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THE OGINSKI CANAL IN BYELARUSSIAN POLESSYE: ITS
HISTORY AND INFLUENCE ON THE ENVIRONMENT

The Oginski Canal (formerly called the Pinsk Cansijuated in the
western part of Byelarus Polessye, is a hydroteahmonstruction that —
however not fully exploited - played significantomomic role in the past. It
is a part of the former Dnieper-Neman waterway,clvitonnects drainage
basins of the Neman and the Pripyat (Fig.1), amthéa — the drainage
basins of the Baltic and the Black Seas through $hehara and the
Yaselda.
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Fig. 1. Location of investigated area (A):
1 — Oginski Canal, 2 — Dnieper-Bug Canal, 3 — AtigwsCanal

The idea to build the canal was put forward by MareButrymowicz
— a landowner from Pinsk, but it was Michat Kazimi€Ogiaski (1728-



1800) — a magnate and a landowner, the voivodbeeoVilnius County, the
Great Hetman of Lithuania, but also a poet and mpaser, who finally
accomplished the plan in 1765-1783. The task wate cqpasy for the
sponsor as it ran through his property in Polesie.

The waterway from the Pripyat drainage basin to Neenan River
enabled to transport wood and agricultural productthe Baltic harbours,
activised economic development and stimulated lamglioration in the
area of the canal influence. The decision to bin&lcanal was approved by
the Warsaw Parliament (Sejm Warszawski) in 1768at also presented
Michat K. Oginski with the town Loguishin (currently Pinsk Regjcend
Myshkovtse village including the neighbouring are@ke owner got the
right to collect fees since transporting goods ulgio the canal began. In
1775 the Parliament decided to start goods trahsplung the new
waterway, however the canal had not been compléted. After the
accession of the area to the Russian Empire, ajtapbic survey was made
and the depth of the canal was measured to deterthia transport
capability. The canal was finally completed in 179804 and started to be
fully exploited as a navigable waterway. At the ineghg — there were two
bascule bridges over the canal: on the road framkPio Slonim and close
to Telekhany.

Photo. 1. Outlet of Ogski canal from Vygonoshcha Lake (photo by. I. FoRhnik)



Canals made transporting goods easier in those dayssuch
constructions were also very expensive, workers toadse shovels and
prospecting tools to drive piles by hand and tddbspecial barriers and
branches. Wooden sluice gates 40 m long and 5.@&dmwere opened and
closed by hand operated hoists or horse-drawn meshAlong the canals,
wooden platforms were built to let horses pull leddbarges and rafts.
Despite the fact that wooden platforms were coostion both sides of the
canal the boats passing through were propelled @ats or wooden sticks.
The canals made transporting goods easier, adivisgerregional
economical cooperation and geographical divisiolalobur.

The Oginski Canal had one sluice gate between licbe8a River and
the Vygonoshcha Lake (which is still in operatiand nine gates — between
the lake and the Yaselda River, a tributary of tP@a River. The
Vygonoshcha Lake, situated on the Baltic-Black @a#ershed, is one of
the bigger natural water reservoirs in Polessyédufae — 32.1 million m
the catchment area is equal to 87.1%kand it is situated at the highest
elevation within the canal waterway (151.8 m g.snaintaining proper
water level there. The width of the canal was B2Al and the depth
reached 1.0-1.5m. A 25 m wide belt of land on bsittes of the canal,
where the previously mentioned ,hauling” platformgere built, also
belonged to the canal. Dams were built there icgdavhere water level
was higher than the surrounding areas. The tow@tlhvoef the canal and the
surrounding area belonging to it was approxima88lymn and it is still very
well visible along the whole course of the canale($hoto 2). In the first
half of the 18' century mainly wood from Polessye forests, cereald
other agricultural products, as well as raw matdaatextile industry were
transported through the canal. In some years tigoaaapacity transported
through the Oginski Canal was comparable to thespart through the
Royal Canal (currently the Dnieper-Bug Canal — Bigl) — the one that
connects the drainage basin of the Pripyat andBtige rivers. The cargo
transport through the Oginski Canal was the higime$847-1848.

In the second half of fgcentury, after building the railway lines:
(Brest — Baranovichi — Minsk — Moscow; Brest — RirsHomel — Briansk;
Vilnius — Lida — Baranovichi — Luninets — Sarnyetimportance of the
Oginski Canal as a transport route decreased.olildhbe mentioned, that
the decreasing tendency in transport by water en dlea, including the
Oginski Canal, had started earlier, already in 185Che decrease of rivers
importance as transport routes resulted from timeige economic recession
in western provinces, due to their peripheral amdiér location far from the
main economic regions of the Russian Empire.



During the | World War (1914-1918) and later dgrime Russian-
Polish war (1919-1920) — the area of the OginslkiaCavas the place of
heavy battles that ruined the hydrotechnical cowctitns. Ten German
concrete fortifications (bunkers) that were buiit 1915-1916 along the
canal between Telekhany and Vygonoshcha villageivsd till today. The
Russian fortifications from that times have beaned and do not exist any
longer. After general renovation in the interwaripe in 1925-1926,
navigation through the Oginski Canal was started @n1928 it became
fully navigable again. The Oginski Canal was opkri®41 and it was used
mostly to transport wood, however, temporary, srslips and tourist ships
were sailing there between Telekhany — Pinsk.

Photo 2. Oginski Canal in the Vygonoshcha villatied with water and covered with
vegetation (photo by I. I. Pirozhnik)

Considering the current condition and its hydrotecal features, the
Oginski Canal can be divided into three parts (Big.In its first (western)
part between the Shchara River and the Vygonoslatiea(the distance of
about 3.5 km, the difference of the water levelhsein the Shchara and the
lake is equal to 1.0 m), one of the wooden gategréserved only. The
second part — from the Vygonoshcha lake (the watexl on its southern
bank is at 151.8 m a.s.l.; Photo 1) up to Telekhamg through a small lake



Vulka (the area 0.51 kinthe length 1.0 km, maximum width 0.7 km). From
the Vygonoshcha lake (the area 26.0%kthe length 7.0 km, maximum
width 4.8 km, the length of coast line 21.0 km, maxn depth 2.3 m) to
Vygonoshcha village (5.0 km) there is sufficientcamt of water in the
canal, but intensive growth of water plants covigsssurface (photo 2).
From the Vygonoshcha village to the above mentiovheaita lake (9.0 km)
the canal goes through pine forests with some bscht is visibly
shallowed, and in some parts it dries in summee {{fhoto 3).

Photo 3. Shallowed canal in the north of Telekhatgge (photo by I. I. Pirozhnik)

Below Telekhany, the third and the longest parthef Oginski Canal
runs through the dried marshes and functions aselament of the
amelioration system along the interval approxima8él km long. It collects
water from numerous draining canals (e.g., Telekhand Khvoroshcha
canals). Finally the Oginski Canal joins the Yaad|tl km North-West from
the Merchitsy village in the Pinsk district), aetlwater level of 136.0 m
a.s.l. That means, that the water level differemesveen the Vygonoshcha
lake and the Yaselda river is equal to 15.8 m;thedotal full length of the
discussed waterway (including the Vygonoshcha leé@3hes 54.0 km.

The whole Polessye area, including Byelorussiare$3yke area was
completely marshy. Therefore, building the aboveioaed



hydrotechnical construction contributed to the mizge of the surrounding
area. Like during intensive land improvement, & bieginning, it resulted
in decrease of both general evaporation and growater resources.
However, at the further stage it resulted in therslof ground water in river
charge, which caused that low summer water levele less significant.

o 5 10km Therefore, the hydrological
Shchara consequences of the canal construction were
positive. However, there is also a negative
phenomenon, caused by the lowering of
ground water level. It is a multidirectional
migration of moisture in the layer supplying
water to plant roots. The thickness of the
aeration layer reaches 3.0 m and a content of

Vygonoshcha lake —J

moisture in this layer is much lower then the
L optimum. Due to deep occurrence of ground

) waters, the surface layers of soil do not get
Oomyam water by seepage. Moisture concentrates in

the lower part of aeration layer — so it cannot
be used by plants and it supplies the ground
waters.

The canal construction for transport
purposes resulted in intensive forest hewing
in the closest vicinity, which obviously
caused significant changes in the local
climate. Decrease of timber resources caused
gradual loss of the canal importance. It also
X influenced changes in land usage.

ey There are some opinions that the
Fig. 2. Course of Oginski Canal Oginski Canal have saved the Vygonoshcha

lake from probable vanishing. The canal runs
through the lake charging it with the Shchara rivater.

Hence, the closest vicinity as well as more distaras (including the
Bobrovichi lake) are quite marshy (despite landrowpments partly carried
out) and they remain so unique that a hydrologiegional natural reserve,
covering the area of 430 Knwas established around both lakes in 1968. Its
main task is to protect a unique marshy complexas#d on the watershed
(the thickness of the peat layer reaches 4.7 ime -average is equal to 2.1
m), and to regulate water charge to the ShchaeaGilivda, the Tsna and
the others. 250 species have been recorded itotlaeof the natural reserve,
among them 12 rare ones in the regional scale; Begtula humilis,

Yaselda

e
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Cephaloziellasp., Malaxis sp,, Najassp. There are also many species of
water animals, especially birds, which live in land high peat lands that
have significant value for development of ecolobioarism.

Original native Polessye culture combined with ratwalues of the
Oginski Canal makes the area a unique historgili@l and nature
complex. It is currently an important factor of i@upl touristic
development, but also implies a demand of propesteption and
preservation of the rich cultural and environmehtitage of the region.

According to the Byelorussian internet informatigtonstruction of
the Oginski Canal was started in 2006 (total castsestimated at 20 min.
USD). Itis planned to use it not only for touiegburposes (in the interwar
period the canal was used as a canoe trail withigpgites on the banks) but
also to connect it to the renovated Augustow Cam@E part of Poland.
Both of them are important hydrotechnical monumeritthe 18' and the
19" century and prove great economical investmentsatftime.
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Renata DULIAS

University of Silesia, Faculty of Earth Sciendgajziiska 60, 41-200 Sosnowiec, Poland

CHANGES IN LANDSCAPE IN THE NEIGHBOURHOOD OF
ZABIE DOLY IN THE SILESIAN UPLAND

In Poland in the last years the special interestepfesentatives of
natural sciences — geologists, geographers, bgibogi is taken in mining
and post-mining landscapes. In the 1950s-1970a agle values of such
terrains were negated, defining them as ,lunardaades” and numbering
them among so-called areas of ecological threatniBue detailed research
proved that the post-mining areas are often cheniged by high natural
values, classifying them to protect by means ofedéiht forms of legal
protection. Presently these areas are the subjeutroerous studies, often
of interdisciplinary character. In the Silesian alpd, one of the most known
and most often cited examples of post-mining laapgeds the complex of
water reservoirs calledlabie Doty (Frogs’ pits), located at the borderlafd
Bytom and Chorzéw. In the given study the genehnakacteristics of stages
of landscape shaping @hbie Doty are presented, which was based on the
analysis of cartographical materials of differeige 81825, 1881, 1933,
1960, 1995).

The area investigated is located in the catchmdnthe Upper
Bytomka river, in the river basin of its two lefidutaries. The landscape,
which has been shaped here during the last 20@,yisastrictly connected
to the exploitation of different natural resourcedlack coal, silver, zinc
and lead ores, limestones and dolomites, fire-¢lgilts and clays.

In the beginning of the 19th century the area desdrwas very
weakly managed (Messtischblatter, 1825). Apart frahe eastern
peripheries of Bytom, only one locality— Lagiewndad one compact dense
forest complex of about 50 ha in area, surroundadend by plough lands,
- was here located. Across this area some old roads and at their
crossings in the above-mentioned forest a smallessnt existed. In the
neighbourhood there were not any water reservaingeal as any essential
traces of mining activity, although in the 16™&enturies the lead-glance
(galena) was here exploited on a small scale (Mtaeh972). In 1791 2 km
to the south of the area investigated "Krol" miresvestablished, whereas in
1822 to the south of Lagiewniki ,Lagiewniki” minea originated. But the
activity of these mines did not have any influencethe landscape @fabie
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Doly, therefore at the beginning of the 19th ceptitr had a typical
agricultural character.

As results from the Topographische Karte from 1&&Xhe end of the
19th century the landscape underwent noticeablehr@mbgenic
transformation. There is already no trace of foed€i0-hectares in area. To
the south at elevations of watershed numerous exoas appear, some of
which are rather widespread. They occur in the zoineutcrops of ore-
bearing dolomites, almost exactly in the place adsfl karst cones filled
with regoliths on a form of clays and fire-clays{tandowski, Ciesielczuk,
1997). In these excavations fire-clays as well ess f zinc, lead and
dolomites were exploited. In the north-western partthis area in the
neighbourhood of newly originated settlement NewtBen the relief was
diversified by innumerable amount of small tips amounds and some large
clay-pits working for the needs of as much as Skworks. To the same
end the clay-pit in the northern part of the amaestigated was formed in
the place of the Miocene clays occurrence (Doktarpwdrebnicki, 1954).
The mining of black coal developed — the north-eestpart of this area
was within the range of activity of ,Rozbark” andlagiewniki” mines,
whereas the south-eastern part — in ,,Krol” mingefl@Barbara-Chorzow”).
These mines were underground, because in the rarestigated the roof of
the Carboniferous deposits lies at the depth tietery least 100 m, what
made the opencast mining impossible. About 1860rtime of zinc and lead
ores "Biaty Szarlej" (later ,Orzet Bialy”) startedts activity. The
development of industry intensified the boom forneral resources
(dolomites, limestones), clayey and gravel aggesgatherefore among
anthropogenic landforms the largest areas werepoeduby excavations
connected with opencast mining (Fig. 1). In thedkrape two railway lines,
cutting the area from the SE towards NW, are aistinguished. Almost
unnoticeable role is played by small water resesvéof areas not larger
than 0,15 ha) — in the whole area there are ab@wfthem. Therefore at
the end of the 19 century in the area investigated still agricultura
landscape (of plough lands) predominated, althangihe western part of
this area and at its borders, especially southiather large accumulation of
mining anthropogenic landforms occurred.

In the last half of the century the following chasgn the landscape
happened, which are distinctly visible on the tappbic map from 1933
year (Fig. 2). They resulted from already intensiviaing of ores and hard
coal, in the majority carried out by means of mdtbbroof fall. At fields in
the region of shallow exploitation of ores (on ags to the depth of about
60 m) discontinuous deformations in the form olajmde cones, scarps and

14



Fig. 1. Distribution of selected anthropogenic famchs in 1881 year (on the base of
Topographische Karte 1:25 000, 1881)
1 — dumping grounds, 2 — excavations, 3 — antigepic water reservoirs, 4 — railway
embankments

fissures have originated. But these landforms vesnall and referred to
sizes of underground workings, the majority of thesms levelled during
land cultivation and silted up in result of wasim&l water reservoirs
periodically functioned in them, whereas in the te@gs part of the area
more than 30 water reservoirs appeared — the h#ifem is made by large
and very large reservoirs. Probably more or less ttmne the namé&abie

Doty was started to use to define waterlogged itesravith large amount of
amphibians. Water reservoirs in valley bottoms tred character of ponds
or floodings connected with terrain subsiding, emudy exploitation of
black coal. Four water reservoirs in the souther pf the area most likely
have also originated in subsidence depressionsreabehe largest pond
was established to store water for the needs oé mfrzinc and lead ores.
Water taken from it served for flotation of oresldagether with waste rock
it was flowed to settlement tanks. Large dumpingugds have mainly
originated in the north-eastern part of the aregarA from old

anthropogenic landforms new forms have appeared,th® change in
function of some landforms is also observed, engthe place of some
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excavations built-up areas, dumping grounds or wagservoirs have
originated.

