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Abstract 

The aim of the study was to compare the physical-chemical quality parameters of shallow groundwater quality in peat 
bogs of the Łęczna-Włodawa Lake District in the context of the occurrence of selected boreal species of plant relics: dwarf 
birch (Betula humilis Schrank), downy willow (Salix lapponum L.) and swamp willow (Salix myrtylloides L.). Analyzes of 
shallow groundwater quality parameters included physical-chemical parameters: reaction (pH), electrolytic conductivity 
(EC), dissolved organic carbon (DOC), total nitrogen (TN), ammonium nitrogen (NH4), nitrite nitrogen (NO2), nitrate ni-
trogen (NO3), total phosphorus (TP), phosphate (PO4), sulfate (SO2), sodium (Na), potassium (K), calcium (Ca) and mag-
nesium (Mg) by certified laboratory tests. 

It was found that the natural hydrochemical specification of peat bogs is characterized by fluctuations associated with 
the dynamics of internal metabolism of peat ecosystems without the visible impact of anthropopressure. This is confirmed 
by the concentration of nutrients: TN at the study sites were within a broad range of mean values: 16.92–45.31 mg·dm–3; 
NH4 (0.55–0.76 mg·dm–3); NO2 (0.06–4.33 mg·dm–3); and NO3 did not exceed 0.2 mg·dm–3, and concentration of TP 
adopted mean values in a range of 0.22–0.42 mg·dm–3. 

The studied physical-chemical factors of shallow groundwater were within the habitat preferences of the studied spe-
cies, but in differentiated qualitative and quantitative ways determined optimal conditions for building the population of the 
studied species. Particularly values of TP lower than other obtained values in a range of: 0.08–0.32 mg·dm–3; PO4 = 0.1 
mg·dm–3; TN = 2.2–21.2 mg·dm–3; NH4 = 0.1–0.46 mg·dm–3; DOC = 24.6–55.9 mg·dm–3, as well as higher than average 
pH values in a range of: 5.34–5.95 and concentration of Ca = 5.67–28.1 mg·dm–3 and Mg = 0.56–2.41 mg·dm–3, as well as 
EC = 72.1–142.3 µS·cm–1 can be treated as a condition favouring proper development of the population of dwarf birch. For 
Salix lapponum: a reduced level of values of nitrogen fractions (TN = 3.01–18.84 mg·dm–3; NH4 = 0.1–0.41 mg·dm–3), 
a reduced level of values of phosphorus fractions (TP = 0.09–0.44 mg·dm–3; PO4 = 0.1–0.44 mg·dm–3), part of ions (Ca = 
4.39–19.63 mg·dm–3; Mg = 0.77–3.37 mg·dm–3), pH = 5.9–6.4, EC = 124–266 µS·cm–1 and DOC = 24.1–57.5 mg·dm–3. 
For the equally studied Salix myrtylloides, such conditions were met by: TP = 0.1–0.41 mg·dm–3; PO4 = 0.1–0.18 mg·dm–3, 
DOC = 27.5–50.9 mg·dm–3, pH = 5.3–5.94 and EC = 62.2–139.3 µS·cm–1. 
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INTRODUCTION 

The chemical composition of both surface and under-
ground waters is therefore a resultant of the geochemistry 
of landscape depending on its geological and topographic 
features – overland flow and landscape retention [SZAF-
RAŃSKI et al. 1998]; specific climatic conditions; regional 
and local water management; type and intensity of land use 
in a given area; as well as type of vegetation [GRZYWNA 
2014; MARCINEK et al. 1994]. The species composition and 
life forms of the flora, and mosaic character of phytocoe-
noses determine the potential of the biogeochemical barrier 
of plant assemblages – retention of biogenic substances 
and other pollutants [SERAFIN et al. 2019b]. 

Among anthropogenic factors, industry, municipal 
management, transportation, and tourism and recreation 
have the greatest contribution in polluting waters [SERAFIN 
et al. 2018; SOOMERS et al. 2013]. In the case of peatlands, 
the vicinity of agricultural areas constitutes the primary 
source of biogenic substances and post-production pollu-
tants for this type of environment, causing a change in its 
fertility towards eutrophy [MISZTAL et al. 1992; SERAFIN 
et al. 2019b; SERAFIN, POGORZELEC 2011]. 

