 G2 i 585 DNA, BARSIRI T (1) L 0.3~0.4 g LIEFEM, MIAZ Lysing
Matrix E Tube 71, [HFA0A 978 uL SPB Al 122 uL MT Buffer, 5 %% 15 B T IEIE &1 EARG B
itk 30 s, HUHH JEES.Cr 5 min (8000 rpm); (2) ¥ i 2 1.5 mL EP &+, I\ 250 uL PPS, F-¥F
EP & %30 10 RIR AT, 428500 5 min (8000 rpm); (3) K5 i HF 2 5 mL B0, ARG M 5O Hon
A 1.0 mL Binding Matrix, b FEIFEVES] 2 min, # & 3 min; (4) & LiEH/AN O R 600 L, EEAZER
HUTHEY); (5) B R4 Bl MUTHEiR 2], W 600 puL B4, F£\ SPIN Filter, #.C» 1 min (8000 rpm);
(6) IR TR, EEEG)HE, HE 5 mL B0 TR (7) 1A 500 uL SEWS-M %
WRE), FHAGE L 2 min (8000 rpm), 7KW A, SR )5 P B S HIE— IR, DL IFHh R Bs 7,
F A 1.5 mL EP & (8) =i T SPIN Filter X 5 min J5 A\ 80 uL DES &K, $AJE1R%E], T 65C/K
# 15 min J5 & 0> 2 min (8000 rpm), FI3%]%] 50 uL ) DNA W, N 80 uL DES ¥k 5 & L # 1,
— LA 15 3% 100 uL DNA . K Nanodrop 2000 43 %6 i1 (Thermo Scientific, USA)I & H2 HL 3 1)
DNA ¥ . 22 CHR[16] 77 <% FH38 F 514 806R 1 338F 471 16S rDNA (1) V3V4 (a) [X (45 40 Fl i £k
B), SRHEHSIY 1TS2 A1 ITSS X FH B 1TSL ()X IMFHATH 48 . SAFESY 38 3 AN TATHE, IREM—F
JE PR T A RE i ) PCR )55 BE /R AR 5 3950, FFH QIAquick Gel Extraction Kit (Qiagen, USA)iR 7 &
BT, SRJE % IR AR A PR A W T s, PSS R4 GenBank HiE e LU 4 bt
J& % B g K

2.3. BURALTEFE RG]

KA SPSS 10.0 A MUIEHEAT Giit 0T, B[R 27 2 40 M vk AS [ 3 B B2 TR AT 22 S 40 b
(duncan), Ffil Pearson 426 2%/ HT 832 43 15 R M2 T8 (OAR M . FIFE WPS A% il RfE 1.
3. %R 5118
3.1. FEFEEK Bttt B+ s T4

AFFFCR, R IR S S S0, B BE i B (AT, BB A K B IR 4 4 (TP
AP. TN. AN L OM)¥) SIUMH B ZRIN(E 1), EKAMEKA O >M>Y > CK, & /KERAEL
G LSS5 HCK 5 Y 2B EER, MR, T2 U 5 B H A B B i 4T 2

DUSERR a1 AR K YS . Navarro-Cano S#[18]RT SR IL, (L™ EMMEIRA TS, HEMAERA 20 fF N 5 4R
m U IUE A E IR, AR RN T 6 ., AW ZEURMEL SIREHAHE, PR
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HLY () TP, AP. TN. AN F1 OM 435380 7 3.46. 1.47. 0.43. 0.49 F12.36 fi5, 1M O BELR I 43 538 i
T 5.93. 2.23. 3.39. 3.79 1 7.03 fiF. Kbk, FRATAT DAGH E LA 2 AR SR EYEE AT I 3 A 7 A
RN 7, B AR B B P RN . RUOAZ R & % T ) RS R, R R
IR R VE RN SR A R I YA W R R 3R R [16]