1933

Fig. 2. Distribution of selected anthropogenic famchs in 1933 year (on the base of
Topographic map 1:25 000 WIG, 1933)
1 — dumping grounds, 2 — excavations, 3 — antlgepic water reservoirs, 4 — railway
embankments

New railway line running from S towards NE and névanch of
central railway line have also been built. The Brape of area investigated
in the early part of the J0century can be determined as mining-agricultural
with distinct contribution of water reservoirs, centrated in the western
and central part of the area.

In the latter part of the 20th century the neigithood ofZabie Doty
is already very strongly transformed owing to ecuimal human activity
(Mapa topograficzna, 1960). It is the period of thest intensive mining of
both ores and black coal. As the result of coalimgirsignificant terrain
surface subsiding happens, therefore in the lapasciurther water
reservoirs in subsidence depressions appear, ingladso the eastern part
of this area, which hitherto were devoid of themmef the characteristic
features of new reservoirs is the reference of shapailway embankments,
which through their permanent heaping increasddair height and became
the distinct accent in the landscape. Pond&adfie Doty are visible on the
topographic map published in 1943 year, so theaitohy numbers almost 70
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years. For the analysed time interval the ,conegiuin” of anthropogenic
landforms is also characteristic — in the placéoofer landforms of small
and medium sizes large and very large landformseaygol, making
landscape dominants, because dumping grounds #fehsmnt tanks reach
large sizes and occupy large area (Fig. 3). Abonilbon tones of wastes
were accumulated on them, whereas numerous oldateas in the south-
eastern part of this area were incepted by indalstnd housing buildings.

Fig. 3. Distribution of selected anthropogenic famchs in 1960 year (on the base of
Topographic map of U.S.I.R. 1:25 000, 1960)
1 — dumping grounds, 2 — excavations, 3 — antlgepic water reservoirs, 4 — railway
embankments

At the end of the 20th century in the area inveséid the mining
activity of ,,Orzet Biaty” Mining & Metallurgical Waks as well as all mines
of black coal was stopped. Thus, the process ofingiisubsiding was
finished, during the last 100-130 years it has eduke lowering in terrain
surface of on average 8-10 m. But the hazard ebdismuous deformations
still exists, but in difference to continuous def@tions it can occur
unexpectedly even after the lapse of tens yearssilate the mining
finishing. In the present-day landscape &dbie Doty large dumping
grounds, large water reservoirs and high railwayp@mkments predominate
(Fig. 4). They are the evidence of economic paghisf area — during two
centuries the typical agricultural landscape wasmdformed into typical
mining landscape.
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At the beginning of the 1980s it appeared that ntba® 120 species
of birds, belonging to the water-mud group, foumdZabie Doty good
breeding conditions, mainly in respect of existisggucture of inshore
vegetation — reed, calamus and bulrush.

Fig. 4. Distribution of selected anthropogenic famchs in 1995 year (on the base of
Topographic map 1:10 000, 1995)
1 — dumping grounds, 2 — excavations, 3 — antlgepiz water reservoirs, 4 — railway
embankments

Here among otheiBotaurus stellariswhich was located in the Polish
Red Data Book of Animals and threatened by extimctand Gallinago
gallinago, Philomachus pugnaiycticorax nycticoraxixobrychus minutus
and other species were stated (Piontek, 2001). gm@hore water-marshy
vegetation forest-bushy communities of alder-rigudry-ground forest
character are located. In tree stand light-seediesp@redominate, they can
easily spread, occupying even such disadvantagptaces as dumping
grounds and settlement tanks. It was determinedf th the area
investigated in different biotopes 251 species abcular flora occur,
representing different taxonomic groups. In 199@ tiatural-landscape
complex Zabie Doty" of 226,24 ha in area was here estaldishat ponds
occupy about 35 ha. Coming of this terrain withile@al protection finishes
the stage of anthropogenic landscape transformababh most of all it
creates conditions for the further spontaneousn@gdion of the natural
environment.

18
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NATURAL CONDITIONS OF THE AREA NATURA 2000 ,DOLINA
GORNEJ WISLY” (THE UPPER VISTULA VALLEY, SOUTHERN
POLAND)

Introduction

The Directive on the Conservation of Wild Birds #W/EWG
obligates countries of the European Union to idgratnd protect important
places for wildly living birds. Together with thealbitat directive
92/43/EWG considering the conservation of natuedditats of wild fauna
and flora, it makes the base for all- Europeanafigirotected areas Natura
2000. In the majority of the Union Countries thedes of Natura 2000 in
total occupy 15-20% of area. In these terrains pghaection of unique
natural values should be integrated with the ecocaintlevelopment. But
the law forbids in these terrains to realise lamgeestments of negative
influence on the threatened species and habitats.

The area Natura 2000 ,Dolina Goérnej Wisty” (PLB28Q) was
established by the terms of instructions of Mimistethe Environment from
the 21st July of 2004 r., concerning areas of sthdxrd protection Natura
2000 (Dz. U. No 229, position 2313) and on the lHsarticle 28 law. 1 of
the Law from 16 April of 2004 on nature protecti(idz. U. Nr 92, poz.
880).

,Dolina Gornej Wisty” occupies the area of 2476W& located in the
Silesian Voivodeship in the terrain of municip&gi Jasienica (4172,1 ha),
Strumier (4061,0 ha), Skoczéw (3960,6 ha), Goczatkowices8954,3
ha), Czechowice-Dziedzice (3156,9 ha), Chybie (3®9%a), Rbowiec
(1435,9 ha), Hdach (557,3 ha) and Pszczyna (369,5 ha), situaidbree
districts of Cieszyn, Bielsko and Pszczyna (Fig.The State Forests in this
area are administrated by two forest inspectoratesm and Bielsko.

Subjects of protection are there most of all a®ves:

e 267 bird species (mentioned in the list of the FdBDirective

widened of the part of species protected in Poland)
e their habitats.
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i NEC S Aw.‘m&k‘\ d "
Fig. 1 Locat|on of the area Natura 2000 ,,Dollnarﬁiq Wisty”. The boundary of the area
was marked by thicker line

Location and physico-geographical description of ta area Natura 2000

The area of Natura 2000 ,Dolina Gornej Wisty” li@gthin two
physicogeographical sub-provinces distinguished.bigondracki (1994). It
is the northern part of the Northern Sub-Carpathemd the southern part of
the External Western Carpathians. To the first guwince belongs the
Plain of Pszczyna, valley of the Upper Vistula riwé/ilamowice Foothills,
and also part of macroregion of Ostrava Basin, e tecond one
respectively - mesoregion of the Silesian Foothalhel small fragment of
mesoregion of the Silesian Beskidy Mts.

In terrain morphology, to a large degree condittbhg the occurrence
of fold structures to the south and disjunctivetdeics to the north
(Bukowy, 1974; Ksizkiewicz, 1972; Nowak, 1973), it is possible to dwi
zonal (parallel) belts (Fig. 2):

* Dbelt of upland-hilly relief of the Silesian Footlsil

* lower step — the Sub-Carpathians High Plains,

* belt of monotonous relief of the Vistula valley twon,

* belt of slightly wavy loess relief of the Pszczydmh Plain and
Rybnik Plateau.
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In Vistula river and its tributaries four river taces occur. The
Quaternary deposits cover the terrain in a fornpratctically dense mantle
of thickness from some to more than 60 metres (belavski, 2003).

il S\ e L T S ';% el
Fig. 2. Terrain management at the beginning ofi®®0s in the area of present-day
protection of Natura 2000 ,Dolina Gornej Wisty”. &boundary of the area was marked by
means of thicker external line, the range of Gdaraice water reservoir was marked by
internal thicker line

In the area of Natura 2000 ,Dolina Gérnej Wistyetlargest areas are
occupied by brown soils and soils lessivéginated at the substratum built
of loess and loess-like deposits (often clayeypvBr soils formed from
loess in general are very good and good wheat. séilshe bottoms of
larger river valleys alluvial soils characterised wery varied properties
occur. With waterlogged terrains the occurrenceroéll patches of black
earth soils is connected. In terrains lying togbath of Goczatkowice water
reservoir podzolic soils occur, they were formeairfrsandy-gravely river
deposits building overflood levels within the Ptetene fan of the Vistula.
In respect of poor chemical composition and largemgability the genetic
horizons are of large thickness but often weaklyk®a (Lazar, 1962).

In the neighbourhood of Skoczéw at outcrops of Birdimestones
patches of rendzinas occur. They are accompaniedpdrgrendzinas
originated from marly shales, marls and flysch séones. From loess-like
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deposits underlain by marly rock mantle very goool\m soils originated
(Komornicki, 1983).

The area of ,Dolina Gornej Wisty” climatologicallgelongs to the
transition zone between the influences of contialeahd oceanic climates.
Macroclimate of this terrain shaping is betokened garallel (zonal)
arrangement of physico-geographical units — atb@{Carpathians Mts. and
Raciborz-Gwigcim Basin, lying at the extension of the MoraviampG
steering the inflow of air masses from the soutlstweesniak, Obrbska-
Starklowa, 1983). In the neighbourhood of Goczalkewvater reservoir it
Is possible to notice the slight increase in wietbeity at the scale of year.

Mean annual temperature ranges from 7,5 to 8,5%& wWarming
influence of Goczatkowice water reservoir, whichusas the increase in
mean minimal temperature in its neighbourhood, stated (Atlas klimatu
wojewodztwaslaskiego).

Goczatkowice water reservoir and numerous neighbguponds
increase the air humidity, influence on the incee@s cloudiness and
decrease in 24 hours’ air thermal amplitudes. Meaonthly relative
humidity of air exceeds there 70-82% in year (8x6a-Koziowska,
Krawczyk, Btaejczyk, 1983). With topoclimatic conditions, ocdog in
the widespread Vistula valley air temperatures rnsiems and the
occurrence of freezes and radiation fogs are aftemected. Mean annual
precipitation sums amount to 750-900 mm. The veigetgperiod lasts 200—
215 days per year (Hess, Nimdedz, Obrbska-Starklowa, 1979).

The prevailing part of the area Natura 2000 ,DolBarnej Wisty”
belongs to the river system of the Vistula rivelled in this section Small
Vistula. The largest tributary of the Vistula iseth right-side Hfownica,
collecting waters of Wapienica and Jasienica ad aslleft-side Knajka.
The river net, typical for the Beskidy Mts. Foradans characterised by
approximate meridional arrangement of beds of sivowing from the
south (the exception is the section flowing towagdst Vistula).

Varied alimentation by underground waters resulfirgn: different
amounts of atmospheric precipitation, differenaeshaping and exposure
of terrain, varied possibilities of water retentionthe catchment, lasting
since the Middle Ages transformations of watertrefes (Fig.1, 2 and 3) is
the cause of lability of water stages and disclatgethe Vistula and its
tributaries. Water stages fluctuate within the figm a dozen or so up to
tens of centimetres, and the discharges amounh@verage to from some
decimal®/s in small streams to somé’/min the case of the Vistula flowing
from the Goczatkowice water reservoir.
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Fig. 3. Terrain management in t n the af@resent-day p tion of Natura
2000 ,Dolina Goérnej Wisly” (after the Map of ksitwo Cieszyiskie from 1736 year by I.
W. Wieland). The approximate boundary of area wasked by means of thicker external

line, the range of Goczatkowice water reservoiirtgrnal thicker line.

The surface hydrographic net of the area is cora@latith numerous
anthropogenic water reservoirs. The largest is @ozzatkowice water
reservoir, which fulfils function of water supplyé flood control, and the
largest complexes of farming ponds — many a timaneoted with
numerous ditches and canals — occur in the sou@hgbie town and in the
valley of rivers ltownica and Knajka (Fig. 1). Fexample — only in the
catchment of the Knajka 96 ponds of total areahbafua 4,5 kn occur, it
makes about 5,5 % of its catchment area. The éoéal of ponds situated in
the catchment of the Vistula above the dam of wegeervoir amounts to
about 900 ha.

Goczatkowice water reservoir was built in the yea®50-1955 in
result of damming up of the Vistula river by mearisearth dam (Siudy,
Bilnik, Swiercz, Szék, 2005). This reservoir is the largest object ofls
type in southern Poland. The maximum area of teerw®ir amounts to 32
km? and the capacity - 165,6 AinThe flood reserve in the summer period
amounts to 45 million f and in the remaining months - 38 millior?.m
Many years’ fluctuations of water table level iretteservoir evaluate from
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0,5 up to 3,5 meters (Szostak, Zimoch, 2005). laishallow reservoir,
exchanging the water 2—3 times per year (Kasza5)200ean annual water
temperature amounts to about 10,2 °C.

This water reservoir is excessively polluted witbgenic, mineral and
bacteriological substances, what is an effect ofnyngears lasting
disordered sewage economy in the catchment of gpetVistula, as well
as agricultural way of land use of significant paof this area (Szostak,
Zimoch, 2005). Therefore it makes water ecosystérh in biogenic
substances, having the influence on the intensiexeldpment of
phytoplankton in water.

Goczatkowice water reservoir possesses unusuatly fiora and
fauna. During many years lasting hydrobotanicat@eshes more than 520
species of plankton and periphyt plants as wellGaspecies of submerged,
emerged or freely flowing plants were here staféaunistic researches
proved the occurrence of more than 600 animal epedéncluding 350
invertebrates and 250 species of vertebrates. Gauzi@e water reservoir
is one of the most important refuges of breedindg amgrating birds in
southern Poland. The most important places, whieds btart hatching, are
its western and southern parts. There are widedpmsater-logged and
humid meadows, brushwood, widespread rushes argl wanals, creating
numerous habitats (Betleja, 2005).

Birds of the area Natura 2000 "Dolina Gornej Wisty"

On the base of published results of observations @ldest origin
from the 1950s.) as well as unpublished data (dtemece the beginning of
the 1980s.) it was ascertained, that the total rmunolb bird species in the
area of refuge Natura 2000 ,Dolina Gornej Wisty” amts to 270,
including 162 breeding species, what makes religti&,9% of domestic
avifauna and 71,4% of domestic breeding avifaurtanjatoi, Stawarczyk,
2003).