The quality of groundwaters is also closely related to 
rural settlement (point pollution sources), responsible for 
the highest concentrations of organic pollutants, ammoni-
um nitrogen (NH4), total phosphorus (TP), phosphates 
(PO4), and chlorides (Cl). Moreover, villages have been 
recognized as having the strongest impact on the quality of 
surface waters [BURCZYK et al. 2015; ORZEPOWSKI et al. 
2014]. 

An increase in the trophic status and productivity of 
habitats determined by a change in the chemical specifica-
tion of groundwaters affects the qualitative transformation 
of the biocoenotic composition of phytocoenoses. The con-
sequence of such a situation is monotypisation of biocoe-
noses determined by the development of competitive fast 
growing plants [WASSEN et al. 2005], e.g. common reed 
(Phragmites australis), and loss of biological diversity 
[BANASZUK, KAMOCKI 2016]. 

In a further perspective, this may lead to the transfor-
mation of turf peatland ecosystems into forest assemblages 
[OLACZEK et al. 1990]. The effect of such transformations 
in the peatlands of the Łęczna-Włodawa Lakeland is there-
fore a transformation of hydrological conditions concern-
ing management of water resources, as well as the quality 
of groundwaters [SERAFIN et al. 2018].  

A further consequence of such habitat transformations 
is the loss of local sites of occurrence of plant species fail-
ing to withstand revolutionary changes in the environment. 
They are often rare and protected Pleistocene boreal relics 
– species of willows: downy willow (Salix lapponum), 
swamp willow (Salix myrtylloides), and dwarf birch (Betu-
la humilis) [POGORZELEC 2008; POGORZELEC 2009; SERA-
FIN et al. 2015a; SERAFIN et al. 2015b; SERAFIN et al. 
2018; SERAFIN et al. 2019a; SOŁTYS, RÓŻYCKI 1996], 
playing an important role in the preservation of the species 
richness of the flora [GRANDCOLAS et al. 2014]. 

Numerous scientific studies and environmental moni-
toring provide vast amounts of data on the migration of 

pollutants to surface waters. The qualitative state of 
groundwaters of the first aquifer is considerably less inves-
tigated [ZBIERSKA et al. 2011].  

Therefore, the investigation of the effect of physical- 
-chemical groundwater parameters on the specificity of 
occurrence of rare and protected boreal relics is the prima-
ry element of the efficiency of their protection, and in the 
perspective of regulating water relations, as well as shap-
ing the environment. 

The aim of the study was therefore to compare the 
physical-chemical quality parameters of shallow ground-
water quality in peat bogs of the Łęczna-Włodawa Lake 
District (Middle-East Poland) in the context of the occur-
rence of selected boreal species of plant relics: dwarf birch 
(Betula humilis Schrank), downy willow (Salix lapponum 
L.) and swamp willow (Salix myrtylloides L.) based on 
previous research [SERAFIN et al. 2015a, SERAFIN et al. 
2015b; SERAFIN et al. 2018; SERAFIN et al. 2019a].  

In the habitat aspect, all species of the analysed glacial 
relics prefer similar sites on mineral-humus and organic 
soils, considerably moist, oligotrophic, or mesotrophic, but 
rich in organic matter, neutral in terms of acidification or 
with acidic and moderately acidic reaction. As a result of 
dehydrogenation of the habitats of their occurrence related 
to the regulation of water relations, they are threatened or 
seriously threatened by extinction – they are subject to 
species protection [POGORZELEC 2008; POGORZELEC 2009; 
POGORZELEC et al. 2014; SERAFIN et al. 2015a; SERAFIN et 
al. 2015b; SERAFIN et al. 2019a; ZARZYCKI, KORZENIAK 
(eds.) 2002]. 

Therefore, the information obtained broadens 
knowledge about the issues of active protection of such 
species by specifying ranges of fluctuations in habitat fac-
tors and the most optimal conditions for the implementa-
tion of their life strategy. 

