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The Migdzyodrze area in the Lower Odra Valley is filled with one of the larger peat deposits in
Poland; its fragments occur even in the Szczecin agglomeration.

This vast and hardly accessible landscape of swamps and marshy meadows as well as the
rich diversity of flora and fauna species contributed to the establishment of Polish-German
Landscape Park on the area of 60.09 km? in 1993. The Gryfiniski Polder is situated in the centre
of the Park.

The studies were conducted within the Gryfino-Mesherin transect on six study areas drilled
to determine the thickness of peat deposit. The bulk soil samples (in two replications) from the
depth of 0-10 cm and 10-30 cm and the samples of grassland vegetation were also taken.

It has been found that the surface layer of peat (0-30 cm) is developed from muck with
mud admixture and contains a varying amount of organic matter (15.1 to 82.0%). Its reaction is
mostly strongly acid (pH 4.07-4.78), and the C: N ratio is 11.2-13.8 : 1.

The content of elements soluble in HNO, + HCIO, in the 0-30 cm layer was on average
(gkg™): K - 3.66; P — 0.78; Mg — 4.0; Ca — 16.8; Na - 0.9.

The average content of heavy metals (mg kg™) was on, as follows: Cd - 3.1, Pb - 60.8,
Zn - 184.9, Cu - 37.6, Ni - 38.3, Mn - 225.1, Co - 8.1. Within the area under study, the
following grass communities were found: Carex acuta with Calamagrostis canescens, Cal-
amagrostis canescens with Carex acuta and Glyceria maxima. Glyceria maxima contained the
greatest amount of macroelements, whereas Carex acuta had the highest level of Cd, Zn,
Ni and Mn.
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INTRODUCTION

tat, with many plant and animal species under protection or in
danger of extinction.

The Odra in its lower course, in Widuchowa (on 704.1 km),
branches into the Western and the Eastern Odra, forming a vast
area called Migdzyodrze, filled with one of the largest peat de-
posits in Poland, extending as far as the Szczecin agglomeration.

Due to the abundance of numerous passable or impass-
able forks and waterway connections exceeding the area of
600 ha, and frequent floodings Miedzyodrze is barely accessible.
Backwater from the Szczecin Lagoon and Lake Dabie caused by
storm northerly winds, contributes to flooding. As a result, the
majority of the Miedzyodrze landscape, including the Gryfinski
Polder, is dominated by rushes, sedges, swampy meadows and
riparian forests, and gained the reputation of “the most natural”
area of Central Europe. This area is clearly distinguishable by the
richness of flora and fauna species, typical of a water-mud habi-

In the past, however, the current natural environment of
Miedzyodrze was exposed to anthropopression connected with
control work in the Lower Odra valley, in the years 1904-1932
(Dreyer, 1914). The construction of the Widuchowa-Gryfino ca-
nal led to the formation of the second river bed, called the Eastern
Odra - Regalica. Apart from improving the Odra outflow, the works
aimed at the utilisation of Miedzyodrze soils for agricultural pur-
poses. Due to war operations of 1945, the control project had never
been completed. Thus, the area of Miedzyodrze, with the exception
of Pucka island within Szczecin, has not been used for agriculture
because of its marshy character and limited accessibility.

The above-mentioned features contributed to the establish-
ment of the Polish-German Landscape Park on 60.09 km?* of
this area in 1993. The Gryfinski Polder is located in its central
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part. The Widuchowski Polder lies on its southern side and the
Szczecin Polder on the northern side.

According to the present Classification of Polish Soils (1989),
the prevailing soils of Miedzyodrze are organic, mostly bog, soils
belonging to the subtype of peat-mud soils with a varying degree
of silting decreasing northward, and post-bog soils with a clearly
noticeable muck formation process classified as muck soils.

The soil, environment and contamination of the
Widuchowski Polder have been thoroughly studied and recog-
nised (Krzywonos, Durkowski, 1983; Niedzwiecki et al., 2002a,
2002b,2004).

In 2005, detailed studies were undertaken on the southern
part of the Gryfinski Polder (Niedzwiecki et al., 2006). This pa-
per is a continuation of those studies.

The aim of this paper is to present the content of macro and
microelements in the surface soil layers (0-10 and 10-30 cm)
and their vegetation cover.

