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COMPOST PRODUCED WITH ADDITION OF SEWAGE SLUDGE 
AS A SOURCE OF Fe AND Mn FOR PLANTS 

Abstract: Direct application of sewage sludge to soil is controversial due to, among others, its highly variable 
composition, odour, and risks for health. The obtained composts with the addition of sewage sludge were tested 
for the contents and availability of manganese and iron. Once composts were applied to the soil, their effect on the 
content and availability of Mn and Fe in soil and bioaccumulation in the plant were determined. The addition of 
sewage sludge enriched composts with manganese and iron, but did not increase the content of water-extracted 
forms of Mn and Fe. The compost with addition of biochar had more organic matter-bound forms of Mn and Fe. 
Composts amended with sewage sludge had lower effect on the amount of Poa pratensis L. biomass than maize 
straw compost. The content of Mn and Fe in Poa pratensis L. was in the range permissible for biomass used as 
fodder. Smaller addition of all composts to the soil significantly increased the content of mobile manganese forms; 
however, neither the type nor the dose had effect on the content of iron mobile forms. There was no significant 
differences in the content of organic matter-bound forms of Mn and Fe in soil after the application of composts. 
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Introduction 

The need to improve methods of managing waste such as sewage sludge is dictated by 
the systematic increase in their quantity and the growing threat to the environment [1]. 
Methods of sewage sludge management usually depend on the level of economic 
development of a given country. According to estimated data, the amount of sewage sludge 
generated in Europe will increase by 2020 and significantly exceed 10 million Mg [2].  
In Poland, the problem of sewage sludge management is even more serious, because of 
changes in regulations of 2013, which introduced significant restrictions on the storage of 
these wastes [3]. 

In this situation, it is necessary to apply alternative solutions to allow the safe use of 
sewage sludge. Given the nutrient resources accumulated in sewage sludge, its use in the 
environment is one of the possible directions to solve the problem. However, direct 
application of this material is controversial due to, among others, its highly variable 
composition, odour, and risks for health [4, 5].  
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In view of the problems of sewage sludge management in the environment, many 
countries adopted thermal conversion of sewage sludge as the main method. Thermal 
treatment of sewage sludge reduces its mass and results in the formation of residues, which 
are most often intended for storage. This method of sewage sludge transformation generates 
a significant load of volatiles released to the atmosphere [6]. Composting of sewage sludge 
in combination with other materials rich in organic matter can be an alternative solution for 
some types of this material [7].  

Composting of organic waste is the aerobic process resulting in mineralisation and 
humification of organic matter [8]. Disposal of organic matter waste in the composting 
process is generally considered environmentally safe, which means that there are no 
emission risks [9, 10]. The selection of components affects the intensity of processes 
occurring during composting, including gas emissions. Therefore, proper composition and 
adequate standards of the process are a key factor determining its environmental and 
economic effects [11, 12]. The use of proper components is also crucial for the content and 
mobility of trace elements [7]. This is a very important aspect of the compost quality 
assessment, the more that the organic matter content is significantly reduced during the 
composting process as a result of microbiological degradation, and the originally bound 
forms of trace elements may be activated [13]. Degradation of organic compounds and 
synthesis of new connections can significantly alter relations between not only C and N, the 
content of humic and fulvic acids, but also between total and available forms of trace 
elements in the composted material. He et al. [14] and Martinho et al. [15] concluded that 
the content and speciation of trace elements in composted sewage sludge is a major cause 
for the negative impact of this material on the environment and health of living organisms. 

The composting conditions can be improved by adding biochar, which will result in 
better aeration, less odour, and lower mobility of trace elements. Biochar is a solid product 
of thermal transformation of organic materials, which aroues considerable interest, because, 
under limited air access, it counteracts many problems related to environmental protection, 
such as worsening quality of soil, greenhouse gas emissions, increasing concentration of 
carbon dioxide (CO2) in the atmosphere, contamination of soils and waters, and organic 
waste dumping [16, 17]. The universality of biochar, which translates into its  
multi-directional application, depends on its properties: large specific surface area, organic 
carbon content, many different functional groups, and optimum pore volume. What is more, 
biochar strongly resembles organic and inorganic contaminants [16]. 

