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Abstract

In order to evaluate the effects of Ficus tikoua shrub on plant communities and soil microbial
communities in the ecological restoration of lead-zinc tailing waste land in western Hunan, field
investigation methods were employed to analyze the effects of shrubs on plant communities, while
also using a combination of traditional cultivation methods and high-throughput sequencing tech-
nology to evaluate the effects of shrubs on soil microbial communities in typical lead-zinc tailing
waste land of Huayuan County. The findings revealed that: 1) The species number, the Margalef
index (R), the Shannone-Wiener index (H,) and the Pielou index (J;) of plants under F. tikoua
shrub canopies were 1.38, 1.63, 1.32 and 1.19 times of those in open areas, respectively, and there
was a significant difference in the H) and J, index between shrub canopies and open areas; 2)
The richness and abundance of soil culturable bacteria, actinomycetes and fungi in the shrubs
were higher than those in open areas, and H; index was slightly higher in open areas than that
under shrub canopies, but there was no significant difference between shrub canopies and open
areas; 3) F. tikoua shrubs had positive effects on both plant communities and soil microbial com-
munities, and these positive effects on plant communities were greater than the positive effects on
soil microbial communities; 4) The abundance of Thiobacillus and Nesterenkonia was significantly
increased under shrub canopies. F. tikoua shrubs facilitate the recruitment of plants in Huayuan
lead-zinc tailing waste land, and the bacteria and actinomycetes play a key role in this process.
Thus, these results highlight the role of F. tikoua shrubs as nurse plants in the process of ecological
restoration of Huayuan lead-zinc tailings waste land.
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1. 51§

LR, MAFETEDOREFH BT 2T RS KRG (I, AR 1B EL K ibit)
HERAESBE TR [2]. SESMEDEESARMIL, EFHDmItaRIE: — Jrditkss, el
FESTRE (0 38 EHUETE B B e = ATRRARA T R IR AR 2R, il bR ss A e it
BEMERT; = SROREIAR R W25 o0 il R el H3RIE T, N E RN S E RS
[1] [3] [4]o WEAGEHAIBE T el RS Y, KREFIFERY, S5IFHOMXARL, #EATEE T REY
ZHREME. R AEAAE R E &S] [6]. Bk, BHIEWAELEFEMZ NS KRG REIE  kE
THEEN, dHERSIE R B REEE G, 2 TEHER A N RS A S B EEORT].

HERG AR RS R A RO RN, RIAARFHEE L EMHIE, EeREERS, R
LB Z BLROK R =, A ARR A, 2 —RPomiB L ES RS, 5STRESRGEAR, B
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WIRFEHER 1K Ma sk, i TR E SR TIRMLRE I E SR o KRS & & LIRS R ),
Ak, A IR 7 b fr) A 25 R 2 o I

it 2: 20~30 4E, [H P AhEE RN 4@ A A R FE sk AR A S R ) T AR A BV TR Kt
J&[8], N LIEFIRE. SRHMEEH# HH OOt b iR A4 s i L /) K AR K e 71 1% B 7772
[9], ZeBEE R FOMURE IR B G JR I VEARFAE , ORIV B E IR [10] [11]. 17 A INA HLIT L R 77
FEFBRAHIEDRE AR RN T BV ASBE N FETB12]. REmtk, KREHULRA + &
b A S B AT IS B 00 AR AR AN e SR UIF A R G0 1K B FRGERE[13], @ EIRINAIANUTLE 30
MHEHEFIRR, SRR E NP BUE[14], — S22 31 A B E BT iR L% % [
FIRIMAS KRR, B ESFIMERRR EFHAESRSEUR LN, RIHIEFECAIED 2 R
MR RO FEME[15]. Choi S5 N[OV B HEMFARGINZ BN R A IS EIG T SRR R,
W FC R LRI P R R B (Rt 1 R IR S YRR AR B . KRR HE B ET R
JRFEH I A SR — A SIS, =M ISR YK R 7772 [13] [16].

THT PG 0 [X P64 B 4 2 E T 2010 4R HEE, 2014 SERATR AR INAR RIS R + A+ 5By
BT 7 ARSI 5286, LI 4R 44[11]. 15 2019 SE3EATEF AN AT KRB, P 5 56 Hh 4 3 e v 78 5
BB ) R R 28, HEBDHEFANGE . MRS XIS R Bk B T B B 2R i
MR FT i U RN, RN EE IR 1 RN — SRR IR B (1 B — S B A )
TR PR GE MY . X AEARIRA MR E, HOREAE A AT DL SZ B Wt 26 1F, 38 nT DOl A= 25 2 sk fir Ak B A
AEBRATNRERIWE, FRATHEN ML o] DAkt & @ AR 2 S e, (it 5 R LIBT3 1638
FHRI A REE AN REMIVK ., T BTIRIR &y, JHHES) B IR it B REIRRR R & . ATV HREAE
A LA i v 1 X A R et AR SR B Y, TN X R R A ) AR S B SR

