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Abstract: Soil salinization is an issue of global concern. Despite recent evidence indicates that application of sediments into
saline-alkali soil in Yellow River Delta as an additive can increase crop yield, its effects on soil structure and infiltration remain
uncertain. In this study, the comprehensively analyses were conducted on the soil infiltration and microstructure of the soil
treated with three sediment application layers (surface layer at 0-15 cm, lower layer at 15-30 cm, and plough layer at 0-30 cm)
and four sediment incorporation rates (0, 2%, 5% and 10%), using soil column simulation experiment. Results indicated that
the dredged Yellow River sediments can improve the infiltration capacity of saline-alkali soil; and the infiltration capacity
increased with the rising sediment incorporation rate under the given application pattern. Compared with the control, applying
dredged Yellow River sediments at 10% rate at lower layer and plough layer significantly facilitated the soil infiltration of the

saline-alkali soil.

Soil macro-porosity for T2, T5 and T10 was 26%, 52% and 158% more than that for the control,

respectively. This phenomenon was attributed to the increased soil macro-porosity, due to the improved soil microstructure

with the incorporation of sediment into the saline-alkali soil.

Kostiakov infiltration model than Horton and Philip models.

Moreover, the cumulative infiltration was fitted better with
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1 Introduction

Soil salinization is one of the major problems in global
agriculture because it can lead to soil degradation and undermine
the productivity of cultivated land"?. The global saline-alkali
land area accounts for about 10% of the total land aream, while the
wasteland caused by salinization is about 34.6 million hm? in
China™. Typical physical features for saline-alkali soil include
non-ventilation and poor water permeability, which severely
restricts the ecological reservation as well as economic and social
development™®.  Due to the shortage of irrigation water, shallow
level, and groundwater salinization, soil salinization is becoming an
increasingly severe challenge in coastal areas.

Currently, studies on the remediation of saline-alkali soil
mainly focus on two aspects, namely, cutting off the rising
capillarity, and improving the physical properties of these soils’
degradation. Previous studies mainly adopted different particle
sizes, thickness and materials to achieve the barrier design to cut
off capillarity!’'”.  Although this measure effectively blocked the
rise of groundwater, there are also reports on the failures of these
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barriers in reducing salinization Given the compact

structure and poor permeability of saline-alkali soil, other
remediation techniques need to be implemented prior to restricting
the salinity source.
been practiced to improve soil properties according to specific site
conditions, such as improved tillage methods!'*'*!, incorporation of
plant residues!'>!®! the application of zeolite!'”), chemical
remediation"®*” and organic amendments®?!). The application of
biochar and flue-gas desulphurization (FGD) gypsum is considered
to be the most effective measure?>*), but it is not widely used
because of its high cost and its tendency to cause food safety
problems, especially in developing countries.

Base on this idea, a series of measures have

Until now, few
studies have considered restoring saline soils by improving soil
texture; and in this regard, sediment has been considered to be an
effective additive®*?”), because it can fundamentally remedy the
undesirable properties of these soils.  Besides, reasonable
application of sediment, which is typically considered as wastes, is
environmentally friendly. Despite these advantages, whether
sediment addition can change soil infiltration remains uncertain.

In the 1920s, Terzaghi, father of soil mechanics, proposed that
the microstructural characteristics of soil should be considered
when studying its properties.  Previous research generally
indicates that both the physical and mechanical properties of soil
depend on its microstructure!®®>%.  Fei et al.l*! investigated the
influences of the straw biochar and anionic PAM on soil structure
and found that high proportion of biochar significantly improves
soil porosity. Wei et all*? qualitatively and quantitatively
characterized the microstructure and parameters of loess in 3D
space using scanning electron microscope (SEM) and CT
technology. Wang et al.’®! explored the evolution of the
microstructure and pore size distribution caused by consolidation in
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Li et al.P4 interpreted the
microstructural evolution of loess soils arising from loading and
wetting using SEM. However, the research on soil microstructure
in China has mainly focused on collapsible loess, and current
research on the microstructure of saline-alkali soil is inadequate.
Recent studies using X-ray micro-CT have shown that a higher
proportion of biochar can be used to improve the porosity of saline
alkali soil®'". Additionally, our recent study indicated that the
permeability of undisturbed saline-alkali soil in the Yellow River
Delta was determined by its microstructure®>".  Mao et al.***]
reported for the first time that the applying dredged sediment
improved soil salinity environment and the yield of cotton and
wheat. However, at present, the research on the dredged Yellow
River sediment mainly focuses on its effect on the chemical

both intact and remolded loess.

