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Every year, a significant quantity of dredged soil is generated as a result of channel dredging operations. However, there is
relatively little evidence available regarding the sustainable reuse of dredged soils. In this study, an improved substrate material
mainly composed of dredged soil was developed to examine the effects of three substrate amendments on the soil’s nutritional
content, physical properties, and water retention capacity, as well as the germination rate of tall fescue. *e orthogonal
combination of the three substrates was controlled in a pot experiment using polyacrylamide (PAM), rice straw, and super-
absorbent polymer (SAP) at application rates of 0.5, 1, 1.5, 2, and 2.5 g/kg; 15, 20, 25, 30, and 35 g/kg; and 0, 3, 6, 9, and 12 g/kg,
respectively. *e results showed that adequate application of PAM may improve the water retention capacity and available N
retention capacity of dredged soil. PAM inhibited tall fescue germination significantly when the concentration exceeded 0.5 g/kg
(p< 0.05).*e addition of rice straw significantly improved the nutritional content of dredging soil and the germination rate of tall
fescue (p< 0.05). Increased SAP significantly decreased the bulk density of dredged soil (p< 0.05). *e lowest test group was
48.20% less than CK.*is study offers novel ideas for the sustainable reuse of dredged soil and serves as a guide for future research
aimed at increasing the effectiveness of external-soil spray seeding technologies.

1. Introduction

Dredged soil is a sediment mixture of loose particles con-
sisting of clay, silt, and sand generated by the erosion and
weathering of soils, rocks, and organic materials, as well as
human activity [1]. Sediment deposition in various water
sources causes transportation and shipping problems due to
river shoaling. *ese dredged soils, which are considered
waste materials, are deposited in the sea or on land. By 2015,
for example, more than 14 billion m3 of dredged soils had
been dredged yearly from China’s major rivers and com-
mercial ports [2]. Dredged soils are often classified as waste
materials and dumped in the ocean or a storage yard [3, 4],
although these materials should ideally be reused.

Several studies have focused on the reuse of dredged soils
as pavement materials, such as subgrade, selected material
subbase, and base courses [5, 6]. However, the majority of

dredged soils are fine-grained materials, such as silts and
clays, with a high void ratio, high compressibility, poor
strength, low bearing capacity, and the presence of organic
matter [1]. Improving dredged soil as a substrate material
has the potential to successfully transform it into a valuable
soil resource. Substrate material, a novel product with im-
proved water conservation, thermal insulation, low cost, and
ease of maintenance, has been studied as a promising slope
material [7–9].

It is critical to screen for and identify suitable amend-
ments that may be used to enhance dredged soils to satisfy
engineering requirements. *e soil may be amended with
substances such as anionic polyacrylamide (PAM), which
often produces significant levels of physical impacts from a
relatively little quantity of material [10–12]. Numerous
forms of anionic PAM are produced as soil conditioners for
agricultural applications in several locations globally,
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including to control infiltration, runoff, and soil erosion, as
well as to decrease nutrient loss from the soil due to irri-
gation [13, 14]. Recent research on the use of anionic PAM to
improve dredged sediments has mostly focused on using it
with powder concrete to enhance the strength and reduce
the water content of dredged sediments [15–17]. However,
little research has been conducted on the effects of PAM on
vegetation growth and nutrient retention in dredged soil. In
addition, although much research has been conducted on
the effectiveness of PAM, there is a dearth of quantitative
information detailing the synergistic effects of PAM and
other amendments, such as straw and other water retention
agents, on dredged soil.

For well over a century, residents in many small towns in
China and Korea have combined rice straw with mud to
construct village walls [18]. Rice straw is now extensively
utilized in agriculture and the environment. Straw is
emerging as a solution in agriculture and the environment
for enhancing crop growth, increasing soil aggregate, and
increasing soil organic carbon [19, 20]. Some studies have
found that, in the natural environment, microorganisms
degrade rice straw to generate N and CO2.*ese compounds
react with magnesium sulfate in rice straw to generate
MgCO3 and (NH4)2SO4, which are nutrients required by
plants, lowering the pH of rice straw compost [21, 22]. As a
result, we selected rice straw in this study to explore its
synergetic effect with other substrates to improve the nu-
tritional content and reduce the pH value of dredged soils.