Hu LA (Ficus tikoua Bur.) SR HE & 11 4% ) & AR R AS . 0P S IR Bz IR <%, AR, B
SRR TR S S, R K o)k, I2ER, n KRS s e it 3%, 2l MR e & rh i AR
R Y . N B R R A — 2 WE LR 1, RPN XMAEM[L7]. FT b, AREFFREMETE
TH B SORVEVER R I, PR A E A B AN TOVE M BE VAR R T 5, IR 1) HREATEE M
WA S AR IR TR 1K 2 2) LS HE MG R ™ 2R 37 b O B A VR P A T AT R 2 3) AL AR 8 DA oS A
VIR TE RN LB A YR VA A P A P O R i B o] 2 8 Ik AT T A A R IR S MR A D R AT 4R
BEELS AR .

2. M55
2.1. R

PG X A $E E (109°15'~109°38'E, 28°10'~28°38'N) /& 4= [F i K AU AR Sk (F8 35 B A R IBURF %K1,
BN LA RS F, el Gl BB R P ) = A G P R . SRR TR 2R KL
HIRIE SR, WU, FREMNESIENE, EFEENET, WREZE, EREFETRERERZ, 4F
LU FEWA TR K AP/ 16.0°C, 45 P2 B W & 1363.8 =K, 457375 Kk &84 1031.9 %K (2013~2020
X . B Rt 80 ARG, X MERN AR RS R, N R R 2595, Cd.
Pb fl Zn &Lk s, AEAWAR, ToHIEARISE ), X PR TR E e R KR [18].

22. MIRA*®

22.1. EHYPEZEE
2021 4F 9 AEACIEVE A Y R IR BENLIE FE 5 MK Y BEE R REM , ERANEE MY
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2 m HPX I B NS, AIAERE A RIEE M AR BEE 50 em x 50 em /T 54N, B 4K 50 )
FEI7, BT NETA YRR, Gt 2 R (CME S -

222, TMNEMEERE

M 2.2.1 Frik BRI 5 AN HUREAEE M AP BEHLIE R 3 ANEM, FA AL SR AEIE R HE A M 4 0~10 cm K=
T, RERH 5 A RI/MERES, AR NEER, HTESGREFRM LR AT, AT a8
AR 100 g KB 50 mL B0 & %8, MAKE T, BESRE. AT R
Fe I b IR R

) g IR RS IRIE-2 AE B A IRIG IR 4L . IR RS IR - R = X 1 S5 3RIRA JLTE
Faedt - T IREEFRIE, AR . TR AT BB AT MR RPN, SRR T R I S AR
R VR BARER LI AR Y B = [19].

i) EEEN T SIESCHR[11] 777K H FastDNA X7 & #ET 135 5 DNA B4R, RAE 5
¥ 806R (5-GGACTACHVGGGTWTCTAAT-3) #l 338F (5-ACTCCTACGGGAGGCAGCA-3) 4 1
16SV3V4 (a)[X (BFE4H B AR ZH), RAB@EMA 59 1TS2 (5-GCTGCGTTCTTCATCGATGC-3")#ll 1TS5
(5-GGAAGTAAAAGTCGTAACAAGG-3)XF ELH ITS1 (a) Xk TH 1. PCR 144l B iR A4
VIR AT PR AR BEATINRE, P45 RS GenBank $E e 347 LEXF 40, BT AT vk 48 %6 5 31 /KT

2.3. BURALTEFE RS

TR REVE R SRR ) 3= FE (WA 0O A1 2 B2 (DA S AR, ARYE = BEAN 2 2 23 it S A B
¥ Margalef Fa50(R). At HEM LTS ML Shannon-wiener F& % HL YRS HHAE YRR FREELS 5 BE ()
Pielou $5%(J,) [13]. TIERUEVIBEIEREE R BN TIBREMEE . ZEULH,, KA SPSS 19.0 X}
BARBATSE 0, IR ST REAS t AR50 20 A 8E DA A FEE A ARG 22 53 B B v, R WIPS A1

K AR XS AH ELAE FH R 0 RID P Aol b Rk AR 88 DA K L 0 0 9 0 L S B AR B 6 OS2 R 20 RID =
(B, —B,)/(B, +B,) o 2t B R M Py (Bu) FIHE AT (Bo) i AR WM - RINEUETERE -1 <RI <
1, HRI >0, FRBEMNEAMRIMSN, HRIN< 0K, NWHRRENLGTEHUN. HHERER:
RIVHZAEY = (RIVANTE + RIJAZE + RINELE)/3 [19].