properties and saturated hydraulic conductivity of saline soil, and
the research on the effects of sediment application methods and
incorporation rates on soil water infiltration and microstructure is
relatively limited.

This study focused on whether the application of dredging the
Yellow River sediment can improve the microstructure of
saline-alkali soil, so as to improve its permeability characteristics.
The objectives of this study were to: (i) compare the soil infiltration
of saline-alkali soils under different sediment incorporation rates
and application patterns, (ii) quantify the microstructural
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Table 1 Characteristics of the local saline-alkali soil

Source of variation Saline-alkali soil

pH* 8.78 (0.05)
Bulk density/g-cm™ 1.46 (0.11)
Electrical conductivity /dS-m 12.44 (0.25)
Soluble salt/g-kg™" 34.09 (0.08)
Cation exchange capacity/cmol-kg™ 20.58 (0.05)
Sodium adsorption ratio/(mmol-L™")""? 312.7 (0.20)

Saturated hydraulic conductivity/cm-s™ 3.58x10°
Clay (< 0.002 mm) 8.24 (0.05)
Silt (0.02-0.002 mm) 38.20 (0.12)
0.2-0.02 mm 53.54 (0.15)

Sand (0.02-2 mm)

2-0.2 mm 0.02 (0.01)

Note: * Soil EC and pH were measured using 1:5 mixture of soil and water.
Values in parenthesis are standard error.

The soil minerals were qualitatively and quantitatively
analyzed using a TD-3500 X-ray diffractometer (Dandong Tongda
Technology Co., Ltd., Dandong City, China). The soil minerals
are listed in Table 2. The mineral composition of saline-alkali soil
in the Yellow River Delta is mainly primary minerals, and

characteristics of saline-alkali soils with different sediment
incorporation rates, (iii) evaluate the applicabiliyies of
commonly-used infiltration models such as Kostiakov’s, Philip’s
and Horton’s models.

2 Materials and methods

2.1 Experimental materials

The experimental soil was taken from a flat wasteland near
Binhai New District (37°17'41"N, 118°45'37"E), Dongying City,
Shandong Province, China (Figure 1). In order to reduce the error,
Z-shaped soil sampling method was used to obtain disturbed soil at
a depth of 0-20 cm. After the soil was air dried naturally, it was
passed through a 2 mm soil sieve to remove impurities, and mixed
well for spare. In addition, undisturbed soil was taken from the
site, and the average soil bulk density was measured to be
1.46 g/em®. The soil electric conductivity was measured to be
12.44 dS/m with a conductivity meter, proving it was heavy
saline-alkali soil. The basic physicochemical properties of the soil
are listed in Table 1.

The sediment used for the test was local dredged Yellow River
sediment, which was sifted with a 2 mm sieve. After removing

impurities, the dredged sediment was washed and dried for spare.
The dredged sediment contained 0.96% clay (<0.002 mm), 3.55%
silt (0.002-0.02 mm), and 95.49% sand (>0.02 mm).

Location map of the Yellow River Delta and the sampling site

secondary minerals account for only 6.97% of the total mineral
composition.

Table 2 Proportions of minerals of the local saline-alkali soil

Mineral Percentage/%

Quartz 57.63 (0.12)
. . Calcite 8.51 (0.08)

Primary mineral 93.03
Orthoclase 7.05 (0.11)
Albite 19.84 (0.16)
Illite 5.82(0.05)

Clay mineral Kaolinite 0.18 (0.02) 6.97
Chlorite 0.97 (0.06)

Note: Values in parenthesis are standard error.

