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Abstract: [ Objective ] Farmland soils high in geological background value are widely distributed in China, complex in
pedogenesis, and diverse in geological age and parent material. Consequently, by far little is known about mechanisms of their
pollution of heavy metals and ecological risks of the pollutants. The purpose of this study was to explore distribution of the heavy
metals in paddy soils typical of the karst area of Guangxi, and key factors that affect structures of the microbial communities in

the soil, in an attempt to provide certain data support for establishment of a heavy metals risk assessment system for
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high-geological background-valued farmland soils of the secondary enrichment type. [ Method ] Samples of four types of paddy
soils different in geological age and type of parent material were collected separately in Maling, Luoxu, Suxu, and Yunbiao of
Guangxi for analysis of contents and distribution of heavy metals, physical and chemical properties, and the functional diversity
of the microbial communities therein. And redundant analysis (RDA) was performed to obtain key environmental factors that
impact structures of the soil microbial communities in those soils. [ Result ] Results show: (1) Development stage and type of
parent material significantly affected basic physiochemical properties of the soils, and also concentrations of heavy metals in the
soils. The soil in Maling started its development earlier and so was higher in organic matter content and heavy metals enrichment.
Derived from carbonate limestone, the soil was also higher in soil Cd than all the other three types of soils derived from
Quaternary fluvial sediments; (2) The four types of paddy soils were sharply different in soil microbial activity and microbial
community structure. The soil in Suxu was significantly lower in soil microbial carbon source utilization capacity and microbial
diversity index than the other three types of soils, where the amine and amino acid utilizing microbes were higher in metabolic
activity; However, the soil in Suxu was higher in metabolic activity of the saccharides and polymeric carbon utilizing microbes;
(3) RDA shows that soil organic matter, pH, total As, Cd, Pb, and available As were the main environmental factors that caused
differentiation of the soil microbes in utilizing carbon sources; and(4)Correlation analysis shows that intensity of the soil
microbes utilizing amines, amino acids, and phenolic acids was positively related to soil organic matter and pH, and negatively to
As, available Cu, and available As. [ Conclusion ] For the four types of soils high in geological background value, parent material
and geological age are the two factors that determine physical and chemical properties of and distribution of heavy metals in the
soil, which then in turn influence community structure and activity of the microorganisms in the soil.

Key words: Soil high in geological background value; Heavy metal; Microbial utilization of carbon sources; Biolog analysis; Soil

organic matter; pH
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Table 1 Basic properties of the soil high in geological background value relative to sampling site

SOM/ TN/ TP/ AK/ AN/ NN/
Sampling pH

(gkg!) (gkg') (gkg!) (mgkg") (mgkg!) (mgkg™)
point
piSaa 5.83+0.03c 28.81+1.38¢ 1.55+0.02¢ 0.88+0.05b 132.33+0.67a 1.65+0.05¢ 4.57+0.41b
B 7.59+0.01b 22.29+1.67¢ 1.55+0.00c 0.57+0.24b 109.33+2.40b 2.47+0.24a 5.77+0.18a
™ 7.77+0.04a 76.77+3.70a 3.78+0.00a 1.48+0.11a 57.00+3.00c 2.11£0.11b 3.79+0.14c
P 5.87+0.01c 57.61+£2.70b 1.61+0.01b 1.01+0.06b 126.00+1.15a 1.59+0.16¢ 4.59+0.06b

He W= PR R R ARG R LR BE (P<0.05), SOM, TN, TP, AK. AN, NN 4pJlft#%. HHANGR . 8. &6,
HAET A A AR & E. T, Note: The different letters in the same column indicate significant difference between soils ( P<0.05 ).