Table 1. Changes of soil nutrient at different successional stages of Ficus tikoua in lead-zinc tailings wasteland
%= 1 HHEREY RF MR EIEE M B IEF T
HEN B CK Y M o p1E F1E
%08 AP (mg/kg) 0.140 £0.0009c  0.346 £0.0012b  0.368 +0.0024b  0.452 +0.0171a <0.01 235.2

4% TP (mg/kg)  0.883+0.121d  3.937+0.116c  5414+0.146b  6.118+0.08%a <001  375.45
4% TN (g/kg) ~ 0.145+0.009d  0.207 +0.006c  0.456+0.006b  0.636£0.012a  <0.01  749.93
SV AN (g/kg)  0.139+0.014d  0.207 £0.006c  0.446 £+0.003b  0.666+0.002a  <0.01  953.35
HHUR OM (g/kg) 1.912+0.059d  6.428 +0.098c  7.059+0.064b  1536+0134a  <0.01 35715
GKESM%  0107+0014c  0.119+0008c  0.193+0.002b 0.271+0007a <001 7224
%% BD (gem?)  3.585+0040a 3.255+003%b  3.526+0.070a  2.353+0.043c <001  131.21

Ve /NG P RER IR A R B B BL (A 22 A (p < 0.01).

3.2. NENREMEM#IBBIR HIRR A P Rt

3.2.1. TIBWEMEE « ZHM

AN B BOMREAE BE SR LR AR IR o ZHEME TS RILE 2. SEREN AL, B R
PEHLTE & k4T, IR A E B ) Chaol. Pielou. Shannon 1 Simpson & £t #its i, (HAA
FEEK(p > 0.05), LR T [19]MIHF 7T 45 A — 8. F52 b, ANEHE SR B At s, i
RO EE M, RNERKISHZE, M A O JFEEMIZ 5 T i T EURARMEY N T,
JEE BINZ TIRZ WY, HAERKEDHIL, EJ LA Lt (5 M, X R T L35 A
T DS BERTE & o B 3B A W R I A 7 A s e A, AR b (9 b S A 2 ai B s ) 3 A
VIR 2 FEIE I B LR 12 —[20] [21]. Pearson AHICE 73 #r & WA A MU AL VIRE TS o ZAEME 1) Pielou A
Shannon 5455 Fril 3L /4R FR1 2 2% IEAHSS(p < 0.05), Simpson #5405 TP 1 AP 22 IEAHK(p <
0.05), HHEEVEH Chaol #5505 A AE 148 brd &5 3 IEAH 9% (p < 0.05), H5 TN. AN 1 OM #i& 2 1IEAH
K(p<0.01), Shannon 5%l AP —i€ IEAHKAL, HHRIEIHEFRNEZE IEMHK(p <0.05), HFK
Simpson 5% 5 TP .3 IEAH5%(p < 0.05) (¥ 3). KB BB M0 FP = 5 P oy B LA 4 v 1A AUk

Table 2. Changes of microbial alpha diversity index in soil at different successional stages of Ficus tikoua
7 2. B A EIREM R TIBMAEMETE o ZHMEERTL
gl HH

Chaol Pielou Shannon Simpson Chaol Pielou Shannon Simpson

THEPT B

CK 1412 + 116a 0.707 £ 0.05a 7.34 £ 0.62b 0.96 £ 0.02a 105 + 2.15b 0.468 +0.10a 3.14 £ 0.68a 0.71 + 0.07a
Y 1988 + 267a 0.729 £ 0.00a7.90 + 0.15ab 0.98 + 0.00a 108 + 15.4b 0.562 + 0.06a 3.77 £ 0.41a 0.79 + 0.06a
M 1652 + 2672 0.772 £ 0.03a8.18 + 0.28ab 0.99 £ 0.00a 122 +7.88b 0.627 £ 0.02a 4.34 £ 0.11a 0.84 + 0.02a
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O 2674 +858a 0.823 £ 0.04a 9.20 + 0.81a 0.99 +0.01a 246 +29.1a 0.611 +0.09a 4.82 +0.72a 0.87 +0.06a
p value >0.05 >0.05 >0.05 >0.05 =0.001 >0.05 >0.05 >0.05
F value 1.35 2.06 2.13 1.38 15.81 0.89 1.81 1.45

