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Soil degradation under chestnut forest at earth-rocky
mountainous area in northern China
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(1.State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal

University, Beijing 100875, China; 2.College of Water Sciences, Beijing Normal University, Beijing 100875,

China; 3.Beijing Water Ecological Protection and Soil and Water Conservation Center, Beijing 101117, China)
Abstract: [ Objective] The soil erosion and quality under chestnut forests were quantitatively analyzed at earth-
rocky mountainous area in northern China to provide a theoretical basis for studying, managing, and conserving
the soil and water in economic forests in mountainous area with rocky soil in northern China. [ Methods] Twelve
soil parameters, such as soil erosion modulus, soil particle size distribution, organic matter, and total nitrogen,
were measured for chestnut forests and the surrounding shrub forests in the Zhujiawan (Miyun District) and
Badaohe (Huairou District) watersheds in Beijing City from 2022 to 2024. The soil fertility, soil coarsening
degree, and erosion intensity were analyzed, and the soil quality index (SQI) was evaluated using principal
component analysis. [ Results] @ The annual average soil erosion modulus of the chestnut forest was 8.3 times
higher than that of the shrub forest. The rill erosion modulus of the chestnut forest after flood season was more
than 13 000 t /km”, and the understory erosion was intense from 2023 to 2024. @ The coarse sand (0.5—2 mm)

content in the 1 cm soil of the surface was approximately 1.3 times higher on average in the chestnut forest than in
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the shrub forest, indicating the soil was coarser in the chestnut forest. @ The average organic matter, total
nitrogen, and alkali-hydrolyzed nitrogen contents in the soil of chestnut forest were less than one-quarter of those
in the adjacent shrubland. The available potassium content in the chestnut forest soil was approximately half of that
in the adjacent shrubland. The available phosphorus and low-availability potassium contents showed enrichment
phenomenon in the chestnut forest soil. @ The SQI of the chestnut forest was significantly lower than that of
shrubland (p==0.025<0.05). [Conclusion] The soil in chestnut forests at earth-rocky mountainous area in
northern China was experiencing severe erosion, soil coarsening, and nutrient loss; the quality of this soil was
lower than that of the soil in the surrounding shrub forests. Scientific land management measures need to be
implemented to increase the quality of this soil.

Keywords: soil quality index; soil erosion; soil fertility; earth-rocky mountainous area in northern China;
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Table 1 Basic information of sampling plots
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Table 2 Turning points of each soil fertility indicator
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Table 3 Soil texture grading standards and turning points
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modulus at different plots
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Table 4 Rainfall during flood season in study area and
rills erosion modulus under chestnut forest
after flood season from 2022 to 2024
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F0 MR MwRREE R R R
Wi /mm (t*hm™) i /mm (t*hm™)
2022 147 79.55 278 30.99
2023 511 161.03 390 191.99
2024 574 160.69 746 137.94
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Fig.3 Rill erosion under chestnut forest in study area
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Fig.4 Content of coarse sand in top 1 cm soil of
different plots in study area
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Table 5 Descriptive statistics of each soil fertility indicator at different plots in study area

EER D + HuFH A LREIVE 4 b i 22 /M N
JITE N 62.60 65.08 28.11 24.00 106.00
R/ (mg - kg ") 7
NN 116.28 117.00 45.06 50.00 176.00
. JITE N 177.36 190.94 72.96 33.06 297.96
80/ (mg kg™ ") .
THE AR 148.65 136.34 83.86 54.13 267.00
i LTE N 36.36 35.16 19.57 7.51 63.05
A/ (mg < kg ') .
THE AR MR 160.33 155.55 106.81 27.20 334.72
) (TN 1.09 1.04 0.36 0.31 1.57
2/ (gekg ") .
HEA K 1.32 1.47 0.37 0.67 1.67
i T bk 19.38 18.93 2.36 15.35 24.21
e/ (gekg ") "
HEARK 16.96 15.99 3.52 12.84 21.48
L 0.48 0.44 0.26 0.12 0.92
28 /(g kg ) et
HEAK 2.20 1.70 1.90 0.35 5.72
[T W 10.01 9.22 5.05 2.77 18.26
HHLE/(g-kg™) "
HEA K 46.98 34.84 40.05 8.88 120.17
. [TE N 1500.41 1 518.00 745.87 424.83 2650.33
e/ (mg + kg 1)
HE AR 1138.83 936.83 732.57 557.00 2 566.33
®6 FHLHRERMIERAEAMEEIRI HMER IXEF 3 %5 2 19 R B0 R R, 1 B X 28 R &
Table 6 Results of principal component analysis on 95 A T A% B2 A R4 X R AR R
contribution of each soil indicator to soil quality
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FEAFAE 4.14 3.58 Es5 BEFEFESHITERREEDS
RS I 46.01 39.77 E RS STHRE #L A 9 AR
B L TR 16.01 85.78 Fig.5 Load distribution of contribution of each

soil indicator to two main components

after factor rotation
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Fig.6 Soil quality index of different plots in study area
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