STUDY METHODS  

Based on reconnaissance research in the field, support-
ed by laboratory analyses of shallow groundwaters in peat-
lands, representative locations were selected in the Łęczna-
Włodawa Lakeland for different types of regional ecologi-
cal research [SERAFIN et al. 2015a; SERAFIN et al. 2015b; 
SERAFIN et al. 2018; SERAFIN et al. 2019]. They were semi-
natural places with potentially limited human pressure and 
regulated hydrological relations (the Polesie National Park 
and its surroundings). Selected objects are: lake-peatland 
complexes: Lake Bikcze (B), Lake Karaśne (K), Lake Dłu-
gie (D), Lake Moszne (M), Lake Lubowierz (L); forest peat-
land Blizionki (BZ), and wilderness Dekowina (DK) – Fig. 1.  

Depending on the object, study sites were designated 
with the natural character confirmed by the botanical re-
search, purposely diversified in terms of their abundance in 
the analysed species and the research procedure was con-
ducted. 

For dwarf birch they were sites: K, B, M, D, L and 
DK, for downy willow: K, L and BZ, and for swamp wil-
low: M, DK and B. Sequences of abundance of particular 
places of occurrence of plant species in selected locations 
at the study sites were as follows: dwarf birch: K > B > M  
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Fig. 1. Location of the study sites in the Łęczyńsko-Włodawskie Lake District; B, D, K, M, L, DK = dwarf birch sites,  

K, L, BZ = downy willow sites, B, M, DK = swamp willow sites; source: SERAFIN et al. [2019b], changed  

= D = L = DK; downy willow: K > L > BZ (recent extinc-
tion of the species), and swamp willow: M > DK > B.  

Next, in the centre of the study sites, piezometers were 
installed for sampling shallow groundwaters for laboratory 
analyses. Groundwater samples from the piezometers in 
the peatlands were collected for laboratory analyses three 
times (willow relics) or seven times (dwarf birch) in the 
vegetative season, over three – willow relics: 2011–2013 to 
four study seasons – dwarf birch: 2011–2014 [SERAFIN et 
al. 2015a; SERAFIN et al. 2015b; SERAFIN et al. 2018; 
SERAFIN et al. 2019a].  

The analyses of quality parameters of shallow 
groundwaters important for the functioning of peatland 
phytocoenoses in the context of habitats covered the de-
termination of 14 physical-chemical properties such as: 
reaction (pH), electrolytic conductivity (EC), dissolved 
organic carbon (DOC), nitrogen fractions: total nitrogen 
(TN), ammonium nitrogen (NH4), nitrite nitrogen (NO2), 
nitrate nitrogen (NO3), phosphorus fractions: total phos-
phorus (TP), phosphate phosphorus (PO4), concentration of 
sulphates (SO4) and selected cations: sodium (Na), potas-
sium (K), calcium (Ca), and magnesium (Mg).  

The laboratory research was performed each time by 
means of certified methods at the Central Agroecological 
Laboratory of the University of Life Sciences in Lublin. 
Results of the laboratory research were analysed in statisti-
cal terms for all sites (collective box plots), permitting the 
determination of the ecological tolerance of the analysed 
plant species in reference to each physical-chemical pa-
rameter of shallow groundwaters. Due to the rejection of 

hypotheses about the normality of distribution and homo-
geneity of variance, this part of analysis was carried out 
based on nonparametric methods. Therefore, the non-
parametric Kruskal–Wallis test (K–W rank sum test) was 
applied with post hoc analysis assuming a significance lev-
el of 0.05. Box plots (upper and lower quartile) referred to 
K-W testing (p-value) provided information on the range 
of values of physical-chemical water properties important 
for a higher percent contribution of a given species. The 
principal components analysis (PCA) was performed for 
parameters which the K-W test indicated as significant.  
K-W tests and PCA analysis were carried out in the Statis-
tica 13. 

RESULTS AND DISCUSSION  

Based on direct observations during water sampling 
for laboratory analyses, it was found that the level height 
of groundwaters in peatlands was determined to remain at 
a constant level, approximate to the level of peat, and 
showed inconsiderable oscillations only related to periods 
of seasons of the year, when higher hydration was recorded 
after snowmelts in the spring season, and somewhat lower 
in the summer period (therefore it was not the limiting fac-
tor). A lower level of groundwaters with similar dynamics 
was characteristic of sites not developing lake-peatland 
complexes – Blizionki (BZ), as well as Dekowina (DK) 
and Lubowierz (L – remains of an overgrown lake). 

