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Abstract: Soil water content (SWC) is a key factor limiting ecosystem sustainability in arid and semi-arid
areas of the Hexi Corridor of China, which is characterized by an ecological environment that is vulnerable
to climate change. However, there is a knowledge gap regarding the large-scale spatial distribution of SWC
in this region. The specific objectives of this study were to determine the spatial distribution patterns of
SWC across the Hexi Corridor and identify the factors responsible for spatial variation of SWC at a
regional scale. This study collected and analyzed SWC in the 0-100 c¢m soil profile from 109 field sampling
sites (farmland, grassland and forestland) across the Hexi Corridor in 2017. We selected 17 factors,
including land use, topography (latitude, longitude, elevation, slope gradient, and slope aspect), soil
properties (soil clay content, soil silt content, soil bulk density, saturated hydraulic conductivity, field
capacity, and soil organic carbon content), climate factors (mean annual precipitation, potential evaporation,
and aridity index), plant characteristic (vegetation coverage) and planting pattern (irrigation or rain-fed), as
possible environmental variables to analyze their effects on SWC. The results showed that SWC was 0.083
(£0.067) g/g in the 0~100 cm soil profile and decteased in the order of farmland, grassland and forestland.
The SWC in the upper soil layers (0-20, 20—40 and 40—-60 cm) had obvious difference when the mean
annual precipitation differed by 200 mm. The SWC decreased from southeast to northwest following the
same pattern as precipitation, and had a moderate to strong spatial dependence in a large effective range
(75-378 km). The SWC showed a similar distribution and had no significant difference between soil layers
in the 0100 cm soil profile. The principal component analysis showed that the mean annual precipitation,
geographical position (longitude and latitude) and soil properties (soil bulk density and soil clay content)
were the main factors dominating the variance of environmental variables. A stepwise linear regression
equation showed that plant characteristic (vegetation coverage) and soil properties (soil organic carbon
content, field capacity and soil clay content) were the optimal factors to predict the variation of SWC. Soil
clay content could be better to explain the SWC variation in the deeper soil layers compared with the other
factors.
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1 Introduction

Soil water content (SWC) is a vital component of the hydrological cycle and the major factor
limiting ecosystem sustainability in arid and semi-arid areas. SWC is replenished by precipitation
and determines the amount of evaporation and water uptake by vegetation, which impacts the
water, energy and biogeochemical cycles (Seneviratne et al., 2010; McColl et al., 2017).
Knowledge on spatial pattern of SWC is conducive to water resource management and ecosystem
regulation (Moore et al., 2011; Jia et al., 2017a). Inputting SWC spatial patterns into hydrological
models can reduce the uncertainty associated with simulating hydrological processes (Orth and
Seneviratne, 2017; Wang and Cheung, 2017; Zhao and Dai, 2017).

The importance of SWC has been widely recognized in various spatial and temporal scales in
China. Li and Ma (2015) identified that between 1951 and 2008, over 54.6% of the total land area
of Mainland China experienced drought, and that drought conditions occurred within 40.0% of
the months over that period. Based on a model simulation, Xia et al. (2017) pointed out that the
risk to water resources was severe in arid and semi-arid areas of China under the future climate
change scenarios. A meta-analysis of 1740 observations in northern China reported that SWC
decreased significantly when land use changed during restoration and plant age had no influence
on SWC (0-100 cm depth) (Deng et al., 2016). Jia et al. (2017a) found that SWC within 0-500
cm soil depth decreased in the first 20-25 years following restoration and then recovered with
increased stand age after afforestation on the Chinese Loess Plateau. At a regional scale, Wang et
al. (2010a) studied spatial patterns of soil desiccation across the Chinese Loess Plateau and
reported that the dried soil layer thickness was 160 cm and topographical factors (i.e., slope
gradient) explained 39% of the total variance of soil desiccation. In the entire region of Xinjiang
in Northwest China, SWC generally increased both in the shallow and deep layers from 1951 to
2000 and was closely related to precipitation, temperature and local heterogeneity (Zheng et al.,
2017). Over a south-north transect (860 km) observation on the Chinese Loess Plateau, Zhang et
al. (2017) and Zhao et al. (2017) reported that the SWC was lower than the stable field capacity at
most of the sites and soil properties (i.e., soil clay content and field capacity) were the most
correlated factors. Zhang et al. (2016) noted that the SWC in the 0-500 cm depth decreased with
vegetation succession (about 160 years) and was significantly correlated with aeration porosity
(P<0.05) at five plots in a semi-humid area. SWC is also strongly influenced by tree species
(Sonnenborg et al., 2017), understory vegetation (Mollnau et al., 2014), root mass (Wang et al.,
2010b, 2013) and many other factors (Wu et al., 2015).

