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Abstract

This study measured and analyzed the soil physicochemical properties (mass wa-
ter content, bulk density, saturated water content, electrical conductivity, pH,
and organic matter) of the 0-120 cm soil layer in a degraded grassland ecosystem
at Elitu Pasture, Zhengxiangbai Banner, Xilingol League, and investigated their
spatial heterogeneity and the influence of various physicochemical properties on
soil moisture using classical statistical and geostatistical methods. The results
showed that the degraded grassland soil was weakly alkaline; electrical conduc-
tivity, bulk density, and pH increased with soil depth, whereas saturated water
content and organic matter content decreased with depth, thus demonstrating
opposite trends for soil pH and organic matter content with increasing depth.
Except for bulk density and pH, which exhibited weak variation, all other soil
property indicators showed moderate variation. Except for the 80-120 c¢m soil
layer, the coefficient of variation for soil water content in other layers decreased
with increasing soil water content. Soil water content, organic matter, and pH
in each soil layer of the study area exhibited strong spatial correlation; bulk den-
sity had the smallest degree of variation caused by random factors; saturated
water content was subject to spatial variation caused by both structural and
random factors; the factors influencing soil physicochemical properties in this
study area were relatively complex. The range of spatial correlation for satu-
rated water content in each soil layer was generally large, at 13.94-52.77 km,
indicating good spatial continuity over longer distances. The pH in the 0-10 cm
soil layer had the largest range, while organic matter had the smallest, whereas
the opposite was true for the 80-120 cm soil layer. Mass water content in both
the 0-10 cm and 80-120 cm soil layers showed significant positive correlation
with saturated water content. Soil water content in the 10-20 cm and 80-120
cm layers was relatively high, indicating strong water-holding capacity. In the
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middle soil layer (20-80 cm), soil water content showed significant correlation
with organic matter and pH.

Full Text

Preamble
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Abstract: The effects of spatial heterogeneity and physical and chemical prop-
erties on soil moisture were examined by measuring and analyzing physical and
chemical properties, including mass water content, bulk density, saturated wa-
ter content, electrical conductivity, pH, and organic matter content, of a 0-120
cm soil layer of the degraded grassland ecosystem in Zhenglan Banner, Xilin
Gol League, using classical statistics and geostatistical methods. The results
showed that the soil in the degraded grassland of Zhenglan Banner is weakly
alkaline. The electrical conductivity, bulk density, and pH values increased with
the deepening of the soil layer, while the saturated water content and organic
matter content decreased with the deepening of the soil layer. The content of
organic matter was inversely regular with the deepening of the soil layer. Except
for the bulk density and pH value, the other soil characteristics were moderately
variable. Except for the 80-120 cm soil layer, the coefficient of variation of the
soil water content of the other soil layers increased with the soil water content.
The soil water content, organic matter, and pH of each soil layer in this study
area showed a strong spatial correlation, the bulk density caused the least de-
gree of variation caused by random factors, and the saturated moisture content
was caused by both structural and random factors. The factors affecting the
physical and chemical properties of the soil in this study area were more com-
plex: the soil water content of each soil layer was generally larger, ranging from
13.94-52.77 km, the spatial continuity was better at longer distances, and the
pH range of the 0-10 cm soil layer was the largest, with the smallest organic
matter range, and the opposite of the 80-120 cm soil layer. The soil mass water
content of the 0-10 cm and 80-120 cm soil layers was positively correlated with
the saturated moisture content of the 10-20 cm and 80-120 cm soil layers. Soil
moisture was relatively large, with strong water retention in the soil, at the
intermediate soil layer of 20-80 cm, the soil water content and organic matter
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and pH were significantly correlated.

Keywords: degraded grassland; soil physical and chemical properties; geo-
statistics; spatial heterogeneity; soil moisture; Inner Mongolia

1 Introduction
1.1 Study Area

The study area is located in Zhenglan Banner, Xilin Gol League, Inner Mon-
golia Autonomous Region, with geographical coordinates of 114°05 -115°37 E,
42°05 -43°02 N. The region has a temperate continental monsoon climate, with
an average annual temperature of 1.9°C, average annual precipitation of 314
mm, and average annual evaporation of 2126 mm. The frost-free period lasts
approximately 106 days. The study area is situated in typical steppe grassland,
which is one of the key areas for grassland degradation in China.

