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Abstract: Investigating the spatial distribution characteristics of the interaction between soil salinity
and moisture is crucial in revealing moisture–salinity interaction in semi-arid farmland. The sampling
of soil was performed on the second (S1), fifth (S2), eighth (S3), eleventh (S4), and fourteenth (S5)
days after the erosive rainfall. The multifractal method was used to analyze spatial distribution
parameters of soil moisture and salinity under the different stages. The findings showed that the
soil moisture content decreased from 22.44% to 12.73%, while the salinity increased from 0.71 to
1.18 g kg–1 after the rainfall. As the amount of moisture in the soil decreased, the variability in
the distribution of moisture initially increased from S1 to S3 and then decreased, while the salinity
content also decreased. The spatial distribution of soil moisture and salinity content showed a strong
correlation at S3 to S4 (with the relative water content of soil ranging from 0.52 to 0.75), indicating a
significant coupling effect in these stages. However, the distribution of soil salinity was not uniform
under high moisture content conditions (S1 to S2), as it was leached unevenly by rainfall, and under
low moisture content conditions (S5), it precipitated, resulting in a low correlation between the spatial
distribution of soil moisture and salinity content. This research has provided insight into the coupling
dynamics of soil moisture and salinity content, revealing the mechanisms governing their spatial
distribution in dryland agricultural regions.

Keywords: coupling mechanism; moisture–salinity interaction; multifractal methods; rainfall

1. Introduction

Soil salinization is a significant factor contributing to land desertification and degra-
dation on a global scale [1]. This issue not only leads to the depletion of resources and
substantial losses in agricultural output but also presents a threat to ecological systems [2].
The impact of soil salinization extends to human survival, social stability, agricultural
productivity, natural resources, and the pursuit of environmentally sustainable develop-
ment [3–5]. The total area of saline–alkali land worldwide is approximately 9.3 × 108 ha,
and the area of secondary soil salinization in arid and semi-arid areas is approximately
8 × 107 ha [6,7]. Soil salinization results from the movement of soil moisture and salinity.
Over time, soil moisture and salinity show varying spatial distribution patterns [8]. Under-
standing the spatial distribution between soil moisture and salinity is crucial for revealing
moisture–salinity interactions in the saline–alkali farmland [9].

Soil moisture plays a crucial role in the transport of salinity, as the leaching and
accumulation of soil salinity depend on the presence of moisture [10,11]. In arid and saline–
alkali environments, the intense evaporation process can cause salinity to precipitate out
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of the soil, ultimately clogging the soil pores and significantly impeding the movement of
moisture within the soil [12]. Walter et al. [13] showed that a close correlation is observed
between soil moisture and salinity. The soil salinity distribution between the top and
subsoil reflected the leaching of dissolved salinity by soil moisture and the capillary rise of
dissolved soil salinity by increasing evaporation. Cao et al. [14] reported that soil moisture
and salinity both revealed “island” distribution, and they presented a strong or moderate
spatial dependency in a semi-arid saline environment. These results indicated that spatial
distributions of soil moisture and salinity may be affected by their coupling. Therefore, we
assumed that the spatial variability between soil moisture and salinity was correlative. In
addition, Yuan et al. [15] and Dong et al. [16] also showed that soil salinity accumulation
exhibited differences in soil layers under varying irrigation amounts. Ren et al. [8] reported
that soil salinity distribution was dominated by quantities and the uniformity of field
irrigation at the field scale. These results implied that the spatial distribution of soil salinity
may be affected by different soil moisture content levels. Therefore, it is necessary to obtain
the spatial distribution of moisture and salinity at the different moisture content levels.

The spatial variability in variables has always been a primary focus for scholars, and
the topic can be explained by various methods [17–19]. Teng et al. [20] and Wang et al. [21]
showed that the spatial distribution characteristics of soil organic carbon were described
thoroughly by the semi-variance function and Kriging method. Vidana Gamage et al. [22]
also achieved useful results in their study of spatial variation in variables using geostatistics.
These methods showed good results in spatial variability analysis. The multifractal method
is a powerful method used to characterize variability across scales and is widely used in
determining spatial patterns and variability in soil properties [19,23]. Qi et al. [24] used the
multifractal method to study soil particle size distribution and showed that the differences
between different vegetation types were quantitatively characterized by multifractal param-
eters. Jing et al. [25] also used the multifractal method to multidimensionally characterize
the spatial variability in soil physical properties under different treatments. The multifrac-
tal parameters can quantify the spatial variability in the variables [26]. In addition, the
joint multifractal method has been applied in previous studies to explore the correlations
among several paired soil properties at different scales [18]. Bertol et al. [26] reported a joint
multifractal analysis that showed that the relationships between soil and moisture losses
were scale-dependent across the studied temporal domain and that their respective scaling
indices had various degrees of association under different tillage treatments. Therefore,
we suggest that the multifractal and joint multifractal method characterizes the spatial
variability in soil moisture and salinity and their correlations in different soil layers.

