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Influence of soil resource heterogeneity on plant functional traits patterns and its

scaling effects at the early successional stage of karst abandoned farmland
ZHAO Yijie, GUO Xuman, DU Haohan, LUO Jie, LUO Weixue, LI Zongfeng, TAO Jianping, LIU Jinchun”
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Abstract: Karst region is widely distributed in the world, characterized by high soil resource heterogeneity with low
resource availability due to the high bare rock ratio, serious soil erosion, and high habitat fragmentation. In recent years,
due to the combination of soil erosion and the rapid expansion of rural and urban areas, cultivated land has reduced sharply
within the karst region, with abandoned land areas increasing annually. In the process of natural restoration of karst
abandoned farmland, plant colonization and community composition in the early stage of succession have a profound
influence on the prediction of the direction of succession in the later stage. Plant functional traits refer to all the attributes
that have potentially important effects on plant settlement, survival, and adaptation. They can reflect the adaptation of plants
to different environments and the physiological or evolutionary trade-offs between different functions within the plant. As a

new research method, plant functional traits are widely used to explain the ecological processes and species strategies, and
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the responses of functional traits to environmental resources at different spatial scales. The response of functional traits to
environmental resources shows different patterns at different spatial scales. However, the influence of soil resource
heterogeneity on plant functional traits patterns and its scaling effects remains unclear, which is crucial for effective
vegetation restoration in karst abandoned land. In this study, we took the herbaceous community at the early successional
stage of karst abandoned farmland as the research object. Based on four spatial scales (1 mxX1 m, 5 mx5 m, 10 mx10 m,
15 mx15 m), we investigated the patterns of functional traits structure of the species, the weighted mean value of the
community, and the soil integrated resource heterogeneity, in order to elucidate the different ecological mechanisms
affecting the functional traits structure and the adaptation strategies of the co-existing species in the community to the soil
resource heterogeneity. We hope the results can provide a theoretical basis for the functional restoration of karst ecosystems.
The results showed that; (1) In highly heterogeneous habitats, at larger scales (10 mX10 m or 15 mX15 m) , plant height,
leaf area, leaf dry matter content, and leaf nitrogen content showed trait aggregation, while leaf thickness showed trait
dispersion. At smaller scales (1 mX1 m), leaf dry matter content showed trait aggregation, while specific leaf area and
plant height showed trait dispersion. At the medium scale, there was no significant change in the community-weighted mean
and integrated resource heterogeneity. (2) Gramineae increased and Sedum and Leguminosae decreased in large-scale (15
mx15 m) highly heterogeneous habitats. Sedum and Leguminosae increased, while Gramineae and Apiaceae decreased in
small-scale (1 mX1 m) highly heterogeneous habitats. The study showed that species functional traits structure, community
weighted means, and patterns of the integrated resource heterogeneity all had spatial scale effects in a highly resource
heterogeneous environment in karst. Habitat filtering had a dominant effect at large scales, while limiting similarity and
habitat filtering acted together in small-scale communities. Resource acquisition strategies of plants adapted to heterogeneous
environments were more oriented towards acquisitive strategies at large scales, and more conservative strategies at small

scales.
Key Words: limestone; leaf functional traits; community-weighted means; integrated resource heterogeneity
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Fig.1 Geographical location and aerial photo of the studied fixed sample site and soil collection diagram in the site
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Table 1 Selection of plant functional trait indicators
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Table 2 Basic statistics of plant functional traits in early restoration of karst abandoned farmland

PR S E bR i/ ME i UN] 5 R AL

Trait Mean Standard deviation Minimum Maximum Coefficient of fariation/%
Pk Height 30.54 20.04 6.20 90.43 65.63
LA Specific leaf area 28.28 9.36 9.24 55.42 33.11
M4 Leaf nitrogen content 28.03 10.18 10.40 54.30 36.31

TR Leaf area 15.57 24.46 0.41 164.04 157.06
k75 5 Leaf carbon content 430.40 19.67 384.20 471.40 4.57

HJELJ Leaf thickness 0.29 0.22 0.08 1.08 74.47
T &R Leaf dry matter content 210.53 72.11 53.09 354.01 34.25
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Fig.2 The linear regression of the integrated resource heterogeneity and the SES of functional traits at different spatial scales
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