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Meta-Analysis of Soil Fractal Dimension Changes

during Ecosystem Conversion

HU Zhiyu®, ZHANG Siying”, ZHANG Zhifei®, LIU Yinan", LIN Yongming”"

(a. College of Foresiry; b. College of Juncao Science and Ecology; c. International College; d. Key Laboratory of

Forest Ecosystem Process and Management of Fujian Province, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: Soil quality could be quantitatively evaluated by soil fractal dimension (SFD) , which is a comprehensive
index deeply shaped by geographic factors such as ecosystem type and climatic gradient. Former scientific
researches on SFD mostly were conducted on the basis of microscale areas, emphasizing localized effects of single
geographic factors (e. g. , precipitation or topography) , but they neglected the joint impacts of multiple geographic
factors on SFD in large-scale regional context.

In this study, it integrated multi-source literature data and used Meta-analysis approach to analyze SFD
change, their driving factors and mechanisms of responses to precipitation and temperature during ecosystem
conversation at a macroscale.

(1) It found that ecosystem succession significantly increased SFD values ( hereafter denoted as Dg). A
notable upward trend in Dg were observed during transitions from low-coverage grassland (including bare land) to
shrubland, forest, and high-coverage grassland (P <0.05), with the magnitude of increase ( Rate of change in
SFD, ADg) ranked in descending order as high-coverage grassland ( ADy = 5.82% ), shrubland ( ADg =
4.59% ), forest ( ADy = 4.47% ), farmland ( ADg = 2.10% ). This highlights the ecosystem-dependent
enhancement of SFD by vegetation restoration.

(2) Precipitation gradient had distinct regulatory effects on SFD. In humid zones ( Mean Annual
Precipitation, p, >400 mm) , the conversion of low-coverage grassland to forest and to shrub had the 3.94% and
2.17% in ADg, respectively, while in arid/semi-arid zones (p, <400 mm), the conversion to higher-coverage
grassland, shrub, and forest had the ADg of 9. 13% , 7. 02% and 5. 53% , respectively. The precipitation
threshold effect of 400 mm reveals the critical role of moisture in soil structure improvement.

(3) Topographic differentiation had significant shaping effect on SFD. D significantly increased as low-
coverage grasslands converting to forests in all terrains except deserts. In plateau and desert, the conversion to
shrub had the highest AD;( >7% ), marking the greatest soil improvement effect. In hilly areas, the conversion to
farmland had the only significant negative AD;( —2.00% ) , signifying the specific impact of human cultivation on
soil structure.

(4) Climate zone also regulated SFDs. Forest-shrub-grass systems in temperate and mid-temperate zones, as
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well as subtropical forest-shrub systems, exhibited ADg exceeding 6% . Annual precipitation explained 12% of the
variance in SFDs (R* = 0. 12, P <0.001), surpassing the contributions of topographic ( R> = 0. 009) and
temperature factors (R* =0.005) , confirming precipitation as the primary driver.

This study innovatively established a national scale response model linking ecosystem transitions to soil fractal
dimension, deepening understanding of soil structural stability and successional stages during ecosystem

transformations.
Key words: ecosystem transition; soil fractal dimension; Meta-analysis; precipitation
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