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Microbial Community Structure and Function in Soils Around Uranium Tailings

PENG Fang—fang, LUO Xue-gang’, WANG Li—chao, ZHAO Lu-xue

(College of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621000, China)

Abstract: Soil microbes are sensitive to soil pollutants. Using microbiological technique could monitor soil pollution at the early stage. The

structure and the functional diversity of soil microbial communities were investigated in soils around the uranium tailings in China, employ—
ing traditional dilution plate and Biolog—Eco system. The results showed that the population of soil microorganisms ranked as follows : bacte—
ria>fungi>actinomyce. Compared with the control, the Average Well Color Development(AWCD ) values decreased by (37.6%~92.0% )

in soils around the uranium tailings. AWCD, Shannon index(H') and Simpson index(D) all had an inverse correlation with the concen—
trations of radioactive nuclides, but a significant positive correlation with organic matter, total nitrogen, alkali solution nitrogen. The princi-
pal component analysis ( PCA ) showed that differences in metabolic characteristics of soil microbial community resulted mainly from

carbohydrates utilization. This study might provide an option for eco—environmental monitoring around the uranium tailings.
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Table 1 Contents of radioactive nuclides in soils

[RIE R o(U)/pg-g’ o(*K)/Bg-kg"  w(Th)/pg g’
1 3.82 449.6 20.6
2 3.39 461.0 19.0
3 12.2 11.7 19.9
4 12.3 65.0 22.1
5 19.5 906.9 14.0
6 26.8 416.7 16.6

1.2 AR Fi&
156 (# 1K) Biolog—Eco Mgt 96 4~4L,31 LK

R AE R REEAR. mR—FK
PDA 55306} + AN B ik B A S EL B A T 55
THE,
1.3 RN ES S

BE P D RETE 30T, — 2 S Bl o 15 7R A ]
PRSI gL %) W2 S (B A8 £k ( Biolog 77 ) TE IR R T A
YR RS T N o PO (AWCD) DA K 24
P H5C REORH DG STk %) a0 iR A ety
HrH Origin7.5 .SPSS16.0 x4,

2 HBRE5SH

2.1 AEMESHET R IERMEMHNEE

ANTRI OS5 e - S B A ) B L2 3. A
TR AT LUE B s e ) BN Ry 15
>2 554 553 556 555 5 XA L, S BURE S Y
TAEY BB/ T 20.6%~82.5% , For BURE 5, 5 Y
D B e KB 82.5% o 41 TR I AR EL X B R T
23.4%~86.0% , BRIUFE S 2 (1 FLIR B0 & T X IR, O
by BRURE 560 T T B S 0 B AR H R R T 50.1% ~
93.3%. LR TR B AE A AR S 2 I H AR
MK o FEASIRURE s Hp, = RSB MBSt KB A
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Table 3 Microbial populations in soils contaminated by

radioactive nuclides

AT, AGEEI LT 25 CERIRA R R g PULAROR
240, FISFTHTE 10 g ATUEF IR, @ MW B el
’ . ’ x10°CFU-g"  x10°CFU-g"  x10°CFU-g'  x10°CFU-g
A% 90 mL 1) 0.85 mol - L™ G ALENTC IR /K (1 — 1 7.347 0.567 8.048 8.200
i, 250 remin™ $R7% 30 min, FHE 15 min, B E R 2 5.625 0.367 8.589 6.521
WO R 107 W 0 Biolog-Feo ARHUAI 25 C,m 3 4565 0757 0537 4694
)\ 150 IJ«L ﬁ%ﬁ%{&ﬂ:%}l—‘qﬂ , %ﬁé 3 W\EE , 25 OC—F‘IE 4 4.461 0.671 2.144 4.743
W ZE 8 d, AT 24 48,72 96,120,144 168 192 S 001 01> 1430
D ———— 6 3.125 0.039 3.489 3478
F2 X B ER
Table 2 Physical and chemical properties of soils
B pH HM}?&/ éfﬁi/ %@?i/ é’fﬁ{/ ﬁ@éﬁ@’fh/ ﬁi‘i@%/ ﬂﬁ.ﬂ(%ﬁi/ FHE%?T&%?%?/
(KH 1:25) g-kg! g ke g ke e ke mg- kg™ mg-kg™ mg- kg™ cmol (+) -kg™
1 44 16.0 0.98 057 114 101 8.50 138 293
2 48 122 0.80 0.49 13.0 75.0 470 72.0 126
3 8.1 537 0.19 0.12 1.44 9.94 <0.10 24.0 138
4 75 3.86 0.15 0.08 0.767 10.8 <0.10 28.0 124
5 40 6.20 0.33 0.49 214 46.1 9.70 555 20.8
6 44 3.60 051 0.30 9.83 425 1.20 215 6.73
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Figure 1 Changes in average well color development(AWCD )

values of soil microbes over time
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Figure 2 Changes in average well color development(AWCD ) values of soil microbes under different carbon sources
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Table 4 Variable loading characteristics of high principal components for carbon source utilization by soil microbes

