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Fig.1 The location of the study area .
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Fig.2 The schematic distribution map of sampling sites
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Fig.3 Rarefaction curves of the bacteria in Quaternary Red soils under different land use patterns
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Fig.4 Soil bacterial OTU Venn diagram of Quaternary Red soils
under different land use patterns
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Fig.5 Bacteria compositions at the phylum level of Quaternary Red soils under different land-use patterns
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Fig.6 Bacteria compositions at the genus level of Quaternary Red soils under different land-use patterns
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Table 1 The alpha diversities of Quaternary Red soils under different land-use patterns at the level of OTU (Mean + SD)
HEY R R Chaol #5%X VIR 158 TR Tl R
Microorganism Land-use pattern Chaol index Observed species index Shannon index Simpson index

il MC_02 624.461 +119.083 ¢ 616.700 + 119.568 ¢ 5.962+0.212d 0.954+0.011b
CL_02 3777.563 £373.039 b 3754.800 + 368.817 b 10.154 +0.236 be 0.995 +0.002 a
CL_03 3931.893 £538.495b 3890.567 + 550.564 b 9.823+0.389 ¢ 0.993 £ 0.004 a
CL 04 4263.643 +263.501 ab 4202.233 +255.552 ab 10.403 + 0.258 ab 0.996 +0.002 a
CL_05 4649.870 +403.485 a 4599.367 +397.124 a 10.721 +£0.358 a 0.997 £ 0.002 a

HiEF MC 02 110.670 +20.366 ¢ 108.667 +20.835 ¢ 5301+0.214a 0.946 +£0.013 a
CL_02 171.571 £40.814 b 168.900 + 40.974 b 4.762 +0.736 ab 0.894 + 0.074 ab
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CL 04 180.885 £ 6.116 b 179.933 £6.165b 5433+0.472a 0.941 £0.037 a
CL_05 255.064 £25.179 a 251.833 £27.134 a 4.095+0.622b 0.798+0.103 b
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Fig.11 Fungi compositions at the phylum level of Quaternary Red soils under different land-use patterns
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Fig.12 Fungi compositions at the genus level of Quaternary Red soils under different land-use patterns

x2 TRLHFBARNTENLEHALTERKF LERENENFEELLB(HE + FREE)

Table 2 Comparisons of fungi relative abundances at the genus level between Quaternary Red soils under different land-use patterns

(Mean + SD)
HEWE
. MC_02 CL 02 CL 03 CL 04 CL 05
Fungi genus - - - - -
Tausonia 0.822+0.723 b 0.077+£0.134 b 0.001 £ 0.002 b 2428+2317b  38914+17.336a
LR (Suillus ) 0.000 + 0.000 b 35.224+15.870 a 0.095 +0.089 b 0.000 + 0.000 b 0.002 +0.004 b

WA E ( Mortierella )

1.770 £ 1.924 be

1.113£0.753 ¢

7.877+5.692b

18.565 +5.518 a

0.686+0.170 ¢

AR B ( Pseudogymnoascus ) 0.138+0.239 ¢ 0.057 +0.072 ¢ 0.049 +0.073 ¢ 2.992+1.468 b 17.078 £ 1.743 a
FEE B ( Leohumicola ) 0.000 + 0.000 b 1.211+2.098 b 16.746 + 4.643 a 1.337+1.094 b 0.024 +0.042 b
HEEE (Penicillium ) 2.628 £2.028 b 7.999 +3.463 a 0.395+0.388 b 1.715+0.755 b 3.503+2349b
W fJE ( Oidiodendron ) 0.000 + 0.000 b 13.090 + 1.900 a 0.035+0.057 b 0.064 +0.107 b 0.237+0.101 b
NG HLE (Alternaria ) 9294 +£3.169 a 0.268+0.251 b 0.242+0.357b 0.113+0.190 b 2.097+0.510b
Hi#E)® ( Phialemoniopsis ) 8.436+3.327a 0.110£0.155b 0.000 % 0.000 b 0.000 = 0.000 b 0.007 £0.012 b
hee)m (Aspergillus ) 3.705 + 2.667 a 3.181+1.164a 0.123+0.213 b 0.188+0.324 b 0.026 +0.043 b