Currently, there is a lack of research focusing on the spatial variability correlations
between soil moisture and salinity. Furthermore, the use of multifractal and joint multi-
fractal methods in studying the spatial variability in soil moisture and salinity is limited.
Therefore, our experiment aims to (1) analyze the spatial distributions of soil moisture and
salinity at various moisture content levels and (2) assess the spatial variability correlation
between soil moisture and salinity at different moisture content levels.

2. Materials and Methods
2.1. Information of Study Area

The experimental site is located in the typical loess hilly region of China (40◦14′11′′

N–42◦27′42′′ N, 75◦33′16′′ E–80◦59′7′′ E), which has a semi-arid continental monsoon
climate [17,27]. Some climate information is shown in Table 1. The experimental plot was
planted with alfalfa (Medicago sativa Linn), and the soil’s physical properties are summarized
in Table 2. The soils at the experimental site were suffering from slight salinization [28].
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Table 1. Climatic information of the study area.

Mean Annual
Rainfall

(mm)

Average Altitude
(m)

Mean Annual
Potential

Evaporation (◦C)

Mean Annual
Temperature

(◦C)

Mean Annual
Sunshine

Duration (h)

Mean Annual
Total Radiation

(kJ cm−2)

505.3 1371.9 1463 8.6 2395.6 493

Table 2. Soil physical properties.

Soil Depths
(cm)

BD
(g cm−3)

FC
(%)

Ks
(cm min−1)

Clay
(%)

Silt
(%)

Sand
(%)

Soil Texture
Classification

0–20 1.17 24.80 0.57 9.85 39.20 50.96 Loam
20–40 1.26 25.00 0.36 9.99 40.04 49.97 Loam

Note: BD, FC, and Ks indicate bulk density, field capacity, and saturated hydraulic conductivity, respectively. The
soil texture was classified by the international standard for soil texture classification.

2.2. Design of Experiment and Samples Collection

The spatial distributions of moisture and salinity in soil were determined at different
moisture content levels under the natural soil conditions. The wide range of soil moisture
content facilitates the analysis of spatial distribution characteristics of soil moisture and
salinity under different moisture conditions. In addition, experimental sampling periods
should be kept as short as possible to mitigate the impact of factors such as rainfall during
the sampling process. For this purpose, we designed soil samples collected at different
stages after a heavy rainfall event during high evaporation periods. Therefore, a rainfall
event with a total precipitation of 41.2 mm on 5 June 2019 was selected by an automatic
meteorological station (Figure 1). The entire sampling period had high evaporation and
without precipitation. Reference crop evapotranspiration (ET0) was calculated using the
Penma–Monteith method (FAO-56) [29].
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Figure 1. Rainfall, sampling stages, and ET0 after the rainfall event.

A square plot (3, 600 m2) was evenly divided into 16 grids (grid size, 15 m × 15 m)
(Figure 2) in this study. For each grid, 6 samples were randomly obtained for replication.
Soil samples were collected using an auger at depths of 0–20 and 20–40 cm. Soil samples
were collected on the second, fifth, eighth, eleventh, and fourteenth day after the rainfall
event; they were defined as sampling 1 (S1), sampling 2 (S2), sampling 3 (S3), sampling 4
(S4), and sampling 5 (S5) stages, respectively. The distribution range of the relative moisture
content of soil at different sampling stages is shown in Figure 3.
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2.3. Sample Measurement