All study sites were therefore characterised by consid-
erable hydration with intensity related to the character of 
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the location itself (its relations to the close vicinity of the 
lake) and seasons of the year (snowmelt, dynamics of at-
mospheric precipitation).  

The most important parameters of habitat quality of 
shallow groundwaters in peatlands may be biogenic sub-
stances [IGRAS, JADCZYSZYN 2008].  

Natural plant communities have a great ability of self-
regulation, and determine the circulation of biogenic sub-
stances [KÖSTER 2001]. Nonetheless, nutrients released in 
the process of mineralisation of organic or matter or of 
allochthonous origin are not fully retained by largely inef-
ficient plant communities. They can then migrate from the 
soil to groundwaters, shaping their habitat quality in a sec-
ondary way [KIRYLUK, WIATER 2004]. The dynamics of 
biophysical-chemical processes in peatlands determined by 
the effect of human activity (e.g. changes in water regime, 
vicinity of agricultural areas) causes considerable fluctua-
tions of the levels of the substances [BANASZUK, KAMOCKI 
2016]. 

In terms of abundance of nutrients, concentrations of 
TN at the study sites were within a broad range of mean 
values: 16.92–45.31 mg·dm–3; NH4 (0.55–0.76 mg·dm–3); 
NO2 (0.06–4.33 mg·dm–3); and NO3 did not exceed 0.2 
mg·dm–3, and concentration of TP adopted mean values in 
a range of 0.22–0.42 mg·dm–3 (Fig. 2).  
Higher mean values of nitrogen and phosphorus fractions 
were recorded for the sites of occurrence of relic species of 
willows: Salix myrtilloides – Bikcze (B), Dekowina (DK), 
and Moszne (M), and Salix lapponum – Karaśne (K), 
Blizionki (BZ), and Lubowierz (L). The situation was de-
termined by incidentally high single results considerably 
diverging from the median for all the obtained values of 
biogenic substances (Fig. 2), and their variable values for 
particular study sites.  

The possibilities of secondary eutrophication of peat-
land ecosystems can also be determined by the degree of 
their acidification and content of sulphur compounds in the 
soil solution [SAPEK 2014], as well as the concentration of 
sodium, potassium, calcium, and magnesium – the main 
base elements participating in shaping the reaction of soil 
solutions [LIGĘZA, SMAL 2004]. Their amount is regulated 
by sorption or release from sorption complexes of peat-
lands [STOLARCZYK et al. 2017]. 

The reaction of groundwaters at the sites of occurrence 
of all the analysed plant species was slightly acidic (pH = 
5.61–5.67 – Fig. 2) and suitable for transitional bog and 
fen habitats occurring in the Łęczna-Włodawa Lakeland. 
The reaction values were stabilised, optimising the availa-
bility of nutrients for plants in the habitat. Mean values of 
SO4 ion concentrations oscillated in a range of 2.51–4.94 
mg·dm–3 (Fig. 2). The sequence of base metals for all sites 
and analysed plant species was as follows: Ca > Na > K > 
Mg, and based on the obtained values it did not suggest 
rapid phenomena of ion exchange between the sorption 
complexes and the soil solution (with the exception of in-
cidental single results), although it evidenced greater pres-
ence of calcium hydroxides in the soil solution (regional 
condition). This points to the natural character of metabolic 
processes of the peatlands, because the agricultural use of 
the catchment favours an increase in the concentration of 

magnesium, calcium, and to an inconsiderable degree so-
dium, and a decrease in the concentration of potassium in 
its waters [POKŁADEK et al. 2011]. Very high Ca:Mg ratio, 
observed as the synthesis of information from obtained 
study results, also confirms lack of intensification of hu-
man pressure, because low values of such cation relations 
suggest the effect of municipal pollutants from built-up 
areas [BURCZYK et al. 2015; ORZEPOWSKI, PULIKOWSKI 
2008].  

Similarly, mean values of EC constituting an interme-
diate measure of assessment of water mineralisation and 
pollution, adopting a range of 99.28–184.8 µS·cm–1 (Fig. 
2), did not suggest considerable intensification of human 
pressure at the study sites. 

