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profile of an ion-adsorbed rare earth mine in southern China and
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Abstract: Ion-adsorbed rare earth ore is a strategically important resource of global concern,
playing a vital role in developing multiple industries in China. However, large-scale mining
activities have led to soil degradation, nutrient losses, and heavy metal pollution. [Objective] To
analyze the microbial community structure in the vertical profile of an ion-adsorbed rare earth mine
and its response to environmental factors, exploring the depth-dependent variation pattern of
microbial communities and their relationship with environmental variables. The findings will
provide a scientific basis for the ecological restoration of polluted mining areas. [Methods] The
soil samples were collected from an ion-adsorbed rare earth mine within the depth range of 1-15 m,
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and the physicochemical properties of the soil were analyzed. High-throughput sequencing was
employed to investigate the distribution patterns of soil microorganisms along the vertical profile of
the mine and to establish the relationships between environmental factors and microbial community
succession. [Results] As the mining depth increased, soil pH and total carbon (TC) gradually
decreased. Ammonia nitrogen (NH3-N) was the dominant N form in the mine soil, reaching up to
13.0 mg/kg in the intermediate soil layers. Iron (Fe), magnesium (Mg), and total rare earth
elements (TREEs) were abundant, with higher accumulation levels in deeper soil layers. The
microbial communities exhibited a distinct succession pattern along the vertical profile of the mine.
Alpha diversity indexes (e.g., Chaol for richness and Shannon for diversity) indicated a decline in
soil microbial diversity with the increase in depth. In contrast, beta diversity analyses such as
principal component analysis (PCA) and principal co-ordinates analysis (PCoA) revealed
significant clustering differences among soil layers. Correlation analysis demonstrated that
environmental factors regulated microbial community differentiation, and the soil nutrient cycling
characteristics were distinct across different depth layers. The dominant bacterial phyla in the mine
soil included Chloroflexota, Pseudomonadota, Actinomycetota, and Acidobacteriota, which likely
played crucial roles in biogeochemical cycles. The microbial succession in the mine soil followed a
depth-dependent pattern. Specifically, Chloroflexota, Acidobacteriota, and Actinomycetota
predominated in the surface soil. In intermediate layers, the relative abundance of Chloroflexota
declined, while Pseudomonadota became dominant with a relative abundance of 60%. In deep
layers with extreme anaerobic environments, Pseudomonadota adapted metabolically to
oligotrophic conditions, emerging as the dominant group with a relative abundance of 70%. These
microorganisms play vital roles in the cycling of soil carbon (C) and nitrogen (N). For C cycling,
surface microorganisms primarily relied on the Calvin cycle for C fixation. Microorganisms adopt a
glycolysis strategy and the TCA cycle to meet metabolic demands in intermediate layers, where a
microaerobic-anaerobic transition occurs. Deep-layer anaerobic conditions drove microorganisms
to employ fermentation as the main metabolic pathway. As for N cycling, surface microorganisms
mainly adopted dissimilatory nitrate reduction to ammonium (DNRA); microorganisms in
intermediate layers were pivotal in denitrification; deep-layer anaerobic microorganisms employed
a dual metabolic system of DNRA (primary) and denitrification (secondary), exhibiting
significantly higher N transformation intensity than surface microorganisms. [Conclusion] The
microbial communities in the vertical profile of the ion-adsorbed rare earth mine exhibit a distinct
differentiation pattern and are closely correlated with multiple environmental factors, suggesting
their potential role in the nutrient cycling of the mine soil. The findings provide a scientific basis
for future regulation and remediation of pollution in rare earth mining areas.

Keywords: rare earth; soil profile; microbial communities; functional analysis; ecological
remediation

i 1 (rare earth, RE) /248 7T & i 1 =58 — Al SRR, HRPEHE + T2 (RE elements, REEs) At HL, ¥
B R F R 51-71 1980 7 T % (lanthanides) )2 J2&5 Y b~ E i 2= 5, I i
#T (scandium, Sc). £Z(yttrium, Y)3: 17 FhoTZ 1) My LA £ o B £ 45 8 (lanthanum, La).