Table 3. Pearson correlation analysis between soil microbial community diversity index and soil nutrients
< 3. TIEWEMEE S MRS TIEFR M Pearson HHX M 24T

A HE
Chaol Pielou Shannon Simpson Chaol Pielou Shannon Simpson
AP 0.547 0.615* 0.658* 0.596* 0.628* 0.413 0.550 0.544
TP 0.432 0.611* 0.608* 0.606* 0.594* 0.489 0.612* 0.583*
TN 0.461 0.683* 0.662* 0.502 0.797** 0.400 0.603* 0.540
AN 0.455 0.684* 0.661* 0.502 0.818** 0.419 0.628* 0.559
oM 0.545 0.635* 0.665* 0.481 0.860** 0.367 0.592* 0.537

M %% 7E 0.01 KU EREEAEI, *: 7E 0.05 AKCFN) B 2EAHK, T,

3.2.2. A EIRE M ER T RN R R S

TR RGN HE B 2 — e TR, ERI S I LT R TR TR R R DA R 3
o BIFEALFIIERR, & C. N. PSRBT R A BRI IR 1) 51 2, 78 IR E 77 T e A e 3 AR 25 30
B4 7 R ¥R A AR [22]

12 43 - IERE TR RT3 1) 942,409 N OTU AT AJE $ 25 AN 15 1), PAARFEF ] (Proteobacteria)
WY ] (Cyanobacteria). Jit 2k | 1(Actinobacteria). %75 14 [ ](Chloroflexi). AT # [ 1(Acidobacteria). £,
T ] (Bacteroidetes) . % F. i i | J(Gemmatimonadetes) . Saccharibacteria. #§#4{# | J(Deinococcus-Thermus)
FIFEREE 11 (Verrucomicrobia) 10 AN A FUREH ) 2= AL AN TR B, 1245 IR 55 7 5 5 1 B A HEAS
[FYEE AL I B T S A W B VR S5 M A S ABA[19] [23], KRN R & s w5, BRRMITH a2
Z 50k, B BEEINERE, W02 51 ORI S ) BE ) 208 5 B & (Sphingomonas), 2 5Bk AR
VA A B2 0 B B (Nitrosomonadaceae),  PA AL Vi 2 B T . AE 33 ol A Qi v A 4% =1 A FH OB AT 11
(Thiobacillus)=5[12] [16]. ABFFTH, AT [ 12 Fr o Hrke d b R0 RE, L ik 56.7%, HF
JEE i ALk R B B B 3R AT S I S B S e s, HAE M A O RN Brrh R BI85 SR 5004
£5 N[20] [24]HIBIF U485 AR — 3. WA ) APE G EE T IR B W PRI, ELPETOR 1) A 2R i £E AN 5] 7 B By
B2 MAETE B3 2 57 (p < 0.05), A Fi3% B W 4H B2 0K TR AR 78 RGuE Y AT LA ML C 1 E 24
e [21] [25], FEARBIFH, WA TN AR T AT BT TR SEHE, DRt ml HED W5 40 5 ] fe 2
A IEA L C R BRI, R TR e 5 B P pa s, (RIS B P B R G 2
e, BEAT TR T TAEAS [RIE & B B M REAE BESRS R I 38 0, (RS IR H AN 3%

