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Article 
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Abstract: The aim of this paper was to determine the soil phosphorus release risk from drained and 

re-wetted peatlands under different landcovers. The study was carried out at 10 soil profiles 

(organic soils, frequently with mursh in the topsoil, developed from low peat with various degrees 

of decomposition, on mineral subsoil or gyttja) located south-west of Lake Kośno nature reserve in 

northern-central Europe (north-eastern Poland). The soil samples were collected from the depths of 

0-30 cm, 50-80 cm and 100-130 cm during spring, summer and autumn (in April, July, and October). 

In the laboratory, the following soil properties were determined: ash content, soil reaction, content 

of total organic carbon, total nitrogen, total and plant-available phosphorus. Gyttja formations and 

hemic peats had the highest total P content (6.77 g∙kg-1 and 2.29 g∙kg-1, respectively). Murshes 

contained twice less P (1.18 g∙kg-1). In spring, more labile phosphorus (AP sp) was released in 

murshes (0.29 g∙kg-1) than in peats (0.07-0.14 g∙kg-1). In the summer, higher amounts of labile P were 

stated in fiber peats (0.37 g∙kg-1) than in murshes (0.26 g∙kg-1), whereas in autumn, the amounts of P 

in murshes (0.22 g∙kg-1) and peats (0.21-0.23 g∙kg-1) did not vary. Generally, average contents of AP 

were the highest in murshes (0.26 g∙kg-1) and fiber peats (0.25 g∙kg-1), and the lowest in sapric peats 

(0.15 g∙kg-1). The release of phosphorus from organic compounds or binding of P by organic matter 

(immobilization) depends on the C:P ratio in plant residues and soil. If it is wide (>300), P is bound, 

if it is narrower (150–200), P is released. In the tested soil formations, the C:P ratio was frequently 

above 300. Only in some murshes and gyttjas the C:P ratio was below 150, which may indicate a risk 

of phosphorus release to groundwaters. 

Keywords: phosphorus; organic soils; drainage; rewetting 

 

1. Introduction 

Peatlands and peat soils are of great importance as they are crucial for climatic changes, 

biodiversity and ecosystem services [1–3]. The assessment of peatland values, their functions and 

properties in relation to changing environmental conditions is important to introduce strategies to 

protect them as well as enable wise use [4–6] and management [7]. 

The lowering of water level water in peat soils (drainage of peat soils) and temperature rise are 

the most important drivers of SOM mineralisation in peat soils, contributing to not only increased 

CO2 and N2O emission [8–10], but also phosphorous and other elements leaching to groundwater 

and surface waters due to preferential flow [11]. Peat soils are regarded a boundary zone between 

terrestrial and aquatic ecosystems, and are characterized by excessive phosphorus accumulation, 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
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from any ideas, methods, instructions, or products referred to in the content.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 January 2024                   doi:10.20944/preprints202401.0153.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202401.0153.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

which poses a risk of phosphorus dispersion, entailing the process of eutrophication [12,13]. 

Moreover high variability of oxidation and reduction conditions in both wet and drained peat soils 

has a significant effect on the forms and solubility of phosphorus [14–16]. The P release as a result of 

drying and rewetting of organic soils may limit the ability of natural, restored, and constructed 

wetlands and streams to provide substantial ecosystem services. Within ecosystems, eutrophication 

resulting from soil P release may deteriorate wetland habitat quality and ecosystem health. Along 

landscape flow paths, soil P release may cause aquatic ecosystems or semi-aquatic. to act as sources, 

rather than sinks, for P, potentially contributing to harmful eutrophication in vulnerable downstream 

ecosystems [17]. Rewetting of drained fens is necessary to stop further soil degradation and to 

reestablish important ecological functions. In the context of climate-neutral soil management 

rewetting is inevitable to cease the emission of carbon dioxide from peatlands. On the other side, 

substantial changes of peat character in the upper soil layers, due to drainage and land use, could 

counteract their recovery. Peatlands may be a source of biogens and may release P to the adjacent 

ecosystems, becoming nutrient-poor systems itself for an unknown period. Very important, form 

ecological restoration and target species point of view, is high nutrient availability in highly 

decomposed peat soils [18,19]. 