Manganese and iron are biophilic elements necessary for the proper functioning of 
living organisms due to their participation in metabolic processes. In soil environment, 
manganese and iron form many compounds, and their bioavailability is conditioned by soil 
properties, mainly redox potential, pH, as well as organic matter content [18-20]. Currently, 
deficiencies of these elements are more and more common due to the intensified cultivation 
of soils in Poland. Waste, including sewage sludge can be a cheap source of manganese and 
iron. The content of available forms of manganese and iron in sewage sludge is relatively 
low. However, it should be remembered that the treatment of sewage sludge aimed at 
improving its physical and chemical properties and eliminating health risks leads to 
changes in the total content iron and manganese, as well as changes in the bioavailability of 
both these elements.  

The following hypotheses were formulated: the addition of sewage sludge to 
composted materials affects the content and availability of Mn and Fe in composts; the 
application of such composts amended with sewage sludge to the soil increases the content 
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and availability of both manganese and iron in the soil and results in the accumulation of 
Mn and Fe in the plant.  

Materials and methods 

Feedstocks and conditions of the composting process 

Organic materials were composted for 140 days (from mid-May to the end of 
September 2015) in 1.2 x 1.0 x 0.8 m bioreactors. The active aeration of the composted 
biomass was possible thanks to the perforated bottom of bioreactors. Bioreactors were 
sheltered to ensure heat exchange and protection against precipitations.  

The experimental scheme included the following treatments: control - shredded maize 
straw (Compost-MS), shredded maize straw mixed with municipal sewage sludge 
(Compost-MS+SS), and shredded maize straw mixed with sewage sludge and willow 
biochar (Compost-MS+SS+B). Maize straw had the same chemical composition and 
structure as grass and wood chips (commonly used in industrial composting). The study 
was conducted with the use of an oxygen-stabilised sewage sludge (the aeration process in 
separate open chambers was carried out for 5 days) from mechanical and biological 
municipal wastewater treatment plant located in the Malopolskie Province (Southern 
Poland). Biochar was obtained by thermal conversion of willow, conducted by Fluid S.A. 
(Sedziszow, Poland) under a limited supply of air (1-2 %) [21]. Organic material was 
converted into biochar at 350 °C. Chemical composition of materials used in the 
composting process are shown in Table 1. 

 
Table 1  

Selected properties of organic materials 

Determination Maize straw (MS) Sewage sludge (SS) Biochar (B) 
Dry matter [g/kg] 978 ±10 219 ±3 923 ±9 
Ash [g/kg d.m.] 124 ±1 496 ±5 142 ±2 

Nitrogen [g/kg d.m.] 10.8 ±0.5 35.9 ±0.2 8.9 ±0.9 
Carbon [g/kg d.m.] 422 ±1 259 ±2 682 ±37 
Sulphur [g/kg d.m.] 1.43 ±0.11 12.57 ±0.12 0.88 ±0.18 

Hydrogen [g/kg d.m.] 65.3 ±0.8 45.4 ±0.4 26.2 ±1.5 
Oxygen [g/kg d.m.] 447 ±1 232 ±2 199 ±38 
Mntot [mg/kg d.m.] 47 ±1 416 ±2 160 ±1 
Fetot [mg/kg d.m.] 832 ±17 25627 ±364 5448 ±514 

Each value represents the mean of three replicates ± SD (standard deviation), d.m. - dry matter 
 
The amounts of organic materials used in composting depended on the humidity and 

physical properties of the material. The ratios of feedstocks used in individual treatments 
were, by weight of the dry matter: MS : SS - 1 (29.3 kg  d.m.) : 0.15 (4.40 kg d.m.);  
MS : SS : B - 1 (29.3 kg d.m.) : 0.15 (4.40 kg d.m.) : 0.095 (2.78 kg d.m.). Once feedstocks 
were mixed, their humidity was maintained at 60 %. The exchange of air in the reactor was 
carried out in cycles, 6 times a day; air was flowing through the reactor at the rate of  
15 dm3 per minute for 60 minutes. For better aeration, the biomass was removed from the 
reactor and manually shifted every 10 days. The outside temperature and temperature of the 
composed biomass (at half height of the composted matter) were recorded every 30 minutes 
using DT-171 data loggers. 
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Chemical composition of feedstocks and composts 

