
Introduction

The scientific treatment and sustainable utilization 
of aquatic silts have garnered significant academic 
attention due to their extensive generation and potential 
environmental impacts [1, 2]. Aquatic silts, comprising 
river, lake, and bay silts, are classified as soft soils with 
natural water content exceeding the liquid limit and 
void ratios greater than 1.5 [3]. These silts exhibit low 

mechanical strength, high compressibility, and other 
unfavorable physical properties [4, 5]. In recent years, 
with the rapid development of dredging projects in 
China, the annual production of aquatic silts has surged 
[6]. For instance, in 2021 alone, major rivers in China 
discharged approximately 3.31×10⁹ tons of silt, and the 
Three Gorges Reservoir recorded a silt accumulation 
of 7.16×10⁷ tons. This growing volume poses significant 
environmental and logistical challenges, prompting 
researchers to explore diverse utilization strategies to 
mitigate its negative impacts [7, 8].

Among the proposed strategies, using aquatic silts 
to produce construction materials has been extensively 

DOI: 10.15244/pjoes/207055 ONLINE PUBLICATION DATE: 2025-08-25

*e-mail: zhang20120606@163.com
**e-mail: liuxinyu@slass.cn
°ORCID iD: 0000-0001-5655-1301

Original Research

Feasibility Analysis of Turfgrass Substrate 
Production Using Aquatic Silt

ZongYing Zhang1, Liang Liang2, Lizhen Zhang3*, Xinyu Liu4°**

1Henan Engineering Technology Research Center of Ecological Protection and Management of the Old Course 
of the Yellow River, Shangqiu Normal University, Shangqiu 476000, China 

2College of Chemistry and Chemical Engineering, Shangqiu Normal University, Shangqiu 476000, China
3Department of Plant Science and Technology, Shanghai Vocational College of Agriculture and Forestry,  

Shanghai 201699, China
4Institute of Organic Recycling (Suzhou), China Agricultural University, Suzhou, 215100, China

Received: 28 December 2024
Accepted: 12 June 2025

Abstract

This study assessed the feasibility of using aquatic silt as a sustainable component in turfgrass 
substrates. Five mixtures of silt and vermiculite (0%-100%) were evaluated for their effects 
on the germination and seedling growth of Festuca elata. Results showed that while 100% silt enhanced 
seed germination metrics, a 25% silt addition (T2) most effectively promoted seedling growth. Higher 
silt proportions (>25%) significantly inhibited emergence rate, plant height, and biomass, primarily 
due to elevated bulk density. Correlation analysis revealed negative associations between seedling 
performance and bulk density, pH, and nutrient levels. Hydroponic tests with leachates indicated 
growth stimulation proportional to silt content, suggesting that chemical properties were not inhibitory. 
These findings highlight that when used moderately, aquatic silt can serve as a viable substrate 
component, with bulk density being the primary limiting factor.
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studied [9, 10]. However, due to the inherent abundance 
of organic matter and plant-available nutrients in silts, 
their application in soil-based utilization has emerged 
as a promising research area [11, 12]. Despite these 
advantages, the widespread presence of heavy metals 
and other contaminants in aquatic silts limits their direct 
application in agriculture due to potential risks to food 
safety and ecosystem health [13, 14]. Consequently, 
utilizing aquatic silts in landscaping, particularly in 
developing green turf substrates, has been recognized as 
a safer and more practical approach.

Landscaping applications of aquatic silts in China 
remain in an early exploration stage, with limited studies 
focusing on specific plants. Previous research has 
demonstrated the potential of aquatic silts to enhance 
plant growth under specific conditions. For example, 
the use of silts in the cultivation of ryegrass, Fraxinus 
mandshurica, and Salvia splendens has shown variable 
success [15]. Untreated silts often fail to support stable 
plant growth, while processed silts ‒ combined with 
amendments such as organic materials or solidifying 
agents ‒ can significantly improve growth performance 
[16]. Similarly, a mixture of river silts and organic 
waste improved plant flowering and nutrient absorption 
[17]. These findings highlight the importance of 
modifying silt’s physical properties, such as bulk 
density and porosity, to optimize their application in 
landscaping.

Despite these advancements, there remains a lack 
of systematic research evaluating the suitability of 
aquatic silts as turfgrass substrates. Factors such as 
silt composition, physical and chemical properties, and 
their interactions with plant growth require further 
investigation. Addressing these knowledge gaps is 
essential to ensure the sustainable utilization of silts in 
landscaping while minimizing environmental risks.