The basic factor of humeutrophication of groundwaters 
in peatlands is also the quantity and quality of dissolved 
organic matter (DOC), determining the availability of bio-
available forms of nitrogen and phosphorus related to hu-
mic substances the abundance of which depends on the 
dehydration of the peat deposit [GÓRNIAK 1996]. Values of 
the index for all the analysed plant species at the sites of 
their occurrence adopted the mean range of values from 
40.35 to 50.21 mg·dm–3 (Fig. 2), not determining greater 
possibilities of secondary mobilisation of biogenic com-
pounds for plants. 

Reaction values, contents of sulphur substances, met-
als determining reaction, and DOC and EC in groundwa-
ters of the sites of occurrence of glacial relics did not sug-
gest the intensification of biophysical-chemical processes 
related to anthropogenic dehydrogenation of peat deposits. 
This confirmed the thesis on the natural character of the 
habitats and regulated water relations of selected study 
sites. 

Like in the case of biogenic substances, part of other 
parameters analysed specifically for a given species and 
particular study sites showed incidental deviations of re-
sults, providing a misleading image of intensity of a given 
parameter. 

For boreal relics, such factors were: EC, DOC, SO4, 
Na, and Ca at sites of occurrence of Betula humilis, SO4 
and Na for sites of Salix myrtilloides, and for the occur-
rence of Salix lapponum: Na ions (Fig. 2). 

Such issues should be associated with the dynamics of 
the internal metabolism of peatland ecosystems, shaped by 
co-occurring processes of mineralisation of organic matter 
and bioretention of nutrients by plant assemblages. They 
are characterised by labile balance determined by variable 
metabolic activity of microorganisms, variable productivi-
ty capacities of the flora, and temporally and spatially di-
verse development of the abiotic factors of the habitat 
[BANASZUK, KAMOCKI 2016]. Another important issue is 
the rate of exchange of groundwaters – in locations not 
developing lake-peatland complexes (low rate of exchange 
of groundwaters), the values of biogenic substances were 
considerably higher. 

The broad amplitude of values of the majority of quali-
tative parameters of groundwaters in peatlands at the sites 
of occurrence of the analysed plant species confirmed the 
broad range of their ecological tolerance in reference to the 
character of the ecosystem (peatland), to the parameters, 
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Fig. 2. Distribution of the values of the investigated physical-chemical parameters of piezometric groundwater at the study sites of relic 
plants: Bh = Betula humilis, Sl = Salix lapponum, Sm = Salix myrtylloides; pH = reaction, EC = electrolytic conductivity, DOC = total 

organic carbon, TN = total nitrogen, NH4 = ammonium nitrogen, NO2 = nitrite nitrogen, NO3 = nitrate nitrogen, TP = total phosphorus, 
PO4 = phosphate phosphorus, SO4 = sulphates concentration, Na = sodium concentration, K = potassium concentration,  

Ca = calcium concentration, Mg = magnesium concentration; source: own study  

and to regional locations. It was therefore concluded – the 
potentially favourable habitat conditions of occurrence of 
boreal relics outside of their compact range [JABŁOŃSKA 
2009; POGORZELEC 2008; POGORZELEC et al. 2014]. 

Based on the this scientific research it was determined 
that values of biogenic substances in groundwaters of peat-
lands related to the occurrence of the analysed species 
were different for different species and study sites, and 
reflected the intensification of processes related to the eu-
trophication of the habitat to various degrees, however 
without exceeding mean mesotrophic values. Due to the 
location of the study sites in an area of potentially limited 
human pressure, this confirms the thesis on the effect of 
internal metabolism on the trophic status of peatland eco-

systems [BANASZUK, KAMOCKI 2016; SMOLDERS et al. 
2006].  

The measure of specificity of occurrence of particular 
boreal relics is variability of hydrochemical conditions in 
reference to their sites. This is of particular importance in 
the case of analysis of locations the most abundant in the 
analysed species. 

In reference to glacial relicts, higher values of parame-
ters: pH, EC, and Ca in comparison to other sites were rec-
orded for the study site on Lake Karaśne (K), constituting 
the site of the highest % contribution of Arctic dwarf birch 
in the phytocoenosis. In the case of Ntotal, NH4, and DOC, 
their values at site Karaśne are lower in comparison to sites 
Dekowina (DK) and Lubowierz (L). In the case of phos-
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phorus fractions, similar values were observed at sites K, 
D, and M, and higher for the remaining sites. For potassi-
um, similar values were found for sites K, B, M, and L, 
inconsiderably higher in the case of site DK, and some-
what lower for site D. Values of Mg ions at site K were 
comparable to site B, and in the case of the remaining sites 
lower. Some physical-chemical water parameters, i.e. Na, 
SO4, NO2, and NO3, had comparable values for all study 
sites, and therefore had no limiting effect on the abundance 
of the population of dwarf birch. 