Cultivated organic soils make a significant contribution to P leaching from agricultural areas but 

still the knowledge about P immobilization and the P forms present in peat soils compared with 

mineral soils is insufficient [20]. Also rewetting of drained peat soils by can have negative effects on 

runoff water due to release of some phosphorus [21–23]. The distribution of various forms of 

phosphorus in the catchment area provides valuable knowledge about risk of phosphorus leaching 

which will help to preserve these areas, especially when they are protected under local law [3,24]. 

Issues related to the transformation and mobility of phosphorus in organic soils have been 

widely studied for years, but they are still an extremely actual topic. Researchers report excessive 

dispersion of phosphorus in the natural environment. Moreover, dynamic changes in the use of 

peatlands and organic soils very often lead to the land rewetting. Excessive accumulation of 

phosphorus found in grassland soils may be a source of negative impact on groundwater causing 

their eutrophication [16,25]. 

The processes of phosphorus release from organic soil formations and the mechanisms of its 

mobility depend on multiple factors. These include, among others: soil reaction, organic carbon 

content, as well as iron, aluminum and nitrogen amounts [16,26]. 

Sapek [16] indicates very complicated relationships in the processes of phosphorus release and 

migration in organic soils in the Biebrza Valley. The author suggests the influence of different 

sorption capacity and phosphorus binding strength of various soil formations in the Murshic 

Histosols on the migration of organic and inorganic phosphorus compounds. Van de Riet et al. [5] 

reported that constant flooding of meadows on drained peat soils causes the release of large amounts 

of compounds, especially phosphorus, into groundwater - much more than in the case of mineral 

soils. The author explained this fact by the higher content of iron-bound phosphorus in peat 

formations. 

Phosphorus losses from organic soils of grasslands do not only occur as a result of leaching into 

the soil profile. A very important cause of these losses is surface and subsurface runoff associated 

with agricultural drainage [25]. Moreover, there is the mutual influence of phosphorus stocks in soil, 

water regime and proper use on the mobility of phosphorus in soils. 

Observing new trends related to the sustainable use of wetlands, especially peatlands, the 

studies concentrated on the transformation of phosphorus in organic soils become very important 

and urgent topic. Therefore the studies of factors enabling to assess the potential and share of 

phosphorus release from organic soils are crucial. So as the modelling and studies in the natural 

environment which are focused on accumulation, transformation and P release in rewetted organic 

soils and sediments [12,17]. 

The aim of the study was to assess the amounts of phosphorous that are released in organic soils 

developed at natural and rewetted peatlands and grasslands near nature reserve. We hypothesized 

that the largest amounts of P may be released from the topsoil of rewetted peatlands.  
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2. Materials and Methods 

The study was carried out at 10 soil profiles located south-west of Lake Kośno nature reserve in 

northern-central Europe (north-eastern Poland), in Olsztyn Lakeland mesoregion (macroregion 

Masurian Lakeland, Warmia and Mazury voivodship) (Table 1, Figure 1). Contemporary land relief 

of research area shows a young glacial character of outwash plain, formed as a result of melted glacial 

waters after the Pomeranian Phase of Weichselian glaciation (Pleistocene). The outwash plain 

landscape is rather flat with or undulating, associated with the presence of sands and silts of kames. 

The depressions between kames are filled with peats on gyttjas and colluvium. Also remains of a 

bottom moraines formed by boulder clays and dunes formed by a eolian sands are present. Lake 

Kośno basin is covered mainly by coniferous and mixed forests. Different types of depressions are 

occupied by wetlands – lakes and peatlands. Peat soils had been drained and used as grasslands in 

the previous century. In the last decade they had been flooded. Rewetting of studied grasslands and 

peatlands was not anthropogenic. Higher groundwater level at these lands was the result of beavers 

activity.  