Few studies focused on understanding the SWC at a large scale across the Hexi Corridor. The
Hexi Corridor is located in an arid and semi-arid area of Northwest China. The region is
characterized by low precipitation, high evaporation, and serious aeolation and is sensitive to
changes in climate (Liu, 2003; Xia et al., 2017; Zhang et al., 2017). The region is expected to face
a high risk of drought and water scarcity in the next 20 years (Xia et al., 2017). Recent researches
on soil water conditions across the Hexi Corridor often confined to small scales, such as inland
river basins (Cheng et al., 2014; Sun et al., 2017; Yao et al., 2018). Zhang et al. (2017)
investigated the SWC in an area of approximately 100 km?* in the Hexi Corridor and found that
soil drought mainly occurred in the newly cultivated land and the desert—oasis ecotone. Compared
with a desert and a wetland, SWC of a farmland had a great temporal stability in the middle
reaches of the Heihe River (Li and Shao, 2015). The variation of SWC was high at an interannual
scale from 2006 to 2014, while it remained stable at the intra-annual scale from March to
November in the desert region of the Hexi Corridor (Niu et al., 2016).

Knowledge of SWC distribution across the Hexi Corridor is important for economic
development and social services within the region. Based on the above considerations, we
hypothesize that the spatial variability of SWC is strongly heterogeneous across the Hexi
Corridor, and that SWC is strongly influenced by the local and climatic factors. A large-scale field
sampling was conducted across the region to test these hypotheses. The specific objectives of this
study were to (1) determine the spatial distribution patterns of SWC across the Hexi Corridor and
(2) identify the factors responsible for spatial variation of SWC at a regional scale.



LI Xiangdong et al.: Spatial variability of soil water content and related factors across the Hexi Corridor... 125

2 Materials and methods

2.1 Study area

This study was conducted across the Hexi Corridor of Gansu Province in China (35°45—42°47'N,
92°44'-104°44'E; 1000-3000 m a.s.l.; Fig. 1), which has a total area of 2.63x10° km?. The Hexi
Corridor is a passage running in the southeast-northwest direction, which has Altun Mountains
and Qilian Mountains in the south and Mazong Mountains, Heli Mountains and Longshou
Mountains in the north, and deserts in the northeast (including Badain Jaran Desert and Tengger
Desert). The Hexi Corridor starts at Wushaoling Mountain in the east and ends at Yumenguan in
the west (Bao and Fang, 2007; Wu, 2016). The Shiyang River, Heihe River and Shule River are
the three major river systems across the Hexi Corridor, with all the riverheads coming from the
glaciers of Qilian Mountains.
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Fig. 1 Spatial distribution of field sampling sites (under three land uses of farmland, grassland and forestland)
and mean annual precipitation (MAP)