12 fy B3ERE RIS RIM 1,159,422 DM HE OTU HEE 7 ANT(E 2(2), BFETHET]
(Ascomycota). H-FF [ ](Basidiomycota). BRZEE | ](Glomeromycota). iz | J(Chytridiomycota). 1%
I'J(Mortierellomycota). %[ J(Mucoromycota). &5 1 [ J(Rozellomycota). % | JFIH T [ 172 BN &
Frh FE B R, AT AT, b PR T R B AT RN W NI, BEJS A TN )
B, HrEITS TERINRES 3, HERAEZ, BHEE]. BENNEBERET A HINE Y
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O BEAMY B, AP R IR S AT AT I S, bR R WA s BREEE IR AT T2 O By
BORFA 25T, BbAh, 7E 12 0 L3RR S PR DU B K B AR A B, o o R B R SR AR KRB ALK
FFHEG 1 1(47.9%) R A28, HFFERIL 47.6%, 1 HAEEAKT L, RAZEHE S A 32.55%, HFR
HEik 89.3%, IXLERFNFHEF, T BE PR R (Ascomycota) . FE TR H A K124 (Helotiales) Fl ik
B B A &0 28 B (Xylariales) ¥ B b At A8 BE By 5 20 47 00 3 0 0, AR FE T H R A KB
(Eurotiomycetes) Ul & B J9 (it 35 T B, RIS 52 56 35 00 14 SR SE A5 75 25 1R (Penicillium) I E1 K 995 141
(Blumeria) (/4] 2(b))-

100%
- - - other B Actinobacteria
90% [

Proteobacteria Hydrogenedentes
80% r ¥ Microgenomates Spirochaetae
70% r " Candidate division WS6 " SM2F11
60% - = WCHB1-60 = Firmicutes
B Acrophobetes = Nitrospirae

50%

¥ Chlamydiae = SHA-109
0,

40% ¥ Planctomycetes ® Parcubacteria

30% B Armatimonadetes = TM6

20% ® Verrucomicrobia ® Bacteroidetes
B Deinococcus-Thermus ® Gemmatimonadetes

10%

W Saccharibacteria ® Acidobacteria

A%+ Rlative abundance

0% : i i
Chloroflexi Cyanobacteria
CK Y M [0}

Figure 1. Changes of bacteria community structure in soil of Ficus tikoua at different succession stages in tailings pond (at

phylum level)
1. BW EMHB R EIRE M B IR E R ST (IKTE)

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%
0%

L] Rozellomycota u Other ! Glomeromycota L] Chytrldlomycota

FAXTEE Rlative abundance

® Mortierellomycota = Mucoromycota ® Basidiomycota B Ascomycota

@)
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100%
Other Xylariales-Other = Hypocreales-Other
90%
80% - Pleosporales-Other ¥ Helotiales-Other " Eurotiomycetes-Other
g 0% t
-§ " Ascomycota-Other " Fungi-Other B Erysiphe
El
| 60% r
o
‘% ® Ochroconis B Xenoramularia ® Creosphaeria
'ng) 50%
i
"_g 40% ¥ Robillarda B Thermomyces B Fusarium
z
30% r
’ = [ssatchenkia B Acremonium ™ Blumeria
20% r
B Penicillium B Emericellopsis B Sphaerulina
10%
) ¥ Pseudocercospora B Thermoascus B Paramyrothecium

0%
CK M Y (0]

(b)
Figure 2. Changes of fungi community structure in soil of Ficus tikoua at different successional stages in tailings pond. (a):
at phylum level; (b): at genus level