Electrical conductivity (material : water = 1 : 5) of composts was determined using  
a conductivity meter (Conductivity/Oxygen meter CCO - 501) as well as their pH  
(material : water = 1 : 5) electrochemically using a pH meter (pH-meter CP - 505) [22]. 
Feedstocks and composts were dried at 105 °C for 12 hours [23], 1 mm ground in  
a laboratory mill and subjected to further analyses. The ash content [24] and elemental 
composition (C, H, N, S) were determined in the prepared material using a CHNS analyser 
(Vario El Cube Elementar, GmbH Germany) [25]. Content of oxygen [% w/w] was derived 
by subtraction according to DIN 51733 [21] method as follows:  

 Oxygen = 100 – (ash + carbon + nitrogen + hydrogen + sulphur) (1) 

The content of extracted carbon was determined in composts after 24-hour extraction 
with cold water (compost : water = 1 : 10). The total manganese and iron were determined 
after mineralization the material in Multiwave PRO microwave reaction system, 
manufactured by Paar [7]. The mobile forms of Fe and Mn were determined after 12-hour 
extraction with distilled water (sample : solution = 1 : 10). The content of organic  
matter-bound forms of Mn and Fe was determined according to the sequential chemical 
extraction described by Zeien and Brummer [26], in which organic matter-bound forms of 
Mn and Fe were extracted with 0.025 M solution of C10H22N4O8, pH = 4.6 (compost : 
solution = 1 : 25) for 90 minutes. The Mn and Fe contents in the obtained solutions and 
extracts were determined by inductively coupled plasma optical emission spectrometry 
(ICP-OES, Perkin Elmer Optima 7300 DV) [27].  

Specific surface area (SBET) of composts, as well as pore volume and diameter were 
determined using multifunction accelerated surface area and porosimetry analyser ASAP 
2010 manufactured by Micromeritics [28]. 

Growing experiment  

The growing experiment was carried out on loamy sand collected from 0-20 cm layer 
in southern Poland. The soil had a natural content of Mn and Fe; its other properties are 
shown in Table 2.  

 
Table 2 

Selected chemical and physical properties of soil 

Determination Unit Value 
pH H2O [-] 5.79 ±0.07 
pH KCl [-] 4.60 ±0.01 

Electrical conductivity, EC [µS/cm] 21.0 ±9.0 
Ctot [g/kg d.m.] 4.20 ±0.10 
Ntot [g/kg d.m.] 0.87 ±0.04 

Mntot [mg/kg d.m.] 137 ±10 
Fetot [mg/kg d.m.] 1500 ±120 
Sand [g/kg d.m.] 870 ±56 
Silt [g/kg d.m.] 80 ±6 
Clay [g/kg d.m.] 50 ±4 

Each value represents the mean of three replicates ± SD (standard deviation), d.m. - dry matter 
 
The experiment was carried out in containers filled with 500 g of dry soil, to which  

0.5 and 1.0 % (w/w) of the following composts were added: Compost-MS,  



Compost produced with addition of sewage sludge as a source of Fe and Mn for plants 

 

263

Compost-MS+SS, Compost-MS+SS+B. Soil without compost was the control treatment. 
After mixing composts with soil, the material was moistened with distilled water. After  
24 hours, Poa pratensis L. seeds of Bariris variety were sown. During the experiment, the 
moisture of soil in the container was maintained at 50 % of soil water capacity.  
The experiment was carried out for 100 days. After the experiment, the aboveground parts 
of plants were collected and their roots were separated from the soil. The roots were 
washed in distilled water. The biomass was dried at 105 °C and then, its amount was 
determined. 

Analysis of plant material 

The plant material was mineralised in a chamber furnace at 450 °C. The residue was 
dissolved in dilute nitric acid (1 : 2), and the Mn and Fe contents were determined in the 
obtained solutions by inductively coupled plasma optical emission spectrometry (ICP-OES, 
Perkin Elmer Optima 7300 DV) [27]. In the presented studies, the Mn and Fe contents were 
presented as the weighted arithmetic mean (Metal: Mn-content [mg/kg d.m.], Fe-content 
[mg/kg d.m.], respectively) for aboveground parts and roots of Poa pratensis L. (2): 

 Mc = [Map · Bap) + (Mr · Br)] / (Bap+Br) (2) 

where: Mc - metal content [mg/kg d.m.], Map - metal content in aboveground parts  
[mg/kg d.m.], Mr - metal content in the roots [mg/kg d.m.], Bap - biomass of aboveground 
parts [g d.m./pot], Br - biomass of roots [g d.m./pot]. 