Among them one should especially emphasize theepoesof species
mentioned in the appendix of the | Bird Directiamd they are as follows:
Gavia stellata, Gavia arctica, Gavia immer, Podisepauritus,
Phalacrocorax pygmeus, Botaurus stellaris, Ixobpgminutus, Nycticorax
nycticorax, Ardeola ralloides, Egretta garzetta, réfjla alba, Ardea
cinerea, Ardea purpurea, Ciconia nigra, Ciconia anda, Plegadis
falcinellus, Platalea leucorodia, Cygnus columbianuCygnus cygnus,
Branta leucopsis, Branta ruficollis, Tadorna feringa, Aythya nyroca,
Mergus albellus, Pernis apivorus, Milvus migrans,ilvMiMs milvus,
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Haliaeetus albicilla, Circus aeruginosus, Circusangus, Circus pygargus,
Aquila pomarina, Aquila chrysaetos, Aquila penna@andion haliaetus,
Falco vespertinus, Falco columbarius, Falco subbutBalco eleonorae,
Falco cherrug, Falco peregrinus, Porzana porzanayZana parva, Crex
crex, Grus grus, Himantopus himantopus, Recurvieoatosetta, Pluvialis
apricaria, Philomachus pugnax, Gallinago media, bsa lapponica,

Tringa glareola, Xenus cinereus, Phalaropus lobatud arus

melanocephalus, Larus minutus, Sterna caspia, &tdmnundo, Sterna
paradisaea, Sterna albifrons, Chlidonias hybridahli@onias niger,

Chlidonias leucopterus, Asio flammeus, Caprimulgusopaeus, Alcedo
atthis, Picus canus, Dryocopus martius, Dendrocopssgriacus,

Dendrocopos medius, Lullula arborea, Anthus camigedtuscinia svecica,
Acrocephalus paludicola, Sylvia nisoria, Ficedulaarya, Ficedula

albicollis, Lanius collurio, Emberiza hortulana.

The degree of threat of particular breeding spgewias determined
in the area discussed on the base of criteriaeoPiblish Red Data Book of
Animals and it presents as follows: EndangeredAythya nyroca,
Vulnerable—Ixobrychus minutus, Charadrius hiaticuldear Threathened
Porzana parva, Chlidonias leucopterus, Lusciniacgyveleast Concern
Botaurus stellaris, Nycticorax nycticorax, Ardearpurea, Haliaeetus
albicilla, Chlidonias hybrida, Panurus biarmicus.

Habitats

The valley of the Upper Vistula is the refuge fabliats regarded in
the instructions of the Ministry of the Environmdmtm 16 May of 2005
year, concerning types of natural habitats. plantl animal species,
requiring protection in the form of areas Natur®d@@lesignation (Dz. U.
No 94, position 795). Z. Wilczek (Betleja et alQ0B) distinguished there
the following habitats of the European importance:

3130 - shores or dried bottoms of water reservewth
communities with Littorelletedsoéto-Nanojuncetea

* 6510 — lowland and mountainous raw extensively useddows
(Arrhenatherion elatiorij

e 7110 - highmoors with peat-forming vegetation (i),

e 7140 - transitional moors and swamps (usually with
Scheuchzerio-Caricetea nigrge

* 7150 — depressions at peaty substratum with vegetabm the
connectiorRhynchosporion
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e 7220 - limestone springs with communitieCoatoneurion

* 9130 - fertile beech woodB¢ntario glandulosae-Fagenipn

* 9170 - sub-continental dry-ground foreBilip-Carpinetun)

* 91D0 - coniferous forests and swampy forest&acginio

uliginosi-Pinetun),
e 91E0 - willow, poplar, alder and ash riverside $bse
(Populetum albae, Alnenion glutinoso-incapae
As Z. Wilczek gives (Betleja et al., 2006) in theea of ,Dolina
Gornej Wisty” about 800 species of vascular plantgre stated,
representing the following habitat groups: nitrdphs habitats,
mesophilous leafy forests, meadows, periodicallpoded meadows,
xerophylous grass and brushwood, moors of differgmge, rushes,
coniferous forests, grasses on sands and poor tplagls, forests and
swampy brushwood, terophytes of periodically flabg#aces, heathlands
and poor white bent grasses, water. In respectrodih character and the
way of its management the rushes species, &idyceria maxima,
Phragmites australis, Typha latifoliand plants of nitrophilous habitats, for
example Aegopodium podagraria, Cirsium arvense, Plantagojoma
Tanacetum vulgarand Urtica dioica are represented here in the strongest
way. The floristic curiosity of “Dolina Gérnej Wigt is Marsilea
quadrifolia and Lindernia dubia Marsilea quadrifoliais probably already
extinct taxon in the free nature, but its reintrottn was attempted to
make. Lindernia dubiais new species in flora of Poland, discovered on
19.06.2003 (Drobnik, Buchalik, 2004).
In the area of refuge ,Dolina Gornej Wisty” 50 plaspecies

undergoing legal protection occur.

STRICTLY PROTECTED SPECIES

Ledum palustre, Cephalanthera rubra Veratrum lobelianum
Hacquetia epipactis, Pedicularis palustriseottia nidus, Nymphaea alba
L., Nymphoides peltatalrapa natansEpipactis helleborineDactylorhiza
maculata Dactylorhiza, Linderia procumbens Marsilea, Elatine
hydropiper Elatine hexandraElatine triandrg Arum alpinum Matteucia
struthiopteris Utricularia minor, Utricularia vulgaris, Aruncus sylvestrjs
Blechnum spicantHepatica nobilis Drosera rotundifolia Salvinia natans,
Equisetum maximumOrchis pallen Galanthus, Carex limosaDaphne
mezereum Batrachium aquatile Batrachium circinatum Lycopodiella
inundatg Lycopodium clavatupiLycopodium annotinum
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PARTLY PROTECTED SPECIES

Vinca minor Hedera helix Menyanthes trifoliata Allium ursinum,
Nupha, Viburnum opulus, Convallarighsarum europaeumFrangula
alnus Primula veris Primula elatior, Galium odoratumOnonis arvensis

The most valuable areas in respect of occurrengaratected plant
species are already existed nature reserves ,Skirflecka” and ,Rotuz”.
Numerously protected species in proposed natusrwes ,Grabowka” and
»Piéropusznik-Ochaby” also occur.

THREATENED AND RARE SPECIES

In the terrain of bird refuge ,Dolina Gornej Wishthe following
threatened and rare species, included in the Pétistt Book of Plants
(Kazmierczakowa, Zarzycki, 2001) were statétymphoides peltata, Trapa
natans Marsilea quadrifolia,Elatine hydropiperElatine hexandraElatine
triandra, Lindernia procumbensSchoenoplectusQrchis pallens Carex
strigosg Carex limosa

Summary

The area Natura 2000 ,Dolina Gérnej Wisty” was lgbuinto being
in the terrain, which was relatively intensivelyoeomically used since a
long time (Fig.1, 2 and 3). But in result of bottetlocation in the foreland
of mountains and in the neighbourhood of MoraviaapGas well as
predispositions of local hydrographical system ttesrain for centuries
gives the rich environmental offer not only for hams, but also for plants
and animals, mostly birds (to the largest degreemanes).

The range of refuge ,Dolina Gornej Wisty” exceedse tState
boundaries. In the case of some bird species tkia @ one of the most
important breeding sites in the Central Europe. lifizo Gérnej Wisty”
simply makes the key element of birds refuge ofolgean range, identified
in Oswiecim Basin. Therefore, this whole area is very intgotr for the
preservation of species diversity of avifauna nadiyon Poland, but also in
Central Europe.
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SHORE BUILDING OF WATER RESERVOIRS WITHIN THE
AREA OF SILESIAN UPLAND

The appearance of artificial water reservoirs witthie area of Silesian
Upland and its margines contributed to the develmmof new
morphogenic processes which are typical of shdrkese processes result
in shore transformations leading to the creatioshafre forms. They are not
only depositional and erosional forms, but neutaires can also be found.
Shore processes taking place within shores do ma&erany harm to human
life and management but their course is not coetlobnd it is fully
subjected to natural development which is initiateshly by
anthropopression (Michalewicz et al., 1995; Kozgretv al., 2004).

Abrasional forms are regarded as the most harnmfe doecause they
are results of mechanical degradation of a shanetified with various rates
of its recession. Active and dead cliffs, terraces;robays, cause that a
shore is not stable and useless for its manageniéet.recession rate of
rock walls within water reservoirs in Silesian Updlareaches annually from
some to several centimeters and it is not regaaedlynamic, but it
involves taking protective actions in some partsshbres. Depositional
forms, such as sand-bars, spits and necks of landa viewed in terms of
infrastructural damages but they demand to undertgecific activities
connected with shore building. It is because dejosil processes causing
them are the reasons of difficulties in the funaing of harbour pools and
bays which result in the siltation of usable zomethe reservoirs. From the
economical point of view, morphologically neutrar{s of shores are the
most useful ones as they are mechanically, biodtigiand even chemically
stable (Molenda, 2002).

In case where shore transformation resulting froendevelopment of
natural processes shaping a shore starts doingg#snm@ endangers the
infrastructure, a man takes up protective actidifsese actions include
creating protective structures such as embankmestitsye walls, etc.
Building of the shores of anthropogenic water resies is completed by the
components which do not have protective functioastiérosional or
antiabrasional) but they are mainly associated egitich functions as:
transport, tourism, recreation, sport, water sw@splifor agricultural,
industrial and municipal purposes, farming usethefobjects.
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Spontaneously progressing shore consolidation gtrabe process of
natural vegetation succession is also worth memgpRahmonov et al.,
2004a). The processes of shore colonization byeteéign are more and
more frequently regarded as an alternative to esipenreclamation
processes (Rahmonov et al., 2004b). In this wayamally valuable zones
of above-water surfaces are formed. Moreover, tlugten become
mainstays for nature (ecological lands, naturati$zape complexes).

All components of hydrotechnical building of wateservoir shores
together with parts of shore consolidation undepggsical, chemical and
biological transformations (Rtata, 2001). The intensity of these
transformations is versatile and it depends on nfaaoiors. It also decides
on the usage time of these devices and the neethdar renovation and
technical modifications. However, it seems that gneatest dangers for
shore infrastructure are connected with mechanictilence of wave
motion and corrosive processes of concrete andlmetaponents — the
former is of common character while the latterinsited by the scope as it
can only be found in polluted waters.

Apart from classical type of shore building, wasieks are more and
more often used for their consolidation. It is esaky connected to the
reservoirs which have been created in subsidensiadhalhe consolidation
of shores with waste rocks, from the point of vigiwtheir protection against
abrasional processes, fulfills its functions. Hoegewsing waste rocks in
shore consolidation has many negative effects farabenvironment. They
result from the changes of shoreline character. $heres of hollow
reservoirs are featured by mild inclination simitarthe natural one, what
enables the development of a wide vegetation sknignsive vegetation
development is also connected with a good type siilzstratum, suitable
size of land grains and the abundance of nutridits.substratum of hollow
reservoirs constitutes flooded soils of a subsidebasin. When the
deposition of water rocks starts, the changes ofilprand shore material
take place (Fig. 1). In case of rocky, steep shehege vegetation cannot
develop and exist. Besides, waste rocks underghileg processes leading
to the pollution of these waters.
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PEDOLOGICAL AND SEDIMENTOLOGICAL INVESTIGATION
OF TELL MOUNDS (NAGYCS OSZ AND TEST MOUND)*

Introduction, research precedents

In the plains of Hungary, especially in the GredairP there are
numerous heap like features with a height of a festres that are referred
to as mounds both in the everyday language antemtofessional earth
science literature. The origin of mounds was intignd differently by
geographers, archaeologists and ethnologists. &ewerthors regarded
mounds as natural phenomena prior to archaeolqmgdological and
sedimentological investigations. According to K&roMiskolczy “The
position of mounds reveals clearly, ... that theyensot done, as they are
elevating by slopes and flatten again into the play slopes. ... These
mounds are the products of Nature and they wemaddrwhen sea covered
the plain by the waving of the wateiskolczy 1864)

Jozsef Szabo described mounds partly as naturgbatlgl as artificial
features: tvave products formed under the surface of the se#yral
mounds, however, they might have been elevated doyglesing people
according to their needs.(Szabd, 1878). He listed several natural mounds
regarded to be reef like features on the rightthedeft side of the Danube
and the Tisza. In contrary, he emphasized thdaafiforigin of the mounds
around Isaszeg and south of Baja following theiorgerphological and
sedimentological investigation (Szabo, 1868).

At the international congress of palaeoarchaed®gisand
anthropologists in Budapest in 1876 Fléris ROmeswdiattention to the
necessity of archaeological research of mounds fif$tereview of mounds
is associated to him (Rémer, 1878). As the restiltamhaeological
expositions started at the end of thd' t@ntury the athropogenic origin of
mounds became doubtless. The age and purpose ohdbads was also

! This paper was supported by the Janos Bolyai Refs&zholarship of the Hungarian
Academy of Sciences.
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revealed by the exposition of numerous mounds nigdéocal historic
researchers and archaeologists.

The scientific research with the first pedologiaadl sedimentological
investigations started in the 1960s. Accordinghese, mounds were built
mainly onto natural highs from the humus containtniayer (Borsy, 1968)
of the surrounding soils. University theses supawiby Laszl6 Kadar were
also performed in this topic displaying the pedaaband sedimentological
conditions of mounds in the vicinity of Debrecenufiflik, 1964; Toth,
1964).

Several mounds (e.&incses Mound PiispokladanyArkos Mound-
Hajduszoboszld) were destroyed by recent constmgtimainly roads),
however, their professional archaeological expasitiand pedological
investigation contributed to the information of mos (M. Nepper ,1976).

The Act of 1996 No. LIll on the protection of Nadugave ex lege
protection to every mound. After this mounds weré¢hie focus of research
again with numerous pedological and sedimentolbgicaestigations
besides their national state survey. These inwstigs focused on
primarily the soil and sedimentological conditiafghe surroundings of the
mounds and on the examination of the palaeosoilsred by the mounds
and the filling material of the trenches (Sumegiabt1998; Taoth, 1999;
Barczi et al. 2003; Joo et al. 2006). These exatmimareveal the technique
of mound construction, their function and the paiaavironmental
conditions at the time of mound building. The preseublication
summarises the most important results of the restnly of the pedology
and stratigraphy of two tell mounds (dwelling moshah the northern part
of the Great Plain.

Methods

Teodolite was used to the determination of the gephological
conditions of the mounds. From the data of the nmapghe topographic
map of the mounds was prepared with the help ofstfavare WinSurfer
6.0. In order to describe stratigraphically the s mapping drillings
were performed along a section with 5-20 metresdiolling distance
depending on the size of the mounds. Boreholesheshdhrough the
mounds into the “C” layer of the original buriedlgbat was sampled by 10
cm. In the case of tell mounds encircled by ditatings were performed
in the ditch as well and in one case a sedimeril@nas constructed as
well. To map the ditch network data of geophysinabsurements were also
used at the Nagyész Mound. Grain size distribution of the samples wa
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determined by Kéhn pipette hydrometry and dry sigvipH values were
measured in water and in KCI as well. Carbonatderds were determined
by Scheibler-type calcimeter while total organic ttea content was
determined by the Tyurin method. Pollens of thamedts collected from
the ditches were analysed by E. Magyari. Radiocarbpalyses of the
charcoal samples were performed in the Light Isetbpboratory of the
Institute of Nuclear Research in Debrecen.

