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Abstract: [Objective] Loess-paleosol sequence (LPS) is a good carrier recording the changes
of Quaternary climate and environment, and the characteristics of soil microorganisms in it
indicates important information about the changes of soil environment. Due to the climate
difference between loess and paleosoil, the soil microbial community may have different
responses in the structural characteristics. The research on this problem, however, is limited.
[Methods] In this paper, the loess (RL and JL)-paleosol (RS and JS) sequences in Renjiapo (R)
and Jiuzhoutai (J) were selected, and high-throughput sequencing and linear discriminant
analysis effect size (LEfSe) were employed to gain insights into the community structure and
group differences of soil prokaryotes. Furthermore, functional annotation of prokaryotic taxa
(FAPROTAX) was used to predict the community function, and the Mantel test was carried out
to identify the environmental factors affecting the community stability of soil prokaryotes.
[Results] The carbon and nitrogen in soil showed changes consistent with the magnetic
susceptibility and Rb/Sr ratio, the alternative indicators of climate change. The content of
carbon and nitrogen was high in the paleosol (RS and JS, especially in RS) and low in the
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corresponding loess (RL and JL). In the same climate era, Jiuzhoutai was drier and colder than
Renjiapo. The paleosol deposition stage in Jiuzhoutai was affected by strong winter monsoon,
which ultimately led to the gradual change from the dry-cold to wet-warm climate. In the
prokaryotic community, thermophilic or mesophilic bacteria and archaea, such as
Acidobacteria, Crenarchaeota, and Chloroflexi, were abundant in RL and RS, while those with
tolerance to drought and extreme environments, such as Gemmatimonadetes, Actinobacteria,
Firmicutes, Euryarchaeota, and Deinococcus-Thermus, had high abundance in JL and JS. The
functional genes related to energy source and nitrogen, manganese, iron, and chlorine cycling
had the highest expression levels in RS, while those involved in carbon, hydrogen, and sulfur
cycling showed the highest expression levels in RL. The prokaryotic community in Jiuzhoutai
had higher species diversity and fewer functional species than that in Renjiapo. Mantel test
results indicated that soil organic carbon (SOC), soil water content (SWC), total nitrogen (TN),
and nitrate nitrogen (NOs -N) were the key environmental factors influencing the stability and
functions of the prokaryotic community in Renjiapo, while the influencing factors in Jiuzhoutai
were TN, SOC, pH, and ammonium nitrogen (NH; -N). [Conclusion] During the warm-humid
period, the microbial community differentiated into more functional categories and exhibited
more vigorous life activities. When the climate was dry and cold, the microbial community
completed the main life activities by improving species diversity and jointly maintaining the
community survival and stability to adapt to environmental stress. The findings are of great
significance for understanding the impacts of climate change on the diversity and functions of
soil microorganisms.

Keywords: loess-paleosol sequence; prokaryotic community; structure; function; paleoclimate
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Schematic diagram of study areal¥ (A) and loess-paleosol stratigraphic profile in Renjiapom] (B).
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Figure 2 Physical and chemical factors of loess-paleosol samples in two places. MS: Soil frequency magnetic
susceptibility; TN: Total nitrogen; @: Particle size; SOC: Soil organic carbon; SWC: Soil water content.
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Table 1  Effects of two places on alpha diversity of prokaryotic community in loess
Location Layer Chaol index ACE index Shannon index  Simpson index
Renjiapo RL1 1 338.515 1315.098 5.989 0.927
RL3 899.816 933.147 5.011 0.843
RLS 569.886 536.874 2.881 0.529
Jiuzhoutai JL1 576.512 496.851 2.919 0.486
JL3 680.173 614.314 3.115 0.492
JL5 1 085.443 1 085.437 6.415 0.973
Double factor variance analysis
Location * * ns ns
Layer ns ns ns ns
Locationxlayer ** *E * ns

*:0.01<P<0.05; **: 0.001<P <0.01; ns: Insignificant.