Amounts of taken up manganese and iron (Mn-uptake, Fe-uptake [mg/pot]) were 
calculated on the basis of the amount of biomass (aboveground parts and roots) of Poa 
pratensis L and the Mn and Fe contents in biomass (3): 

 Mu = (BY · Mc) / 1000 (3) 

where: Mu - metal uptake [mg/pot],  BY - biomass yield [g d.m./pot], Mc - metal content in 
biomass [mg d.m./kg]. 

Selected chemical properties of soil 

The following parameters were determined in dried and 2 mm sieved soil samples: 
total carbon on the CHNS analyser [25], pH - electrochemically in the suspension of soil 
and 1 M solution of KCl (soil/solution ratio 1 :  2.5), and electrical conductivity of soil 
(soil/solution ratio 1 : 2.5) (Conductivity/Oxygen meter CCO - 501) [7]. Total manganese 
and iron contents (Mntot, Fetot) were determined after ashing the sample in chamber furnace 
at 550 °C for 12 hours and mineralising its residues in a mixture of concentrated nitric and 
perchloric acids (3 : 2) (v/v). Mobile forms of Mn and Fe were extracted from soil with  
1 M solution of NH4NO3 [29]. The content of analysed metals mixed with organic matter 
was determined according to the sequential chemical extraction described by Zeien and 
Brummer [26]. The analysed elements in the resulting extracts were determined by 
inductively coupled plasma optical emission spectroscopy (ICP-OES, Perkin Elmer Optima 
7300 DV). 

Statistical analysis 

The experiment involving composting of organic materials was conducted in two 
replicates, whereas vegetation experiment in three replicates. The obtained data were 
compiled with the use of STATISTICA 12 (StatSoft Inc.). The mean values of analysed 
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properties were compared using Duncan’s multiple range test at p ≤ 0.05. Variations in the 
treatments were determined by calculating the standard deviation (± SD).  

Results and discussion 

Selected chemical and physical properties of composts 

Dry matter content in composts was influenced by the feedstock used (Table 3). 
Compared to Compost-MS, higher ash content was determined in Compost-MS+SS and 
Compost-MS+SS+B. Results of the study show that the greatest load of mineral substances 
was introduced with sewage sludge [30]. 

 
Table 3 

Selected chemical and physical properties of composts 

Determination Compost-MS Compost-MS+SS Compost-MS+SS+B 
Dry matter [g/kg] 705 ±9 745 ±10 642 ±7 
Ash [g/kg d.m.] 209 ±2 296 ±3 288 ±4 

pH H2O 7.89 ±0.79 7.96 ±0.80 7.60 ±0.76 
Electrical conductivity, EC [µS/cm] 6.78 ±0.70 4.86 ±0.49 4.64 ±0.46 

Ctot [g/kg d.m.] 406 ±3 365 ±4 382 ±32 
Cextracted [g/kg d.m.] 24.4 ±1.4 18.2 ±2.1 9.8 ±0.8 

Ntot [g/kg d.m.] 31.8 ±0.7 39.4 ±1.9 33.2 ±2.8 
Stot [g/kg d.m.] 3.72 ±0.17 6.86 ±0.10 6.16 ±0.47 

Specific surface area (SBET) [m2/g] 0.54 ±0.05 0.72 ±0.03 1.07 ±0.09 
Pore volume [cm3/g] 0.0021 ±0.0001 0.0029 ±0.0002 0.0036 ±0.0003 
Pore diameter [nm] 17 ±2 18 ±2 15 ±1 

Each value represents the mean of three replicates ± SD (standard deviation), d.m. - dry matter 
 
The pH values of the obtained composts ranged from 7.60 to 7.96; however, higher 

values were determined for Compost-MS and Compost-MS+SS (Table 3). The addition of 
sewage sludge had alkalising effect. This was probably due to the introduction of alkalising 
substances with sewage sludge or degradation of organic (mainly protein) compounds, 
which, in consequence, lead to the release of ammonia [31]. Reduced pH of  
Compost-MS+SS+B could result from metabolic processes carried out by microorganisms 
and fungi, whose effect was the release of CO2 and organic acids [31]. Oxidation of 
carboxyl groups can be the possible cause of the reduced pH of the compost amended with 
biochar. 

