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Variation Characteristics and Driving Factors of Soil Carbon—Nitrogen
Cycling Functional Genes in Typical Forest Stands at
Different Altitudes in West China Rainy Area
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Abstract: [ Objective] This study aims to investigate the changes in soil microbial community structure and
functional genes, along with their ecological drivers, in typical forest stands at different altitudes in the West China
Rainy Area.[Methods] Three typical forest stands at different altitudes within the Liziping National Nature
Reserve of Sichuan Province (West China Rainy Area) were selected as the research subjects: A Cyclobalanopsis
and Populus szechuanica broad-leaved mixed forest (1 900 m) , an Abies-Picea coniferous mixed forest (2 300

m) , and a Yushania lineolata forest (2 700 m). The microbial community structure and changes in carbon-
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nitrogen cycling functional genes were analyzed using Illumina Novaseq high-throughput sequencing technology.
[Results] 1) The 1 900 m altitude exhibited the highest levels of soil organic carbon (SOC, 23.95 g/kg) ,
ammonium nitrogen (NH;-N, 6.33 mg/kg) , carbon-to-nitrogen ratio (C: N, 20.33), and microbial biomass
carbon-to-nitrogen ratio (MBC: MBN, 18.56). Soil total nitrogen (TN, 1.60 g/kg) and nitrate nitrogen (NOj-
N, 23.52 mg/kg) were the highest at the 2 300 m altitude. In contrast, both NH,-N and NO,-N at 2 700 m were
significantly lower than at other altitudes (p<C0.05). MBC and MBN had the most significant influence on NH; -
N, while the C: N ratio was a common key predictor for NH;-N, NO3-N, and TN. 2) Overall, bacterial
diversity showed no significant changes (p>>0.05). Within the bacterial communities, Candidatus Solibacter and
Bryobacter showed the highest relative abundances. The relative abundance of Candidatus Solibacter increased
with increasing altitude. In contrast, fungal diversity increased significantly with altitude (p<<0.05) , and
Mortierella and Sebacina showed the highest relative abundances in the fungal communities. 3) With increasing
altitude, the abundances of microbial nitrogen fixation and ammonia oxidation genes gradually decreased. At 2 300
m altitude, microbial carbon-nitrogen cycling functional genes were at relatively low levels. In contrast, at 2 700
m altitude, the abundances of key genes in the Wood-Ljungdahl pathway (cooS, c¢dhD) and nitrate reduction
genes were the highest. SOC, NH;-N, MBC, and MBN showed significant positive correlations with nitrogen
fixation and ammonia oxidation genes (p<Z0.05). 4) Microbial community assembly was primarily governed by
dispersal limitation, followed by ecological drift. The complexity of both bacterial and fungal networks decreased
with increasing altitude.[ Conclusion] The findings of this study provide a theoretical basis for investigating the
response mechanisms and influencing factors of regional soil nutrients, microbial community structure, and carbon-
nitrogen cycling functional genes to altitudinal variation.

Keywords: altitude; carbon and nitrogen cycling; microbial community structure; ecological driving factors;
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Table 2 Information of basic physical and chemical properties of soil in different forest stands
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Fig.1 Microbial niche width and dominant genera at different altitudinal gradients
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Fig.2 Co-occurrence network analysis of microorganisms at different altitudinal gradients
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Table 4 Network topology parameters

LY AR /m T BIFE PRI R EAR T RE PR AR
1900 27.20 0.15 0.69 8.66 2.54 0.50
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