2. B ERMIEAEIEEM B TIRERREEHTX. ): TKE; (b): BKE
Pearson AHICHE T 45 7R (2 4), 4B T 5% BEFE bRy 23 A 5% (p < 0.05), Saccharibacteria
HAEMAR S ERE AU (p < 0.05), PelkE 15 B A AL 46 b5 535 7K (p < 0.05), 5 S BEAIA 2
R E AU (p < 0.01), BRI SRS RS E B (p < 0.05), HEEMARS RMEEE
R (p<0.01), ZIEWITT 4 MNEHS, RF - BRENEG DA ZA8. AN SEREEEIEMERP<
0.05). R FEER AT 12N K7t 2w R, LR eha i 5 IXmANREE I LR
EAHRAE, VS R HITE Y A1 O BB B I8 11 IEAH DG, Horp s TN ORI AN (1 IEAH S MR 2 T
BEMKF(p <0.05), 5 OM NI AR E EAH K (p < 0.01). JEAKF 1 A BIA SR A 1) 2
FEMEKFE, —ANE Eurotiomycetes-other, 5 T HIEAE J1FR AR 2R AESCHE, Hod TP A1 AP 1A R T
W i3 3 A (p < 0.01); 5 —NEBESE Helotiales-other, 5 ATA AL /e kr £ IEM M, 5 TN A1 OM K 1E
FHOGHEIL B 7 2 17K F(p < 0.05).

Table 4. Pearson correlation analysis between soil microbial community and soil nutrients

F 4. DIRWEMERS IR IR Pearson XM

AP TP TN AN OoM
Cyanobacteria —-0.620* —-0.708* —-0.669* —0.669* —-0.559
Chloroflexi 0.049 -0.024 -0.164 -0.155 -0.028
Acidobacteria 0.374 0.294 0.122 0.122 0.243

Saccharibacteria —0.263 —0.362 —0.623* —0.612* —0.426

Gemmatimonadetes —0.143 —0.147 —-0.279 —0.284 —0.274

Deinococcus-Thermus —0.013 0.102 0.082 0.049 —0.186

Bacteroidetes —-0.139 —0.297 -0.414 -0.411 —0.189
Verrucomicrobia —0.803** —0.813** —0.689* —0.683* —0.679*
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Continued
Proteobacteria 0.449 0.613* 0.766** 0.761** 0.536
Actinobacteria 0.339 0.277 0.246 0.274 0.403
Betaproteobacteria 0.119 0.292 0.29 0.257 —0.031
Alphaproteobacteria 0.324 0.367 0.595* 0.616* 0.588*
Gammaproteobacteria 0.369 0.471 0.467 0.474 0.357
Deltaproteobacteria 0.318 0.187 -0.033 -0.035 0.171
Ascomycota -0.331 —0.359 0.003 0.023 0.009
Basidiomycota 0.112 0.24 0.373 0.394 0.305
Mucoromycota 0.251 0.383 0.408 0.412 0.318
Mortierellomycota 0.482 0.480 0.657* 0.699* 0.759**
Eurotiomycetes-other —0.817** —0.823** -0.501 —-0.492 —0.546
Helotiales-other 0.502 0.433 0.578* 0.569 0.600*
4. &g
1) BEEGE B IR BT, R RS g ) RN, R HREAE R R S N
JEF 8GN % .

2) BEE LA B B B R M gAY, IR RO LR VR B 2 R . e 10 A E AR
P RRE, AZTE R ] (Proteobacteria) J& T- XML HSEHE, HARXFREE M 1 O B 2L W35 n: &
B MAREZEONARMEE, EEKT EFEERIZE 89.3%, Hi Helotiales-other EFFEE & IE 3T
FLAF B .

3) Pearson I HTRI, BE1E LTS B B, P (h o-BHEHN S L5 1 IE
AL B R K, Bl a-38JE 1 (a-Proteobacteria) i # A& AL SX 2l (1) B A IR F A Sk R i f v+
WL/ BN EER T A BREEED, $RET SrA L J4ebr 21EAEE, Hb5 TN A AN
IEABSGMER R T REMAKE, 5 OM RIUNIE Z IEFC, JE/KF L Helotiales-other 5 13 TN Al
OM IEAHSGIA R 7 R FE VK, RIXPEA KB Gefe B L AR B b AR R4 T 2R .

ELmAB
WA E SRR 4:(20213330553) .

