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Abstract: [Objective] This study analyzes the dynamic characteristics of stable carbon isotopes (3"C) and
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carbon content across ecosystem components, and reveals the carbon-water-soil feedback mechanisms between
biological communities and abiotic environments, aiming to provide a scientific basis for enhancing ecosystem
management efficiency and addressing climate change. [ Methods] Taking five typical vegetation species Larix
gmelinii, Betula platyphylla, Betula fruticosa, Ledum palustre in the cold-temperate selective cutting forest
ecosystem of the Greater Xing’an Mountains, and Pyrola incarnata, as the study subjects, this study analyzed
the seasonal carbon transfer dynamics and influencing mechanisms along the vertical gradient of the §"C values
and carbon contents in the atmosphere, leaves and branches (stems) , litter, and soil across different vegetation
layers. [Results] (1) Atmospheric CO; and 8%C showed distinct vertical differentiation at different heights, with
significant gradient variations. (2) The 8"C and carbon content in leaves and branches of typical vegetation species
showed distinct seasonal fluctuations corresponding to growth stages. At the early growth stage, trees, shrubs,
and herbs all exhibited high carbon content and high water use efficiency. During the peak growth period, they
showed a low water use efficiency with carbon accumulation in leaves. At the late growth stage, trees, shrubs,
and herbs adopted conservative water use strategies, with carbon in the leaves being reallocated to storage organs.
(3) Significant differences were observed in organic carbon content and §"*C between litter and soil. Soil organic
carbon displayed a distinct pattern of “higher in spring, lower in summer” , decreasing vertically along the soil
profile, while soil §"*C became progressively enriched with depth. (4) The atmosphere-vegetation-soil continuum
of trees exhibited stronger responses to environmental factors compared to shrubs and herbs, and the selective
cutting forest ecosystem demonstrated significant carbon sink capacity. [ Conclusion] The seasonal carbon
dynamics in the continuous carbon pool of selective cutting forest ecosystems are pronounced and driven
significantly by environmental factors. These characteristics, combined with high vegetation carbon input and
stable soil carbon pool, constitute the carbon sink advantage of selective cutting forests. These findings provide
quantifiable decision-making indicators for enhancing carbon sinks while implementing coordinated soil-water
conservation management in cold-temperate forests.
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Table 1 Basic information of selective cutting
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Fig. 4 Dynamic changes in 8"°C characteristics and carbon content of leaves and

branches in Larix gmelinii and Betula platyphylla
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Table 3 Vertical distribution of carbon content and §"C values in litter and soil of Larix gmelinii and

Betula platyphylla in selective cutting forests
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Fig. 6 Seasonal changes and vertical distribution of 8"C, and carbon content in soil of

Larix gmelinii and Betula platyphylla
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Table 4 Overview of mycorrhizal types, root depth, leaf morphology, and plant height in selective

cutting forest ecosystem of Greater Xing'an Mountains
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Fig. 8 Correlations between trees, shrubs, and herbs and environmental factors
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