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Abstract: After undergoing weathering and being influenced by topography, vegetation,
climate, time and biology, the carbonate rocks gradually evolved into black calcareous soil,
brown calcareous soil, yellow calcareous soil and red calcareous soil. [Objective] This study
aims to investigate the microbial community characteristics of particulate organic matter (POM)
and mineral-associated organic matter (MAOM) in calcareous soil at different succession stages,
providing a theoretical basis for the study of organic matter stability mechanism in karst soil.
[Methods] Black calcareous soil, brown calcareous soil, yellow calcareous soil, and red
calcareous soil from the Nonggang Nature Reserve in Guangxi were chosen as the research
objects, and soil organic matter (SOM) was divided into POM and MAOM by using wet
screening method. The soil physicochemical properties and soil microbial community
characteristics were analyzed. [Results] During the succession process of calcareous soil, the
soil organic carbon, total nitrogen, and exchangeable calcium contents of POM and MAOM
showed a decreasing trend, and the C/N of MAOM was greater than that of POM, whereas the
C/P of POM was greater than that of MAOM. The bacterial diversity was higher in black
calcareous soil of POM and MAOM, and the diversity of bacteria and fungi in the four type
calcareous soil of MAOM was higher than that in POM. Acidobacteria, Proteobacteria, and
Ascomycota were the dominant phyla in POM and MAOM along the succession process of
calcareous soil. Total phosphorus was a key factor affecting the changes of bacterial
communities in POM and MAOM during calcareous soil succession, while dissolved organic
carbon and soil organic carbon were key factors affecting the changes of fungal communities in
POM and MAOM during calcareous soil succession, respectively. The microorganisms from
black calcareous soil in POM and MAOM may have undergone ecological niche
differentiation, and bacteria and fungi tend to cooperate more closely along calcareous soil
succession. [Conclusion] During the succession process of calcareous soil, the nutrients and
microbial diversity of POM and MAOM decrease. POM may be the main source for microbial
nutrients, and MAOM is more conducive to be the long-term stable accumulation of carbon.
This study can provide a theoretical basis for the role of microorganisms in the formation of
organic matter during the succession process of karst soil.

Keywords: karst; calcareous soil succession; particle organic matter; mineral-associated organic
matter; microbial community
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i E SR AR TR P A i A . A
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55 . ffi ] Origin V8.5 BAFTEN 17KV 2 il 40 7 Al
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ALk BT (principal coordinates analysis, PCoA)
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2.1 TIEBILMER
£ K L R T POM H MAOM BRALE

JiAH —ERZEFIEGE 1), 72 POM FHl MAOM H1,
BKC ) SOC., TN, TP, DOC. AK ., E-Ca fil E-Mg
O R T A 7 R B B 18 (P<0.05), A
SOC. TN 1 E-Ca 5 ¥R By BEAA K 1>
A K> 6aaKtE>46 0K+
(BKC>BWC>YWC>RDC). 7 £ K+ i 5 id 7
1, MAOM 1 C/N ¥ KT POM (P<0.05), POM
) C/P KT MAOM. L4, % E POM Il MAOM
A[l, BKC #F MAOM 1§ SOC. TP. DOC. AK
SHRHEEKRT POM (P<0.05), BKC. BWC,
YWC # MAOM ) SOC. TP, DOC & & T
POM, BKC. BWC, RDC # POM i) TN &
T MAOM.

F1 ARLTESTIEDH POM F1 MAOM BYIB{L R

Table 1  Physical and chemical properties of POM and MAOM along calcareous soil succession

POM/ Factors Calcareous soil succession process

MAOM BKC BWC YWC RDC

POM SOC (g/kg) 79.74+3.97Ba 68.08+0.82Bb 22.39+1.34Cc 15.26+0.59Cd
TN (g/kg) 14.80+0.82Aa 6.36+£0.08Cb 1.99+0.22Ec 1.32+0.15Ec
TP (g/kg) 1.53+0.11Ba 0.81£0.06Cb 0.92+0.02Cb 0.35+0.05Dc¢
DOC (g/kg) 2.45+0.20Ba 2.11+0.06Ba 0.63+0.08Cc 1.07+£0.08Cb
AK (mg/kg) 70.85+1.88Ba 24.68+1.04CDb 10.28+0.67Ec 27.26+1.40Cb
E-Ca (cmol/kg) 30.00+2.18Aa 27.06+2.71Aa 13.83+0.60Bb 8.79+1.83BCb
E-Mg (cmol/kg) 5.10+0.39Aa 3.88+0.03Bb 0.19+0.02Cc 0.23+0.00Cc
C/N 5.39+0.1Cb 10.7+0.1Ba 11.34+0.5ABa 11.97+1.87ABa
C/P 53.14+6.67Bb 84.89+4.95Aa 24.41£1.01Cc 45.35+8.27Bb

MAOM  SOC (g/kg) 92.94+9.04Aa 72.37+3.56Bb 23.99+0.77Cc 13.17+0.58Cc
TN (g/kg) 13.78+0.36Ba 6.18+0.18Cb 2.09+0.02Dc¢ 0.96+0.02Ed
TP (g/kg) 1.87+0.15Aa 0.88+0.06Cb 1.01+0.03Cb 0.31+0.41Dc¢
DOC (g/kg) 3.00+0.25Aa 2.22+0.27Bb 1.03+0.17Cc 1.02+0.10Cc
AK (mg/kg) 77.01+£0.34Aa 21.16+0.86Db 14.87+1.65Ec 22.56+0.87CDb
E-Ca (cmol/kg) 32.61+0.44Aa 11.09+0.29BCb 10.66+0.63BCb 5.69+£0.77Cc
E-Mg (cmol/kg) 5.60+£0.05Aa 3.62+0.10Bb 0.34+0.03Cc 0.20+0.03Cc
C/N 6.75+0.62Cc 11.70+0.35ABb 11.48+0.34Bb 13.76+0.51Aa

