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ABSTRACT

Soil-water characteristic curve (SWCC) and soil hydraulic conductivity are important soil hydrodynamic 
parameters, which are of great significance in production practice. In 128 soil samples collected from 
0-20, 20-40 cm layers at sampling scales of 32×32 m, the authors determined the effect of different 
periods of time on SWCC and soil hydraulic conductivity in fields mulched gravel. The water holding 
capacity of soil changes dramatically throughout time, with NEW having the maximum water holding 
capacity. As the planting time increases, the soil water holding capacity decreases. Both van Genuchten 
(VG) and Gardner models can fit SWCC in different time periods well, but the fitting accuracy of the VG 
model is higher. Geostatistics and Kriging interpolation are used to study the spatial variability of the 
VG model parameters of the SWCCs. The parameters θs, α, and n show a strong spatial correlation as 
a whole and are slightly affected by random factors. The changing trend of soil unsaturated hydraulic 
conductivity (K(θ)) in gravel-mulched fields is faster than the CHECK, and the NEW has the fastest 
change trend. The data suggest that fields mulched with gravel retain more water, with the NEW having 
the most noticeable water retention effect. The study’s findings can be used to investigate the regional 
variations in soil hydrodynamic characteristics in gravel mulched fields in arid locations.   

INTRODUCTION  

Soil is not only the basis of sustainable agricultural develop-
ment but also the environmental resources on which mankind 
depends for survival (Russo et al. 2015, Ren et al. 2018). The 
soil-water characteristic curve (SWCC) and soil hydraulic 
conductivity are significant factors for describing soil quali-
ties that are crucial in production (Kishné et al. 2017, Panne-
coucke et al. 2019). SWCC is the basic characteristic curve 
for studying soil water holding capacity, which can provide 
a scientific basis for studying the mechanism analysis and 
numerical simulation of water flow in the soil-plant-atmos-
phere continuum (SPAC system) (Raghuram et al. 2020). Soil 
hydraulic conductivity is of great significance in farmland 
irrigation and drainage and soil and water conservation pro-
jects (Fang et al. 2016). It has considerable spatial variability, 
which is mainly related to soil texture, structure, bulk density, 
nutrients, salinity, and organic matter content, and not simply 
represents the features of soil infiltration and leakage (She 
et al. 2014). The importance of studying soil hydrodynamic 
characteristics for agricultural productivity and soil moisture 
management cannot be overstated.

Many researchers have looked into the temporal and 
geographical variability of soil hydraulic parameters and 

discovered that they are linked to soil texture and structure. 
The majority of SWCC research focuses on the model’s appli-
cability (Dong et al. 2017, Zhao et al. 2020a) and geographi-
cal variability (Xing et al. 2015, Shi et al. 2014). Zhao et al. 
(2020a) investigated the SWCC model in gravel-covered fields 
in Northwest China and discovered that the van Genuchten 
(VG) model fits well and is more accurate in predicting soil 
moisture. According to Wang et al. (2015b), the SWCC is 
influenced by elements like soil texture and structure, and due 
to the heterogeneity of these components, the SWCC under-
goes significant changes over time and space (Amanabadi et 
al. 2018). The saturated permeability of the soil is measured 
by soil hydraulic conductivity, which is also an important 
parameter in the hydrological model (Mao et al. 2019). Yu et 
al. (2018) investigated the spatial distribution characteristics 
of saturated hydraulic conductivity of different soil layers at 
the regional scale of the loess area using classical statistics and 
geostatistics and discovered that soil hydraulic conductivity 
gradually decreased with increasing soil depth. Li et al. (2019) 
investigated the regional variability of soil hydraulic parame-
ters in Xinjiang and discovered that soil hydraulic conductivity 
has a considerable spatial dependence.

