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Abstract

Bottom sediments excavated from rivers and water bodies are commonly treated as waste and
stored on waste dumps or open ocean disposal sites. However, the fine-grained bottom sediments
containing substantial amounts of organic matter and macro- and microelements, characterised
by neutral or alkaline reaction, can have a positive effect on the soil properties. The study objec-
tive was to assess the effect of the application of bottom sediments of various origin on physical
and chemical properties of acidic sandy soil. A pot experiment with increasing amounts, such
as 1%, 5%, 10%, and 20% m/m, of three different bottom sediments: (i) sediment from a large
lowland river — the Vistula River, (ii) sediment from the vicinity of a dam on a small lowland
river — the Lupia River and (iii) sediment from a fishpond, was conducted on Haplic Luvisol soil.
The plant grown in the experiment was white mustard. After harvesting the plants, the basic
soil physicochemical properties were determined. The study shows that bottom sediments can
be used in agriculture for the improvement of soil quality, although their effect on the soil
depends on their origin and physicochemical properties. All the analysed bottom sediments
increased soil pH, and decreased the hydrolytic acidity and content of exchangeable aluminium
in the soil. They also improved the sorption properties of the soil. The effect of the analysed
sediments on remaining soil properties depended on their origin. Only sediment from the pond
had a universally positive effect on sandy soil causing an increase in the loam and silt fraction,
water holding capacity, concentration available P, K, and Mg, as well as Corg, Ntot, and Stot
in the soil. The bottom sediment from the Vistula is characterised by low usefulness in terms
of agricultural application for the improvement of the properties of sandy soils, and should
be managed otherwise, e.g. in non-agricultural land reclamation or in construction.
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INTRODUCTION

Bottom sediments are an integral part of the water environment. Exces-
sive accumulation of bottom sediments in rivers and water bodies results
in a decrease in their depth and retention volume, makes navigation diffi-
cult, and disturbs the functioning of water ecosystems (Renella 2021). There-
fore, measures are taken systematically, involving the deepening of water
bodies and removal of the accumulated bottom sediments. Such practices
entail production of high amounts of excavated sediments, reaching approxi-
mately 300 million m® annually in Europe alone. The excavated sediments
are commonly treated as waste and stored on waste dumps or open ocean
disposal sites (Bose, Dhar 2022, Crocetti et al. 2022). The physical properties
and chemical composition of bottom sediments are affected by all natural
and anthropogenic processes occurring directly in the water environment as
well as throughout the catchment area (Luvai et al. 2022). They are usually
fine-grained or even extremely fine-grained materials mostly comprising fine
sands, silt, and clay particles. Due to this they have the capacity for retai-
ning organic and inorganic, natural and anthropogenic substances (Ferrans
et al. 2001, Tomeczyk-Wydrych, Swiercz 2021). The decision on how bottom
sediments are to be handled should be preceded by a detailed analysis
of their physicochemical properties, and particularly the determination of the
concentration of toxic substances (Ferrans et al. 2019, 2022, Koniarz et al.
2022, Luvai et al. 2022, Szara-Bak et al. 2023). Bottom sediments are broadly
used in various sectors of the economy, such as: construction, energy engi-
neering, civil engineering, agriculture and horticulture, and reclamation
of degraded land (Canet et al. 2003, Renella 2021, Bose, Dhar 2022,
Gmitrowicz-Iwan et al. 2023).

Fine-grained bottom sediments containing substantial amounts of organic
matter and macro- and microelements necessary for plants, characterised
by neutral or alkaline reaction, have a positive effect on the soil structure.
Their sorption properties can therefore be employed for the improvement
of the physicochemical properties of soils, particularly acidic sandy soils,
by increasing their fertility (Canet et al. 2003, Tarnawski et al. 2015, Baran
et al. 2019, Koniarz et al. 2022, Gmitowicz-Iwan et al. 2023).

One of the problems limiting the possibilities of environmental use
of bottom sediments is the presence of toxic substances that they may con-
tain, such as heavy metals, polycyclic aromatic hydrocarbons, or polychlori-
nated biphenyls (Mattei et al. 2016, Ferrans 2019, 2022, Koniarz et al. 2022,
Sojka et al. 2023). According to many authors, however, the application
of bottom sediments poses no environmental threat, either for the soil or for
cultivated plants (Canet et al. 2003, Tarnawski et al. 2015, Baran et al.
2019, Kazberuk et al. 2021, Szara-Bak et al. 2023). It therefore appears that
the agricultural application of contaminated bottom sediments is the best
way of their use.



1275

The objective of the paper was to make an assessment of the effect
of application of bottom sediments of various origins (sediment from a large
lowland river, sediment from a small lowland river, sediment from a fish-
pond) on changes in physical and chemical properties of acidic sandy soil.

