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Abstract: [ Objective] To investigate the variation characteristics of soil aggregate stability and erodibility under
different Land use types in Heitangou small watershed, and to clarify the relationships between environmentals
and soil aggregate stability and erodibility, thereby providing a basis for improving soil erosion resistance,
cultivated land quality, and ecosystem function. [ Methods] The study area was the Heitangou small watershed in
northeastern Qinghai Province. 50 sampling sites were established across forestland, grassland, and cultivated
land. Soil samples were collected from 0~20 and 20~40 cm layers for determination and calculation of soil
aggregate composition and related soil properties. The influence of environmental variables on the spatial variation
of mass fraction of soil water-stable aggregate =>0.25 mm (WSA_,,;) , mean weight diameter (MWD) , and
erodibility (K) was quantified using semivariance functions, Kriging spatial interpolation, Pearson correlation
analysis, redundancy analysis, and structural equation model (SEM). [Results] The characteristics and
erodibility of soil aggregates showed great differences under three different Land use types. The WSA-,,; and
MWD of cultivated land were significantly lower than those of forestland and grassland, and the K of cultivated
land was higher than that of forestland (»<C0.05). The values of WSA-,,; and MWD were higher in watersheds
covered by forestland and grassland in the southwestern and southeastern regions, but lower in the cultivated land
slopes of the northeastern watersheds. Overall, regions with higher WSA-,; and MWD values exhibited lower K
values. The exponential model provided the best fit for characterizing the spatial distributions of WSA -,;, MWD,
and K. Both WSA_.; and MWD exhibited strong spatial autocorrelation, while K demonstrated moderate spatial
autocorrelation. Topographics (slope gradient, profile curvature, elevation, and aspect) , vegetation (root
biomass and normalized difference vegetation index (NDVD) ), and soil properties (silt, clay, pH, soil organic
carbon (SOC) , and total glomalin-related soil protein, T-GRSP) were all significantly correlated with soil
aggregate stability and erodibility (p << 0.05). Redundancy analysis revealed that [.and use type, silt content, and
NDVI jointly contributed the major explanatory power of the spatial variation of soil aggregate stability and
erodibility. SEM analysis indicated that L.and use type, SOC content, soil clay, silt, and sand fractions were the
dominants controlling the variations of WSA-,,;, MWD, and K. [ Conclusion] Significant differences in soil
aggregates and erodibility are observed among different LLand use types in small watersheds. L.and use type,
organic carbon, sand, silt, clay and NDVI are the most important drivings for the spatial variation of soil
aggregates and erodibility in the study area. The findings can provide references for improving aggregate stability
and soil erosion resistance in small watersheds of alpine regions.

Keywords: soil aggregates; spatial variation; mass fraction of water-stable aggregate >>0.25 mm; mean weight

diameter; erodibility
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Fig. 1 Sampling site distribution and topographic land use map of Heitangou small watershed
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Fig. 2 Soil texture classification of Heitangou small watershed
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Table 1 Soil aggregate stability and erodibility indicators in Heitangou small watershed
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Fig. 3 Particle size distribution of soil aggregates under different land use types
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Table 3 Ordinary Kriging cross validation of soil aggregate stability and erodibility
S8 Parameter WSA_ ./ % MWD/mm K/(t*h-MJ "*mm
Y X8 25 T 43 L AEP/% 29.482 25.390 9.549
S 3 2 % % 22 MAE 11.364 0.122 0.004
PrmiR2z RMSE 14.327 0.148 0.007
PE R R’ 0.411 0.440 0.300

"
‘*_ | 9
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= 5075
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£}

(€) 020 em K
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- ().047-0.064

oo Ak

.