Finally, a common water absorbent with excellent water
absorption, superabsorbent polymer (SAP), has been used in
the agricultural sector as a water-saving agent [23]. It has
been shown that incorporating a superabsorbent polymer
into soil improves its physical properties, resulting in en-
hanced infiltration and decreased evaporation and soil
erosion during irrigation [24, 25]. When polymers are mixed
into soil, it is assumed that they retain large amounts of
water and nutrients that can be absorbed by plant roots and
enhance seed germination and emergence, as well as crop
growth and yield [26–28]. *erefore, SAP may be utilized in
agricultural and environmental protection as an efficient
water and fertilizer retention agent. In summary, PAM, rice
straw, and SAP are typical dredging soil conditioners,
making them a suitable and practical option for this study.

*e objectives of this study were to (1) investigate the
effects of different application rates of various substrate
amendments (PAM, SAP, and rice straw) on the nutrient
contents (soil organic matter; extractable N, P, and K) of
dredged soil, (2) investigate the effects of different substrate
amendments on the water retention and physical properties
of dredged soil, and (3) assess the effects of various substrate
amendments on the emergence rate of tall fescue in dredged
soils.

2. Materials and Methods

2.1.Materials. Dredged soil was obtained from the dumping
area of Xiaoxing Village (32°4′49″N, 119°34′34E), Zhen-
jiang, China, near the Beijing-Hangzhou Grand Canal. *e
substrate materials were as follows: (1) anionic PAM,

provided by Xingbang Environmental Protection Technol-
ogy Co., Ltd., Yiwu, China, with a highmolecular weight of 8
million and a hydrolysis degree of 23.5%; (2) rice straw
smashed into 1-2 cm pieces; and (3) superabsorbent polymer
(SAP), provided by Chengqi Chemical Engineering and
Technology Co., Ltd., Shanghai, China, which consisted of a
suspension-polymerized and covalently cross-linked acryl-
amide/acrylic acid copolymer. Table 1 shows the basic
properties of the selected substrate materials and soil.

2.2. Experimental Design. Pot experiments were carried out
at Jiangsu University of Science and Technology in Zhen-
jiang (32°6′42″N, 119°21′8E), Jiangsu Province, China, from
May to August 2020. *e mean annual temperature at this
site was 15.4°C, the mean annual precipitation was 817mm,
and the mean annual evaporation was ∼1423mm. *e pots
(12 cm deep, 16 cm top diameter, and 13 cm bottom di-
ameter) were washed with tap water before the experiment.

An orthogonal design method was used to optimize the
formulation of the substrate material as well as to evaluate
the material properties and the degree of impact of various
factors. According to previous reports on the water and
fertilizer conservation of the aforementioned substrates
[8, 14, 29], the dosage gradient of PAM in the soil was
determined to be A1 (0.5 g/kg), A2 (1 g/kg), A3 (1.5 g/kg), A4
(2 g/kg), and A5 (2.5 g/kg); straw was controlled to B1 (15 g/
kg), B2 (20 g/kg), B3 (25 g/kg), B4 (30 g/kg), and B5 (35 g/
kg); and SAP was C1 (0 g/kg), C2 (3 g/kg), C3 (6 g/kg), C4
(9 g/kg), and C5 (12 g/kg). According to the range of the
variable, five levels were selected for each factor, thus the
five-level table was chosen. *e interaction of the variables
was disregarded, and only four factors were selected. *e
appropriate table for the experiment was L25(53). In Table 2,
the orthogonal experiment’s factors and levels are listed.