The Hexi Corridor is characterized by an arid and semi-arid continental monsoon climate, with
annual mean temperature (MAT) of 5°C—9°C, mean annual evaporation of 1500-3200 mm, mean
annual precipitation (MAP) of 50-350 mm, and 60%—70% of rainfalls occurring between June
and September (Bao and Fang, 2007; Zhang et al., 2017). From the southeast to the northwest of
the Hexi Corridor, soil textures include silt-sandy loam, loam, sandy loam, loamy sand and sandy
soil according to the taxonomic system of United States Department of Agriculture. Soil thickness
ranges from 0.2 to 1.5 m and the surface soil layers have high gravel content, particularly in the
northwest area (Wang et al., 2014; Zhang et al., 2017). The farmland is mainly located proximate
to cities and rivers. The forest is mainly planted to protect roads and farmland, and to improve the
environment. The grassland and shrubland have been subjected to grazing prohibition since 2000.
The Hexi Corridor is subject to severe wind erosion, which leads to land degradation and loss of
soil fertility. Vegetation species found in the region include Haloxylon ammodendron (C. A. Mey.)
Bunge, Tamarix ramosissima Ledeb, Calligonum gobicum (Beg. ex Meisn.) A. Los., Nitraria
sphaerocarpa Maxim, Reaumuria soongorica (Pall.) Maxim, Sympegma regelii Bunge, Stipa
bungeana Trin and Humulus scandens (Lour.) Merr. Wheat and maize are the two major crops in
the region.

2.2 Field sampling

From May to June, 2017, a total of 109 field sampling sites were investigated across the Hexi
Corridor (Fig. 1). We set the field sampling sites under different categorical variables, such as
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land use (18 sites in the farmland, 37 sites in the grassland, and 54 sites in the forestland), MAP
(46 sites in the areas with MAP<100 mm, 33 sites in the areas with MAP of 100-200 mm, 17
sites in the areas with MAP of 200-300 mm, and 13 sites in the areas with MAP>300 mm) and
planting pattern (9 sites in the areas through irrigation and 9 sites in the areas through rain-fed).
The field sampling sites were predetermined on a digital topographic map and the distance
between two adjacent sites was about 40 km. They were located in the field using a GPS receiver.
The sampling design could be considered partially randomized as the sites were randomly
selected without prior knowledge of the site conditions (Wang et al., 2010a).

At each field sampling site, disturbed soil samples were collected with a soil auger (5 cm in
diameter and 25 c¢m in length). Undisturbed samples were obtained with a cutting ring (5 cm in
diameter and 5 c¢m in length). The soil profile was divided into five layers: 0-20, 20—40, 40-60,
60—80 and 80-100 cm. The sampling depth was restricted by bedrock, large rocks or stones in
some mountainous areas. A total of 631 disturbed soil samples (0-20, 20—40, 40-60, 60-80 and
80—100 cm depth) and 297 undisturbed soil cores (0-5 and 20-25 cm depth) were sealed and
transported to the laboratory. The gravimetric SWC was measured from the weight loss during
oven drying at 105°C to a constant mass.

2.3 Measurement of related factors

We selected 17 related factors, including land use, topography (LA, latitude; LO, longitude; EL,
elevation; SG, slope gradient; SA, slope aspect), soil properties (CC, soil clay content; SC, soil
silt content; BD, soil bulk density; Ks, saturated hydraulic conductivity; FC, field capacity; SOC,
soil organic carbon content), climate factors (MAP; PE, potential evaporation; Al, aridity index),
plant characteristic (VC, vegetation coverage) and planting pattern (irrigation or rain-fed), as
possible environmental variables to analyze their effects on SWC. LA, LO and EL of the field
sampling sites were recorded by a GPS receiver (GPSmap 60CSx, Garmin, MO, USA; 5 m
precision in the horizontal direction). SG and SA were measured with a geological compass. VC
was determined within a 10 mx10 m quadrat. BD, Ks and FC were determined using the
undisturbed soil core samples. Specifically, BD was determined using the core method by
weighing the undisturbed soil core samples with a volume of 100 cm® after oven-drying at 105°C.
Ks was measured using the constant-water-head method (Klute and Dirksen, 1986). FC
(volumetric water content at —1/3 bar) was estimated by a SWC retention curve (Ratliff et al.,
1983). The disturbed soil samples were air-dried and sieved through a 1-mm mesh for soil texture
analysis and a 0.25-mm mesh for measurements of SOC. CC (<0.002 mm) and SC (0.002-0.050
mm) were measured by a laser particle analyzer (Mastersizer 2000, Malvern Instruments,
Malvern, England). SOC was measured using dichromate oxidation (external heat application)
method (Bao, 2000). MAP, PE and Al of the field sampling sites were extracted from climate grid
maps at 500 mx500 m resolution. The climate data sets (1980-2015) were provided by the Data
Center for Resources and Environmental Sciences, Chinese Academy of Sciences (RESDC)
(http://www.resdc.cn). Irrigation was applied on farmland to increase the survival rate of crops.
We differentiated the irrigation and rain-fed farmland by talking with locals and observing
irrigation equipment. The measurement methods of all the environmental variables were
described in detail in previous researches (Wang et al., 2010a; Zhao et al., 2017).