According to Liu et al. [32], an excessive content of soluble salts can be the main 
factor restricting natural use of composts, as it leads to disturbances in the ionic balance of 
the soil solution and may adversely affect the plants. The highest electrical conductivity, 
EC, was determined for Compost-MS (Table 3). Lower EC values, by 28 and 31 %, 
respectively, were determined in Compost-MS+SS and Compost-MS+SS+B. The highest 
value of electrical conductivity determined in maize straw compost can be attributable to 
the mineralisation of organic material, resulting in the release of nutrients, probably to  
a much greater extent than in the other two composts (Compost-MS+SS,  
Compost-MS+SS+B). Sewage sludge has a low content of readily available ions. On the 
other hand, biochar has sorption capacity, which caused the reduction of EC values in both 
composts amended with that material.  
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Total carbon and extracted carbon contents were lower in Compost-MS+SS and 
Compost-MS+SS+B than in Compost-MS (Table 3). It should be emphasised that a 40 % 
reduction in the extracted carbon content determined in Compost-MS+SS+B compared to 
Compost-MS may, on the one hand, limit the ability of microorganisms to use this source 
of carbon after introducing compost into the soil, and, on the other hand, lead to a longer 
time of retention of carbon compounds in the soil.  

The study revealed higher contents of nitrogen and sulphur in Compost-MS+SS than in 
Compost-MS; however, Compost-MS+SS+B was characterised by a light dilution of both 
components. 

In the case of Compost-MS+SS and Compost-MS+SS+B, the values of SBET were by 
33 and 98 %, respectively, higher and pore volume by 38 and 71 %, respectively, higher 
than these determined for Compost-MS [33]. The pore diameter slightly increased in 
Compost-MS+SS compared to Compost-MS, but in Compost-MS+SS+B, it decreased. 

Content of total, mobile and organic matter-bound Mn and Fe in composts 

The study revealed over 100 % higher Mn content in Compost-MS+SS and over  
80 % Mn content in Compost-MS+SS+B compared to Compost-MS (Table 4). Differences 
in the total Mn content in the obtained composts were reflected in the content of Mn 
extracted with water. Compared to Compost-MS, significantly lower MnH2O contents were 
determined in Compost-MS+SS and Compost-MS+SS+B. The highest Mnorg value was 
determined in Compost-MS+SS+B. The share of Mnorg in total Mn (Mntot) was over 80 %. 
A comparable share of Mnorg in Mntot was determined in both remaining composts and it 
was lower than 50 %.  

 
Table 4 

Contents of Mn and Fe in composts 

Determination Compost-MS Compost-MS+SS Compost-MS+SS+B 
Mntot [mg/kg d.m.] 141 ±7 289 ±6 260 ±3 

MnH2O [mg/kg d.m.] 0.18 ±0.02 0.07 ±0.01 0.12 ±0.02 
Share of MnH2O in Mntot [%] 0.13 0.02 0.05 

Mnorg bound to organic matter 
[mg/kg d.m.] 

69 ±1 140 ±2 219 ±6 

Share of Mnorg in Mntot [%] 49 48 84 
Fetot [mg/kg d.m.] 1365 ±9 9798 ±366 8405 ±328 

FeH2O [mg/kg d.m.] 1.61 ±0.11 3.48 ±0.23 1.99 ±0.16 
Share of FeH2O in Fetot [%] 0.12 0.03 0.02 

Feorg bound to organic matter 
[mg/kg d.m.] 

211 ±10 2402 ±143 4229 ±12 

Share of Feorg in Fetot [%] 15 25 50 

Each value represents the mean of three replicates ± SD (standard deviation), d.m. - dry matter 
 
Total iron content in Compost-MS+SS and Compost-MS+SS+B was similar (Table 4). 