*ere were 25 treatments, each with three parallel sets,
and CK was used as the blank control group (Table 2). Each
group received 78 pots of tall fescue seeds. Each pot was filled
with 1000 g of dredged soil and a variety of substrate
amendments in varying amounts.

Soil samples collected from the field were first naturally
dried and sieved using a 2mm sieve, before being put to the
pot with mixed substrate materials. *e container was then
filled with 500 g of water and left to stand for 24 h, before
being watered again to soil saturation, and twenty seeds were
implanted. BetweenMay 2020 and June 2020, the seeds were
cultured in nursery gardens (Figure 1). During this time, the
seedlings were watered every two days and the saturated
water content was maintained at 70%.

2.3. Soil Sampling and Analysis. *e core method (5 cm
height× 5.46 cm diameter) was used to estimate bulk den-
sity, total porosity, and saturated water capacity.*e H2SO4-
K2Cr2O7 oxidation method was sued to measure soil organic
C [30]. A 2mol/L KCl solution was used to extract ex-
tractable N. After NH4 + on soil colloid was replaced by K+, it
reacted with hypochlorite and phenol in a strongly alkaline
medium to form water-soluble dye indophenol blue. *e
color depth of the water-soluble dye indophenol blue was
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proportional to the N content. NaHCO3 was sued to extract
extractable P [31]. Extractable K was measured by atomic
absorption spectrometry after extraction with a 1mol/L

NH4OAc (pH 7.0) solution [32]. *e number of seedlings
was recorded daily, and the tall fescue emergence rate was
estimated based on the number of seedlings on the 28th day.

Table 1: *e basic physical and chemical properties of the dredged soil and the selected substrates in the substrate material.

Soil properties Value SAP properties Value PAM properties Value
pH 8.7 Particle size range (mm) 0.25–0.6 Type Anionic
Liquid limit (%) 39 Water absorbency (g/g) 600 Color White
Plastic limit (%) 20 Color White MW 8×107

Extractable N (mg/kg) 44.24 DH (%) 23.5
Extractable P (mg/kg) 44.45 Density (g/cm3) 1.32
Extractable K (mg/kg) 175.5 GT (°C) 188
Organic C (g/kg) 2.4 ST (°C) 210
Sand (%) 87.7
Silt (%) 6.18
Clay (%) 3.68
MW, molecular weight; DH, degree of hydrolysis; GT, glass temperature; ST, softening temperature.

Table 2: *e orthogonal combination of the three substrates in pot experiments.

Treatment Factor A: PAM (g/kg) Factor B: straw (g/kg) Factor C: SAP (g/kg)
1 A1 (adding 0.5) B1 (adding 15) C1 (no adding)
2 A2 (adding 1) B1 (adding 15) C2 (adding 3)
3 A3 (adding 1.5) B1 (adding 15) C3 (adding 6)
4 A4 (adding 2) B1 (adding 15) C4 (adding 9)
5 A5 (adding 2.5) B1 (adding 15) C5 (adding12)
6 A4 (adding 2) B2 (adding 20) C5 (adding12)
7 A3 (adding 1.5) B2 (adding 20) C4 (adding 9)
8 A2 (adding 1) B2 (adding 20) C3 (adding 6)
9 A1 (adding 0.5) B2 (adding 20) C2 (adding 3)
10 A5 (adding 2.5) B2 (adding 20) C1 (no adding)
11 A4 (adding 2) B3 (adding 25) C1 (no adding)
12 A3 (adding 1.5) B3 (adding 25) C2 (adding 3)
13 A5 (adding 2.5) B3 (adding 25) C3 (adding 6)
14 A1 (adding 0.5) B3 (adding 25) C4 (adding 9)
15 A2 (adding 1) B3 (adding 25) C5 (adding12)
16 A1 (adding 0.5) B4 (adding 30) C5 (adding12)
17 A2 (adding 1) B4 (adding 30) C4 (adding 9)
18 A4 (adding 2) B4 (adding 30) C3 (adding 6)
19 A5 (adding 2.5) B4 (adding 30) C2 (adding 3)
20 A3 (adding 1.5) B4 (adding 30) C1 (no adding)
21 A2 (adding 1) B5 (adding 35) C1 (no adding)
22 A4 (adding 2) B5 (adding 35) C2 (adding 3)
23 A1 (adding 0.5) B5 (adding 35) C3 (adding 6)
24 A5 (adding 2.5) B5 (adding 35) C4 (adding 9)
25 A3 (adding 1.5) B5 (adding 35) C5 (adding 12)
CK No adding No adding No adding