2.4 Statistical analysis

Basic summary statistics for SWC including minimum, maximum, mean, standard deviation
(SD), coefficient of variation (CV), skewness and kurtosis were calculated in the 0-20, 2040,
40-60, 60—80 and 80-100 cm soil layers. In addition, basic summary statistics for SWC in the
0-100 cm soil profile is the average of those in the 0-20, 20—40, 40—60, 60-80 and 80-100 cm
soil layers. One-sample Kolmogorov-Smirnov Test and log transformations were used to check
and satisfy normality. Homogeneity of variance test, one-way ANOVA and nonparametric
Mann-Whitney U tests were used to compare the mean difference in SWC between categorical
variables. The correlations between SWC and related factors were tested by Pearson test.
Principle component analysis (PCA) was used to conduct dimensionality reduction of variables
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after Kaiser-Meyer-Olkin and Bartlett's tests. The principle component (PC) was selected when
the eigenvalue was larger than 1. The first principle component (PC 1) has the greatest variance
on the first coordinate, the second principle component (PC 2) has the second greatest variance on
the second coordinate, and so on. Variance inflation factor (VIF) was used to measure the
multicollinearity between variables. Stepwise linear regression was used to quantify the
relationships between SWC and significantly related factors. Variables was entered (or removed)
from the model depending on the significance (probability) of the F values at 0.05 (or 0.1). Raw
data were processed using a Gauss-Kruger projection coordinate system for geostatistical
analysis. Semivariograms were calculated to quantify the spatial structure of SWC and provide
input parameters for spatial interpolation using ordinary kriging method. Traditional statistical
analyses were performed using Excel 2007 (Microsoft Corporation, Redmond, WA, USA), SPSS
package (Version 16.0, CHI, USA) and SigmaPlot (Version 12.5, Systat Software, CA, USA).
GS+ (Version 9.0, Gamma Design Software, LLC, MN, USA) and ArcGIS (Version 10.2, ESRI
Inc., CA, USA) were used to perform geostatistical analysis and produce maps.

3 Results and discussion

3.1 Spatial variability of SWC

3.1.1 Statistical analysis

The summary statistics for SWC in the 0—100 cm soil profile are shown in Table 1. The values of
SWC in various soil depths ranged from 0.002 to 0.450 g/g, with 0.083 (£0.067) g/g in the 0-100
cm soil profile across the Hexi Corridor. The maximum value of SWC was 0.450 g/g in the 2040
cm layer. The coefficient of variation of SWC in different layers ranged from 80.4% to 90.8%,
indicating a moderate variability of SWC (Shao et al, 2006). The one-sample
Kolmogorov-Smirnov Test showed that the values of SWC were log-normally distributed in
various depths.

