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Plant diversity and soil amendments affect the soil microbial
community in lead-zinc mine wasteland

WEN Yuanting, YAN Hedian, GONG Mengjue, CHEN Jianjun, LI Bo', LI Yuan

College of Resources and Environment, Yunnan Agricultural University, Kunming, Yunnan, China

Abstract: [Objective] To explore the effects of plant diversity and soil improvement on the soil
microbial community in abandoned lead-zinc mine wasteland. [Methods] A pot experiment was
conducted with nine commonly used plants for ecological restoration in mining areas. Different
plant diversity levels (S1 to S5) were set up, and for each level, a control group (Y: without soil
amendment) and an improvement group (G: with organic fertilizer and polyacrylamide) were
established.[Results] The plant height of the improvement group was generally higher than that of
the control group. After soil improvement, the content of available nitrogen, available phosphorus,
and available potassium all significantly increased, while that of heavy metals Cd and Pb decreased
the most when the species richness was 9 (S5), dropping by 37.20% and 14.85% respectively. The
diversity of soil microorganisms increased with the increase in plant diversity. The application of
soil amendments reduced the richness and diversity of the fungal community, while enhancing the
richness and diversity of the bacterial community. In the improvement group, the soil fungal
abundance reached the highest level when GS4 configuration was adopted, with the Observed
index and Chaol index being 110.50 and 169.23, respectively. The soil bacterial abundance reached
the highest level when GS2 was adopted, with the Observed index and Chaol index being 1 081.59
and 1 116.79, respectively. In the fungal community, the abundance of ascomycetes at both the
phylum and genus levels increased to varying degrees in the improvement group compared with the
control group, and the abundance of Ascomycota increased with the increase in plant diversity. Soil
improvement reduced the abundance of Mucoromycota and Rhizopus, but increased the abundance
of Sordaria. Moreover, the abundance of Mucoromycota and Rhizopus decreased with the increase
in plant diversity. In the bacterial community, soil improvement increased the abundance of
Sphingomonas and Gemmatimonas. |[Conclusion] Soil microbial diversity increases as the plant
diversity increases. The application of soil amendments reduces the richness and diversity of soil
fungi and improves the richness and diversity of soil bacteria. As the plant diversity increases, the
abundance of Ascomycota increases, while that of Mucoromycota and Rhizopus decreases.
Keywords: lead-zinc mine wasteland; plant diversity; soil amendments; microbial communities
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x1 HIAHEERE

Table 1 Background value of test soil

Measured indicators Soil background value

pH 7.79
Organic matter (g/kg) 10.97
Alkali-hydrolyzable nitrogen (mg/kg) 23.28
Auvailable phosphorus (mg/kg) 7.84
Available potassium (mg/kg) 84.71
Total nitrogen (g/kg) 0.36
Total potassium (g/kg) 26.43
Total phosphorus (g/kg) 7.52
Cd (mg/kg) 120.55
Pb (g/kg) 5.11
As (mg/kg) 275.21

R2 AHRETRMEY
Table 2  Plants used in this study

Classification Plant names

Poaceae Setaria viridis L. Beauv.

Lolium perenne L.

Poa annua L.

Festuca elata Keng ex E. Alexeev
Asteraceae Festuca rubra L.
Tagetes erecta L.
Cosmos bipinnata Cav.
Fabaceae Lespedeza bicolor Turcz.

Medicago sativa L.

e, HWPAE R 4 Jm s e A B
K HEEEAEAPY; Zhu SRR T 24 R ) %
YRR 5 gL DI B 5 0 LU T R B,
Wi e R B E R L RN E Y
Wi, MM A4 RETE RN B — 2 i
() Pb. Zn % +HEE &R LY,
AWFRBE T 3 MEY 2K (S=1, 5,
9)F1 5 FEYIEC E AL, JF U E X IR R ok R
g, 10 FAbER(EE 3), B4l 4 REE, 40
%5(57 emx33 cmx18 cm), #7310 kg JR A5
et 3. T 2021 4F 3 AEEANEE I RE L
e, SEMAHYIA R . IR 41(G)tE A HLAE
BE(2.5%) 158 TN 4 TBE 112 (0.009 405%), A HLIE
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Table 3  Plant configuration for different treatment
Treatment Code number  Plant configuration
Y YS1 L. bicolor