- () 20-40 em WSA_ /% \ . “ (e) 20-40 em MWD/mm ! % & (£) 20-40 ecm K
=510 . p mol ‘g = 0.037-0.039
=10-20 - oaad 4 w1 0.039-0.041

20-30 8309 7 0.041-0.043
= 10-50 ' = 0.6~0.7 [ = 0.043-0.047
: g = 0.7-0.8 = 0.047-0.06
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Fig. 6 Spatial distribution of soil aggregate stability and erodibility
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20~40 ecm £ 2 H 35 5 51.41% .45.90% . &S
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Tl P B 1 A T R 5 R 4 AT R A R A R T
MovEdE AR 0 EE N E AR . H o, Land use.
NDVIHl Silt % 0~20 em + J2 + 3 P B 1K 5 & 1
AT bt P A B R B R 32.1% .17.3% .6.3% . 1E
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AR A E 2 4 M A A 2E 8 (Land use) Fl Ry Hr
(SO R 52 M, BTER 253 518 31.5% .6.0% ¢
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Table 4 Correlation between soil aggregate stability and erodibility and environmental variables in Heitangou small watershed

ISIA
i

0~20 cm 20~40 cm
R A A
WSA- g MWD K WSA- s MWD K
EERIR TS 0.632" 0.632" —0.128 0.384" 0.372" —0.224
Hikr —0.216 —0.248" —0.393" —0.052 —0.078 —0.287"
K kL 0.287" 0.317" 0.336™ 0.125 0.153 0.283"
+ 5N b ki —0.105 —0.091 0.231 —0.157 —0.154 0.097
BEREER 0.562" 0.557" —0.164 0.4917 0.489™ —0.141
SRk AR 0.156 0.139 —0.251" 0.187 0.160 —0.350"
% 19 —0.594" —0.593" 0.120 —0.512" —0.506™ 0.177
jiE%72 0.446™ 0.453" 0.001 0.265" 0.267" —0.035
e g 0.201 0.175 —0.388" 0.344" 0.335” —0.192
0] —0.197 —0.196 0.056 —0.114 —0.092 0.277"
I — L B AU 0.017 0.030 0.162 —0.195 —0.185 0.171
o 1) il —0.179 —0.213 —0.411" —0.103 —0.104 0.022
T R 0.452" 0.459" —0.001 0.438" 0.424" —0.275"
R HF 0.206 0.198 —0.148 0.184 0.174 —0.161
Hb R 48 £ —0.060 —0.057 0.052 —0.151 —0.145 0.129
BT M 0.488" 0.482" —0.194 0.319" 0.295" —0.323"
VA —fb A 1 35 5 0.058 0.104 0.603" 0.068 0.096 0.301"
+ s 1) H R F A H R 2 R —0.649" —0.637" 0.299° —0.601" —0.584" 0.338"
T+ 3RIR p<0. 055 %+ F IR p=<<0. 01,
Er @ <)
8 5
S <
A NDVI
o o K factor | St
50 RDA 1 (51.41%) T0 ‘o‘:f .0 RDA 1 (45.90%) )

1 :SOC . Clay . Silt\Sand . TG .EEG ,pH . Altitude .SG .SA .FA ,CC .LC .SLF . TWI.RB .NDVI I Land use 435Il A HLEK . 5L A L 20

AR EREEE R G IRICR R R TR R B B R B AR R R R SR IR RS A R H 1k
AL 4 50RN - b R 2

7 rTEARGREGMAHEERSRETEMAXE
Fig.7 Correlation between soil aggregate stability and erodibility indicators and environmental variables
x5 ARSM(RDA)HRETEXN T ERARKREEM AT HEERNBRREER
Table 5 Explanatory power of environmental variables on soil aggregate stability and erodibility indicators in redundancy
analysis (RDA)

s 0~20 cm it 20~40 cm
fift A S/ %6 P ' R S/ % P
- ) 2 R 32.1 0.002" - 1A 2 A 31.5 0.002"
VA — fb A 1 36 % 17.3 0.002" A 6.0 0.040"
R 6.3 0.016" I SR 3.8 0.106
EATHES 3.5 0.070 R 3.2 0.164
Rk 3.0 0.084 ENEEES 2.4 0.240
EERIR 3 2.0 0.190 LAk 1.6 0.342
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Fig. 8 Path analysis of the influence of environmental factors on soil aggregate stability and erodibility
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