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INTRODUCTION

ABSTRACT

The paper deals with the study upon changes within the physical and water properties
of murshic endofibric histosols in the drainage meadow object Suprasl Dolna. The
scope of studies includes the description of the soil profiles, thickness of diagnostic
layer, bulk density, full water capacity, porosity, ash content, and peat decomposi-
tion. The long-term investigation carried out in 19822015 allows for observing the
changes within these soils. The changes were studied in two habitats: wet and dry. In
wet habitat, the groundwater flowed 30-98 cm below land surface and supplied the
rhizosphere zone. Dynamics of groundwater surface were dependent on the size of
precipitation during vegetation period and peat decomposition degree within the soil
profile. In the dry habitat, the level of groundwater decreased up to 110 cm (below
peat layer). Adverse water conditions in the dry habitat (temporal and long-term water
deficiency) caused the increase in bulk density to 0.405 g-cm™; simultaneously, a de-
crease in full water capacity to 82.5%, as well as faster peat mineralization occurred.
In wet habitat, physical and water properties of murshic endofibric histosols were
not significantly altered. In order to inhibit the peat decomposition rate and delay the
peatland degradation, optimum moisture content should be maintained within the soil
profile along with rational meadow management.

Keywords: peat, diagnostic layer, ground water level, moisture content, full water
capacity, bulk density

peat dehydration during drainage works. Inten-
sive dehydration and agricultural management of

In Poland, there are about 55 thousand peat-
lands (of area > 1 ha) covering about 12.5 thou-
sand km? total area. In terms of the number and
area, fen peatlands localized in river valleys, pre-
vail. The largest fen peatlands occur in valleys of
the following rivers: Biebrza, Narew, Note¢, Leba,
lower Oder and outskirts of Zalew Szczecinski
[llnicki and Szajdak 2016]. Fen peatlands play
important economic, natural, and environmental
roles (high-productive post-bog meadows) [Kiry-
luk 2007]. Fen peatlands in their wet state, due to
high porosity of peat (even up to 85% vol.), also
have a great ability to retain water. This feature
can be decreased even by 20% due to excessive
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peatlands began in 18" century in Poland and the
largest areas of peatlands were drained at the end
of 20™ century. Due to drainage works, the water
resources in Polish peatlands could decrease by
about 160 million m? [Ilnicki 2002].

Every drainage of fen peatland inhibits the
peat accumulation and contributes to its faster
mineralization [Pawluczuk and Gotkiewicz 2003;
Renger et al. 2002]. Apart from peatland drainage,
the depth of groundwater level and its dynamics
are the most important factors affecting the range
and changes rate in physical and water properties
[Cieslinski 1997]. It is important during the soil
formation process, and also determines the rate of
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degradation processes (loss of organic matter) oc-
curring due to habitat and anthropogenic factors.

There are a few reports in Polish literature
upon changes in post-bog habitats within longer
time-frame after drainage works and in changing
climatic conditions.

The aim of the study was to investigate the
scope and rate of physical and water properties
in drained meadow object under the conditions
of decreasing precipitation during vegetation pe-
riods. It should be helpful in estimating the most
appropriate economic use of fen peatlands, and
in determining the manner of their protection in
terms of water resources maintenance in the ma-
jority of the catchment area [Joosten 2000]. The
studies on changes in murshic endofibric histo-
sols properties conducted over longer periods of
time (33 years) can be important due to a longer
time interval after peatland drainage and longer
period of observations. The investigations carried
out under conditions of varied meadow utilization
of Suprasl Dolna object and its localization near
Biatystok city agglomeration, should indicate
the most appropriate way to protect that valuable
peatland ecosystem against further degradation.

