
HAL Id: hal-04417453
https://normandie-univ.hal.science/hal-04417453v1

Submitted on 26 Jan 2024

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

Distributed under a Creative Commons CC BY 4.0 - Attribution - International License

Testing the Feasibility of Usumacinta River Sediments as a
Renewable Resource for Landscaping and Agronomy

Mazhar Hussain, Daniel Levacher, Nathalie Leblanc, Hafida Zmamou, Irini
Djeran-Maigre, Andry Rico Razakamanantsoa

To cite this version:
Mazhar Hussain, Daniel Levacher, Nathalie Leblanc, Hafida Zmamou, Irini Djeran-Maigre, et al.. Testing
the Feasibility of Usumacinta River Sediments as a Renewable Resource for Landscaping and Agronomy.
Sustainability, 2023, 15 (22), ⟨10.3390/su152215859⟩. ⟨hal-04417453⟩

https://normandie-univ.hal.science/hal-04417453v1
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


Citation: Hussain, M.; Levacher, D.;

Leblanc, N.; Zmamou, H.;

Djeran-Maigre, I.; Razakamanantsoa,

A. Testing the Feasibility of

Usumacinta River Sediments as a

Renewable Resource for Landscaping

and Agronomy. Sustainability 2023,

15, 15859. https://doi.org/

10.3390/su152215859

Received: 17 October 2023

Revised: 30 October 2023

Accepted: 2 November 2023

Published: 11 November 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Testing the Feasibility of Usumacinta River Sediments as a
Renewable Resource for Landscaping and Agronomy
Mazhar Hussain 1,2,*, Daniel Levacher 1,* , Nathalie Leblanc 2 , Hafida Zmamou 2, Irini Djeran-Maigre 3

and Andry Razakamanantsoa 4

1 UMR 6143 CNRS—M2C, Normandie Université, Unicaen, 24 Rue des Tilleuls, 14000 Caen, France
2 UniLaSalle, Université d’Artois, EA7519—Transformations & Agro-Ressources, Normandie Université,

76130 Mont Saint Aignan, France
3 INSA Lyon, Laboratoire GEOMAS, Université Lyon, 69621 Villeurbanne, France
4 Département GERS, Université Gustave Eiffel, 44344 Bouguenais, France
* Correspondence: mazhar.hussain@unilasalle.fr (M.H.); daniel.levacher@unicaen.fr (D.L.)

Abstract: Fluvial sediment recycling in agronomy is a relatively recent development, as sediment
fertilizing potential for crops is unexplored. Freshwater sediments can act as fertilizer and improve
the aeration of soils to increase the yield of crops, support vegetation for landscaping, and provide
protective cover against erosion. This study focuses on the investigation of the agronomic potential of
Usumacinta River sediments. The pH of the sediments is around 8.5, which is slightly alkaline. The
organic matter content is low (5.7%). The sodium absorption ratio is 1.2 and the electrical conductivity
is low (0.02 mS/cm). These values indicate that sediments are nonsaline, which is essential for the
growth of crops and vegetation. The environmental characteristics of sediments show that the heavy
metals, polycyclic aromatic hydrocarbon (PAH), and polychlorinated biphenyl (PCB) pollutants in
sediments are below the recommended thresholds. In addition, sediments from the Usumacinta
River contain minerals such as potassium and iron oxides that are helpful in improving the biological
and nutritional characteristics of the soil. Furthermore, the pH, granulometry, mineralogy, organic
matter, and carbonate contents of the Usumacinta River sediments are similar to agronomic soils. The
Usumacinta River sediment’s potential for agronomy was practically investigated by sowing ryegrass
(Lolium perenne) in a greenhouse by using the local climatic conditions and mixing sediments with
potting soil. Three soil compositions were used to evaluate the germination and growth of ryegrass.
The soil compositions were 100% potting soil (C1), 50% sediments + 50% potting soil (C2), and 100%
sediments (C3). The growth rate of ryegrass was evaluated by monitoring the increase in grass height
and production of fresh biomass. The germination of ryegrass was similar in all three compositions.
The growth of ryegrass and production of fresh biomass were the most significant with 100% potting
soil (0.25 kg/m2), somewhat less with sediment mix (0.18 kg·m2), and were the least significant with
100% sediments (0.05 kg/m2). The mixture of potting soil and sediments shows similar growth to
100% potting soil. The ryegrass seed germination, growth, and production of fresh biomass with
the mixture of sediments gave encouraging results, and underlined the potential of sediments for
soil amendments for agronomy and protective developments, such as limiting riverbank erosion,
gardening, and landscaping.