Considerable load of Fe introduced to the composted biomass with sewage sludge increased 
the FeH2O content in Compost-MS+SS. However, this did not translate into the share of 
water extracted Fe forms in the Fe total content, as the Fetot content significantly increased 
compared to the value determined in Compost-MS. The content of organic matter-bound Fe 
was the lowest in Compost-MS (211 mg/kg d.m.). An increase in the organic matter-bound 
form of Fe was determined in other composts, which resulted from the increased content of 
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Fetot. A significantly higher share of Feorg in Fetot was determined in Compost-MS+SS and 
Compost-MS+SS+B. The share of Feorg in Fetot in Compost-MS+SS+B was 50 %. 

The content of trace elements in the final product may increase due to the loss of 
organic matter during the composting process. Our study revealed a significantly smaller 
share of water extracted forms of Mn and Fe in Compost-MS+SS and Compost-MS+SS+B 
compared to Compost-MS. Despite the increase in the total Mn and Fe contents in both 
composts, this indicates a reduced mobility of the two tested elements. Reduced mobility of 
these elements may be due to the formation of connections with organic matter, which is 
confirmed by our results. The formation of hardly soluble complexes may be a process that 
also affects iron mobility. Hua et al. [34] analysed the effect of the addition of biochar to 
the composted biomass and showed a decrease in the content of ions of DTPA-extracted 
trace elements. Also our study revealed that the addition of biochar to composted materials 
reduced the content of water-extracted iron, which was probably due to the adsorption of Fe 
on the biochar surface. According to Hiller and Brummer [35], charcoal particles tend to 
accumulate trace elements. 

Biomass, content, and amounts of Mn and Fe taken up by Poa pratensis L. 

The amount of biomass (aboveground parts and roots) of Poa pratensis L. was 
significantly the highest after the application of Compost-MS, regardless of the dose  
(Table 5).  

 
Table 5 

Total (aboveground parts and roots) amount of Poa pratensis L. biomass and weighted mean (aboveground parts 
and roots) content of Mn and Fe and total uptake of these elements with biomass  

Parameter Soil 
control 

Soil with addition of 0.5 % Soil with addition of 1.0 % 
MS MS+SS MS+SS+B MS MS+SS MS+SS+B 

Amount of 
biomass 

[g d.m./pot] 

0.68ab 
±0.04 

0.82de 
±0.05 

0.62a 
±0.06 

0.69ab 
±0.04 

0.86e 
±0.03 

0.74bc 
±0.02 

0.77c 
±0.03 

Mn-content 
[mg/kg d.m.] 

267b 
±72 

146a 
±12 

171a 
±19 

155a 
±5 

129a 
±13 

143a 
±15 

143a 
±22 

Mn-uptake 
[mg/pot] 

0.18b 
±0.05 

0.12a 
±0.02 

0.11a 
±0.02 

0.11a 
±0.00 

0.11a 
±0.01 

0.11a 
±0.01 

0.11a 
±0.02 

Fe-content 
[mg/kg d.m.] 

1216b 
±30 

648a 
±29 

1066b 
±19 

841ab 
±52 

814ab 
±21 

936ab 
±28 

875ab 
±80 

Fe-uptake 
[mg/pot] 

0.83a 
±0.22 

0.54a 
±0.27 

0.67a 
±0.17 

0.58a 
±0.06 

0.70a 
±0.20 

0.69a 
±0.20 

0.68a 
±0.08 

Each value represents the mean of three replicates ± SD (standard deviation), d.m. - dry matter. The different 
letters within a line indicate a significant difference at p ≤ 0.05 according to Duncan’s multiple range tests  

 
Compared to the control, lower or similar Poa pratensis L. biomass amounts  

were determined in treatments where 0.5 % additions of Compost-MS+SS and  
Compost-MS+SS+B were applied. A 1% addition of these composts increased the amount 
of plant biomass, although a statistically significant difference in relation to control soil 
concerned the treatment with Compost-MS+SS+B (Table 5). 

 According to Vandecasteele et al. [36], the introduction of biochar to the composted 
biomass has no great effect on the compost fertilising value. However, biochar can 
significantly reduce the availability of some nutrients. The direct application of biochar or 
compost amended with this material is not in parallel with a significant increase in the 
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amount of cultivated plant biomass. As stated by Gaskin et al. [37] and Major et al. [38], 
one should take into account the lack of significant differences in plant yield, and even  
a negative effect of biochar on crop yield in the first year after its application to the soil. 
Also Schmidt et al. [39] indicated only a small and economically unimportant effect of  
biochar-compost treatments in viticulture in the three-year period. 