STUDY AREA AND METHODOLOGY

The object Suprasl Dolna covers the area
of about 1550 ha. It is situated in a valley frag-
ment of river at 0+000 to 29+400 kilometer of its
course (Figure 1). Drainage works carried out in
1975-1977 reconstructed the existing main ditches
and a network of new ditches with drainage and
irrigation functions were created. At present, there
are about 90 km of drainage-irrigation ditches,
57 water damming locks, 127 throttle-locks, and
about 500 drainage throttles, within the studied ob-
ject. The object is characterized by diverse mead-
ow utilization. Extensively used meadows prevail,
while strict meadow management is performed
over only 20% of the area. Majority of the area is
covered by one-cut meadows. Some of the prob-
lems include the excessive nitrogen release from
peat mineralization, strong water eutrophication,
and enlargement of nitrogenous phytocenoses area
(Urtica dioica) [Kiryluk 2007]. The use of nitrog-
enous fertilizers only is a fallacy in meadow man-
agement, which results in release of 150 kg N -ha’!
in dehydrated peat due to mineralization.

The study was carried out in a drained object
Suprasl Dolna (km 7+500 to 15+300) in two habi-
tats: wet (profile 1) and dry (profile 2) (Figure 1).

The studies included a detailed description of the
profiles and testing the physical and water proper-
ties of murshic endofibric histosols. Soil samples
were collected in 1982, 2002, and 2015 in constant
sites of soil profiles localization at the beginning
of the study. In wet and dry habitats, 4 soil out-
crops were made to describe the soil morphology
according to obligatory systematics [[USS 2014].
Soil classification and nomenclature of horizons
was applied according to PTG’s soil systematics
(2011) adjusted to the international soil classifica-
tion system [IUSS 2014]. The assessment of peat
decomposition degree was performed using von
Post scale. Soil samples from outcrops at 5-10
25-30, 55-60, and 95-100 cm (profile 1) and
5-10, 25-30, 55-60, and 75-80 (profile 2) were
collected into metal cylinders with the capacity of
100 cm?® and subsequently used to conduct physi-
cal and water tests. The samples were taken in 4
replicates [OkrUszKO, 1977]. Bulk density was
determined in the samples collected into cylin-
ders without damaging their natural structure. The
samples were dried to a constant weight at 105 °C.
The ash content was determined by means of an-
nealing at 550 °C [Sapek & Sapek, 1997]. Full wa-
ter capacity was determined by gradual full satu-
ration (to constant weight) of samples completely
flooded with water. The groundwater level in the
considered wells was measured every month.

RESULTS AND DISCUSSION

Study of morphology and description of
soil profiles

Murshic endofibric histosols were developed
from fibric peat, grainy moorsh, reed swamp, and
organic limnic soils due to dehydration of de-
posits. A distinct diagnostic level of muck was
formed in the process of aerobic transformation
of organic material [Systematyka 2011].

Systematics and description of soil
profile No 1

Profile No. 1 was located in an off-road, in the
bend of the Suprasl river. A periodical fluviogenic
process occurs at this depression (during early
spring floods and at higher flows in the Suprasl
river). This process improves the humidity of the
soil profile and slows down the mucking process.
Meadows are used extensively (single mowing).

91



Journal of Ecological Engineering Vol. 18(5), 2017

Soil systematics: Order 10. Organic soils (O)
Histosols, Type 10.6. Murshic histosols (OM),
Sub-type 10.6.1. Murshic Endofibric Histosol
(OMi). Depth of tested soil profile to ground level
(fluvic) C 131 cm — deep soil.

Soils in profile No. 1 (Table 1) were formed
from reed swamp, mainly under the influence of
fluviogenic processes. The M1 level of 17 cm
thickness, in which grainy moorsh is present,
is distinguished in this profile. Below, there is a
peat level Oe of 12 cm thickness, comprising a
small amount of decomposed reed swamp. At a
depth of 31-131 cm, there is the peat level Oi,
also formed of a small amount decomposed reed
swamp. Peat formations are deposited on a sandy
substrate. In that profile, in comparison to profile
No. 2, changes in physical and water properties
occurred slightly.

