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Vertical distribution of soil organic matter and its stability in subtropical
evergreen broad-leaved forests
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Abstract

Understanding the influence of forest demographic processes on soil carbon
persistence is pivotal for predicting terrestrial feedback to climate change. Although
many Earth system models incorporate forest demography and vertical soil profiles, the
relationship between stand age and soil carbon persistence on the geographic scale
remains unclear. We established a global database of stand age and radiocarbon-derived
mean residence time of soil organic carbon (Tsc) from 318 forest soil samples. On the
global scale, the mean tsoc Was significantly higher in the deep (30-100 cm; 3081 + 398
years) than surface (0-30 cm; 332 £+ 56 years) layers. A positive correlation between
forest stand age and ts,c was detected in the deep but not surface soil layer. To validate
the positive relationship between stand age and deep Tsoc, we sampled soils from twelve
permanent forest plots across eastern China. The mean tsc was 249 + 80 and 2087 +
246 years in the surface and deep layers, respectively. The partial Mantel test showed
that stand age significantly contributes to the geographic variation of 1soc in deep rather
than surface soils. Further, the results of the structural equation model illustrated that
mineral protection by iron oxide explained the positive correlation between stand age
and 1soc of deep soils on the regional scale. Our findings suggest that forest demographic
processes regulate the spatial variation of carbon persistence in deep soil. This study
also recommends Earth system models to better implement age-related processes in

predicting soil carbon cycle for global forest ecosystems.

Mountain with different altitude gradients contains drastic changes in varying
environmental factors such as temperature, humidity, and light, which could separate
the effects of environmental factors, carbon input, and soil properties on the residence
time of soil organic carbon. Here, we test soil organic carbon content and radiocarbon
isotope (*C)- based carbon age on the altitude gradient in Tianmu Mountain, which has
unique characteristics of the cloud forest. The results showed a decreasing trend with
the soil depth of soil organic carbon, total nitrogen, total phosphorus, and available
phosphorus concentration in Tianmu Mountain. With the increase in elevation, the soil
organic carbon age also increased, and the deep soil organic carbon age was as high as
5196 + 50 years. Temperature is the most important factor regulating the age



distribution of soil organic carbon. At the same time, the exponential function was used
to simulate the vertical distribution of soil organic carbon, total nitrogen, total
phosphorus, and available phosphorus in Tianmu Mountain. The results showed that
the elevation did not change the depth coefficients of soil organic carbon, total nitrogen,
and total phosphorus. However, the depth coefficient of available phosphorus in the soil

increases with elevation.

Belowground organic carbon pools are the core of carbon transformation and
allocation in terrestrial ecosystems. The spatial heterogeneity and vertical distribution
variability from organic matters belowground limit the assessment of belowground
carbon pools. Island ecosystems allow us to explore the carbon dynamics at long-term
scales. Here, we conducted the 6 depth functions of soil organic matter in 68 dynamic
plots on 35 islands at Zhoushan Islands. Our purposes are: 1) Quantitative concentration
and depth distribution of organic carbon matter at Zhoushan Islands and 2) Combine
soil physicochemical properties, island geographic traits, and climatic factors to explore
the potential mechanism of carbon accumulation in different soil layers. The content of
soil organic matter in Zhoushan island showed decreasing trends with the soil depth.
The content of soil organic carbon, total nitrogen, and phosphorus at 0-30 cm accounted
for 77%, 68%, and 46 of the mass fraction at the entire profile; (2) The vertical
distribution structure of soil organic matter in Zhoushan was simulated by using 6
groups of equations with different functions. The depth coefficient was -2.73 with
moderate variability. Our research will provide fundamental data and mechanisms of
organic carbon pools at different layers and a new perspective for predicting parameters

in soil carbon cycle models.

Keywords: soil organic carbon; surface layer and deeper layer; radiocarbon, forest age,

elevation, island system
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