For more than 300 years, many lands in Northwest 
China’s arid and semi-arid regions have been covered with 
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gravel and sand as a “no-tillage protection scheme” (Li 2003, 
Zhao et al. 2017a). This model can effectively reduce surface 
runoff, increase water infiltration rate, reduce evaporation, 
and have a thermal insulation effect (Li 2003, Qiu et al. 2014, 
Zhao et al. 2020b). Many countries with precipitation < 400 
mm have applied various patterns of sandstone coverage 
(Modaihsh et al. 1985, Kemper et al. 1994). However, due to 
human or natural reasons, this kind of land will degenerate 
after several years of planting (Wang et al. 2010), causing 
the interface between the gravel and the soil layer to become 
unclear. The influence and interaction of various processes 
in the soil profile of this soil at different periods can produce 
variable soils (Harguindeguy et al. 2018).

However, most scholars are concerned about the spatial 
change of a single soil property. Little attention has been paid 
to the changing laws of hydraulic parameters of soil mulched 
with gravel. The objectives of the study are to (1) compare 
and analyze the change laws of SWCCs in different periods, 
obtain changing laws of soil water holding capacity of fields 
mulched with gravel at different planting periods, and use 
VG and Gardner empirical models to fit the SWCCs and 
analyze the VG model parameters and determine its spatial 
statistical characteristics, and (2) analyze the differences 
of soil hydraulic conductivity at different depths in fields 
mulched with gravel for different periods of time. By exam-
ining changes in soil hydrodynamic characteristics in fields 
mulched with gravel over different lengths of time in the arid 
area of Northwest China, it is expected to provide theoretical 
support for soil moisture management and crop planting 
benefits of fields mulched with gravel. Our findings have 
important significance for small-scale hydrological studies 
in the sand and gravel-covered arid and semi-arid areas.

MATERIALS AND METHODS

Description of the Study Area and Sample Collection

The study was conducted in Jingtai County near the Lanzhou 
University of Technology experimental station in the middle 
of the western portion of China’s Gansu province (on the 
east side of the Hexi corridor, at the junction of provinces 
(regions) of Gansu, Ningxia, and Inner Mongolia) (Fig. 1). 
The planting area of gravel mulched field in the study area 
occupies an area of approximately 33.3 km2. The climate is 
intermediate between continental monsoon and non-mon-
soon regions. The temperature fluctuates from -27.3 to 36.6oC 
from the winter to summer seasons, with a mean annual 
temperature of 8.2°C. The mean annual precipitation is 185 
mm, with a rainy season (accounting for approximately 
61.4% of the annual rainfall) from July to September. The 
mean annual evaporation is 3038 mm, with annual average 
evaporation to precipitation ratio of 16 (Wu et al. 2019). The 
predominant soils are sandy loam, and the particles size was 
classified into three grades: clay (0-0.002 mm), silt (0.002-
0.05 mm), and sand (0.05-2 mm), following the USDA Soil 
Taxonomy (Table 1).

The fields were 32×32 m and consisted of a new field 
mulched with gravel (NEW) planted for less than 10 years, 
a moderately aged field mulched with gravel (MOD) planted 
for 25-30 years, an old field mulched with gravel (OLD) 
planted for 45-60 years and bare land (no vegetation or 
gravel) as a control (CHECK). The surface sand was care-
fully removed, and all samples were then collected using 
stainless-steel cutting rings (5 cm in height by 5 cm in 
diameter) from the 0-20 and 20-40 cm layers. The samples 
were collected from the two layers in 64 evenly distributed 
1×1 m quadrats 4 m apart, center to center, for a total of 128 
samples (Fig. 2). Saturated hydraulic conductivity was de-
termined by the constant-head method using a constant-head 
permeation apparatus (TST-70, China). Data for constructing 
SWCCs were obtained using a Hitachi CR21 high-speed con-
stant-temperature refrigerated centrifuge (Vero et al. 2016). 

Analysis Methods

Soil saturated hydraulic conductivity, Ks (mm/min), was 
calculated by:
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Note: a is the grid-scale and n is the total number of sampling points.  

Fig. 2: Distribution map of the sampling points. 
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where Vs is the infiltration rate and I is the water pressure 
gradient.

The van Genuchten model is:
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Table 1: Basic Nature of the Various Layers of the Fields. 