JiH ik i R
PC1(44.18%) %25 Amine 7K 2% Phenylethylamine 0.993
JE5 e Putrescine 0.862
/K454 Carbohydrates D—FF KRR D-Galacturonic Acid 0.990
D—jZ5 B R D—Glucosaminic Acid 0.982
a-D-F B a—D-Lactose 0.647
i—JREEHIEE i-Erythritol 0.983
D, L-a~f#82 Hil D, L-a-Glycerol Phosphate 0.989
ZAHLNR Amino acids L-ZE LN Z R 1-Phenylalanine 0.859
L-K5% % 1-Arginine 0.991
L-%22%4 1% L-Serine 0.985
3% Phenolic acids 4-FLRIR R 4-Hydroxybenzoic Acid 0.941
FRIRZS Carboxylic acids D—ESR R D-Malic Acid 0.956
PC2(24.74% ) WKALA4) Carbohydrates a-D-F5 % M- 1-f§f2 a—~D-Glucose—1-Phosphate 0.679
D-AHE D-Xylose 0.803
D—2F-F iR —y- NI D-Galactonic Acid y-Lactone 0.717
D—-£F4E — i D—Cellobiose 0.900
LR Amino acids H 2 -1-7 %R Glyeyl-L-Glutamic Acid 0.968
FRIRIS Carboxylic acids A FERA Ttaconic Acid 0.946
-2 %6 TIEBAHER SR ESMENSEEXE
% > ;; Z: Table 6 Correlations between physical and chemical properties,
§~ v! A3 D¢ radioactive nuclides and microbial parameters
3 ) 1 Shannon  Simpson Pielou
e N R maawep B S o) )
g o A pH -0.293 0.077 -0.690 -0.832%* 0.054
j‘ | HHLE 0.927#*%  0.772 0.848%* 0.755 -0.313
§ < A 0.880%* 0.677 0.9497%* 0.943%* 0.721
H L 2 ATl 0.573 0.231 0.805 0.895% 0.478
SFRST 1 Principal component 1 e 0.053  -0.321 0.419 0.624 0.614
B3 TEMEMBRIEFREENERS S B 0.833% 0568  0.957FF  0.940%%  0.380
Figure 3 Principal components analysis of carbon utilization Vepa 0372 -0.022 0.611 0.623 0.614
by soil microbes R 0.272 0.109 0.585 0.659 0.786
£ 5 A YITHAE SRR BHES F2c e 0.593 0.401 0.606 0.393 -0.087
Table 5 Functional diversity indices of soil microbial communities v ~0-760 0811 ~04tl7 ~0-245 ~0-506
WK -0.008  -0.386 0.386 —-0.056 0.372
LGS Shannon $EH(H')  Simpson #H(D) Pielou $53(E) Th 0478 0.751 0062  -0276 0054
1 3.00 0.94 1.00
2 256 091 1.03 T :**and * represent significant at P<0.01 and 0.05 levels, respec—
3 2.05 0.77 1.86 tively.
4 2.19 073 3.16 A B - R T A D Bl U ) fol A P R B F) 3%
: 2 084 16 I 5 X0 T EC 5B M T P R 12675
6 246 088 126 YRR — 2R, A I T BTN [ BURE

IR ISR TS U A R S O
Befl, SR R FIBBAIRE 0% 0l AT ECARR, BT L i
S ATRAT IR REE ISR RBIIET . RshE. WA RTINS
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Table 7 Correlations between physical and chemical properties and radioactive nuclides

HiH pH A B g £ gl LA EE HAS B s
U -0.143 -0.790 -0.509 -0.295 0.124 -0.480 -0.226 0.395 -0.506
“K -0.821* 0.252 0.354 0.799 0.991%* 0.525 0.856* 0.267 0.372
Th 0.648 0.227 0.044 -0.422 -0.804 -0.828 -0.479 -0.279 0.054

7« *#*and * represent significant at P<0.01 and 0.05 levels, respectively.
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