Keywords: fluvial sediments; sustainable recovery; soil fertilization; riverbank erosion; topsoil

1. Introduction

Sediments are dredged from rivers, lakes, and ports to smoothly run navigation oper-
ations, maintain courses, and control floods. Millions of tons of sediments are generated
annually across the globe. Once dredged, sediments are considered a waste. The land
storage of sediment waste is becoming costly. Therefore, the reuse of sediment helps to
eliminate dredged sediment waste through their valorization in different applications.
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Sediment recovery helps to minimize the burden on natural resources such as sand and
aggregate. The volume of dredged sediments and their characteristics are important for
their recovery and to meet the increasing demands of industry. Every year in France,
50 million m3 of marine sediments are dredged, while 6 million m3 of estuarine sediments
are dredged [1]. In the Rouen and Le Havre regions of France, 6–7 million m3 of dredged
sediments are immersed in the sea [2]. On the other hand, natural resource consumption is
increasing. For example, the construction sector of France consumes around 0.85 billion
tons of sand annually [3].

Sediments near industrial areas and mining sites are often lightly or heavily polluted
and need special attention before their reuse. Pollutants such as heavy metals (Hg, Ni,
Cr, Pb, and Cu) and organic compounds (polycyclic aromatic hydrocarbons (PAHs) and
polychlorinated biphenyls (PCBs)) result from industrial activities in the proximity of
water bodies. The valorization of contaminated sediments is difficult, and is only possible
after their treatment, which removes contaminants [4]. Inert sediments can be recovered
for different applications such as roads, landscaping, backfills, dikes, and construction
materials [5,6]. Sediments can partially or fully replace traditional materials in construction
materials. The agronomic recovery of sediments to improve the structure of soils lacking
nutrients and organic matter is interesting from an ecological and economic viewpoint.
Sediment recovery in development works such as landscaping, the creation of green
areas, the restoration of sites, and the reconstitution of the agronomic soil can be both
an economical and sustainable solution to manage topsoil degradation and sediment
management and recovery [7].

Sediments consist of sand, clay, and silt. Mixing of sediments with soil increases
the aeration of soil by improving soil structure, providing nutrients, and improving the
cation exchange capacity of soils [8]. Agronomic soil’s first 30–40 cm thick layer is usually
rich in organic matter (OM) and suitable for vegetation. However, the overcultivation,
erosion, and compaction of soil and excessive reuse of fertilizers lead to soil degradation
and loss of crop yield, along with environmental drawbacks such as water pollution and
the sedimentation of rivers and streams. Furthermore, the presence of salt in the soil has
an adverse impact on the growth of vegetation, as it becomes hard for plants to absorb
water from the soil [9]. Soils amended with sediments obtain necessary minerals from
sediments, and for these soils, a smaller quantity of commercial fertilizers can be sufficient.
The mixing of sediments and soil improves soil fertility and crop yield and quality, as soils
are enriched by the nutrients in sediments. Nitrogen, phosphorous, and potassium are
some important nutrients that are responsible for plant growth. The micronutrients in soil
and sediments helpful in the growth of plants are Fe, S, Mn, Mg, B, etc. [10]. In addition,
compacted soil’s water-holding capacity can be improved via soil amendment through
mixing with sediments [11].

The potential of sediment reuse in agronomy is highlighted through experimentation
in different research studies, which mixed different percentages of sediments with agro-
nomic soils ranging from 0, 5, 10, and up to 100%. The quantity of sediments depends
on the sediments’ characteristics, cultivation conditions, and types of crops [10,12–14].
Sediments can also be reused for landscaping to build green spaces, embankments, and
walkways. Sediments with suitable characteristics help to stabilize the soil, control erosion,
and support vegetation.