>4 actamicro@im.ac.cn, 7 010-64807516



FRi 55 | UZES2ER, 2025, 65(6)

2739

i (cerium, Ce),
(neodymium, Nd). %44 (samarium, Sm), 4
(promethium, Pm)#1%f (europium, Eu), #H#i +11
% %L (gadolinium, Gd). %X (terbium, Tb), %
(dysprosium, Dy). %k (holmium, Ho). 4 (erbium,
Er). %E (thulium, Tm). %5 (ytterbium, Yb). %%
(lutetium, Lu), FUFIF2 2 Ao BOFG + 0 GE Gk
#EE, BHIPREMEH R REE
AT H LRI AR 25 5, R R (M
TR R 1), bR A A RV
)RR o, WS BT X A
BEP M R AR, TR AL A
T TR VLA AREEX
B, W AERTREIR (AR REAR . VR M) . AR
e, [ B 42 A Ul B A R ] AR R (B,
EAR T E R 2 H ) R Tl & A
L0 R R A (A R SRR, A b i R R
Z W R ORI R S kL, (HH 2R3
YRR K S 30 T R I RIG 3, X
T MAERRGEM R T ZEE WO, i,
AR L A R Bh il B R LA SR 2
T, TR T i vie I 1R 4 50 AN R e (e i hy
0.5%—2%) B Mt iR B (W B R 1%—2%) Y 5 2
e B U SR (R L (oY i S N
iR . BERIPRES SR L EER
FR TR A e s XA TR ] [ P45
T i 43 Jm A2 % (ammonia nitrogen, NH3-N){5
e HHERILERTR), BIRESKETY,
A W s o . s W B R - B 3R 4
TEAE FHMWER AR ZIRiE . ZMEE
YR B AR B (Acidithiobacillus) 1 5% F) 35 B B
(Gallionella) ] 8 323 53 WA A AL IR 559K ) 26/ 8Lk
Wi e, dhimism s oM Bk,
HLHE W LT 8 (Methylobacterium extorquens). A
WUME A MR B (Bradyrhizobium diazoefficiens) . 3%
SR T (Pseudomonas putida) FI & KR it
A% IR B (Hansschlegelia quercus) %516 2 /W)
(1) 224> Az BRAR G A A 5 MRS s 1 B A S il 1Y)

B (praseodymium, Pr). %

U ek, A AT B A A —
ZICER LA 47 F lanmodulin (LanM) B #% 2438 I
F e B2k Mk +oo R, wRgsds i, vk
Vi tetk . A . B, AEEFROCR WA Yk
PE2F R PR h A 458 BRI, mE s HAR G 3
SEOR BT X 3 S AR S R A A B Y SR A
FUDL W (R SWRAEER). +3E pH E
PRI DR A, 25 5 W) Gl A ) A v 4 A e % Y5
YR+ e i g ma U0 i, ARER T
WA, JEF L4 X R A 2k
SRS R AR T AR SR, SRy
W 2 REM T X R E TSR 1 A Y
TEVRRPAE B T e T REl 1), dse = o 1 2 L
FTED b FC2E 0 e A A A B A S HE 5 A B T 1
KRMRGNHE . P 1L 3 150 T A7 7E R R 1
Hb IR AR AP B (e v A L B R AR Y PR
PN, A BT S I A R B
T2 & FE R . Ik, IRARER L
A L 2 ) I ) A P RV A R AR S AR S
LIy ae n] 2k i BERFAE A W) 918 5 AR s
e Wy 5 A0 RN 3% 43 406 PR R i B AL BT 0 A 5
A

Rl G A 0 L 3 99 T A 0 1 A R
KMILUREFFE,, DA e 7T S8 B W By 7Y
B 287 AR A, SRAERT I 1-15 m 3 17
1) A . PSRN S (1) T T ERE L
P 5T 30 Aok v o ) R R B 5 e TR
PRI RETE r S s () 18 FITUAR B o i
(redundancy analysis, RDA)#1 7 /K it} (Pearson) 43
Brid A v S AR R C R, BB L
YRR A FE RS (3) i4d DiTing
1A IR T B T GO ) R I A A R
T M T ER PR B XA W R s K B
BUNE o AIF T2 TR AT R AR KT G A= 40 i 1 A i B 458
IR, A BT PR 2R IE sl oxt 3555 5318 B
A SZ ) I A LS G i A= e R 5 R AT
ERES A&l SN oY S T

http://journals.im.ac.cn/actamicrocn



2740

CHEN Xian et al. | Acta Microbiologica Sinica, 2025, 65(6)