SE

[1]] Dominguez, M.T., Madején, E., Lopez-Garrido, R., et al. (2016) Shrubs for the Remediation of Contaminated Medi-
terranean Areas: Is the Nurse Effect Mediated by Increases in Soil Enzyme Activities? Ecological Engineering, 97,
577-581. https://doi.org/10.1016/j.ecoleng.2016.10.059

[2] Gonzélez, J., Cano-Barbacil, C., Kigel, J., et al. (2020) Nurse Plants Promote Taxonomic and Functional Diversity in
an Arid Mediterranean Annual Plant Community. Journal of Vegetation Science, 31, 658-666.
https://doi.org/10.1111/jvs.12876

[3] Filazzola, A. and Lortie, C.J. (2014) A Systematic Review and Conceptual Framework for the Mechanistic Pathways
of Nurse Plants. Global Ecology and Biogeography, 23, 1335-1345. https://doi.org/10.1111/geb.12202

[4] &%, FEH, Extt. TRIT P X5 REN T EL K& ARG [I]. SRRk, 2007, 26(4):
23-32.

[5] Navarro-Cano, J.A., Miguel, V. and Goberna, M. (2018) Trait-Based Selection of Nurse Plants to Restore Ecosystem

DOI: 10.12677/ije.2023.121013 109 A RS


https://doi.org/10.12677/ije.2023.121013
https://doi.org/10.1016/j.ecoleng.2016.10.059
https://doi.org/10.1111/jvs.12876
https://doi.org/10.1111/geb.12202

FUELL, IR

(6]
[7]
(8]
(9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]
(23]

[24]
[25]

Functions in Mine Tailings. Journal of Applied Ecology, 55, 1195-1206. https://doi.org/10.1111/1365-2664.13094
Choi, Y.D. and Wali, M.K. (1995) The Role of Panicum virgatum (Switch Grass) in the Revegetation of Iron-Mine
Tailings in Northern New York. Restoration Ecology, 3, 123-132. https://doi.org/10.1111/j.1526-100X.1995.tb00085.x
Navarro-Cano, J.A., Goberna, M. and Miguel, V. (2019) Using Plant Functional Distances to Select Species for Resto-
ration of Mining Sites. Journal of Applied Ecology, 56, 2353-2362. https://doi.org/10.1111/1365-2664.13453

Wang, J., Ge, Y., Chen, T., et al. (2014) Facilitation Drives the Positive Effects of Plant Richness on Trace Metal Re-
moval in a Biodiversity Experiment. PLOS ONE, 9, €93733. https://doi.org/10.1371/journal.pone.0093733

Rey, P.J., Siles, G. and Alcéantara, J.M. (2009) Community-Level Restoration Profiles in Mediterranean Vegetation:
Nurse-Based vs. Traditional Reforestation. Journal of Applied Ecology, 46, 937-945.
https://doi.org/10.1111/j.1365-2664.2009.01680.x

Wardle, D.A., Bardgett, R.D., Klironomos, J.N., et al. (2004) Ecological Linkages between Aboveground and Below-
ground Biota. Science, 304, 1629-1633. https://doi.org/10.1126/science.1094875

Kut'akova, E., MészaroSova, L., Baldrian, P., et al. (2020) Evaluating the Role of Biotic and Chemical Components of
Plant-Soil Feedback of Primary Successional Plants. Biology and Fertility of Soils, 56, 345-358.
https://doi.org/10.1007/s00374-019-01425-z

FVKUK, HRM, R, 5 RV RS LR AR A R 0], 435544k, 2015, 35(8):
2481-2493.

FAEIL, R, ERRSE, WS, MR, BIETT, SAMCE. SO R b ARG L B AR ) 2 B3]
TN K224 HARFIERR, 2018, 38(4): 43-49.

FKEIRH, VREEDT, FIRE, 5. 10 AL BOK LR RN FE[]. o [ 7K A fR4F, 2008(10): 39-41.

Wil E, WA, R4, & MPAEE X T BV R LAY E &R B PR E[]]. MR, 2012,
33(6): 264-271.

