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Abstract: Floodplain wetlands in Lake Dongting experience distinct seasonal water-level fluctuations. These fluctuations create marked
spatial heterogeneity and strongly influence plant community structure and ecosystem functions. Fine roots are essential for resource
acquisition in wetland plants, yet how their functional traits vary along hydrological and geomorphological gradients and how this
variation relates to belowground productivity remain poorly understood. In this study, we collected fine-root samples using the ingrowth
core method at five floodplain sites along the flow direction of the Yuan River in West Lake Dongting. We applied analysis of variance
and regression analysis to examine the distribution patterns of specific root length (SRL), specific root area (SRA), root tissue density
(RTD), and fine-root productivity across gradients of site position, distance to water, and soil depth. We also explored the relationships
between these fine-root variables and plant species diversity. Our results showed evident spatial differentiation in both fine-root
functional traits and fine-root productivity. SRL and SRA were generally higher in surface soils and near water bodies. Community-
level fine-root productivity was mainly concentrated in surface soil layers and decreased with increasing soil depth. SRL was strongly
correlated with SRA. Both traits exhibited nonlinear relationships with fine-root productivity, showing an overall decreasing trend that

gradually leveled off at high trait values. In contrast, RTD showed a unimodal relationship with fine-root productivity. Plant community
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diversity did not show a significant correlation with fine-root productivity. Overall, these findings indicate that fine-root traits and
community belowground productivity respond differently to varying hydrological and geomorphological conditions. Fine-root trait
variation explains the spatial variation in community belowground productivity better than plant species diversity.
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Fig.1 Schematic diagram of the distribution of sampling points in West Lake Dongting
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Fig.2 Differences in community fine-root specific root length among water distances across different sites
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Fig.3 Spatial distribution differences in community fine-root specific root length across different soil depths
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Fig.6 Community fine-root productivity at different soil depths among sites
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Fig.7 Community fine-root productivity at different water distances among sites
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Fig.8 Nonlinear relationships between fine-root traits and fine-root productivity modeled by generalized additive models (GAM)
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