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Abstract

The soil water characteristic curve (SWCC) is an important parameter for simulating soil water movement and solute trans-
port, and has obvious spatial variability. The models fitting the SWCC generally contain two or more parameters, which makes
the spatial variability of the soil water characteristic curve difficult to express. This paper established a one-parameter model
of the soil water characteristic curve based on the Gardner model and analyzed its spatial variability with multifractal and
joint multifractal methods. Parameter B in the one-parameter model had moderate variation. The local information leading
to spatial variability of parameter B in the top soil layer (0-15 cm) and deep soil layer (15-20 cm) was its low values and high
values, respectively. At the single scale, spatial variability of parameter B was mainly caused by the bulk density and clay con-
tent in the 0-5 cm soil layer, and by the bulk density and sand content in the 5-10, 10-15, and 15-20 cm soil layers. At the
multiscale, the most obvious two factors that led to spatial variability of parameter B were the bulk density and silt content in
the 0-5 cm soil layer, bulk density and sand content in the 5-10 cm soil layer, and bulk density and clay content in the 10-15
and 15-20 cm soil layers, respectively. The relationships between parameter B and soil properties had scale dependence.

Key words: soil water characteristic curve, one-parameter model, spatial variability, black soil region, farmland

Résumé

La courbe des caractéristiques de ’eau du sol joue un role important dans la simulation des déplacements de I’eau dans le
sol et du transport des solutés. Or, de toute évidence, ce parametre varie dans I’espace. En général, les modeles qui ajustent
cette courbe intégrent deux ou plusieurs parametres, de sorte qu’il est plus compliqué d’en exprimer la variabilité spatiale.
Les auteurs ont créé un modele a un parametre de la courbe des caractéristiques de I’eau du sol en s’inspirant du modele
de Gardner, puis ils en ont analysé la variabilité dans ’espace par des méthodes multifractales simples ou combinées. Le
parametre B du modele a un parameétre varie de facon moyenne. Les données locales a I’origine de la variabilité spatiale de ce
parametre ont des valeurs faibles dans la couche de sol superficielle (0-15 cm) et des valeurs élevées dans la couche profonde
(15-20 cm). Sur une échelle unique, cette variabilité résulte surtout de la masse volumique apparente et de la teneur en argile
dans la couche de 0 a 5 cm ou de la masse volumique apparente et de la teneur en sable dans les couches de 5a 10 cm, de 10 a
15 cm et de 15 a 20 cm. Sur une échelle multiple, les deux facteurs les plus évidents a I’origine de la variabilité du parametre
B dans I’espace sont la masse volumique apparente et la teneur en limon dans la couche de 0 a 5 ¢cm, la masse volumique
apparente et la teneur en sable dans celle de 5 a 10 cm ou la masse volumique apparente et la teneur en argile dans les couches
de 10 a 15 cm et de 15 a 20 cm. Les liens entre le parametre B et les propriétés du sol présentent donc une dépendance avec
I’échelle. [Traduit par la Rédaction]

Mots-clés : courbe des caractéristiques de ’eau du sol, modéle a un parameétre, variabilité spatiale, régions des sols noirs, terres
agricoles