Test Soil 
Soil Depth 

[cm] 

Clay [%] Silt [%] Sand [%] 
Ks[mm/min] 

<0.002 mm 0.002-0.05 mm 0.05-2 mm 

NEW 
0-20 2.42 55.15 42.44 0.48 

20-40 2.74 55.35 41.92 0.46 

MOD 
0-20 2.59 53.94 43.48 0.44 

20-40 2.93 53.25 43.83 0.41 

OLD 
0-20 2.65 60.44 36.92 0.42 

20-40 3.15 65.41 31.45 0.38 

CHECK 
0-20 2.82 53.67 43.52 0.36 

20-40 3.32 55.93 40.76 0.33 

The fields were 32×32 m and consisted of a new field mulched with gravel (NEW) planted for less than 
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Hitachi CR21 high-speed constant-temperature refrigerated centrifuge (Vero et al. 2016).  

Fig. 1: Study area and the soil sampling locations in the study area situat-
ed in Gansu, China.



13EFFECT ON SOIL HYDRODYNAMIC PARAMETERS IN FIELDS MULCHED WITH GRAVEL 

Nature Environment and Pollution Technology • Vol. 21, No. 1, 2022

volumetric water content (cm3.cm-3), h is the pressure head 
(m), α is a scaling parameter that is inversely proportional 
to mean pore diameter, and m and n are shape coefficients, 
where m and n are related, m=1-1/n.

The Gardner model is:
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Based on the regionalized variables theory and intrinsic 
hypothesis, the semivariogram, γ(h), was estimated by:
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where 𝑂𝑂𝑖𝑖 and 𝑃𝑃𝑖𝑖 are the measured and predicted values, respectively, O and P are the average measured 
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where N(h) is the number of pairs of observations (Z(xi) and Z(xi+h)) separated by a distance h. Only 

isotropic semivariograms are considered. 
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where 𝑂𝑖 and 𝑃𝑖 are the measured and predicted values, 
respectively, O and P are the average measured and predicted 
values, respectively, and 𝑛 is the number of observations in 
the validation data set. Both R2 and RMSE range from 0 to 1. 
A high R2and a low RMSE indicate high predictive accuracy 
(Zhang et al. 2012).

RESULTS AND DISCUSSION

Influence of Different Periods of Time on SWCCs

The relationship between soil water content (SWC) and soil 
suction was established by characterizing dehydration (Fig. 
3). The SWCCs of different soil layers at different time 
periods are consistent. In the low suction phase (<1 bar), 
the SWC of different soil layers at different time periods 
decreases rapidly with the increase of suction, while in the 
intermediate and high suction phases (1-10 bar), the SWC at 
different periods of time decreases slowly with the increase 
of suction. The SWC is 20-40 cm> 0-20 cm when the soil 
suction is the same. The capacity of the soil to hold water 
differed greatly between times. The NEW had the most 
capacity for water storage. The soil water holding capacity 
decreased as the planting time increased, and the CHECK 
was the lowest. This is because as the number of planting 
years increases, the amount of sand and gravel particles in 
the soil increases. Compared with the CHECK, the mixing 

coarser particles in the soil reduces the total porosity of the 
soil, resulting in a gradual decrease in soil water holding 
capacity (Udawatta et al. 2008). 

Fitting of SWCCs for Different Periods of Time

The VG model and Gardner model were used to fit the 
SWCCs at different periods of time, and the error analysis 
of the measured and predicted SWC under different suction 
was performed (Table 2). The fitting results reveal that the 
predicted value of SWC is similar to the measured value, with 
an R2 value of 0.990-0.997 and an RMSE of 0.080-0.086. 
The VG model is built on RETC software to parameterize 
SWCCs. The Gardner model, which was fitted using Origin 
2019b, has a lower R2 and RMSE than the VG model. The 
VG model may be used to fit SWCCs in fields mulched 
with gravel for various periods of time due to its improved 
accuracy; the results were compatible with Fu et al. (2011).