Table 1 Summary statistics for soil water content (SWC) across the Hexi Corridor in various soil depths

Depth (cm) n  Minimum (g/g) Maximum (g/g) Mean (g/g) SD(g/g) CV (%) Skewness Kurtosis DT
0-100 109 0.006 0.374 0.083 0.067 80.4 1.36 241 Log normal
0-20 109 0.002 0.374 0.083 0.071 84.9 1.43 2.49 Log normal
20-40 109 0.004 0.450 0.085 0.073 86.2 1.57 4.43 Log normal
40-60 108 0.002 0.379 0.083 0.072 86.9 1.50 2.77 Log normal
60-80 104 0.002 0.383 0.082 0.075 90.8 1.68 3.34 Log normal
80-100 102 0.004 0.317 0.085 0.075 88.2 1.30 1.10 Log normal

Note: n, sample number; SD, standard deviation; CV, coefficient of variation; DT, distribution type.

Figure 2 shows the differences in SWC under different categorical variables (land use, MAP
and planting pattern) in various soil depths. SWC differed significantly in different land uses in
the order of farmland>grassland>forestland (P<0.05; Fig. 2a). Farmland had the highest SWC
(0.163 (£0.072) g/g) and forestland had the lowest (0.049 (£0.035) g/g) in the 0-100 cm soil
depth. The higher value of SWC in farmland could be attributed to its geographical locations. The
farmland is mainly distributed in the eastern regions of the Hexi Corridor where rainfall is higher,
while the forestland is primarily distributed around the fringe of the Gobi desert in the northwest
of the Hexi Corridor (Fig. 1). Compared with the farmland, the forestland and grassland more can
easily form thicker dried layers in the subsoil profile (Wang et al., 2010a). There was no
significant difference in SWC between soil depths within the same land use (P>0.05).

The SWC decreased with MAP decreasing (Fig. 2b). The maximum value of SWC was 0.143
(£0.088) g/g under MAP>300 mm and the minimum value was 0.063 (+0.063) g/g under
MAP<100 mm in the 0-100 cm soil profile. The values of SWC in the upper soil layers (0-20,
2040 and 40-60 cm) under MAP>300 mm were significantly higher than those under MAP<200
mm. The values of SWC in the upper soil layers (0-20, 20-40 and 40-60 cm) under MAP of
200-300 mm were significantly higher than those under MAP<100 mm. The results indicated that
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Fig. 2 Soil water content (SWC) under different land uses (a), MAP amounts (b) and planting pattern (c) in
various soil depths across the Hexi Corridor. MAP, mean annual precipitation. Different capital letters indicate
significant differences of SWC among different categorical variables in the same depth at the P<0.05 level.
Different lowercase letters indicate significant differences of SWC among soil depths under the same categorical
variable at the P<0.05 level.

there was a significant difference in SWC in the upper soil layers (0-20, 20-40 and 40-60 cm)
when the MAP differed by 200 mm. The MAP was the dominant driving factor determining the
spatiotemporal patterns of SWC throughout the soil profile (Jia et al, 2017b). Previous researches
indicated that SWC was significantly and positively correlated with MAP at the regional and
transect scales (Zhang et al., 2017; Zhao et al., 2017; Zheng et al., 2017). Jin et al. (2011) and Liu
et al. (2016) found that SWC had different dynamic patterns in zones with different MAP values.
There was no significant difference in SWC between soil depths within the same MAP (P>0.05).
Farmland is often irrigated to increase crop yield and biomass, especially in areas where natural
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water inputs are limited (Romero et al., 2015; Ran et al., 2017). However, irrigation activity did
not significantly improve the SWC compared to the rain-fed farmland in our study (Fig. 2c).
Since our sampling time was at least two days after irrigation, extensive evaporation and
immediate water-uptake by the roots could have contributed to the insignificant difference in
SWC between irrigated and rain-fed farmland (Wang et al., 2016).

3.1.2 Geostatistical analysis

The spatial structure of log transformed SWC was calculated (Table 2). The azimuth angle of
principal anisotropic axis was 109°-116°, which indicated that SWC had the largest spatial continuity
in the northwest-southeast direction. The SWC showed a weak directional variation when the
anisotropy ratio was less than 2.5 (Trangmar et al., 1986; Liu et al., 2013). Thus, only the isotropic
semivariogram of SWC was calculated in various soil depths. In our study, the experimental
semivariograms were best fitted by exponential models with lowest residual sum of squares
(0.0371-0.1470) and highest coefficient of determination (0.487—0.898) in various soil depths.