This study focuses on Taihu Lake silt, one of 
China’s most abundant silt sources, as a potential 
component for green turf substrates. By investigating 
its physicochemical properties, effects on turfgrass 
seed germination, and subsequent seedling growth, this 
research aims to determine the optimal silt proportion 
for substrate preparation. Furthermore, this study 
seeks to provide a scientific basis for the broader 
resource utilization of aquatic silts, contributing to the 
development of sustainable landscaping practices and 
promoting the circular economy.

Materials and Methods

Experimental Materials

The Taihu Lake silt used in this study was collected 
from the dredging site in Wuzhong District, Suzhou, 
Jiangsu Province, China. The test species is turfgrass 
(Festuca elata Keng ex E.B. Alexeev), which is widely 
used in golf courses, sports fields, landscaping, and soil 
conservation. The germination rate of the turfgrass seeds 

was determined to be 100%, meeting the experimental 
requirements.

Prior to use, the Taihu Lake silt was air-dried and 
sieved through a 2-mm mesh. The silt had a bulk density 
of 1.08 g·cm⁻³, a near-neutral pH of 7.92, and an EC 
of 60.43 μS·cm⁻¹. The nutrient content included total 
nitrogen at 1.07 g·kg⁻¹, total phosphorus at 1.01 g·kg⁻¹, 
and total potassium at 5.06 g·kg⁻¹, with an organic matter 
content of 2.17%. In contrast, the vermiculite exhibited  
a much lower bulk density (0.20 g·cm⁻³), a slightly acidic 
pH (6.64), and a higher EC (90.50 μS·cm⁻¹). Notably, 
vermiculite contained no detectable amounts of total 
nitrogen, total phosphorus, total potassium, or organic 
matter.

Experimental Design

Effects of Aquatic Silt on Turfgrass Seed Germination

Five experimental treatments were established 
by mixing aquatic silt and vermiculite at different 
volumetric ratios: T1 (100% vermiculite), T2 (25% silt 
+ 75% vermiculite), T3 (50% silt + 50% vermiculite), 
T4 (75% silt + 25% vermiculite), and T5 (100% silt). 
The germination rate, germination potential, and 
germination index of turfgrass seeds were measured 
under each treatment.

Effects of Aquatic Silt on Turfgrass Seedling Growth

Five treatments were prepared using the same ratios 
of silt and vermiculite (T1–T5). The physicochemical 
properties of the substrates were analyzed. Seedlings 
were cultivated in seedling trays following the method 
described by Wang et al. [18]. In each tray, 50 holes 
were used, with three turfgrass seeds sown per hole. 
Each treatment was replicated three times, with one tray 
constituting a single replicate.

The trays were placed in a controlled climate 
chamber set at 25ºC, 80% relative humidity, 3000 lux 
light intensity, and a light/dark photoperiod of 16:8 hours. 
Each tray was watered with 1 L of clean water. On day 
5 of the experiment, an additional 1 L of water was 
applied to each tray. After 10 days of growth, seedling 
emergence rate, plant height, SPAD content, root length, 
above-ground dry weight, and below-ground dry weight 
were measured.

Effects of Cultivation Substrate 
Leachates on Turfgrass Growth

For each treatment, 500 g of the cultivation substrate 
was placed in a container and thoroughly mixed with 
1,000 mL of distilled water at a solid-to-liquid ratio  
of 1:2 (w/v). The mixture was stirred continuously  
for 30 minutes to facilitate the release of soluble 
components. Subsequently, the suspension was allowed 
to settle for 1 hour, after which the supernatant was 
collected and filtered through a 0.45 μm membrane 
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to obtain clear leachate. A total volume of 2 L of 
leachate was prepared for each treatment and used in a 
hydroponic experiment.

The leachates were placed in hydroponic boxes, 
ensuring that the leachate level fully covered the 
germination trays. Fifty turfgrass seeds were evenly 
sown in the germination trays for each treatment. 
Three hydroponic boxes per treatment constituted one 
replicate, for a total of three replicates.