The recovery of sediments as a resource supports the local circular economy of the
region due to their reuse in public works and agronomy, thereby decreasing the use of
quarry sand, soils, and chemical fertilizers. Sediments, once dredged, are considered
waste, and their transportation is costly. In addition, the presence of water in sediments
makes their transportation further complicated. Sediments from urban areas are dumped
in landfills which are usually 20 to 30 km outside the cities. The transportation cost of
sandy sediments through trucks is around USD 0.02 per cubic meter per km [15]. Reusing
sediments in nearby areas reduces transportation and environmental impacts such as
carbon emissions due to reduced distance. Moreover, soils are degraded with continuous
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use of chemical fertilizers. Nutrient (nitrogen, phosphorous, and potassium)-rich sediments
can be used as organic fertilizers to reduce the consumption of chemical fertilizers and save
money. Nikafkar et al. 2023 [16] observed that the economic value of nitrogen, phosphorous,
and potassium in Latian Dam (Iran) sediments is around USD 122, USD 721, and USD 946
per ton, respectively.

The objective of this study was to investigate the characteristics of Usumacinta River
sediments to see their potential for local applications such as agronomy, landscaping, soil
aeration, and erosion prevention for embankments. Agronomic characteristics of Usumac-
inta sediments were investigated followed by mixing with potting soil to sow ryegrass
in the greenhouse. Germination, growth of ryegrass, and production of fresh biomass
were monitored to evaluate the possibility of Usumacinta River sediments recycling in
landscaping and agronomic applications.

2. Materials and Methods
2.1. Usumacinta River Sediments

Usumacinta River sediments were dredged from Jonuta (J) town in the Tabasco state of
Mexico with shovels and buckets and sealed into hermetic barrels of 100 kg. Three sediment
barrels of 100 kg were dredged from the site and transported to the laboratory. The absence
of metropolitan areas, major mining operations, and industrial areas near the dredging sites
makes the sediments less likely to be contaminated, which is the main hurdle for sediments
reuse in agronomy. The sediments’ environmental characteristics were examined through
different tests to see the presence of contaminants. Heavy metals presence in sediments was
observed with inductively coupled plasma/atomic emission spectrometry (ICP/AES) [17].
Polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) were
determined with chromatography and spectrometry using the French standard [18]. Envi-
ronmental characterization was followed by physicochemical and mineralogical analysis to
find the grain size, organic matter, carbonate content, pH, and presence of minerals and
oxides. The grain size of sediments was determined with a laser particle sizer [19]. Organic
matter in sediments was determined by burning the sediments at 450 ◦C after French
recommendations [20]. The percentage of calcium carbonate in sediments was determined
with the Bernard calcimeter method [21]. pH and electrical conductivity of sediments
were measured with pH and conductivity meters conforming to standards [22,23]. The
presence of different minerals and oxide in sediments were observed with X-ray diffraction.
A blue methylene test was also performed to see the presence of clay minerals and the
cation exchange capacity of sediments [24]. Sodium absorption ratio (SAR) was determined
through inductively coupled plasma/atomic emission spectrometry (ICP/AES) by the
quantity of calcium and magnesium in accordance with French recommendations [17]. The
following formula was used to find the SAR value.

SAR =
Na√

0.5 ∗ (Ca + Mg)
(1)

where Na, Ca, and Mg are expressed in mg/kg.

2.2. Potting Soil

Sediments were mixed with commercial potting soil to increase the fertility of sediment–
soil composite and observe the performance of sediments at different mix ratios. The
potting soil used is specially designed for plants and vegetation in homes and lawns
and it has the commercial name of Terreau in France. This soil is high in organic matter
and consists of peat, fibers, compost, and minerals. Figure 1a shows the sediments, and
Figure 1b shows the potting soil used.
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Figure 1. Usumacinta River sediments (a), potting soil (b), and ryegrass seeds (c).

2.3. Rye Grass

Ryegrass has been used in experimental studies to explore the possibility of sediment
reuse in agronomy, landscaping, control of erosion for dykes, etc. [8,10,25]. Ryegrass was
used in this research to evaluate the potential of sediments for agronomy and landscaping.
Ryegrass used in this study has the scientific name Lolium perenne and the commercial name
Gazon Anglais Carrefour. Figure 1c shows the seeds of ryegrass used.

2.4. Greenhouse Testing Conditions

The testing conditions of a greenhouse have a significant influence on the germination
and growth of vegetation. Some important parameters that influence the growth and
germination of ryegrass in the greenhouse are temperature, types of seeds, depth of buried
seeds, the salinity of the soil, and watering of grass [26,27]. Some experimental studies
mix sediments with agronomic soils to grow crops in controlled and field conditions for
a specific time duration ranging from a few weeks to a few months. Experimentation in
controlled conditions allows the regulation of the temperature and relative humidity of the
greenhouse. Table 1 shows the summary of testing conditions observed in the literature for
the recovery of sediment in agronomy.