SOM, TN, TP, AK, AN and NN stands for soil organic matter, total nitrogen, total phosphorus, available potassium, ammonium nitrogen

and nitrate nitrogen, respectively. DSuxu, @Luoxu, @Maling, @Yunbiao. The same blow.
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Table 2 Total and available contents of heavy metals in the soil high in geological background value relative to sampling point/ (mg-kg ")

RFE 4>1g Total content

Sampling point Pb Cd Cu Zn As
TIFY 18.53+3.17a 0.53+0.02b 16.5+0.94b 92.07+4.38b 148.36+5.13a
wire 7.54+0.60bc 0.36£0.02¢ 12.61£1.20¢ 72.714591¢ 115.52+6.49ab
s 11.07£1.18b 1.35+0.07a 22.55+2.33a 177.92+6.93a 89.04+10.38b
=k’ 4.78+0.11¢ 0.19+0.01d 10.28+0.54¢ 20.66+5.96d 130.57+15.52a
SRFE £ 34 & B Available content

Sampling point Pb Cd Cu Zn As
PR n 0.86+0.01a 0.24+0.00b 1.56+0.04a 1.70+0.02b 0.19+0.00a
B 0.15+0.01d 0.05+0.00c 1.06+0.02b 0.71£0.01d 0.05+0.00d
s 0.74+0.02b 0.27+0.00a 0.78+0.01¢c 2.58+0.07a 0.10£0.01c
P 0.20+0.03¢ 0.06=0.00c 1.64+0.09a 1.42+0.06¢ 0.16£0.02b

DSuxu, @Luoxu, @Maling, (@Yunbiao
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Fig. 2 Average well color development ( AWCD ) of the soil

[ 2

microbial community in the soil high in geological background value
relative to sampling point
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Fig. 3 Overall utilization of the six kinds of carbon sources by soil
microbes relative to sampling point ( 72 h )
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Table 3 Functional diversity index of the soil microbial community in the soil high in geological background value relative to sampling point

PR FARFEEL F AR Yoy AR AL PR3 BE e %
Sampling point Shannon index ( H) Abundance index (S) Evenness index ( E) Simpson index (D)
pis A 2.4620.12b 5.33+2.18b 2.00+0.72b 0.87+0.01b
2 2.82+0.07a 16.67+1.33a 7.00+0.36a 0.93+0.01a
RN 2.82+0.07a 20.33+£3.18a 6.77+1.07a 0.93+0.00a
=Y 2.80+0.08a 15.33+0.88a 5.36+0.08a 0.92+0.00a

DSuxu, @Luoxu, @Maling, (@Yunbiao.
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sampling point
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Table 4  Correlation of carbon source utilization capacity with soil physical and chemical properties and heavy metal elements relative to type
of the carbon source
TCd TCu TPb TZn ACd ACu AZn APb AAs
CH 0.127 -0.127 —-0.401 —0.008 —0.492 -0.273 —-0.206 0.07 -0.417 -0.318
CA 0.347 0.113 -0.392 0.291 —0.608* —0.164 —0.614* 0.064 —-0.331 —0.669*
PL 0.38 0.308 0.148 0.397 —0.459 0.161 —-0.381 0.216 0.1 -0.298
AA 0.368 0.182 —-0.381 0.334 —0.756%* -0.173 —0.688* 0.007 —0.389 —0.796**
PH 0.342 0.147 —0.347 0.332 —0.728** -0.17 —0.659* —0.064 —0.333 —0.781%*
AM 0.183 —0.072 —0.686* 0.124 —0.650% —0.415 —0.631* —0.142 —0.615% —0.857%*
SOM pH N TP AN NN
CH 0.408 0.337 0.265 0.284 0.123 0.178
CA 0.348 0.701* 0.45 0.095 -0.574 0.529 0.189
PL 0.203 0.441 0.374 0.189 -0.396 0.221 0.231
AA 0.276 0.827** 0.468 0.229 —0.669* 0.657* 0.109
PH 0.136 0.826** 0.375 —0.099 -0.567 0.662* —0.056
AM 0.269 0.768** 0.346 0.071 —-0.544 0.681* —-0.002

He* RUATE 0.05 K (UGS ) b WA, ** KHIFE 0.01 AKF (UL ) I 35 HM 5. Note: Single asterisk indicates

significant correlation at 0.05 level ( two-sided test ); Double asterisk indicates significant correlation at 0.01 level ( two-sided test) .
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