The hydroponic boxes were maintained in a 
controlled climate chamber at 25ºC, 80% relative 
humidity, and 3000 lux light intensity, with a 16:8-hour 
light/dark photoperiod. The tops of the hydroponic 
boxes were sealed with perforated black plastic film 
for the first 2 days to create a dark environment. After 
2 days, the film was removed to allow light exposure. 
Sterile water was added every 2 days based on weight 
loss to maintain a consistent liquid level. After 10 days 
of cultivation, seedling emergence rate, plant height, 
SPAD content, root length, above-ground dry weight, 
and below-ground dry weight were recorded.

It is important to note that the primary objective of 
this hydroponic experiment was to assess the overall 
biological response of turfgrass seedlings to leachates 
derived from different substrate compositions. Since 
both aquatic silt and vermiculite used in this study 
originated from controlled and pre-assessed sources 
without known external contamination, detailed 
physicochemical characterization of the leachates, 
including heavy metal analysis, was considered beyond 
the scope of this investigation. This experimental design 
aligns with similar studies focusing on plant growth 
performance rather than environmental risk assessment.

Measurement of Indicators

Seed Germination

The germination rate, germination potential, and 
germination index of turfgrass seeds were determined 
following the method described by Huang et al. [19]. 
Ten uniform-sized turfgrass seeds were placed in a 9 cm 
Petri dish lined with filter paper. Each dish was treated 
with 10 mL of leachate from the respective treatments, 
while sterile water was used as the control (CK). Each 
treatment included three replicates, with three Petri 
dishes per replicate.

The Petri dishes were incubated in a controlled 
environment at 25ºC, 80% relative humidity, 3000 lux 
light intensity, and a 16:8-hour light/dark photoperiod 
for 7 days. Germination was monitored daily, and  
the number of germinated seeds was recorded. On day 5, 
the germination potential was calculated, while on day 7, 
the germination rate, root length, and germination index 
were measured.

Seedling Growth

After 10 days of cultivation, the number of emerged 
seedlings was recorded for each replicate. For each 
treatment, 15 seedlings were randomly selected.  
The plant height of turfgrass seedlings was measured 
using a steel ruler, and SPAD content was determined 
with a chlorophyll meter, expressed as SPAD values. 
A SPAD-502 Plus chlorophyll meter (Konica Minolta, 
Japan) was used. Roots were rinsed with distilled water 
and measured for root length using a root scanner. 
After removing surface moisture with filter paper, the 
seedlings were oven-dried at 105ºC for 1 hour for initial 
dehydration, followed by drying at 80ºC until a constant 
weight was achieved. The dry weights of above-ground 
and below-ground parts were then determined using an 
electronic analytical balance.

Physicochemical Properties

The physicochemical properties of the cultivation 
substrates (T1–T5) were determined following the 
method described by Liu et al. [20]. Bulk density and 
total porosity were measured using the ring knife method 
[21], while pH and electrical conductivity (EC) were 
determined using an electrode method [22]. Organic 
matter content was measured using the dichromate 
oxidation method [23]. Alkaline hydrolyzable nitrogen 
(AN) was quantified using the alkaline diffusion 
method, available phosphorus (AP) was determined 
using the sodium bicarbonate extraction-molybdenum-
antimony anti-spectrophotometric method, and 
available potassium (AK) was measured using the flame 
photometry method [24].

Results

Effects of Aquatic Silt on Turfgrass 
Seed Germination

From the perspective of germination potential, an 
increasing proportion of aquatic silt generally enhanced 
the germination potential. When the proportion of 
aquatic silt reached 100% (T5), the germination potential 
peaked at 86.67%, representing 52.94% and 36.85% 
increases relative to CK and T1, respectively. Similar 
trends were observed for the germination index and 
root length. For the germination index, T5 demonstrated 
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59.05% and 56.07% increases compared to CK  
and T1, respectively. In terms of root length, T5 
exhibited improvements of 50.41% and 49.60% over CK 
and T1, respectively (Table 1).