Results

Examining the ditch network of the Nagyc#sz Mound (Polgar)

The Nagyc8sz Mound is located on a loess plateau that is
neighboured by the alluvial plain of the Tisza e tbboundary zone of the
Nyirség and the Hortobagy (Fig. 1.). In the certtiighest part of the mound
the traces, fireplaces, cultic and personal belaygyof several houses built
on the ruins of each other were found by archaéstg

T
l

1
1

POLGAR

Fig. 1. Geographical position of the Nagyss Mound

According to the preliminary geophysical (magneticgasurements
the mound is surrounded by five ditches that armeoted by radial ditches
(Puszta, 1998). Dark patches on the magnetic imiagéated rich
archaeological findings (mud-flake, tile fragmen(iSig. 2). These negative
forms cannot be seen today due to filling and wcation. Therefore the
stratigraphic conditions of the edge of the mounerevexposed by 42
mapping drillings along a section north of the pedkhe mound while
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sedimentological investigations were performed e rhaterial of the third
ditch.

The borehole section starts 40 metres to the Niooth the elevation
mark giving information on the location of the dit@Fig. 3). Boreholes re-

Fig. 2. Magnetic image of the Nagysg Mound with the two drilling sectiorfPuszta
1998)

vealed strongly disturbed soil layers in almostrgvease down to the
undisturbed stratified infusion loess surface othe floodplain fine sand

sediments below it. Deepest was the borehole #3this mixed and in

washed anthropogenic strata of mud-flake bonescaadcoal were found

down to a depth of 3.2 m presenting the innermodtdeepest ditch of the
network. Furthermore a ditch with similar depth ahcee shallower ones
(1.3-1.5 m) could have been traced. Mapping dgHinproved the

suggestions of the magnetic measurements of fiteh-tike depressions
encircling the mound. Based on the archaeologixpbstion of the centre

these ditches were constructed in the Neolithic dpese ditches as small
local sediment traps collected the washed soiuhstd by human. In order
to reconstruct the environment of the tell settletheamples were taken
from the soil profile of the second ditch and seslological investigations

were performed on them.

The ditch was built in infusion loess with signdt carbonate and
clay content. It is filled by washed soil and tethste in a thickness of 2.9
m. The ditch is filled by washed soil with 55% ¢&y, 5-6% carbonate and
3% humus down to a depth of 2.2 m. Based on thierpalnalysis of the
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sediments of the Kengyelkéz and Kirdly creeks ngathis washed soill
might have been brow forest soil developed in @fbdominated by oak
(Sumegi et al. 1998).
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Fig. 3. Stratigraphic conditions of the northerrefground of the Nagyész Mound based

on drilling section I. 1. disturbed, mixed arcblgical strata 2. floodplain loess 3. fine
sand 4. floodplain sediment
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The analyses of soil thin-section in this horizadicate high amount
of flying-ash suggesting the development of magwest fires at the time of
ditch construction, around 4500-5000 years agosupnably this was the
time when the original woodland vegetation was buongive place for
cultivation and cattle keeping. The occurrencerofi ipeas and calcareous
fur indicate that groundwater reached the bottorthefditch and at the time
of flooding on the Tisza water cover of 0.5 m mawd occurred in this
ditch.

There is a soil horizon washed into the ditch betw2.2 and 1.0 m
that differs from the above strata in compositidere the amount of flying-
ash was reduced significantly together with thghglidecrease of humus.
However, clay increased slightly. These alteratiogffect the change of
structure and composition of the original forestil stowards the
development of soil formed by human impact under ¢ffects of a more
open vegetation. Both washed soil horizons bear di&racteristics of
disturbed structure and the in wash of archaeddbgitndings (tile
fragments, mud-flakes, bones, etc) from the tofheimound.
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The traces of human impact cannot be shown indpeltm of the
ditch filling. Presumably the area became unpopdldtom the end of the
Bronze Age, therefore natural soil developmenttathion the in washed
urban strata resulting in the formation of cernozeois. Based on the
gained information so far, the ditch network of tNagyc$sz Mound
served ritual, cultic functions (Raczky et al. 1990his is further proved by
that there are two exposed archaeological sit€raize age in the vicinity
of the Nagyc8sz Mound (Kenderfold and site No. “6”). The mourdd i
located in an important site between these twdeset¢ints. However, the
northeastern orientation of the mound is clearlgesbable in the structure
and the magnetic image of the mound. In the fibke peak of the Nagy-
Kopasz of Tokaj can be seen in this direction. Tdusellent orientation
point might have been important to the ancient feeap well.

Studying the water ditch of the Test Mound (Szakaly

There are several fortified tell like living mountiem the early and
middle Bronze Age in the area of the Borsod-ktg the majority of
which were built by the Hatvan and Flizesabony cedt(iKalicz 1968). One
of these tells from the Bronze Age encircled byluis is the Test Mound
(Fig. 4) South of the settlement Szakald. The iigason of the mound and
its ditch was aimed to reconstruct the environmeinthe tell from the
Bronze Age and the former relationship of man as@mvironment.

The original morphological conditions of the mowstbngly denuded
by intense cultivation were reconstructed by quatiie determination of
the in washed material of the ditch by drillingslanapping. The ditch can
be regarded as a half cylinder 3 m deep, 20 m & 280 m long in
average. Based on volume calculations 26080ofimaterial was eroded
into the ditch mainly from the tell and from theuwnding arable lands in
a limited amount.

If the 11000 m of denuded material in the natural depressionhen t
western side of the mound is calculated, the enosfaaround 37000 Frof
tell material took place in total. This means ttie elevation of the mound
top and steep sides extending over 2 hectares eaged by 1.8 m in
average.

Based on the reconstruction of the original surfdabe Test Mound
was a living mound at the absolute elevation of.804, protruding up to
5.5 m from its surroundings and encircled by a sarnoular ditch deepened
down to the elevation above sea level of 95 m. Tthese was 9.5 metres of
height difference between the bottom of the 4 nsetieep ditch and the top
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of the mound. The northwestern and the southwestadrof the ditch leads
to the former Sajo bed named Kerntherefore the mound surrounded by
water filled depressions from every side elevatesam island presenting
complete protection (Fig. 4).

On the basis of the exposition established in tlfee ™ deep ditch
encircling the mound, the ditch was constructedhgyBronze Age people
in the floodplain loess like sediment constitutihg surface of the alluvial
fan (Fig 4). Between the bottom of the ditch and g¢navel of the alluvial
fan the constructors left a 1-1.5 m thick greergsky clay impermeable
layer. This is indicated by the 1.5 m thick “lacust” sediments
accumulated in the bottom of the ditch suggestistptic or slowly moving
stable water environment eutrophic bentonicly.

The lowermost 18 cm of the lacustrine sedimentscamposed of
clayey silt with high humus content holding tinyactoal and soil fragments
that might have been washed in by rainstorms. $tnégum is overlain by a
blackish grey eutrophic lacustrine sediment stratantaining bones, tile
fragments and mollusc shells covered by a strataimim charcoal between
the depths of 2.4 and 2.6 m.

200 m

150 m

100 m

0
400m 350m 300m 250 m 200 m 150m 100 m 50m 0m

Fig. 4. Topographic map of the Test Mound (Szakald)
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Radiocarbon measurements were performed on theadiaof this
layer. The age of the stratum is 3260 years BPs Tiwashed charcoal
containing stratum indicates that the settlemens Wwarnt and was not
rebuilt later, it became unpopulated. Above theraba stratum the ditch
was filled by sediments eroded from the tell eitimaturally or due to
cultivation and mixed by anthopogenic impact (Bp.
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Fig. 5. Stratigraphic outline of the Test Moundrédcent cultivated soil 2.
disturbed tell material with archaeological findsn®, tell material eroded into the ditch
encircling the mound 4. stratum rich in charcodbBustrine sediment (with mud-flakes

and bone fragments in its upper level)

The section contained pollen in assessable quamtity between the
depths of 262 — 316 cm. Strata above 262 cm weneplately dry and
disturbed. The examined eight samples containeth@s in total (Table
1).

There are few trend like changes in the percenpadjen content of
the samples. This can be the result of either isteintbance of the lacustrine
sediments or the rapid sediment accumulation reptesy a few hundred
years. A sharp changing, however, can be seereiddta. In the lowermost
strata the rate of the wood pollens is 30% andsjiscies composition
indicates the mixing of the bottom of the ditchtte Pleistocene strata
(Pinus sylvestris, Picea abies, Betula)spn contrary the rate of arbor
pollens reduces to 14 % in the samples from upjpatasindicating gradual
deforestation. Here the in mix of the pollens oflevl strata cannot be
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detected. The low rate of individual tree specitd ¢o) indicates that there
was no continuous woodland vegetation on the shafréise ditch. On the
shores of the abandoned bed near the mound stdtygalood species may
have grown $alix sp., Alnus glutino3aWhile more distant from the bed
scattered hard gallery wood together with oak gseonay gave occurred
individually or in smaller groupsQuercus sp., Corylus avellana, Tilia sp.,
Acer sp). The greater quantity of Carpinus betulus anduBagulvatica
pollens can be explained by presumably not onlynis@ness of the Bikk
Mountaines but they may have been present in greeiadividually.

Table 1. List of ecological indicator species refey to anthropogenic impact and their
percentage distribution in the various layers (Asatl by E. Magyari)

316 308 300 294 286 278 270 262

cm cm cm cm cm cm cm cm
Species signing treading:
Graminea 41% 13.9% 84% 42% 950 48% 9..% 148%
Compositae lig. 2.78 1.47 9.78 10.%6 7.31 485 40.18.55
Plantago lanceolata 0 2.21] 5.18 0 g ( 242 D
Plantago media 0 0.74 4.00 0 0 0 2.42 a
Polygonum aviculare 1.39 2.21 3.56 3.7 2.28 529 9 2 297
Charyophyllaceae 0 0 0 0 0 0 0.97 0
Chenopodiaceae 1.39 18.38 g 2218 2283 18.06 814.90.78
Grown crops:
Triticum sp. and Avena sp. 0.9 0] 178 141 0.6 b 4221 0
Segetal weeds:
Centaurea cyanus 0 0 0.44 0| 0 q 0.48 0.37
Polygonum aviculare 1.39 2.21 3.56 3.87 2.28 522.90 2.97
Polygonum persicaria 0 0.74 0 0 0.46 0.88 D 0.87
Cruciferae 0 1.47 0.44 1.74 0.91L 0 0.97 0.37
Spergula arvensis 0 3.64 0.89 0 0 g 0.48 D
Labiateae 0 0.74 1.78 0 0 0 0.97 0.37
Weeds along the arable land:
Solanum sp. 1.39 0 0.44 0 0 0 0 0
Artemisia sp. 2.78 2.21 4 1.41 4.5 1.32 0.97 2.p7
Species signing grazing:
Filipendula vulgaris 0 0 0 2.11 0 6.61 0 0.37
Graminea 4.17 13.97 8.44 4.28 9.59 4.85 9/18 14.87
Compositae lig. 2.78 1.47 9.78 1056 7.31 485 10.48.55
Potentilla sp. 0 0 0.44 0 0 0 0 0
Juniperus communis 0 0 0 0 0.46 0.44 Q

Based on the composition of the pollens wet meadowismarshlands
can be reconstructed on the shores of the ditchtlamdxbow lake with
species ofCyperaceae, Mentha sp., Valeriana dioica, Filipeadwulgaris
esUmbelliferae

The species oMyriophillum sp., Sparganium sp., Nymphaea adisa
Alisma plantago-aquaticéived formerely in the water of the ditch suggest
lake environment and a minimum water depth of 2Tine presence of
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Phragmittes sp., Typha sp., Cyperacspecies indicate reedieveloped in
the rim of the ditch.

The vegetation cover of the more distant dray amease strongly
disturbed as species indicating trampling are dantifChenopodiaceae,
Plantago sp., Taraxacum sp., Compositae, Polygoaurtulare. On the
basis of all these the image of a poorly vegetattiement environment
crossed by paths can be outlined around the ditcham the top of the
mound where only a few species enduring trampling drought lived.
Cattle grazing on the meadows around the settlemsestiggested by the
frequent appearance of species indicating grazkiljpéndula vulgaris,
Potentilla sp., Graminege The low rate (1-2 %) of the pollens of grown
corn (Triticum sp) and several weed associated to arable la@dsatQurea
cyanus, Solanum sp., Spergula arvengidicating abandoned arable lands
in the direct vicinity of the mound while the prase of extended corn
fields more distant from the former settlementrisbable.

Summary

Pedological and stratigraphic examination of theunts may clear
successfully the conditions of their building. Tiée mounds were elevated
by the deposition of several culture and transplostal strata. Transported
soil strata separating the culture strata origifiae the ditches established
in the foreground of the mounds. These ditches eskraot only as
excavation areas but may have strengthened thie cale of the central
mounds as well. The five concentric ditches of Negyc$sz Mound at
Polgar may have served this role. Water may hdlegl fihe ditches located
near the floodplain of the Tisza giving water difanction to the trenches.
Ditches are not visible on the surface but magnetEasurements and
stratigraphic drillings revealed their presencee Thound was doubtless
populated from the Neolithic to the Bronze Age.dying the sediments
washed into the ditches from the mounds and frarsitrroundings, the
anthropogenic impact on the environment betwee® 4@ 5000 years BP
involving the burning and transition of forestsanpastoral lands were
revealed indicating the settlement of cultivatimgl @attle keeping people.