The tested soil type in this experiment is sandy loam, 
the θr fitted by RETC software is very low and almost close 
to zero, so this paper only discusses the θs, α, and n. The 
effect of different planting years on the SWCCs parameters 
in fields mulched gravel also has certain differences. θs and 
α are significantly affected, and the influence on n is small. 
Planting years have a great impact on the physical proper-
ties of the soil, which is reflected in the impact of different 
planting years on the saturated soil moisture content. The θs 
of fields mulched gravel is higher than CHECK, and NEW is 
the highest. The α is the reciprocal of the air intake value. The 
air intake value of NEW is the largest, and that of CHECK 
is the smallest. The results show that the NEW has the best 
soil structure compared to CHECK, which is conducive to 
the escape of air inside the structure and increases the satu-
ration of soil moisture to a certain extent. The change of the 
empirical parameter n in different planting years is relatively 
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gravel particles in the soil increases. Compared with the CHECK, the mixing coarser particles in the soil 

reduces the total porosity of the soil, resulting in a gradual decrease in soil water holding capacity (Udawatta 

et al. 2008).  

(a) 0-20 cm                                  (b) 20-40 cm 

Fig. 3: The SWCCs of fields mulched with gravel for different periods of time. 

Fitting of SWCCs for Different Periods of Time 

The VG model and Gardner model were used to fit the SWCCs at different periods of time, and the error 

analysis of the measured and predicted SWC under different suction was performed (Table 2). The fitting 

results reveal that the predicted value of SWC is similar to the measured value, with an R2 value of 0.990-

0.997 and an RMSE of 0.080-0.086. The VG model is built on RETC software to parameterize SWCCs. The 

Gardner model, which was fitted using Origin 2019b, has a lower R2 and RMSE than the VG model. The 

VG model may be used to fit SWCCs in fields mulched with gravel for various periods of time due to its 

improved accuracy; the results were compatible with Fu et al. (2011). 

The tested soil type in this experiment is sandy loam, the θr fitted by RETC software is very low and 

almost close to zero, so this paper only discusses the θs, α, and n. The effect of different planting years on the 

SWCCs parameters in fields mulched gravel also has certain differences. θs and α are significantly affected, 

and the influence on n is small. Planting years have a great impact on the physical properties of the soil, 

which is reflected in the impact of different planting years on the saturated soil moisture content. The θs of 

fields mulched gravel is higher than CHECK, and NEW is the highest. The α is the reciprocal of the air intake 

value. The air intake value of NEW is the largest, and that of CHECK is the smallest. The results show that 

the NEW has the best soil structure compared to CHECK, which is conducive to the escape of air inside the 

structure and increases the saturation of soil moisture to a certain extent. The change of the empirical 

parameter n in different planting years is relatively stable, between 1.229 and 1.277. Except for the OLD, n 
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stable, between 1.229 and 1.277. Except for the OLD, n 
decreases with the increase of soil depth. This is consistent 

with the results of Gao et al. (2014) on the spatial variability 
of SWCCs under different fertilization.

Table 2: Fitting values and fitting errors of hydraulic parameters with VG and Gardner models.

Test Soil
Soil Depth [cm] VG Model Gardner Model

θs α n R2 RMSE A B R2 RMSE

NEW 0-20 0.406 2.447 1.242 0.993 0.085 4.543 2.396 0.942 0.212

20-40 0.418 1.948 1.229 0.995 0.086 4.989 2.465 0.942 0.213

MOD 0-20 0.376 2.567 1.260 0.995 0.084 4.187 2.399 0.946 0.205

20-40 0.378 2.476 1.234 0.995 0.081 4.731 2.639 0.951 0.195

OLD 0-20 0.371 3.977 1.247 0.990 0.083 4.144 2.501 0.944 0.208

20-40 0.369 2.167 1.277 0.995 0.084 3.949 2.265 0.940 0.214

CHECK 0-20 0.346 5.875 1.244 0.997 0.083 4.257 2.851 0.975 0.139

20-40 0.350 3.100 1.236 0.994 0.080 4.567 2.769 0.952 0.191

Table 3: Theoretical Model and Parameters of Semi-variance Function.

