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Abstract: [Objective] Soil organic carbon (SOC) mineralization is a key process in the global carbon cycle.
Understanding the influence of soil enzyme activity on SOC mineralization under different oxygen concentrations is
conducive to analyzing the soil carbon cycle process and advancing carbon neutrality goals. This study provides a

theoretical basis for clarifying carbon pool dynamics in check dams on the Loess Plateau and improving regional
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carbon cycle assessments. [ Methods] The dam-land soils of a typical check dam on the Loess Plateau were
collected as the research object. The SOC mineralization under different oxygen concentrations (0%, 7%, 14%,
and 21%) was investigated through field sampling and laboratory simulation experiments. [ Results] (1) During
the first 15 days of incubation, both instantaneous and cumulative SOC mineralization showed an order of 21% >
14%>7%>0%. However, from days 15~70 of incubation, SOC mineralization at 7% concentration exceeded
that at 14%, and the cumulative mineralization was 21%>7%>14%>0%. (2) High oxygen concentrations
(14%, 21%) significantly promoted the activities of carbon-cycling enzymes (j -glucosidase, cellulase) and
nitrogen-cycling enzymes (leucine aminopeptidase) , whereas $-xylosidase was more active in the early stage at
low oxygen concentrations (0%, 7%). The activity of phosphorus-cycling-related enzymes (phosphatase)
increased significantly only in the later stage at 7% oxygen concentration. (3) Enzyme stoichiometry indicated that
SOC mineralization was greatly affected by carbon and nitrogen. (4) Random forest analysis showed that
incubation time (21.90%) , cellulase (17.41%), and B-xylosidase (21.60%) were the main limiting factors for
SOC mineralization. Nitrogen-cycling enzymes indirectly regulated SOC mineralization by influencing microbial
nitrogen acquisition, while phosphorus-cycling enzymes had a weak effect. (5) Direct effects of individual factors
to SOC mineralization exceeded their interactive effects, with incubation time (27.35%) and cellulase (26.2%)
contributing the most. [ Conclusion] SOC mineralization in dam-land soils may exhibit a pattern of initial decline,
followed by an increase and subsequent decrease with varying oxygen concentrations. The activities of carbon- and
nitrogen-cycling-related enzymes are key drivers of mineralization differences, and the direct effects of individual
factors on mineralization outweigh dual-factor interactive effects.
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Fig. 1 Schematic diagrams of study area location
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Fig. 2 Photos of sampling method
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Table 1 Soil physicochemical properties

Kk / L/ BhikL/ KA AR/
% % % % (gekg™")

EH/ W/ R/ AR/ HAE/
(g+kg) (gekg") (mgekg ') (mg-kg ') (mg-kg ")

74.5247.84 14.93+7.96 10.5340.15 34.50+3.89 4.524-0.93 1.1140.34 3.01+0.33 0.018+0.01 1.5740.14 0.012+0.01
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Fig.3 Mineralization incubation under an oxygen concentration gradient
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Table 2 Activity types, abbreviations, substrates, and functions of soil enzymes
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Fig.4 SOC mineralization at different oxygen concentrations
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Fig. 5 Variation characteristics of soil enzyme activity at different oxygen concentrations and incubation time
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Fig. 9 Contribution of various factors to organic carbon mineralization under different oxygen concentrations
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