Introduction
properties (Lei et al. 1988). Scholars have established many

The soil water characteristic curve is an important soil hy- models for describing the soil water characteristic curve
draulic parameter and can reflect soil pore condition, soil  (Gardner et al. 1970; Van Genuchten 1980; Gregson et al.
water holding capacity, soil water availability, and other soil 1987). Many factors can affect the soil water characteristic
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curve. Zheng et al. (2011) have found that the land use pattern
and soil layer has a certain influence on the soil water charac-
teristic curve, and the soil texture has the most obvious influ-
ence. Liu and Ye (2015) and Jiang et al. (2017) have found that
the initial dry density and initial water content have a signif-
icant influence on the soil water characteristic curve. Malaya
and Sreedeep (2012) have found that the soil water character-
istic curve is affected by the compaction state, measurement
procedure, stress history, and suction measurement range.
Scholars have found that soil properties have spatial variabil-
ity, such as the soil water characteristic curve (Romano and
Santini 1997; Liu et al. 2010; Liao et al. 2011; Zhao et al. 2020),
soil water (Hu et al. 2011; Li and Rodell 2013; Zhao et al. 2016),
soil particle size distribution (Liu et al. 2012, 2018; Wang et
al. 2019), soil nutrients (Hou et al. 2021), and soil microorgan-
isms (Naveed et al. 2016). Knowledge of the spatial variability
of soil properties is the foundation for using water and soil re-
sources accurately and efficiently (Cai et al. 2009). Therefore,
quantitative expressions of spatial variability of soil proper-
ties are hot topics in soil and water science. The models that
were used to fit the soil water characteristic curve usually
had two or more parameters; for example, there were two
parameters (a and b) in the Gardner model, and it is not pos-
sible to reflect the soil water characteristic curve with only
one of the parameters in the Gardner model. Therefore, it is
also not possible to study the spatial variability of the soil
water characteristic curve through analyzing only a param-
eter. It is very necessary to establish a one-parameter model
of the soil water characteristic curve that contains only one
parameter; its different values represent the different soil wa-
ter characteristic curves and the spatial variability of the soil
water characteristic curve can be studied through analyzing
only the one parameter. There have been some reports on
one-parameter models of soil hydraulic parameters; for ex-
ample, Jia et al. (2006) and Song et al. (2008) have established
one-parameter models of the soil water characteristic curve,
soil unsaturated water conductivity, and soil water diffusivity.
However, studies on the spatial variability of one-parameter
models of soil hydraulic parameters are relatively few. The
spatial variability of soil properties has a scale effect (Hu et al.
2014; Zhang et al. 2018). The spatial variability characteristics
(variation degree, spatial correlation degree, and so on) of a
research object can change with differences of scale (Wang
and Wang 2014; Wang et al. 2017; Qin et al. 2019). Multi-
scale analysis can quantify the influence of various factors on
the spatial variability of a research object at different scales
(Biswas 2019). Multiscale correlation analysis between a one-
parameter model of the soil hydraulic parameter and influ-
ence factors is a subject worth studying.

The black soil region of northeast China is one of three
black soil regions in the world, and is also an important com-
modity grain production base of China. Due to soil degrada-
tion, the soil hydrophysical property has deteriorated; for ex-
ample, the soil porosity has reduced and the soil water hold-
ing capacity has decreased. Characterizing the spatial vari-
ability of the soil water characteristic curve has significance
for accurate management and sustainable utilization of soil
water resources in this region. However, there is little re-
search on one-parameter models of the soil water character-

Fig. 1. Spatial distribution of sampling points.
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istic curve and its spatial variability in the black soil region of
northeast China. Considering the above questions, the objec-
tives of this study were to (1) establish a one-parameter model
of the soil water characteristic curve for the black soil region
of northeast China and (2) quantify the spatial variability of
the one-parameter model at field scale.

Materials and methods

Sampling point layout and measurement
method

The experiment was carried out at the Xiangyang ex-
perimental station of Northeast Agricultural University
(45°45'37"N, 126°54'30"E) located in Harbin, Heilongjiang
Province, China. The experiment area belongs to a temperate
continental monsoonal climate; the annual average tempera-
ture is 4.3 °C and the annual average rainfall is 500-600 mm.
At the site, the soil type is black soil, and the crop planted
was maize. The area of the experiment field was 96 m x 96 m,
and it was divided into 64 grids with a grid scale of 12 m x
12 m. The number of sampling points was 64, and the sam-
pling points were located at the center of every grid with a
grid scale of 12 m x 12 m (Fig. 1). Undisturbed and disturbed
soil samples in 0-5, 5-10, 10-15, and 15-20 cm soil layers at
every sampling point were collected. The soil water charac-
teristic curve was measured by a centrifuge test, and volu-
metric soil water contents corresponding to eight soil wa-
ter suctions (0, 0.005, 0.01, 0.04, 0.07, 0.1, 0.3 and 0.5 Mpa)
were determined. The soil bulk density (BD) was measured
by the ring knife method. The soil particle distribution was
measured using the Mastersizer 2000 (Malvern Instruments,
Malvern, UK), and was divided into sand content (0.05-1 mm),
silt content (0.01-0.05 mm), and clay content (<0.001 mm)
based on the Chinese soil classification standards (Shao et
al. 2006), and the soil texture in different soil layers was
loam.
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Model theory

One-parameter model of soil water

characteristic curve

The Gardner model is widely used for its simple structure
and convenient calculation, and its formula is shown in the
eq. 1. Jia et al. (2006) and Song et al. (2008) and so on give the
double logarithm form of the Gardner model (eq. 2).