Hydraulic Pa-
rameters

Test Soil Soil Depth [cm] Theoretical model C0
[10-3]

C0+C 
[10-3]

A0 C0/C0+C R2

θs NEW 0-20 Exponential 0.0049 0.050 7.62 0.098 0.733

20-40 Gaussian 0.0234 0.248 58.73 0.094 0.918

MOD 0-20 Exponential 0.1250 0.495 70.00 0.253 0.738

20-40 Linear 0.6265 0.626 29.20 1.000 0.755

OLD 0-20 Exponential 0.0023 0.026 5.61 0.089 0.821

20-40 Spherical 0.0005 0.013 7.02 0.035 0.726

CHECK 0-20 Spherical 0.0003 0.014 6.86 0.021 0.763

20-40 Exponential 0.0106 0.033 71.00 0.032 0.708

α NEW 0-20 Exponential 0.0004 0.005 6.81 0.080 0.757

20-40 Gaussian 0.0001 0.201 58.90 0.0004 0.955

MOD 0-20 Gaussian 0.6503 5.77 57.99 0.113 0.956

20-40 Linear 0.6256 0.626 29.20 1.000 0.830

OLD 0-20 Linear 0.0190 0.019 29.20 1.000 0.742

20-40 Exponential 0.0214 0.063 71.00 0.341 0.741

CHECK 0-20 Exponential 0.0160 0.194 7.08 0.082 0.740

20-40 Linear 0.0150 0.015 29.20 1.000 0.785

n NEW 0-20 Gaussian 0.0410 0.360 110.70 0.114 0.943

20-40 Exponential 0.0208 0.145 4.18 0.143 0.753

MOD 0-20 Exponential 0.2650 0.765 71.00 0.346 0.806

20-40 Gaussian 29.3000 139.100 59.92 0.211 0.748

OLD 0-20 Linear 0.1220 0.122 29.20 1.000 0.774

20-40 Linear 0.0580 0.058 29.20 1.000 0.781

CHECK 0-20 Exponential 0.0083 0.082 9.00 0.101 0.821

20-40 Linear 0.0200 0.020 29.20 1.000 0.958
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scattered, indicating that with the increase of planting years, the fields mulched with gravel will be more 

affected by random factors. 

As shown in Fig. 5, the θs of each SWCC present a “bump” and “sag”. The distribution of θs in NEW 

is relatively “flat”, indicating that θs in NEW have strong spatial autocorrelation, and the spatial 

heterogeneity caused by spatial autocorrelation is greater than that caused by random factors. The θs of 

CHECK have obvious “bump and sag”, which indicates that the θs of CHECK is greatly affected by 

random factors, which further proves that the water retention of fields mulched with gravel is better. The 

number of bumps decreases with increasing depth, which may be related to the irregular surface 

topography of the study area, and tends to stabilize with increasing depth. (Zhao et al. 2017b). 
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Fig. 4: Trend surface analysis of θs: (a) NEW: 0-20cm; (b) MOD: 0-20cm; (c) OLD: 0-20cm; (d) CHECK: 

0-20cm; (e) NEW: 20-40cm; (f) MOD: 20-40cm; (g) OLD: 20-40cm; (h) CHECK: 20-40cm. 
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Fig. 4: Trend surface analysis of θs: (a) NEW: 0-20cm; (b) MOD: 0-20cm; (c) OLD: 0-20cm; (d) CHECK: 0-20cm; (e) NEW: 20-40cm; (f) MOD:  
20-40cm; (g) OLD: 20-40cm; (h) CHECK: 20-40cm.
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Fig. 4: Trend surface analysis of θs: (a) NEW: 0-20cm; (b) MOD: 0-20cm; (c) OLD: 0-20cm; (d) CHECK: 

0-20cm; (e) NEW: 20-40cm; (f) MOD: 20-40cm; (g) OLD: 20-40cm; (h) CHECK: 20-40cm. 
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Fig. 5: Distribution maps of θs predicted by Kriging: (a) NEW: 0-20cm; (b) MOD: 0-20cm; (c) OLD: 0-20cm; (d) 

CHECK: 0-20cm; (e) NEW: 20-40cm; (f) MOD: 20-40cm; (g) OLD: 20-40cm; (h) CHECK: 20-40cm. 

Comparative Analysis of K(θ) with Different Periods of Time 

Substituting the fitting parameter values of the VG model in Table 3 and the values of Ks from Table 1 

in Eq. (4), the K(θ) formulas of tested soils are obtained. With K(θ) as the ordinate and the volume SWC as 

the abscissa, plot the K(θ) curves of 0-20 cm and 20-40 cm soil layers in different planting years (Fig. 6). 