Effects of Aquatic Silt on Turfgrass 
Seedling Growth

The growth indicators of turfgrass seedlings 
cultivated in substrates with different proportions of 
aquatic silt and vermiculite are presented in Table 2. 
When the proportion of aquatic silt was 25%, there 
were no significant differences in emergence rate, 
plant height, or above-ground dry weight compared to 
the 100% vermiculite treatment (T1). However, SPAD 
content, root length, and below-ground dry weight 
were significantly higher under this treatment than T1 
(P<0.05). As the proportion of aquatic silt increased, 
the overall growth performance of turfgrass seedlings 
exhibited a notable decline. This trend was particularly 
pronounced for emergence rate and plant height. When 
the silt proportion reached 100% (T5), the emergence 
rate decreased to 30.00±3.53%, and the plant height 
dropped to 9.26±0.70 cm, representing reductions of 
46.49% and 52.09%, respectively, compared to T1 and 
T2 treatments. Regarding SPAD content, a 25%-75% 
silt proportion provided beneficial effects; however, 
these effects diminished as the silt proportion increased. 
No significant differences were observed between T3 

(50% silt) and T1 for root length. However, with further 
increases in silt proportion, the root length under T4 and 
T5 treatments was significantly lower than that of T1 
(P<0.05).

Physicochemical Properties of 
Cultivation Substrates

The physicochemical properties of cultivation 
substrates prepared with different proportions of aquatic 
silt and vermiculite are presented in Table 3. Significant 
changes in these properties were observed as the 
proportion of aquatic silt increased. In terms of physical 
properties, the bulk density of the substrates exhibited 
a marked upward trend with increasing silt proportion. 
Under the T5 treatment (100% silt), bulk density 
increased by 440% compared to T1 (100% vermiculite). 
Conversely, the total porosity showed a significant 
downward trend, with T5 showing a reduction of 
290.68% relative to T1. For chemical properties, the pH 
of the substrates increased significantly with the addition 
of aquatic silt. The pH under T5 was 14.49% higher 
than that of T1. In contrast, electrical conductivity (EC) 
demonstrated a declining trend, with a 50% decrease in 
T5 compared to T1. The contents of available nutrients, 
including alkaline hydrolyzable nitrogen (AN), available 
phosphorus (AP), and available potassium (AK), 
significantly increased with higher silt proportions.

Table 1. Germination of turfgrass seeds after addition of aquatic silt.

Table 2. Characteristics of changes in the growth of turfgrass seedlings after the addition of silt.

Treatments Germination rate/% Germination potential/% Germination index Root length/cm

CK 100.00 56.67±3.47d 1.05±0.06b 3.69±0.04d

T1 100.00 63.33±2.55cd 1.07±0.08b 3.71±0.03d

T2 100.00 76.67±2.55ab 1.23±0.05b 3.75±0.06d

T3 100.00 73.33±3.47bc 1.32±0.08b 4.73±0.09c

T4 100.00 83.33±4.19ab 1.59±0.06a 5.09±0.18b

T5 100.00 86.67±2.55a 1.67±0.11a 5.55±0.21a

Note: Different lowercase letters within the same row indicate significant differences at P<0.05.​

T1 T2 T3 T4 T5

Seedling rate/% 100.00±2.40a 100.00±2.40a 63.33±1.15b 43.33±1.15c 30.00±3.53d

Height/cm 17.31±2.13ab 19.33±1.20a 15.09±0.85bc 12.99±0.18cd 9.26±0.70d

Chlorophyll content/SPAD 10.67±0.57c 31.87±1.42a 22.87±0.54b 20.23±0.31b 8.27±0.88c

Root length/cm 7.21±0.29b 12.63±0.52a 7.24±0.57b 4.48±0.41c 4.11±0.59c

Aboveground dry weight/g 0.07±0.02a 0.09±0.01a 0.05±0.00a 0.07±0.01a 0.04±0.01b

Belowground dry weight/mg 1.73±0.00b 3.70±0.01a 2.10±0.02ab 1.37±0.05b 1.73±0.05b

Note: Different lowercase letters within the same row indicate significant differences at P<0.05.​
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Effects of Aquatic Silt Leachates on 
Turfgrass Seedling Growth

Hydroponic experiments were conducted using 
leachates prepared from the substrates to verify 
the influence of the physicochemical properties of 
cultivation substrates on turfgrass seedling growth.  
The results of seedling growth indicators are shown in 
Fig. 2.

As the proportion of aquatic silt in the cultivation 
substrate increased, the leachates promoted seedling 
growth more effectively. Significant increases were 
observed in plant height (Fig. 2b), root length (Fig. 2d), 
above-ground dry weight (Fig. 2e), and below-ground 
dry weight (Fig. 2f) under higher silt proportions. 
Specifically, the T5 treatment (100% aquatic silt) 
exhibited significantly higher values for all four 

Correlation Analysis

Significant differences in the growth performance 
of turfgrass seedlings were observed among the 
treatments. To elucidate the underlying factors, a 
correlation analysis was conducted between seedling 
growth indicators and the physicochemical properties 
of the cultivation substrates. The results are presented 
in Fig. 1. The total porosity and electrical conductivity 
(EC) of the substrates showed positive correlations 
with seedling growth indicators and were significantly 
associated with emergence rate and plant height.  
In contrast, bulk density, pH, alkaline hydrolyzable 
nitrogen (AN), available phosphorus (AP), available 
potassium (AK), and organic matter content exhibited 
negative correlations with the growth indicators of 
turfgrass seedlings.