(1) h=as?
(2) Igh= —Algs —B

where h is the negative hydraulic head (kPa), 6 is the soil vol-
umetric water content (cm3/cm?3), a and b are the fitting pa-
rameters that have no dimension, and A and B are the fitting
parameters greater than zero.

There is a linear relationship between parameters A and B
(Gregson et al. 1987; Ahuja and Williams 1991; Jia et al. 2006;
Song et al. 2008), and when the soil layer depth, soil texture,
landform, and so on are different, the fitting precision of the
linear relationship and p and m values are different.

3) A=pB+m

where p and m are constant.
Substituting eq. 3 into eq. 2, the one-parameter model of
the soil water characteristic curve is obtained as follows:

(4) Igh=—(pB+m)lgd —B

There is only a parameter B in eq. 4; different values of pa-
rameter B represent different soil water characteristic curves,
so the spatial variability of the soil water characteristic curve
can be studied through analyzing only one parameter B.

Multifractal

Fractal theory can explain the complex structure of a re-
search variable and characterize quantitatively the homo-
geneity of the research variable. The fractal method includes
single fractal, multifractal, and joint multifractal. The sin-
gle fractal method describes only the overall characteristics
and average status of the research variable, and cannot rep-
resent the local information of the research variable (Guan
et al. 2011). Multifractal theory studies the characteristics of
the research variable based on the thought of from part to
whole (Wang et al. 2007), can reflect the distribution charac-
teristics of every fractal object (Zhang and Liu 2011), and has
been widely used to study the spatial variability of soil prop-
erties (Caniego et al. 2005; Wu et al. 2021). The calculation
formulas of multifractal parameters are as follows (Chhabra
and Jensen 1989; Zeleke and Si 2006):
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where § is the scale, n is the number of grids divided when
the research scale is §, u; is the value of the object on the
ith (i =1, 2, 3, ..., n) grid, P;(§) is the probability of the ob-
ject in the ith grid of the scale 6, P;(8) = ui/Y i, 1> D(q) is
the generalized fractal dimensions, q is a real number, «(q) is
the singularity index, f{q) is the fractal dimension of the set
of boxes with the singularity index, and u;(q, 8) is the parti-
tion function, 1 (q, §) = P#/>"1_ P! (8). In this paper, q ranges
from — 4 to 4 in 0.5 steps; the values of scale § that are used
to divide the research area are 12 m x 12 m, 24 m x 24 m,
32 m x 32 m, and 48 m x 48 m, respectively, and the num-
ber of corresponding grids obtained is 64, 16, 9, and 4 in
turn.

Joint multifractal

The spatial variability of a variable is the result of the com-
posite effect of various factors at different scales, and mul-
tiscale correlation analysis could deeply reveal the influence
of various factors on the spatial variability of a variable. The
joint multifractal method can determine the relationship be-
tween a research variable and its influence factors at mul-
tiscale (Zeleke and Si 2005; Wang et al. 2011). When multi-
scale correlation between two variables is analyzed with the
joint multifractal method, the joint multifractal parameters
that need be calculated are o!(q!, ¢2), @?(q', %), and fla!, a?),
and their calculation formulas are as follows (Meneveau et al.
1990; Zeleke and Si 2005):

N(3)
(9) e'@'.q*) =—{logINO Y {milg'. ¢*. 8)logp} (5)]}
i=1
N(8)
(10) o?(q".q*) = —{logIN®)} ' Y {ii(q". ¢*. 8)log[p} (5)]}

i=1

N(5)
(11) f(o" a®) =—{log[N@} "> {mi(q'. ¢* 8)log[wi (a". 4%, 5)]}

i=1

where pu;(ql, g%, 8) is the joint partition function for
the joint distributions of p;i’(5) and pi(8), wi(q'.q* 8) =

1 2 N(3) 1 2
pHOT PO /Y P )T

log ) P (s)
(5) D(q) = lim =1 Results
q—1 -0 logs
Establishment of one-parameter model of soil
n . .
Z Pi(8)logPi(s) water characteristic curve

== As shown in Table 1, the coefficients of determination (R?)
(6) Di= }31_{% logs for Gardner’s double logarithm model were from 0.9276 to
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Table 1. Fitted parameters of Gardner’s double logarithm model.

Soil layer A B R?