Figure 1: Tall fescue planted on substrate material at Jiangsu University of Science and Technology, Zhenjiang, Jiangsu Province, China.
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For each soil sample, three replicate determinations were
performed for each soil property.

2.4. Statistical Analyses. Data were analysed using one-way
analysis of variance (ANOVA) in IBM SPSS 20 software, and
the primary and secondary factors, as well as the best
combination of them, were determined using range analysis.
Origin 8.0 was used to conduct statistical mapping.

3. Pot Experiment Results

3.1. Soil Nutrient Contents. Organic C, extractable N, ex-
tractable P, and extractable K are significant components of
soil nutrient contents. Figure 2 indicates that all treatments
with different amendments increased the organic C, ex-
tractable N, extractable P, and extractable K content in
dredged soil, although the magnitude of the increase varied
across treatments. Figure 2(a) indicates that all treatments
with various substrates increased organic C when compared
to the CK group, indicating that the combination of the three
substrates may aid in increasing organic C in dredged soil.
Treatment No. 23 performed the best of all substrate ma-
terials, increasing organic C by about 7.86 g/kg, accounting
for 234.47% of the CK group. Treatment No. 23 fared the
poorest in the dredged soil, increasing the organic C content
by 4.50mg/kg, a 70.51% increase compared with the CK
group.*is resulted in a significant increase in the organic C
content of dredged soil when varied substrate combinations
were used. As shown in Figure 2(b), all treatments with
various substrates improved the extractable N content of the
substrate material when compared to the CK group. Among
all treatments, treatment No. 19 produced the greatest N
content in amended dredged soil, measuring 123mg/kg,
which was 217.58% more than that of CK. Additionally,
treatment No. 8 had the least improvement in terms of N
content in dredged soil, at 66.04mg/kg, a 6.35% increase
over the CK group. *e extractable P content of various
substrates in modified dredged soil is shown in Figure 2(c).
Treatment No. 10 had the highest performance of all sub-
strate materials, increasing extractable P by about
197.27mg/kg, which accounted for 234.47% of the CK
group. In dredged soil, treatment No. 18 fared the poorest
with an increase in extractable P of 59.7mg/kg, a 6.35%
increase compared to the CK group. Figure 2(d) shows the
variations in extractable K concentrations of different
substrates in amended dredged soil. Treatment No. 16, at
1032.52mg/kg, performed the best across all substrate
materials, increasing extractable P by 468.13%, while
treatment No. 21, at 244.83mg/kg, performed the worst,
increasing extractable P by 38.98% compared with the CK
group.

3.2. Physical Properties and Soil Water Retention Capacity.
Figures 3 and 4 show the soil bulk density, total porosity, and
saturated water capacity after different treatments, indi-
cating that all substrate composite treatments affected the
physical properties and soil water retention. Besides, this
also indicated that the combination of the three substrates

could help to improve the physical properties and water
retention of the dredged soil. Figure 3 shows that compared
to the CK group, all treatments with different substrates
reduced the bulk density. Treatment No. 5 obtained the
lowest soil bulk density of 0.72 g/cm3 in dredged soil, which
was 48.20% lower than that of CK. Furthermore, treatment
No. 8 demonstrated the least degree of improvement for
bulk density in dredged soil of 1.23 g/cm3, with an 11.51%
decrease when compared to the CK group. Figure 3 indicates
that except for the No. 1, No. 9, and No. 20 treatments, the
overall porosity of each substrate material was significantly
improved as compared to the CK group. Treatment No. 5
performed the best of all substrate materials, increasing
overall porosity by about 66.89%, accounting for 29.73% of
the CK group. Figure 4 shows that all treatments with
different substrates improved the saturated water capacity
and field capacity of substrate material when compared to
the CK group, indicating that combining the three substrates
may help to boost the soil water retention capacity for
substrate material. Treatment No. 5 performed the best
among all substrate materials, increasing saturated water
capacity and field capacity by 118.97% and 124.50%, re-
spectively, as compared with the CK group.