MATERIALS AND METHODS

A pot experiment was conducted in 2018-2019, in a greenhouse of the
Experimental Station of the Institute of Agriculture of the Warsaw Universi-
ty of Life Sciences in Skierniewice (51°57'562.9"N 20°10'05.5" E). Pots were
filled with a volume of 10 kg of dry mass of soil. The experiment was estab-
lished on soil of the Haplic Luvisol type (IUSS Working Group WRB 2015)
with the grain composition of weakly loamy sand, supplemented once (in 2018)
with increasing amounts corresponding to 1%, 5%, 10%, and 20% m/m of three
different bottom sediments:

1) sediment from a large lowland river, the Vistula River, sampled in the

territory of Warsaw (N 52°12’°38.16” E 21°5’35.879"),

2) sediment collected from the vicinity of a dam on a small lowland

river, the Lupia River, sampled in Skierniewice (N 51°51'50.868"
E 20°07'32.102"),

3) sediment from a fishpond (Experimental Station of the Warsaw Univer-

sity of Life Sciences in Zelazna N 51°51'838" E 20°07'176").

Control was an object with no bottom sediments applied. The experiment
involved no mineral fertilisation. The plant cultivated in the experiment was
white mustard (Sinapis alba). During the experiment, the pots were watered
with redistilled water up to 60% of full water capacity of the soil. The expe-
riment was conducted in three repetitions, and covered 39 pots.

Before the establishment of the experiment, soil and bottom sediment
samples were collected to determine their physicochemical properties. Soil
and bottom sediment samples were dried at room temperature and sieved
through 2 mm mesh. The grain fractions were determined in accordance
with the aerometric Cassagrande method modified by (PN-ISO-11277:2005).
The following fractions were determined: sand (0.05-2.0 mm), silt
(0.002-0.05 mm), and loam (<0.002 mm). Moreover, soil and bottom sediment
samples were subject to pH determination after extraction in 1 mol dm KCl,
soil:solution ratio 1:2.5, (ISO 10390:2005), organic carbon content (Corg),
total nitrogen (Ntot), and total sulphur (Stot) with the application of a Vario
Macro Cube CHNS elemental analyser (Elementar, Germany). The contents
of bioavailable forms of phosphorus and potassium were determined by the
Egner-Riehm DL method (PN-R-04023:1996, PN-R-04022:1996+Az1:2002),
and magnesium by the Schachtschabel method (PN-R-04020:1994+Az1:2004).
Properties of the soil and bottom sediments before the establishment of the
experiment are presented in Table 1.
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Table 1
Soil and bottom sediments properties
Specification Unit Bottom sediment

soil river dam pond
Sand (0.05-2.0 mm) 72 90 86 65
Silt (0.002-0.05 mm) (%) 21 6 10 28
Clay (<0.002 mm) 7 4 4 7
pH - 5.210 7.620 6.600 6.370
Corg 7.200 2.700 4.400 15.60
Ntot (g kgh) 0.700 0.300 0.400 1.400
Stot 0.021 0.009 0.032 0.083
P 39.21 2.270 21.05 32.63
K (mg kg?) 72.11 230.0 350.9 2095.4
Mg 49.41 130.2 212.8 411.6

After harvesting mustard plants from all pots, soil was sampled for ana-
lyses. After drying and sieving the samples through 2 mm mesh, the follow-
ing was determined: pH, Corg, Ntot, Stot (the analyses enabled the determi-
nation of the C/N and C/S ratio), and the content of bioavailable forms of P,
K, and Mg by means of the same methods as in the case of soil and sediment
samples analysed prior to the experiment. The following was also determined
in the soil: water holding capacity (WHC) using the Bichner funnel method
(Veihmeyer, Hendrickson 1949) with some modifications (Koide et al. 2015,
Amin 2023), hydrolytic acidity (HA) by means of the Kappen method, content
of exchangeable aluminium (Al*") after extraction in 1 mol dm* KCI at a ratio
of 1:10, content of base exchangeable cations Ca?", Mg?, K*, Na* after extrac-
tion in 1 mol dm® ammonium acetate (NH,OAc) at pH 7. Then, the following
were calculated: sum of base cations (TEB), cation exchange capacity (CEC),
and degree of saturation of the sorptive complex with base cations (BS).