MATERIALS AND METHODS

The studies were conducted on six study areas within the
Gryfino-Mesherin transect (Fig.1). From these sites, compos-
ite soil samples from the depth 0-10 and 10-30 cm were taken
in two replications, as well as meadow vegetation samples — at
full blooming at the end of June. Each composite soil sample
(3 kg fresh weight) consisted of ten individual samples. Within
the investigated transect, the following grass communities were
isolated: Carex acuta with Calamagrostis canescens — objects
1 and 3; Calamagrostis canescens with Carex acuta — objects 2
and 4; Glyceria maxima - objects 5 and 6. These associations dif-

fered in their floristic composition. At the same time, samples
of Glyceria maxima, Carex acuta and Calamagrostis canescence
were collected from the above-mentioned objects.

After grinding and drying, the sampled soil and plant materi-
al were mineralised in a mixture of concentrated HNO, + HCIO,
acids (1: 1), which made it possible to determine their chemi-
cal content. K, Ca, Na contents were determined by flame pho-
tometry, P — colorimetrically, C, N, S with the aid of an elemen-
tary analyser (Costech, Italy). The method of atomic absorption
(FAAS) spectrometry, using a Unicam Solaar 929 spectropho-
tometer, was employed to study the composition of Mg, Cd, Pb,
Zn, Cu, Ni, Mn, Co and Fe.

Besides, pH, , was determined potentiometrically and by
losses on ignition at a temperature of 550 °C.

RESULTS AND DISCUSSION

Area observation and analytical data (Table 1) indicate that,
within the examined transect, the surface soil layer 0-10 cm
consisted of an organic formation developed from muck soil
with a considerable admixture of silt and 44.49 to 84.97% (mean
69.53%) of organic matter. Below this layer, 10-30 cm, the con-
tent of organic matter definitely decreased and was within
15.10-38.70% (mean,23.37%).Substantial variations in organic
matter contentin the surface layers were also observed in earlier
studies on the Widuchowski Polder. They might have been the
effects of land drainage in the years 1904-1932 and covering it
with the layer of bottom sediments from dredging, which had
to improve the value of new agricultural land (Niedzwiecki
et al.,2002a,2002b).
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Figure. Location of study areas (NiedZwiecki et al., 2006)
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Table 1.Reaction and content of organic matter, organic carbon, total nitrogen and sulphur in organic soils of the southern part of Gryfiniski Polder

pH o c [~ [ s
Depth (cm) Value Losses of ignition % C:N
H,0 Kcl g-kg
Min 4.26 4.07 44.44 228.9 17.34 7.08 124
0-10 Max 4.83 4.45 81.97 406.2 28.31 14.48 14.9
Mean 4.48 4.20 69.53 3449 24,95 11.46 13.8
S - - 11.35 54.6 3.62 2.20 0.7
Min 4.72 4.19 15.10 725 6.57 1.70 10.7
10-30 Max 5.35 478 38.70 193.3 15.08 6.66 12.8
Mean 5.00 4.38 23.37 109.8 9.70 3.34 11.2
S - - 6.32 32.2 2.34 1.31 0.6
Table 2. Content of macroelements soluble in concentrated acids HNO,+HCIO, in organic soils
P | K | Mg Ca Na
Depth (cm) Value
g-kg™’
Min 0.77 0.82 1.56 15.71 0.80
Max 1.31 3.77 4.18 28.52 1.28
0-10 Mean 1.03 1.72 2.22 20.70 1.04
S 0.15 0.87 0.79 3.76 0.15
Min 0.26 4.58 291 11.44 0.58
Max 1.06 6.50 6.70 15.86 0.93
10-30 Mean 0.53 5.60 5.77 12.94 0.74
S 0.18 0.62 1.02 1.29 0.10
Table 3. Content of heavy metals soluble in concentrated HNO, + HCIO, acids in organic soils
Fe | ™Mn | zn | cu Ni Pb cd
Depth (cm) Value
mg - kg™’
Min 11100 176.0 161.0 31.2 229 549 3.95
Max 23265 400.0 265.0 53.1 33.0 90.5 6.49
0-10 Mean 14268 262.6 217.6 40.9 27.3 72.3 5.06
S 3409 80.5 320 6.4 3.3 12.2 1.06
Min 22015 151.0 106.0 30.2 309 31.7 0.05
Max 50240 352.0 193.0 42.0 37.2 727 3.75
10-30 Mean 31435 187.5 152.3 344 34.8 49.3 1.18
S 9015 64.3 256 3.2 1.9 12.5 1.13

In the southern part of the Gryfiniski Polder, in the surface
soil layers under study, pH was mostly strongly acid and the
average content of total nitrogen 9.70 to 24.95 g - kg™!, with the
highest amount in the layer 0-10 cm. The C: N ratio was fa-
vourable (11.2:1 to 13.8 : 1) which, according to Okruszko and
Piagcik (1990), means that such organic matter is susceptible to
biological transformations.