The weighted average content of manganese and iron in Poa pratensis L. biomass 
(Mn-content, Fe-content) and the amounts of both elements taken up (Mn-uptake,  
Fe-uptake) are shown in Table 5. Significant (p ≤ 0.05) decrease in the manganese content 
in plant biomass was noted in all treatments compared to the control. More Mn was 
determined in Poa pratensis L. when a lower dose of composts (regardless of the type) was 
applied.  

The greatest (by over 30 % on average) Mn-uptake was determined in the control 
treatment. The type of the compost applied and its dose had no significant effect on the  
Mn-uptake. The iron content (Fe-content) in Poa pratensis L. did not differ significantly in 
terms of the compost applied and its dose. However, the results for Fe-content were similar 
to these for content of Mn. The greatest amounts of iron (Fe-uptake) was determined in the 
control treatment. The use of a higher dose of composts did not significantly diversified  
Fe-uptake. 

The use of composts as a source of plant nutrients may be a viable alternative in global 
agriculture. The amount and quality of biomass depend on many factors, and the amount 
and availability of nutrients play a key role here. There are limited data on the effect of 
composts on the amount and, in particular, the content of Fe and Mn in plant biomass. 
According to Saha et al. [40], fertilisation with organic materials, including composts, 
increases the iron content in rice compared to an inorganic fertilisation. In our study, the 
use of composts produced with sewage sludge and biochar did not significantly change the 
content of Fe in the biomass of Poa pratensis L. This was dictated by both the low 
availability of Fe in the tested composts and a significant reduction in soil acidification, 
which could undoubtedly decrease the content of mobile Fe forms [41]. The study of Demir 
et al. [42] showed that the use of organic materials as fertilisers has no effect on the content 
of, inter alia, iron in the plant biomass. Also Hernandez et al. [43] proved that the 
fertilisation with vermicompost is better for the Fe content than compost. On the other 
hand, the authors demonstrated a positive effect of organic fertilisation on the Mn content 
in lettuce. Our study did not reveal the increased content of Mn in Poa pratensis L. after the 
application of composts produced with sewage sludge.  

The pH value and electrical conductivity of soil  

Both the type and amount of compost added to the soil had a significant effect on pH 
values determined in the suspension of soil and KCl solution. Compared to the control soil, 
a significant deacidification effect was identified regardless of the type and dose of 
compost. Increased pH in soils fertilised with composts is confirmed by the results of, 
among others, Castillo et al. [44] and Buttler and Muir [45]. The pH values already 
determined in composts had an alkaline nature.  

A number of biochemical processes occurring in the composted biomass causes that 
the proportions between organic and mineral connections change [8]. It should be noted 
that there is an increase not only in the number of mineral connections, but also the content  
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of active forms of some elements that easily migrate into the soil solution.  
The deacidification capacity of composts can be different, given the material from  
which the compost has been produced. In our study, the pH values of the tested materials 
were greater than 7.00, regardless of components used to produce composts. One should 
also remember that a significant load of organic matter introduced into the soil with 
composts will affect the stabilisation of soil properties by improving the buffer properties 
[46]. Our results allowed to discover a better deacidifying effect of higher doses of 
composts (Fig. 1). 
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Fig. 1. pH values in soil after application of composts. Mean values marked with the same letters do not 

differ significantly according to the Duncan’s multiple range test at p ≤ 0.05 

Higher values of electrical conductivity, EC, were determined in soil with 1.0 % 
addition of composts (Fig. 2). The type of compost was not relevant in this regard. Carmo 
et al. [47] discovered increased EC value after applying various organic materials, 
including composts, but the EC increase was conditioned by the soil type. 

The carbon content significantly increased in the soil of all treatments into which 
composts were introduced (Fig. 3). Generally, the adopted doses of composts had no 
significant effect on the carbon content. Our results correspond to the results of Bouajila 
and Sanaa [48].  
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Fig. 2. Electrical conductivity, EC, values in soil after application of composts. Mean values marked 

with the same letters do not differ significantly according to the Duncan’s multiple range test  
at p ≤ 0.05 

S
oi

l c
o

n
tr

o
l

M
S

M
S

+
S

S

M
S

+
S

S
+

B

M
S

M
S

+
S

S

M
S

+
S

S
+

B3.4

3.6

3.8

4.0

4.2

4.4

4.6

4.8

5.0

5.2

5.4

C
 c

o
nt

e
n

t [
g

/k
g d

.m
.]