T1 T2 T3 T4 T5

Bulk density/(g·cm-3) 0.20±0.01e 0.44±0.02d 0.64±0.01c 0.83±0.02b 1.08±0.01a

Total porosity/% 131.27±0.98a 104.90±0.45b 82.43±0.21c 60.95±0.44d 33.60±0.99e

pH 6.76±0.09d 7.03±0.04c 7.25±0.00b 7.47±0.04b 7.74±0.09a

EC/(μS·cm-1) 0.09±0.01a 0.08±0.00ab 0.07±0.00ab 0.07±0.00ab 0.06±0.01b

AN/(mg·kg-1) 0.00±0.00e 76.37±1.61d 141.43±0.01c 203.66±1.57b 282.86±3.55a

AP/(mg·kg-1) 0.00±0.00e 10.99±0.27d 20.37±0.00c 29.33±0.26b 40.73±0.60a

AK/(mg·kg-1) 0.00±0.00e 64.89±5.26d 120.17±9.25c 173.04±8.14b 240.33±9.60a

Note: Different lowercase letters within the same row indicate significant differences at P<0.05.​

Table 3. Physical and chemical properties of cultivation media.

Fig. 1. Analysis of key factors influencing the growth of turfgrass seedlings.
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indicators compared to T1 (100% vermiculite) (P<0.05). 
Compared to T1, the improvements under T5 were 
56.70% for plant height, 37.69% for root length, 103.92% 
for above-ground dry weight, and 156. % for below-
ground dry weight.

Discussion

Among various types of organic waste, aquatic silts 
are unique in terms of both physicochemical properties 
and potential for agricultural resource utilization [25]. 
From a physical perspective, aquatic silts typically 
have high bulk density and low porosity. These 
characteristics are unfavorable for root growth if silts 
are directly used as planting soils [26]. Additionally, 
industrial activities and human interventions contribute 
to the presence of harmful heavy metals in aquatic 
silts, limiting their application in agricultural and 
forestry fields [27]. According to the China agricultural 
industry standard NY/T 525-2021 Organic Fertilizer, 
silts are not listed as suitable raw materials for organic 
fertilizer production. This exclusion is based on safety 
concerns, as heavy metals and other toxic substances 
pose direct threats to human health [28]. Consequently, 
materials such as silt, fly ash, and steel slag are not 
permitted for organic fertilizer production. However, 
the national standard governing the composition and 
safety of organic substrates used in landscaping projects  
and the forestry industry standard that regulates the 
quality and application standards of organic substrates 
for forestry and ecological landscaping do not impose 
similar restrictions. Therefore, using aquatic silt in 
green turf substrates appears feasible from a regulatory 
standpoint.

The resource utilization of organic waste in 
landscaping has become a key focus, aiming to promote 
sustainability and reduce environmental risks. When 
effectively treated and transformed, organic waste can 
become a valuable resource for supporting plant growth 
while reducing reliance on non-renewable materials. For 
instance, compost derived from kitchen waste has been 
successfully used in several projects to produce green 
substrates, enhancing soil fertility and significantly 
improving the growth of turfgrass and landscaping 
plants. Additionally, agricultural waste, such as rice 
husks and straw, has been processed into organic 
substrates that improve soil structure and provide better 
plant moisture and nutrient conditions [18, 29]. After 
undergoing high-temperature composting, sewage 
sludge has also been widely applied in green substrate 
production, offering an economical and effective 
solution for urban landscaping while minimizing 
the environmental pollution risks associated with 
untreated sludge [30]. This approach not only alleviates 
the environmental burden of waste disposal but also 
prevents the release of toxic substances into ecosystems, 
thereby reducing potential risks to human health. 
Organic waste in landscaping enhances soil quality, 
promotes vegetation establishment, and contributes to 
circular economy practices. These examples further 
highlight the potential of organic waste as a versatile 
and eco-friendly material for developing sustainable 
green infrastructure.