(cm) Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean
0-5 6.4606 14.2940 10.3688 1.9728 5.3799 3.9146 0.9424 0.9982 0.9889
5-10 6.8279 14.8420 11.6521 2.3410 6.3612 4.5468 0.9697 0.9976 0.9904
10-15 7.1613 17.2120 12.1542 2.0245 6.7190 4.6145 0.9615 0.9969 0.9859
15-20 8.2917 22.4430 12.3616 2.6211 10.0920 4.7759 0.9276 0.9976 0.9861

Fig. 2. (a-d) Linear relationships between parameters A and B in different soil layers.
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Table 2. Traditional statistical values of parameter B.
Soil layer
(cm) Maximum Minimum Mean Standard deviation Variance Coefficient of variation
0-5 5.3799 1.9728 3.9146 0.7095 0.5034 0.1812
5-10 6.3612 2.3410 4.5468 0.7158 0.5124 0.1574
10-15 6.7190 2.0245 4.6145 0.9320 0.8685 0.2020
15-20 10.0920 2.6211 4.7759 1.1320 1.2825 0.2370

0.9982, which indicated that the double logarithm form of
the Gardner model had high fitting precision.

Figure 2 shows the linear relationships between parame-
ters A and B. The coefficients of determination for eq. 3 in
different soil layers were 0.6945, 0.8456, 0.9103, and 0.9108,
respectively, the linear relationships between parameters A
and B in different soil layers were significant at the p = 0.01
level, which showed that parameters A and B had significant
linear relationships.

The linear relationships between parameters A and B in-
creased with soil layer depth. As the soil layer depth in-
creased, the influence of outside factors on the soil water
characteristic curve gradually reduced, which could be the
reason causing the above phenomenon. For different soil lay-
ers, the p values in eq. 3 changed from 1.6726 to 2.1209, its
mean was 1.9340, and its coefficient of variation was 0.0993;
the m values in eq. 3 were between 2.2326 and 3.8215, its
mean was 2.9495, and its coefficient of variation was 0.2222.

922 Can. J. Soil Sci. 102: 919-928 (2022) | dx.doi.org/10.1139/CJSS-2021-0163

Downloaded From: https://complete.bioone.org/journals/Canadian-Journal-of-Soil-Science on 25 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



http://dx.doi.org/10.1139/CJSS-2021-0163

Fig. 3. D(q) versus q curves of parameter B.
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Fig. 4. Multifractal spectra of parameter B.
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The mean of p was less than the mean of m, which was consis-
tent with the conclusion of Song et al. (2008). The degree of
variation was weak when the coefficient of variation of the re-
search variable ranged from 0 to 0.1, moderate when the co-
efficient of variation of the research variable was between 0.1
and 1, and strong when the coefficient of variation of the re-
search variable was more than 1 (Lei et al. 1988). p and m had
weak variation and moderate variation, respectively. As the
soil layer depth increased, the p values gradually increased,
and the m values gradually decreased. Song et al. (2008) and
Jia et al. (2006) found that the soil texture, landform, and so
on had an obvious influence on p and m values. Soil proper-
ties in different soil layers are different (Bertolino et al. 2010;
Dekemati et al. 2019; Li et al. 2019), and it is necessary to
consider differences of soil layer depth when studying a one-
parameter model of the soil water characteristic curve. The
linear relationships between parameters A and B were substi-
tuted into eq. 4, and one-parameter models of the soil water
characteristic curve in different soil layers were established

‘Canadian Science Publishing

(egs. 12-15). The one-parameter model of the soil water char-
acteristic curve changed with the soil layer depth, and the es-
tablished one-parameter models need to be validated and re-
vised for other research scales, soil textures, soil layer depths
and landforms, and so on.

0-5 cm soil layer :

(12)
Igh = —(1.6726B + 3.8215)1g6 — B
5-10 cm soil layer :

(13)
lgh = —(1.9239B + 2.9047)1g6 — B
10-15 cm soil layer :

(14)
lgh = —(2.0187B + 2.8390)1g 6 — B
15-20 cm soil layer :

(15)

lgh = — (2.1209B + 2.2326)1g 6 — B

Spatial variability of one-parameter model

Traditional statistical characteristic of
one-parameter model

Statistical characteristic values of one-parameter models in
different soil layers are shown in Table 2. The coefficients of
variation of parameter B in different soil layers were 0.1812,
0.1574, 0.2020, and 0.2370; namely, parameter B in differ-
ent soil layers had moderate variation. Means of parame-
ter B in different soil layers were 3.9146, 4.5468, 4.6145,
and 4.7759.

