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Abstract: [ Objective ] Collapsing gully erosion is the most severe type of soil erosion in the granite red-soil region
of southern China. Revealing the regional differentiation patterns and driving mechanisms of soil structural stability
and erodibility in Pinus massoniana forest, a pioneer tree species for erosion control, is of great significance for
regional ecological restoration and sustainable management. [ Methods] Soil samples were collected from P.
massoniana forest in eight typical collapsing gully erosion areas across five provinces in southern China
[ Chongyang, Hubei (CY) ; Xinyu, Jiangxi (XY) ; Ganxian, Jiangxi (GX); Yingtan, Jiangxi (YT); Wuhua,
Guangdong (WHD) ; Fuzhou, Fujian (FZ) ; Zhanjiang, Guangdong (ZJ); Wuzhou, Guangxi (WZ) ]. The wet-
sieving method was used to determine soil aggregate stability indicators (MWD, GMD, R,.) , and the soil
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erodibility K factor was calculated. Redundancy analysis (RDA) and hierarchical cluster analysis were combined to
examine the regional differentiation characteristics of soil aggregate stability and erodibility and their key driving
factors. [Results] 1) Soil aggregate stability at the eight sampling sites showed significant regional differentiation.
XY exhibited extremely high aggregate stability [MWD 1.78 mm, Ry, 93.54% , K value 0.074(t-hm?-h)/(hm?*-
MJ-mm) |, whereas WZ and WH showed low stability levels [MWD<(1.00 mm, K value>>0.220 (t-hm?-h)/
(hm**MJ-mm) ], forming an overall spatial pattern in which the Jiangxi region was superior to the South China
region. 2) Hierarchical cluster analysis divided the eight sites into three type zones: Zone [ Chigh stability-low
erodibility, XY only), Zone I (medium stability-medium erodibility, including CY, FZ, GX, and ZJ), and
Zone [l (low stability-high erodibility, including YT, WH, and WZ). 3) The WZ site showed an anomalous
pattern of high organic carbon (57.31 g/kg) , low aggregate stability (MWD 0.81 mm) , and high erodibility [ K
value 0.223 (t-hm*-h)/¢hm**MJ-mm) ], representing a high-carbon-low-stability pattern, indicating that high organic
carbon accumulation failed to effectively improve aggregate structural stability under pH<C4.50. [ Conclusion ] The
soil erosion resistance of P. massoniana forest in collapsing gully erosion areas is synergistically regulated by organic-
inorganic complex cementation mechanisms. Regional soil structure improvement should focus on enhancing organic

carbon quality, adjusting pH to a near-neutral range, and promoting the formation of active iron and aluminum

oxides. The XY model Chigh carbon, high nitrogen, near-neutral pH) can serve as a regional reference target.
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Fig.1 Spatial distribution of sampling sites
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Fig.3 Soil aggregate stability and soil erodibility in different P. massoniana forests
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