This study investigated the effects of aquatic silt and 
vermiculite mixtures on the germination and growth of 
turfgrass seeds. The results showed that adding aquatic 
silt significantly promoted seed germination, as indicated 
by improved root length, germination potential,  
and germination index. The germination index under  

Fig. 2. Germination of turfgrass seeds under different leaching solution treatments.
Note: Different lowercase letters indicate significant differences at P<0.05.
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the 100% silt treatment (1.67) far exceeded the minimum 
threshold (0.65) specified in the GB/T 33891-2017 
standard. However, only the 25% silt + 75% vermiculite 
mixture significantly enhanced growth indicators 
when evaluating seedling growth. Higher proportions 
of silt (>25%) inhibited seedling growth. The 
correlation analysis between seedling growth and the 
physicochemical properties of cultivation substrates 
(Fig. 1) indicated that bulk density, pH, alkaline 
hydrolyzable nitrogen, available phosphorus, available 
potassium, and organic matter content were negatively 
correlated with seedling growth. Table 3 shows that 
the maximum levels of alkaline hydrolyzable nitrogen 
(282.86 mg·kg⁻¹), available phosphorus (40.73 mg·kg⁻¹), 
available potassium (240.33 mg·kg⁻¹), and organic matter 
(2.16%) were well below the thresholds specified in 
GB/T 33891-2017. Therefore, these factors are unlikely 
to be the primary negative influences on seedling 
growth. Conversely, the bulk density in substrates 
with more than 25% silt exceeded the standard limit of  
0.5 g·cm⁻³ by up to 28% under the T3 treatment. 
Hydroponic experiments using leachates from the 
substrates further elucidated the role of substrate 
properties. Unlike the cultivation substrate experiment, 
where 25% silt was optimal, seedling growth indicators 
in hydroponic experiments improved consistently with 
increasing silt proportion. This discrepancy highlights 
that the high bulk density of substrates, rather than their 
chemical properties, was the primary limiting factor 
affecting seedling growth when aquatic silt was used.

While this study focused primarily on the agronomic 
performance of aquatic silt as a turfgrass substrate 
component, environmental safety remains a critical 
consideration for practical applications. Although 
the silt used was sourced from a site compliant with 
landscaping standards, it is recommended that site-
specific assessments of heavy metals and other 
potential contaminants be conducted prior to large-
scale utilization. To mitigate the risk of leachate 
pollution, especially in open-field landscaping projects, 
strategies such as installing impermeable barrier 
layers, incorporating biochar or zeolite to enhance 
adsorption capacity, and designing controlled drainage 
systems should be implemented. These measures can 
effectively prevent the migration of contaminants into 
surrounding soil and water bodies, ensuring that the 
ecological benefits of silt utilization are realized without 
compromising environmental safety. Future research 
should further explore these engineering and ecological 
safeguards to establish standardized protocols for 
sustainable silt application.

Conclusions

This study investigated the feasibility of using 
aquatic silt mixed with vermiculite as a cultivation 
substrate for turfgrass, aiming to explore its potential 
application in green turf substrate preparation.  

The results demonstrated that a 25% addition of aquatic 
silt to the substrate promoted turfgrass seedling growth 
to some extent. However, silt proportions exceeding 
25% had inhibitory effects on growth. In contrast, the 
leachates from the substrates exhibited increasingly 
positive effects on seedling growth as the proportion of 
aquatic silt increased. The physical properties of aquatic 
silt, particularly bulk density, were identified as the 
critical factors influencing its cultivation effectiveness.

Acknowledgments

This research was supported by the Key Research 
Projects of He’nan Higher Education Institutions (NO. 
24B220005).

Conflict of Interest

The authors declare no conflict of interest. 

References

1.	 LEPPANEN M.T., SOURISSEAU S., BURGESS R.M., 
SIMPSON S.L., SIBLEY P., JONKER M.T.O. Sediment 
Toxicity Tests: A Critical Review of Their use in 
Environmental Regulations. Environmental Toxicology & 
Chemistry. 43 (8), 2024.

2.	 FENG H., XU X., PENG P., YANG C., ZOU H., CHEN 
C., ZHANG Y. Sorption and desorption of epiandrosterone 
and cortisol on sewage sludge: Comparison to aquatic 
sediment. Environmental Pollution. 329, 121663, 2023.