3.3. Germination Rate of Tall Fescue. Figure 5 shows the
emergence rate of tall fescue with different treatments, in-
dicating that all substrate composite treatments improved
the germination rate and that combining the three substrates
may help to improve the germination rate of tall fescue in the
dredged soil. Treatment No. 23 outperformed all other
substrate materials, increasing the germination rate of tall
fescue in the dredged soil by 400% as compared with the CK
group.

4. Analysis of the Orthogonal Experiment

4.1. Range Analysis. *e extractable P of the No. 23 ex-
periment, for example, is maximum as shown in the ex-
periment results in Figure 1. However, each treatment had a
different impact on different indicators. A thorough study
should be conducted to determine the optimal level com-
bination and its influence on different indicators. As shown
in Table 3, the average value of the experimental result at
each level is denoted as k1, k2, k3, k4, and k5. *e theo-
retically optimal combination is that the average value of the
experimental outcome is maximum. *e range is defined as
the difference between the maximum and minimum of the
target’s average, and it is denoted as R. *e value of R reflects
the extent of the variable’s influence on the target. *e trend
curve for each factor is given in Figure S1.

Table 3 shows the degree of influence of substrate ma-
terial with three different substrates on the different indi-
cators. *e order of the degree of influence of each factor on
the organic C and extractable P content was
straw> SAP>PAM. *e optimal combination of the three
substrates for organic C was A2B5C5, whereas the best
combination for extractable P was A1B3C1. Furthermore,
Table 3 shows that the order of the degree of influence of
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Figure 2: Continued.
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Figure 2: *e organic C and available N, P, and K contents in different substrates. CK, control treatment. Nos. 1–25 indicate different
substrate application levels.
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each factor on the extractable N and K content was
straw>PAM> SAP, while A5B5C2 and A2B1C5 were the
best combinations of the three substrates for extractable N
and extractable K, respectively.

*e order of each factor’s impact on bulk density, total
porosity, and saturated water capacity was
SAP>PAM> straw. *e optimal combination of the three
substrates for bulk density was A5B5C5, whereas the best
combination for total porosity and saturated water capacity
was A5B4C5.

According to the range analysis (Table 3), the order of
the influence degree of each factor was PAM> straw> SAP.
A1B5C2 was the optimal combination of the three substrates
for increasing the germination rate of tall fescue in the
dredged soil.

4.2.VarianceAnalysis. Range analysis shows the order of the
variance influencing the target by intuition. However, it
could not distinguish between undulation caused by dif-
ferent variable levels and undulation caused by experimental
errors. It also does not offer a standard criterion for de-
termining whether a variable’s effect is discernible. *e
variance analysis is required to address the issue.

*e results of the principal effect analysis with one-way
analysis of variance (Table 4) indicate that the significance
level of the substrate material with three different substrates
on organic C, extractable N, extractable P, extractable K,

bulk density, total porosity, saturated water capacity, and
germination rate was different. Table 4 shows that straw and
SAP content in the substrate material had a significant effect
on organic C content (p< 0.05), while PAM content did not
affect organic C content (p> 0.05). *e extractable N
content was significantly affected by straw and PAM content
(p< 0.05), but not by SAP content (p> 0.05). Extractable P
content was significantly affected by straw in the substrate
material (p< 0.05), while PAM or SAP content did not affect
available P content (p> 0.05). Straw had a significant effect
on extractable K content (p< 0.05), while PAM and SAP
content had little effect (p> 0.05).