1 ME5FE

1.1 REFXE

ARG R AW KIT B E T
W B PR A 1 % X R DA W) AR LR
BB BEAE R A KRR & B A 2L R T .
T M e, B 58 X IR AL 7 T 3 3 it 8
20 m, WALE R B 2R aT g R RS 0T R BB
T WIS A RIS A, RS T AR 1
W AT AR T R G (10 5 24121
1.2 HmX&E

it FH B 4 RS FL AL (Rhino 28 7)) R4 11 3
BRI A I REA, BRFLURBE AR 15 m, #f
ACRAE SRR 1 m, BESREESEEE 34
FAREA BT, FRARI 45 fy RIEREA . th TIT R
TSI (AR 2 AEB G BR . &hfL), 71k
(1-3 m) B 3EZ AR K, MRZ 10 m)A
K0 B P P b R R BT AR e IR A, ot
ROt EETMEETBRHZEIH —E N7
FUAE . AT 5T K R B 1 R 4 )2 (D1-D3,
1-3m). HJZD4-D9, 49 m)AIEZE(DI10-DI5,
10— 15 m) LA 4 7= A [R) % B ol A 0 e 7 1) 43 57
F

BEAR 2y 2ehRic fa s % 2580 °CYKA {4
17, &M 5y LIRS & LB A M sh i
FRMJE FSRIAT, 30 HE A AR - RO B 1 Ay
A IF i (0.074 mm G55 ), DA 5 22 2 A0 1 B
Mg s 53 —BBARES T DNA 25, DIE TR
R YRR S5 ST -
1.3 HIEBUCMRAIRAE

AMWEFE FERE I pH . B (total carbon,
TC). %4 (nitrogen, N). W (phosphorus, P), %k
(iron, Fe), ‘B (magnesium, Mg) Filfi + 5545 i B4k,
fetr. (1) L3 pH . SRAJHAZ LI E 1458 pH
S, MERIFRE 10 g KT HIEREA 55 25 mL 2
B PR (KR =125 R &5, et
JE 30 min, SRFZALHES Y pH T & i

>4 actamicro@im.ac.cn, 7 010-64807516

W) pH ., (2) T3 TC & &3 M iRkgs-4r
AN I e R 28 T A T I A
JC % /3 B A% (Elementar 23 7)) 52 1% 2 A1 il 52
(3) 14 B Wk (total P, TP), JCHL#(inorganic P, IP)
14 HLHE (organic P, OP) % & S M HR 2 /0 6ot
JEEEEPH ) Hodr, TP B E TR T SR R -
AR (AR t=4: )%, 1P SO AH
BT AAH], F 700 nm P FIE WL ; %
T OP S Lk HHEIE, FEMMA DR Hiab B
1 h (550 °C)J&, i 0.25 mol/L H,SO, $2 it + ¢
IP, OP & &8N TP 5 1P (U2E(H. (4) HIEMER
(nitrate N, NO;-N), WEAE A A (nitrite N, NO,-N)Fl
NH;-N {975 2 30 o Sl ALV T B B -0 e B ik
HEATI S, (5) Fe R Mg 952 . - HERE R 2
TSR - = ATRIE G 2 25, W, 2 3E(0.45 pm
DR, 38 I R BR  AE B TAAR R SOk A
(ICP-OES) (PerkinElmer 2% w)) ¥E f7 I &1,
(6) Fii +-J0E B (total REEs, TREEs) R H Hi, JEAl
BB TR (ICP-MS) (PerkinElmer /A 7))iF
il e o B A 2 A 88 H f# 1Y (Environmental
Express /A Al) (§R-id AL SR R) 58 TR, %
BURMIERR RS, USE 15 Fi e R ARHIF B
KIFHE IR, 45R LR e (mg/kg)FniY,
1.4 WMEDEFESHR
141 WEYNSESNF

W A7 F 80 cCuk A i R 3L, i
E.Z.N.A. Soil DNA Kit (Omega Bio-Tek 72\ ) ##
B4 8RR A (19 2 DNA,  Houk BE ORI R B
NanoDrop 2000 (ThermoFisher Scientific 2y w]){ll
. KB 338F (5-ACTCCTACGGGAGGC
AGCAG-3") Fl 806R (5-GGACTACHVGGGTW
TCTAAT-3") X 13 A= 4 16S tRNA K | Bt i)
V3-V4 X 4T PCR 4. PCR i b 5t B4k
AR RRH A R R 58 . il 1 Agencourt
AMPure XP i 7| & (Beckman Coulter 23 ) X
PCR ¥ i# 17 2lifk., Jf & J Caliper LabChip
GX Touch HT (PerkinElmer 23 7))l i PCR ;=4
(e BRI R, Ze4lifbly PCR F=#iliid [llumina