3.	 ARIENZO M., TRIFUOGGI M., FERRARA L., 
DONADIO C., MONDAL P., JONATHAN M.P., 
SARKAR S., TOSCANESI M. Influence of monsoon 
season on heavy metal composition of Hooghly River 
estuary sediments, West Bengal, India. Journal of 
Geochemical Exploration. 248, 107181, 2023.

4.	 JAIN M.S., PAUL S., KALAMDHAD A.S. Interplay 
of physical and chemical properties during in-vessel 
degradation of sewage sludge. Waste Management. 98, 58, 
2019.

5.	 ZHOU X., ZHANG B., LI L. From waste to resource: 
Assessing the feasibility of municipal sludge as a 
fertilizer from a soil and microbial perspective. Chemical 
Engineering Journal Advances. 19, 100630, 2024.

6.	 YANG Z., LIU X., GUO L., CUI Y., LIU T., SHI W., 
LING X. Effect of silt/clay content on shear wave velocity 
in the Yellow River Delta (China), based on the cone 
penetration test (CPT). Bulletin of Engineering Geology 
and the Environment. 81 (1), 1, 2022.

7.	 MAREN D.S.V., YANG M., WANG Z.B. Predicting the 
Morphodynamic Response of Silt-Laden Rivers to Water 
and Sediment Release From Reservoirs: Lower Yellow 
River, China. Journal of Hydraulic Engineering. 137 (1), 
2010.

8.	 TAO L., ZHENQI G., YAN Z., CHEN W.U., LELE 
L., SHENGGUI D. Microstructure Features and the 
Macroscopic Acoustic Behavior of Gassy Silt in the Yellow 
River Delta. Journal of Ocean University of China. 23 (2), 
371, 2024.



ZongYing Zhang, et al.8

9.	 GUO K., YU B., MA Q., LIU S., TAO K., ZHOU B., 
JIANG N. Calcium carbide residue-based material  
for the stabilization of dredged sludge and its use in road 
subgrade construction. Case Studies in Construction 
Materials. 21, e03452, 2024.

10.	 YU L., ZHANG Y., ZHANG Z., YANG J. Conversion 
of recycled sludge waste into high value-added ceramics 
as engineering construction materials: Fabrication, 
characterization and performance evaluation. Chemical 
Engineering Journal. 475, 146509, 2023.

11.	 KWAPINSKA M., PISANO I., LEAHY J.J. Hydrothermal 
carbonization of milk/dairy processing sludge: Fate of 
plant nutrients. Journal of Environmental Management. 
345, 118931, 2023.

12.	UDDIN S., ZAMAN M., MARTíNEZ-GUIJARRO 
K., AL-MURAD M., BEHBEHANI M., HABIBI N., 
AL-MUTAIRI A. Sewage sludge as soil amendment 
in arid soils - A trace metal, nutrient and trace organics 
perspective. Emerging Contaminants. 11 (1), 100420, 2025.

13.	 ELIYAN C., MCCONVILLE J., ZURBRÜGG C., 
KOOTTATEP T., SOTHEA K., VINNERÅS B. Heavy 
metal contamination of faecal sludge for agricultural 
production in Phnom Penh, Cambodia. Journal of 
Environmental Management. 349, 119436, 2024.

14.	 EID E.M., SHALTOUT K.H., ALAMRI S.A.M., 
ALRUMMAN S.A., HUSSAIN A.A., SEWELAM 
N., EL-BEBANY A.F., ALFARHAN A.H., PICÓ Y., 
BARCELO D. Prediction models based on soil properties 
for evaluating the uptake of eight heavy metals by 
tomato plant (Lycopersicon esculentum Mill.) grown  
in agricultural soils amended with sewage sludge. Journal 
of Environmental Chemical Engineering. 9 (5), 105977, 
2021.

15.	 LIU X.Z., ZHENGCHA O. Quantifying effects of 
root systems of planted and natural vegetation on rill 
detachment and erodibility of a loessial soil. Soil & Tillage 
Research. 195, 2019.

16.	 HANSEN D.S., TURCIOS A.E., KLAMT A.-M., WIETH 
C., REITZEL K., THOMSEN M.H., PAPENBROCK J. 
Characterization of biochar produced from sewage sludge 
and its potential use as a substrate and plant growth 
improver. Journal of Environmental Management. 348, 
119271, 2023.