2.2 Experimental design

Three dredged sediment application layers (surface layer at
0-15 cm, lower layer at 15-30 cm, and plough layer at 0-30 cm) and
four dredged sediment incorporation rates (0, 2%, 5% and 10%)
were set up in the experiment. There were 10 groups in total, and
each group was repeated 3 times.
listed in Table 3.

The experimental design is
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Table 3 Experimental design in the study

Source of variation

Experimental design

Applying pattern The upper mixed sediment The lower mixed sediment All mixed sediment
Incorporation rate 0% 2% 5% 10% 0% 2% 5% 10% 0% 2% 5% 10%
Test number CK R2 RS R10 CK S2 S5 S10 CK T2 T5 T10
Depth range of sediment incorporation 0-15 cm 15-30 cm 0-30 cm

The incorporation modes of the dredged Yellow River
sediment were as follows. Firstly, a dredged sediment-soil
mixture was filled into the 0-15 cm layer, and the saline-alkali soil
was filled into the 15-30 cm layer; and this group was set as the
upper sediment (R). Secondly, saline-alkali soil was filled into
the 0-15 cm layer, and the dredged sediment-soil mixture was filled
into the 15-30 cm layer; and this group was set as the lower
sediment (S). Finally, a dredged sediment-soil mixture was filled
into the 0-30 cm layer, and this group was set as all the sediment
(T). According to the proportion of the Yellow River sediment in
the dry soil mass, the rates of incorporation were 2%, 5% and 10%,
respectively; and the samples not treated with sediment were used
as the control group (CK).

An indoor soil column test with one-dimensional constant
water head vertical infiltration was carried out, and the test
equipment included Markov bottle and soil column. Markov
bottle was a transparent glass cylinder with an inner diameter of
10 cm and a height of 50 cm. Small circular holes with a diameter
of Imm are evenly set at the bottom of the soil column, and 1-2 cm
of quartz sand is laid at the bottom of the soil column as a filter
layer. The soil column was a transparent glass cylinder with an
inner diameter of 10 cm and a height of 40 cm. Both the Markov
bottle and soil column were calibrated to record water level
variations and wetting front depth in the bottle. In order to reduce
the effect of the pipe wall on infiltration, it is evenly applied one
layer of Vaseline on the inner wall of the soil column before filling
the soils. Two layers of permeable and absorbent gauze were laid
at the bottom of the soil column to prevent soil particle loss. The
filling height of the soil column was 30 cm, divided into 6 layers,
each of which was 5 cm high. After mixing the sample evenly, it
was subsequently filled it into the soil column and compacted.
The layers should be roughened to avoid delamination. After
filling, the top of the soil column was covered with a permeable
filter paper and a 2-3 cm-thick layer of quartz sand to prevent water
erosion.

Before the test started, the height of the Markov bottles was
adjusted to keep the water head constant at 4 cm. When the test
started, the outlet pipe of the Markov bottle was opened and the
changes in the wetting front depth of the soil column and water
level height of the Markov bottle were recorded continuously at
certain intervals until the end of the experiment. Water supply
and time recording ended stopped when the wetting front reached
the bottom of the soil column (300 mm).

2.3 Soil microstructure analyses

In this study, the soil microstructure was analyzed only for the
soil mixed with Yellow River sediment. Mercury intrusion test
and scanning electron microscope were used to analyze the pore
characteristics and particle arrangement of soil.

The soil porosity was measured using MIP because the method
is relatively straightforward and can be used to obtain reproducible
values of pore size distribution. Soil macroporosity (pore size
>20 pum) were estimated using MIP. By referring to Liu’s pore

[38]

size division theory-™, the pore sizes of the saline soils in the

region were divided into five categories, i.e., ultra-micropore (d <
0.1 um), micropore (0.1um < d< 2 pum), small pore (2 um < d <
10 um), mesopore (10 um<d <20 yum) and macropore (d >20 um).