Total sulphur content (Table 1) shows a great accumula-
tion of this element, especially in the surface 0-10 cm layer in
which the mean value was 11.46 g - kg™'. A 3.5-fold decrease in
sulphur content was found in the layer 10-30 cm. Accumulation
of sulphur in the surface layer of organic soils near industrial
objects emitting SO, was also reported by Motowicka-Terelak
and Terelak (1998).

The content of phosphorus soluble in a mixture of concen-
trated HNO, + HCIO, acids (generally called the total content) in
the surface layer of soils is maintained at the level of 1.03 g - kg™

dry matter and is decreasing with the depth of the soil profile
(Table 2).

In the light of these results, despite great variations, potas-
sium content is much more beneficial (1.72 g - kg™ dry mat-
ter) in the 0-10 cm layer and increases with the depth. This
regularity was earlier observed in the soils of the Widuchowski
Polder by Niedzwiecki et al. (2002b). In total, the content of
this form of potassium in the examined soils may be regarded
as high.

As one can see in Table 2, the level of total magnesium was
similar to potassium content distributed in the upper part of soil
profile and should be considered as high. A high content of cal-
cium and sodium is characteristic of the silted soils of southern
part of Miedzyodrze (Niedzwiecki et al., 2002b).

In Poland, heavy metal content assessment is regulated by
the ordinance of the Minister of Environment concerning the
soil and land quality standards (2002) and heavy metal content
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Table 4.Content of macroelements in meadow vegetation
Investigated A C | N | S | P | K | Mg | Ca | Na
Investigated area
plants g-kg™
1 438.4 23.6 2.6 249 19.17 1.70 537 0.13
2 448.0 18.7 25 2.1 16.09 1.70 5.71 2.60
3 449.2 19.1 24 2.00 17.31 1.45 4.70 0.87
Total meadow
d 4 4473 19.1 23 2.00 17.47 1.30 4.07 1.03
swar
5 436.8 255 3.0 2.00 18.21 1.91 7.00 2.02
6 422.7 24.6 34 3.01 18.91 1.73 6.58 1.41
Mean 440.4 21.8 2.7 2.27 17.86 1.63 5.57 1.34
1 450.0 21.2 2.6 1.74 15.13 1.14 2.83 0.08
Carex acuta 3 445.6 22.0 2.7 1.78 16.03 1.30 2.82 0.08
Mean 447.8 21.6 2.7 1.76 15.58 1.22 2.83 0.08
) 2 450.1 19.9 2.0 1.91 12.02 1.32 3.07 0.07
Calamagrostis
4 4429 17.5 1.9 2.02 12.36 1.10 2.19 0.07
canescens .
X 446.5 18.7 1.9 1.97 12.19 1.21 2.63 0.07
5 4323 18.4 2.8 2.16 18.34 1.23 5.27 1.28
Glyceria maxima 6 431.5 234 3.1 2.86 19.61 143 5.06 1.20
Mean 431.9 20.9 3.0 2,51 18.97 1.33 5.17 1.24
Table 5.Content of microelements in meadow vegetation
Investigated ) Fe Mn Zn Cu Ni Pb cd
Investigated area
plants mg - kg™’
1 68.92 93.59 28.48 4.58 2.10 1.10 0.585
2 85.23 143.90 23.16 3.80 1.04 1.1 0.190
3 54.70 123.20 22.89 4.00 0.77 0.28 0.156
Total meadow
d 4 59.18 145.00 21.13 4.33 4.39 0.64 0.310
swar
5 56.96 115.00 21.61 4.77 1.35 1.03 0.114
6 73.68 102.10 25.79 9.33 1.24 1.36 0.242
Mean 66.45 120.47 23.84 5.13 1.82 0.92 0.266
1 57.19 93.90 23.39 4.21 0.90 0.29 0.176
Carex acuta 3 57.25 124.10 22.92 3.63 8.44 0.30 0.138
Mean 57.22 109.00 23.16 3.92 4.67 0.29 0.157
. 2 56.09 74.31 20.65 3.60 244 0.00 0.032
Calamagrostis
4 51.94 94.42 18.32 3.32 242 0.73 0.042
canescens
Mean 54.02 84.37 19.49 3.46 243 0.37 0.037
5 74.25 75.18 18.81 3.04 3.51 0.64 0.000
Glyceria maxima 6 59.50 61.28 20.73 5.18 3.27 0.81 0.003
Mean 66.88 68.23 19.77 4.11 3.39 0.72 0.002

limits in the surface soil layers, corresponding to varying degrees
of contamination, developed by Kabata-Pendias et al. (1993).