The lowest values of groundwater quality parameters 
in peatlands (with the exception of pH, EC, and SO4 ion 
concentration) were recorded for the site of the most abun-
dant population of S. myrtilloides on Lake Moszne (M). 
The lowest mean amplitude of the values of the analysed 
physical-chemical water parameters in the habitats, consid-
ering all the analysed sites of occurrence of the species in 
the Łęczna-Włodawa Lakeland, concerned the following 
parameters: NO2, NO3, SO4, and Na, treated as factors lim-
iting the occurrence of the analysed species, whereas TP, 
K, Ca, Mg, DOC, pH, and EC showed the highest ampli-
tude, and in reference to the % contribution of the analysed 
species in the phytocoenoses, affecting the possibility of its 
occurrence to a variable degree. The lowest values of bio-
genic substances – the majority of fractions of nitrogen and 
phosphorus – were determined for Salix lapponum at the 
site most abundant in the species on Lake Karaśne (K). 
A small amplitude of values of TN, NO3, phosphorus frac-
tions, DOC, and pH was also recorded here. Among quali-
tative parameters of peatland groundwaters, NO2, NO3, 
SO4, as well as K, Na, and Mg showed a similar distribu-
tion analysed separately at particular study sites – the dis-
tribution of values of the parameters was invariable in the 
habitats.  

In spite of similar habitat requirements of the analysed 
plant species, the heterogenous distribution of values of 
variable physical-chemical parameters of groundwaters 
characterised their occurrence in a variable way. 

The box-and-whisker plots show the distribution of the 
observations. In particular, the box represents the first and 
third quartiles. The horizontal line across the central region 
of the box represents the median. The mean value of the 
data is marked by a red filled triangle. The whiskers are 

drawn to the most extreme observations located no more 
than 1.5 times the inter-quartile range away from the box. 
When there are no outliers, the whiskers indicate the min-
imum and maximum values. The plot presents observed 
values of particular parameters, marked with blue dots. 

More complete information on the concentration of the 
analysed habitat parameters in reference to the specificity 
of occurrence of boreal relics at particular sites is provided 
by results of statistical non-parametric Kruskal–Wallis 
tests (KW) at a significance level of 5% (Tab. 1–3). They 
permitted the determination of favourable conditions of 
groundwater quality for more abundant occurrence of the 
analysed species in the Łęczna-Włodawa Lakeland. 

In the case of dwarf birch, the most statistically signif-
icant differences occurred between sites more abundant in 
individuals of the species (K, B), and sites DK and L with 
mutually similar and lower percent contribution of the ana-
lysed species in the phytocoenoses. They concerned the 
following values: TN, NH4, TP, PO4, DOC, pH, EC, as 
well as Mg and Ca. Particularly values of TP lower than 
other obtained values in a range of: 0.08–0.32 mg·dm–3; 
PO4 = 0.1 mg·dm–3; TN = 2.2–21.2 mg·dm–3; NH4 = 0.1–
0.46 mg·dm–3; DOC = 24.6–55.9 mg·dm–3, as well as 
higher than average pH values in a range of: 5.34–5.95 and 
concentration of Ca = 5.67–28.1 mg·dm–3 and Mg = 0.56–
2.41 mg·dm–3, as well as EC = 72.1–142.3 µS·cm–1 (Fig. 2, 
Tab. 1) can be treated as a condition favouring proper de-
velopment of the population of dwarf birch in the Łęczna- 
-Włodawa Lakeland.  

Higher values of Ca and lower than average values of 
PO4 also constituted favourable conditions for a higher 
abundance of the population of dwarf birch, which is prob-
ably related to the presence of soils rich in calcium hydrox-
ides, binding phosphates and therefore limiting the disper-
sion of competitive fast-growing grasses and tree species 
[JABŁOŃSKA 2009]. 

