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Abstract

The aim of study was to assess the effect of bottom sediments on the 
concentration of macronutrients (K, P, Na, Mg, Ca) and trace elements (Zn, 
Cd, Pb, Cr, Ni, Cu) in the plant test. The experimental design comprised 6 
treatments: soil (control), soil + 5% of sediment, soil +10% of sediment, 
soil + 30% of sediment, soil + 50% of sediment and sediment (100%) in 
relation to the soil dry mass. The test plant – maize was harvested after 70 
days of vegetation. Bottom sediment added to soil had a positive effect on 
maize biomass in the lowest dose, i.e. 5%. Higher doses of the sediment 
caused a reduction in maize yield. Bottom sediment positively affected 
concentration of nutrients: N, Mg, Na, K, Ca, Zn, Ni, Cu of maize shoots. 
However, the shoot biomass did not meet for fodder with respect to quality. 
Applied bottom sediment, has high content of sandy fractions, acid reaction 
and low concentration of organic carbon, nitrogen, phosphorus and potas-
sium, can not be used as a fertilizer. Using bottom sediment from Narożniki 
reservoir in plant cultivation, one should take into consideration a necessi-
ty of application of supplementary NPK fertilization due to low concen-
tration of these elements both in the bottom sediment and maize yield. 
 
Keywords: bottom sediment, agriculture purpose, pot experiment, macro-
nutrients, trace elements, maize 
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 INTRODUCTION

The construction of dam reservoirs is connected with environmental risk. 
Loss of water storage due to sediment accumulation process within reservoir is 
the one of main factor the negative impact of reservoirs on the aquatic and terres-
trial environment (Fonseca et al. 1998, Szalińska 2011, Walter et al. 2012). Some 
global researches highlight the significance of sediment accumulation process, 
quantifying the erosion load from reservoir watersheds (White 2001, Walter et 
al. 2012). Evaluation of sediments properties is important not only for assess-
ment of water reservoir degradation but also for determining potential applica-
tions of dredged sediment (Baran et al. 2011, 2015, Baran, Tarnawski 2015, Ma-
mindy-Pajany et al. 2011, Perrodin et al. 2006, Urbaniak et al. 2015). Dredging 
of the sediments accumulated in the bottom of the reservoir has been proposed 
to remediate the problem silting (Canet et al. 2003, Popenda et al. 2007, Szalińs-
ka 2011). If the dredged sediement from the reservoirs does not pose a risk for 
the environment, reasonable method of such sediment management is their use 
one agriculture purpose (Canet et al. 2003, Karanam et al. 2008, Baran et al. 
2011, Terziyski et al. 2014). The reuse of sediment in soil restoration improv-
ing their physicochemical properties and therefore increases the productivity of 
soils (Walter et al. 2012). In the literature were found some examples utilization 
of dredged sediments as agricultural amendment (Wiśniowska-Kielian, Niemiec 
2007ab, Jasiewicz et al. 2010, Baran et al. 2010, 2012, Tarnawski et al. 2015, 
Ebbs et al. 2006, Canet et al. 2003, Kaczmarski, Jasiewicz 2013, Fonseca et 
al. 2003, Wyrwicka et al. 2014). There are also indicated that sediments rich in 
nutrients (NPK), organic carbon and microbial activity can be use as a fertilizer 
substitutes for crop production (Karanam et al. 2008).

The aims of study were: 1) to determine properties of bottom sediments 
from Narożniki reservoir as soil amendment or fertilizer, 2) to assess the effect 
of bottom sediments on the concentration of macronutrients and trace elements 
in the plant test.

 MATERIALS AND METHODS

Physico-chemical properties of bottom sediments 

The water reservoir in Narożniki is situated on the Dęba stream (Małopol-
skie Voivodeship) (Figure 1). 

The characterization of reservoir was detailed described in Michalec et al. 
(2006), Koniarz et al. (2015), Baran et al. (2015). The bottom sediments were 
sampled within the three zones (from the 0-15 cm layer) of the reservoir: inlet, 
middle and outlet using an Ekman sampler. In order to average the material, 6 
samples were taken from each of the above mentioned zones and mixed to form 
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the final average sample. Selected physico-chemical properties of sediment were 
presented in Table 1. The dominant grain size fraction in sediment was sand – 
86%. The sediment was characterized by acid reaction, low content of organic 
carbon and bioavailable phosphorus and potassium (Table 1). The trace elements 
concentration in bottom sediments was assessed on the basis of IUNG criterion 
and the Regulation of the Minister of the Natural Environment of 9 September 
2002 on the soil and ground quality standards (Kabata-Pendias et al. 1995, Jour-
nal of Laws 2002, no 165, item 1359). Trace elements concentrations in the sedi-
ment did not exceed the permissible content for the soil from grounds B (Journal 
of Laws 2002, no 165, item 1359). According to IUNG assessment the analysed 
material revealed natural concentrations of trace elements. 