Table 2 Semivariogram parameters for log transformed SWC in various soil depths across the Hexi Corridor

Depth (cm) Model Nugget Sill Range (km)  Nugget/sill ratio R? Residual SS 6 (°)  Anisotropy ratio

0-100 Exponential  0.107 0.853 168 0.125 0.835 0.0460 111 1.2
0-20 Exponential 0.589 1.179 171 0.500 0.487 0.1470 116 1.0
20-40 Exponential 0.057 1.109 153 0.051 0.838 0.0871 109 1.2
40-60 Exponential  0.142 1.131 138 0.126 0.898 0.0371 118 1.1
60-80 Exponential  0.161 1.056 75 0.152 0.722 0.0426 109 1.7
80-100 Exponential ~ 0.550 1.101 378 0.500 0.759 0.0631 113 1.3

Note: R?, coefficient of determination; Residual SS, residual sum of squares; 0, azimuth angle of principal anisotropic axis (major
direction with lower average semivariance); Anisotropic ratio=Rangemajor/Rangeminor at 8 in anisotropic models.

The geostatistical parameters of SWC varied with soil depths without monotonous tendency.
The ratio of nugget to sill was 0.051-0.152 in the soil layers (20-40, 40—60 and 60-80 cm),
indicating that the SWC showed a strong spatial dependence in these layers (Zhang et al., 2017).
The spatial dependence of SWC was moderate with a ratio of nugget to sill 0.500 in the soil
layers (0-20 and 80—100 cm). The effective ranges varied from 75 km to 378 km, which indicated
that the SWC had a spatial dependence within a larger separation distance. As the effective range
was much larger than our sampling interval (approximately 40 km), the sampling system turn out
to be adequate for detecting the spatial structure of SWC at a regional scale (Shao, 2006; Liu et
al., 2013). The sill was similar and ranged from 1.056 to 1.179 in various soil depths, whereas the
nuggets were larger (>0.55) in the 0-20 and 80—100 cm soil layers than in the 2040, 40—60 and
60—-80 cm soil layers (<0.161). The high random variance in the surface and deeper soil layers
could be attributed to the local heterogeneity (Hu et al., 2014).

The spatial distribution patterns of SWC interpolated by ordinary kriging method are shown in
Figure 3. In general, the SWC decreased from southeast to northwest (Fig. 3a) and this trend
corresponded to the precipitation gradient (Fig. 1). The SWC in the upper soil layers (0-20,
20—40 and 40—60 cm) decreased from south to north and showed similar patterns of variability as
MAP (Figs. 1b—d). The SWC in the deeper layers (60—80 and 80-100 cm) had an obvious
horizontal variation trend in the west region of the Hexi Corridor (Figs. 3e and f). The middle
area of the Hexi Corridor had a relative high SWC compared with other regions in various soil
depths. This was mainly because that the middle area of the Hexi Corridor was dominated mainly
by farmland and grassland with higher rainfall (Fig. 1). Moreover, the middle area was near the
upper reaches of the Heihe River watershed, which has snow melt from the Qilian Mountains.

3.2 Factors responsible for the spatial pattern of SWC

Pearson's correlation coefficients between SWC and environmental variables are given in Table 3.
The SWC increased with increasing LO and decreased with increasing LA, and the correlation
coefficients decreased with increasing soil depth, which agreed with the results in Figure 3. The
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Fig. 3 Spatial pattern of SWC in various soil depths across the Hexi Corridor interpolated by ordinary kriging
method. (a), 0-100 cm; (b), 0-20 cm; (c¢), 20—40 cm; (d), 40—60 cm; (e), 60—80 cm; (f), 80—100 cm.