Systematics and description of soil
profile No 2

Profile No. 2 was localized in the upper part
of the object subjected to the intensive dehydra-
tion using drainage ditches and through the adja-
cent Biata river (left tributary of Suprasl river).
Lower thickness of the profile and temporal loss
of water affect the larger changes in murshic end-
ofibric histosols properties.

Soil systematics: Order 10. Organic soils (O)
Histosols, Type 10.6. Murshic histosols (OM), Sub-
type 10.6.1. Murshic endofibric histosol (OMi).

Depth of tested soil profile to ground level
(fluvic) C 85 cm — moderately deep soil.

Soils in profile No. 2 (Table 2) also developed
from the reed swamp. The profile was classified
to moderately deep organic soils. There is the
moorsh horizon M1 of 18 cm thickness contain-
ing humic moorsh. Below, there is peat horizon
Oi1 with the thickness of 19 cm, where moderate-

ly decomposed reed swamp is found. At the depth
of 38-85 cm, there is the peat horizon Oi2 built
of weakly decomposed reed swamp. Sand is pres-
ent in that profile at the depth below 85 cm. As
compared to profile No. 1 (deep soil), profile No.
2 contains horizon Oil composed of moderately
decomposed peat. Larger changes in physical and
water properties occurred in this profile.

The groundwater level in the drained peatland
was subject to considerable oscillations during the
year. The amplitude of groundwater level in the
drained peatlands can range from 0 to 180 cm [II-
nicki and Szajdak 2016]. The level of groundwater
in the studied peatland was shaped mainly by the
amount of supplied precipitation and also by the wa-
ter discharge through drainage ditches (Figure 1).

The largest drop in the groundwater level was
recorded in June-September in the profile with
dry habitat. In the years with very low precipita-
tion sum, the groundwater level decreased up to
110 cm below terrain. In the wet habitat of deep
murshic histosol profile (profile No. 1), ground-
water flowed 30-98 cm below the land surface.
Less altered physical properties of soil in this
habitat and groundwater level similar to the op-
timum one, made favorable conditions for the
growth and development of phytocenoses occur-
ring under such circumstances [Podlaska 2000,
Tomaszewska and Kolodziejczyk 2010]. The most
important factor affecting the groundwater level in
the drained object was the precipitation sum during
the study and functionality of drainage-irrigation de-
vices [Kiryluk 2007].

The physical and water properties of mur-
shic endofibric histosols after draining are to the
highest extent changed by groundwater. In pro-
file No. 1 (Table 3), under the conditions of opti-
mum moisture content, high porosity maintained
in every diagnostic level, while bulk density was
not changed above 0.281 g-cm™. The positive

Table 1. Description of the profile of deep murshic histosol

Diagnostic layer Thickness of diagnostic layer (cm) Description
M1 0-17 grainy moorsh
Oe (T1) 18-30 reed swamp, gray, weakly decomposed
Qi (T2) 31-131 reed swamp, brown, very weakly decomposed
C > 131 sand

Table 2. Description of the profile of moderately deep murshic histosol

Diagnostic layer Thickness of diagnostic layer (cm) Description
M1 0-18 humic moorsh
Oi1 (T1) 18-37 reed swamp, gray, moderately decomposed
0i2 (T2) 38-85 reed swamp, brown, very weakly decomposed
C > 85 sand
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topographic map Nowe Aleksandrowo N-34- 107-A-c-4

impact of groundwater on physical properties of
peat soils is indicated by the studies carried out
in Biebrza peatlands [Brandyk et al.2006; Renger
2002]. Murshic endofibric histosols in optimally
wet habitat were characterized by a narrow range
of changes in 1987-2007 (Table 3). The thick-
ness of M, horizon increased by 3 ¢cm, while the
thickness of Oe horizon decreased by 1 cm. On the
other hand, the thickness of O1 horizon did not al-
ter. The bulk density of moorsh in the swamp hori-
zon increased by 0.025 g-cm. The current humid-
ity of moorsh horizon during the study decreased by
5.9% vol., whereas in the swamp horizon T, it was
changed only slightly. The changes in the full water
capacity of tested soils were negligible. The values
of physical and water properties in dry habitat (Table
4) were significantly different from the reference
values for optimally wet peatlands after draining.