17.	 ARLO L., BERETTA A., SZOGI A.A., DEL PINO 
A. Biomass production, metal and nutrient content in 
sorghum plants grown on soils amended with sewage 
sludge. Heliyon. 8 (1), e08658, 2022.

18.	 WANG C., CHEN R., LU J., CHI H., TANG Y., ZHU X., 
LIU X. Impact of Exogenous Addition of Sulphur Powder 
on the Effectiveness of Kitchen Waste Compost Seedling 
Substrates. Polish Journal of Environmental Studies. 33 
(6), 6389, 2024.

19.	 HUANG Y.Q., HAN X.R., LIANG C.H., ZANG C.Q., 
SHAO R.X., ZENG Y.Q., YANG J.F. Effects of vanillic 
acid on peanut seed germination, seedling growth and 
rhizosphere microflora. Allelopathy Journal. 43 (1), 2018.

20.	LIU Z., GE L., LI S., PAN R., LIU X. Study on the Effect 
of Kitchen Waste Compost Substrate on the Cultivation 
of Brassica chinensis L. Polish Journal of Environmental 
Studies. 32 (5), 4139, 2023.

21.	 PANAGOS P., DE ROSA D., LIAKOS L., LABOUYRIE 
M., BORRELLI P., BALLABIO C. Soil bulk density 
assessment in Europe. Agriculture, Ecosystems & 
Environment. 364, 108907, 2024.

22.	CHANG R., GUO Q., PANDEY P., LI Y., CHEN Q., SUN 
Y. Pretreatment by composting increased the utilization 
proportion of pig manure biogas digestate and improved 
the seedling substrate quality. Waste Management. 129, 47, 
2021.

23.	BURGOS HERNÁNDEZ T.D., SLATER B.K., SHAFFER 
J.M., BASTA N. Comparison of methods for determining 
organic carbon content of urban soils in Central Ohio. 
Geoderma Regional. 34, e00680, 2023.

24.	ULLAH R., ABBAS Z., BILAL M., HABIB F., IQBAL J., 
BASHIR F., NOOR S., QAZI M.A., NIAZ A., BAIG K.S., 
RAUF A., FATIMA L., AKHTAR I., ALI B., ULLAH 
M.I., AL-HASHIMI A., ELSHIKH M.S., ALI S., SAEED-
UR-REHMAN H. Method development and validation for 
the determination of potassium (K2O) in fertilizer samples 
by flame photometry technique. Journal of King Saud 
University - Science. 34 (5), 102070, 2022.

25.	LAHLOU F.-Z., ALNOUSS A., GOVINDAN R., 
HAZRAT B., MACKEY H.R., AL-ANSARI T. Water 
and sludge resource planning for sustainable agriculture: 
An energy-water-food-waste nexus approach. Sustainable 
Production and Consumption. 38, 130, 2023.

26.	WANG K., DU M., WANG Z., LIU H., ZHAO Y., WU 
C., TIAN Y. Effects of bulking agents on greenhouse 
gases and related genes in sludge composting. Bioresource 
Technology. 344, 126270, 2022.

27.	 CUI H., ZHANG X., WANG Y., ZHANG X., LV J. 
Binding characteristics of heavy metal contaminations 
and sewage sludge DOM products: Determination based 
on complexing-variance partitioning analysis. Chemical 
Engineering Journal. 489, 151387, 2024.

28.	AMERIAN M. Risk Assessment of Nitrate and Heavy 
Metals Consumption through Selected Greenhouse Crops 
on Human Health. Journal of Human Environment, & 
Health Promotion. 9 (4), 2023.

29.	 GE L., LIU Z., LIU X., LI S., ZHOU Y., JIA K., YAN L., 
DONG X., PAN R. Suitability Analysis of Kitchen Waste 
Compost for Rice Seedling Substrate Preparation. Polish 
Journal of Environmental Studies. 33 (3), 3115, 2024.

30.	LIN L., QIN J., ZHANG Y., YIN J., GUO G., KHAN M.A., 
LIU Y., LIU Q., WANG Q., CHANG K., MAŠEK O., 
WANG J., HU S., MA W., LI X., GOUDA S.G., HUANG 
Q. Assessing the suitability of municipal sewage sludge 
and coconut bran as breeding medium for Oryza sativa L. 
seedlings and developing a standardized substrate. Journal 
of Environmental Management. 344, 118644, 2023.

 


