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Abstract: [Objective] This study aims to elucidate the mechanisms by which long-term conservation tillage
affects black soil quality restoration and carbon sequestration potential. [ Methods] Based on a 17-year long-term
fixed-location field experiment, this study systematically investigated the differences in distribution characteristics
and stabilization mechanisms of soil organic carbon (SOC) and its fractions in the 0— 100 cm soil profile under no-
tillage with full straw mulching (NT) and conventional rotary tillage (CT) of mollisols. [ Results] 1) Compared
with CT, NT increased SOC content and storage in the 0—20 cm surface layer by 23.38% and 19.40% (p<<
0.05), respectively. Meanwhile, NT enhanced the stability of deeper soil layers at 20—40, 40— 60, and 80— 100
cm, with increases of 15.32%, 33.06%, and 12.58%, respectively. 2) NT differentially regulated individual soil
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carbon fractions. In the 0—20 cm layer, the content of particulate organic carbon (POC) , a labile carbon pool,
increased by 72%, and POC in the 40—60 cm layer increased by 289%. Mineral-associated organic carbon
(MOC), a stable carbon pool, increased in all layers, with the largest increase of 26% in the 40— 60 cm layer.
The dissolved organic carbon (DOC) pool migrated to and accumulated in the 60— 100 cm layer, increasing by
34% —54%. These results indicate that NT optimized soil carbon pool structure through differentiated pathways.
3) NT significantly reduced soil bulk density in the 40— 60 c¢m layer by 9.93% , improved soil aggregate structure
and water-holding capacity, forming a mutual feedback mechanism of "carbon preservation through structural
protection and structural stabilization through carbon enrichment". [ Conclusion ] From a long-term, whole-profile
perspective, no-till with full straw mulching drives both qualitative and quantitative improvements of the SOC
pool in mollisols through a synergistic mechanism of physical protection, biochemical stabilization, and vertical
translocation. These findings provide scientific evidence for evaluating and promoting the long-term benefits of
conservation tillage in mollisol regions.

Keywords: mollisols; no-till with full straw mulching; soil organic carbon fractions; profile distribution; long-term

fixed-location experiment
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Correlations among different carbon fractions under no till with full straw mulching and conventional tillage practices

K2 AEHIERET 0~100 cm T BRI T IBEMK S

Table 2 Soil structural properties in 0— 100 cm soil layer under different tillage practices
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Fig.5 Correlations between different carbon fractions and soil structure under no till with full straw mulching and

conventional tillage practices
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