Soil moisture content was determined using the drying method [30]. Soil soluble
salinity content was measured by the weight-based method [31]. The steps are as follows:
(1) Soil samples were air-dried and ground through a 2 mm sieve. (2) A certain amount of
soil sample (M1) was taken and dissolved thoroughly with a soil-to-moisture ratio of 1:5.
An amount of 20–50 mL of soil leaching solution was sucked out and placed in a 100 mL
known drying mass ceramic evaporating dish. It was then steamed dry in a moisture bath.
(3) A dropper was used to add 150 g L–1 H2O2 around the dish to moisten the residue; it
was then left to steam dry and treated with H2O2 multiple times until the organic matter
was completely oxidized. (4) At this time, all the dry residue was white. It was dried in a
105–110 ◦C oven until it reached a constant weight. Then, it was taken out and cooled, and
the mass (M2) was recorded. (5) Soil soluble salinity content (g kg−1) = M1/M2 ∗ 1000.
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The soil electric conductivity (EC) was determined using an EC meter (TP320, Beijing
Shidai Xinwei Measurement and Control Equipment Co., Ltd., Beijing, China). The steps
are as follows, as introduced in Bao. [31]. The relationship between the soil soluble salinity
and EC was shown in Ke et al. [10], and the fitted equation between the soil soluble salinity
(g kg–1) and EC (µs m–1) is as follows: soil salinity content = 0.0042 ∗ EC − 0.1032 (n = 40,
p < 0.01).

Soil particle size was employed for laser diffraction analysis (Mastersizer 3000, Malvern
Company, Malvern, UK). BD was sampled by ring knife and determined by oven-drying
cores at 105–110 ◦C. Ks was measured using the constant hydraulic head method. These
methods are referred to by Li and Shao [30].

2.4. The Fractal Methods
2.4.1. The Multifractal Methods

Spatial distribution characteristics of moisture and salinity in soil are characterized
by multifractal methods. To compute the generalized dimension Dq, a section of the space
with soil moisture and salinity was covered by a square grid of size ε. The study considered
four grid sizes (15, 20, 30, and 60 m) due to the scale of sampled plots being 60 m × 60 m
and each sampling point being 15 m × 15 m. The total number of grids (N (ε)) in the plot
varied, with values of 16, 9, 4, and 1 for grid sizes of 15, 20, 30, and 60 m, respectively
(Figure 2) [25]. The values of soil moisture and salinity in each grid were the mean values
of all sampling points.

The following steps were defined to conduct the multifractal analysis. First, the
probability mass function was calculated as follows:

pi (ε) =
Zi

∑
N(ε)
i=1 Zi

(1)

where Zi is the value of a given size ε and N (ε) is the number of grids.
Second, the Dq (generalized fractal dimension) is defined as follows:

Dq = lim
ε→0

1
q − 1

×
lg
(

∑
N(ε)
i=1 pi(ε)

q
)

lgε
(q ̸= 1), and (2)

D1 = lim
ε→0

× ∑
N(ε)
i=1 pi(ε)lgpi(ε)

lgε
(q = 1), (3)

where q represents integers in [−10, 10]. Dq was determined by the least square method
at different grid sizes. D1 is the information dimension [25,32]. ∆D = D−10 − D10, which
indicates the degree of spatial variability in local distribution, and the lower the ∆D, the
lower the variability [33].

2.4.2. Joint Multifractal Method

The joint multifractal method is used to analyze spatial distribution correlations
between soil moisture and salinity in different sampling stages. The calculation steps are
as follows.

First, the normalized joint partition function, µi = (q1, q2, ε) [23],

µi =
(

q1, q2, ε
)
=

p1
i (ε)

q1
p2

i (ε)
q2

∑
N(ε)
i=1 p1

i (ε)
q1

p2
i (ε)

q2 , (4)

where q1 and q2 represent the moment orders of soil moisture and salinity, respectively.
p1

i (ε) and p2
i (ε) represent the normalized probability mass function of moisture and salinity

in the soil, respectively [18].
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Second, the Hólder exponents are calculated,

α1

(
q1, q2

)
= −∑

N(ε)
i=1

[
µi
(
q1, q2, ε

)
lgp1

i (ε)
]

lg N(ε)
, and (5)

α2

(
q1, q2

)
= −∑

N(ε)
i=1

[
µi
(
q1, q2, ε

)
lgp1

i (ε)
]

lg N(ε)
, and (6)

where α1
(
q1, q2) and α2

(
q1, q2) are the Hólder exponents of moisture and salinity, respec-

tively, and

f (α1,α2) = −∑
N(ε)
i=1

[
µi
(
q1, q2, ε

)
lgµi

(
q1, q2, ε

)]
lg N(ε)

, (7)

where dimension f (α1, α2) indicates a set in which α1
(
q1, q2) and α2

(
q1, q2) represent the

mean local exponents of moisture and salinity, respectively. The image is composed of
α1

(
q1, q2), α2

(
q1, q2), and f (α1,α2), which is the joint multifractal spectrum [34,35].