To describe the structure of the saline-alkali soils at different
sediment incorporation rates, the soil samples were scanned using a
JSM-6610LYV scanning electron microscope (JEOL, Tokyo, Japan).
The overall surface topography of the soil and localized soil areas
were observed at low (x200) magnification.

2.4 Infiltration model

The Kostiakov, Philip, and Horton models have been
extensively used for the study of movement of water in soil due to
their simple description and intuitive physical implications®®.
Therefore, the current study selected these three models to examine
the soil infiltration characteristics after amendment was added.
2.4.1 Kostiakov model

The empirical expression of Kostiakov infiltration is:

I(H)=mt" @)
where, I(¢) is cumulative infiltration, cm; 7 is infiltration time, min;
m and n are empirical constant parameters, m represents the soil
infiltration capacity at the initial stage, and n represents the
attenuation rate of the soil infiltration curve.

2.4.2  Philip model
The mathematical expression of Philip infiltration model is:
I(0)=S+At )
where, S is sorptivity, cm/min®’; 4 is steady infiltration rate,
cm/min.

In the Philip infiltration model, the absorption rate S represents
the ability of the soil to absorb or release water by capillary force
and is an important indicator of the early soil infiltration capacity.
The larger the value of S, the greater the infiltration capacity.
Stable infiltration rate A is the strength or rate of stable infiltration,
which measures the infiltration performance of the soil. As the
infiltration time increases, parameter A has a greater influence on
the size of the soil infiltration rate.

2.4.3 Horton model
The mathematical expression of the Horton infiltration model is

I(t)=at+ %(b —a)l-e) 3)

where, a is the stable infiltration rate, cm/min; b is the initial
infiltration rate, cm/min; ¢ is experience parameter.

3 Results

3.1 Changes in soil wetting front

The application patterns and amount of Yellow River sediment
significantly influenced the movement characteristics of soil
wetting front. Compared with CK, sediment treatments increased
the velocity of the wetting front (p < 0.05, Figure 2). In the upper
sediment mixing treatment, the infiltration time was 170 min for
CK, 165 min for R2, 156 min for RS, and 150 min for R10 (Figure
2a). Similar trends in infiltration times were observed in the
lower mixed sediment and total mixed sediment treatments, with
159 min for S2, 155 min for S5, 129 min for S10, 160 min for T2,
152 min for T5, and 130 min for T10 (Figures 2b and 2c¢). The
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infiltration times for S10 and T10 were significantly lower than that
for CK.

The relationship between wetting front and time was further
fitted and found to be consistent with the power function: F=ut",
where u and v are empirical constants. The fitting results in
Figure 2 shows that the power function can well simulate the
wetting front transport law of mixed soil under different Yellow
River sediment incorporation rates and application patterns, and the
simulated determination coefficient (R*) for each treatment was
greater than 0.995. For the parameter u, R and T application
methods showed an increasing trend with the increase of yellow
river sediment incorporation rate, while S application method
showed a trend of increasing, then decreasing and then increasing.
No significant pattern was found in the variation of the power
exponent v of the fitted parameters for each treatment, but the
parameter v corresponding to the control group was significantly

higher than that of the treatment group. This indicated that the
application manner and incorporation rates of dredged Yellow
River sediment can have a more pronounced effect on the initial
water infiltration process that is dominated by the substrate
potential.
3.2 Changes in soil cumulative infiltration

The effects of different incorporation rates and application
patterns of sediment on cumulative infiltration are shown in Figure
3. From 0 to 100 min, for example, the cumulative infiltration
volume increased with the extension of time, and all increases were
fast in the beginning and then slow down. In the early stage, due
to the low moisture content and strong water absorption capacity,
the initial infiltration rate and the slope of the curve were large with
an overlapping trend. With the extension of infiltration time, the
effects of different sediment treatments on soil water accumulation
and infiltration gradually appeared.
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Figure 3 Changes of cumulative infiltration with time under different treatments