Furthermore, Table 4 shows that SAP content in the
substrate material had a significant effect on soil bulk
density, total porosity, and saturated water capacity
(p< 0.05), while PAM content did not affect soil bulk
density, total porosity, saturated water capacity, or field
capacity (p> 0.05). Variance analysis (Table 4) further
showed that the germination rate of tall fescue in dredged
soil was significantly affected by PAM, SAP, and straw
content in the substrate material (p< 0.05).

5. Discussion

5.1. Effects of Different Substrates on Nutrient Contents.
*e results of this study show that rice straw had a significant
effect on nutrient contents (organic C and extractable N, P,

CK 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0.6

0.8

1.0

1.2

1.4

1.6

Bu
lk

 D
en

sit
y 

(g
/c

m
3 )

Treatment

20

25

30

35

40

45

50

55

60

65

70

Bulk Density 
Total porosity

To
ta

l p
or

os
ity

 (%
)

Figure 3: *e bulk density and total porosity of different substrates.
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Table 3: Range analysis of variance for soil organic matter; extractable N, P, and K; bulk density; total porosity; saturated water capacity; and
germination rate.

Items Coefficient k1 k2 k3 k4 k5 R Order of the factor Optimal combination
(g/kg）

Organic C
PAM 5.85 6.15 5.55 6.01 5.7 0.61

Straw> SAP> PAM
A2 (1.0 g/kg)

Straw 5.46 5.27 5.53 5.68 7.31 2.05 B5 (35 g/kg)
SAP 5.13 5.79 5.96 6.03 6.34 1.22 C5 (12 g/kg)

Extractable N
PAM 85.31 73.53 84.94 93.08 94.98 21.45

Straw>PAM> SAP
A5 (2.5 g/kg)

Straw 76.89 81.76 82.03 91.84 99.32 22.43 B5 (35 g/kg)
SAP 79.73 94.84 86.56 84.5 86.2 15.12 C2 (3 g/kg)

Extractable P
PAM 148.37 119.94 116.32 111.97 134.17 36.4

Straw> SAP> PAM
A1 (0.5 g/kg)

Straw 133.19 140.8 164.03 105.11 87.64 76.38 B3 (25 g/kg)
SAP 144.77 129.74 107.68 118.18 130.4 37.08 C1 (0 g/kg)

Extractable K
PAM 591 639.33 496.53 438.91 396.09 243.24

Straw>PAM> SAP
A2 (1.0 g/kg)

Straw 660.84 435.48 623.05 527.46 315.04 345.8 B1 (15 g/kg)
SAP 426.78 551.52 462.29 561.59 559.69 134.81 C5 (12 g/kg)

Bulk density
PAM 1.032 1.032 1.048 0.996 0.994 0.054

SAP>PAM> straw
A5 (2.5 g/kg)

Straw 1.014 1.03 1.044 1.018 0.996 0.048 B5 (35 g/kg)
SAP 1.174 1.072 1.032 0.97 0.854 0.32 C5 (12 g/kg)

Total porosity
PAM 55.83 57.336 57.626 59.482 61.444 5.614

SAP>PAM> straw
A5 (2.5 g/kg)

Straw 58.46 59.432 57.918 58.712 57.196 2.236 B2 (20 g/kg)
SAP 53.366 54.58 57.572 61.472 64.728 11.362 C5 (12 g/kg)

Saturated water
capacity

PAM 0.566 0.582 0.588 0.626 0.646 0.08
SAP>PAM> straw

A5 (2.5 g/kg)
Straw 0.612 0.612 0.588 0.602 0.594 0.024 B1 (20 g/kg)
SAP 0.484 0.526 0.58 0.66 0.758 0.274 C5 (12 g/kg)

Germination rate
PAM 12.8 10.8 8 9.6 9.6 4.8

PAM> SAP> straw
A1 (0.5 g/kg)

Straw 8.2 9.8 11 10.6 11.2 3 B5 (35 g/kg)
SAP 8 11.6 11.6 11.2 8.4 3.6 C2 (3 g/kg)

R is the range; ki is the average value of the index sum corresponding to the level factor.

