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Analysis of microbial community functional diversity in rare earth element,
lead and fluorine compound-polluted soil based on Biolog-ECO
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Abstract In order to explore the impact of the pollution associated with rare earth elements (REEs), lead, and
fluorine compounds on soil microbial communities, the functional diversity of microbial community in soil was
investigated using the Biolog-ECO system, on samples collected from farmland in high pollution (zone H) and
low pollution areas (zone L) of the Maoniuping rare earth mining area, Sichuan Province. The results showed
significant differences in the utilization ability of 31 carbon sources among the microorganisms from differently
contaminated soils (P < 0.05). The lowest utilization capacity and diversity index of non-rhizosphere soil
microorganisms were found in zone H. There was only 1 carbon source (AWCD, = 0.8) in the non-rhizosphere
soil, and 27 species in the rhizosphere soil, accounting for 87.1% of the total carbon sources, indicating that plant
growth significantly promoted the activity of rhizosphere bacteria. However, there were only five carbon sources
with significant differences between the rhizosphere and non-rhizosphere in zone L (P < 0.05). The Redundancy
Analysis (RDA) results showed that the rare earth complex pollution and C/N were all significantly negatively
correlated with the average well color development (AWCD), Shannon—Wiener index, and other diversity
indices in non-rhizosphere soil. REEs contributed 87.4% of the interpretation rate of microbial community
characteristics, which was the main driver of microbial community change. Only 48% of the characteristic
values were explained by the four environmental factors under the rhizosphere conditions, indicating that the
participation of plants changed the impact of pollutants on microbial community. It can be concluded that a
combination of phytoremediation and microbial remediation can be used to alleviate soil pollution caused by
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high concentrations of rare earth, lead, and fluorine compounds. However, for low concentrations of pollution,
other remediation measures should be considered instead.

Keywords Biolog-ECO; rare earth pollution; complex pollution; soil microorganism; community functional

diversity
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Fig. 1 Average well color development (AWCD) of soil microbial
community in soil sample with incubation time. H: Non-rhizosphere
soil in high pollution area; L: Non-rhizosphere soil in low pollution area;
HG: Rhizosphere soil in high pollution area; LG: Rhizosphere soil in
low pollution area.
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Table 1 Physical and chemical characteristics and pollutant contents of the soil samples

FEHh

Sample area H L

&K% Water content (w/%) 30.45 + 1.28a 30.29 + 1.31a
pH 5.59-6.00 6.00-6.66

CIN 14.59 + 2.52a 7.97 +0.72b
SOC/g kg 11.95+ 3.72b 27.37 + 3.24a
TN/g kg™ 1.05 + 0.44b 3.50 + 0.50a
Pb/10? mg kg™ 7.29 + 1.14a 0.60 + 0.02b
F/10> mg kg™ 272.06 £14.99a  13.07 +2.35b
La/10° mg kg 15.34 + 1.55a 0.96 + 0.02b
Ce/10° mg kg™ 18.65 + 1.99a 1.68 + 0.23b
Pr/10% mg kg™ 1.88 +0.20a 0.15+0.02b
Nd/10% mg kg 5.48 + 0.58a 0.50 + 0.06b

HG G i EHOLR IR
Background value of soil in China
30.24 + 1.29a 28.99+0.21a
5.66-5.86 5.59-6.66
6.58 £ 0.41b 8.69 + 0.10ab
12.67 £3.76ab  27.90 + 2.83a
1.90 £ 0.55ab 3.20 £ 0.29a
5.90 + 0.64a 0.62 + 0.05b 0.26
285.28 +48.77a 13.34 + 1.67b —
15.88 + 1.08a 0.97 £0.01b 0.40
18.96 + 1.34a 1.66 £ 0.14b 0.68
1.84 £ 0.12a 0.15+0.01b 0.07
5.36 + 0.36a 0.48 + 0.03b 0.26

[EIFAN R F-BER R A 7 7 3% (P < 0.05) . SOC: A HLBR: TN: S He mis YRR Br L

GEDXHEbR 132

Different letters within the same column indicate significant difference at the 0.05 level.

L: V54X ARAR R L3 HG: g Y XA bR 3% LG: fik5

SOC: Soil organic carbon; TN: Total nitrogen. H: Non-

rhizosphere soil in high pollution area; L: Non-rhizosphere soil in low pollution area; HG: Rhizosphere soil in high pollution area; LG: Rhizosphere

soil in low pollution area.
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Fig. 2 Metabolic fingerprint of carbon physiological profiles of soil
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H2: Alcohols; F2-H3: Phenolic; B1-A3: Esters; E2-H4: Amines; AWCD;: The average AWCD value of three replicates on Biolog plate.

F2 MRRXDEMEME LIRS HMIER R AWCDE
Table 2 Diversity indices and AWCD in soil microbial community

ﬁﬂﬂ AWCD ?Eiﬁ Index
Sample area Shannon-wiener Simpson Pielou Mcintosh
H 0.25+0.01c 2.31+£0.09b 0.87 £0.02b 0.67 £ 0.03b 2.53+0.12b
L 0.71 £0.10b 2.94 +£0.08a 0.94 £ 0.01a 0.86 £ 0.02a 5.19 + 0.57a
HG 1.31+£0.11a 3.18 £0.07a 0.96 + 0.00a 0.93 £ 0.02a 8.40 £ 0.40a
LG 1.04 + 0.18ab 3.06 £ 0.06a 0.95 + 0.00a 0.89 £+ 0.02a 717 +1.07a
FF AR 7B R MEE R (P<0.05).
Different letters within the same column indicate significant difference at the 0.05 level.
R3 SRIEBENSHMESIFERE FRDAHFER
Table 3 Redundancy analysis results of microbial community functional diversity in soil and environment parameters
24 He i RHE(E FHR B RHIEAR L R R AR AN
Parameter Axis Eigenvalue Pseudo-canonical correlation  Explained variation cumulative (r/%)  All eigenvalue
I 1 0.954 1.000 95.40 1
Non-*iﬁﬁfﬁfﬁe soil 2 0.045 1.000 99.94
S) 0.001 1.000 99.99
4 0.000 0.943 100.0
1 0.467 0.700 96.19 1
MR35
Rhizosphere soil 2 0.015 0.684 99.34
3 0.003 0.451 100.0
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Fig. 3 RDA bioplot of microbial community in soil and environment parameters. A: Non-rhizosphere soil; B: Rhizosphere soil. REE: Rare

earth element.
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