FRi 55 | UZES2ER, 2025, 65(6)

2741

MiSeq PE300 -5 (Illumina /A 7))#4T 16S rRNA
LR3Iy (b B AR RHE A R A
Ao IR ECHE 2 58 & NCBI 1Y Sequence Read
Archive 2035 & (https://www.ncbi.nlm.nih. gov/sra)
A7, %54 PRINA1253389, 4 barcode
Fe 9B I b B o AN FEIREA S, AT Pear
(v0.9.6) A% ik LEAEA K 48 A7 1o Uk 5 P4 ab
HI1, 32 H] Vsearch (v2.7.1) /1 Uchime 5%
W PHEF Y515 GOLD $udi 1% (https:/gold.jgi.
doe.gov/)iEAT LLXT, ZeBRi A AR FIHK B2 <230 bp
()56 e 51 . >R F UPARSE 83k %416 5 e 371 it A 7
BRI, DL 97% P HI AL R o 48R o 2 ot
(operational taxonomic unit, OTU)P® i {4 73
Mras Ry TS, A REA A T 8 E 1 Y I
—fLAb# ., OTU {RFKJFFiE T BLAST 5k
Silval38 $4ii FEHEA T HEGTARAS M R o205 L
BT OTU FH A, ] QUME (v1.8.0) /%
THE o ZFEVEIRECR B ZHEPERE B AE I, JFR
M R (v3.6.0) B AT B i A Az 181, 45— A
15 o ZRE0E . B ZREERE D R AL R
142 WEYRITHEETTN

FIHI PICRUSH2 #4 OTU 1% 3 ¥ 41 5 54 o
Bt 3 B, T PG 2 BB T A i KEGG
Orthology (KO)%i % S Houf b 4= B i A4 4k o 4%
B ARREAR FE B SR U X KO = AR WA T I3 —fkAh
M, I @ o & AH U B 4 25 48 2L (nearest
sequenced taxon index, NSTI) X Fi il 2% S g 47 Af
A P 56 9IE (NSTI IR T B (R 2.0 1 77 1) 45 4 1
)RS, ¥ R PICRUSE i i B9 KO 1 B4 1 B
SO (& KO S5 Kot i AR 38 #% 15 2) 3 A
Wekemo Bioincloud - £ (https://www. bioincloud.
tech/), iz DiTing T HAL /A AR A % S
LT N A A A R . DA R AR B R OC 1Y
KEGG 3 3 0y 73 Hr o G (B B 5 R AT PR, i AE
4 3 P RS E), HE A OC TE R K 3T (Calvin-
Benson-Bassham, CBB) i . = & W&
(tricarboxylic acid, TCA)EH . HEEEM# (glycolysis)
S5 S AR DGRl B, LRI & A H (nitrogen

fixation), 5 f i 2 £h b it A¥ £ (dissimilatory
NOs-N reduction to ammonium, DNRA) ., [z fi§fk
1 H (denitrification) 55 5 U LI AR OC Y 38 % .
T KO F 8, a1 H 525 A B i A T
(B, A bR A AR % 7 L (DRI . SR AR
% )7 2247 M1 (analysis of variance, ANOVA)Z5 &
e/ i 3 VE 25 7 (least significant difference, LSD)
S, RO R R AR AS TP U MR TR A
B . APEAEES R i 2E 5
1.5 WHEMREESIMERFRIEX S