Figure 1. Localization of the reservoir and 3 station samples

Scheme of pot experiment

The pot experiment was conducted on soil with granulometric structure 
of loamy sand, neutral pH and organic matter content of 16.0g ∙ kg−1 (Table 1). 
The experimental design comprised 6 treatments in three replicates (n = 18): soil 
(control), soil + 5% of sediment, soil +10% of sediment, soil + 30% of sediment, 
soil + 50% of sediment and sediment (100%) in relation to the soil dry mass. The 
same NPK fertilization, dosed respectively 1g N, 0.4g P and 1.1g K per pot (6 kg 
of soil d.m.) was used in all treatments. The test plant was maize, Bora c.v. The 
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test plant was harvested after 70 days of vegetation. During the vegetation period 
the plants were watered with de-mineralized water and constant moisture of the 
substratum was maintained, initially on the level of up to 50% and then up to 
60% of maximum water capacity. After the harvest the plant material was dried 
at 65oC in a dryer with forced air flow and the amount of dry mass yield was 
determined (the shoots and roots). Subsequently the plant material was crushed 
in a laboratory mill and subjected to chemical analysis. Concentrations of mac-
roelements (K, P, Na, Mg, Ca) and trace elements (Zn, Cd, Pb, Cr, Ni, Cu) were 
assessed in the plant material using ICP-OAS method after dry mineralization 
and dissolving the ash in HNO3 (1:3). Nitrogen content was determined using 
Kjeldahl distilling method. The obtained results were verified statistically using 
one factor ANOVA and Tukey test at significance level α < 0.05 using Statistica  
11 software.

Table 1. Properties of bottom sediment and soil

Materials Granulometric  
composition pHKCl

C N P2O5 K2O
g ∙ kg-1 d.m mg ∙ kg-1 d.m.

Sediment sand 5.0 4.80 0.44 7.68 29.6
Soil loamy sand 6.2 16.0 0.30 180 199

Concentration of trace elements (mg ∙ kg-1 d.m.)
Materials Zn Cu Ni Cr Pb Cd
Sediment 38.3 4.70 5.55 14.1 7.54 0.28

Soil 62.0 18.8 4.15 10.6 29.7 0.68

RESULTS AND DISCUSSION

In the studies was shown a significant effect of sediment to the soil on the 
maize yield (Table 2). Significantly highest shoots and whole plant yield were 
demonstrated for the treatment with a 5% admixture of bottom sediment. The 
highest roots yield was found in the control treatment. The date revealed that 
the applied doses of bottom sediment over 5% decreased maize biomass. On 
treatments with a 100% bottom sediment was found the lowest yield of maize 
(Table 2). In the treatment with 100% of bottom sediment, the yield of shoots 
and roots decreased about 3-fold in compared to the treatment with a 5% bottom  
sediment supplement. 

Maize yield considerably affected on the concentration of microelements 
and trace elements in tested plant. Table 3 shows the effect of the sediments on the 
macronutrient concentrations in maize shoots and roots. In all cases significant  
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effects were found depending on the application dose used. Sediment supple-
ments to soil caused a significant increase in K, Na, Mg, Ca and N, in maize 
shoot and root biomass in relation to the control. In both part of maize, a bot-
tom sediment addition significantly decreased P concentration. In the shoots the 
highest concentration of K, Na and Mg was found in the treatment with a 30% 
supplement of bottom sediment, whereas Ca and N in the treatment with a 100% 
of bottom sediment (Table 3). The highest concentration of K, Na, Mg, Ca and 
N in root biomass was noted on the treatment with a 100% of bottom sediment. 
Assessment of the macroelements distribution in the parts of maize evidenced 
higher mean concentration of nitrogen, potassium, phosphorus in the shoot bio-
mass in comparison with roots, whereas an opposite dependence was registered 
for calcium, magnesium, sodium. 