At the infiltration time of 100 min, the cumulative infiltration
ranged from 88.5 mm (CK) to 110.1 mm (T10) for soils amended
with sediment at different incorporation rates and application
patterns.  For the experimental data, the mean cumulative
infiltration generally followed the descending sequence as T10,
S10, RS, S5, TS5, T2, R10, S2, R2 and CK (Figure 4). Among
them, T10 had the largest cumulative infiltration of 110.1 mm,
which was 24.41% higher than that of the CK. Statistical analysis
revealed that S10, R5, S5, T5 and T2 treatments significantly
increased the cumulative infiltration, and their cumulative
infiltrations increased by 10.06%, 9.04%, 7.34%, 7.12% and 4.52%,
respectively, compared with that of CK. However, the cumulative
infiltrations of R2, R10 and S2 treatments were basically the same
as that of CK, and the degree of amendment was not significant.
This was due to the low soil water content and high soil matrix
potential at the beginning of the experiment, soil infiltration was
less influenced by the dredged sediment and the curves basically
overlapped. With the extension of time, the effect of different
Yellow River sediment treatments on the cumulative soil
infiltration was gradually revealed.
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Figure 4 Cumulative infiltration of water into the saline-alkali
soil amended with sediment at different incorporation rates and
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3.3 Fitting parameters of Kostiakov’s, Philip’s and Horton’s
infiltration models

The values of parameter m for the three treatments were all
higher than that of the CK, with that of the S group being the
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smallest and that of the T10 treatment being the largest, which
indicated that the initial soil infiltration capacity of the S group was
the weakest while that of the T10 was the strongest. The
parameter n values of the three treatments had no obvious
regularities, whereas the CK had the highest » value, indicating that
the sediment treatment reduced the attenuation of soil infiltration
and improved the infiltration capacity of soil. The Kostiakov
model's fitting results for the soil infiltration process showed that
the coefficient of determination R* was between 0.992 and 0.999.
Compared with the CK, the soil absorption rates under the
other three groups were higher. The absorption rates (Parameter:
S in Table 4) of the R and T groups were significantly higher than
that of the S group, which indicated that the early sand mixing

treatment improved the soil's ability to absorb water through
capillary force. Compared with CK, the stable permeabilities
(Parameter: 4 in Table 4) of the three treatments had no significant
The fitting results of the Philip infiltration model on
the soil infiltration process show that the coefficient of
determination R? is between 0.991 and 0.998.

The coefficient of determination R* for the fit of the Horton
infiltration model ranged from 0.991 to 0.998. The parameters
including stable infiltration rate (Parameter: a in Table 4) and
initial infiltration rate (Parameter: b in Table 4) are basically
consistent with the fitting results of the Philip infiltration model,
which further showed that the applying dredged sediment improved
the infiltration capacity of the soil.

difference.

Table 4 Parameters of Kostiakov, Philip and Horton infiltration models

Sediment Kostiakov Philip Horton
Applying pattern incorporation

rate/% m n R N A R a b c R
0 (CK) 0.64 0.57 0.998 0.73 0.02 0.997 0.05 0.33 0.08 0.996
Upper mixed sediment 2 (R2) 0.95 0.50 0.996 0.96 0.01 0.996 0.05 0.39 0.08 0.991
(R group) 5 (RS) 0.86 0.52 0.999 0.90 0.01 0.998 0.06 0.44 0.10 0.993
10 (R10) 0.78 0.54 0.998 0.84 0.02 0.997 0.06 0.41 0.10 0.998
0 (CK) 0.64 0.57 0.998 0.73 0.02 0.997 0.05 0.33 0.08 0.996
Lower mixed sediment 2 (R2) 0.82 0.52 0.997 0.84 0.01 0.997 0.06 0.50 0.15 0.996
(S group) 5 (RS) 0.84 0.52 0.997 0.86 0.01 0.998 0.07 0.56 0.17 0.997
10 (R10) 0.74 0.56 0.995 0.81 0.02 0.993 0.07 0.39 0.10 0.997
0 (CK) 0.64 0.57 0.998 0.73 0.02 0.997 0.05 0.33 0.08 0.996
All mixed sediment 2 (R2) 0.86 0.51 0.997 0.88 0.02 0.997 0.05 0.35 0.07 0.996
(T group) 5 (RS) 1.20 0.45 0.992 1.08 0.01 0.991 0.05 0.70 0.16 0.995
10 (R10) 1.28 0.47 0.992 1.18 0.01 0.991 0.07 0.97 0.23 0.993