For Salix lapponum, as a group of conditions contrib-
uting to its more abundant occurrence can be considered: 
a reduced level of values of nitrogen fractions (TN = 3.01–
18.84 mg·dm–3; NH4 = 0.1–0.41 mg·dm–3), a reduced level 
of values of phosphorus fractions (TP = 0.09–0.44  
mg·dm–3; PO4 = 0.1–0.44 mg·dm–3), part of ions (Ca = 
4.39–19.63 mg·dm–3; Mg = 0.77–3.37 mg·dm–3), pH = 

Table 1. Values of the Kruskal–Wallis test statistics, p-values and results of multiple comparisons for significantly variable parameters at 
particular study sites of Betula humilis occurrence  

Analysed 
parameter 

Kruskal–Wallis  
χ2 statistic p-value 

Multiple comparison test, Kruskal–Wallis test 

B
-D

 

B
-D

K
 

B
-K

 

B
-L

 

B
-M

 

D
-D

K
 

D
-K

 

D
-L

 

D
-M

 

D
K

-K
 

D
K

-L
 

D
K

-M
 

K
-L

 

K
-M

 

L-
M

 

TN 26.54 <0.0001                 
TP 27.12 <0.0001                

NH4 31.10 <0.0001                 
PO4 15.95 <0.0001                

DOC 31.31 <0.0001                
pH 50.39 <0.0001                 
EC 47.47 <0.0001                 
Mg 25.03 <0.001                 
Ca 33.99 <0.001                 

Explanations: sites for which significant differences were obtained at a significance level of 0.05 are marked with grey colour; TN = total nitrogen, TP = 
total phosphorus, NH4 = ammonium nitrogen, PO4 = phosphate phosphorus, pH = reaction, DOC = total organic carbon, EC = electrolytic conductivity, 
Mg = magnesium concentration, parameters SO4, NO2, NO3, K, and Na – no significant differences. 
Source: own study. 
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Table 2. Values of the Kruskal–Wallis test statistics, p-values 
and results of multiple comparisons for significantly variable 
parameters at particular study sites of Salix lapponum occurrence  

Analysed 
parameter 

Kruskal–Wallis  
χ2 statistic p-value 

Multiple comparison test, 
Kruskal–Wallis test 

BZ-L BZ-K L-K 
TN 9.81 0.0074    
TP 21.40 <0.001    
NH4 9.49 0.0087    
PO4 32.39 <0.001    
DOC 17.82 0.0001    
pH 17.52 0.0002    
EC 19.73 0.0001    
Mg 6.58 0.0372    
Ca 12.69 0.0017    

Explanations: as in Tab. 1. 
Source: own study. 

Table 3. Values of the Kruskal-Wallis test statistics, p-values and 
results of multiple comparisons for significantly variable parame-
ters at particular study sites of Salix myrtylloides occurrence 

Analysed 
parameter 

Kruskal–Wallis  
χ2 statistic p-value 

Multiple comparison test, 
Kruskal–Wallis test 

B-DK B-M DK-M 
TN 11.24 0.0036    
TP 12.29 0.0021    
NH4 9.86 0.0072    
PO4 9.05 0.0108    
DOC 14.79 0.0006    
pH 15.64 0.0004    
EC 6.16 0.0460    
Mg 6.41 0.0405    

Explanations: as in Tab. 1. 
Source: own study. 

5.9–6.4, EC = 124–266 µS·cm–1 and DOC = 24.1–57.5 
mg·dm–3 (Fig. 2, Tab. 2). 

For the equally studied Salix myrtylloides, such condi-
tions were met by: TP = 0.1–0.41 mg·dm–3; PO4 = 0.1–
0.18 mg·dm–3, DOC = 27.5–50.9 mg·dm–3, pH = 5.3–5.94 
and EC = 62.2–139.3 µS·cm–1 (Fig. 2, Tab. 3). 

This confirms findings from earlier scientific papers 
concerning relic willows in the Łęczna-Włodawa Lakeland 
[POGORZELEC 2008; POGORZELEC et al. 2014; URBAN, 
WAWER 2001]. 