Table 2. Yield of maize

Treatment
Shoots Roots Whole plant

g ∙ pot-1

Soil (control) 84.1b* 17.4c 101.5c

5% sediment 86.9b 15.3bc 102.2c

10% sediment 78.8b 14.0bc 92.9b

30% sediment 73.5b 11.6ab 85.2b

50% sediment 66.2b 12.8ab 78.9b

100% sediment 29.4a 4.8a 34.2a

*homogenous groups according to Tukey test, α < 0.05

Trace elements concentration in maize shoots and roots were presented in 
Table 4. Sediment supplements to soil caused a significant increase in Zn, Pb, 
Cu, and Ni concentrations in shoot biomass in relation to the control. However, 
bottom sediment addition significantly decreases of concentration of Cr, Pb, Cd 
and Ni in roots biomass in comparison with the treatment without sediment. The 
highest concentration of Zn, Pb, Cu, Ni in shoots was found in the treatment 
with 100% doses of sediment whereas Cr and Cd in the treatment with a 10% 
supplement of bottom sediment. In the root biomass the highest concentration of 
Cr, Pb, Cd and Ni was noted on the control treatment whereas Zn and Cd in the 
treatment with a 50% and 5% doses of bottom sediment respectively. The maize 
roots contained more metals from 1.5 (Zn) to 7.5 (Pb) – fold than that shoots. 

The results from this study suggest that sediment from Narożniki reservoir 
can not be utilized for fertilizing purposes. Applied sediment revealed a high 
share of sandy fractions, acid reaction, low content of nutrients (C – organic, 
P, K) and also low concentration of trace element. However, a positive effect 



Agnieszka Baran, Marek Tarnawski, Tomasz Koniarz, Czesława Jasiewicz 

1222

of bottom sediment on maize yield was found on the treatment with a lower – 
5% supplement of bottom sediment. We suppose that higher doses of bottom 
sediment decreased of yield caused by the unfavourable air-water conditions 
and acidification in the formed substratum. In our previous study indicated that 
other bottom sediment from Besko and Zesławice reservoirs added to soil had 
a positive effect on plant biomass but also when applied in a low dose, i.e. 5% 
(Jasiewicz et al. 2011, Baran et al. 2012). A positive effect of bottom sediments 
from the Rożnów reservoirs was also noted by Wiśniowska-Kielian and Niemiec 
(2007ab). Authors found that increasing doses 0-10% of the sediment, maize 
yield significant increased. Additionally the same research shown that highest 
dose of sediment, between 14 and 16% caused decrease in yield of the plants. 
A positive effect of the substrata prepared from soil and bottom sediments on 
vegetables production was registered in the study of Fonseca et al.1998, 2003 
(pepper), Canet et al. 2003 (lettuce) and Ebbs et al. 2006 (pepper, tomato and 
beans). The concentration of macronutrients and trace elements in plants growth 
in soil enriched with bottom sediments was subject of numerous studies (Canet 
et al. 2003, Ebbs et al. 2006, Niemiec, Wiśniowska-Kielian 2010ab, Jasiewicz 
et al. 2010, 2011, Baran et al. 2012, Wiśniowska-Kielian et al. 2012, Kaczmar-
ski, Jasiewicz 2013, Tarnawski et al. 2015). In the study noted that increasing 
doses of bottom sediment supplement in soil affected an increase concentration 
of macronutrients: N, Mg, Na, K and Ca, trace elements: Zn, Ni, Cr, Pb, Cu and 
decrease concentrations P and Cd in shoot biomass. The increase of elements 
concentartion in the maize shoots, probably due to lower production of plant 
biomass in the treatment of bottom sediment over 5%. Similar results were pre-
sented by Baran et al. (2012) – increasing doses of bottom sediment from Besko 
reservoir in light soil influenced an increase in the concentration of K, Ca, N, 
Mg in maize shoot but a decrease in P and Na concentrations. Wiśniowska et al. 
(2013) observed similar results for concentration of micronutrients in plants after 
applying the bottom sediment from Rożnów reservoir. Study of Jasiewicz et al. 
(2011) found that increasing doses of bottom sediment supplement in soil affect-
ed a decrease of Mg, and P concentration however an increase concentration of 
K, Ca and N in maize shoots. 

The experiment also assessed the effect of bottom sediment supplement to 
the soil on macronutrients and trace elements concentrations because their con-
centration in plants is the basic criterion of plant fodder destination. The optimal 
macronutrient concentrations in maize at 8 leaves stage have been assumed as: 
30-50g N; 3.0 – 6.0g P; 30-45g K; 2.0-6.0g Mg and 3.0-10g Ca ∙kg-1 d.m. (An-
tonkiewicz 2007). The permissible concentration of trace elements in feeds are: 
Zn < 100 mg; Cu < 30 mg; Cr < 20 mg; Ni < 50 mg, Cd < 0.5 mg and Pb < 10 mg; 
Cd < 1 mg ∙ kg-1d.m. (Journal of Law 2015, no 20, item 1141, Kabata-Pendias 
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 et al. 1993). Maize shoot biomass in the treatments with bottom sediments  
revealed deficient concentrations of K, P and N, however the optimal concentra-
tion of magnesium (treatment with 5%, 10%, 30%, 50% doses of sediment) and 
calcium (treatment with 100% dose of sediment) (Table 3). The assessment of 
trace elements concentration in shoots found that the maize would be used for 
production of animal feeds. 