Table 1. Dredged sediments and cultivation conditions.

Sediments Sediments
(%) Crops Conditions T *

(◦C)
RH **

(%) Time Reference

Lake 75 cm thick layer Ryegrass Farmland - - 243 days [10]
Reservoir 5, 10, 30, 50, 100 Maize Farmland - - 70 days [12]

Lake 0, 10, 20, 100 Soybean Greenhouse 31.5 43.6 123 days [13]
River 0, 10, 25, 50, 75, 100 Cucumber Chamber 25 - 4 weeks [14]
Lake 5, 10, 20 Lettuce Greenhouse - - 2 months [28]

Lake 12–18 inch
layers Corn Farmland - 4 months [29]

Note: * T = temperature; ** RH = relative humidity; 1 inch = 2.54 cm.

Table 1 shows that the percentage of sediments in soil has significant variation and
ranges from 0% to 100%. The temperature of the greenhouse is 25 and 31.5 ◦C, while the
duration of experimentation ranges from a few weeks to a few months.

In this study, Usumacinta River sediments were mixed with potting soil to cultivate
ryegrass. Local climatic conditions of Tabasco, Mexico, were replicated for greenhouse
testing. The temperature of the greenhouse was kept at 30 ◦C, which is similar to the
average local temperature and the temperature used in other studies, as shown in Table 1.
The average relative humidity of the Tabasco region fluctuates between 70% and 90%
throughout the year. The relative humidity of the greenhouse was initially set at 90% and
then decreased to 70%.
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2.5. Soil–Sediment Mix

Usumacinta sediments and potting soils were mixed at different ratios to observe the
sediment’s performance. Mixtures of 100% sediments, 50% sediments, and 0% sediments
were used to evaluate the performance of sediments. Similar mixtures of compositions
have been used in studies for soil amendments and germination of various plants [12,14,30].
Soil and sediment mixtures were filled in plastic containers of size 20 × 20 × 70 cm3 with a
drainage hole at the bottom as shown above in Figure 1a,b.

2.6. Sowing of Ryegrass

Ryegrass seeds were buried at a depth of 3–5 cm in a soil–sediment mixture. Watering
of ryegrass was performed on the first day, followed by watering every week. Growth
and germination of ryegrass were observed for several soil compositions at different time
intervals to evaluate the sediment’s behavior in the soil mix. The height of ryegrass was
measured at continuous intervals to monitor its growth for nearly two months (66 days).
Ryegrass was cut to 5 cm in height after every few days when its height reached 10 cm.
The height of adult ryegrass noted in experimental studies ranges from 30 cm to 40 cm [31].
Variation in fresh biomass obtained by trimming the grass was also observed. Soil composi-
tions with 100% potting soil (C1) (a), 50% potting soil (C2) (b), and 100% sediments (C3)
can be seen in Figure 1a–c.

3. Results and Discussion
3.1. Sediments and Soil

The environmental characteristics of sediments were evaluated by observing the
presence of contaminants and heavy metals. Heavy metal contamination in Usumacinta
sediments is shown in Table 2. Heavy metal contamination is considerably lower than the
recommended threshold (N1, N2) in French standards [32], except for Ni in Table 2. Ni
has resulted from the mining activities upstream of the Usumacinta River in Guatemala.
However, Ni quantity varies with the season, and sediment dredging in dry seasons is
helpful to minimize the percentage of Ni. Organic pollutants such as PAHs and PCBs were
also investigated. Table 2 shows the presence of PAHs and PCBs in Usumacinta River
sediments, which is negligible.

Table 2. PAHs and PCBs values of Usumacinta River sediments [33].