In dry object (profile No. 2, Table 4), the
changes in physical and water properties were
more clear and higher than in wet complex. The
thickness of moorsh horizon M, increased by 7
cm, while that of Oi2 decreased by 10 cm. These
changes indicate the intensity of processes occur-
ring during the whole study period. The bulk den-
sity of moorsh increased in all diagnostic layer,

with the most pronounced result in M, (by 0.094
g-cm?). Full water capacity in moorsh horizon de-
creased by 3.4 % vol.

The retention capacity of peat moss soils is
mainly due to the high peat porosity. In the study
of the physical and water properties of the Mazur-
ian Lake District peatlands, the retention capacity
was estimated on the basis of the size of full wa-
ter capacity [Pawluczuk, Gotkiewicz 2003]. The
highest value of full water capacity occurred in the
deep peat-fiber soil profile Oi,, which amounted to
89.4% vol. This parameter decreased slightly over
aperiod of 33 years. The ash content of the studied
murshic endofibric histosols should be regarded as
average and its size is due to the small deposition
of material from the fluviogenic process. In deep
soil (profile No. 1), its value ranged from 12.3% to
16.8%. Most of the mineral material was found in
the moorsh level, which could have been due to the
fluviogenic process as well as organic matter min-
eralization. In the profile of moderately deep mur-
shic endofibric histosols, the range of ash content
was 11.6-17.5%. The degree of peat degradation
in both examined profiles, according to von Post’s
scale, in the profile of deep peat soil ranged from
H3 to H7. The highest degree of decomposition
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Table 3. The changes of physical and water properties of Murshic Endofibric Histosols in optimum moistening

conditions in 1982-2015 years in soil profile 1

Diagnostic layers
Properties Murshic layer M, Fibric layer Oe Fibric layer Oi
well decomposed peat moderately decomposed peat | very weakly decomposed peat

1982 2002 2015 1982 2002 2015 1982 2002 2015
;?g':?f;? of diagnostic 15 18 18 31 30 30 82 83 82
Bulk density (g-cm) 0.256 0.268 0.281 0.244 0.251 0.275 0.165 0.162 0.164
Full water capacity (% vol.) 83.7 82.5 83.5 88.6 87.5 87.1 89.4 88.7 89.0
Porosity 85.1 85.6 84.3 89.2 88.8 88.6 91.4 91.0 91.3
Ash content (% DM) 16.3 16.6 16.8 14.5 14.7 14.6 12.3 12.5 124
Degree of decomposition*® H7 H7 H8 H4 H4 H4 H3 H3 H3

* describing according to the von Post scale

Table 4. The changes of physical and water properties of Murshic Endofibric Histosols in periodically dry condi-

tions in 1982-2015 years in soil profile 2

Diagnostic layers
Properties Murshic layer M, Fibric layer Oi1 Fibric layer Oi2
well decomposed peat moderately decomposed peat | very weakly decomposed peat

1982 2002 2015 1982 2002 2015 1982 2002 2015
Thickness of diagnostic 12 18 19 15 17 18 58 50 48
layer (cm)
Bulk density. (g-cm) 0.311 0.398 0.405 0.276 0.283 0.290 0.165 0.174 0.178
Full water capacity (% vol.) 81.7 80.1 78.3 83.5 83.0 82.9 87.7 88.1 88.0
Porosity 83.2 85.6 79.0 84.7 84.6 83.2 89.5 89.2 89.0
Ash content (% DM) 17.2 17.3 17.5 15.2 15.5 15.7 11.8 1.7 11.6
Degree of decomposition* H7 H7 H8 H4 H4 H4 H3 H3 H3

