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Abstraet: BIOLOG and 18S rRNA PCR-DGGE methods were used to estimate the characteristics of carbon source metabolism of the
soil microbial community as well as the relationship between soil fungi and soil organic carbon in different karst land use types (corn
field, citrus field, and paddy field) contaminated by Pb-Zn tailings at Sidi Village, Yangshuo, Guangxi Zhuang Autonomous Region
SW China. It was found that the concentrations of Pb, Zn, Cu, and Cd were highest in the paddy field, followed by the corn field,
citrus field, and control group (dry field). In addition, the geo-accumulation index indicated that the heavy metal pollution at this area
was caused by Pb and Cd and that Cd was the key environmental risk factor. With the Pb-Zn tailings, there was low microbial biomass
carbon, biological entropy, and microbial carbon source metabolism in the soil samples. The highest soil organic carbon and heavy
metal concentrations were found in the paddy field, followed by the corn field and citrus field. According to the DDGE results, it was
found that Pycnoporus sp. ZW02. 30 was found in control group soils, Fusarium solani and Fusarium oxysporum were found in the corn
field and citrus field, and Penicillium decumbens was found in citrus field. These were involved in the degradation of sugars, such as
starch, cellulose, hemicellulose, and lignin. However, the fungi were not found in the paddy field. Based on the low functional
diversity of the soil microbial community and biological entropy as well as the high soil organic carbon concentration in the paddy field,
it was concluded that soil microbial carbohydrate metabolism and the mineralization rate of the soil organic carbon was controlled by soil
microorganisms, especially fungi, in different land use soils in the karst area contaminated by Pb-Zn tailings.

Key words: Lead-Zinc tailings; soil microorganism; land use type; BIOLOG; denatured gradient gel electrophoresis
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Table 2 Soil heavy metals in different land use types in Sidi Village/mg-kg~

1

FE s ARG
el Pb Zn Cu DTPA-Ph DTPA-Zn DTPA-Cu DTPA-Cd
XTH 119.78+25.83a  146.15+24.25a  12.04:4.77a 16.13£5.89a  13.97:0.48a  0.29%0.4la  1.00£0.05a 2.68+0.15a

ToKHh 1043.88 £389.67 b 1267.96+359.46 b 54.75+31.51 b 31.30+8.83 b
HERE  800.91 £226.59 be 1163.05+201.35 b 39.71 +20.86 ab 41.22 +11.82b
JKFEH 1284.70 £415.37 ¢ 2025.35£459.00 ¢ 97.97 +29.87 ¢ 37.395.19b

289.49 £184.90 b 62.13 +£36.50 be 21.41£12.19b 7.11+1.18 b
199.64 £85.82 ab  34.43 +23.09 ab 17.51 £11.26 be 9.27 £1.29 ¢
350.98 £172.24 b 90.92£29.76 ¢ 34.36 +9.80 ¢ 13.40+1.29 d

1) EFVEAR G A BUR R PR 3OR 22 5 B35 (P <0.05) , AEATAR PRSI PR R R 23 A B (P>0.05), T
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‘.-"'.:'l j Table 3~ Geo-accumulation index of soil heavy metals in different land use types in Sidi Village
ﬁiﬂé}%ﬂ Pb Zn Cu Cd DTPA-Pb DTPA-Zn DTPA-Cu DTPA-Cd
o R 1.11 -0.38 -2.12 5.82 -1.99 -9.36 -5.71 3.23
Tk 4.24 2.73 0.07 6.77 2.39 -1.62 -1.29 4.63
A el 3.85 2.61 -0.39 7.17 1.85 -2.47 -1.58 5.02
JKFEH 4.54 3.41 0.91 7.03 2.66 -1.07 -0.60 5.55

2.2 HHERUEY YRR

A YA R R RS Rk
BUNF 5 x10° wm’® 405 . BEHESEEY G, F
25+ HEFR 0 FRE RGN | A ML A AR 2 1 7
PR, JERAEAE YA R T A i
Febn' ). HEGA Y1 (MBC/SOC, SMQ) 248 +
Bt A Wk e S - A BLRR A (e, R
Yz A RIS Y 2 B B Ak, fE—
TR et R LIV E MR DLBR R B FERE . A
WEFE 3 AR AL MBC, SOC Al SMQ #4743 7 ( %
4), RILE X HEAE L, A E R K B SOC W TR

&, 2R ARNE, KREH SOoC i/ EuRe, 5
Hifth B 22 57 5.2 (P <0.05) ; MBC #1 SMQ 28 1k
AR TN XTI > MG I > Bk > KFEFH
JEAXTIR S HA A 22 7 3 (P <0.05). X 5K
4 8 it e AR T R WV A BRI s AR
R4 BEORTREE S E YRR Y B
Table 4 SOC and MBC in different land use types in Sidi Village