Jia et al. (2006) and Song et al. (2008) found that the means
of parameter B were 3.68 and 0.9267, respectively. As the soil
layer depth increased, the means of parameter B increased,
and variation degrees of parameter B first decreased and then
increased. Parameter B values were obvious different for dif-
ferent soil properties, soil layer depths, landforms, and cli-
mates (Jia et al. 2006; Song et al. 2008). Relationship analy-
sis between parameter B and bulk density at the single scale
and multiscale in the latter part of this paper showed that
correlation degrees between parameter B and bulk density
were most significant for every soil layer, and coefficients of
variation of bulk density in different soil layers were 0.0757,
0.0615, 0.0727, and 0.0819. Variation degrees of bulk density
also first decreased and then increased with soil layer depth,
which could be a reason that variation degrees of parameter
B presented above change rule.

Multifractal characteristic of one-parameter model

If D(q) values decrease for increasing parameter q > 0, then
the measure has a multifractal characteristic (Eghball et al.
2003; Zeleke and Si 2005). As shown in Fig. 3, the D(q) values of
parameter B gradually decreased with the increase of ¢, which
indicated that parameter B had a multifractal characteristic.

Figure 4 shows that the multifractal spectrum of parame-
ter B in the 15-20 cm soil layer had a longer tail to the left
of the maximum f{q) value, and had a longer tail to the right
of the maximum f{q) value in the 0-5, 5-10, and 10-15 cm
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Table 3. Multifractal parameter values of parameter B.

Soil layer

(cm) Omax ®min ®max — ®min Jlermax) fletmin) flemax) — flotmin)
0-5 2.0676 1.9571 0.1105 1.8692 1.9021 —0.0329
5-10 2.0618 1.9785 0.0893 1.8700 1.9389 —0.0689
10-15 2.0841 1.9585 0.1256 1.8336 1.9088 —0.0752
15-20 2.0686 1.9011 0.1675 1.8913 1.7569 0.1344

Table 4. Correlations between parameter B and soil physical properties at the single scale.

Soil layer

(cm) Clay Silt Sand BD
0-5 0.269* —-0.175 —0.105 0.417**
5-10 0.096 —0.085 —0.185 0.352**
10-15 0.299* —0.232 —0.326™* 0.557**
15-20 —0.068 —0.038 —0.093 0.647**

*Significant at P = 0.05 level.
**Significant at P = 0.01 level.

Fig. 5. Joint multifractal spectra of parameter B and soil physical properties in 0-5 cm soil layer.

Ry By)

f(a}z 2 ﬁSand)

soil layers. According to the multifractal principle (Eghball
et al. 2003; Zeleke and Si 2005), a multifractal spectrum of
a research variable that has a longer tail to the right of the
maximum f{q) value is the result of more heterogeneity in
the distribution of lower data values of the research variable,
and a multifractal spectrum that has a longer tail to the left
of the maximum f{g) value is the result of more heterogeneity
in the distribution of higher data values of the research vari-
able. The spatial variability of parameter B in the 15-20 cm
soil layer was mainly caused by its higher data values, and
it was mainly caused by its lower data values in other soil

ﬂaﬁ 4 ﬂ(“lay)

layers according to the multifractal principle and the above-
mentioned multifractal spectrum shape of parameter B. As
shown in Table 3, the multifractal spectrum widths of pa-
rameter B in different soil layers were 0.1105, 0.0893, 0.1256,
and 0.1675. Based on the multifractal principle (Zeleke and
Si 2005), the wider is the multifractal spectrum width, the
greater is the heterogeneity of the studied variable. As the
soil layer depth increased, the variation degrees of parame-
ter B first decreased and then increased, which was consis-
tent with the conclusion based on the coefficient of variation
analysis.
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Fig. 6. Joint multifractal spectra of parameter B and soil physical properties in 5-10 cm soil layer.
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Correlation relationship at single scale

Table 4 shows correlations between parameter B and soil
physical properties at the single scale. At the single scale, in
the 0-5 cm soil layer, the correlation degrees between param-
eter B and soil bulk density and clay content were the most
obvious; in the 5-10, 10-15, and 15-20 cm soil layers, the

influence of the soil bulk density and sand content on pa-
rameter B was the most obvious. Except for the clay content
in the 15-20 cm soil layer, correlations between parameter
B and the soil bulk density and clay content were positive,
and parameter B and the silt content and sand content had a
negative correlation. Jia et al. (2006) found that parameter B
had an obvious decrease tendency with the increase of sand
content. As the increase of soil layer depth, correlation de-
grees between parameter B and soil physical properties did
not change regularly.
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Fig. 8. Joint multifractal spectra of parameter B and soil physical properties in 15-20 cm soil layer.