YS2 S. viridis, L. perenne, F. rubra, T. erecta, M. sativa

YS3 S. viridis, P. annua, F. rubra, C. bipinnata, M. sativa

YS4 S. viridis, F. elata, C. bipinnata, T. erecta, M. sativa

YS5 S. viridis, L. perenne, P. annua, F. elata, F. rubra, T. erecta, C. bipinnata, M. sativa, L. bicolor
G GS1 L. bicolor

GS2 S. viridis, L. perenne, F. rubra, T. erecta, M. sativa

GS3 S. viridis, P. annua, F. rubra, C. bipinnata, M. sativa

GS4 T. viridis, F. elata, C. bipinnata, T. erecta, M. sativa

GS5 S. viridis, L. perenne, P. annua, F. elata, F. rubra, T. erecta, C. bipinnata, M. sativa, L. bicolor

YRR, AR GRARSRA, MAGHUEFIER NI .

Y denotes the control group without amendments; G represents the amended group treated with organic fertilizer and PAM.

FILEXTAE AL UR AT R A IO O R A A
B, 168 rRNA FEH ¥ 51 43k 9 A4~ i 28 X K
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Figure 1

Plant height. S1: Lespedeza; S2: Setaria viridis+Lolium perenne+Festuca rubra+Tagetes erecta+

Medicago sativa, S3: Setaria viridistPoa pratensistFestuca rubra+Cosmos bipinnatus+Medicago sativa; S4:

Setaria viridis+Festuca arundinacea+Cosmos bipinnatus+Tagetes erecta+Medicago sativa; S5: Setaria viridis+

Lolium perenne+Poa pratensis+Festuca arundinacea+tFestuca rubratlagetes erectat+Cosmos bipinnatus+

Medicago sativa+Lespedeza.
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M2, R RE, SFRHEY MRS -t
MR AT AE S=4 Bl Rib 47.24 cm; £ S=2
i, J7 A% A ik 37.64 cm, M HAE X BB 4 h
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JCHH AR R
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HEAAFRERN ETHGR 4. A S RHEHEY
ZREVE RGN, 4 SR e GS1 i
B, BEJE TR SR R iR A R A
S AT T R Y I B BT, (A BEA
YR T, MR IR SRR T
ReaFi . 78 3 FhgFh =F AR R A A P C &
S3 FLE T okt R - HL . B AL . AR
B FTES B i ) R . SRR 13 pH
I Fe, HEAREE D EREIERES. -
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Table 4 Chemical properties of soil

Wom EHEA LR & R TR, RRGHET
TR E SR Cd, Pb 4 HAA AN R AR B Y
. TEYFEEE RN 1 (SHAF, Cd. Pb FESH
T T F% 9.88% £ 8.10%; FEHIFh=EEE A 5 (S2-
SHEF, Cd. Pb 7 &4l TR 22.33%-31.76%
H16.78%—12.82%; FEMIFIFEEN 9 (S5HF, Cd.
Pb & R 37.20% i1 14.85%.
22 HIEWAE o ZHMIER

ks Fron, t 4 E E B YK Observed.,
Chaol. Simpson Fl Shannon § % & F %, Vi
AF it i G ML S8 35 P o T 4 R R 0
MM R R RS 3 5 A GS4
fic B ik B i, Hi Observed #5401 Chaol
TR R 110,50, 169.23; I E RS F R
1t GS1 P & i i ik, H i Observed 45 £ il
Chaol F550/0 %I & 66.67. 95.20, +IEANHE A