The Test Mound Bronze Age tell located in the eledapart of the
Saj6 floodplain in the area of the Borsod Me2g also have a large ditch
visible on the surface and might have been 3.5 ep @eiginally. From the
completely cultivated mound 37000’ mf tell material was eroded into the
bed nearby and the artificial ditch through thet manturies. Based on the
investigation of the sediment section establisimethe ditch it can be stated
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that permanent water cover might have been in tteh desulting in the
deposition of lacustrine sediments. On the basih@fage determination of
the burnt, charcoal containing in washed straseéms that the mound was
burnt at 3260 BP and it was not rebuilt after antdeicame unpopulated.
Following this there was no permanent water fillingthe ditch and large
guantity of mixed material was eroded into the [itom the tell and from
its surroundings. The environment of the moundhat time when it was
populated was reconstructed by pollen analysi©@flacustrine material of
the ditch. There were no continuous forests indtea in the Bronze Age
trees formed only smaller groups. The pollen specévealed wetland
meadows in the floodplain and settlement with distd, trampled
environment together with arable lands.
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THE THREATS OF UNSUCCESSFUL RECULTIVATION AND
MISUSE OF A COAL MINING PIT-HEAP

This contribution aims to demonstrate the riskstieg usuccessful
recultivation of a waste tip resulting acceleragsion and increased
runoff enhanced further by human carelessness @&suse

The heap was deposited during the coal mining @serin Oroszlany
between 1970-1990 and consists of mainly carbamiferor calcareous
shales, unproductive lignite seams, removed sddyncarl and other
unproductive layers considered as non-contaminanthe bottom
circumference of the heap is 530 m, its area reatl# hectares, while the
planed upper part reaches 0,11 hectares, its ciecancte is 150 meters.
The height is 15 meters measured from eastwardm (the creek) and 7
meters westwards (ploughlands) (Fig.1). Erosionabcg@sses, runoff,
infiltration and water storage capacity of the seiére monitored and
measured Qe{vyeen 2006-2007.
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Fig 1. Sketch map of the heap (height above sed iewneters). Black ellipsoids
show the positions of sediment traps, the gray gdmegosition of the two drillings (8 m
and 4 m), the light ellipsoids show the positiorsoil samples (0-70 cms)
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The drilling and sampling of boreholes proved tifnat structure of the
heap is layered. The deposited layers show thendigsaof the growth in
coal production, also proving that the main masshef heap remained
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undisturbed. The deposition met the minimum requoéets of
environmental protection since lignite layers algge with clayey layers
isolating the contaminants from each other, praagrihe wash-out and the
infiltration into the ground water. Contrary to tpesitive measures, this
feature resulted unfavourable effects enhancedubyan impact.

It must be pointed out that the geological condsi@re not optimal
and the location of the waste tip is problematibe Thearby mountainous
region (Vértes Mts.) consists of highly tectonisedsozoic limestones with
great porosity, carstic phenomena are abundanhenhbrst-graben type
fault-dominated mountains. The waste heap is locatea graben, where the
limestone sank below the surface and is overlaipdigeogene-neogeneous
coal bearing seams. Unfortunately these layersnaamly composed of
sandy, unconsolidated molasse sediments with hegbsfly and due to the
low pH-values, low buffering capacity and high hmétion velocity (see
Fig. 2-3) these cannot prevent the infiltration adfntaminants into the
carstic subsurface or surface waters.
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Fig. 2. The k" infiltration velocity at differerdepth.
F1: the waste heap (measured from the top), E2bdlckground area.
Note the infiltration velocity is much greater etsandy background area
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The heap is located close (20 meters) to a creekhwh considered
the water base of the nearby landscape protectiem @/ értes Landscape
Protection Area). The limits of the protected aae@ not farther then 100
meters. Insulation (geotextiles or bentonitic cjais missing under the
heap, above the ground water table (located angt2rs depth).

0% 20%  40%  60%  80%  100% 0% 50% 100%
F10-20
F20-20 ‘

F140-60

F2 20-40
F160-80

F1100-120 F2 40-60

F1140-160
F2 80-100
F1180-200
F2120-140
F1220-240

F1260-280 F2160-180

F1320-340 -|
F2 200-220
F1 360-380 -|
F2 240-260
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F1400-420

F1440-460 4 F2280-300 1
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F1520-540

F2 360-380
F1560-580

F2 380-400

F1600-620

F1 640-660

F1680-700

F1720-740

F1760-780 -

Fig 3. The sedimentological composition of the h@aft) and of the background
area (right) depth in crip Note the rythmic occurance of clayey sedimentsgosing the
layered structure of the waste heap and the doméahthe sand in the base.
(Ground-water table below the clayey layer at 320-8ms from surface)

After the collapse of the communist regime the minere closed in
the region, the main building was reorganized aswseum, just few
hundred meters from the heap. Being the highesitpthie heap gives an
excellent outlook to the protected area and to Wlagkta where the ruins of
a huge monastery, some watermills and little pocais be found. These
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lakes were originally planned to supply industvigter or cooling water for
the nearby factories, like the Tatabanya powerplamt functioned as
sediment traps decreasing the concentration ofacgntains resulting from
mining activities. Now they are valuable ecologicatridors enhancing the
diversity of the landscape, used for recreationppses, like fishing and
equestrian.

The role of the waste heap in dominating the laaplsavas recognised
early and after the collapse of the mining industryide-scale recultivation
took place — but only on papers. Some measures ivgremented like
decreasing the slope gradient in order to avoidsieno and mass
movements, but other rehabilitation processes,dikating a soil layer and
establishing viable plant assotiations were conahta fail due to the lack
of interest of the entrepreneur.

By the time our investigations started, the sojelahad already
completely disappeared if ever existed (accordmghe documentation,
millions were paid for this purpose), and the wdstap was rarely covered
by plants of pioneer assotiations, indicating ttie¢ process was rather
natural, and not as a result of human intervenfidre southern part of the
heap now functions as a track for cyclists and wross-racers. This
activity enhanced the erosional processes.

The structure of the heap was originally plannedptevent the
infiltration into these sandy layers, thus to pebtihe ground water and the
nearby creek. Our investigations confirmed thatdpecific structure of the
heap prevented the vertical infiltration of the gypéation, thus it lowered
the wash-out, but unfortunately increased the rufeiy. 4, 5, 8). The
lowered wash-out prevented the (re)concentratiorwarftaminants in the
evapo-transpiration zone, and the leaching of eoimants into the ground
water. Since the centre of the heap remained dwys the speed of
reductive, anaerobic reactions was limited, andresulted reduced
secondary (sulphuric) mineralisation, although {ignite seams were
characterised by high sulphur-concentration. Thegphs not burnt out (the
drilling produced no signs of ignition), secondamyinerals were not
mobilized and did not reach the ground water table.

This positive effect had some serious drawbacles:dgrreased wash-
out induced increased runoff, that quickly remotee deposited soil from
the covering layers. The steep slope gradientiattieof infiltration, the soill
loss and the poorly developed vegetation causedi@usg circle: it reduced
the spread of assotiations that could have hindénedsoil loss. This
feedback (soil loss—low vegetation cover—increasinigjloss) lasts until the
slope gradient reaches an equilibrium that redtleesoil loss.
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hours (depletion, infiltration)
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3. section/convex slope 4. section/concave 2. section/top 5. selbokground
10-20| 3. slow 13. quick 10. quick 14. quick
30-40 4. slow 8. medium 5. medium 15. quick
60-70 1. very slow 7. medium 2. very slow 11. medium
30-40 6. quick 12. quick 9. quick 16. quick

5 The rate of infiltration at different depth on @ifént slopes (cm)
mm

10 [30 [60 ‘
-20l-40|-70| X

Fig. 4. Water balance of the heap measured atréiffedepths (cm, using 10 cms thick
samples, + means horizontal orientation the otkbosv vertical orientation) on different
slopes. The first chart shows the depletion degefrom elapsed time in case of 2100 mm
precipitation. The second chart shows the velooftgepletion on different slopes. The
third presents the water storage capacity of tfferdint samples (ml), and the last one the
movement of the water.
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The surface water running off from the heap comagn
contaminants can reach the background area lagksgation and infiltrate
into the ground water and into the creek. Sincehtliéer capacity of the
background area is low (Table 1), the carried rhet@ins are not captured.
Fortunately, the upper part of the heap does natago extreme metal

concentrations.

M porosity (V%)

W natural w etness

O capillarity

O w ater sucking
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S
N

Fig 5. The hidrologic parameters of soil samplesfithe heap

NowWw R O N ®
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Fig 6. The rate of erosion at35
slope angle

The present soil loss rate was
measured by Gerlach sediment traps
on the undisturbed sides. In 2006,
after 4 days of constant raining 8 cm
upfilling was measured on the
northern steep slope with 35 degree
slope gradient, eroded from a 10
meter long slope, meaning 0,08 m
overall denudation. Between June-
November, 2006, further 13 cm

upfilling was measured, meaning 0,13 m denudafitre western, gentler
slopes showed 0,04 m denudation within the same@é cm upfilling in

a 20 meter long slope with 15 degree steepnessieBa 2006 November
and 2007 March further 22 cm fill was measurechmiorthern slope (0,22

m height decrease).

The seasonal deepening/widening of gullys was aisestigated

(Fig. 7).
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Fig. 7. The seasonal changes of upfiling and sedimtransport. Summers are
characterised by deepening of gullies, the autunthspring is characterised by widening,
upfilling
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Fig 8. Potential runoff and infiltration on the Ipeslope supposing equal (100 mm)
precipitation. Infiltration rate increases reachthg backround area, exceeding runoff rate.
(Evapotranspiration is not measured.)

The flora of the heap is mixed, feeds from 3 sagirdde young trees
spread from the protected woodla@gLercus petraea, Populus alba, Betula
pendulg or from the bank of the creek. Some plants cammm the nearby
ploughlands and meadows or disturbed ar@ago{ium sp., Plantango
media, Cirsium arvense, Lolium perenne, Achilledlefolium, Lotus
corniculatug, and many species can be considered pioneer iasos
(Tanacetum corymbosum, Rumex acetosa, Sedum spotidedp., Daucus
carota, Calystegia sepium, Echium vulgare, Cichariintybus, Equisteum
arvense, Crataegus monogyn&Vithout human intervention it would take
some 30 years for the vegetation to establish etaddsotiations
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(succession). For recultivation among other reconded species we can
find Eleagnus angustifolia, Crataegus sp., Robps@udoacacia. These are
not elements of the natural vegetation, but it a mecessary if the main
purpose is to hinder erosion. But, since the aseadar the protected
landscape, these species should be avoided. Trifoand Medicago are
strongly recommended, since they are optimal fore@ing soil structures.

Since the heap itself is dry, it is not consolidatey the reworking
activity of the water only by its own weight. Theseers committed several
mistakes when they decided to recultivate the lagggin. First, without any
permission they initiated landscaping fieldworksing heavy engines they
accidentally cut through eletric wires leaving thart of Oroszlany town
without electricity. They cut down forests near treek and tried to plane
the surroundings of the heap illegally, ruining tlegetation and modifying
the runoff and the condition of stabilised slopBEse optimal cost-effective
recujtivationg plan for the heap can be seen on9~y.

e 3 ﬂfn 7

Fig. 9 Upper row(from the left to the right: the ,soil” of the heagrosional gully with
vegetation cover; renewal of erosional gulliesratte illegal planation works

Bottom row(from the left to the right): the heap, the woodland the Vértes Mts.; illegal
planation works near the protected area

56



sediment trap trees

and water drainagy

30 degree
legre: 40 cm

high
terrace

gravel cover
decreasing sediment

transport
wirefence
‘ ‘8:‘7'5 “: o5
:“‘\\" ‘ 0 a‘ 50cm
L) «\')f— S surface
10-20 cm
tillage
60 cm
=~ 3cm

quick growing bushes with deep roots

20cm deep tilling

bricks, stabilising th art
stones stabilising the fenc r SI IS “ \
100 ‘

Fig. 10. A proposal for the recultivation of theapeusing minimum soil surplus reaching
minimum erosion. The tilling before adding the sigkreases the soil erosion. The terraces
minimize the amount and costs of soil depositiolme Wirefences tilled under surface and
the Hedera helix decrease the soil wash-out, thaetplwith long roots consolidate and
stabilize the heap, increase interception. Thekbriginder the soil loss from the top.

Terraces are open-drained to collect and conteotuhoff.

low compaction
good ventillation

. . recultivation WASTE TIP
soil erosio failure FEATURES

coal layered structu
and shalgs

low level of
soil formation

natural insulatitt

BACKGROUND]
FEATURES

sandy

lack of
insulatio

e | calcareou L:7
sediment:

small storage capacity,
quick infiltration

Y

\l/ i i decreasing
increasin "
Iﬁmoff decreasing \ash-out of
bad circumstances infiltration | | contaminants
for recultivation ~a
. - limited
thin layer of dry inner threat of ignitig <
nutrients structure
\
limited |—=>{ limited secondary|
accumulatior| anaeragb Su_lphu?c )
at the bottor; - activity] mineralisation
soil formatior xdecreasmg

slope gradient

\ decreasing
diverging conditions| erosion |
different habitats for stabilisation
assotiations, diversi

| contamination

landscape protection areq

creek, woodland

Fig. 11. Effect-mechanism of processes on the wiste

57



Table 1.Clustered structure (Ward’'s method) of the heapedamn sedimentology, pH,
organic material, and carbonate content

Organic

Depth Geology (Drilling 1: HEAP) pH (0, | R | caca (%) | CLUSTERS| CLUSTERS
(cm) KCI) %)
-20-0 dry, grayish, carboniferous humic layer
0-20 yellow sand with signs of sailification 6,98:6,68 30,9% | 14,5(% 1 1
20-40 greenish grey silty sand with coal stripe 7,06:6,8 9804, 11,62% 2 2|
40-60 greasy yellowish gray clayey silt 7,16:7,01| 3,4% 21,1% 2 2
60-80 black, clayey soil, calcareous 7,43:6,99 12,3% 34% 3 3
80-100 sandy clayey silt with coal, clayey-calc. shale clasts,01:4,88 27,7% 47,7% 1 f
100-120 sandy clayey silt with coal, clayey-calc. shale cla5t8,96:6,86 20% 39,5% 4 f
120-140 sandy clayey silt with coal, clayey-calc.shale clagts,94:682 21,6% 47,3% i f
140-160 sandy clayey silt with coal, clayey-calc. shale clagt8,00:6,77 14,6% 23,2% f 2]
160-180 160—1_70 green clay, 170_»180 sandy clay with 7.36:6,94 16,1% 29.2% b 5

organic material, consolidated
180-200 loamy sand with coal and organic material 7,38:6,9 12,3% 39,7% 2 .
200-220 green dark gray silty clay 7,06:7,14 4,7% 43,7% 2 5
220-240 clay, aquitard 7,19:6,98 14,2% 52,8% 4 6
240-260 same, brown 7,66:7,10 8% 43,9% 4 6
260-280 same, black, organic 7,76:7,17| 6,7% 47,2% 2 5
280-300 same, organic green 7,60:7,10 6,1% 50,7% 2 5
300-320 grayish green silty clay 7,18:7,07 10,66% 54,6% 2 5
320-340 grayish green sandy clay 7,83:7,25 11,9% 55,4% 2 5
340-360 grayish green sandy clay 7,55:7,362,3% 45% 2 5
360-380 same. from 370brownish red sandy silt 7,63:7)09,6% 27,5% 2 5
380-400 brownish black organic sandy silt 6,86:6,54 12,9% | 6,3% 3 7
400-420 | UPPEr part: black organic (coaly), bottom: limonitig 7.17:6.74 12,87 6.5% 3 3

green silty clay
420-440 blue-gray clay reductive, unvented, aquitard 7,53:7,00 12,5% 18% 4 6
440-460 black coal, organic material sandy clay 6,86:6,6627,4% 3,8% 3 7
460-480 black coal, organic material sandy clay 6,97:6,7624,4% 26,5% 3 7]
480-500 black coal, organic material sandy clay 6,92:6,7613,7% 17,2% 3 7
500-520 black coal, organic material sandy clay, humid 9:8,87 13,89% 25,48% v
520-540 Z?;;,ec,ls;n greasy, wet plastic, like plasticine dark| 7.18:6.94 201 25,88 2 6
540-560 dry, sandy material with claymarl and organic clas®17:6,95 19,50% 36,03% p 2
560-580 dry, sandy material with claymarl and organic clas%39:7,17 12,03% 34,78% 4 R
580-600 dry, sgndy material with claymarl and organic clast§.Y53:7‘22 6.20 37,55 ;

greenish gray

dry, sandy material with claymarl and organic clast: .
600-620 ggenish éray Y 9 %43:6,88 | 952% 30,93% b p
620-640 red, greenish clay, shale, wet, anaerobic 7,804 9,07% 28,7% 2 5
640-660 calcareous dark gray organic material 7,12:6,8620,05% 15,64% 4 4
660-680 calcareous dark gray clay with organic material 10:8,85 23,37% 31,15% fl ]
680-700 calcareous dark gray clay with organic material 08:8,86 17,76% 30,9% 1 1
700-720 greasy, wet, plastic, dark gray clay 7,02:6,86 | 13,41% 39,5¢% 4 6
720-740 greenish gray organic material 7,83:6,83 12,55% 36,34% 4 4
740-760 dry, calcareous sandy material with organic contert,27:6,76 11,73% 50,26% P 2
760-780 gray sandy-silty material 7,34:7,22 7,13% 61,65% 2 5
780-800 dark gray plastic, dark gray clay 7,15:6,94 | 11,5% 31,3¢% 4 6
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LAND-USE CHANGES IN TRANSCARPATHIA REFLECTING
ANTHROPOGENIC EFFECTS, WITH SPECIAL REGARD TO THE
CATCHMENT AREA OF THE FEKETE AND FEHER TISZA

Introduction

Land-use is an important issue today, it determtheseveryday life.
Land-use is determined by natural conditions togrettith man who alters
it with his activity. As a first step anthropogemffects have to be defined.
Anthropogenic effects are human activities or psses induced and
influenced by human activities that influence theemtion of landscape
directly or indirectly.