RDA 1] H]7F AT R AL A P45 728 B 0 i A= W R
PR TTIRZE 5 o TR, RS R R B R b
JE IR T8l A J5 5 A OmicStudio V- &5
(https://www.omicstudio.cn/tool), & 4 4 2 X ;.
AT S5 — BB B 4K ) (Iengths of gradient for the
first axis of detrended correspondence analysis,
DCALl), kJH RDA Z:[E T H(DCA1<3.0)/E i JT
ROTHTIEL. e 22 AL R, R A
RDA i % Jr A 3 58 A 7 #8147 05 2 Ik A
(variance inflation factor, VIF)K;: 55 . % € VIF &
{64 10, REDSIBR VIF>10 9EF, DIBRGRAS H T
[Pk o BEJS , X BRI PR HEAT B A B [
T2 53 B EVED M (envfit K 58), Ok H VR TE Y
KA F o X enviit K g ER5E R 11
— 347 5 FF R % B K 5 (Monte Carlo
permutation test), AL EHAE RDA #RAY (1) i
FE (L E YRR Y P<0.05), M4E C1H . 5%
2% F i () RIS (inertia), T PEAL RS R 12
3 25 0 AR B 0T 22 B A R i 7 S ) i
FEAES AN, R o3 2H 00 AN [ V% A Ao = J32 2 o
G TAE K S A Origin 22 B 4 4:(v2022),
3 3k K I A 5 53 A B A A S AR W S PR A
THYRHICHE, 2l A M- PR B R AR OGP AT
1.6 FITFEDH

SEREHR I 3 AP AT ALY {E (mean), 7]
B 3 F 5 47 BF 14 B fE s 2 (standard deviation,
SD). RKHI Excel i (v2022) i+ A s K E A BR

http://journals.im.ac.cn/actamicrocn



2742

CHEN Xian et al. | Acta Microbiologica Sinica, 2025, 65(6)

Welw2=, 15 SPSS (v27.0) 8441 ANOVA 43t
T, 454 LSD )5 (post hoo) £ & ML, Xt
FRAL DN 7S 06 0 A T2 8] S B M 22 o #T .

2 ZR5H®

21 W WEIEIERIBE MR

AR S Ay FAL PR R 1 iR .
R IX e R, pH (HAREIE RN 3.91-5.36,
L I ) T o B B ARG R #5(P<0.05,
K 1A). (HSERERE, 15 pH /E N GRS
K, o ELRE R A M B I AP, HOR A
T 4 53R 0 00 A ) b BR AR 2E R I R S
$lo10 ) K2 HE(0-20 cm) 512 +4(>40 cm)
() pH (2555 W3, T e S I RN K IRV A FH B
W IR TG S UM G . R AR T2
R B R B SR IR R BB e R, AL
BEIR T8 X A AR S, ol S8 EN+
SRR AL 5 R RO 3Rl A A T B A R Ak 2R
Beek Ay, TIREME—2E R T R . A B
K& @GR TR T A

T 2 ¥ S A W AR A R B AR
FERAZ D EREE ) 18 TC 25 8 B T R
EIEREACE THE s S AR, (HE R,
PR B EIBIRHE, A 11 m PR R R AIE
(0.25 mg/kg, & 1B). LAk, %FZETIHEO-1 m)
HAW R £05, H TC EMNRIZDI)
i) 2.4 mg/kg SR T M EIR)Z(D10)AY 0.2 mg/kg
(K 1B). XAl 40 A A% e 2 2R T RE 12
W, PRIEY AR R > S B BRI R
A, (A SRR A A S B S A . X
55 Huang BRI HIEAHURAERZ 1 m #
1 AR E AR A, R Z LAY
I FiE 3 Ao ] il V) FH SR s (AN A 56 FH T 4 e ik
BRI LATE WA A S . w1 s A R
B2 - R AR R (%) S TR 52 i i 52 B0 3
AARERAE . Hid, NOs-N /- hw X+ ey 5
RIEEZ—, HEEAE 15 m EL AR 0

P4 actamicro@im.ac.cn, 7% 010-64807516

(0.70 mg/kg), ‘7w B &Y ) T S A 5
(K 1C), Almaraz ZFP2IF98 0, HBERVR)Z 14
WSR2 f B Al L) NOs-N, 3% — & Bl R 2Bk
R P ()46 10 $E A T F ) M T AR
EARRET, W2 & fE /A
A A Y 2> 38 ik B VR T B NOS-N 1 bk it
KRB SRIM, NOs-N BRI EES, R
TGS TS s ) 1N K R G EF
AT 5 2 B2 FH K AR NOs-N 75 4% 1 oy SO 7E 1) &
B IR, ARFF NOs-N, NO,-N &7
g mh S ERR(E 1D), HEEEE TR
W2 P (REAET). WK 1G s, ZIRE
[FIRT A ESOT R B E EENS, RN F0
WS N AT REESE T NO,-N %4k, it S8
iR, NH;-N PR B 0.2-13.0 mg/kg,
HPR 1 Bt - S i T (B 1E). A
HHEPEREFTRREERITR, AXNMS
58 AR A RS S A B R
BB FALIS 2 B 5 A IR0 . e
FETE 540 S G A R . e I AE S RS,
)2 e T 3k W AR AR Y R Sl A UE P
P ER, REEEURIVESHE, MR
JZ 4T PR G R S AR it A B8 A% 1A A il AR AR
FARG e A= i v = P e i 1) o —
BRI R, HERTHEYAER . MEMEwR
R A AR 35 R G RE A T R A N TR AR
Ve, DR g5 R BoR, TP & 87 | m HEAL
i, AT BE TR 30 i 28 P 1K (166388 mg/kg
Z s, B F). XA oA k)5 ) gE
. (1) FR)Z LHGE o KAV A FA P
RER T & 460 Q) MARIZLIENHES 52
i Wdhf, HiEBae s ; Q) W2 HEK
WAL F5m BR P FREE (A0 15 m 4k pH<5.0), Al fE
Hms R DIEIA MR AR SR AT e, A 2 R
TR A 350