Table 4: One-way analysis of variance for organic C; available N, P, and K; soil bulk density; total porosity; saturated water capacity; field
capacity; and germination rate.

Items Classification of
variance

Sum of squares of
deviation from mean Mean square error F p

Organic C
PAM 1.152 0.288 1.102 0.4
Straw 13.807 3.452 13.201 0
SAP 4.083 1.021 3.903 0.03

Extractable N
PAM 1435.685 358.921 3.339 0.047
Straw 1637.814 409.454 3.809 0.032
SAP 597.03 149.258 1.388 0.296

Extractable P
PAM 4470.449 1117.612 1.204 0.359
Straw 18121.042 4530.261 4.881 0.014
SAP 3910.451 977.613 1.053 0.421

Extractable K
PAM 207349.274 51,837.318 1.891 0.177
Straw 396860.139 99,215.035 3.62 0.037
SAP 80137.184 20,034.296 0.731 0.588

Bulk density
PAM 0.012 0.003 0.891 0.499
Straw 0.006 0.002 0.495 0.74
SAP 0.283 0.071 21.705 0

Total porosity
PAM 93.784 23.446 2.016 0.156
Straw 14.16 3.54 0.304 0.869
SAP 450.42 112.605 9.683 0.001

Saturated water capacity
PAM 0.023 0.006 2.572 0.092
Straw 0.003 0.001 0.31 0.866
SAP 0.246 0.061 27.418 0

Germination rate
PAM 63.36 15.84 6.968 0.004
Straw 29.76 7.44 3.273 0.049
SAP 64.96 16.24 7.144 0.003

Advances in Civil Engineering 9



and K) in dredged soil, which could be due to the straw being
decomposed by microorganisms in the dredged soil, a
process that can provide nutrients needed by plants, such as
soil organic matter and extractable N, P, and K [33]. Ex-
cessive straw application, on the other hand, cannot con-
tinuously increase the amount of available P and K in
dredged soil (Figure S1). *is is because different types of
soil active organic carbon contribute differently to the
availability of soil nutrients [34]. Alvarez et al. discovered
that, during the decomposition of straw, low-molecular-
weight organic acids and short-chain fatty acids were re-
leased, which were humified with soil organic matter by the
action of soil microorganisms, resulting in organic matter in
the form of readily oxidizable carbon. *is part of the or-
ganic matter was shown to be significantly positively cor-
related with extractable N (p< 0.01) and significantly
negatively correlated with extractable K (p< 0.05) [35].

Meanwhile, the findings of this study indicated that soil
organic matter was positively correlated to SAP content
(Figure S1). SAP application may cause the soil to develop
more pores and retain water [36], which improves condi-
tions for straw decomposition and transformation [37, 38].
Liu et al. conducted a pot experiment to determine the effects
of SAP on nutrient uptake and accumulation in Pinus syl-
vestris seedlings. *e results showed that the combined
application of SAP and fertilizer increased the amount of N
and K in the soil by 7.15% and 10.04%, respectively, as
compared to a single fertilizer application [39].

*is study established that PAM increased the available
N content in dredged soil, as it was positively correlated with
PAM content (Figure S1). *is is because available N is a
water-soluble material that may be transported through
water flow. *e anionic PAM molecule adsorbs cationic
particles in the soil, forming larger aggregates that improve
soil porosity and water infiltration and soil water retention
capacity, thus increasing the retention of available N [40, 41].