1.2 Sample Collection and Measurement

In June 2018, soil samples were collected from 9 plots (6 m x 6 m each) estab-
lished in the study area. Using GPS positioning, soil samples were taken at 5
cm intervals from 0-120 em depth (at depths of 0-10, 10-20, 20-40, 40-80, and
80-120 cm), with 3 replicates per layer. A 100 cm? ring knife was used to col-
lect undisturbed soil samples for determining saturated water content and bulk
density. Soil water content was measured by oven drying at 105°C. Soil pH was
measured using a pH meter (soil:water ratio of 1:2.5), electrical conductivity
using a conductivity meter (soil:water ratio of 1:5), and organic matter content
using the potassium dichromate volumetric method.

1.3 Data Processing

Descriptive statistical analysis was performed using SPSS 25.0 and Excel 2013.
The coefficient of variation (Cv) was classified as: Cv < 0.1 for weak variability,
0.1 < Cv < 1.0 for moderate variability, and Cv > 1.0 for strong variability.
Normality of data distribution was tested using the Shapiro-Wilk test. Geosta-
tistical analysis was conducted using GS$™{+}$9.0 software.

The semi-variance function was calculated as:

=2

(h)

v(h) = 2N () [Z(x;) — Z(x; + h)]?
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—
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where h is the lag distance, y(h) is the semi-variance, N(h) is the number of
sample pairs at lag distance h, and Z(z;) and Z(x,; + h) are measured values at
spatial positions x; and x; + h.
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The semi-variance function model includes four parameters: nugget (Cy), sill
(Cy+ (), range (4,), and nugget-to-sill ratio (C,/(Cy+ C)). The spatial corre-
lation is classified as: C,/(Cy + C) > 75% for weak spatial correlation, 25% <
Cy/(Cy + C) < 75% for moderate spatial correlation, and C,/(Cy + C) < 25%
for strong spatial correlation.

2 Results and Analysis
2.1 Descriptive Statistics of Soil Physical and Chemical Properties

The descriptive statistical analysis results for soil physical and chemical prop-
erties are shown in Table 1. Soil water content ranged from 10.94% to 27.79%,
with a coefficient of variation of 0.16-0.32, indicating moderate variability. The
average water content was highest in the 0-10 cm layer (27.79%) and lowest in
the 80-120 cm layer (10.94%). Bulk density ranged from 1.17 to 1.57 g+ cm 3,
with a coefficient of variation of 0.06-0.09, showing weak variability. Saturated
water content ranged from 38.13% to 24.37%, with a coefficient of variation of
0.11-0.27, indicating moderate variability. Electrical conductivity ranged from
165.94 to 233.07 S-cm™!, with a coefficient of variation of 0.19-0.44, showing
moderate variability. Organic matter content ranged from 12.13 to 2.51 g+ kg™,
with a coefficient of variation of 0.14-0.44, indicating moderate variability. pH
values ranged from 7.74 to 8.73, showing weak variability.

*Hk* Descriptive statistics of soil physical and chemical properties in each soil
layer

2.2 Semi-Variance Function Analysis of Soil Physical and Chemical
Properties

The semi-variance function analysis results (Table 2) show that the nugget-to-
sill ratio for soil water content ranged from 13.53% to 22.52% across different
layers, indicating strong spatial correlation. The range varied from 10.24 to
61.00 km, with the 0-10 cm layer showing the largest range (61.00 km). Bulk
density exhibited strong spatial correlation in all layers, with a range of 13.83-
13.94 km. Saturated water content showed moderate to strong spatial correla-
tion, with ranges of 49.44-53.52 km. Electrical conductivity displayed moderate
spatial correlation in the 0-10 cm layer (52.77% nugget-to-sill ratio) and strong
correlation in deeper layers. Organic matter showed strong spatial correlation
in the 0-10 em layer (25.30% nugget-to-sill ratio) and moderate correlation
in deeper layers. pH exhibited weak spatial correlation in the 0-10 cm layer
(73.28% nugget-to-sill ratio) and moderate correlation in deeper layers.