As generally everywhere anthropogenic effects aamieasured best
in the types of landscape. Different landscapeslaveloped as the result of
different human activities. Human effects influengcithe landscape can be
determined by studying these. Studying the efféchuoman activities is
important as they are the only way of understandieglandscape and to
create optimal land-use in the future. In the cafsthe present study area
there are a few factors that have to be calculatethe course of the
analysis. For example the area is important invtater level undulation of
the river Tisza as its forest cover influences isiggntly the quantity of run-
off water flowing into the river. Therefore thisgimem having numerous
indirect reasons has to be investigated. It castdted that the direct reason
of the is the change in land-use, i.e. human dagtivi

The development of the embankment of the Tiszathadproblems
related to the flooding of the Tisza have beeniksyes for years. Land-use
conditions in the study area influence fundameyntdie water level of the
Tisza as rivers of this area determine the watezl lef the upper section of
the Tisza. If the relationship between forest cagerand water levels are to
be studied this area is the best choice.

The Tisza is regarded as having variable waterldeaed producing
great floods and occasionally flooding a part & @arpathian Basin. Some
think the undeveloped state of the embankmentsgalloa Upper Tisza as
the main reason for flooding while others point tipeesence of
embankments at all as the source of the probleis difficult to answer the
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question due to the complexity of the problem; hesvethis is not the aim
of the present publication. Doubtless the Tiszalpces flooding nowadays
as well and water level undulation, i.e. rapid afoin of the precipitation
and melt water flowing into the Tisza in the cat@miarea is regarded to be
one of its reasons. Thus studying the changesrasfaover and land-use
that are regarded to be key factors in water |démltuations might be
useful. The water level fluctuation of the Tiszaeidreme with incalculable
floodings that, according to the literature, midgt#ve numerous reasons.
Doubtless one of the most referenced reasons ithetion in forest cover
as bare hill slopes cannot withhold rapidly fallingrge amount of
precipitation and melt water. Therefore it is imjant to know the rate and
variation of forest cover together with the assmtlachanging of land-use
through the past centuries that are involved ingiesent publication. For
this the landscape types of the area are studieording to the available
data and maps analysing the land-use charactefwtigiven historical
periods. Several researchers aimed the same intrgears. Their results
are reviewed in the followings in order to give @smplete image on the
guestion as possible.

Study area

Transcarpathia is located between the Carpathragesaand the Great
Hungarian Plain in Central Eastern Europe. Its ére given by the Ung
valley in northwest, the 250 km long ranges of Beskides and the
Méaramaros Mountains in northeast and East and almntine of Tiszaujlak
(Vilok)-, Mez6ékaszony (Koszini)-, Csap (Csop) and Ungvar (Uzsdpro
marked by longitudes of E22°10" — 24°06’ and latés of N47°54" —
49°06'.

The total area of the county is 12800%amd can be separated into
two landscape units:

- mountain (Carpathians)
- plain (Great Plain of Transcarpathia)

The majority of the area of the county (86%) iser@d by mountains
and headland. The mountains consist of three ratigegormer border and
watershed is marked by the Beskids and the Gordausllel to these a
more dissected mountain range is found that waarasgal as an individual
mountain by geographers only recently and it wasnath Polonina
Mountains after the mountain meadows so charatitets the landscape.
The third range is the volcanic Vihorlat-Gutin. Th&ramaros Mountains,
in other words the Hucul Alps can be found in tloeiteastern part of
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Transcarpathia near the boundary with Romaniahénsbuthwest lies the
Transcarpathian Plain or the Tiszahat.

45% of the woodlands of Transcarpathia can be foundthe
mountains and mountain alps cover 40 thousand fesct@ulla et all.,
1999)

The rivers of Transcarpathia belong to the watstesy of the Upper
Tisza basin and their rich springs can be founthensandstone belt of the
Northeastern Carpathians. The main river is thealteat is originated from
the joining of the Fekete- (Black) and Fehér-(Whitéisza in the
Maramaros Mountains. Its tributaries are Borzsdala, Tarac, Latorca,
Ung, Nagyag.

49.7% of the area of Transcarpathia is covered bgdlands. 59.2%
of the forests are beech, 29% are spruce, 7.8%uwaR.2% other.

Transcarpathia is too big and colourful to showhespgogenic effects
satisfactory. Its borders are subjective; therefbespublication aims to give
a sample on the changing of land-use by analysisgaller area that is
suitable to model similar landscape units. The a@hdor the study area is
the catchment area of the Fekete- and Fehér-T(iBiza.1)

i |
ddme J0U 300 400 500 S00 BRL 1000 1250 1500 2000 swuwe

Maewrab 1:750 000

Fig. 1. Transcarpathia (Sablij, 1991)
— Study area
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The 59.2 km long Fekete-Tisza, also named Csorszaloriginates in
the alp called Okola (Sheep-fold) northwest fronrd&ines (Jaszinya) at
an elevation of 1,229 m (Véarady, 1900). The ared@sofotal catchment is
569.2 knf, its major tributary is the Méhat, named Lazescsina stream in
Ukrainian. The river joins the Fehér-Tisza at Rahan elevation of 480 m
and here the river Tisza is born. The Fekete-Tsagers 50 km from its
source to the joining of the Fehér-Tisza and itezevheight difference of
780 m, i.e. its fall is 15.8%o.

The Fehér-Tisza, Bila-Tisza as called in Ukrairgarters the surface at
an elevation of 1480 m in the Kurbul polonina.d&gchment area with the
values of 489.4 kfmis somewhat smaller than that of the Fekete-TiSha.
fall of the river along the 32.6 km from the soutcethe joining of the
Fekete-Tisza is 30.6%.. The Fehér-Tisza runs inreonaV shaped valley
with steep sides so characteristic for rivers ghhgrade. The valley widens
at Laposmei (Luhi) to 200 m, elsewhere its width is around5@n. Its
most important tributary is the Saul. The riverdthger with its tributaries
runs on the impermeable surface of the MaramarossMa (Laszloffy,
1982).

The annual precipitation in the peaks of the H@as&tvidovec is
1600-2000 mm the majority of which especially ire thigher regions is
snow. Snow melting usually takes place in Aprilisitfrequent that early
Spring precipitation warmer than the environmentitntiee snow cover
resulting in catastrophic flooding. Natural vegetatcover is usually forest,
beech covers the smaller peaks (above 400-500 dhpiae trees are found
on the higher ridges, above 1100-1200 m excepth®mpeaks. The border
of forests runs in 1800 m while subalpine meadomng grazing lands are
characteristic above this elevation (Timar et200Q5).

Review of the literature

According to the survey of Nagy et al. (2002) tlaerof cleared
forests in the Upper Tisza region in the last eigbars is 3.7%. The
investigations of Molnar and Goénczy 2006 did ngamart the assumptions
of significant deforestation and associated in&eaisrun-off co-efficient
either. Definitely

The results of the research carried out by TiméaleR005 are the
following: the rote of forest cover in the catchrharea of the Upper Tisza
was reduced from 52% in 1896 to 48% by 2002. Theesate was reduced
from 73% to 66% in the catchment area of the Fekatel Fehér-Tisza.
This means that 8 nad 9.6% of the forest cover8¥6lvanished. (The
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4%/7% /absolute reduction/ is around 8%/9.6% of 58&0/73% /original
state/.) This reduction of forests may seem toreatghowever, it is not so
significant neither in the higher areas of the leatent area nor on the steep
slopes (Timar et al., 2005).

Dezso Zs. and his fellow colleagues made furtheestigations in the
Ukrainian and Romanian sections of the Upper Tasmhthey studied land-
use changes in the catchment area of the Borzsarcba Ung, Laborc and
Ondava in the periods of 1992/1993 and 2000/200&yTpointed out that
the reduction of the rate of forest cover was 3id%he parts of the Upper
Tisza that are found outside Hungary. The reductibthe rate of forest
cover was 18% in the Upper Tisza region in Romab?a, in the Upper
Tisza region in the Ukraine and 12% in the catchnaeea of the Borzsa.
The rate remained unchanged in the catchment &tbe datorca, Ung and
the Ondava. The area of the arable lands decreelséel the area of non-
forest natural vegetation and that of croplandfrsituegetation increased.
Built-up area did not change significantly in tisisort period (Dezso et al.,
2004).

Methods, results

Three data sources were applied in the course efrégearch: the
military topographic map with the scale of 1:100000blished by the
Cartographic Company of the Ukraine, the maps eftabsburg Monarchy
with the scale of 1:28800 constructed in the cowfsthe second military
mapping and the SRTM digital database made by th&A\for free use.

By digitising the landscape types of the two mapplhang the
software GeoMedia 5.1 the digital map databasehefRekete- and the
Fehér-Tisza were completed. In the case of the0ODAD scale military
topographic map issued by the Cartographic Compmudithe Ukraine the
projection system of the digitising was the 35 zaiethe 1942 Gauss
projection that was later, due to compatibility lpems, calculated into
UTM 35 with the base surface of WGS 1984. The mtaje of digitising in
the case of the second military mapping was thgeption UTM 35.
Obtained databases were exported into shape fitg ughich the two land-
use maps of the area were constructed (Fig. 2, i#) the help of the
software of ArcView 3.2. After this the intersectiof the two maps were
performed (Fig. 6).
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Fig. 2. Land-use in the catchment area of the leekatd Fehér-Tisza in the 1860s

According to my calculations in the Fekete- and dfefisza
catchment area the rate of forests, shrubs ankrsetits were 79%, 14%
and 7% respectively from the total area in the $8@gtg. 3). Low rate of
settlements can be explained by relief conditisesyce population and by
the fact that the area was the periphery of Hungatiiat time. Considering
land-use it is important that at that time, dudtsoperiphery position the
area was poorly industrialised with the dominatioh raw-material
exploitation like mining and logging. Regarding iagtture, apart from the
limited households woodcutting already mentioned associated game
management were important.
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Fig. 4. Land-use in the catchment area of the leekatd Fehér-Tisza in the 1990s
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It has to be noted that surveys at that time fatfithe local demands
but they were rather inaccurate for today’s tasqseeially regarding map
displays. Many characteristics can be only estithansidering available
information and recent tendencies.

The rate of landscape types in the study areaenl®0s were as
follows: from the total area 78% were forest, 89%thul2% settlement, 2%
glade that represented ignorable rates 140 yeéoseb@ig. 5).

Fekete-Tisza

catchment

Legend:

l:l Unchanged
- Changed

Fehér-Tisza

catchrment

0 F¥m i} 0 ¥m

Fig. 6. Changing of land-use in the period betw&®80 and 1990

Changes during the 140 years were summarised ite Tlahbt is clear
that the area of shrubs was reduced by 6%, th&irests was reduced by
1% while the area of glades and settlements wasased by 2% and 5%
respectively. Therefore it can be stated that tirease of the area of
settlements took place at the expense of shrubsa@trfdrests.

According to the calculations made by the softwareView, changes
affected 16.4% (170.45 Kinof the area from the 1860s till the 1990s while
83.6% of the area (865.38 RKnremained unchanged.
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Table 1. Land-use changes in the catchment aréee dfekete- and Fehér-Tisza between
1860 and 1990

Type 1860s 1990es| Changed
(%) (%) | (%)

Shrub 14 8 -6

Forest 79 78 -1

Glade 0 2 +2

Settlement 7 12 +5

Following the construction of the intersection bktmaps from the
two different times some analyses were performeghrding landscape
types (Fig. 7-8).

Legend:

[ Uchanged
B Changad

Legend:

[ Unchanged
B Changed

Km 0 0 Em
= g 1 Hkre
ey —
Fig. 7. Yellow areas were forests turned to Fig. 8. Yellow areas were
settlements shrubs turned to forests

These are summarised in ttable and in the diagram of Fig. 9. The
results are the following: 71% of forests changao settlements, 19% of
them turned into glades and 10% of them becamésl{fig. 10). The 85%
of the area of shrubs that were changed turned forests, 9% of them
became glades and 6% of them were occupied bgmettits (Fig. 12). 71%
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of changed glades turned into settlements and 29%temn became forests
(Fig. 11). This resulted the surprising fact thatkht of settlements turned
into forests. This is might be explained by thae thuilt-up area of
settlements was not separated from gardens whdérsitig the maps of the
second military mapping and the cultivation of garsl might have been
abandoned in recent or earlier years.

In total 170 kni were changed. From this, changes occurred on 80 km
of forest, 79 krf of shrub, 0.05 kfmof glade and 10 kmof settlement.
Furthermore forest gained 78 kmshrub 7 kmy glade 23 krh and
settlement 61 kfmof area.