Table 3. Concentration of macroelements in maize

Treatment
Shoots g ∙ kg-1 d.m

K Na Mg Ca P N
Soil (control) 14.9a 0.026a 1.94b 1.97a 2.02d 8.70ab

5% sediment 15.0a 0.026a 2.00b 1.89a 1.80c 8.53a

10% sediment 16.0ab 0.027ab 2.06b 2.43ab 1.72c 9.37ab

30% sediment 18.2b 0.030b 2.42c 2.83bc 1.26b 10.10b

50% sediment 17.3ab 0.024a 2.17b 2.63b 1.07ab 8.86ab

100% sediment 16.6ab 0.027ab 1.24a 3.24c 0.86a 13.20c

Treatment
Roots g ∙ kg-1 d.m

K Na Mg Ca P N
Soil (control) 3.41a 0.19a 2.63a 3.94a 1.71c 8.16a

5% sediment 5.20a 0.23a 3.43a 4.86a 1.40b 9.08a

10% sediment 4.26a 0.21a 2.99a 4.26a 1.40b 9.04a

30% sediment 4.59a 0.46b 5.42a 6.27a 0.96a 9.31ab

50% sediment 4.11a 0.48b 4.23a 4.80a 1.14ab 8.25a

100% sediment 16.3b 3.67c 17.8b 46.9b 0.95a 10.9b

*homogenous groups according to Tukey test, α < 0.05

In summary, if the dredged bottom sediments not constitute environmental 
risks, inorganic and organic pollution concentration in the sediments are below 
toxic thresholds, reasonable method of such sediment management is their agri-
culture purpose. However bottom sediments can not replace fertilizer, but they 
can by used as soil improving agents (Jasiewicz et al. 2011, Baran et al. 2012, 
Tarnawski et al. 2015). We found that using bottom sediment form Narożniki 
reservoir for plant cultivation should apply supplementary mineral fertilization 
because of low concentration of nitrogen, phosphorus and potassium in the sed-
iment and deficient nutrients in plant biomass. 
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Table 4. Concentration of trace elements in maize

Treatment
Shoots (mg ∙ kg-1 d.m.)

Cr Zn Pb Cu Cd Ni
Soil (control) 0.50 35.6a 0.41ab 1.51b 0.32 0.27a

5% sediment 0.75 41.7a 0.53ab 1.51b 0.36 0.56b

10% sediment 1.14 38.1a 0.51ab 1.46b 0.39 0.37ab

30% sediment 0.80 48.5a 0.62b 1.05a 0.28 0.43ab

50% sediment 0.73 37.7a 0.37a 1.08a 0.25 0.33ab

100% sediment 0.64 72.0b 0.63b 2.14c 0.26 0.92c

Treatment
Roots (mg ∙ kg-1 d.m.)

Cr Zn Pb Cu Cd Ni
Soil (control) 5.29c 60.3 6.76c 3.87 2.43b 3.75b

5% sediment 3.04ab 68.5 5.05bc 3.77 2.56b 2.82a

10% sediment 2.49ab 58.5 3.56abc 3.43 2.33b 2.29a

30% sediment 2.81ab 80.9 2.87ab 3.22 1.86b 2.98a

50% sediment 1.91a 73.8 3.70abc 3.62 2.47b 1.79a

100% sediment 1.42a 67.0 1.06a 3.09 0.37a 2.23a

*homogenous groups according to Tukey test, α < 0.05

 CONCLUSION

1. Bottom sediment added to soil had a positive effect on maize biomass 
but only when applied in the lowest dose, i.e. 5%. Higher doses of the 
sediment caused a reduction in maize yield.

2. Bottom sediment positively affected concentration of nutrients N, Mg, 
Na, K and Ca, Zn, Ni, Cu of maize shoots. However, the shoot biomass 
did not meet for fodder with respect to quality because of too low con-
centration of macronutrients. 

3. Applied bottom sediment, due to high content of sandy fractions in its 
composition, acid reaction and low concentration of organic carbon, 
nitrogen, phosphorus and potassium, can not be used as a fertilizer. 
However, it can be used as soil improving agent. While utilizing bot-
tom sediment from Narożniki reservoir in plant cultivation, one should 
take into consideration a necessity of application of supplementary 
NPK fertilization due to low concentration of these elements both in 
the bottom sediment and maize yield.
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