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Effects of deep incorporation of organic materials on subsaoil
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Abstract To clarify the effects of deep incorporation of organic materials on subsoil organic carbon (SOC) in
Chinese croplands and its regulatory mechanisms, this study conducted a meta-analysis based on 1 343 datasets
extract from 88 field experiment publications obtained from the CNKI and Web of Science databases. The effects

of deep organic material incorporation on SOC content in topsoil (0-20 cm) and subsoil ( =20 cm) were
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systematically evaluated, and key factors were identified using random forest analysis. The results showed that:
Compared with no deep incorporation of organic materials, deep incorporation of organic materials significantly
increased subsoil SOC content by 15.6% (95% ClI:8.3%-23.3%), while it had no significant effect on topsoil
SOC. Among different organic material types, deep straw incorporation showed the most pronounced effect
(+14.1%, 95% CIl:6.5%-22. 3% ). Compared with conventional surface application, deep application of organic
manure showed a positive trend in subsoil SOC, but the effect did not reach statistical significance. Subgroup
analyses revealed that the increase in subsoil SOC under deep organic material incorporation was enhanced
with increasing mean annual temperature, mean annual precipitation, and initial total nitrogen, and the increase
was more pronounced in neutral loamy soils with initial SOC of 5-15 g/kg. Random forest analysis indicated that
changes in subsoil SOC under deep organic material incorporation were primarily driven by experiment duration
and nitrogen application rate. Regression analysis further revealed that experiment duration showed a significant
nonlinear relationship with subsoil SOC change (P<C0.05), exhibiting a unimodal pattern, the maximum SOC
increment was achieved at approximately 14" year. Nitrogen application rate also showed a significant nonlinear
relationship with subsoil SOC change (P<<0.05), with SOC increment initially declining before recovering and
plateauing with increasing nitrogen input. In summary, deep incorporation of organic materials, particularly deep
straw burial, represents an effective approach to enhance subsoil carbon stocks in Chinese croplands. In future
agricultural practice, differentiated deep-incorporation management strategies should be developed based on

comprehensive consideration of climatic conditions, soil fertility background, and management duration, so as

to maximize subsoil carbon sequestration benefits.

Keywords organic materials; deep incorporation; subsoil; soil organic carbon; meta-analysis
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