For the evaluation of the effect of bottom sediments on the analysed soil
properties, multi-way analysis of variance (ANOVA) was applied at a signi-
ficance level p<0.05, with the use of Statistica ver. 13.3 software (TIBCO,
Software INC., Palo Alto, USA). The factors examined in the experiment
were: 1) type of bottom sediment (river sediment, dam sediment, and pond
sediment), and 2) bottom sediment dose (1%, 5%, 10%, and 20% w/w).
The assessment of the significance of differences between mean values and
determination of homogenous subsets employed the Tukey’s test.
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RESULTS AND DISCUSSION

The effect of bottom sediments on soil properties depends on their origin,
physical and chemical properties, and dose of sediment, as well as on the
properties of the soil itself (Tozzi et al. 2019, Birgham et al. 2020, Kiani
et al. 2021, Ferrans et al. 2022, Koniarz et al. 2022, Szara-Bak et al. 2023).
Fertilisation with sediment from the Vistula River and the dam resulted
in an increase in the content of the sand fraction in the soil in comparison
to control (Figure 1).
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Fig. 1. Content of different fractions in the soil after bottom sediment application

The content of the sand fraction increased with an increase in the dose
of bottom sediment from the Vistula River by 6-11%, and by 3-6% after the
application of sediment from the dam. Simultaneously, the use of increasing
doses of these sediments caused a decrease in the content of the silt and
loam fraction in the soil. The application of sediment from the pond led
to an increase in the content of the silt (by 5-10%) and loam fraction
(14-29%) in the soil. Gmitrowicz-Iwan et al. (2023) also evidenced that bot-
tom sediments can be used for the improvement of the grain size composition
of sandy soils. The authors observed that an increase in the dose of bottom
sediment applied on sandy soil was accompanied by an increase in the con-
tent of silt in the substrate and a decrease in the content of sand. Similar
research was conducted by Fonseca et al. (2003). They emphasise that the
application of bottom sediments is particularly recommended on light and
sandy soils. The application of sediments on these soils causes an increase
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in the content of the silt and loam fractions, consequently increasing their
fertility. Excessive doses of sediments with a high content of silt (60-70%)
and loam (10-20%) and low content of sand (10-20%) may worsen the air-
water relations in the soil. On soils with a considerable content of the silt
fraction, bottom sediments should also be used with caution due to the pos-
sibility of worsening their physical properties (Ferrans et al. 2022).

A positive effect of the application of bottom sediments on the grain size
composition of sandy soils is also manifested by some favourable changes
in the remaining soil properties, including the water retention capacity of the
soil (Canet et al. 2003, Gmitrowicz-Iwan et al. 2023). Depending on the pro-
perties and dose of the studied sediments, their application caused various
changes in the water capacity of the soil (Figure 2).
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Fig. 2. Water holding capacity (WHC) of the soil after bottom sediments application;
error bars — standard deviation (SD)

Sediment from the Vistula River containing the highest share of sand
(90%) contributed to a decrease in the water capacity of the soil from appro-
ximately 1% to approximately 5% in comparison to the control object.
The application of sediment from the dam and the pond increased the water
holding capacity of the soil by 0.7 to 7.5% and 3.1-17.5%, respectively,
in comparison to the control object. An increase in the dose of the analysed
sediments caused an increase in the water holding capacity of the soil.
A significant increase in the water retention capacity of loamy sand soil due
to an increase in the doses of bottom sediments was evidenced by Canet
et al. (2003).

Studies by other authors also show that the effect of bottom sediments
on water retention capacity can be variable. Ferrans et al. (2022), assessing
a mixture of compost from green waste and bottom sediments from the
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Malmfjarden Bay, Sweden, as substrate for the cultivation of lettuce (Lactuca
sativa), determined that an increase in the amount of sediment in the mix-
ture causes an increase in water holding capacity, which was related to an
increase in the content of fine particles in the substrate. At a 70% share
of bottom sediment, the water holding capacity was higher by 60% in com-
parison to compost alone. Tozzi et al. (2019), investigating the usefulness
of port bottom sediments as substrate for the cultivation of vegetables,
evidenced that an addition of bottom sediment characterised by sandy loam
(56% sand, 25% silt, 19% clay) to peat-based medium texture (1:1 v/v) resul-
ted in a considerable decrease in the water holding capacity of the substrate.
The amount of easily available water was lower by more than 30% in com-
parison to the control object (peat-based medium).

The analysed bottom sediments were characterised by a higher share
of potassium and magnesium than the soil on which the experiment was
conducted (Table 1). Therefore, in the conditions of their application, a signi-
ficant increase in the content of bioavailable forms of those elements in the
soil was observed in comparison to the control object (Figure 3).