. soC MBC SMQ
FRA /g-kg™! /mg-kg ! /%
Xt R 13.58 +1.19 a 323.64+73.80a  2.36a
FoKHb 11.71 £2.52 a 157.85+19.84b  1.32 b
A7 11.72 +2.51 a 161.33+14.12b 1.4l b
JKAE H 18.91 +3.98 b 144.97 £15.18 b 0.79 b
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Fig. 4 Utilization efficiency of six kinds of carbon sources by the

microbial community in different land use types in Sidi Village
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Table 6  Correlative analysis of heavy metal pollution and utilization efficiency
of six kinds of carbon sources in different land use types in Sidi Village
- AR i
Pb In Cu Cd  DIPA-Pb DIPA-Zn DIPA-Cu DIPA-Cd  Pb In Cu Cd  DIPA-Pb DTPA-Zn DIPA-Cu DTPA-Cd
% -0.688 -0.408 -0.605 -0.998* 0.916  -0.351 0.389  -0.253 -0.04 -0.035 -0.071 0.347 -0.057 0.093 -0.130 0.254
FHEME 0619 -0.962 -0.875 -0.203 -0.264 0.876  0.968 0.921 0.268 0.234  0.236 0.317 0.290  0.287 0.208  0.151
JHek 0.245 -0.990 -0.996 -0.585  0.152 0.603  0.986 0.682 0.36  0.319 026 0.327 0.405  0.283 0.314  0.301
ik 0.021 -0.932 -0.9 -0.752  0.370 0.408  0.924 0.500 0.242  0.05 0.208 0.384 0.234  0.135 0.129 -0.193
Fik -0.089 -0.886 -0.969 -0.820  0.470 0.306  0.877 0.402 -0.09 0.047 -0.071 0.09 -0.075 -0.057  -0.09 -0.169
Tk 0.332 -0.999* -0.985 -0.509  0.062 0.673  0.997*  0.745 0.175  0.307  0.191 -0.001 0.272 0.250 0.271  0.034
i ik KEgH
Pb In Cu Cd  DIPA-Pb DIPA-Zn DIPA-Cu DIPA-Cd  Pb In Cu Cd  DIPA-Pb DTPA-Zn DIPA-Cu DTPA-Cd
% -0.344 -0.303 -0.393 0.721* -0.406 -0.233 -0.383  0.095 -0.276 -0.644" -0.568 0.084 -0.367 -0.744* -0.555 -0.729"
FUEME  0.049  0.026 -0.044 0.441 -0.368 -0.031 -0.343  0.103 -0.654" -0.551 -0.674* -0.390 -0.539 -0.35  -0.516 -0.582
Mk 0.083  0.098 -0.083 0.458 -0.451  -0.117  -0.451  0.180 -0.642" -0.525 -0.641" -0.493 -0.519 -0.340  -0.390 -0.468
S -0.278 -0.244 -0.405 0.194 -0.587  -0.389  -0.597 -0.268 -0.757* -0.582  -0.700* -0.268 -0.639* -0.407  -0.547 -0.528
23 0.235  0.360 0.188 0.472 0.068 0.179 0.088 -0.083  0.235  0.19 0.137 0.164  0.298  0.012 0.212  0.101
723 -0.065 -0.084 -0.187 0.430 -0.459  -0.1492  -0.460 -0.025 -0.448 -0.378 -0.49% -0.433 -0.311 -0.194  -0.307 -0.525
1) * FIRTE 0.05 7KF- B 1= B HARK -
2.4 T PORDGGE RS 5 DAY EITAEL T m”
FLHH 8= b 31%-"3Ein§‘§ B 6 1, :E,U\tﬁﬁ 2:6%;
DGGE AU DNA B IR1TA0 FF1,  tebrky 6 A i bl oo« 25195 1)

AR E ﬁ*ﬁﬂkﬁ{ﬂmﬁxff?ﬁﬂTﬂﬂﬁ DNA #5 |

ﬂﬁ&,ﬁ@smn#ﬂﬁa%ﬁmMFﬁﬁﬁ
I L ﬁﬁ-mcm AT Blast HeX /'Jf ;@’
AL ﬁm%ﬁj,Aﬁ%ﬂmf%M#WM%
7>ﬁ%rw33ﬂ%umurr%% wm

@ﬁ%,ﬁ%%ém%mﬂm

Mwm87%-m%-nzA,5uwms?¢f%
mﬁ%%¥%ﬁﬂm%%ﬁﬂﬁ

e -

a%ﬁﬁ*?:

fn %7 A
L o Tdb,].e 7 DNA sequencing results

A 3
=
."’

A

. |

[ - > ‘ ) R ST 2 BHRHIBLE GenBank

e X HHER ;mm :_,,,- Yor }é% P b4 /%{ Fepi

1-1  Crossodonthina koreana 99 736893
2-1 uncultured eukaryote 98 KU657019
2-2  Archaeorhizomyces finlayi 95 JF836020
2-3  uncultured fungus 97 EU733605
Xif B 2-4  Tecteremaeus incompletus 93 KR081635
3-1 uncultured eimeriidae 97 EF023142
3-2  Archaeorhizomyces finlayi 95 JF836020
3-3  uncultured fungus 98 EU733583
3-4  Pycnoporus sp. ZW02. 30 99 AY705970
5-1  Endogonelactiflua 97 LC107343
Tk 5-2  uncultured ascomycota 96 FJ889079
5-3  Fusarium solani 99 KP310124
6-1 uncultured fungus 100 KJ021757
7-1  uncultured zygomycete 100 KT923269
7-2  Penicillium decumbens 100 KR063176
MG 7-3  Phacidiumlacerum 98 KJ830797
8-1 uncultured eukaryote 100 KP059046
8-2  Fusarium oxysporum 100 KJ126877
IR LT R 8 SRR 1-1 10-2  uncultured fungus 99 KX147636
2-2,2-3,2-4,3-1,3-2,3-3,3-4,5-1,5-2,5-3,6-1,7-1,7- 12-1 uncultured fungus 99 KJ862862
2.7-3,8-1,8-2,10-2, 12-1, 13-1, 14-1 #1 14-3 JKAEI 13-1  Phaeomyces dubiosus 99 KF830077
E5 18S rDNA E[E# DGGE Eif 14-1 Phrynidae environmental sample 93 EF023624
Fig. 5 DGGE profile of 18SrDNA fragments 14-3  Soutigera coleoptrata 99 AF007279
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