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Effects of amendments with different C/N/P ratios on the microbial community structure in Pb—Zn mine tail-
ings
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Abstract: As an important component of the soil ecosystem, soil microorganisms play a key role in the ecological restoration of mining
wastelands. Analyses of the soil microbial communities in these areas will provide valuable information for understanding the restoration

processes of these degraded ecosystems. A field test was carried out to restore the ecosystem using amendments with different C/N/P ratios
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and subsequently evaluate the effects of these amendments on the soil microbial community in an abandoned Pb—Zn mine tailings. We ob-

tained the following results : Compared to the control, the use of amendments with different C/N/P ratios significantly increased the opera-
tional taxonomic units (OTUs ), microbial diversity (measured using the Chaol, ACE, and Simpson’s and Shannon’s indices ), microbial ac-
tivity and microbial biomass. The soil microbial community structure changed significantly when amendments with different C/N/P ratios
were used, in comparison to the control. Among the top 10 dominant phyla, the relative abundance of the phyla Bacteroidetes, Euryarchaeo-
ta, Verrucomicrobia, Acidobacteria and Candidate division OD1 increased, and the relative abundance of the phylum Cyanobacteria de-
creased. Similarly, among the top 10 abundant genera, the relative abundance of the genera Solitalea, Sphingomonas, Blastocatella, Plancto-
myces, Opitutus, Ohtaekwangia and Gemmata increased, and the relative abundance of the genus Gaiella decreased. An analysis of the
Pearson’s correlation coefficients showed that, at the phylum level, the phyla Bacteroidetes, Planctomycetes, Euryarchaeota and Verrucomi-
crobia were positively correlated with microbial activity and biomass, while the phyla Chloroflexi and Cyanobacteria were negatively corre-
lated with microbial activity and biomass. At the genus level, a significant positive correlation was observed between the genera Solitalea,
Opitutus, Blastocatella and Ohtaekwangia and microbial activity and biomass, while a significant negative correlation was observed between
the genus Gaiella and microbial activity and biomass. An aggregated boosted tree (ABT) analysis revealed that, at the phylum level, the
CK, N and MHR+N samples were clustered together, while the P, MHR, MHR+P and MHR+N+P samples formed a close cluster. At the ge-
nus level, the N, P, MHR, MHR+N, MHR+P and MHR+N+P samples were clustered together, while CK formed a separate cluster. In con-
clusion, all the results indicate that amendments with different C/N/P ratios significantly affect the soil microbial community structure, di-
versity, activity and biomass, and the amendments MHR+P and MHR+N+P are the most effective.

Keywords: Pb—Zn mine tailing; amendments with different C/N/P ratios; microbial community; microbial diversity; microbial activity; mi-

crobial biomass
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Table 1 Effects of amendments with different C/N/P ratios on microbial community diversity (mean#S.E.,n=4)

b3 B

£ & JE 55U Richness indexes

ZHEEFE U Diversity indexes

Treatments Coverage/% oTure Chaol ACE Simpson Shannon
CK 95.1+0.28a 1652+55d 3497+339¢ 3944+93¢ 0.983+0.004b 5.47+0.19b
N 94.8+0.29a 2494+227¢ 4340+176b 4771+374be 0.991+0.001a 5.81+0.24ab
P 94.5+0.13a 2498+166¢ 4725+112ab 5182+206b 0.991+0.002a 6.02+0.08a
MHR 93.9+0.16a 2728+132bc 4619+227ab 5309+270b 0.993+0.001a 5.95+0.26a
MHR+N 94.0+0.10a 2832+47he 4458+79h 5316+127h 0.991+0.002a 6.07+0.08a
MHR+P 94.1+0.14a 3223+124b 4836+348ab 5341+214b 0.991+0.001a 6.09+0.07a
MHR+N+P 93.9+0.24a 3850+244a 5371+475a 6725+482a 0.992+0.001a 6.17+0.05a

T - R PRSI A ) NG R R 4% AR BRI 22 5 (235 (P<0.05) .

Note: Different lowercase letters within a column indicate significant difference at P<0.05 according to LSD test.
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Figure 1 Effects of amendments with different C/N/P ratios on the
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N+P

dominant phyla of soil microbial community
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Figure 2 Effects of amendments with different C/N/P ratios on the
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dominant genus of soil microbial community
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Figure 3 Effects of amendments with different C/N/P ratios on microbial activity and biomass C,N and P(mean+S.E.,n=4)
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Table 2 Pearson’s correlation coefficients between microbial activity and biomass and the dominant phyla and

genera of microbial community

KF [1/)& A=A TR AR W Rk A AR AEY A R
Level Phylum/genus Microbial activity Microbial biomass C Microbial biomass N Microbial biomass P
I Proteobacteria 0.185 0.129 0.227 0.396
Bacteroidetes 0.654%* 0.570* 0.707%** 0.469%*
Planctomycetes 0.507* 0.559* 0.535% 0.348
Actinobacteria 0.352 0.193 0.346 0.487*
Euryarchaeota 0.761%* 0.847%%* 0.674%* 0.545*
Acidobacteria 0.386 0.590% 0.531%* 0.228
Chloroflexi -0.523%* -0.495* -0.405* -0.467*
Candidate_division_OD1 -0.032 -0.088 -0.106 0.138
Cyanobacteria =0.737%* =0.714%%* -0.677%* -0.575%*
Verrucomicrobia 0.653%*%* 0.598%* 0.525%* 0.570%*
J& Solitalea 0.619%* 0.641%* 0.781%* 0.534*
Leptolyngbya -0.302 -0.322 -0.145 -0.400%*
Gemmata -0.177 -0.086 -0.288 -0.124
Opitutus 0.451°%* 0.585% 0.414%* 0.315
Sphingomonas 0.163 0.229 0.276 0.104
Blastocatella 0.527%* 0.500% 0.615%* 0.342
Ohtaekwangia 0.669%* 0.691%* 0.538* 0.498*
Gaiella -0.765%* -0.799%* -0.746%** -0.592%*
Planctomyces 0.448* 0.359 0.380 0.302
Algiphilus 0.386 0.504%* 0.404 0.193

T % R P<0.05, %% /R P<0.01,
Note: * stands for P<0.05,** stands for P<0.01.
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