PAHs (mg/kg) J N1 N2 PCB (mg/kg) J Metals (mg/kg) S1 J

Naphtalene 0.002 0.16 1.13 PCB c 28 <0.001 As 30 5.19
Acenaphtylene <0.002 0.02 0.26 PCB c 52 <0.001 Cd 2 <0.4
Acenaphtene <0.002 0.04 0.34 PCB c 101 <0.001 Cr 150 131

Fluorene <0.002 0.02 0.28 PCB c 118 <0.001 Cu 100 20.5
Phenanthene 0.003 0.08 0.59 PCB c 138 <0.001 Hg 1 <0.1
Anthracene 0.004 0.24 0.87 PCB c 153 <0.001 Ni 50 256

Fluoranthene <0.002 0.6 2.85 PCB c 180 <0.001 Pb 100 11.3
Pyrene 0.004 0.5 1.5 Zn 300 40.2

Benzo anthracene <0.002 0.26 0.93
Chrysene <0.002 0.38 1.59

Benzo pyrene <0.002 0.43 1.01
Benzo perylene <0.002 1.7 5.56
Indono pyrene <0.003 1.7 5.56

Note: J = Usumacinta River sediments dredged from Jonuta site; PCB c = PCB congeneric; N1 = level 1 of
contaminants in sediments; N2 = level 2; S1 = threshold of contaminants in soils.

Grain size analysis of Usumacinta sediments shows that these sediments have higher
silt content (around 62%) and are within the category of clayey soil according to GTR
classification [34]. Granulometry has a substantial influence on the porosity, aeration, and
water-retention capacity of sediments [35]. The texture of sediments shows that these
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sediments are silt loam [36]. Usumacinta River sediments are well sorted, with higher
permeability and porosity, which is essential to circulate water and air [37].

The organic content of sediment is 5.7% and they are categorized as low organic
sediments [38]. The higher organic content of the soil increases the fertility of the soil.
The pH value of Usumacinta sediments is 8.5, which indicates that the sediments have
an alkaline nature. However, studies have shown that germination of ryegrass is not
much impacted by pH values between 5 and 10 [27]. The alkalinity of sediments is
usually caused by carbonate minerals. Dolomite and calcite are carbonate minerals in
Usumacinta sediments. The carbonate content of sediments shows that the sediment’s
nature is nonmarly [21]. The electrical conductivity (EC) of Usumacinta sediments is very
low, which is important for plants. Usually, saline soils have higher EC, and the maximum
allowed limit for EC in soils is 1 mS/cm [39].

The study of oxides in sediments is helpful to know their composition and their
behavior in interaction with the soil. Table 3 shows that SiO2, Al2O3, and CaO are the
main oxides in Usumacinta sediments. Silica and alumina are mainly associated with
sand and clay in sediments. In addition, primary nutrients, such as potassium oxide, and
micronutrients, such as iron oxide, are also observed. These nutrients are responsible for the
growth of plants. The sodium absorption ratio (SAR) of sediments was measured with the
quantity of Na, Ca, and Mg in sediments. Table 3 shows that the SAR value of Usumacinta
sediments is around 1.2. The salinity of Usumacinta River sediments was assessed with
sodium absorption ratio (SAR) and electrical conductivity (EC) on the salinity chart [40,41],
which shows that Usumacinta sediments are nonsaline. The salinity of sediments must
be low, as in saline sediments it is difficult for plants to obtain water. The pH value of
Usumacinta sediments is just at the limit between the alkaline and nonalkaline fields.

Table 3. Physicochemical characteristics of Usumacinta sediments and potting soil.

Usumacinta Sediments

J pH OM
(%)

EC
(mS/cm)

CaCO3
(%)

Clay
(%)

Silt
(%)

Sand
(%)

CEC
(meq/100g)

8.5 ± 0.1 5.7 ± 0.2 0.02 ± 0.0 8.5 ± 0.2 13.4 ± 0.0 62.5 ± 2.2 24.1 ± 2.3 35.7 ± 1.5

Oxides and SAR of Sediments

J SiO2
(%)

Al2O3
(%)

CaO
(%)

TiO2
(%)

Fe2O3
(%)

K2O
(%)

Na
(mg/kg)

Ca
(g/kg)

Mg
(g/kg)

SAR
(-)

56.3 ± 1.4 16.1 ± 2.1 6.4 ± 0.5 1.9 ± 0.3 16.1 ± 2.8 2.6 ± 0.7 241.0 ± 27.0 59.8 ± 5.1 15.4 ± 0.5 1.2 ± 0.1

Note: ± in the table indicates the standard deviation; J = Jonuta sediments; OM = organic matter; EC = electrical
conductivity; SAR = sodium absorption ratio; CEC = cation exchange capacity.

The presence of minerals in Usumacinta River sediments was observed with XRD.
Clay and carbonate minerals are some important minerals for sediment reuse in agronomy.
Table 4 shows the presence of different minerals in the Usumacinta River sediments.