5.2. Effects of Different Substrates on Water Retention and
Physical Properties. *is study established that different
substrates’ amendments improved the water retention of
dredged soil, which is consistent with previous studies on the
water retention of substrate materials [8, 20, 42, 43]. *e
results of this study indicate that SAP had a significant effect
on water retention and physical properties in dredged soil.
*is effect could be explained by the fact that SAP is
composed of cross-linked macromolecules with segments of
hydrophilic groups that can absorb and retain liquids, and
the absorbed water is gradually released into the soil as the
soil dries and plant root pressure increases. *is is the
mechanism that ensures sufficient water supply during
vegetation growth [44, 45]. Bai et al. observed that the
volume of SAP varies with the amount of water released
during wetting/drying cycles. *erefore, more pores are
formed and the bulk density of the soil is reduced, and the
larger the amount, the better the effect [36]. According to the
findings of this study, the optimal PAM dose for water
retention and physical characteristics of dredged soils was
2.5 g/kg, and the soil bulk density was negatively correlated

with PAM content, while soil total porosity and water re-
tention were positively correlated. *is is because when
PAMmolecules come into contact with water molecules, the
hydrophobic base may shift inward due to hydrophobic
action, resulting in a granular structure that is insoluble in
water. Hydrated water is formed by hydrogen bonding
between hydrophilic groups and water molecules. Mean-
while, PAM molecular chains interact with soil particles to
form a three-dimensional bridge structure, which allows
larger flocs and improves soil structure [46].

5.3. Effects of Different Substrates on the Germination Rate of
TallFescue inDredgedSoil. In this study, the three substrates’
amendments significantly enhanced the germination rate of
tall fescue in dredged soil. It was discovered that a high PAM
content may significantly inhibit the germination of tall
fescue, and the optimal PAM dose was 0.5 g/kg. *is is
consistent with previous studies [47]. In a laboratory pot
experiment, Zheng et al. examined the impact of 0, 0.125,
0.250, and 0.5 g/kg PAM on seed germination and seedling
growth of Neyraudia reynaudiana. *eir findings demon-
strated that PAM can promote reed seed germination,
shorten the germination time, and increase the germination
rate. However, too much or too little causes the germination
rate of Neyraudia reynaudiana seeds to decrease. *is may
be because excessively applied PAM competes with the seeds
for water, affecting seed germination [48]. Taylor and
Halfacre attributed growth depression in polymer-treated
Ligustrum to the possibility that an accumulation of fertilizer
salts in the gel caused toxicity [49]. Excess PAM has been
demonstrated in previous research to affect the germination
of vegetation. *e effect of PAM on vegetation growth, on
the other hand, is a complex topic. Further research on the
mechanism of PAM on vegetation growth and development
is required.

Furthermore, the findings of this study revealed straw
content was positively correlated with tall fescue germina-
tion in dredged soil. *is was consistent with the findings of
previous investigations [50]. Straw decomposes to generate a
significant quantity of inorganic elements, humus, and or-
ganic matter, which offer nutrients for the development of
tall fescue seeds, as well as promote the activity of micro-
organisms and seed germination [51, 52].

*e findings of this study showed that SAP significantly
affected the emergence rate of tall fescue. However, in-
creasing the amount of SAP in dredged soil did not improve
the emergence rate of tall fescue (Figure S1), and the optimal
SAP dose was 3 g/kg. *is may be due to high SAP content
causing poor bulk density, which in turn causes seed
degradation.

6. Conclusions

*is study has established an effective strategy for improving
dredged soil via the use of SAP, PAM, and straw. *e effects
of different amendments on dredged soil differ. SAP has
been shown to significantly decrease the bulk density of
dredged soil while increasing its water retention capacity and
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overall porosity (p< 0.05). However, increasing the amount
of SAP in dredged soil had no consistent effect on tall fescue
emergence rate, and the optimal SAP dose was 3 g/kg. PAM
may enhance the structural properties of dredged soil and
increase its water holding capacity and available N retention.
However, an excess of PAM content may significantly in-
hibit tall fescue germination, and the optimal dose of PAM
for tall fescue germination was 0.5 g/kg. Straw decomposi-
tion enhances the nutritional content of dredging soil,
supplies nutrients for tall fescue growth, and improves
germination rate.
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