When the SWC is close to saturation, the four types of K(θ) curves all have an inflection point showing a 

sharp vertical upward trend. Before the inflection point, the K(θ) curves are almost parallel to the horizontal 

axis, indicating that the K(θ) has become stable and close to 0. The abrupt inflection point of the K(θ) 

curves are mainly caused by the different soil water suction and the different connectivity of the water in 

the soil pores (Wang et al. 2015a). When the K(θ) is the same, the SWC of the fields mulched with gravel is 

greater than that of the CHECK, indicating that the water-holding capacity of the fields mulched with 

gravel is better than that of the CHECK.  

When the K(θ) is the same, the changing trend of water content at different depths is NEW > MOD > 

OLD > CHECK. The large-pore structure of the soil in the mulched fields was destroyed as period of 

gravel mulching increased. According to She et al. (2014) showed that SWC and friction during the outflow 

were also large, so K(θ) curve is highest for OLD. 

 

Fig. 5: Distribution maps of θs predicted by Kriging: (a) NEW: 0-20cm; (b) MOD: 0-20cm; (c) OLD: 0-20cm; (d) CHECK: 0-20cm; (e)  
NEW: 20-40cm; (f) MOD: 20-40cm; (g) OLD: 20-40cm; (h) CHECK: 20-40cm.
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Geostatistical Analysis of VG Model Parameters

To analyze the spatial variability of the VG model parameters 
of each soil layer for different periods of time, the θs, α and 
n were analyzed by semi-variance using GS+9.0 software, 
and the spatial variability function model parameters and 
regression model test parameters were obtained (Table 
3). The results of the spatial variability analysis of the VG 
model parameters show that the θs, α, and n can be fitted 
with Gaussian, Linear, and Exponential models, and the 
Gaussian model has higher accuracy. The average values of 
nugget values (C0) of θs, α, and n are 0.099*10-3, 0.168*10-

3, and 3.729*10-3, respectively. Except for the large change 
of n in MOD, the C0 of other test soil types are relatively 
stable and the degree of change is small, indicating that the 
degree of spatial variation is caused by random factors such 
as soil characteristics, sampling, or measurement errors is 
small. The variable range (A0) is larger than the sampling 
interval of 4 m, indicating that the selected model is ideal 
and can reflect the spatial correlation of the parameters 
of the soil moisture characteristic curve. For θs, α, and n, 
most of the nugget variance values C0/(C0+C) are less than 
0.25, only a few C0/(C0+C) values are between 0.25-1, in-
dicating that the θs, α, and n in the 0-40cm soil layer show 
strong spatial correlation (Cambardella et al.1994), and 
the overall degree of variation of random factors is small, 
which means the spatial heterogeneity caused by the spatial 
variability of soil structure is the dominant factor. This is 
consistent with the results of studies such as Xing et al. 
(2014), even if multi-point sampling is used to determine 
the SWCC on a small scale, it will inevitably exhibit dif-
ferent spatial distribution characteristics. Zhu et al. (2003) 
showed that the spatial variability of VG model parameters 

is related to soil texture, organic matter content, and bulk  
density.

Spatial Distribution of VG Model Parameters

The combination of trend surface analysis (Fig. 4) and 
Kriging interpolation (Fig. 5) can more intuitively reflect the 
spatial distribution characteristics of VG model parameters. 
In this study, we used distribution characteristics of θs as 
examples. Each blue vertical line in Fig. 4 represents the θs 
value of a sampling point. These points are projected on the 
orthogonal plane of the East-west direction and North-south 
direction. The spatial distribution of θs in 0-20 cm and 20-
40 cm soil layers of different periods of time have obvious 
patches and stripes. The distribution area of high-value 
areas in NEW, MOD, and OLD is significantly larger than 
CHECK. Compared with CHECK, the projection points of 
the θs of the NEW are most concentrated, while the distri-
bution of the θs of the MOD and the OLD is relatively scat-
tered, indicating that with the increase of planting years, the 
fields mulched with gravel will be more affected by random  
factors.