Depending on the type and dose of the bottom sediment, the content
of bioavailable potassium in the soil after the application of sediment from
the river and dam reached from 30 to 60%, and it was 40-80% higher than
in the control object following the application of sediment from the pond.
The content of bioavailable magnesium in the soil after the application
of sediment from the river increased in comparison to the control object by
12-44%, and in the case of sediment from the dam — by 37-76%. In objects
fertilised with sediment from the pond, the content of bioavailable magne-
sium in the soil was 1.7-2.8-fold higher than in control.
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Fig. 3. Content of available forms of phosphorus, potassium and magnesium in soil after
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The content of phosphorus in sediment from the Vistula and from
the dam was lower, and in sediment from the pond it was comparable to the
content in the soil. Therefore, the application of sediment from the pond and
lower doses (1% and 5%) of sediment from the dam did not contribute to
changes in the content of bioavailable phosphorus in the soil. The application
of sediment from the Vistula and from the dam in doses of 10% and 20%
caused a significant decrease in the content of bioavailable phosphorus in the
soil in comparison to control (Figure 3).

Bottom sediments can be a source of macro- and microelements easily
available to plants. Therefore, their application in agriculture can have
a positive effect on soil fertility (Renella 2021). According to studies by vari-
ous authors, however, the content of these elements in sediments depends on
their origin. Gmitrowicz-Iwan et al. (2023), analysing the effect of the appli-
cation of bottom sediment from a dam reservoir, evidenced a significant
increase in the content of bioavailable forms of P, K, and Mg in the soil.
Koniarz et al. (2022), also investigating the possibilities of agricultural use
of bottom sediments from another dam reservoir, observed a decrease in the
content of bioavailable phosphorus and potassium in the soil with an
increase in the dose of bottom sediment. According to Urbaniak et al. (2020),
the application of bottom sediment from a river resulted in discrepancies
similar to those in our research. They determined a double decrease in the
content of phosphorus and a significant increase in the content of potassium
in the soil. Kiani et al. (2021, 2023) documented that sediments removed
from eutrophic lakes are rich in phosphorus compounds, and their applica-
tion leads to an even three-fold increase in the content of the element
in the soil in comparison to control. The same authors also observed a double
decrease in the content of potassium, and a double increase in the content
of magnesium in the soil.

The effect of the analysed sediments on the content of carbon, nitrogen,
and sulphur in the soil depended both on the type of sediment and its dose
(Table 2).

The application of sediment from the pond had the most positive effect
on the content of these elements in the soil, while sediment from the Vistula
produced the most negative outcome. The application of sediment from
the Vistula, the poorest in terms of content of the analysed element, resulted
in a decrease in the content of Corg by an average of 9%, Ntot by an average
of 30%, and Stot by an average of 50% in the soil in comparison to the con-
trol object. Similar dependencies were observed in changes in the content
of Corg and Ntot in the soil following the application of sediment from the
dam.

The content of Corg decreased by an average of 2.5%, and Ntot by 14%.
The content of sulphur did not change in comparison to the control object.
An increase in the dose of these sediments caused a decrease in the content
of nitrogen in the soil, and the content of sulphur remained unchanged.
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Table 2

Effect of bottom sediments on organic carbon (Corg), total nitrogen (Ntot), total sulphur (Stot),
C/N and C/S ratio in soil

Bottom Dose Corg Ntot Stot C/IN C/S
sediment (%) (g kg)

1 0.690b 0.060c 0.010a 11.50a 69.00e

5 0.670b 0.050b 0.010a 13.40a 67.00e

River 10 0.650ab 0.050b 0.010a 13.00a 65.00e
20 0.610a 0.030a 0.010a 20.33a 61.00d

mean 0.665A 0.0484 0.0104 14.56C 65.50C

1 0.720b 0.070c 0.010a 10.29a 72.00e

5 0.7106 0.060c 0.0206 11.83a 35.50b

Dam 10 0.7006 0.060c 0.0206 11.67b 35.00c
20 0.6806 0.0506 0.030¢ 13.60a 22.67b

mean 0.703A4 0.060B 0.020B 11.85B 41.29B

1 0.850c 0.090d 0.020b 9.440b 42.50c

5 1.070d 0.110ef 0.060d 9.730b 17.83a

Pond 10 1.470e 0.140f 0.120e 10.50¢ 12.25a
20 2.160f 0.190g 0.200f 11.37a 10.80a

mean 1.388C 0.133D 0.100D 10.26A 20.85A

NPK - 0.750B 0.080C 0.040C 9.384 18.75A
Control - 0.720B 0.070B 0.020B 10.294 36.008B

a, b, c... — lowercase letters indicate values when comparing doses of individual bottom
sediments, A, B, C... — uppercase letters indicate the values when comparing the averages for

individual types of bottom sediments, values marked with the same letters are not significantly
different

Similar dependencies were evidenced by Koniarz et al. (2022). According
to the authors, an increase in the dose of bottom sediment from the central
part of a dam reservoir resulted in a decrease in the content of TOC (total
organic carbon) from 3 to 63% in comparison to control, and the content
of nitrogen decreased by 5-68%. Unlike the results obtained in our research,
however, the content of sulphur in the soil after the application of bottom
sediment significantly increased with its dose (Koniarz et al. 2022). Urbaniak
et al. (2020) also observed a decrease in the TOC content in the soil caused
by the application of sediment from the Hudson River.