BRAE oy M ve v 2 B e R M U & ROt R
1 B LA AR MR ) Ak
SRS ARG s gk e U e, A Ar



MR 25

WA=, 2025, 65(6)

2743

TC (mg/kg)
S = oW

Cooom—
cbaloton

COOOo0—
oot roceo

—_— N
SN

800
600
400
200

TP (mg/kg) NH;-N (mg/kg) NO,-N (mg/kg) NO;-N (mg/kg)

G = 24000
18 000
12 000

6000

Fe (mg/kg

2 400
1 800
1200

600

4000
3000
2000
1000

TREEs (mg/kg) Mg (mg/kg)

pH
I3 SI NTC oY

Top layer Middle layer Deep layer

e e i 8
d b a . . .
R e T B S0 S S S S-S L S

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

a
+—= g g g
I e S S S S S

Dl D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

a a a a a a a a a a
- e e e = SR S »i o

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

a a ab a
bc ” bc, bc bec be - b? ¢ be = 3
« 3 I S | 4§

D1 D2 D3 D4 D5 D6 D7 D8 D9 DI10 D11 D12 D13 D14 D15

a

i

be b
I ng gh gd =
- F oo+ o4

DI D2 D3 D4 DS D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

b b
fg o £ ¢ p . ¢ 2 d f e g . fg

4+ o

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15
b a
d e ¢ ; f i
. \F\i Kk J,,,-Ig»——.- m 4 L,
\l—/"' \-r/ \2/4_\\\4-

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

a
A+ d

1o k/ \\§ \1/\J/ ot

—

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

Bl FEIREH WLTEMARMIBAMR. DI-DISF/RMFEL mEERREMN R4

Figure 1 Representative physicochemical properties of soils from mines at different depths. Different lowercase

letters indicate significant differences between samples collected from different depths (P<0.05). D1-D15 represent

the names of soil samples collected at 1 m depth intervals.
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Figure 2 Alpha diversity of microbial communities in mine soils at different depths. Different lowercase letters

indicate significant differences between samples collected from different depths (P<0.05).
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Figure 3 Beta diversity of microbial communities in mine soils at different depths. A: PCA score plot; B: PCoA

score plot.
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Figure 4 Microbial composition in mine soils at different depths. A: Phylum level; B: Genus level. Only the

microbial taxa with >1.5% relative abundance in at least one sample are shown here.
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soil microbial communities. A: Phylum level; B: Genus level.
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Figure 6 Correlation heatmaps depicting the relationships between environmental factors and the relative

abundance of soil microorganisms. A: Phylum level; B: Genus level. * and ** mean statistically significant

differences at P<0.05 and P<0.01, respectively.
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Figure 7 Pie charts represent the relative abundance of C (A) and N (B) cycling-related pathways in the soils
collected from different sampling depths of the rare earth mine. Normalized relative abundance was calculated by
dividing the relative abundance of a pathway in an individual sample by the sum of this pathway’s relative
abundance in all samples. The pie chart area reflects the relative abundance of the process according to the scale
shown in pink, with a larger size representing a higher total relative abundance of the corresponding pathway.
CBB: Calvin-Benson-Bassham cycle; rTCA: Reductive citric acid cycle; WL: Wood-Ljungdahl pathway; 3HB: 3-
hydroxy propionate; TCA: Tricarboxylic acid; DNRA: Dissimilatory NO;-N reduction to NH,".
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