C/P

51.00+8.85Bb

82.88+3.92Aa

23.72+1.28Cc

44.02+3.59Bb

The different uppercase letters (A, B, C, D, and E) per line indicate a significant difference in POM and MAOM (P<0.05),
while the different lowercase letters (a, b, ¢, and d) on each line indicate a significant difference in different stages of

calcareous soil succession (P<0.05). BKC: Black calcareous soil; BWC: Brown calcareous soil; YWC: Yellow calcareous soil;
RDC: Red calcareous soil; SOC: Soil organic carbon; DOC: Dissolved organic carbon; TN: Total nitrogen, TP: Total

phosphorus; AK: Available potassium; E-Ca: Exchangeable calcium; E-Mg: Exchangeable magnesium.
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FEH T MAOM, H7E BWC 1y POM Fi
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Table 2 Alpha diversity of microbial of POM and MAOM along calcareous soil succession

Microbial ~ Soil-aggregates frameworks BKC BWC YWC RDC
Bacteria POM Chaol 5704.91+£300.40Aa 3677.54+468.38Bb  3905.05+111.66Bb  3604.13+66.46Bb
Shannon 9.98+0.01Aa 7.39£1.56Ba 7.93+0.05ABa 8.23+0.39ABa
Simpson 1.00+0.00Aa 0.87+0.12Aa 0.96+0.01Aa 0.98+0.01Aa
MAOM  Chaol 5631.844+229.70Aa 4204.15+104.34Bb 3735.31+175.67Bb  3493.50+348.94Bb
Shannon 9.47+0.22Ba 8.82+0.05ABab 7.47+0.11Bc 8.17+0.72ABbc
Simpson 0.99+0.00Aa 0.99+0.00Aa 0.95+0.00Ab 0.97+0.02Aab
Fungi POM Chaol 1134.54+118.11Aa  867.78+68.89Ba 1065.41+57.12ABa  979.44+70.80ABa
Shannon 5.51+£0.22Aa 5.70+0.41Aa 6.00+0.08Aa 5.3240.53Aa
Simpson 0.90+0.02Aa 0.94+0.03Aa 0.96+0.01Aa 0.92+0.03Aa
MAOM  Chaol 1101.79+£73.95Aab  1164.1248.77Aa 934.79+£56.02ABb  1012.73+56.53ABab
Shannon 6.19+0.42Aa 6.33+0.11Aa 6.38+0.21Aa 5.35+0.54Aa
Simpson 0.94+0.02Aa 0.96+0.00Aa 0.97+0.01Aa 0.91+0.04Aa

The different uppercase letters (A, B, C, D, and E) per line indicate a significant difference in POM and MAOM (P<0.05),
while the different lowercase letters (a, b, ¢, and d) on each line indicate a significant difference in different stages of

calcareous soil succession (P<0.05). BKC: Black calcareous soil; BWC: Brown calcareous soil; YWC: Yellow calcareous soil;

RDC: Red calcareous soil.
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Figure 1 Accumulative bar diagram of soil bacteria (A: POM, B: MAOM) and fungi (C: POM, D: MAOM)
at the phylum level and significant differences in some dominant phyla (E). Different lowercase letters (a, b,
¢, d and e) per line indicate the significant difference. BKC: Black calcareous soil; BWC: Brown calcareous
soil; YWC: Yellow calcareous soil; RDC: Red calcareous soil. Bacteria with relative abundance less than 1%
and fungi with relative abundance less than 0.1% were classified as others.
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Figure 2 Bacterial (A: POM, B: MAOM) and fungus (C: POM, D: MAOM) community structure assessed
by principal coordinate analysis (PCoA) based on Bray Curtis distance. BKC: Black calcareous soil; BWC:
Brown calcareous soil; YWC: Yellow calcareous soil; RDC: Red calcareous soil.
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Figure 6 Soil microbial co-occurrence network and topological properties of POM (A) and MAOM (B).
BKC: Black calcareous soil; BWC: Brown calcareous soil; YWC: Yellow calcareous soil; RDC: Red
calcareous soil.
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%3 POM 71 MAOM My 4& R HEZ AT 3 RIRIA B E]
Table 3 The relative abundance of the top three phyla in the co-occurrence network of POM and MAOM

Soil Acidobacteria Proteobacteria Ascomycota
POM (%) MAOM (%) POM (%) MAOM (%) POM (%) MAOM (%)
BKC 21.21 22.22 30.30 27.78 12.12 15.74
BWC 26.32 25.93 14.47 22.22 23.68 18.52
YWC 22.77 20.18 17.82 12.28 20.79 24.56
RDC 23.28 23.76 24.14 23.76 15.52 12.87
Total 93.58 92.09 86.73 86.04 72.11 71.69

BKC: Black calcarcous soil; BWC: Brown calcareous soil; YWC: Yellow calcareous soil; RDC: Red calcareous soil.
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