The obtained heavy metal contents in the surface layer of
examined soils are not high in view of the above-mentioned le-
gal regulations and Kabata-Pendias et al. (1993) recommenda-
tions. The only exception is cadmium content in the 0-10 cm
layer - 5.06 mg - kg™ dry matter, which indicates a medium con-
tamination of the soil with this element. In this layer, elevated
contents of lead (mean 72.3 mg Pb - kg™' dry matter) and zinc
(217.6 mg Zn - kg™ dry matter) were found. These values were
considerably reduced in deeper layers (Table 3). Pasieczna and
Lis (2006) also detected an increased and occasionally high
heavy metal content in the topsoil of Miedzyodrze.

A relatively high content of sulphur and elevated contents
of zing, lead and cadmium in particular, may result from the
emissions of the power plant “Dolna Odra” located in the vicin-
ity of sampling sites (Nowe Czarnowo near Gryfino). Frequent
inundations of the area with the overflowing rivers (the Western
Odra and the Eastern Odra - Regalica) may have also had a
negative influence since the sediments carried by their waters
contained considerable amounts of pollutants, including heavy
metals (Protasowicki et al., 1997, 1999).

The analysed plant communities were dominated by the
specific species building up these associations i.e. Carex acuta,
Calamagrostis canescens and Glyceria maxima. The floris-
tic composition was typical of a swampy, wet or damp habitat
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where not only dominants (species building up a given commu-
nity) but also other plants such as Carex versicana, Typha lati-
folia, Equiesetum fluviale, Comarum palustra, Lythum salicarpa,
Oenathe aquatica, Rumex hydrolapathum, Epilobium palustris
and Iris pseudoacoacorus occurred.

Generally, the discussed communities were composed of
grasses (33.00-94.10%), sedges (0.40-63.95%), dicotyledonous
plants (herbs and weeds) (3.00-42.50%) and small amounts of
papilionaceous plants (0.2-0.4%).

It is worth mentioning that the Glyceria maxima communi-
ties differed in botanic sward composition. The sward of the com-
munity on the study object No. 5 had a greater floristic diversity
and a high percentage (42.5%) of dicotyledons in comparison
with object No. 6. The Calamagrostis canescens with Carex acuta
association on object No. 4 was covered with a greater number of
dicotyledoneous plants (25%) compared with objects 1,2, 3.

Despite the high sulphur accumulation in the soil, its mean
content in the sward was only 2.7 g - kg™ dry matter, with the
highest content in the Glyceria maxima community (Table 4).

Such sulphur values are characteristic of the majority of
plants and, according to Kabata-Pendias etal. (1993), range
within 0.20-0.50% dry matter.

Falkowski et al. (2000) present the optimum nutrient con-
tentin hay: P - 3.0, K - 17.5; Mg -2.5;Ca - 7.0; Na - 2.0 g - kg".
In this light, the analysed communities were characterised by:

- alow content of phosphorus, magnesium, potassium, cal-
cium and sodium, especially in the community with Carex acuta
and Calamagrostis canescens;

- an almost optimum potassium content, especially in the
Glyceria maxima community (Table 4 - study areas 5 and 6).

A comparison of the obtained results with the content of
mineral elements in grasses, cited by O$wit and Sapek (1982),
shows that the sward condition is much more favourable as
far as its chemical composition is concerned. In these authors’
opinion, the content of mineral elements in the grasses of Polish
meadows amounts to: P-2.8; K-14.1; Ca-4.5; Mg- 1.6;
Na-0.7g-kg"', whereas Rogalski (2004) points out that
10.0 g - kg™ of Kiin plants covers their requirement completely.

Another indicator for estimating plant nutritive value is the
content of microelements whose physiological amounts are es-
sential to the life of organisms, but their excessive concentration
may be harmful.

The Polish standards for cows fodder quality assessment are
the following (mg - kg™ dry matter): Zn - 50, Cu - 10, Mn - 50
and Fe - 30. According to Gorlach (1991), fodder plants should
not contain more than 0.5 mg Cd - kg™ dry matter, whereas lead
content in grass is generally 0.3-3.5 mg - kg™ dry matter and
nickel within 0.1-5.0 mg - kg™ dry matter (Table 5).