170000.00 7] =
60000.00 1 |-
50000.00 +7 |
40000.00 + |-
Area (m2}) iy
30000.00 77 |
20000.00 17| | p
10000.00 7 | | @ - . :
forest shrub glace s
® Forest 000 | 788878 |15247.80 |56820 58
O Shru 6716220 000 | F307.60 | 462395
| Slace 15.80 o0 0.00 3825
[ Setfiement |1091043] 0.00 2.0 208 |
Land-usetype
Fig. 9. Area changing
stnb
0% firet

seﬂ\ernem

%
Fig. 10. Forest changing Fig. 11. Glade changing
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Fig. 12. Shrub changing

Conclusions

These changes cannot be regarded as significasidenimg the land-
use changes and forest cover of the Carpathianshen@arpathian Basin.
These changes occurred partly because the arelarsimthe 1860s was a
periphery in the 2D century as well. Regarding the history of thé"20
century the area changed supremacy at least ihmes tesulting in the lack
of economic investments. The border-side politick the former
Czechoslovakia and the Soviet Union did not favdumevestments and
economic development. The politics of isolation seld the developed
economic relations, and provided no alternative spectives and
relationships. Associated to this as the area whsrder-side region with
numerous ethnics no significant investments wewntpd. The natural
isolation of the mountainous parts can be mentioaedvell. Hard relief
conditions favour no industrial investment. Thesrewdisadvantageous for
humans but were ideal for nature conservation. Riegg agriculture some
significant changes can be traced. Rate of aradhelsl were reduced
significantly between 1992 and 2001 following thasigt-Ukrainian regime
change (Dezso et al., 2004). One of the major reagor this was the
elimination of the Soviet type large scale agrierdt Numerous cultivated
poorer arable lands were not cultivated later.slppromising that at the
beginning of the 21 century the Ukrainian State starts to explore the
possibilities in the natural areas. Tourism sloatvances in the county.
Presently the poor conditions of infrastructure @ significant tourism
investments in the area.

Overall land-use did not change much as forestsyilisdominating in
agriculture and the area still cannot be regardemh@dustrialised. Similar to
the above mentioned researchers my results alsocatedthat land-use
changes in the area were not enough to influergrefisiantly the variation
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of the water quantity of the Tisza as it was supddsy some. Knowing the
changes in land-use we can gain information onréutprocesses and
influence the future ways of land-use. Doubtless rite of the number of
settlements and together with this the populatibrthe settlements have
been increased. Land-use of the inhabitants isallyt the same as in the
1860s thus it presents no threat for the natuedsaso far. It is preferable
that there were no declines in the majority of éinea in the past hundred
years and the majority of the area remained inectosnatural conditions.
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STUDYING THE WIND EROSION REDUCING EFFECT OF
IRRIGATION ON SOILS OF THE HAJDUHAT 2

Introduction

Wind erosion causes serious damage in many platéseoEarth as
well as in Hungary regarding vegetation, built-invieonment and via
transported chemicals (together with dust and pbplieis dangerous for
health as well by resulting in allergy diseasedtidlty researches in
Hungary concentrated on sand areas of poorer ptiwsdycLater from the
1980s danger of wind erosion was revealed in aptasore bound soils
with better agricultural utilisation.

One of the important factors influencing deflatiactivity of wind is
the moisture content of the soil. Increasing moesttontent reduces or even
eliminates wind erosion. Studying the explanatibthes defensive effect it
can be stated that cohesion is greater in wettds #wan in dry ones.
Surface stress resulted by water coating develapethe surface of the
particles due to the moisture content of the smiég cohesion. Wind can
erode the surface only if cohesion between soitiggas is exceeded by
energy. Another effect is that wet soil particlesér greater volume weight
than that of dry ones therefore wind can move phiticles harder.

Moisture content of soils can be originated fronre¢h sources:
precipitation, groundwater and irrigation. In thase of precipitation its
quantity, distribution and intensity are importamh. Hungary extreme
distribution of precipitation is the primary sourcé problems as a part of
the intense precipitation cannot infiltrate intaethoil, it remains on the
surface as inland water where it evaporates or offinsideways producing
loss in the water budget of the area. In long msriwithout precipitation the
soil dries in great depth resulting in the deteaiimn of the soil structure.
This is particularly dangerous due to the greatpdemergy of intense
precipitation that causes the disintegration ofgindace particles increasing
the intent of the soil to crust formation. Inlandater remaining on the

2 Study was supported by OTKA 61878.
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surface mentioned above also contributes to thedton of surface crust
on the soil. The harmful result of this is the gelh shooting of plants as
they have to cut themselves through the crustadisirg significant amount
of energy from their future development. This crasso prevents the
entering of air into the soil together with the reaent of water in the soll
(Blaské et all.,1998). All these result in the reduction of produwmat
averages together with a general soil quality dmtation. On the other
hand, the crust has beneficial effect as well ggatects for a time the soil
against wind erosion.

Storms producing large quantity of precipitationairshort period of
time arrive with strong wind. If there was no r&am a longer time period
and the soil surface was dried the wind of thensterould cause serious
damage. At such occasions dust storms are alsodingg

Soil moisture is supplied from the groundwater tigio capillary
water elevation. Groundwater can have either hdrarfbeneficial effect on
soil moisture. When it is situated too high limgithe growth of plant roots
or its salt (sodic) content results in sodificatiah is harmful. These
conditions deteriorate soil structure as well. dt beneficial when it is
situated deep enough to have positive effects enwiditer uptake of roots.
Of course, too deep groundwater may also consideaeahful as capillary
water elevation cannot produce water for roots. uBdwater can be
supplied from either precipitation or irrigation.oiever, over irrigation
may result in the elevation of the groundwater dahkar the surface.
Examples for this can be observed in the former pioducing areas.

Relationship between irrigation and soil is simikar relationship
between precipitation and soil. A significant diface is that the amount
and distribution of irrigation water can be coned| therefore it is
important to note the followings (Filep, 1999):

* In the relationship of soil and irrigation the rotd the
guantity and quality of irrigation water, movemecitemical
composition and distance from the surface of growater;
standard of irrigation management together withrtiethod
and frequency of irrigation are important.

* Regular irrigation influences the water budget, it and
chemical properties of the soil. The effect of Hagu
irrigation on soil physical conditions can be obser
primarily in the changing of the structure, porgsihd water
conductivity of the soil.
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» Cultivation when the soil is too wet also results the
deterioration of soil structure. However, structure
deterioration can be eliminated by applying appedpr
agricultural technique together with appropriatagation
technique, timing and water releasing velocity.

 Not appropriate composition of irrigation water ge.
containing large quantity of sodium salt) also hssin soll
degradation.

Wind tunnel experiments with wet soils were perfedro study the
wind erosion reducing effect of different amount fecipitation and
irrigation on different soil types. For these a wjgbt land cultivated
basically by ploughing was chosen as study areaemvater was supplied
by irrigation.

General description of study area

The study area is located at the connection ofethendscapes
(Hortobagy, Hajduhat, Nyirség) in the region of d{ajanas-Hajdudorog.
The site was picked due to the varied geologicahlg®phological
conditions of the neighbouring areas ensuring wickssd types of factors
influencing wind erosion regarding soils, drainagel land-use as well.

The area is a transition zone from West to Eastsidening both
geological and geomorphological conditions. From ¢bmpletely flat area
of the Hortobagy the landscape becomes undulatngrds the Nyirség
and relief increases as well (of course in lowl&sons). This transitional
character appears in the case of soils as welln@gartly underwater soils
with high clay mineral content (solonec meadow amehdow soils) are
substituted by less bound, looser soils with higeand content more
suitable for cultivation (Plain carbonaceous cheemo and other chernozem
types).

The climate of the area is transitional between theler-wetter
Nyirség and the warmer-drier Hortobagy. Sunlight1850-2000 hours
while the precipitation varies between 500-550 ritris important to know
that the water budget of the area is vaporising.teWaequired for
agriculture is provided by irrigation. Extreme wat conditions together
with irregular distribution of precipitation helpd process of wind erosion.
Rapid fall of great quantity of precipitation deteates the structure of the
top-soil via the great drop energy of storms.
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Water geographical conditions of the Hajduhat arer@s it is one of
the least supplied are of the Great Plane regaidiagd channels. Only its
western edge is crossed by the Eastern Main Chameelater of which is
provided by the dam at Tiszal6k. Irrigation in theea is also provided
through this channel. Depth of groundwater table lwa found around 2-2.5
metres, however, it was strongly reduced in th& fialf of the 1990s. This
is important because capillary water elevation gtes less amount of water
for the plant roots. (In contrary uplift of the gradwater table is

experienced within the area of the settlementstdueappropriate sewage
handling.)

Materials and methods

For the research 16 soil samples were collectaun froltivated areas
(Fig. 1). Sedimentological analysis (with Kéhn pipg of the samples
together with humus (with Tyurin’'s method) and «arate (with
Scheibler’s technique) content determination wendgomed. Wind erosion
experiments were completed in the wind tunnel & bhstitute of Earth
Sciences at University of Debrecen.

N
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m Places of ground-water pumps

|:| Border of settlements

I Towns
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Mﬂm Sand
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20 40 Kilometers

Fig. 1. General map of the study area
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Samples with different moisture content collected Wwind tunnel
experiments were dried in oven. Following this emmihants (stubble
remnants, weeds, roots, etc.) present in the egether with larger soil
aggregates were separated via sieves sized 2 mm.

Soil samples prepared in this way were placed timowind tunnel in
metal trays with the area of 30x50 cm and depth ah. A gentle elevating
slope was constructed in front of the trays in otdgrevent the collision of
air into the vertical wall of the tray that wouldopuce turbulence.

Experiments in the wind tunnel were performed atess velocity
levels and wind velocity was measured at severaltpoThe experiment
series was aimed to provide for determining thedibility index of
different soil types.

First the critical starting velocity of the soilsasrdetermined. Then in
order to gain more knowledge on agricultural setlediorations the quantity
of transported material was determined at four aigldevels. The quantity
was determined by the difference of the weighthaf material before and
after the experiment. The time period for the meaments was 5 minutes.

When studying the water retaining capacity of tledssirrigation
covering 0.5, 1.0, 2.0 and 5.0 mm of precipitatiwas applied. Weight of
the tray full of dry soil was measured before thlxpegiment then water
equalling the weight of the given amount of preeifion was sprinkled
evenly onto the soil. Measurements lasted for 1Chubes. In the
experiments with wet soils the time required foe tevaporation of the
sprinkled water at different wind velocities wasasered.

Maps were constructed by software ArcView 3.2 witigga analysis
was performed by software Microsoft Excel.

Results
Results of sedimentological experiments

Soil samples were classified into three groups rndigg their grain
size distribution: loam, clayey loam and clay. 323nd 1 samples belonged
to loam, clayey loam and clay types respectiveljer€ are significant
differences between loam soils regarding the rét27(%) of the fraction
(0.1-0.2 mm sand) eroded most easily. Clay comeathes not (except for
1 sample) 10 %. In clayey loam and clay soils darsti clay fraction
dominate (the two together reached more than 5@ %l ifour soils) with
very little sand content. Transitional characten d@e observed in the
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structure of the soils as well: rate of sand grguwaduces in the favour of
silt and clay from the marginal areas of the Nygrs®vards the Hortobagy.

Rate of carbonate content important consideringesiaim between
grains varies generally between 5 and 10 % with dsupontent remaining
below 5 % in every case.

Results of erodibility examinations

Soil samples were classified into four groups rémay erodibility that
were created based on the classification of LOk{2D03) in order to
maintain comparability.

l. category: Loam soils (variations of chernozerd aand soils). Their
critical velocity speed is 9-11 m/s with the quantf transported material
more than 3.2 kg.

Il. category: Also loam soils (lowland carbonatesiciozem). Values
of critical critical velocity speed vary betweeraidd 11 m/s with 1.5-3.2 kg
of transported material.

lll. category: Loam soil that is deep saline meadokernozem
genetically. Its critical critical velocity speed 10.2 m/s with 1-1.5 kg of
eroded material.

IV. category: Soils of loam structure were clagsifihere (meadow
soils, meadow solonetz) together with clayey loamd elay structure soils
erodibility values of which remained continuouskgidw 1 kg with critical
velocity speed between 9 and 12 m/s.

Examination of water-retaining capacity of soils

During the experiments the temperature and moistargent of the
moving air was measured continuously by instrumefdgeed into the wind
tunnel. In the course of the experiments the teatpes of the air depended
on outer temperature while moisture content chandgpending on the
amount of water evaporated and temperature. Inr@dahe joint effect of
several factors influence these characters (wied)perature, moisture
content, sunshine, soil moisture, vegetation covietys measured data can
be used only for comparing the samples.
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Studying the average results of the experimenesetican be stated
that there are significant differences in the wagtaining capacity of soils.
It is visible already when water was sprinkled otti® soils that it infiltrates
faster into soils of coarser grain size than in @ascontaining higher rate
of silt and clay. In experiments with bond soilhen water cover developed
following the sprinkling of greater amount of wa{@& mm) onto the soll.
(Wind tunnel experiments were started after thitiafion of water in every
case.) How the soil surface become wet, its wattining capacity and
water conductivity depends primarily on its meclahi composition,
therefore this assessment was performed on thes bafki textural
classification of soils. Average values belongiadhe given texture classes
were determined from the data of the experimemn hletting the data and
fitting a trend-line on them we tried to point ofunction relationship
between wind velocity and the time required forparating the amount of
water applied in the course of irrigation. Basedlmresults the followings
can be stated (Table 1):

e Water conductivity and evaporation loss was greéateshe case of
sand soils. Watering of the soils depends on tHenwe of irrigation.
The drying of the surface of the sand within a femutes was striking
already at the experiment series with the secothatie grade. Wind
started moving surface particles immediately follmyv this rapid
drying of the surface.

» Displaying the average experiment values differencaused by
differences in the volume of irrigation on the ohand, effect of
velocity increase on the second hand, together differences in the
soil categories are striking. It has to be noteat thfferences between
the average values of the individual texture clasaed the measured
values of the individual samples belonging to tame categories are
significant. This can be explained primarily byfdiences in grain size
distribution, however, based on the analysis of tadues of the
individual samples the humus and carbonate comietite soils could
have influenced the pace of drying of the soils.

* With increasing velocity the time of evaporatiomluees significantly.
Different water retaining capacity of soils wasatlat higher velocity
levels as well. Analysing the results revealed tthare is a quality
change at around 9 m/s of velocity regarding thatimship between
wind velocity and time required for moisture evagiaom. Evaporation
is much slower in the case of wind velocities gee#thtan 9 m/s.
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* Drying time of soils depends also on the amounivafer applied for
irrigation. In case of applying small amount ofigation water
differences between soil types were eliminateds ™ain be explained
by that in these cases only the top-soil becomasthwes the role of
adsorption capacity of the grains is not so sigaitt.

* On surfaces lacking vegetation cover 1 mm of iti@gawater should
be applied and 0.5 mm of water provides protectagainst wind
erosion for only a short period of time.