As a result of the application of sediment from the pond that contained
twice as much Corg and Ntot as the soil, and four times more Stot, while the
content of organic carbon, total nitrogen, and total sulphur in the soil signifi-
cantly increased in comparison to the control object. A significant increase
in the content of C, N, and S in the soil was also observed with an increase
in the dose of the sediment. These dependencies are confirmed by many
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authors (Brigham et al. 2021, Kiani et al. 2021, Ferrans et al. 2022,
Tarnawski et al. 2022, Gmitrowicz-Iwan et al. 2023, Kiani et al. 2023,
Szara-Bak et al. 2023).

Irrespective of the type and dose of the applied bottom sediment, a nar-
row value of the carbon to nitrogen ratio below 20:1 and carbon to sulphur
below 200:1 points to the prevalence of processes of organic matter mineral-
isation in the soil, which increases the bioavailability of nutrients, particu-
larly N and S, for plants (Brust 2019).

The analysed bottom sediments were characterised by reaction varying
from slightly acidic (sediment from the pond), through neutral (sediment
from the dam), to alkaline (sediment from the Vistula). Therefore, their
application in the soil with acidic reaction (pH = 5.21) had a positive effect
on the soil acidification indices, manifested in a significant increase in pH
values and a decrease in the content of exchangeable aluminium in the soil
in comparison to the control object (Table 3). Baran et al. (2019) also showed
that irrespective of the dose of the bottom sediment, the pH value of the soil

Table 3
Soil pH and sorption properties of the soil after bottom sediments application
Bottom Dose pH Al HA TEB CEC BS
sediment (%) _ (cmol(+) kg) (%)
1 5.390a 0.485¢ 2.591b 2.114a 4.706b 44.89a
5 5.420a 0.451¢c 2.463a 2.161a 4.623b 46.75a
River 10 5.640a 0.385a 2.390a 2.173a 4.565a 47.59a
20 6.050b 0.402b 2.235a 2.210a 4.447a 49.77a
mean 5.625B 0.431A 2.420A 2.165B 4.587A 47.25B
1 5.320a 0.452¢ 2.603b 2.142a 4.744a 45.15a
5 5.410a 0.433b 2.751b 2.244a 4.990b 44.89a
Dam 10 5.760a 0.370a 2.236a 2.263a 4.491a 50.33a
20 6.120b 0.391b 2.352a 2.321a 4.675a 49.68a
mean 5.653B 0.411A 2.486A 2.243B 4.725A 47.51B
1 5.36a 0.490c 2.561b 2.335a 4.893b 47.65a
5 5.41a 0.415b 2.416a 2.341a 4.754a 49.26a
Pond 10 5.67a 0.352a 2.612b 2.451b 5.061b 48.42a
20 6.02b 0.331a 2.380a 2.740¢c 5.120b 53.52b
mean 5.615B 0.397A 2.492A 2.467C 4.957A 49.71B
Control — 5.190A 0.522B 2.651A 1.823A 4.472A 40.72A

Al** — exchangeable aluminium, HA — hydrolytic acidity, TEB — total exchangeable bases, CEC
— cation exchange capacity, BS — base saturation,

a, b, ¢ — lowercase letters indicate values when comparing doses of individual bottom sediments,
A, B, C — uppercase letters indicate the values when comparing the averages for individual
types of bottom sediments; values marked with the same letters are not significantly different



1283

significantly increases in comparison to the non-fertilised object. Szara-Bak
et al. (2023), investigating the effect of mixtures of bottom sediment with
waste material, evidenced that an addition of mixtures based on bottom
sediments had a deacidifying effect on the soil, irrespective of the type
or dose of the mixture. Research by other authors also points to the deacidi-
fying effect of bottom sediments and their mixtures with other wastes
(Tarnawski et al. 2015, Tozzi et al. 2019, Martinez-Nicolas et al. 2020,
Urbaniak et al. 2020, Brighman et al. 2021, Ferrans et al. 2022).

Koniarz et al. (2022), who analysed the effect of bottom sediment from
Chechlo Reservoir, evidenced acidic reaction of the analysed sediment
(pH = 5.38-5.52), with no significant effect on an increase in soil pH. Kiani
et al. (2021) showed that the application of bottom sediment from a shallow
eutrophicated lake decreased soil pH. In the conducted study, the content
of exchangeable aluminium in the soil decreased from 17% after the applica-
tion of sediment from the river to 23% in following the application of sedi-
ment from the pond in comparison to the control object. The content of Al**
in the soil decreased with an increase in the dose of the analysed bottom
sediments (Table 3). The positive effect of the application of bottom sedi-
ments on a decrease in the content of exchangeable aluminium in the soil
was demonstrated in earlier research conducted by Kazberuk and Rutkowska
(2019). They showed that after the application of bottom sediment from
a fishpond on soil with pH < 4.5, the content of AI** in the soil decreased
even eight times in comparison to the control object. Bottom sediments are
characterised by high content of organic carbon, and organic matter is com-
monly known to have the ability to limit the activity of exchangeable alumin-
ium in the soil through its transformation to forms with lower mobility, e.g.
organically bound Al and other non-crystalline fractions (Vieira et al. 2008,
Li et al. 2022).

