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Abstract: [Objective] This study aims to address the issues of soil degradation and weakened carbon sink
function in the cultivated soils of the hilly rocky area of the mountainous region of Central Shandong. It investigates
the regulatory mechanisms of different tillage depths on soil physicochemical properties and carbon storage, and
provides a theoretical basis for the sustainable management of regional farmland. [ Methods] Field experiments
were conducted with four tillage depth treatments (RT15: 15 cm; RT25: 25 cm; DT35: 35 em; DT40: 40 cm).
Structural equation modeling was employed to analyze the interaction pathways among key soil physicochemical
properties, root biomass, and carbon storage. [ Results] Compared to conventional tillage, DT35 and DT40

significantly improved soil structure at 25—40 cm depth: bulk density decreased by 10.68%~11.96% , aggregate
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stability (mean weight diameter) increased by 37.37%~39.29%, and fine root biomass rose by 94.71%~
115.24%. The DT35 and DT40 treatments significantly increased the contents of soil organic carbon, total
nitrogen, and total phosphorus in all soil layers and significantly mitigated the vertical attenuation of soil nutrients.
Structural equation modeling revealed the profile-differentiated effects underlying the increase in carbon storage:
the surface layer (0—15 cm) was mainly driven by root-mediated indirect carbon sequestration via aggregates,
while the subsurface layer (15—40 c¢cm) depended on a “bulk density-nutrient” cascade effect. No significant
differences were observed in the various indicators between DT 35 and DT40, and the difference decreased with
increasing soil depth, establishing 35 cm as the optimal tillage depth. [ Conclusion] Deep tillage to 35 cm
enhances soil quality and carbon sequestration potential in rocky mountainous areas by breaking the plow pan and
improving nutrient characteristics. However, regional phosphorus limitation must be emphasized. It is
recommended to implement combined organic and inorganic fertilization during deep tillage to improve deep-layer
phosphorus availability, thereby holistically enhancing soil nutrient characteristics and soil carbon storage.

Keywords: tillage depth; soil aggregate; soil carbon storage; structural equation modeling; central mountainous

region of Shandong
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Fig.1 Key soil physical properties and water-stable aggregates at different tillage depths
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Fig. 3 Soil carbon storage at different tillage depths
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Fig. 4 Structural equation models of effect of tillage depth effects on carbon storage via

key physicochemical properties in surface and subsurface layers
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