 

Figure 1. Location of research area. 

Table 1. Coordinates, sample depth, soil formation and landuse (landcover) of investigated soils. 

Soil 

profile 

Sample depth 

(cm) 

Soil  

fomation 

Landuse / 

landcover 

Coordinates 

EPSG 2180 

x y 

1 

0-30 mursh 

re-wetted grassland 609039.83 638601.39 50-80 sapric peat 

100-130 gyttja 

2 

0-30 mursh 

grassland 609047.77 639072.57 50-80 hemic peat 

100-130 sapric peat 

3 

0-30 mursh 

grassland 609075.54 639442.56 50-80 sapric peat 

100-130 gyttja 

4 

0-30 mursh 

grassland 609139.03 639548.70 50-80 fibric peat 

100-130 gyttja 
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5 

0-30 mursh 

peatland 609929.60 639774.86 50-80 sapric peat 

100-130 sand 

6 

0-30 sapric peat 

re-wetted peatland 609572.50 639864.13 50-80 hemic peat 

100-130 hemic peat 

7 

0-30 fibric peat 

peatland 609397.92 639975.23 50-80 fibric peat 

100-130 hemic peat 

8 

0-30 mursh 

peatland 609424.70 640390.85 50-80 sapric peat 

100-130 sand 

9 

0-30 mursh 

peatland 609169.78 640206.35 50-80 sapric peat 

100-130 sand 

10 

0-30 mursh 

re-wetted peatland 608856.32 640403.75 50-80 sapric peat 

100-130 sand 

2.1. Soil Sampling and Preparation 

Field research was carried out in spring (April), summer (July) and autumn (October) in 2011. 

Ten soil exposures were made at different landcovers: grassland, peatland, re-wetted grassland and 

rewetted peatland (Figure 2). For the analysis of 30 soil samples were collected. In each soil profile 

the soil samples were collected from the following depths: 0-30 cm, 50-80 cm and 100-130 cm. The 

soil morphological features, type of peat and degree of peat decomposition were determined. In the 

laboratory, the following soil properties were determined: loss-on-ignition (LOI) at the temperature 

of 550 ᵒC, soil reaction potentiometrically in deionized water and calcium chloride (1 mol dm-3), 

content of total organic carbon (TOC) by Alten’s method, total nitrogen (TN) by Kiejdahl method, 

total phosphorous (TP) colorimetrically after digestion in sulphuric acid and labile form phosphorus 

(AP) in hydrochloric acid (0.5 mol∙dm-3). The amounts of phosphorous extracted with hydrochloric 

acid (0.5 mol∙dm-3) are a relatively labile form of phosphorus in organic compounds [14,27]. 
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Figure 2. Different landuse / landcover in the research area: rewetted grassland (A), grassland (B), 

rewetted peatland (C), peatland (D). 

2.2. Statistical Analysis 

Statistical calculations (mean, correlation coefficients, standard deviation, clustering) were 

carried out using Statistica 13.1. The agglomerative hierarchical cluster analysis using Ward’s method 

was applied in order to group the soils. The basis for choosing the Ward’s method was its efficiency 

that derives from using an analysis of variance approach to estimate the distance between clusters. 

In general, this approach minimizes the sum of the squared deviation of any two clusters which may 

be formed at the stages of the analysis. 