3.4 Effects of sediment incorporation rates on soil pore size
distribution

Compared with CK, Yellow River sediment treatments
increased macropores (p < 0.05, Figure 5). The mean
macro-porosity was 2.31%, 2.90%, 3.52%, and 5.96% for CK, T2,
T5, and T10, respectively, with that of T2 being marginally higher
than for CK though not statistically significant.
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Figure 5 Comparison of macroporosity of soil treated with
different sediments incorporation rate

The percentages of soil pore group volume under different
sediment incorporation rates are listed in Table 5. Similarity, the
proportion of macropores to the total soil pores are 5.57%, 5.62%,

6.60%, and 8.23% for CK, T2, TS5, and T10, respectively.

Additionally, sediment application also significantly decreased the
percentage of soil ultra-micro pore (d<0.1 wum) group. This
indicated that the applying Yellow River sediment changed both
the pore size distribution of soil and the soil porosity.
Table 5 Volume ratios of the pores group in the soil treated
with different sediments incorporation rate (%)

Pore diameter Treatment
um CK T2 TS T10
d>20 5.57(0.07)  5.62(0.03)  6.60(0.19)  8.23(0.02)
10<d<20 55.03(0.13) 51.87(0.15) 56.34(0.09) 56.18 (0.13)
2<d<10 22.47(0.25) 24.42(0.01) 19.80(0.31) 19.36(0.02)
0.1<d<2 6.82(0.15)  12.75(0.07) 10.25(0.07) 10.46(0.01)
d<0.1 10.11(0.17)  5.34(0.02)  7.01(0.17)  5.77(0.15)

Note: Values in parenthesis are standard error.

3.5 Effects of
micromorphology

Figure 6 shows the SEM pictures of soil microstructures after
treating them with different sediment incorporation rates.
be seen, the soil particles in the control group were closely
arranged without cement connection; and the pores were almost
Dredged sediment application
significantly improved the soil pore structure characteristics. In

sediment incorporation rate on soil

As can

invisible under a low power lens.

this study, there was no significant difference in the microstructure
when the sediment incorporation rate was 2% compared to CK.
However, soil microstructure was significantly improved at 5% and
10% dredged sediment incorporation rates.
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Figure 6 Comparison of microstructure images of soil samples treated with different sediments incorporation rate

4 Discussion

Previous research investigations generally indicate the
saline-alkali soils are typically featured with low soil hydraulic
conductivity and poor soil structure!®**”.  Similarly, our recent
research indicated that the low permeability of soil in the Yellow
River Delta is caused by its deteriorated microstructure, which may
not be related to its mineral composition****¥. In line with the
conclusion, our experimental data showed that the saturated
hydraulic conductivity of saline-alkali soil was 3.58x10™ cm/s
(Table 1), and soil infiltration time was 170 min for CK (Figure 2).
The existing research generally indicates that mixing sand with the
clayed saline soil improved soil texture and infiltration capacity,
and with the increase of incorporation rates, the soil infiltration
performance increasest*! 4%, Similarly, Mao et al 2423 reported
for the first time that dredged sediment, a poorly graded sand, can
significantly improve soil texture, macroporosity, and saturated
hydraulic conductivity through field experiments. In our
experiments, compared with the control, the infiltration time
decreased by about 23.53% for T10 and 24.12% for S10 (Figure 2),
and dredged sediment application increased the cumulative

infiltration by about 24.41% for T10 and 10.06% for S10 (Figure 3).