*2 M TEEREMEE o ST

Table 2 Effects of two places on alpha diversity of prokaryotic community in paleosol

Location Layer Chaol index ACE index Shannon index Simpson index
Renjiapo RSI 727.224 668.041 3.474 0.608
RS3 700.029 653.802 3.894 0.696
RSS5 597.391 478.744 0.865 0.148
Jiuzhoutai JS1 1118.873 1151.324 6.653 0.968
JS3 587.696 501.604 3.466 0.621
JS5 823.526 819.169 4.405 0.725
Double factor variance analysis
Location * ok *x ok
Layer skesk ek sk sfesk
Locationxlayer * * * *

*:0.01<P<0.05; **: 0.001<P <0.01.
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Figure 3 Difference test of alpha diversity of prokaryotic community in loess-paleosol between two places.
RL: Loess in Renjiapo; RS: Paleosol in Renjiapo; JL: Loess in Jiuzhoutai; JS: Paleosol in Jiuzhoutai.

*:0.01<P<0.05.
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PERMANOVA: F=5.968, P-value=0.001
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Figure 5 Analysis on the difference of dominant prokaryotes in loess-paleosol between the two places. RL:

Loess in Renjiapo; RS: Paleosol in Renjiapo; JL: Loess in Jiuzhoutai; JS: Paleosol in Jiuzhoutai.
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Figure 6 LEfSe difference analysis of prokaryotic community in loess between two places (A) and LEfSe
difference analysis of prokaryotic community in paleosol between two places (B). RL: Loess in Renjiapo; RS:
Paleosol in Renjiapo; JL: Loess in Jiuzhoutai; JS: Paleosol in Jiuzhoutai.
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x3 MHE—ZEAIINEE

E £ 5 Kruskal-Wallis #1&

Table 3 Kruskal-Wallis test of functional abundance difference in the same layer between the two places

Layer function L1 L3 L5 S1 S3 S5
Chemoheterotrophy ns ns 0.049 5*  0.045 5* ns 0.049 5*
Fermentation ns ns 0.049 5% 0.045 5* ns 0.049 5*
Nitrate reduction ns ns 0.049 5*  0.045 5* ns 0.049 5*
Aerobic chemoheterotrophy ns ns 0.049 5*  0.045 5* ns 0.049 5*
Hydrocarbon degradation ns ns 0.049 5*  0.045 5* 0.049 5* 0.049 5*
Nitrification ns ns ns 0.045 5* ns 0.049 5*
Aerobic ammonia oxidation ns ns 0.049 5*  0.045 5* ns 0.049 5*
Methylotrophy ns ns 0.046 3*  0.039 2* 0.049 5* ns
Hydrogenotrophic methanogenesis ns 0.0756  0.0369* 0.008 8**  0.036 9* ns
Methanogenesis ns 0.0756  0.0369* 0.008 8**  0.036 9* ns
Methanogenesis by reduction of methyl compounds 0.0528  0.0756  0.036 9* 0.008 8**  0.036 9* ns

with H,

Phototrophy ns ns ns 0.044 2* 0.049 5* 0.049 5*
Photoautotrophy ns ns ns 0.044 2* 0.049 5* 0.049 5*
Aromatic compound degradation ns ns ns 0.044 2* ns ns
Aerobic nitrite oxidation ns ns ns ns ns 0.036 9*
Anoxygenic photoautotrophy S oxidizing ns ns 0.046 3*  0.045 5* ns ns
Anoxygenic photoautotrophy ns ns 0.046 3*  0.045 5* ns ns
Cyanobacteria ns ns 0.046 3* ns ns 0.049 5*
Oxygenic photoautotrophy ns ns 0.046 3* ns ns 0.049 5*
Chitinolysis 0.0528 ns ns ns 0.046 3* ns
Methanol oxidation ns ns ns 0.039 2* ns 0.049 5*
Cellulolysis ns ns 0.043 1* ns ns 0.036 9*
Xylanolysis ns ns 0.0253* ns ns 0.036 9*
Dark hydrogen oxidation ns 0.0756 ns ns ns ns
Respiration of sulfur compounds 0.0528 0.0756 ns ns ns ns
Sulfate respiration 0.0528 ns ns ns ns ns
Anammox 0.0528 ns ns ns ns ns

*:0.01<P<0.05; **: 0.001<P<0.01; ns: Insignificant.
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Figure 7 Correlation between functional abundance of soil prokaryotic community and relative abundance
of phylum. Methanogenesis BROMCW H;: Methanogenesis by reduction of methyl compounds with H,;
Methanogenesis BCRW H;: Methanogenesis by CO, reduction with H,. *: 0.01<P<0.05; **: 0.001<P<0.01;

*H%: P<0.001.
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