The analysed sediments also had a positive effect on the sorption proper-
ties of the soil by causing a significant increase in the value of total
exchangeable bases in comparison to control, reaching from 19% after the
application of sediment from the pond to 36% following the application
of sediment from the river, and by improving base saturation (from 16 to
22%). Depending on the type of sediment, the hydrolytic acidity value
decreased from 6 to 9%, and the CEC value increased by 2.5-11% in compa-
rison to control. According to Koniarz et al. (2022), the effect of bottom sedi-
ments on the sorption capacity of the soil depends on their grain size compo-
sition, content of organic matter, and acidity. This is confirmed in the our
research, where sediment from the pond, characterised by the highest con-
tent of silt fraction and organic carbon among the analysed sediments, had
the best effect on the sorption capacity of the soil at comparable pH values.
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CONCLUSIONS

The study shows that bottom sediments can be used in agriculture
for the improvement of soil quality, although their effect on the soil depends
on their origin and physicochemical properties.

All the analysed bottom sediments showed a positive effect on the soil
acidification indices by increasing its pH, and decreasing the hydrolytic
acidity value and content of exchangeable aluminium in the soil. They also
improved the sorption properties of the soil. In view of these results,
it appears justified to use such sediments, particularly on acidified soils with
a small capacity of the sorption complex.

The effect of the analysed sediments on remaining soil properties
depended on their origin. Only sediment from the pond had a universally
positive effect on sandy soil with low content of organic matter and nutrients,
causing an increase in the loam and silt fraction, and an increase in the water
holding capacity of the soil, its abundance in bioavailable forms of P, K, and
Mg, as well as an increase in the content of Corg, Ntot, and Stot in the soil.

The application of sediment from the river and dam led to worsening the
grain size composition through an increase in the sand fraction in the soil,
as well as a decrease in the water holding capacity of the soil and content
of bioavailable P, Corg, Ntot, and Stot in the soil.

The results show that bottom sediment from the Vistula River is charac-
terised by low agricultural usefulness for the improvement of properties
of sandy soils, and should be managed in another way, e.g. in non-agricultu-
ral land reclamation or in construction. Sediment from the dam, owing to its
physical and chemical properties, could become an agriculturally useful soil
substrate.

Author contributions

B.R., W.S. — conceptualization, B.R., W.S. — formal analysis, B.R., W.S.,
W.K. — methodology, W.K. — investigation, B.R. — visualization, B.R., W.S.,
W.K. — writing-original draft preparation, B.R. — writing-review and editing.
All authors have read and agreed to the published version of the manuscript.

Conflicts of interest

The authors declare no conflict of interest. The authors ensure that they
have neither professional nor financial connections related to the manuscript
sent to the Editorial Board

REFERENCES

Amin, A.EE.A.Z. (2023) ‘Effects of saline water on soil properties and red radish growth in saline
soil as a function of co-applying wood chips biochar with chemical fertilizers’, BMC Plant
Biology, 23, 382, available: https://doi.org/10.1186/s12870-023-04397-3



1285

Baran, A., Tarnawski, M, and Urbaniak, M. (2019) ‘An assessment of bottom sediment as a source
of plant nutrients and an agent for improving soil properties’, Environmental Engineering
and Management Journal, 18(8), 1647-1656, available: https://doi.org/10.30638/
eemj.2019.155

Bose, B.P., and Dhar, M. (2022) ‘Dredged Sediments are One of the Valuable Resources:
A review’, International Journal of Earth Sciences Knowledge and Applications, 4(2), 324-331,
available: http://www.ijeska.com/index.php/ijeska/issue/view/11

Brigham, R.D., Pelini, S., Xu, Z., and Vazquez-Ortega, A. (2020) ‘Assessing the effects of lake
-dredged sediments on soil health: Agricultural and environmental implications for north-
western Ohio’, Journal of Environmental Quality, 50, 494-503, available: https://doi.
org/10.1002/jeq2.20199

Brust, G.E. (2019) ‘Management strategy for organic vegetable fertility’. In: Biswas, D.,
Micallef, S.A. (Eds.), Safety and Practice for Organic Food. Academic Press, Cambridge,
Massachusetts, 193-212, available: https://doi.org/10.1016/B978-0-12-812060-6.00009-X

Canet, R., Chaves, C., Pomares, F., and Albiach, R. (2003) ‘Agricultural use of sediments from
the Albufera Lake (eastern Spain),” Agriculture, Ecosystems and Environment, 95, 29-36,
available: https://doi.org/10.1016/S0167-8809(02)00171-8.