3. /R5WiL
3.1. BN B R A R S A RN

FAMHE LSRR, HAAURAEHEY N R R X AR, OO ETERAI S L. A
HE AR R ) 3 T DU JE B2 (Setaria viridis) XU FE 52 (Clinopodium chinense) (54834, R34 8 Fir;
BN B LMY B SEEASMLL, EFh2ik 10 F, REw, —HMFEELREREERE 1@). K
ARHEMA 5 Fh: SFHR(Cynodon dactylon) 1t J# (Digitaria sanguinalis) y#E MAMTA, T (Miscanthus
sinensis) AEMN N A, 1 B % (Setaria viridis) F1%E (Themeda villosa) 7E M N 4S04 . JE TR RIS
BHEA 2 7, REESAM/N K% (Conyza canadensis)fE#E M N AN 734, #7455 (Elsholtzia cyprianii) 1K
JRAEEL (Bidens frondosa) R /M AR EFEA I o M LIBRIRMEPERSC MM ) S s FERE, B FE N &
) LS B [20]

ET B2 EAES R, JeBE AR P T DL A s S YA S 2 T L, FE
1378 T EAR AR o L B 25 A () G AR K 7 IR L e [21], RUFBIBASROK . R, AEI5E) N H
EAEYIIN T RGN R AL TR, AR R E RN N[22]. Choi Z5[9]R F ML AR NG S i
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Figure 1. Plant community characteristics inside shrub and outside Ficus tikoua shrub canopies in tailing wasteland
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TR . SRR RTEIR KA R G TR A RR I o iR, (R, e
JE T 1 TR RO B 1 T v T AR e 4R R [ T R 23] E 1A 2 AT,

VEMA R TTEE FR AN B . AR TR LR 2 R (18] 2(a), K] 2(b)) AR BE (K 2(c)) B T RE AL,
Shannon-Wiener $5%5 0| & I #E M A i TN (18] 2(d)), (HIEN N AN E IR 35 22 5%, IX ] RE & RN 135
T DRV 1) 2 N 22 BRI 2 A TR VR W PN T BB T B i I 8 [ 23]

3.3 EMMEN EFF R E WS BN S EaRME

FEA K3 Hh 1 a0 A %5 8 32 R B & B S M 1 J8 (Sphingomonas) « I i £k MR B R
(Nitrosomonadaceae) i) < i1 J& F1 5% AT 1 J& (Thiobacillus) , -5 5 20 5 i 1 J8 26 I A M AL A e A A AR o 22
rE TRE NP, R AP DT A A B T A 0 RO AT 1 i AR X 2 B s i T E AN, LR AT 1 R AR X 2
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Figure 2. Soil microbial communities inside shrub and outside Ficus tikoua shrub canopies at surface layer in tailing was-
teland
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Figure 3. Relative abundance of dominant genus in soil microbial communities inside
shrub and outside Ficus tikoua shrub canopies at surface layer in tailing wasteland
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AL A EE I P FITEE DA 1) TS 26 B AR 4 T B FE AR S < EG T 8 (Pseudonocardia) . Gaiella FI7E B fE &AL K
P )& (Nesterenkonia) . i [ & fE VD BLEE 45 RS R I %A Co N A1 P e AR R R R HEE
[29], AW Firh, ER AR LA EE AN AP BT I IR 8 B AN 2 FE v T-REA N, B =35 90 T B 35 22 (14 3(0)),
Gaiella FNYE 4 AR G B 8 R A 2 FE X CLRE N Ay, TR R R S 8, 1EHE M N AT
R E % (P <0.05).

R EF I H R 2 BON GRS R BB R, M2 ERZ RSB R EER, W 3(c)fr
/NI Othero HUCN TR T ISR FN R, Horb— 28 %€ I HLZE 1 49 (Eurotiomycetes), 73 —RIEE
FIFFER | J(Ascomycota). JEEEMNN SN EAN FREH 7% R, HIFTRERLN .

3.4. B ERF At DB M HE MR & IR MR AR

T T b A A EE AR ARV R PRI 22 B RIN 35 R B (] 4(a)), 26 Wb ALAL E AT R K 77
R E A I R E R o B8] 4(b)s [ A(c) T, HUREAE E KT S A P B v TR R A (R
BEAE o PRI, ZEFRATITOT FE A DI A, MR A E A ALLT- A < J ol JE PR 58 v 5 LR RV 22 RE A
FIOREE 2R . LB S, HUBEARE OGS R R 57 1 A b _L A DR ¥ O S KT R 3R Rl A= IS 5
Wi, %45 R 5 KMGEE Bt FU 4 RAR —BU19] . AW AN R Z IR K £ KR 208 7 A A TEE L 3T
T PR R Ji AT e 1 SRR & SR v AR B R4 [20] [30].
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Figure 4. Relative interaction index (RII) for plant communities (a) and soil
microbial communities (b, c) of Ficus tikoua in tailing wasteland
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