In spite of similar habitat requirements, the occurrence 
of the analysed species in the Łęczna-Włodawa Lakeland 
was often determined, in a variable way, by different phys-
ical-chemical parameters describing the habitat quality of 
their sites of occurrence. It was therefore determined that 
on the study sites existing variable additional hydrochemi-
cal conditions affecting the occurrence of peatland plants 
at sites with preliminarily confirmed preferential values of 
groundwater quality parameters. 

The statistical analyses were supplemented by indirect 
ordinance methods (PCA) aimed at detecting the structure 
and general patterns between the analysed physical-
chemical water parameters at particular sites. The principal 
components (PCA) analysis was performed for parameters 
which the K-W test indicated as significant. 

In the case of Betula humilis, the first two components 
explain 55.4% of the total variation (Fig. 3a). The first 

 

 

 
Fig. 3. Principal component analysis (PCA) for physical-chemical 

parameters of groundwater for investigated speciesstudy sites:  
a) Betula humilis, b) Salix lapponum, c) Salix myrtylloides; 

source: own study 

a) 

b) 

c) 
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component (PC1) is associated with the parameters EC, pH 
and Ca, while the second (PC2) with TP, TN, PO4 and Mg. 
There is a strong positive correlation between the parame-
ters EC, pH and Ca as well as TP and TN. In contrast, 
a correlation close to zero is characterized by the relation-
ship between DOC and Mg, TN and Ca, pH and TP as well 
as EC and PO4 (Fig. 3a). For Salix lapponum, the first two 
components explain 57.59% of the total variability (Fig. 
3b). The first component (PC1) is associated with the pa-
rameters DOC, pH, EC and Ca, while the second (PC2) 
with TN, TP, NH4 and PO4. In addition, a very strong posi-
tive correlation can be found between the parameters for 
which the vectors representing them overlap (TP and PO4, 
pH, EC and Ca, NH4 and TN) – Figure 3b. In a case of 
Salix myrtylloides, the cumulative variance for the first two 
major components was 68.36% (Fig. 3c). The first compo-
nent (PC1) is associated with the DOC, TN and NH4 pa-
rameters, while the second (PC2) with Mg, PO4 and EC. In 
addition, a very strong positive correlation can be found 
between TP, DOC and NH4 as well as PO4 and Mg and 
close to zero between pH and TP (Fig. 3c). 

CONCLUSIONS 

The dynamics of habitat transformations in the peat-
lands of the Łęczna-Włodawa Lakeland, however, deter-
mines considerable disturbances of the abiotic and bio-
coenotic conditions of habitats causing a reduction of the 
number of sites of occurrence and individuals building lo-
cal populations of the species. In such a situation, the spec-
ificity of its occurrence can be a reflection of transfor-
mations in their habitats, particularly in reference to hydro-
chemical conditions, often modified anthropogenically. 

The optimal values of groundwater quality parameters 
determined in the research, favouring a greater share of the 
studied boreal relics in plant communities, are only partly 
within the limits described in the literature as the best. This 
probably results from the abiotic features of sites of occur-
rence outside the compact range, including climatic fea-
tures of the peatlands of the Łęczna-Włodawa Lakeland, 
where higher abundance of boreal relics is characterised by 
regionally determined hydrochemical specificity of habi-
tats (probable regional evolutionary adaptation). The char-
acteristics of occurrence of such species in reference to 
hydrochemical parameters of habitats are therefore of re-
gional dimension determined by the abiotic features of the 
Łęczna-Włodawa Lakeland. 

Based on the hydrochemical specification of the habi-
tats of the studied species, the following conclusions can 
be drawn. 
1. Quality parameters of shallow groundwaters in the 

peatlands of the Łęczna-Włodawa Lakeland (selected 
representative places) do not point to intensified human 
pressure or deregulation of hydrological relations. 

2. Natural hydrochemical specification of peatlands is 
characterised by fluctuations related to the dynamics of 
the internal metabolism of the ecosystem. 

3. The analysed physical-chemical parameters of shallow 
groudwaters are within the habitat preferences of the 
analysed species. 

4. The same habitat preferences do not reflect the same 
values of physical-chemical water parameters important 
for building populations of the analysed species. 

5. The occurrence of the analysed plant species is deter-
mined by the hydrochemical specification of the habi-
tat, but the characteristics of their occurrence point to 
its specific hydrochemical parameters only to a low de-
gree. 
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