3. Results and discussion 

3.1. Soil systematics and soil properties 

In the studied area various organic soils occurred (Tables 1 and 2). They were developed from 

fen peats of various degrees of decomposition (Fibric, Sapric and Hemic Histosols), frequently with 

mursh on the top (Murshic Fibric, Hemic and Sapric Histosols). The soil profiles No. 1, 3 and 4 gyttja 

was present (suffix Limnic). In the soil Profile No. 5 and 8-10 organic materials were developed on 

mineral subsoil (loose sand texture). The genetic types of peats in the studied soils were divers, and 

so was their degree of decomposition. Rush peats were most frequent. Their degree of decomposition 

amounted to approx. 30-60% (hemic peats) or > 60% (sapric peats). The structure of these peats was 

fibrous-amorphous. Less frequent were alder peats with high degree of decomposition and 

amorphous structure. Weakly decomposed peats (< 30%) – sedge with fibrous structure and moss 

ones with sponge structure - were stated in two soil profiles. The murshes which were developed in 

the topsoil of drained peat had granular structure.  

Table 2. Soil systematics according to WRB 2022 [28]. 

Soil  

profile 
Soil units 

1 Murshic Sapric Histosol Dystric Limnic 

2 Murshic Hemic Histosol Eutric 

3 Murshic Hemic Histosol Eutric Limnic 

4 Murshic Fibric Histosol Eutric Limnic 

5 Murshic Sapric Histosol Eutric 

6 Hemic Histosol Eutric 

7 Fibric Histosol Eutric 

8 Murshic Sapric Histosol Eutric 

9 Murshic Sapric Histosol Eutric 

10 Murshic Sapric Histosol Eutric 

The studied soils are slightly acidic and mean pH values show minor variations (Table 

3). The lowest mean pH values were in fibric peats (pH KCl - 5.53) and the highest in gyttja 

formations (pH KCl - 6.20). In murshes as well as in hemic and sapric peats, the pH KCl 

ranged from 5.71 to 5.78. The organic carbon content in peat formations ranged from 251.50 

g∙kg-1 (sapric peats) to 500.83 g∙kg-1 (hemic peats). The carbon content in murshes was lower 

– 259.34 g∙kg-1 and was similar to gyttja. The lowest content of organic carbon was stated in 

the subsoil (sand) - 185.45 g∙kg-1. The highest content of nitrogen was stated in hemic and 

fibric peats (23.05 g∙kg-1 and 21.20 g∙kg-1, respectively), whereas in in murshes and sapric 

peat the TN content was lower – 14.42 g∙kg-1 and 14.56 g∙kg-1, respectively. The C:N ratio 
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was lower in murshes (16.03) than in peats (18.94-22.18). The quantities of organic carbon 

and nitrogen are typical for drained organic soils. The OC content in murshes is frequently 

lower than in underlying peats due to mineralisation of organic matter in the topsoil [8,10].  

Table 3. Basic soil properties. 

Properties Value 

Soil formation 

Statistically significant 

differences α = 0.05 
Mursh 

 

(1) 

Fibric peat 

(2) 

Hemic 

peat 

(3) 

Sapric 

peat 

(4) 

Gyttja 

 

(5) 

Sand 

 

(6) 

LOI 

(%) 

X 55.28 21.57 13.66 47.14 56.64 67.75 
1>2. 1>3. 2<6.  

3<4. 3<5. 3<6 
SD 21.99 14.15 4.62 20.70 26.64 22.34 

CV 39.79 65.60 33.83 43.90 47.03 32.97 

pH H2O 

X 5.93 6.08 6.25 6.06 6.27 6.30  

SD 0.37 0.46 0.59 0.22 1.14 0.53  

CV 6.17 7.53 9.47 3.67 18.15 8.40  

pH KCl 

X 5.71 5.53 5.78 5.73 6.20 6.00  

SD 0.39 0.33 0.43 0.26 1.05 0.50  

CV 6.90 5.98 7.53 4.47 16.99 8.28  

TOC 

(g kg-1) 

X 259.34 454.95 500.83 290.58 251.50 185.45 
1.2. 1.3. 2>6. 3>4.  