Table 4. Minerals in Usumacinta River sediments.

Sediment Mnt
(%)

Ilt
(%)

Vrm
(%)

Kao
(%)

Qz
(%)

Cal
(%)

Dol
(%)

Bt
(%)

Crs
(%)

Or
(%)

Ano
(%)

Ab
(%)

Others
(%)

J 10 ±
0.7

6.4 ±
1.5

17.1
± 0.4

4.9 ±
0.2

21.4 ±
1.3

2.2 ±
0.7

10.1
± 2.2

7 ±
0.1

1.6 ±
0.6

5.3 ±
0.4

9.6 ±
1.7

4.3 ±
0.3

5 ±
2.8

Note: Mnt = montmorillonite; Ilt = illite; Vrm = vermiculite; Kao = kaolinite; Qz = quartz; Cal = cal-
cite; Dol = dolomite; Bt = biotite; Crs = cristobalite; Or = orthoclase; Ano = anorthoclase; Ab = albite;
Others = nonidentified minerals.

Table 4 indicates that the main clay minerals in Usumacinta sediments are montmoril-
lonite, illite, vermiculite, and kaolinite, while calcite and dolomite are the main carbonates.
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Vermiculite is water-sensitive clay and exhibits swelling on interaction with water, while
kaolinite is dimensionally stable and less sensitive to water [42]. Clay minerals constitute
nearly 38% mass of sediments; they typically contain the nutrients necessary for plant
growth and are suitable for soil that has experienced erosion [43]. The pH of Usumacinta
sediments is 8.5, while their texture is silty. The literature on sediment reuse in agronomy
shows that the pH value of sediments used for agronomic applications ranges from 7 to 9.9,
while the texture of sediments varies from sandy to clayey [8].

Usumacinta River sediments were mixed with potting soil specially designed for
agronomic applications and rich in organic matter. The characteristics of the potting soil
are summarized in Table 5.

Table 5. Characteristics of potting soil and sediments.

Soil Dry Matter
(%) OM (%) EC

(mS/cm) WRC (mL/L) pH

Potting soil 38.0 72.0 0.36 780 6.5
J4 sediments 78.1 5.7 0.02 - 8.5

Note: WRC = water-retention capacity; OM = organic matter; EC = electrical conductivity.

The conductivity of potting soil is similar to the Usumacinta River sediments; however,
the amount of organic matter is very high. The pH value of the soil is lower than the
sediments and it has a slightly acidic nature.

3.2. Germination and Growth of Ryegrass

Ryegrass was cultivated in the greenhouse at controlled conditions. The germination
of ryegrass seeds started on day 4; however, complete germination happened on day 5.
Different treatments, i.e., 100% potting soil (C1) (a), 50% potting soil (C2) (b), and 100%
sediments (C3) (c), and germination of ryegrass are shown in Figure 2.
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The growth of ryegrass increases with increasing time. The increase in grass height
was observed for nearly two months in the greenhouse. Variation in ryegrass height with
time is shown in Table 6.
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Table 6. Ryegrass growth with time.

Days hC1 (cm) hC2 (cm) hC3 (cm)

0 0 0 0
5 Germination Germination Germination
9 4 3 3 to 4
12 7 6 4 to 5
15 9 7 5 to 6
17 11 * 10 * 6 to 7
19 8 7 6 to 7
22 15 * 13 * 7 to 9
23 7 6 9 to 11 *
24 11 * 10 * 5 to 6
27 9 8 7 to 8
29 12 * 11 * 9 to 10
36 14 * 12 * 10 to 11 *
38 9 8 5 to 6
43 16 * 15 * 6 to 7
45 8 7 7 to 8
47 13 * 12 * 9 to 11 *
55 12 * 11 * 6.5
60 9 9 7.5
66 12 * 11 * 7.5

* At this height, ryegrass was cut to the height of 5 cm.