A CL 03+ Tausonia fll fi& # % &
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123 CL 02 > CL_ 03 > CL_05 i ML, 35 B
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CL 025 CL_05. MC 02, CL_04 f1 CL_03 A &8
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B AR BERE AN, CL_02 BG iy %, CL_03 Al
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Wk fJE ( Oidiodendron ) #£ CL_02 H4rAit) 12,
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CL_03 > MC_02 y# e, RUIAR LA H =T
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JEEm, CLO2¥ ni b %, AR
( Mortierella ) 7£ CL_04 hrfife) 1z, S5HAN L Hb
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CL 04 34 fnpy @3, CL 02 Hl CL 05 #1845 )%
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CL 05 (%R 5 # 8 ( Leohumicola ) WX} 3 B 14
fin, CL 03 ¥&mig =% . #etsit)gE (Alternaria) |
% )& ( Phialemoniopsis ) M5 )& ( Aspergillus ) &
MC 02 Horfife) iz, Horh MC_02 P BEAS 1)
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MC 02 ) #h & J& ( Aspergillus) 5 CL 03,
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Fig.13 Principal coordinate analysis (PCoA) of fungi community
structure for Quaternary Red soils under different land-
use patterns
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Fig.14 Hierarchical clustering analysis of soil fungi communities of Quaternary Red soils under different land-use patterns
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Characteristics of Bacterial and Fungal Communities in Quaternary Red
Soils under Different Land-use Patterns

ZHANG Cheng-cheng', SUN Zhong-xiu"", WANG Qiu-bing', JIANG Ying-ying?,
DUAN Si-yi', ZHANG Yong-wei', SUN Fu-jun'
(1. College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China;
2. Shenyang Institute of Technology, Shenyang 113122, China)

Abstract: [Objective] Clarifying the characteristics of bacterial and fungal communities in Quaternary Red soils
under different land-use patterns will provide important biological property data for evaluating the health status of Red
soils, and to provide guidance for the rational utilization and scientific management of Quaternary Red soil resources.
[Method] Quaternary Red soils in sparse forest grassland, grassland, woodland, cultivated land and their nearby buried
Quaternary Red soils underlying loess from the same stratum were taken as the research objects, and the buried
Quaternary Red soil was taken as the control group. The high-throughput sequencing technology was used to
determine the abundance, diversity and community composition changes of bacterial and fungal communities in
Quaternary Red soils under different land use patterns. Combined with soil physical-chemical properties, the
community characteristics of bacteria and fungi in Quaternary Red soils under different land use patterns were
systematically addressed. [Result] There were significant differences between the a-diversity index of microbes in
Quaternary Red soils under different land-use patterns. Compared to the buried Quaternary Red soil, the bacterial
abundance index, diversity index, and fungal abundance index of Quaternary Red soils of sparse forest grassland,
grassland, woodland, and cultivated land increased significantly, while the fungal diversity index of cultivated land
decreased significantly. The relative abundance of dominant bacterial and fungal communities in Quaternary Red soils
changed significantly under different land-use patterns following the buried Quaternary Red soils eroded to the land
surface. Compared to the buried Quaternary Red soil, the relative abundance of Proteobacteria in Quaternary Red soils
under other land-use patterns significantly decreased, while the relative abundance of Acidobacteria, Chloroflex and
Gemmatimonadetes significantly increased. The relative abundance of Ascomycota decreased significantly in the
sparse forest grassland, grassland and woodland, while the relative abundance of Basidiomycota increased
significantly in the sparse forest and cultivated land, and the relative abundance of Mortierellomycota increased
significantly in the woodland. The principal coordinates and hierarchical clustering analysis showed that the
community structure of bacterial and fungal in Quaternary Red soils changed under different land-use patterns, and the
community structure of the Quaternary Red soil of sparse forest grassland was the most similar to that of woodland.
[Conclusion] The bacterial and fungal abundance, diversity, and community composition of Quaternary Red soils
changed significantly under different land-use patterns following buried ancient red soils exposed to the ground
surface. The research results could provide important biological property data for diagnosing the Quaternary Red soil
health status, and a foundation for scientific management and utilization of Quaternary Red soil resources.

Key words: Land-use pattern; Quaternary Red soil; Soil microorganism; Bacteria; Fungi; Community characteristics
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