* description according to the von Post scale

was found in the moorsh level. It should be em-
phasized that many scientific and utilitarian works
concerning the changes in the post-bog habitats
within peatlands of the Biebrza river valley were
carried out in the second half of the 20" century
by the Institute of Land Reclamation and Grass-
land Farming (now the Institute of Technology
and Nature) in Falenty and by SGGW in Warsaw
[Brandyk et al. 2007]. Synthesis of the research
on changes in lowland bogs was developed by Il-
nicki and Szajdak [2016]. At present, no proper
water and meadow-pasture management is per-
formed on most of post-bog meadows occurring
in lowland bogs, which contributes to the initia-
tion of multidirectional degradation processes of
peat soils, as evidenced by the research conducted
after 33 years of drainage and management of
Suprasl Dolna object [Kiryluk 2016]. The biggest
problem in these habitats is the lack of subsurface
irrigation, decapitalization and non-functioning of
drainage-irrigation networks, as well as the poor
technical condition of ditches, as emphasized by
Brandyk et al. 2006 and Kiryluk 2016. Improper
use of post-bog meadows causes their further dry-
ing and intensification of moorshing process, as
well as a change in phytocoenoses towards their
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synatropisation [Kiryluk 2007, Tomaszewska
and Kotodziejczyk 2010]. Degradation results in
a significant reduction in peat thickness, particu-
larly in dry habitats, or complete disappearance of
shallow peat beds. The effects also include large
changes in habitats and overgrowing vegeta-
tion [Podlaska 2010]. The studies on peatlands
in northwestern Germany have shown that peat
settlement has been occurring during 50 years at
the rate of 17 cm-year! [Glinther 2013]. Studies
on Kuwasy peatland showed that the average rate
of murshic endofibric histosols settling between
1958 and 1982 was 1.34 cm-year!' [Okruszko
1991]. Settlement of peatlands and reducing their
thickness is an irreversible process, which reduc-
es the utility value of peatlands and their natu-
ral function undergoes unfavorable changes. At
present, no research is carried out in Poland and
no practical solutions are put in place to preserve
the semi-natural peatlands with high retention ca-
pacities and to restore these ecosystems. Multi-
faceted research is widely practiced in the USA
and Canada [Gorham and Rochefort 2003]. The
main way of managing valley peat bogs in Poland
remains their , mostly extensive, use as meadow
(69.6%) [Ilnicki 2002].
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CONCLUSIONS

1. In the deep peat-fibrous soil profile, the am-
plitude of groundwater level fluctuations was
lower (30-98 cm) than in the moderately deep
soil profile in dry habitat. Large changes in
groundwater levels in dry habitats stimulated
the degradation of peat-fiber soils.

2. In the period 19822015, the thickness of the
moorsh layer in a humid habitat of peat-fibrous
deep soil,increased by 3 cm, while under dry
conditions on moderately deep peat-moorsh
soil, the moorsh level increased by 7 cm.

3. The increase in bulk density as a result of
moorshing process and settlement of peatlands
affected the decrease in the overall porosity of
examined soils.

4. As a result of mineralization and moorshing of
the upper level of organic soils in the diagnos-
tic level Oi (peat level) in dry and wet habitat,
the overall porosity decreased. In dry habitat,
porosity decreased by 1.5% vol., and under the
conditions of optimum moisture content, only
by 0.6% vol., while in dry habitat — only by
0.6% vol. Reduction in porosity also caused
changes in soil retention capacity.

5. The highest full water capacity occurred in
deep peat-fiber soil (profile No. 1) in the Oi
peat diagnostic level and amounted to 89.4%
vol. The water quality in this diagnostic level
has slightly decreased over a 33-year period.
Clear reduction in full water capacity was
observed in moorsh level M1, both in wet
and dry habitats.
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