Table 5. Correlations between joint singular exponents of
parameter B and soil physical properties.

Soil layer

(cm) AClay asile ®sand aBD
0-5 0.527x%  —0.554%%  — 0.158xx 0.923s3
5-10 0.241%%  —0.264%% — 0.265%x 0.898::
10-15 0.713%%  —0.619%x  — 0.586%x 0.953x%x
15-20 —0.208xx 0.005 —0.064 0.947xx

Correlation relationship at multiscale

Joint multifractal spectra of parameter B and soil physical
properties in different soil layers are shown in Figs. 5-8. Joint
multifractal spectra of parameter B and different soil physi-
cal properties had different structural characteristics, which
showed that the correlation degrees between parameter B
and soil physical properties were different at multiscale.

For quantifying relationships between parameter B and soil
physical properties at multiscale, correlations between joint
singularity exponents of parameter B and soil physical prop-
erties were calculated (Table 5). At multiscale, the correlation
degrees between parameter B and the soil bulk density and
silt content in the 0-5 cm soil layer were the most obvious; in
the 5-10 cm soil layer, parameter B and the soil bulk density
and sand content had the most obvious correlation degrees;
in the 10-15 and 15-20 cm soil layers, the most obvious two
influence factors on parameter B were the soil bulk density
and clay content. As the soil layer depth increased, the cor-
relation degrees between parameter B and soil physical prop-
erties did not present a regular trend, which was consistent
with the result at the single scale. At the single scale and mul-
tiscale, the factors that had the most obvious influence on

parameter B were different. Except for the silt content and
sand content in the 15-20 cm soil layer, the correlation de-
grees between parameter B and other soil physical properties
at multiscale were higher than those at the single scale.
Relationships between the one-parameter model and influ-
ence factors had differences at the single scale and multiscale
in this paper, and the main factors influencing the spatial
variability of the one-parameter model were different at the
single scale and multiscale. Spatial variability of soil prop-
erties had some differences with soil layer depth (Junior et
al. 2006; Yu et al. 2019), as soil layer depth changed, spatial
variability degrees of one-parameter model, local informa-
tions causing spatial variability of one-parameter model and
relationship degrees between one-parameter model and in-
fluence factors also had some differences in this paper. This
research analyzed only the influence of the soil particle dis-
tribution and soil bulk density on a one-parameter model and
found that soil the bulk density had a more obvious influence
on the one-parameter model than the soil particle distribu-
tion. The comprehensive influence of various factors (soil or-
ganic matter, soil particle distribution, soil bulk density, and
so on) on one-parameter models is worthy of further study.

Conclusion

Parameter B in the one-parameter model could be used as
an index to characterize the spatial variability of the soil wa-
ter characteristic curve in the study area. Its variation degree
was moderate, and first decreased and then increased with
the soil layer depth. The local information that caused the
spatial variability of parameter B in the top soil layer (0-5,
5-10, and 10-15 cm) was mainly its low values, and its high
values in the deep soil layer (15-20 cm). At the single scale,
the main soil properties leading to the spatial variability of

926 Can. J. Soil Sci. 102: 919-928 (2022) | dx.doi.org/10.1139/CJSS-2021-0163

Downloaded From: https://complete.bioone.org/journals/Canadian-Journal-of-Soil-Science on 25 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



http://dx.doi.org/10.1139/CJSS-2021-0163

Downloaded From: https://complete.bioone.org/journal
Terms of Use: https://complete.bioone.org/terms-of-use

parameter B were the bulk density and clay content in the
0-5 cm soil layer, and bulk density and sand content in the
5-10, 10-15, and 15-20 cm soil layers. At multiscale, the spa-
tial variability of parameter B was caused mainly by the bulk
density and silt content in the 0-5 cm soil layer, bulk density
and sand content in the 5-10 cm soil layer, and bulk density
and clay content in the 10-15 and 15-20 cm soil layers.
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