2.5. Statistical Analysis

The mean values and standard deviation were calculated using Microsoft Excel.
Analysis of variance was conducted on soil moisture and salinity levels at different sam-
pling stages and soil layers using least significant difference tests at p < 0.05 (SPSS 23.0,
Chicago, IL, USA). Graphs were generated using Origin Pro 9.0 (Electronic Arts Inc.,
Redwood, CA, USA).

3. Results
3.1. Soil Moisture and Salinity Conditions after the Rainstorm

The relative moisture content of the soil in S1, S2, S3, S4, and S5 ranged from 0.81 to 0.98,
0.73 to 0.89, 0.60 to 0.75, 0.52 to 0.64, and 0.46 to 0.57, respectively (Figure 2). Table 3 shows
the mean values and significant differences in soil moisture and salinity at the different
sampling stages after the rainfall. Over time, average soil moisture content decreased
significantly due to high ET0 (Figure 1) in the following order: S1 (22.44%) > S2 (20.31%) > S3
(16.97%) > S4 (14.5%) > S5 (12.73%) in the entire layer (p < 0.05). In contrast, average
soil salinity content increased significantly in the following order: S1 (0.71 g kg−1) < S2
(0.84 g kg−1) < S3 (0.96 g kg−1) < S4 (1.11 g kg−1) < S5 (1.18 g kg−1) in the entire layer
(p < 0.05). Soil moisture in the 0–20 cm layer showed significant differences with respect
to the 20–40 cm layer (p < 0.05), except for the S3. Soil salinity content in the 0–20 cm
layer demonstrated significant differences with respect to the 20–40 cm layer under S2–S5
(p < 0.05).

Table 3. Soil moisture and salinity content at different stages after the rainfall event.

Soil Properties Soil Layer
(cm)

S1 (Mean ±
SD)

S2
(Mean ± SD)

S3
(Mean ± SD)

S4
(Mean ± SD)

S5
(Mean ± SD)

Soil moisture
content (%)

0–20 22.56 ± 1.37 Aa 19.57 ± 1.36 Bb 16.23 ± 1.26 Bc 13.92 ± 1.07 Bd 12.02 ± 0.85 Be
20–40 22.31 ± 1.64 Aa 21.05 ± 1.66 Ab 17.70 ± 1.49 Ac 15.08 ± 1.01 Ad 13.43 ± 1.03 Ae
Mean 22.44 ± 1.49 20.31 ± 1.67 16.97 ± 1.55 14.50 ± 1.18 12.73 ± 1.17

Soil salinity
content (g kg−1)

0–20 0.64 ± 0.09 Be 0.79 ± 0.10 Bd 0.98 ± 0.10 Ac 1.25 ± 0.08 Ab 1.38 ± 0.03 Aa
20–40 0.79 ± 0.11 Ac 0.89 ± 0.12 Ab 0.94 ± 0.13 Aab 0.97 ± 0.09 Ba 0.97 ± 0.03 Ba
Mean 0.71 ± 0.12 0.84 ± 0.12 0.96 ± 0.12 1.11 ± 0.16 1.18 ± 0.21

Notes: S1, S2, S3, S4, and S5 indicate sampling 1, 2, 3, 4, and 5 stages, respectively. SD indicates standard deviation.
The capital letters indicate significant differences between 0–20 and 20–40 cm layers in the same stage (p < 0.05).
Different lower-case letters represent the significant differences between sampling stages in the same soil layer
(p < 0.05).
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3.2. Spatial Variability in the Soil Moisture and Salinity

Dq values decreased with increasing q values, which indicated the variables with
multifractal characteristics [36]. Generalized dimension spectra of soil moisture and salinity
at different sampling stages are shown in Figures 4 and 5. We found that soil moisture and
salinity had multifractal characteristics at different sampling stages in the entire layer.
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Figure 5. Spectra of generalized dimensions for the q moment range [−10, 10] of soil salinity at the
depths of 0–20 and 20–40 cm at different stages after the rainfall event. S1, S2, S3, S4, and S5 indicate
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Table 4 shows the multifractal parameters of moisture and salinity at the different
stages after the rainfall event. The mean D1 values of soil moisture in the entire layer
were S1 (1.9982), S2 (1.9964), S3 (1.9963), S4 (1.9975), and S5 (1.9978), respectively, which
indicated that spatial variability in soil moisture over a relatively large domain showed
an increasing trend under S1–S3 and then a decreasing trend under S3–S5 with moisture
content declines. The mean ∆D values of soil moisture in the entire layer were S1 (0.0360),
S2 (0.0750), S3 (0.0720), S4 (0.0549), and S5 (0.0528), respectively, which indicated that
spatial variability in soil moisture showed an increasing trend under S1–S2 and then a
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decreasing trend under S2–S5 with moisture content declines. The spatial variability in soil
moisture over a relatively large domain and in a local distribution was lower in 0–20 cm
than the 20–40 cm layer under S1–S2 and high under S3–S5.