Crocetti, P., Gonzalez-Camejo J., Li K., Foglia A., Eusebi A.L., and Fatone F. (2022)
‘An overview of operations and processes for circular management of dredged sediments’,
Waste Management, 146, 20-35, available: https://doi.org/10.1016/j.wasman.2022.04.040

Ferrans, L., Jani, Y., Gao, L., and Hogland, W. (2019) ‘Characterization of dredged sediments:
a first guide to define potentially valuable compounds - the case of Malmfjirden Bay,
Sweden’, Advances in Geosciences, 49, 137-147, available: https://doi.org/10.5194/
adgeo-49-137-2019.

Ferrans, L., Jani, Y., and Hogland, W. (2021) ‘Chemical extraction of trace elements from dred-
ged sediments into a circular economy perspective: Case study on Malmfjarden Bay, South
-Eastern Sweden’, Resources, Environment and Sustainability, 6: 100039, available: https://
doi.org/10.1016/j.resenv.2021.100039

Ferrans, L., Schmieder, F., Mugwira, R., Marques, M., and Hogland, W. (2022) ‘Dredged sedi-
ments as a plant-growing substrate: Estimation of health risk index’, Science of the Total
Environment, 846, 157463, available: https://doi.org/10.1016/j.scitotenv.2022.157463

Fonseca, R., Barriga, F.J.A.S., and Fyfe, W. (2003) ‘Dam reservoir sediments as fertilizers and
artificial soils. Case studies from Portugal and Brazil’, In Proceedings Water and Soil
Environments, Biological and Geological Perspectives, Tazaki, K., Ed., Int Symp Kanazawa
University, Kanazawa, Japan, 2003, 5-62.

Gmitrowicz-Iwan, J., Ligeza, S., Pranagal, J., Smal, H., and Wéjcikowska-Kapusta, A. (2023)
‘Improving acidic sandy soil properties for plant growth with dam reservoir sediments
in the face of soaring fertiliser prices’, Soil & Tillage Research, 234, 105843, available:
https://doi.org/10.1016/].sti11.2023.105843

ISO 10390 (2005). Soil Quality — Determination of pH; International Organization for Standar-
dization, Geneva, Switzerland.

ISO 11277 (2020). Soil Quality - Determination of Particle Size Distribution in Mineral Soil
Material — Method by Sieving and Sedimentation; International Organization for Standar-
dization, Geneva, Switzerland.

TUSS Working Group WRB (2015) World Reference Base for Soil Resources 2014, Update 2015.
International Soil Classification System for Naming Soils and Creating Legends for Soil
Maps. World Soil Resources Reports No. 106, Rome, FAO.

Kazberuk, W., and Rutkowska, B. (2019) ‘The impact of a bottom sediment on the reaction and
the content of exchangeable aluminium in a soil’, Polish Journal of Agronomy, 36, 8-16,
available: https://doi.org/10.26114/pja.iung.366.2019.36.02

Kazberuk, W., Szulec, W., and Rutkowska, B. (2021) ‘Use bottom sediment to agriculture —



1286

effect on plant and heavy metal content in soil’, Agronomy, 11, 1077, available: https://doi.
org/10.3390/agronomy11061077

Kiani, M., Raave, H., Simojoki, A., Tammeorg, O., and Tammeorg, P. (2021) ‘Recycling lake
sediment to agriculture: Effects on plant growth, nutrient availability, and leaching’,
Science of the Total Environment, 753, (2021), available: 141984, https://doi.org/10.1016/j.
scitotenv.2020.141984

Kiani, M., Zrim, J., Simojoki, A., Tammeorg, O., Penttinen, P., Markkanen, T., and Tammeorg,
P. (2023) ‘Recycling eutrophic lake sediments into grass production: A four-year field expe-
riment on agronomical and environmental implications’, Science of the Total Environment,
870, 161881, available: http://dx.doi.org/10.1016/j.scitotenv.2023.161881

Koide, R.T., Nguyen, B.T., Skinner, R.H., Dell, C.J., Peoples, M.S., Adler, P.R., and Drohan, P.J.
(2015) ‘Biochar amendment of soil improves resilience to climate change’, GCB Bioenergy,
7, 1084-1091, available: https://doi.org/10.1111/gcbb.12191