SWC was positively correlated with EL only in the upper soil layers (0-20, 2040 and 40-60
cm). Though SWC has been found to be controlled by topography in small catchments (Qiu et al
2001; Huang et al., 2012), in this study it had no relationship with SG and SA in the whole soil
profile except in the 2040 cm soil layer at a regional scale. The SWC was significantly and
positively correlated with VC (P<0.01) and the correlation coefficients ranged from 0.489 to
0.560. Soil properties were significantly related to SWC (P<0.01). The SWC was negatively
correlated with BD and Ks and positively correlated with FC, CC, SC and SOC. The MAP was
significantly correlated with SWC (P<0.01), whereas PE had no correlation with SWC (£>0.05).
The mixed index Al showed a significant and negative correlation with SWC. The correlation
coefficients between climatic variables (MAP and AI) and SWC decreased with increasing soil
depth, indicating that the effect of climate on SWC decreases with increasing soil depth.
Therefore, the spatial variation of SWC was more determined by local factors (such as soil
properties) rather than climatic factors (such as PE) (Li and Shao, 2015). The mean value of SWC
(0.083 g/g) was lower than the mean value of FC (0.130 g/g) across the Hexi Corridor.

We used PCA method to extract eigenvectors and reduce dimensionality of continuous
variables (Fig. 4). The variables which were not correlated with the SWC (Table 3) were excluded
from the PCA. The PCA identified two to four principle components, which accounted for
69.4%—-80.7% of the environmental variance in various soil depths. The first two principle
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components are shown in Figure 4. The PC 1 and PC 2 accounted for 45.3%—53.5% and
14.2%-20.5% of the total variance, respectively. The MAP had the highest factor loading in the
PC 1 in various soil depths. The LO and LA had the highest factor loading in the PC 2 in the
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Fig. 4 Principle component analysis (PCA) of the significantly correlated factors with SWC in various soil
depths. (a), 0-100 cm; (b), 0-20 cm; (c), 20-40 cm; (d), 40-60 cm; (e), 60—-80 cm; (f), 80—100 cm. PC, principle
component; PC 1, the first principle component; PC 2, the second principle component; LA, latitude; LO,
longitude; EL, elevation; SG, slope gradient; SA, slope aspect; VC, vegetation coverage; BD, soil bulk density;
Ks, saturated hydraulic conductivity; FC, field capacity; CC, soil clay content; SC, soil silt content; SOC, soil
organic carbon content; MAP, mean annual precipitation; PE, potential evaporation; Al, arid index.

Table 3 Correlation coefficients between SWC and related factors in various soil depths

Correlation coefficient

Factor
0-100 cm 0-20 cm 2040 cm 40-60 cm 60—-80 cm 80-100 cm
LA -0.298" -0.371" -0.367" -0.257" -0.195" —0.144
LO 0.342™ 0.334™ 0.353™ 0.262™ 0.240" 0.245"
EL 0.211" 0.328™ 0.297™ 0.192" 0.081 —-0.005
SG 0.087 0.093 0.174 0.153 0.047 0.078
SA 0.131 0.149 0.226" 0.180 0.075 0.076
vC 0.589" 0.534" 0.560" 0.552" 0.508" 0.489"
BD —0.483™ —0.548"" —0.492"" - - -
Ks -0.378" -0.365" -0.352"" - - -
FC 0.582™ 0.644™ 0.561™ - - -
CcC 0.520™ 0.328™ 0.496™ 0.544™ 0.526™ 0.575™
SC 0.667" 0.651™ 0.716™ 0.638™ 0.605™ 0.648™
SOC 0.705™ 0.678™ 0.723™ 0.635™ 0.685™ 0.646™
MAP 0.441™ 0.478" 0.503" 0.394" 0.319" 0.268"
PE —0.054 —0.036 —0.086 —-0.049 —-0.006 0.014
Al —0.368"" —-0.389" —-0.401™ —-0.300™ -0.282™ -0.243"
Note: LA, latitude; LO, longitude; EL, elevation; SG, slope gradient; SA, slope aspect; VC, vegetation coverage; BD, soil bulk density;