FUELL, B, R, 55 HORUASHE MR TR SR R DR AN L SR R A G HE O[], S AR
A%, 2022, 11(3): 341-350.

Li, Z.Y., Yang, S.X., Peng, X.Z., et al. (2018) Field Comparison of the Effectiveness of Agricultural and Nonagricul-

tural Organic Wastes for Aided Phytostabilization of a Pb-Zn Mine Tailings Pond in Hunan Province, China. Interna-
tional Journal of Phytoremediation, 20, 1264-1273. https://doi.org/10.1080/15226514.2018.1474434

Navarro-Cano, J.A., Miguel, V., Garcia, et al. (2015) What Nurse Shrubs Can Do for Barren Soils: Rapid Productivity
Shifts Associated with a 40 Years Ontogenetic Gradient. Plant and Soil, 388, 197-209.
https://doi.org/10.1007/s11104-014-2323-2

T, PEAR SV B A v S 5 FE P - LI E Y BAERT L [D]: [ L SA0e ], MR RE MR
2, 2022,

Tscherko, D., Hammesfahr, U., Marx, M.C., et al. (2004) Shifts in Rhizosphere Microbial Communities and Enzyme

Activity of Poa alpina across an Alpine Chronosequence. Soil Biology & Biochemistry, 36, 1685-1698.
https://doi.org/10.1016/j.s0ilbio.2004.07.004

Philippot, L., Raaijmakers, J.M., Lemanceau, P., et al. (2013) Going Back to the Roots: The Microbial Ecology of the
Rhizosphere. Nature Reviews Microbiology, 11, 789-799. https://doi.org/10.1038/nrmicro3109

gk, oAt fhim, 5. SFEEAEXS (d28) L0 B EEVE 2 FEIERREm[]. PEAbAR 24, 2015, 24(6): 162-170.

TR, SRR i (o ) MHEAS [B)VE AL B B L S A T 40 I 2 RE MR IERF 7S [D]: [ 2540830, 4RI
TH K%, 2019,

XN, EHEA, XIFFH, 25 SN e et X - 34 R B VR 45 MR IE A R0 [T, HhER 53735, 2015(5): 490-497.

JADLE, Sy Jd, AR, S5 DKV R R PR R i B S R A IR AL, AR A4 AR, 2018, 38(24):
9021-9033.

DOI: 10.12677/ije.2023.121013 110 A RS


https://doi.org/10.12677/ije.2023.121013
https://doi.org/10.1111/1365-2664.13094
https://doi.org/10.1111/j.1526-100X.1995.tb00085.x
https://doi.org/10.1111/1365-2664.13453
https://doi.org/10.1371/journal.pone.0093733
https://doi.org/10.1111/j.1365-2664.2009.01680.x
https://doi.org/10.1126/science.1094875
https://doi.org/10.1007/s00374-019-01425-z
https://doi.org/10.1080/15226514.2018.1474434
https://doi.org/10.1007/s11104-014-2323-2
https://doi.org/10.1016/j.soilbio.2004.07.004
https://doi.org/10.1038/nrmicro3109

	花垣铅锌尾矿废弃地地枇杷斑块不同演替阶段土壤微生物群落变化
	摘  要
	关键词
	Changes of Soil Microbial Community in Ficus tikoua Patch at Different Succession Stages in Huayuan Lead-Zinc Tailings Wasteland
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 研究区域
	2.2. 研究方法
	2.2.1. 土壤样品采集
	2.2.2. 土壤养分测定
	2.2.3. 土壤微生物群落结构分析

	2.3. 数据处理和图表绘制

	3. 结果与讨论
	3.1. 不同演替阶段地枇杷斑块土壤养分变化
	3.2. 不同演替阶段地枇杷斑块土壤微生物多样性
	3.2.1. 土壤微生物群落α多样性
	3.2.2. 地枇杷不同演替阶段土壤微生物群落结构特征


	4. 结论
	基金项目
	参考文献