Table 6 shows that the germination of ryegrass started on day 5. The height of grass
increased with increasing time and the maximum standard deviation of height measure-
ment was 9%. The height of ryegrass was considerably lower with the C3 composition in
which 100% sediments were used. The height of ryegrass was at the maximum with 100%
potting soil having the C1 composition. A higher increase in the height of ryegrass in the
C1 mixture was because industrial soils are expressly fabricated to improve the soil quality
as they are rich in nutrients and organic matter and have higher conductivity. Therefore,
100% sediments had low growth in comparison with the C1 mixture. The addition of
sediments in potting soil improved the performance of the mixture, as ryegrass height and
seed germination were nearly similar in the mixtures C1 and C2. This observation shows
that agronomic and saline soils (topsoil layer) can be replaced with dredged sediments to
improve the quality of soils and increase crop yield.

Ryegrass height was reduced to 5 cm when it surpassed the threshold of 10 cm at
different time intervals. The mass of fresh ryegrass biomass was measured to observe the
variation in biomass production with different compositions. Table 7 shows the yield of
biomass of ryegrass for several ryegrass cuttings with different compositions at various
time intervals.

Table 7. Ryegrass biomass yield at different cuttings and final height.

Yield of Ryegrass (g)

Cutting 1 2 3 4 5 6 7 8

Composition C1 8.27 9.34 10.6 11.24 38.4 24.3 11.72 34.41
Composition C2 6.25 9.75 7.85 9.83 27.83 21.06 8.79 26.3
Composition C3 3.49 5.06 6.88 - - - - -

The final height of ryegrass and biomass yield

Composition Mass (g) Average height (cm) Yield (kg/m2)

Composition C1 34.41 11.5 ± 0.5 0.25 ± 0.018
Composition C2 26.3 11.5 ± 0.5 0.18 ± 0.014
Composition C3 6.88 7.5 ± 0.5 0.05 ± 0.006
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Table 7 shows that the yield of ryegrass was maximum with the composition C1. The
yield of biomass of ryegrass with 100% potting soil (C1) and 50% potting soil + 50% sedi-
ments (C2) was considerably higher than the biomass yield with 100% sediments (C3). This
trend is similar to the height variation of ryegrass shown in Table 6. Kiani et al. (2021) [25]
investigated the biomass yield of ryegrass by using dredged sediments. Its value was
around 0.5 kg/m2 after 63 days and 2.88 kg/m2 after 243 days. Ryegrass yield with
Usumacinta sediment compositions C1, C2, and C3 was 0.25, 0.18, and 0.05 kg/m2 at
66 days. The lower yield with Usumacinta River sediments compositions is because rye-
grass in the present study was cut every 2 to 3 days when it reached 10 cm in length, while
Table 7 shows the final ryegrass yield after cutting at 66 days. Additionally, the type of
sediments, watering, and plant seeds change the growth of plants significantly.

Agronomic recovery of dredged sediments has some drawbacks as the presence of
contaminants in dredged sediments can lead to serious ecological challenges and health
problems [4]. Sediments have a heterogeneous nature; therefore, recovery of sediments
needs extensive characterization before their reuse in agronomy and landscaping applica-
tions. In addition, mixing higher volumes of sediments with agronomic soils may adversely
affect soil structure if sediments and existing soils are not compatible.

4. Conclusions

In this study, the agronomic characteristics of Usumacinta River sediments were exam-
ined for their reuse in agronomy and landscaping. The physicochemical and mineralogical
properties of Usumacinta River sediments are similar to those of agricultural soils. These
sediments have an alkaline nature with a pH value of 8.5. The percentage of fine particles
(clay) in sediments is around 13%. The organic matter of sediments is low and its value is
5.7%. Usumacinta sediments have a nonsaline nature, as their electrical conductivity and
sodium absorption values are considerably low. Environmental parameters of sediments
indicate that heavy metals and organic contaminants are below the prescribed limits.

Sediment characterization was followed by the cultivation of ryegrass by mixing
soil with potting soil. Three soil–sediment compositions were tested in the greenhouse
at a temperature of 30 ◦C and relative humidity of 70 ◦C. Germination of ryegrass was
alike in all mixtures but the growth of grass was sustainably lower with 100% sediments.
The 50% potting soil replacement with sediments demonstrated comparable growth with
100% potting soil. Additionally, the germination of ryegrass was similar in all three mix-
tures. Growth and germination of ryegrass with different sediments and soil compositions
highlight the prospect of sediments to partially replace commercial soils. They have the
potential to improve the quality of soil and minimize the use of commercial fertilizers, as
the sediments are rich in nutrients such as potassium, iron, etc. Experimental results on
ryegrass seem promising for the use of sediments as a sustainable resource in agronomy
and landscaping.
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