Table 4. Multifractal parameters for soil moisture and salinity at different stages after the rainfall
event.

Soil Properties Soil Layers (cm) S1 S2 S3 S4 S5
D1 ∆D D1 ∆D D1 ∆D D1 ∆D D1 ∆D

Soil moisture 0–20 1.9990 0.0211 1.9967 0.0651 1.9960 0.0748 1.9971 0.0649 1.9974 0.0665
20–40 1.9973 0.0509 1.9961 0.0848 1.9965 0.0692 1.9978 0.0448 1.9981 0.0391
Mean 1.9982 0.0360 1.9964 0.0750 1.9963 0.0720 1.9975 0.0549 1.9978 0.0528

Soil salinity 0–20 1.9896 0.2139 1.9902 0.1826 1.9927 0.1331 1.9976 0.0482 1.9998 0.0046
20–40 1.9874 0.2264 1.9892 0.1824 1.9908 0.1654 1.9951 0.0900 1.9996 0.0085
Mean 1.9885 0.2202 1.9897 0.1825 1.9918 0.1493 1.9964 0.0691 1.9997 0.0066

Notes: S1, S2, S3, S4, and S5 indicate sampling 1, 2, 3, 4, and sampling 5 stages, respectively.

The mean D1 values of soil salinity showed S1 (1.9885), S2 (1.9897), S3 (1.9918), S4
(1.9964) and S5 (1.9997), and mean ∆D values showed S1 (0.2202), S2 (0.1825), S3 (0.1493),
S4 (0.0691) and S5 (0.0066) in the entire layer, which indicated that spatial variability in
soil salinity over a relatively large domain and in a local distribution showed a decreasing
trend with moisture content declines. Spatial variability in soil salinity over a relatively
large domain and in a local distribution was lower in 0–20 cm than in the 20–40 cm layer in
all sampling stages.

3.3. Spatial Distribution Correlations between Soil Moisture and Salinity

Gray-scale images of the joint multifractal spectrum between moisture and salinity
at a depth of 0–20 cm are shown in Figure 6a–e. The αsm20 and αss20 values represent the
singularity index of moisture and salinity at the depth of 0–20 cm, respectively. The f (αsm20,
αss20) values represent a joint dimension distribution function of soil moisture and salinity
at a depth of 0–20 cm. The gray-scale image was diagonal and concentrated in Figure 6c,d,
which indicated that the spatial distribution of moisture and salinity had a relatively high
correlation under S3–S4. However, the gray-scale image outlines in Figure 6a,b,e were not
diagonal and tended to be scattered, which indicated that the spatial distribution correlation
of soil moisture and salinity in the 0–20 cm layer was low under S1–S2 and S5.
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Figure 6. Joint multifractal spectra gray-scale images between moisture and salinity at a depth of
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sampling 1, 2, 3, 4, and 5 stages, respectively.
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Gray-scale images between moisture and salinity at the depth of 20–40 cm are shown
in Figure 7a–e. The αsm40 and αss40 values represent the singularity index of moisture
and salinity at the depth of 20–40 cm, respectively. The f (αsm40, αss40) values represent a
joint dimension distribution function of moisture and salinity at a depth of 20–40 cm. The
gray-scale images were diagonal and concentrated in Figure 7a–d, which indicated that
the spatial distribution of moisture and salinity had a relatively high correlation under the
S1–S4. However, the gray-scale image outlines in Figure 7e were not diagonal and tended
to be scattered, which indicated that the spatial distribution correlation of moisture and
salinity in the 20–40 cm layer was low under S5.
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4. Discussion

The soil moisture and salinity contents fluctuate over time [37]. In this experiment,
following a rainfall event, the average soil moisture content exhibited a significant decreas-
ing trend over time (Table 3). Initially, the moisture content was highest at S1, as this soil
layer received a substantial amount of rainfall but subsequently decreased due to high
ET0 levels (Figure 1). Furthermore, the average soil salinity content showed a significant
increase over time following the rainfall event (Table 3). Ke et al. [10] noted that soil salinity
is initially leached after rainfall and then accumulates with continuous evapotranspiration.
In our study, soil salinity leached before S1 and accumulated consistently from S1 to S5
throughout the entire layer (Table 3).

