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Figure 1.

Physical and chemical properties of calcareous soil at different succession stages. A: pH; B: SOC; C:

TN; D: TP. BKC: black calcareous soil; BWC: brown calcareous soil; YWC: yellow calcareous soil; RDC: red
calcareous soil; SOC: soil organic carbon; TN: total nitrogen; TN: total nitrogen.
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Table 1. Classification information table of culturable bacteria of calcareous soil at different development stages
Soil Numb?r of Phylum Class Order Family
bacteria
BKC 74 Bacteroidetes Bacilli Bacillales Boseaceae
Proteobacteria  Actinomycetia Rhizobiales Bacillaceae
Firmicutes Flavobacteriia Burkholderiales Rhizobiaceae
Actinobacteria  Betaproteobacteria Aeromonadales Nocardiaceae
Alphaproteobacteria Lysobacterales Alcaligenaceae
Gammaproteobacteria Caulobacterales Mycobacteriaceae
Mycobacteriales Nocardioidaceae
Flavobacteriales Aeromonadaceae
Pseudomonadales Lysobacteraceae
Propionibacteriales Paenibacillaceae
Flavobacteriaceae
Comamonadaceae
Caulobacteraceae
Phyllobacteriaceae
Pseudomonadaceae
BWC 17 Firmicutes Bacilli Bacillales Boseaceae
Actinobacteria  Actinomycetia Rhizobiales Bacillaceae
Proteobacteria  Betaproteobacteria Rhizobiales Planococcaceae
Alphaproteobacteria Burkholderiales Nocardioidaceae
Microbacteriales Nitrobacteraceae
Caulobacterales Burkholderiaceae
Streptomycetales Microbacteriaceae
Sphingomonadales Streptomycetaceae
Propionibacteriales Comamonadaceae
Caulobacteraceae
Sphingomonadaceae
YwC 25 Firmicutes Bacilli Bacillales Bacillaceae
Proteobacteria  Actinomycetia Rhizobiales Rhizobiaceae
Actinobacteria  Betaproteobacteria Burkholderiales Nitrobacteraceae
Alphaproteobacteria Xanthomonadales Burkholderiaceae
Gammaproteobacteria Pseudomonadales Nocardioidaceae
Sphingomonadales Xanthomonadaceae
Propionibacteriales Pseudomonadaceae
Sphingomonadaceae
Comamonadaceae
RDC 28 Firmicutes Bacilli Bacillales Boseaceae
Proteobacteria  Actinomycetia Rhizobiales Bacillaceae

Actinobacteria

Betaproteobacteria
Alphaproteobacteria
Gammaproteobacteria

Burkholderiales
Caulobacterales
Microbacteriales
Xanthomonadales
Pseudomonadales
Sphingomonadales

Devosiaceae
Caulobacteraceae
Oxalobacteraceae
Microbacteriaceae
Xanthomonadaceae
Pseudomonadaceae
Sphingomonadaceae

BKC: black calcareous soil; BWC: brown calcareous soil; YWC: yellow calcareous soil; RDC: red calcareous soil.
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*2. TRIEEMER

BRARLTHEEIERE

Table 2. The culturable bacteria in calcareous soil at dlfferent succession stages
Sample Total BKC BWC YWC RDC
Total strain 144 74 17 25 28
Number of OTUs 52 31 11 12 12

BKC: black calcareous soil; BWC: brown calcareous soil; YWC: yellow calcareous soil; RDC: red calcareous soil.

AR LA B SR AN A e RAEH R B R2A K5 5%
3k, Hrp BKC fi KM 3.45x10* CFU/g (3 3).

HH B 2 G AT 3% 35 0 1 i AKF o A 1 0 T AT R
Pseudomonas 7 .&\ A 55 52 WA i LR, A
15%, ZHERERG L BTM B85 Pseudomonas
chlororaphis (GenBank % %5 MT540543) % 42

*3 ATREEBMERE

(&l 3), Cupriavidus ,Flavobacterium 1 Arenimonas
LR R TR BB R W ARECT 5 A 6%-8%, TE
R4 kAW LIRS Cupriavidus sp.
(GenBank % 55 MH795632) . Flavobacterium sp.
(GenBank %55 MH989596)

(GenBank % 5% % JF180336) R4 .

Arenimonas sp.