      Soil with addition of   0.5 %            Soil with addition of   1.0 %      

a

b
b

b
b

b

c

 
Fig. 3. The carbon content in soil after application of composts. Mean values marked with the same 

letters do not differ significantly according to the Duncan’s multiple range test at p ≤ 0.05 
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Content of Mn and Fe in total and mobile forms and in forms bound to soil organic 
matter 

The application of Compost-MS+SS and Compost-MS+SS+B caused no significant 
changes in the total content of manganese and iron in soil compared to the treatment 
amended with Compost-MS and to the control soil (Fig. 4). The addition of all composts  
at a lower dose (0.5 %) to the soil significantly increased the content of mobile manganese 
forms; however, neither the type nor the dose had effect on the content of iron mobile forms 
(Fig. 5). The study also revealed a very low share of mobile manganese (usually below  
2 %) and iron (usually below 0.02 %) forms in their total contents. 

 

 
Fig. 4. The content of Fetot and Mntot in soil. Mean values marked with the same letters do not differ 

significantly according to the Duncan’s multiple range test at p ≤ 0.05 

Organic matter-bound forms of iron and manganese are presented in Figure 6. Our 
results show that, regardless of the type and dose of compost, the share of organic  
matter-bound forms of manganese in its total content ranged from 9.70 to 11.27 %.  
The share of organic matter-bound forms of iron was lower and ranged from 1.46 to  
3.31 %. It should be noted that neither the type of compost nor its dose had a significant 
effect on the content of organic matter-bound forms of both elements in the soil.  

Reaction, sorbent nature, presence and concentration of organic and inorganic ligands 
(humic and fulvic acids, root exudates, and nutrients) are of great importance for the 
mobility of trace elements. Additionally, biotic and abiotic redox reactions play a key role 
in controlling the oxidation and thereby, the mobility and toxicity of many elements. Redox 
reactions can both mobilise or immobilise metals, and it depends on individual metal types 
and microenvironments [49]. 
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Fig. 5. The content of mobile forms Fe and Mn in soil. Mean values marked with the same letters do not 

differ significantly according to the Duncan’s multiple range test at p ≤ 0.05 

 
Fig. 6. The content of bound to organic matter of Fe and Mn in soil. Mean values marked with the same 

letters do not differ significantly according to the Duncan’s multiple range test at p ≤ 0.05 

Introduction of organic matter into the soil and its liming may immobilise trace 
elements and transform their readily available forms into more stable ones. Consequently, 
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their mobility and bioavailability are lower [16]. In our study, only the content of mobile 
manganese forms increased after the application of a lower dose of composts. Also lower 
soil pH was determined in these treatments compared to the ones amended with higher 
doses of composts. In an earlier study Gondek [50] showed that after the application of 
organic materials, the content of mobile manganese was significantly lower than the one 
determined in treatments fertilised with mineral salts, regardless of soil grain size 
composition. As stated by Hsu and Lo [51], the availability of manganese from organic 
materials after their application to the soil, depends on the rate of mineralisation of organic 
matter in which the manganese content is significant. In our study, the total iron content in 
the soil was much higher than that of manganese, regardless of the compost used, and its 
mobility was relatively lower. The mobility of this element in soil is conditioned by, among 
others, pH and the organic matter content [20]. According to Maqued et al. [52], the 
application of plant compost and the elimination of synthetic fertilisers increase Fe and Mn 
extractability compared to inorganically fertilised soil which is prone to have long-term 
fertility benefits. 

Conclusion 

1. The addition of sewage sludge to composted feedstocks increased total content of Mn 
and Fe, but does not increased the mobility of these elements in composts. 

2. The organic matter of composts she was an important role in the binding of Mn and Fe. 
3. Fertilisation of Poa pratensis L. with composts amended with sewage sludge did not 

increase the bioaccumulation of Mn and Fe.  
4. The introduction of composts amended with sewage sludge into the soil in dose 0.5 % 

and 1.0 % does did not increased the total content of Mn and Fe, but increases the 
content of mobile forms of these elements.  
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