*#** Theoretical model of semi-variance function of soil water physical and chem-
ical properties and related statistical parameters

The spatial distribution patterns of soil physical and chemical properties (Figure
1) show that soil water content, saturated water content, and organic matter
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content decreased with soil depth, while bulk density and electrical conductivity
increased with depth. The pH values showed minimal variation with depth.

[Figure 1: see original paper] Vertical distribution of soil physical and chem-
ical properties at all sampling points in 0-120 cm soil layer

2.3 Correlation Analysis Between Soil Water Content and Physical
and Chemical Properties

Correlation analysis results (Table 3) indicate that in the 0-10 cm layer, soil wa-
ter content was significantly positively correlated with saturated water content
(r =0.397, p < 0.05) and significantly negatively correlated with bulk density
(r = —0.478, p < 0.05). In the 40-80 cm layer, soil water content showed a
highly significant positive correlation with saturated water content (r = 0.631,
p < 0.01). In the 80-120 cm layer, soil water content was significantly positively
correlated with saturated water content (r = 0.416, p < 0.05) and significantly
negatively correlated with organic matter content (r = —0.312, p < 0.05). In
the 20-40 cm layer, soil water content was significantly negatively correlated
with organic matter content (r = —0.629, p < 0.01).

**ax Pearson correlation coefficient between soil water content and soil physical
and chemical properties

The relationship between soil physical and chemical properties and soil water
content (Figure 2) demonstrates that saturated water content and bulk density
are the main factors affecting soil water content. Soil water content increases
with increasing saturated water content and decreases with increasing bulk den-
sity.

[Figure 2: see original paper| Relationship between soil physical and chem-
ical properties and soil water content in 0-120 cm soil layers

3 Discussion

The spatial heterogeneity of soil properties in degraded grassland is influenced by
both structural factors (topography, soil parent material, climate) and random
factors (human activities, grazing). The strong spatial correlation of soil water
content, organic matter, and pH indicates that these properties are primarily
controlled by structural factors. The moderate spatial correlation of saturated
water content suggests it is influenced by both structural and random factors.

The range of spatial autocorrelation for soil water content (13.94-52.77 km)
indicates that soil moisture has good spatial continuity at the landscape scale.
The larger range in the surface layer (0-10 ¢cm) may be due to the influence
of surface vegetation and microtopography, while the smaller range in deeper
layers reflects the influence of soil texture and root distribution.
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The significant positive correlation between soil water content and saturated
water content confirms that soil water retention capacity is a key factor con-
trolling soil moisture. The negative correlation between soil water content and
bulk density indicates that compacted soils have reduced water infiltration and
storage capacity. The complex relationships between soil moisture and organic
matter/pH reflect the integrated effects of soil formation processes and degra-
dation status.

The intermediate soil layer (20-80 c¢m) showed relatively high water content and
strong water retention capacity, suggesting that this layer plays an important
role in plant water supply. The significant correlations between soil moisture,
organic matter, and pH in this layer indicate that soil degradation has altered
the vertical distribution of soil properties.

4 Conclusions

(1) The soil in the degraded grassland of Zhenglan Banner is weakly alkaline,
with electrical conductivity, bulk density, and pH increasing with soil
depth, while saturated water content and organic matter content decrease
with depth.

(2) Except for bulk density and pH, other soil properties show moderate vari-
ability. Soil water content, organic matter, and pH exhibit strong spatial
correlation, while saturated water content shows moderate spatial corre-
lation.

(3) Soil water content has a range of 13.94-52.77 km, with the 0-10 cm layer
showing the largest range (61.00 km). The spatial continuity of soil mois-
ture is better at longer distances.

(4) Soil water content is significantly positively correlated with saturated wa-
ter content and negatively correlated with bulk density. In the interme-
diate layer (20-80 cm), soil water content shows significant correlations
with organic matter and pH.

These findings provide a scientific basis for understanding water movement and
nutrient cycling in degraded grassland ecosystems and can guide restoration
efforts in the Xilin Gol region.
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