Ks, saturated hydraulic conductivity; FC, field capacity; CC, soil clay content; SC, soil silt content; SOC, soil organic carbon content;
MAP, mean annual precipitation; PE, potential evaporation; Al, arid index; -, not calculated. *, correlation is significant at the P<0.05
level (2-tailed). ™", correlation is significant at the P<0.01 level (2-tailed).
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0-100 cm soil profile (Fig. 4a). The BD was the main factor in the PC 2 in the 0-20 cm soil layer
(Fig. 4b). The LO had the highest factor loading in the PC 2 in the 2040 and 40-60 cm soil
layers (Figs. 4c and d). The CC was the dominate factor in the PC 2 in the deeper soil layers
(Figs. 4e and f). Vegetation coverage (VC) was not a good representative variable in all principle
components. As all variables made a great contribution to the PC 1, we then used stepwise linear
regression to further select variables that significantly affected the SWC.

Although many factors were significantly correlated with SWC, only some factors were
included in the stepwise linear regression equations (Table 4). Generally, the VC, FC, LA, SOC
and CC were the determining factors controlled SWC variation. The explanatory power (R*) of
the equation was higher in the 0-20 and 20-40 cm soil layers than that in the 40-60 and 60—-80
cm soil layers, as some soil characteristics (BD, Ks, FC) were not measured in the deeper soil
layers due to difficultly sampling in deep soils. The SOC and FC explained 64.4% of the variation
of SWC in the 0-20 cm soil layer. Vegetation was the main factor affecting SWC variation in the
20-40, 40-60 and 60—80 cm layers. The CC has been found to control the spatial patterns of SWC
in the deeper soil layers at large scales (Li et al., 2015). These results indicated that vegetation
and soil texture were the two main factors determining the SWC in arid and semi-arid areas of the
Hexi Corridor. Soil properties (CC) was the main factor responsible for SWC in the deeper soil
layers (80—100 cm).

Table 4 Stepwise linear regression equation between SWC and related factors in various soil depths

Depth (cm) Equation R? n P

0-100 SWC=0.689xVC 0.468 86 <0.001
SWC=0.515xVC+0.349xFC 0.556 86 <0.001
SWC=0.59xVC+0.393xFC+0.217xLA 0.588 86 <0.001
SWC=0.455xVC+0.337xFC+0.218xLA+0.225xSOC 0.605 86 <0.001

0-20 SWC=0.726xSOC 0.522 104 <0.001
SWC=0.492xSOC+0.425xFC 0.644 104 <0.001

2040 SWC=0.706xVC 0.492 74 <0.001
SWC=0.539xVC+0.398xFC 0.619 74 <0.001
SWC=0.382xVC+0.308xFC+0.304xSOC 0.664 74 <0.001

40-60 SWC=0.658xVC 0.426 90 <0.001
60-80 SWC=0.527xVC 0.269 85 <0.001
SWC=0.505xVC+0.221xCC 0.305 85 <0.001

80-100 SWC=0.566xCC 0.312 83 <0.001
SWC=0.500xCC+0.427xVC 0.485 83 <0.001

Note: The coefficients of variables in the equations are the standardized coefficients (path coefficients).

4 Conclusions

Knowledge of SWC helps improve water resource regulation and vegetation restoration, and is
also important for economic and social development, especially in water-limited areas in
Northwest China. This study conducted a large-scale field investigation to analyze the spatial
patterns of SWC and its related factors across the Hexi Corridor. The results showed that
SWC decreased from the southeast to northwest regions of the Hexi Corridor, following the
precipitation gradient. Farmland, which was distributed in the eastern region, had the highest
SWC, followed by grassland and forestland. The SWC had similar patterns of variation in various
soil depths. MAP had the highest factor loading in the first principal component. Geographical
position (longitude and latitude) and soil properties (soil bulk density and soil clay content) were
the main factors that explained the variance of SWC in the second principal component. Local
factors, which were determined by soil texture, SOC, FC and VC, were responsible for the spatial
variability of SWC in the arid and semi-arid areas of the Hexi Corridor.
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