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Abstract: [ Objective ] Land-use change is a primary driver of soil structure alteration and nutrient cycling in ecosystems. In

* WK HRBIFIREL T H( 42471045, 41771261 )AL F SRR #3450 H( 2015CFA141 )¥8 B Supported by the National Natural Science
Foundation of China ( Nos.42471045, 41771261 ) and the Natural Science Foundation of Hubei Province ( No. 2015CFA141 )

+ M IRAVE#H Corresponding author, E-mail: liumuxing@ccnu.edu.cn
fE& i B 1 (1996—), 2o, MR A, HERE, FENFELEYIIF . E-mail: yanggian 97@163.com
ke H Y1 2025-06-03; We Rk HIM: 2025-12-05; M % H (www.cnkinet): 2026-01-14

http://pedologica.issas.ac.cn



1098 N T 63 %

subtropical hilly areas of China, which are ecologically fragile and experience significant land-use pressure, understanding the
interplay between soil physical structure and biogeochemical cycles is crucial for sustainable land management. The stability of
soil aggregates and the ecological stoichiometry of nutrients serve as critical indicators for evaluating ecological restoration and
soil quality. Thus, this study aims to elucidate the mechanism by which typical land use practices in subtropical hilly areas
influence nutrient variations through alterations in the distribution characteristics of soil aggregates. [ Method] We examined
soils from three representative land use types(forestland, tea garden, and cultivated land)in Yingshan County, Hubei Province.
Key stability indices, including the mean weight diameter (MWD), geometric mean diameter (GMD), soil erodibility (K), and
fractal dimension (D), were calculated. Utilizing both stoichiometric methods and multivariate statistical models, we analyzed the
relationship between aggregate stability levels and the distribution patterns of soil organic carbon, total nitrogen, and total
phosphorus. [ Result] The results revealed that: (1) The content of >5 mm aggregates in forestland soils was 4.11 and 1.89 times
higher than that in tea garden and cultivated land, respectively. Both the mean weight diameter (MWD) and geometric mean
diameter (GMD) followed the order: forestland > cultivated land > tea garden. The tea garden soil exhibited the highest
erodibility (K) value and fractal dimension (D) value. (2) The soil organic carbon content in forest land was significantly higher
than in other plots, reaching 10.22 g-kg 1. Total nitrogen content followed the order of forest land > tea garden > cultivated land,
while total phosphorus content exhibited the opposite trend. Both C: P and N: P ratios were highest in forestland soils, followed
by cultivated land and tea garden. (3) Aggregate characteristics were significantly correlated with nutrient indicators (P < 0.05),
with the macroaggregates (> 5 mm) playing a major role in shaping C: P and N: P ratios. Also, the partial least squares path
modeling (PLS-PM) showed good fit(goodness-of-fit > 0.61)and the path coefficients indicated that the influence pathways of
aggregate particle size on nutrient stoichiometric ratios varied under different land use types, with the direct effect being most
pronounced in forested areas. [ Conclusion] This study illustrates that changes in land use significantly affect the relationship
between soil structure and nutrient cycling. Forestland, which experiences minimal disturbance, encourages the creation of stable
macroaggregates. This process enhances long-term nutrient sequestration and maintains a balanced stoichiometric environment.
On the other hand, intensive management practices in tea gardens and cultivated lands can disrupt aggregate stability. This
disturbance leads to structural degradation and a notable stoichiometric imbalance. Therefore, it is crucial to preserve forestland
and implement sustainable soil practices in managed lands. This approach will significantly improve soil quality and promote
ecological sustainability in subtropical hilly areas.

Key words: Subtropical hilly region; Soil stability; Soil erodibility; Stoichiometric characteristics; Partial least squares path
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Table 1 Basic information and soil mechanical composition of the sampling sites

B REAURCR o w N ‘ _
3K kL Fy ki Rk
Sample plot Sample Bulk density/ pH
Elevation/m Sand/% Silt/% Clay/%
type number (grem?™)
bl 14 304.36+£217.89A 1.25+0.12A 5.46+£0.36A  72.96+2.23B  16.24+0.55A  10.80+0.91A
b 20 306.42+208.98A 1.36+0.11A 5.36+0.47A  70.28+1.62B  18.86+0.8A 10.86+0.80A
HH® 27 211.74+75.79B 1.28+0.15A 5.35£0.47A  75.93+1.45A 15.24+0.93A 8.83+0.76A

(D Forestland ( FL) @ Tea garden ( TG) @ Cultivated land ( CL)

T AIRE B2 [ —$8 bR AN [7] L A1) 1 7 =X 18) 22 5

23 (P<0.05), T [F. Note: Different capital letters indicate significant

differences ( P<0.05) among various land use types for the same indicator. The same below.
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Fig. 2 The percentage of soil water-stable aggregate fractions under
different land use types
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Fig. 3 Stability of soil aggregates under different land use types
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Fig. 4 Soil organic carbon, total nitrogen, total phosphorus content and their stoichiometric ratios under different land use types
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Table 3 Correlation coefficient between soil factors and soil nutrient characteristics

3N ¥ A LR 25 R0 AL el Lt AL
Soil factor SOC TN TP C: N C: P N: P

>5 mm 0.075 0.001 ~0.200 0.117 0.322* 0.324*
5~2 mm -0.236 —0.287" -0.195 0.072 0.210 0.188
2~ Imm -0.350" -0.331" -0.192 0.011 0.021 0.031
1~0.5 mm 0.039 0.066 0.227 —0.143 -0.076 -0.067
0.5~0.25 mm -0.121 -0.059 -0.082 —0.139 -0.281" -0.257"
<0.25 mm 0.176 0.201 0.244 0.001 —0.148 —0.163
A 0.210 0.223 0.022 -0.057 —0.059 —0.043
(%8 —0.439%* —0.378%* 0.023 —0.125 -0.214 —0.220
HyRL 0.358* 0.334%* -0.002 0.039 0.045 0.062

Bk 0.221 0.137 —0.045 0.194 0.375% 0.351%*

pH —0.079 —0.031 0.106 0.050 —0.074 —0.050
MWD —0.004 -0.075 -0.223 0.109 0.316 0.316"
GMD —0.031 -0.095 -0.231 0.097 0.278" 0.280"
K 0.141 0.186 0.220 —0.058 0214 —0.218

D 0.018 0.084 0.228 ~0.096 -0.292" -0.295

H* RN B P<0.05 ), ** R /R I8 35 A JC( P<0.01 ), Note: * indicates significant correlation( P<0.05 ); ** indicates extremely

significant correlation ( P<0.01) .
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R 0
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. BD: &, Sand: bR, Clay: Zhki, Silt: ¥iki. Note: BD: Bulk density, Sand: Sand particles, Clay: Clay particles,
Silt: Silt particles.

K5 P RIS SR RRER TR T (a) 5I2RTEIT (b)

Fig. 5 Redundancy analysis of soil aggregates and soil nutrient characteristics (a) and hierarchical partitioning (b )
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