3>5. 3>6. 2>6. 3>6 
SD 127.67 82.08 26.82 151.29 154.51 132.65 

CV 49.23 18.04 5.36 52.06 61.43 71.53 

TN 

(g kg-1) 

X 14.42 21.20 23.05 14.56 13.40 9.70  

SD 10.13 3.50 2.38 7.92 7.46 6.59  

CV 70.27 16.51 10.33 54.38 55.66 67.94  

TOC/TN 

X 16.03 22.18 21.85 18.94 18.97 14.18 

1<3 SD 3.32 6.70 1.86 2.30 4.41 9.67 

CV 20.72 30.22 8.53 12.17 23.25 68.22 

Explanations: X – mean, S – standard deviation, CV – coefficient of variance, LOI – loss-on-ignition, TOC – total organic 

carbon, TN – total nitrogen. 

3.2. Content of total and bio-aviable forms of phosphorus  

The highest total phosphorus content was stated in gyttjas (6.77 g∙kg-1), and hemic peats – 2.29 

g∙kg-1 (Table 4). The content of this element in murshes was twice lower (1.18 g∙kg-1). Saltali & Nedirli 

[29] confirm in their research the ability of gyttja to absorb phosphorus. However, Zak et al. [19] 

indicate a positive correlation between the degree of peat decomposition and the risk of phosphorus 

release. The obtained results of TP content in gyttja are much higher than those observed in 

calcareous gyttja from the post-bog area [30]. This is probably related to the much lower organic 

matter content. However, the TP contents in the studied peats and murshes were lower than those 

reported in the literature from NE Poland [10,31].The content of labile form of phosphorus was 

extremely diverse. In spring, more labile form of phosphorus (AP sp) was released in murshes (0.29 

g∙kg-1) than in peats (0.07-0.14 g∙kg-1). In the summer, more labile form of phosphorus was found in 

fibric peats (0.37 g∙kg-1) than in murshes (0.26 g∙kg-1). In autumn, the phosphorus content in murshes 

and peats did not vary (0.21-0.23 g∙kg-1). Noteworthy is that during research seasons, the highest 

average amounts of AP were released in gyttjas, lower in murshes (0.26 g∙kg-1) and fibric peats (0.25 

g∙kg-1), and the lowest in sapric peats (0.15 g∙kg-1). 

The content of labile form of phosphorus is be the basis for estimating the abundance of this 

element in soils [32]. In the studied topsoils the amounts of this form of phosphorus were extremely 

diverse and ranged from very low to very high. 
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Table 4. Average amounts of total and available forms of phosphorus in Histosols. 

Properties Value 

Soil formation 

Statistically significant 

differences α = 0.05 
Mursh  

 

(1) 

Fibric peat 

(2) 

Hemic 

peat 

(3) 

Sapric 

peat 

(4) 

Gyttja 

 

(5) 

Sand 

 

(6) 

TP 

(g kg-1) 

X 1.18 1.31 2.29 0.75 6.77 0.63 
1<5. 4<5. 2>4. 2>6.  

3>4. 3>6. 5>6 
SD 0.54 0.23 1.29 0.30 4.60 0.29 

CV 45.66 17.14 56.31 39.44 67.99 45.96 

AP sp 

(g kg-1) 

X 0.29 0.07 0.14 0.07 2.91 0.09 

1<5. 4<5 SD 0.27 0.08 0.16 0.05 2.75 0.09 

CV 94.23 106.10 116.33 75.24 94.24 99.62 

AP su 

(g kg-1) 

X 0.26 0.37 0.16 0.14 3.46 0.14 

1<5. 4<5 SD 0.32 0.31 0.10 0.22 3.16 0.10 

CV 121.02 84.41 63.17 155.52 91.26 70.85 

AP au 

(g kg-1) 

X 0.22 0.22 0.23 0.21 0.64 0.17  

SD 0.29 0.06 0.18 0.28 0.40 0.02  

CV 134.30 28.55 80.77 135.00 63.48 12.85  

AP av 

(g kg-1) 

