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Effects of different management modes on soil microbial carbon use
efficiency in slope-to-terrace conversion systems in central Shandong
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Abstract: [Objective] This study aims to analyze the differentiation characteristics of key soil element
stoichiometry, microbial enzyme activities, and microbial carbon use efficiency (CUE) under different
management modes following slope-to-terrace conversion and elucidate the response mechanisms of CUE to
management modes, thereby providing theoretical support for optimizing terrace management, enhancing carbon
sequestration, and improving quality and efficiency in rocky mountainous areas. [ Methods] Taking the slope-to-
terrace conversion project in the rocky mountainous areas of Shandong as the research subject, this study
systematically analyzed the effects and underlying mechanisms of terracing and three typical management modes
(walnut, cherry, and peanut) on soil physicochemical properties, microbial enzyme activities, and CUE.

[Results ] Compared with the unmodified peanut control plot, the slope-to-terrace conversion project increased
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soil organic carbon by 9.43%~43.96% and total phosphorus by 22.64%~64.15%. The C: P ratio and microbial
biomass carbon and nitrogen contents were all significantly increased. Among these, the walnut mode showed the
most significant improvement in soil fertility and C: N ratio. Different management modes primarily altered
microbial metabolic strategies by regulating litter quality: the walnut mode resulted in an 85.5% increase in B-N-
acetylglucosaminidase activity, a 12.68% increase in CUE, and a 19.21% increase in CUE,, by alleviating
microbial carbon and phosphorus limitation, significantly outperforming the peanut and cherry modes. Structural
equation modeling showed that microbial biomass exerted a key positive driving effect on CUE, and the
stoichiometric ratios of microbial biomass also showed a significant positive effect, while soil stoichiometric
imbalance negatively affected CUE by suppressing metabolic efficiency. [ Conclusion] The slope-to-terrace
conversion project itsell has no direct effect on CUE, and it must be combined with appropriate vegetation
configuration to achieve synergistic enhancement of terrain modification and ecological functions.

Keywords: slope-to-terrace conversion project; microbial carbon use efficiency; management modes; soil

stoichiometry; rocky mountainous area
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Table 1 Soil physicochemical properties and microbial nutrient characteristics under different management modes
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Fig.1 Microbial enzyme activities and carbon use efficiency under different management modes
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Fig.2 Mechanisms and effects of microbial carbon use efficiency under different management modes
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