The spatial distribution of moisture and salinity in soil also varies with time [38,39].
Our findings indicate that as moisture content decreases, the variability in soil moisture
distribution initially increases under S1–S3 and then decreases under S3–S5 throughout
the layer (Table 4 and Figure 4). Following rainfall, capillary pores were saturated with
moisture, resulting in high moisture content throughout the layer and low spatial variability
under S1. Zhu and Lin [40] also showed that high soil moisture content resulted in low
spatial variability. Soil moisture was consumed in large quantities during the strong
evapotranspiration, and soil moisture demonstrated high spatial variability under S3
because of the variable moisture-holding capacity at different points. Along with further
evapotranspiration, soil moisture remained at a low level, and soil moisture conservation
at different points decreased gradually; thus, low spatial variability was shown under S5.
Previous studies correlate with our results, whereby soil texture, capillary pores, organic
matter, and aggregates affected soil moisture content and distribution, and their effects were
relatively decreased as soil moisture was at a low level [41–43]. Thus, the low moisture
content level also led to its low spatial variability. In addition, with moisture content
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declines, spatial variability in soil salinity showed a decreasing trend in the entire layer
(Table 4 and Figure 5). The spatial variability in salinity was high under S1 due to uneven
leaching caused by rainfall. Zhang et al. [44] demonstrated that differences in soil wetting
front under irrigation conditions supported this finding. Salinity in soil continuously
migrated to the surface through capillary pores under S1–S5 (Table 3), leading to uneven
accumulation of salinity at the surface. As moisture content decreased throughout the layer,
the spatial variability in soil salinity gradually decreased.

Spatial patterns of moisture and salinity distribution throughout the entire soil layer
exhibited a higher correlation only in the S3–S4 (Figures 6 and 7). This result is due to
the interconnectedness between soil moisture and salinity. According to research by Wen
et al. [12], moisture plays a crucial role in transporting salinity within the soil. Additionally,
the presence of dissolved or precipitated salts can affect moisture migration. For instance,
the relative humidity of pores decreases as salinity dissolves in liquid moisture, while the
volume of pores diminishes as salinity precipitates from liquid moisture. These interactions
ultimately alter the physical and mechanical properties of the soil. Therefore, the spatial
distribution between soil moisture and salinity was correlative. In addition, the moisture
content level in soil was the main factor affecting the spatial distribution correlation of
moisture and salinity. At S1–S2, the range of relative moisture content of the soil was
0.73–0.98 (Figure 2), and soil soluble salinity could be fully dissolved by moisture. The
spatial distribution of soil moisture and salinity were low and high, respectively, due to the
uneven leaching of salinity by rainfall (Table 4, Figures 4 and 5). Thus, the lower correlation
in spatial distribution between moisture and salinity occurred in this stage. As the moisture
content decreased further (S3–S4), soil moisture migration mainly occurred in the capillary
pores, thereby determining the dynamic distribution of salinity [8,37]. Spatial variability
in soil moisture and salinity decreased gradually, leading to a high correlation during this
stage (Figures 6 and 7). At S5, the average relative moisture content of the soil was 0.51%
(Figure 2). The precipitation of soil salinity may occur due to low moisture content, leading
to solid crystallization that blocks capillary pores in the soil. The observation indicates a
weak relationship between the spatial patterns of moisture and salinity across the complete
layer at this time (Figures 6 and 7). Our findings provide valuable insights into the spatial
distribution characteristics of moisture and salinity in soil, as well as their correlations.

5. Conclusions

This research investigated the characteristics of spatial distributions in soil moisture
and salinity, along with their correlations, employing multifractal and joint multifractal
methods across different soil layers and moisture content levels. The findings revealed that
with a decrease in moisture content, the spatial variability in moisture increased within
layers S1–S3 and subsequently decreased under S3–S5, while the spatial variability in soil
salinity diminished. The main factor influencing the spatial distribution correlation of soil
moisture and salinity was the moisture content level in the soil. The correlation between
soil moisture and salinity was high, with a relative moisture content range of 0.52–0.75
(S3–S4) in the entire layer due to their coupling effect. These results contribute to a better
understanding of the spatial coupling effect of soil moisture and salinity. In the future, it
is necessary to establish additional sampling intervals to accurately measure the relative
moisture content ranges in the spatially coupled distribution between soil moisture and
salinity.
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