X 0.26 0.25 0.22 0.15 2.34 0.15 

1<5. 4<5 SD 0.26 0.13 0.14 0.17 2.09 0.07 

CV 99.68 51.47 65.04 117.04 89.35 44.27 

TOC/TP 

X 241.25 360.37 282.32 469.79 73.02 513.07 

1>5. 2>5 SD 112.35 115.39 157.98 360.83 94.80 635.06 

CV 46.57 32.02 55.96 76.81 129.84 123.78 

Explanations: TP – total phosphorus, AP sp – available phosphorus in a spring, AP su – available phosphorus in a summer, 

AP au – available phosphorus in a autumn, AP av – average content of available phosphorus. 

Total and labile forms of phosphorus were positively correlated with soil pH ( r = 0.370-0.551) 

(Table 5). The contents of AP were significantly correlated with TP, noteworthy is that AP sp and AP 

su were the most correlated with TP (r = 0.946-0.949), whereas AP au had lower correlation coefficient 

(r = 0.659).  

Table 5. Correlation coefficients between the soil properties. 

Properties pH H2O pH KCl TOC TN TP AP sp AP su AP au AP av 

TP 0.425 0.420 -0.039 -0.002 1.000     

AP sp 0.370 0.392 -0.176 -0.077 0.949 1.000    

AP su 0.387 0.412 -0.176 -0.087 0.946 0.985 1.000   

AP au 0.533 0.551 -0.076 -0.235 0.659 0.648 0.697 1.000  

AP av 0.419 0.437 -0.164 -0.099 0.954 0.989 0.996 0.731 1.000 

Explanations: see Tables 3 and 4. 

The majority of phosphorus in the soil occurs in the form of bonds with divalent and trivalent 

metal cations (e.g. Ca, Mg, Fe, Al, Mn), forming sparingly soluble compounds [12,14,27]. This process 

is called phosphorus retrogression. The combination of phosphorus with metal cations is faster when 

the soil has lower pH value. This may hamper the uptake of P by plants [26], and also to P 

immobilization. However, in soils containing higher amounts of organic matter, the release of 

phosphorus is higher.  

Figure 3 shows the percentage of labile forms of phosphorus (AP) in relation to total phosphorus 

(TP). In spring, the highest share of AP in relation to TP was observed in gyttja (average 33.4%), 

mursh – 26.3% and mineral subsoil (sand) – 25.8%. The lowest ones were found in peat - 5.0-12.2%. 

In summer, similarly to spring, the highest share of AP in TP was found in gyttja (average 40.9%). 
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Much lower share was observed in: fibric peat (29.0%), sand (24.8%) and mursh (19.9%). The lowest 

values were recorded in hemic peat - average 7.4%. In autumn, the highest average share of AP in TP 

was found in sand (39.9%) and sapric peat (28.1%). However, noteworthy is that the lowest values 

were in gyttjas (9.4%). To sum up, the potential to release phosphorus from the studied soil 

formations can be presented in the following sequence: sand>gyttja>fibric peat>mursh>sapric 

peat>hemic peat. Such significant variation for this parameter indicates high spatial variability of the 

potential efficiency of soils as a phosphorus source. Murshes as a source of labile P in spring, one of 

biogens, pose threat to surrounding ecosystems because they may initiate eutrophication process. It 

should also be noted that labile P accumulates in the lower parts of the soil profile, especially gyttjas. 

In the context of sustainable use of these soils, and responsible land management, this parameter 

should be monitored seasonally. 

 

Figure 3. Share of available phosphorus in total phosphorous (in %) in studied soil formations. 

The comparison of N and P ratios in soils formations enables the interpretation of P stock in 

soils. The N/P ratio may be very different in soils due various contents of P in the soil parent material 

and soil fertilization. It is narrow in soils which are in agricultural use and wider in soils which are 

devoid anthropogenic impact (Figure 4). 
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Figure 4. Total nitrogen and total phosphorus ratio in different soil systems according to Sapek [33]. 