Item Treat ment  S1 S2 S3 S4 S5
TN (g/kg) Y 0.16+0.02 0.16+0.02 0.16+£0.02 0.19+0.02 0.22+0.05
G 0.344+0.07 0.43+0.08 0.434+0.06 0.37+0.04 0.42+0.08
TP (g/kg) Y 5.494+0.39 5.44+0.40 5.48+0.43 6.07+0.76 5.84+0.43
G 8.28+3.37 7.25+2.89 9.83+0.80 6.89+4.00 7.84+2.32
TK (g/kg) Y 21.68+1.77 21.06+0.54 21.06+1.52 26.14+3.21 23.53+1.55
G 32.22+2.49 28.07+1.71 26.92+2.76 29.70+1.39 26.36+2.45
AN (mg/kg) Y 6.77+1.40 5.43+1.77 7.93+£2.14 10.15+3.12 19.13+3.86
G 36.75+4.52 40.25+9.88 52.50+6.63 27.65+3.73 42.35+2.94
AP (mg/kg) Y 2.16+0.64 2.32+0.40 1.87+0.28 2.21+0.61 2.35+0.53
G 45.63£3.66 44.38+4.99 51.93+9.38 49.65+9.12 58.74+4.39
AK (mg/kg) Y 54.41+4.61 49.84+6.69 49.91+4.75 43.56+4.24 40.70+6.68
G 247.12+21.40 253.90+49.37 310.11+39.85 273.33+45.99 350.83+33.18
pH Y 7.77+0.01 7.81+0.05 7.90+0.04 7.91+£0.04 7.89+0.03
G 7.89+0.01 7.89+0.02 7.89+0.02 7.95+0.05 7.94+0.04
SOM (g/kg) Y 7.01+1.21 8.54+1.35 9.75+1.89 13.52+2.26 9.06£1.10
G 11.75+1.67 2.5242.34 13.97+2.08 10.42+1.83 11.68+1.15
Cd (mg/kg) Y 69.84+5.56 79.43+8.63 78.83+8.51 96.91+£28.95 104.10+5.31
G 62.94+7.73 61.69+8.40 60.79+6.89 66.134£9.73 65.38+15.50
Pb (g/kg) Y 7.65+1.74 8.63+0.46 8.55+0.43 8.50+0.86 9.09+1.01
G 7.03+0.29 7.47+0.66 7.97+1.19 7.41+0.73 7.74+0.76
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Table 5 Alpha diversity index of soil fungal community structure

WK 3A s, fEJE /K S5 X R,

o R IR RIIZIE(f 0 c p)FIEE
S ERTE 25 N =/ 8 =1 | B

SCHE E(Sordaria)
% %] 54% (GS1).

Category Treatment Observed index Chaol index Simpson index Shannon index

Fungi YS1 145.33+7.51a 185.08+21.68ab 0.90+0.02a 4.50+0.40ab
YS2 138.67+14.19a 180.45+13.77ab 0.89+0.04ab 4.7440.43a
YS3 106.67+10.26bc 142.91+7.21¢ 0.81+0.02cd 3.80+0.20cd
YS4 94.00+4.00c 131.58+4.58¢cd 0.85+0.04abc 4.17+0.47bc
YS5 144.00+8.72a 194.05+11.70a 0.91+£0.01a 4.59+0.23ab
GS1 66.67+7.09d 95.20+10.41e 0.78+0.03d 3.39+0.05d
GS2 73.67+4.51d 122.79+6.38ce 0.84+0.03bc 3.28+0.22d
GS3 72.33+9.07d 110.77+11.14de 0.82+0.05¢cd 3.47+0.14d
GS4 110.50+1.50b 169.23+0.25b 0.77+0.03d 3.44+0.22d
GS5 100.00+8.00bc 123.90+13.95¢d 0.80+0.01cd 3.35+0.10d

Bacteria YS1 894.00+25.71e 984.55+9.01d 0.94+0.01cd 6.35+0.23¢
YS2 961.89+19.48d 1 065.30+22.74¢ 0.94+0.01¢ 6.46+0.19de
YS3 902.00+29.00e 932.52+23.60e 0.96+0.01ab 6.92+0.24bc
YS4 1 004.67+24.79¢ 1 060.83+14.72¢ 0.95+0.01bc 6.81+£0.23cd
YS5 1015.67+12.58¢ 1073.10+11.06¢ 0.92+0.01d 6.35+0.19¢
GS1 1 037.67+15.89bc 1 086.04+3.97bc 0.98+0.01a 7.45+0.01a
GS2 1 081.59+10.12a 1 116.79+10.77a 0.98+0.01a 7.43+0.20a
GS3 1 064.33+4.62ab 1 099.35+7.13ab 0.97+£0.01a 7.50+0.18a
GS4 1 037.00+£20.07bc 1 083.36+11.86bc 0.96+0.01a 7.23+0.33ab
GS5 1 067.00+14.53ab 1 106.50+14.25ab 0.97+0.01a 7.32+0.15a

RN “FAg R A TR ] 72 P<0.05 K- |22 5%

Different lowercase letters indicate significant differences between treatments at the £<0.05 level (Duncan’

while the same letter labels denote no statistically significant differences among groups (P>0.05).
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.3 (Duncanik), MIRIFHFRIC TR 225 TG 2E7 L (P>0.05),

s multiple range test),
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Figure 2

Relative abundance of microorganisms at phylum level. A: Relative abundance chart of fungi

(phylum); B: Relative abundance chart of bacteria (phylum).
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Figure 3 Relative abundance of microorganisms at genus level. A: Relative abundance chart of fungi (genus);

B: Relative abundance chart of bacteria (genus).
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