BAARLAERARFE

Table 3. Abundance of culturable bacteria (CFU/g) in calcareous soil at different succession stages
Culture medium BKC BWC YWC RDC
R2A 3.45x10" 0.70x10" 0.90x10" 1.30x10"
LB 0.20x10* 0.10x10* 0.20x10* 0.50x10°
ISP2 0.10x10* 0.50x10° 0.10x10* 0.10x10*
Maximum 3.45x10* 0.70x10* 0.90x10* 1.30x10*

BKC: black calcareous soil; BWC: brown calcareous soil; YWC: yellow calcareous soil; RDC: red calcareous soil.
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Evolutionary tree of culturable bacteria population in calcareous soil at different succession

stages. The letters and numbers in the first bracket indicate the NCBI registration number. The number of
branching points indicates bootstrap values based on 1000 replications are listed as percentages at the
branching points. The ruler in Figure A indicates 0.02 substitutions per nucleotide position, the ruler in
Figure B indicates 0.05 substitutions per nucleotide position. Figure A is the folded part of the black triangle

in Figure B.
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FRIRE Y B AR A ML SR AE B o SN
a diversity index of culturable bacteria in Karst calcareous soil at different succession stages

Shannon index

Simpson index Equitability index

Table 4.
Succession stage Number of OTUs
BKC 31 2.02
BWC 11 2.12
YwC 12 2.10
RDC 12 1.76

0.84 0.92
0.83 0.88
0.85 0.91
0.77 0.84

BKC: black calcareous soil; BWC: brown calcareous soil; YWC: yellow calcareous soil; RDC: stands for red calcareous soil.
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Microbacterium Streptomyces
Sphingosinicella Rhizobium
Phenylobacterium Paenisporosarcina
Paenibacilliis Neobacillus
Massilia Marmoricola
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AEIEEMBEEBRARTIAIEFRARBEKTAHABE
Horizontal abundance of culturable bacteria in calcareous soil at different succession stages. BKC:

black calcareous soil; BWC: brown calcareous soil; YWC: yellow calcareous soil; RDC: red calcareous soil.
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Figure 5. Analysis of OTU in calcareous soil at
different succession stages by using the upset map.
BKC: black calcareous soil; BWC: brown calcareous
soil; YWC: vyellow calcareous soil; RDC: red
calcareous soil.
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Figure 6. Abundance of potential C, N and P
functional bacteria in calcareous soil at different
succession stages. BKC: black calcareous soil; BWC:
brown calcareous soil; YWC: yellow calcareous soil;
RDC: red calcareous soil.
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Correlation heat map of environmental factors and dominant OTUs based on Pearson correlation

coefficient method. Significance levels are denoted as follows: P<0.05 (*) and P<0.01(**).
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Community characteristics of culturable bacteria in calcareous
soil at different succession stages
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Abstract: Karst soil is an important part of karst ecosystem, and its parent material, carbonate rock, can successively
evolve into black calcareous soil, brown calcareous soil, yellow calcareous soil and red calcareous soil under the
comprehensive effect of climate, topography, time and biology. [Objective] To better understand the response of soil
bacterial community to calcareous soil at different succession stages, which can provide the basic references for rocky
desertification control and soil erosion control in karst area. [Methods] The contents of SOC, TN and TP, and the
abundance and diversity of culturable bacteria in calcareous soils (black, brown, yellow and red) were determined.
[Results] The contents of soil SOC and TN at different succession stages were in the order of black calcareous
soil>brown calcareous soil>yellow calcareous soil>red calcareous soil. The content of TP was highest in black
calcareous soil and lowest in red calcareous soil. A total of 144 strains of bacteria were isolated and purified, and R2A
medium was the suitable medium. Then, the bacterial strains were classified into Actinobacteria, Bacteroidetes,
Firmicutes and Proteobacteria. Pseudomonas, Cupriavidus and Bacillus were the dominant genera of culturable
bacteria. At the genus level, the most strains were isolated from the black calcareous soil, and the dominant genera
such as Arenimonas, Thermomonas, Achromobacter and Brevibacillus appeared. In the early succession stages, a large
number of bacteria involved in carbon, nitrogen and phosphorus cycling appeared. [Conclusion] Based on the
characteristics of parent material carbonate rock, black calcareous soil rich in organic matter is formed under the
action of bacteria participating in carbon, nitrogen and phosphorus cycle. The physicochemical properties and
culturable bacterial diversity of karst limestone soil decreased with the increase of leaching degree of limestone soil.

Keywords: karst, calcareous soil, soil succession, culturable bacteria
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