This result is supported by other studies that have reported that
sand additions to saline-alkali soil changed the soil water-salt
dynamic movement!***,

It is well known that the remediation measures of saline-alkali
soil mainly include chemical remediation and physical
remediation*'*#") Few studies have considered remedying these
soils by improving soil texture conditions**). In our experiment,
the Yellow River sediment, which is generally regarded as waste
by local farmers, was used as an amendment to treat coastal
saline-alkali soil. The Chinese government needs to spend a huge
amount of funds annually to manage the 1 billion m® of sediment
deposited in irrigation canals and reservoirs, thus ensuring the
effectiveness for water storage and conveyance®. Therefore, this
research not only helps to save the treatment costs, but also
contributes to change the soil texture of the local saline-alkali soil,
which is beneficial for environmental protection and agricultural
development. This study also indicates that the application of the
Yellow River sediment in the underlying layer (15-30 cm) and in
the plough layer (0-30 cm) has significant effect on the soil
infiltration performance (Figure 2; Table 4). Furthermore, the
infiltration effect of the surface layer (0-15 cm) was lower than that
of the other two patterns. In clay soils, water and salt have
difficulty to infiltrate the soil profile after heavy rainfall or
irrigation, and they tend to form surface runoff, which accelerates
the loss of soil nutrients and negatively affects plant growth®**,
Our findings show that incorporation of dredged sediment into
saline soils can change the soil texture and significantly improve its
degraded physical properties. Thus, it was suggested to increase

soil infiltration by applying Yellow River sediment to the plough
layer (0-30 cm) for clay soils.

Amendments such as sand, biochar and gypsum, were
incorporated into the soil and improved the soil pore system by
forming secondary pores or improving the continuity between
pores®']. In this experiment, soil pore size distribution and
microstructure were significantly improved with increasing
sediment incorporation rate (Figures 5 and 6, Table 5). Compared
with the control, dredged sediment application increased the
macroporosity by about range from 26% to 158%. Similarly, Qu
et al.’? found that the application of Yellow River sediment on
saline soils substantially increased the macro-porosity and
hydraulic conductivity. Additionally, soil structure and hydraulic
characteristics of saline-sodic soils were also improved with the
applications of biochar and frost-heavel’'**3¥. Previous studies
generally showed the characteristic parameters, such as porosity,
saturated hydraulic conductivity, electrical conductivity and
exchangeable sodium percentage, were considered as criteria for
saline-alkali soil remediation effectiveness®®®. In future studies,
soil structure, especially microstructure, should be studied based on
one of the criteria for evaluating the effectiveness of soil
remediation. This study was limited to indoor soil column
experiment, and focused on the effects of dredged sediment
incorporation pattern and rates on the infiltration performance and
the microstructure of saline-alkali soils, however, its long-term
effects on field crop yield and on soil chemical indexes need to be
further studied.

5 Conclusions

Soil salinization and sedimentation have long been prominent
problems in the Yellow River Delta. In this study, the effects of
dredged Yellow River sediment application patterns and
incorporation rates on improving water infiltration and
microstructure of saline-alkali soils were investigated using indoor
soil column experiments. The most typical characteristics of
saline-alkali soils are low macroporosity and poor infiltration rate.
Results indicated that through dredged sediment treatment, the pore
size distribution and microstructure of saline-alkali soils are
improved, thus enhancing the soil water infiltration performance.
Dredged sediment added to the underlying layer (15-30 cm) and
plough layers (0-30 cm) has a higher soil infiltration capacity than
the surface layer (0-15 cm). Moreover, the infiltration capacity
was improved with the increase of the dredged sediment
incorporation rate. Soil macroporosity surveys indicated
significantly higher macroporosity values in the treated soil than
the control. The Kostiakov model was superior to the Horton and
Philip models for estimating soil infiltration in sediment-amended
saline-alkali soil. Our findings provide a scientific basis for the
application of dredged Yellow River sediments in agricultural
production in coastal saline-alkali areas, as well as the selection of
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appropriate incorporation rates and application pattern of dredged
sediment.
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