As shown in Fig. 5, the θs of each SWCC present a 
“bump” and “sag”. The distribution of θs in NEW is rel-
atively “flat”, indicating that θs in NEW have strong spa-
tial autocorrelation, and the spatial heterogeneity caused 
by spatial autocorrelation is greater than that caused by 
random factors. The θs of CHECK have obvious “bump 
and sag”, which indicates that the θs of CHECK is greatly 
affected by random factors, which further proves that the 
water retention of fields mulched with gravel is better. The 
number of bumps decreases with increasing depth, which 
may be related to the irregular surface topography of the 
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(a)                                          (b) 

Fig. 6: Curves for soil hydraulic conductivity in (a) 0-20 cm; (b) 20-40 cm layer. 

CONCLUSIONS 

The authors of this paper examined SWCCs in fields mulched with gravel for different periods of time 

and discovered that the soil water retention capacity varies substantially. The NEW has the highest capacity 

for water holding. The soil water holding capacity decreases as planting time advances, and the CHECK is 

at its lowest. The results of fitting the SWCCs with the VG model and the Gardner model show that the VG 

model has a higher fitting accuracy. Geostatistics and Kriging interpolation are used to study the spatial 

variability of the VG model parameters. The nugget coefficient values C0/(C0+C) of the θs, α, and n are 

mostly less than 0.25, showing a strong spatial correlation overall. It can be seen from the spatial distribution 

map of θs in the OLD are “high” and “sag”, while the distribution map of the NEW is relatively “flat”. The 

changing trend of K(θ) of fields mulched gravel is faster than that of CHECK, and the changing trend of 

NEW is the fastest. 
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study area, and tends to stabilize with increasing depth  
(Zhao et al. 2017b).

Comparative Analysis of K(θ) with Different Periods of 
Time

Substituting the fitting parameter values of the VG model 
in Table 3 and the values of Ks from Table 1 in Eq. (4), 
the K(θ) formulas of tested soils are obtained. With K(θ) 
as the ordinate and the volume SWC as the abscissa, plot 
the K(θ) curves of 0-20 cm and 20-40 cm soil layers in 
different planting years (Fig. 6). When the SWC is close to 
saturation, the four types of K(θ) curves all have an inflec-
tion point showing a sharp vertical upward trend. Before 
the inflection point, the K(θ) curves are almost parallel to 
the horizontal axis, indicating that the K(θ) has become 
stable and close to 0. The abrupt inflection point of the 
K(θ) curves are mainly caused by the different soil water 
suction and the different connectivity of the water in the 
soil pores (Wang et al. 2015a). When the K(θ) is the same, 
the SWC of the fields mulched with gravel is greater than 
that of the CHECK, indicating that the water-holding capac-
ity of the fields mulched with gravel is better than that of  
the CHECK. 

When the K(θ) is the same, the changing trend of wa-
ter content at different depths is NEW > MOD > OLD > 
CHECK. The large-pore structure of the soil in the mulched 
fields was destroyed as period of gravel mulching increased. 
According to She et al. (2014) showed that SWC and friction 
during the outflow were also large, so K(θ) curve is highest  
for OLD.

CONCLUSIONS

The authors of this paper examined SWCCs in fields mulched 
with gravel for different periods of time and discovered that 
the soil water retention capacity varies substantially. The 
NEW has the highest capacity for water holding. The soil 
water holding capacity decreases as planting time advances, 
and the CHECK is at its lowest. The results of fitting the 
SWCCs with the VG model and the Gardner model show 
that the VG model has a higher fitting accuracy. Geostatistics 
and Kriging interpolation are used to study the spatial vari-
ability of the VG model parameters. The nugget coefficient 
values C0/(C0+C) of the θs, α, and n are mostly less than 
0.25, showing a strong spatial correlation overall. It can be 
seen from the spatial distribution map of θs in the OLD are 
“high” and “sag”, while the distribution map of the NEW is 
relatively “flat”. The changing trend of K(θ) of fields mulched 
gravel is faster than that of CHECK, and the changing trend 
of NEW is the fastest.
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