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Soil carbon, nitrogen and phosphorus stoichiometric characteristics and
driving factors: a review

GAO Ziying, WANG Haiyan, ZHANG Yifan

(State Key Laboratory of Efficient Production of Forest Resources/Key Laboratory of Forest Cultivation and Protection,
Ministry of Education/College of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract: Soil carbon (C), nitrogen (N) and phosphorus (P) stoichiometric characteristics are indicators to
characterize the composition of soil organic matter and nutrient availability, which play a key role in
understanding the carbon, nitrogen and phosphorus cycle in soil and the balance of ecosystem. However, the
current research on the specific effects of each driving factor on soil stoichiometric characteristics needs to be
further strengthened. By analyzing the annual publications and research hotspots in the field of soil ecological
stoichiometry home and abroad from 2009 to 2023, we discussed the changes of soil ecological stoichiometric
characteristics in 4 parts: biological factors (plant, soil microorganism and soil animal), natural environmental
factors (geological hazard, topography and soil parent material), global climate change factors (climate

warming, extreme weather, nitrogen deposition, acid rain) and human activity (land use pattern). The driving
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factors of the change of soil ecological stoichiometric ratios were discussed, and the law and internal
mechanism of the change of soil carbon, nitrogen and phosphorus stoichiometric ratios were expounded. The
results showed that plant, soil microorganism, soil animal and their interactions jointly drive soil carbon,
nitrogen and phosphorus cycle. Soil animals affect microbial community structure through feeding and thus
influence soil carbon turnover. The complexity of microbial community regulates soil C-N-P coupling.
Geological disasters disturb the balance of soil stoichiometry through nutrient loss and decreased microbial
activity. Topography, climate warming and extreme climate indirectly affect soil stoichiometry by changing
water and heat conditions, whereas the mineral composition and structure of parent material directly regulate
soil C:N:P. Nitrogen deposition and acid rain affect plant growth and soil microbial activity through soil
acidification and nutrient loss and thus change soil C-N-P stoichiometry. Land use patterns directly or indirectly
affect soil stoichiometry through agricultural management and vegetation cover. Environmental factors affect
soil C-N-P stoichiometry through biotic factors, directly or indirectly, but with uncertain direction and degree.
Further study should pay attention to the synergistic effect of multiple factors and multi-path regulation
mechanism so as to provide a reference for soil nutrient management and ecosystem stability in the context of
global change. [Ch, 3 fig. 70 ref.]

Key words: ecological stoichiometry; soil C:N:P; soil nutrient; environmental response; driving factor;
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