Koniarz, T., Baran, A., and Tarnawski, M. (2022) ‘Agronomic and environmental quality
assessment of growing media based on bottom sediment’, Journal of Soils and Sediments,
22, 1355-1367, available: https://doi.org/10.1007/s11368-022-03173-4

Li, K-W., Lu, H-L., Nkoh, J.N., Hong, Z-N., and Xu, R-K. (2022) ‘Aluminum mobilization as
influenced by soil organic matter during soil and mineral acidification: A constant pH
study’, Geoderma, 418, 2022, 115853, available: https://doi.org/10.1016/j.geoderma.2022.
115853

Luvai, A., Obiero, J., and Omuto, Ch. (2022) ‘Physicochemical properties of bottom sediments
in Maruba Dam Reservoir, Machakos, Kenya’, Applied and Environmental Soil Science,
Article ID 2382277, available: https://doi.org/10.1155/2022/2382277

Martinez Nicolds, J.J., Legua, P., Nunez Gémez, D., Martinez Font, R., Hernandez, F.,
Giordani, E., and Melgarejo, P. (2020) ‘Potential of dredged bioremediated marine sedi-
ment for strawberry cultivation’, Scientific Reports, 10(1), 19878, available: https://doi.
org/10.1038/s41598-020-76714-x

Mattei, P., Cincinelli, A., Martellini, T., Natalini, R., Pascale, E., and Renella, G. (2016) ‘Recla-
mation of river dredged sediments polluted by PAHs by co-composting with green waste’,
Science of the Total Environment, 566-574, available: https://doi.org/10.1016/j.scitotenv.
2016.05.140.

PN-R-04020:1994/Az1: 2004. Chemical and agricultural analysis-determination of the content
available magnesium in soil, Polish Committee for Standardization, Warsaw, Poland.

PN-R-04022:1996/Az1: 2002. Chemical and agricultural analysis-determination of the content
available potassium in mineral soil, Polish Committee for Standardization, Warsaw,
Poland.

PN-R-04023: 1996. Chemical and agricultural analysis-determination of the content available
phosphorus in mineral soil, Polish Committee for Standardization, Warsaw, Poland.

Renella, G. (2021) ‘Recycling and reuse of sediments in agriculture: Where is the problem?’,
Sustainability, 13, 1648, available: https://doi.org/ 10.3390/su13041648

Sojka, M., Ptak, M., Jaskula, J., and Krasniqi, V. (2023) ‘Risk assessments of heavy metals
contained in sediments of Polish dam reservoirs’, International Journal of Environmental
Research and Public Health, 20, 324, available: https://doi.org/10.3390/ijerph20010324

Szara-Bak, M., Baran, A., and Klimkowicz-Pawlas, A. (2023) ‘Recycling of bottom sediment
to agriculture: effects on plant growth and soil properties’, Journal of Soils and Sediments,
23, 539-551, available: https://doi.org/10.1007/s11368-022-03363-0

Tarnawski, M., Baran, A., and Koniarz, T. (2015) ‘The effect of bottom sediment supplement

on changes of soil properties and on the chemical composition of plants’, Geology, Geophy-
sics & Environment, 41(3), 285-292, available: https://doi.org/10.7494/geol.2015.41.3.285



1287

Tomezyk-Wydrych, 1., and Swiercz, A. (2021) ‘Methods of management of bottom sediments
from selected water reservoirs — a literature review’, Geologos, 27(2), 127-134, available:
https://doi.org/10.2478/logos-2021-0013

Tozzi, F., Pecchioli, S., Renalla, G., Melgarejo, P., Legua, P., Macci, C., Doni, S., Masciandaro, G.,
Giordani, E., and Lenzi, A. (2019) ‘Remediated marine sediment as growing medium for
lettuce production: assessment of agronomic performance and food safety in a pilot experi-
ment’, Journal of the Science of Food and Agriculture, 99, 5624-5630, available: https://doi.
org/10.1002/jsfa.9815

Urbaniak, M., Baran, A., Szara, M., Mierzejewska, E., Lee, S., Takazawa, M., and Kannan, K.
(2020) ‘Evaluation of ecotoxicological and chemical properties of soil amended with

Hudson river (New York, USA) sediment’, Environmental Science and Pollution Research
217, 7388-7397, available: https://doi.org/10.1007/s11356-019-07354-6

Veihmeyer, F., J., and Hendrickson, A., H. (1949) ‘Methods of measuring field capacity and
permanent wilting percentage of soils’, Soil Science, 68, 75-94.

Vieira, F.C.B., He, Z.L., Bayer, C., Stoffella, P.J., and Baligar, V.C. (2008) ‘Organic amendment
effects on the transformation and fractionation of aluminum in acidic sandy soil’, Commu-
nications in Soil Science and Plant Analysis, 39, 17-18, 2678-2694, available: https://doi.
org/10.1080/00103620802358813