3.3. Soil phosphorus release risk  

In hydrogenic soils located close to watercourses, significant amounts of phosphorus are 

released, carried away with biomass or washed (soluble phosphates) into surface and groundwater 

[31,34]. Improper air-water relations and improper use of these soils may cause unfavorable processes 

that may result in eutrophication of water reservoirs. Phosphorus is a component that determines the 

fertility of ecosystems. In soils, P occurs mainly in organic forms (phytin, nucleic acids, 

phospholipids) and in small amounts in mineral forms (minerals, ions). In Histosols, phosphorus in 

organic connections may constitute 50–90% of its total content, but in conditions of intense 

mineralization this amount may decrease by 1–2% per year [35,36]. Drainage of organic soils results 

in mineralization and leaching of phosphorus. Increasing the groundwater level to mitigate GHGs 

emissions from organic soils may result in the release and migration of phosphorus due to the 

reduction of iron and the release of phosphates associated with Fe [37]. Rewetting of organic soils 

may result in leaching of phosphorus and accelerated eutrophication of aquatic ecosystems [37]. 

Aldous at al. [38] and Graham et al. [39] reported the higher content of soil phosphorus in restored 

wetland soils compared to natural wetlands.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 January 2024                   doi:10.20944/preprints202401.0153.v1

https://doi.org/10.20944/preprints202401.0153.v1


 10 

 

 

Figure 5. Total organic carbon and total phosphorus ratio, as a possibility of immobilization or release 

of phosphorus from soils. 

The release of phosphorus from organic compounds and binding by organic matter 

(immobilization) depend on the C:P ratio in plant residues and soil. If this ratio is wide (>300), 

phosphorus is bound, if it is narrower (150–200), P is released. The less phosphorus there is in the 

soil, the greater the probability of its immobilization in organic connections [40]. In the examined 

soils, the C:P ratio ranged from 20 to 320. The relatively high content of mobile phosphorus in organic 

soils is a potential threat of P release into water. Narrow C/P ratio is typical for soil formations which 

have well decomposed and humified organic matter, i.e. mursh and sapric peat [12,14,41,42]. The 

TOC:TP ratio below 200 was also stated in gyttjas. 

In the Ward’s method of clustering, based on soil properties, similarities between all 30 soil 

formations of 10 soil profiles were shown (Figure 6). The most distinct differences were observed 

between the Murshic Sapric Histosol District Limnic (profile 1) and the Murshic Sapric Histosol Eutric 

(profile 8). Cluster 1 grouped the soils with mursh on the top and gyttja or sand in the subsoil (profiles 

1, 3, 4, 9 and 10). Cluster 2 aggregated soils, with mursh or peat on the top and peat or sand below 

100 cm.  

Within cluster 1, two subgroups were identified: (i) soils at grassland, rewetted grassland and 

rewetted peatland (profile1, 3, 4 and 9), (ii) soil at the peatland (profile 10). 

Within cluster 2 three subgroups were identified: (i) soils at grasslands and peatlands (profile 2 and 

5), (ii) soils of re-wetted peatland and peatland (profile 6 and 7) and (iii) one soil profile (number 8) 

at the peatland. 

The clustering did not enable to distinguish the soils basing on the soil use or different landcover 

due to similar use of soils and location of the soil profiles within one research area. 
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Figure 6. Clustering of soil phosphorus content. 

4. Conclusions 

The studied soils contained various amounts of phosphorous in surface horizons and in the 

subsoils. The content of labile form of phosphorus was changing during the studied seasons and 

varying between the soil formations studied. The soils which were drained and had mursh in the top 

contained more labile form of phosphorus, especially in spring season. However the release rate or 

immobilization of P by these soil formations depended strongly on the C:P ratio, which was varying 

in murshes. Based on our study the highest risk of phosphorus release was stated for gyttjas, lying 

deeper in the soil profile.  
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