Compared with the cited results, our findings reveal copper
and zinc deficiency in the swards In the case of zinc it is difficult
to explain, because its content in the soil is high, and on certain
parts of the Widuchowski Polder excessive amounts were found
in the vegetation cover (NiedZwiecki et al.,2002b).

Among the analysed species, the highest levels of cadmium,
nickel and manganese were found in Carex acuta. The low con-
tent of copper in the examined habitat of marshy meadows may
result, in the opinion of O$wit and Sapek (1976), from insuffi-
cient aeration.

To sum it up, in the soils of the southern part of the Gryfinski
Polder the level of macro and microelements is relatively favour-
able. Sporadic elevated amounts of cadmium, lead and zinc in
the surface layers did not have a negative effect on the chemical
composition of the vegetation cover.

These soils, maintained almost in their natural state, should
function in order to preserve nature reserves of high value. The
obtained results concerning the condition of soil and its vege-
tation cover prove that it contributes to an appropriate function-
ing of this ecosystem.

Therefore, the Lower Odra Valley Landscape Park, estab-
lished in 1993, represents an extremely valuable object of re-
search for many fields of science and is the major focus of con-
stant Polish-German scientific, didactic-ecological and tourist
cooperation.

CONCLUSIONS

1. The topsoil of bog soils, predominantly peat-mud, in the south-
ern part of the Gryfinski Polder was characterised by 69.53% of
organic matter, a beneficial C: N ratio (11.2-13.8 : 1), a strongly
acid reaction (pH,, below 4.5) and a relatively favourable level
of macroelements (K, B, Mg, Ca, Na) soluble in a mixture of con-
centrated HNO, + HCIO,.

2. In the light of Polish regulations and recommendations,
the content of heavy metals, cadmium and lead in particular, in
the surface layer of examined soils was elevated.

3. The enhanced content of heavy metals in the soil did not
cause their bioaccumulation in the vegatative cover, which in-
dicates their poor mobility under the current soil conditions of
the Polder.
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CHEMINIU ELEMENTU KONCENTRACIJOS
GRYFINSKI POLDERIO PIETINES DALIES, ZEMUTINES
ODROS SLENIO KRASTOVAIZDZIO DRAUSTINIO
DIRVOZEMIUOSE IR PIEVY AUGALIJOJE

Santrauka

Zemutinés Odros slénio Miedzyodrze apylinkése plyti vienas didZiau-
siy Lenkijos durpyny, kurio fragmentai sligso net ir Szczecino aglo-
meracijoje.

Sis didziulis ir sunkiai prieinamas pelkiy ir uzpelkéjusiy pievy
krastovaizdis, turtingas faunos ir floros rasiy, paskatino 1993 m. jsteigti
Lenky-Vokieciy kratovaizdzio parka, uzimantj 60,09 km?. Gryfinski
polderis yra $io parko centre.

Tyrimai buvo daryti Gryfino—Mesherin katenos 6 dirvoZemio gre-
Ziniy tyrimo aikstelése, kuriose nustatytas durpiy klodo storis. Tariniai
dirvozemio éminiai (du pakartojimai) buvo paimti i§ 0-10 ir 10-30 cm
sluoksniy, lygiagreciai surinkti ir augalijos éminiai.

Tyrimai parodé, kad pavir$inis durpyno sluoksnis (0-30 cm)
yra susidares i§ puveny su purvo priemai$a, organiniy medziagy
jame — nuo 15,1 iki 82,0%. DirvoZemis itin ragstus (pH 4,07-4,78),
C/N-11,2-13,8:1. HNO,+HCIO, tirpiklyje istirpusiy elemen-
ty kiekis buvo vidutini$kai: K - 3,66, P - 0,78, Mg - 4,0, Ca - 16,8,
Na-0,9g-kg" dirvozemio. Jame aptiktos tokios vidutinés sunkiy-
ju metaly koncentracijos: Cd - 3,1, Pb - 60,8, Zn - 184,9, Cu - 37,6,
Ni - 38,3, Mn - 225,1, Co-8,1mg-kg"'. Tyrimy vietose buvo ap-
tiktos $ios Zoliy bendrijos: Carex acuta su Calamagrostis canescens,
Calamagrostis canescens su Carex acuta ir Glyceria maxima. Daugiausia
makroelementy sukaupé Glyceria Maxima bendrijos Zolynai, tuo tarpu
Carex acuta bendrijos Zolynuose aptiktos didziausios Cd, Zn, Ni ir Mn
koncentracijos.

RaktazodZiai: organinis dirvoZemis, pievy augalija, cheminiy ele-
menty koncentracija