Table 1.Average values of wind velocities and drying timmeexaminedoils

sand Irrigation

0.5 mm 1 mm 2 mm 5 mm
m/s min. m/s min. m/s min. m/s min.
453 98.00) 4.51| 232.25| 4.53| 355.000 4.49| 806.75
7.93| 67.00/ 7.63| 122.000 7.60| 233.00f 7.68| 570.25
9.95| 48.00/ 9.90| 103.75 10.00| 187.00, 9.78| 379.35
15.53] 30.75| 15.80| 52.00| 15.38| 100.00| 15.38| 251.44
loam 0.5 mm 1 mm 2 mm 5 mm
m/s min. m/s min. m/s min. m/s min.
4,85 177.09 4.83| 238.73| 4.77| 495.18 4.87| 1416.91
7.57| 89.73| 7.55| 144.91) 7.29| 243.36/ 7.63| 625.00
10.46] 64.00| 10.26| 111.09 10.13| 200.00, 10.25| 429.00
15.45 38.00| 15.35] 74.30| 15.65| 124.55| 15.46] 347.00
clay 0.5 mm 1 mm 2 mm 5 mm
m/s Min. m/s min. m/s min. m/g min.
5.00| 150.00; 5.00( 245.000 5.00| 475.000 4.90{ 899.00
8.10| 75.00/ 8.10( 125.00, 8.00| 299.00, 8.00{ 675.00
9.60| 58.00/ 9.60| 107.00f 9.80| 214.00, 10.00{ 441.00
15.70, 30.00| 15.80/ 60.00] 15.80| 120.00, 15.80 300.00
clayey-loam 0.5 mm 1 mm 2 mm 5 mm
m/s min. m/s min. m/s min. m/3 min.
5.03| 111.00, 4.87| 361.33] 4.83| 411.00, 4.93| 944.33
7.93| 81.67| 7.97| 131.000 7.97| 253.33] 7.97| 567.33
9.70| 58.67| 9.70| 106.000 9.63| 216.67| 9.60| 460.67
15.60, 32.67| 15.57| 64.67| 15.40| 136.33| 15.13| 319.00

Summary

Effect of irrigation was studied on 16 soil samplesa study area
located in the contact zone of the Hortobagy — Hsgd) — Nyirség where
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factors influencing wind erosion (soil structuregetation cover, land-use,
etc.) are present in wide spatial variability.

Based on the experiences of the experiments itbeastated that soil
surface becomes wet due to irrigation or precijitatvithin a longer or
shorter period of time depending on the water cotidity of the soils.
Drying rate of the wet soil varies greatly depegdion the mechanical
composition of the soil. The drying of the soildstermined by its water
retaining capacity in areas lacking vegetation cowater retaining
capacity makes infiltration of water into the sailower and reduces
evaporation. Movement downward of water is deteeaiity the water
draining and conducting capacity of the soil thiatrenship of which with
grain size distribution is known commonly (Birk4993).

When discussing wind erosion reducing effect afation its indirect
effect has to be mentioned as well as seeds geeriaster in wet soils and
plants grow better due to the faster disintegraton humification of
organic material. Aerodynamic resistance and ptiatemf the developed
vegetation is beneficial in fighting against winoson.
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EXAMINATION OF GEOMORPHOLOGICAL MEASUREMENTS
IN A HUNGARIAN SAMPLE AREA

Introduction

Geoinformatical methods and new techniques haveughto
fundamental changes into geographical researcheiipast few decades. A
good example is the relative relief map, which waed to feature the
quantitative properties of the surface. Nowadaymg been replaced by the
high accuracy slope-category map, used even in anelas as well (Puspdoki
et al., 2005, Szabd, 2006). Another good exampléhés Shuttle Radar
Topography Mission (SRTM) database, which providadace elevation
data (for free!) about the major section of thetomnts. Thus it is not by
chance that these methods and databases are wsglyin every branch of
geographical research.

However, every new method has its risks and we rbasaware of
them. During our research we had two aims:

* to compare the results of two widespread methods (vectorising
and SRTM) with those of a conventional researchhot(land
survey),

* to analyze with geoinformatical methods whether ¢hange in the
number of sample points in a land survey causesrsiderable
change in the model surface.

Materials and methods

The sample area is located in Bikkalja (Fig.lis B pediment surface
of the Bikk mountains in the North of Hungary.

The sample area is an about 300m long and 150m wailtey (Fig.2).
The land use of the area is pasture, surroundealghbygultural fields. The
bottom part of the valley is covered by shrubs ymahg trees.

The field survey was carried out with a Geodoli@68B Geodetic
Total Station. The number of the recorded survemtpas 144. Figure 2
shows the distribution of the points. The averaggadce between the
points is 15 meters.
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Our reference point was a geodetic point (signet4@/7) at the
upper end of the valley (Fig.3). The coordinataeysis the GRS-67-based
Uniform National Projection System, or in anotheame HD-72 (in
Hungarian: EQV).

\ . ; ]

\ f:_(L__(/ T
/
ﬂ%’%»\ a rivers

\‘\, .
‘» ’“mﬁ @  location of the sample area

Fig. 1. Location of the sample area
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Fig. 2. Distribution of the survey points in thergade area with the elevation
contour lines
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Fig. 3.Location of the sample area on a 1:10’000 topogcamiap

SURFER-8 software was used for processing datairgedpolating
DEM (dubbed “DEM15”). A 2m by 2m pixel-sized datakawas created
out of the interpolated database, and was impantedDRISI-32-Release?2
software.

On the 1:10°000 topographic map the steps of tpedoaphic contour
lines are 5 meters. The vectorising of these limas performed in ArcMap
9 software. Using the vertexes of the digitizedtoars a 2m by 2m grid-
shaped digital elevation model was built in SURREBGftware.

The SRTM database was transformed to 2m by 2m @kad in
IDRISI32 as well. Of course, the transformationtleéd SRTM surface did
not result in a better quality or higher resolutibot this step was necessary
for the later comparison of the three databases.

Later the pixel results of the different DEM datsés were subtracted
from one another to get the differences of theasi@rimodels.

The next step was to classify the DEMs into 9 dlewaclasses. The
width of each class is 5 meters.

Next, cross-tabulation was applied on two-two DEMspectively. In
this method the Kappa Index of Agreement (KIA) skotne amount of
difference between two databases (0: total difiesgenl: complete
similarity).

The number of the survey points was reduced inathat the average
distance between the points was first changed toutal30m (called
“DEM30”) then to about 60m (called "DEM60”). The ipts were imported
into SURFER-8 software and DEMs were created. Tdieme of the slope,
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surrounding the valley, was calculated in SURFE&s8wvell, choosing for
bottom surface the 200m height above mean see level

Results

Comparing the two DEMs composed of the survey goanrtd the
1:10°000 topographic map, it is obvious that theMDBf the topographic
map is higher in most cases than the DEM of theesurThe difference is
the most significant at the higher parts of thepsloit shows almost two
meters (1,9m). In the lower parts of the valley DEM of the survey
database is the top layer, the maximum differescgé %m. The key is the
direction of the elevation contours: in the uppertpof the slope the
contours are “over curved” on the map, to emphasieevalley for map
users (Fig.3). This condition affects the DEM iptation. The DEM
involving the survey points shows the “real” coralis of the slope (Fig. 2),
thus the contour lines are less curved.

Comparing the DEM of the survey points with the $3Rdatabase it
can be set out that the differences are more gignif than in the previous
case. At the center area of the upper part of libgesthe SRTM surface
shows higher values. The maximum difference is ntloa@ 4m. In contrast
to that, in the lower parts and on the rims of ¢slupe the SRTM surface is
the lower one, and the maximum difference is mbas 8m. The reason for
this is the resolution of the SRTM database: osliynthe size of an SRTM
pixel is 60m by 60m, thus we can get just one d¢iemavalue from this
rectangle-shaped area. The valley has the mostseivelief at the upper
part of the slope, thus here is the most signiticafflect of averaging,
causing inaccurate surface on this area.

Hereinafter the maps categorized into 9 classeswjosed of survey
points versus map data) were compared. The valuk$Aoare more than
0,9 in the majority of the sections of the slopeept for the higher parts of
the valley (245-260m), where the values of thettope categories are less
than 0,8. The reason is again the method of drathegtopography map
contours.

Comparing the field survey surface with the SRTMablase the
similarities are far smaller than in the previousaion. The mean KIA is
0,72, and reaches the 0,8 value in just two categ@ut of the 9. In most
cases it is about 0,5-0,6, thus only 3/4 of theslgixf the two databases fall
in the same category. There are two main reasonghfe significant
difference. The low resolution of SRTM dataset &rang restrictive factor
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in such a small-range valley. On the other handhelower part of the
valley, the shrubs and trees affect radar-measuring

Doubling the distance of the survey points (from td530m), the
largest variances are between -60 cm and 1m. Exigathe surface of

DEMS30 from the “all point DEM” we get the functi@hown in Fig. 4.
db.
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Fig. 4. Function of the differences of the 30m DEN the 15m DEM datasets

The function shows a nearly normal distributionadat, the median is
at the positive section of the scale. Thus it isialls that interpolating
DEM with 30m range field points, the resulted scefas lower than the
original surface.

The following step was the doubling of the spaoes@m) between the
survey points (i.e. reducing the number of poinB)mparing DEM60 with
the original DEM15 the local differences are largean before: -1,43m to
2,08m. The function (Fig.5) shows that the mosfjdient values are at the
positive half of the scale, which means that DEM&@isually lower than
the original DEM15. Table 1 shows the volumes ofMREusing 200m
height above mean sea level as basis plain. THe sllows that reducing
the number of survey points the calculated volurhanges drastically.
Comparing the volume of DEMG60 to the volume of DEMBe difference

is not double but more than tenfold.
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Fig. 5. Function of the differences of the 60m DBNI the 15m DEM datasets
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Table 1. The volumes of the different DEM-s (bgdan: 200m MSL.)

Mean distance between survey  Volume n7( basis: 200 | Difference
points mBf) (m°)
15m 3210522 0
30m 3210216 306
60 m 3206648 3568
Summary

It can be stated that using different datasets adeha valley causes
significant differences in digital elevation modelsis difference is smaller
in the case of a 1:10'000 topographic map and nsogeificant at the
popular SRTM database. In a field survey the dgmdithe recorded points
can affect the results. It is important to takeiatcount that doubling the
distance between the points aberration will be nmaohe than double.

The results of the examinations could be affeciedumerous factors:

* The density of the recorded points. Recording momdre
points than needed (e.g. every 10cm), which isiplessvith
modern surveying stations, it is not sure that cedy the
number of points causes significant difference he t
interpolated surface.

* The applied method of the interpolation affectsdbdace.

* In many cases topographic maps contain smalleaet
inaccuracies because of aiming for better integpiaat.

Our examinations have shown that geoinformatical areasuring
methods, which are widely used in geographical ae$e can have
numerous risks, which we have to take into account.
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THE KEY FACTORS OF THE DRY STONE WALLS
DILAPIDATION ON THE SATOR HILL AND CSOBANC HILL,
HUNGARY

Introduction

The study has been carried out on two smaller hilsfamous
Hungarian wine regions. The Sator Hill is the para world heritage site,
the Tokaj foothills (Tokaj-Hegyalja) Historical Warproducing Region,
while the Csobanc Hill is located in the Badacsbiistorical Wine Region
near Lake Balaton. Both regions have strong vitizal traditions, which
have survived for over 1000 years, and signifigarttansformed the
landscape as a result of vine cultivation.

Unfortunately, nowadays land degradation is a compizenomenon
in the terraced vineyards, characterized by stemes and higher altitudes
of the hilly wine producing regions, where vineyardre cultivated with
very low management and incomes. The land use ehdingctly related to
economic conditions plays an important role in phecess of the landscape
degradation and terraced ground dilapidation. Sioce of the most
representative forms - the dry stone walls have &ksen destructed on
cultivation vineyards too, the dilapidation procesmy not bring into
connection with the vineyard abandonment.

In the study, the effect of natural processes neliy anthropogenic
impacts and land use change on the dry stone didisidation is assessed
by several basic investigations.

Materials and methods

To measure the effects of dilapidation processed, different
environments of the dry stone walls have been tzlamn the slopes of both
research areas (Sator Hill, Csobanc Hill). Topogmmpmaps of scale
1:10000, and field survey were used to recogniseetivironments of the
dry stone walls, representing different land uddse different vegetation
stages were grouped in three main land use typswding to the age of
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abandonment: recently cultivated vineyards, vingydyandonment recently
(dense weeds and cleared shrubs), long-time abaretdr(dense shrubs
and trees). In the course of the field survey themeters of the supporting
walls (height, length, frequency and types of thall\breaks) were
measured in each environment. Moreover, soils coh darrace level (in
front of it and at the back of it) and the segmeatsthe destructed
supporting walls were sampled at every 10 centiesetin the laboratory,
samples were air-dried (20 C°) and basic measunsnieid, organic carbon
and CaCQ@contents) were carried out. Finally, the graindhwdifferent size
of the samples have been separated by boiling watdetermine particle
size distribution.
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Fig.1 The research areas with 4-4 different environmetssbanc Hill (A.)
and Sator Hill (B.)

Area description

The viticulture might have started in the regioh Tokaj and
Badacsony as early as in the Roman times, seviedih@s point to the
existence of viticulture.

1. The most famous and the well-known wine regibnoad, Tokaj
foothills Historical Wine-producing Region is sitad on the pediment of
the Tokaj Mountains, a member of the inner Carpathiolcanic range, NE
Hungary. In 2002 UNESCO incorporated it into its MdcCultural Heritage
list as a region of outstanding cultural significan because of the
untouched, original form of viticultural traditiortbat were developed over
the last thousand years, the characteristic vimsyandividual wine cellars,
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villages and towns. The region consists of 28 gékand 7,000 hectares of
classified vineyards, extended from the Sator bfilAbaljszantd to Sator
Hill of Satoraljaujhely. The Sator name denotes shape of hills, which
means tent.

Next to the city of Abauljszanté (48° 16’ 30"N, 212’ 01’E), the
Sator Hill is located in the NW border of the wirggion in the buffer zone.
It occupies an area of 1,4 kmranging from 150 to 335m above sea level.
The parent material consist of Sarmatian - Panmoa@d rocks, rhyolitic
tuff and rhyolite lava composing several hundredstems wide strata.
(Szepesi2007) More than 50% of the whole area is charazgdrby steep
slopes (17-25%, 25-40%), moreover the slopes haaiggadient of more
than 40% occupy further 11,42%. On the hill vinelganave been cultivated
up to nearly 300 m above sea level shown by temagetone wall system.
In general, on the Sétor Hill the height of the maing walls is between
100-250 centimetres, however it can reach four reaia the steep slopes.
Consequently, the average width of the terracergtewary between 25-53
meters and in case of steeper areas it decreaSeas.to

2. The Badacsony Historical Wine Region near the dhafre of Lake
Balaton is located in the Tapolca Basin, one ofrttzest famous Hungarian
basalt-volcanic regions. The Tihany Peninsula dsdarea of the Tapolca
basin by a collective nomination is entered on Wentative List of
UNESCO.

The Csobanc Hill is situated next to the villageGyulakeszi (46° 52
08”N, 17° 28’ 55”E). The basaltic circumdenudatedtd covers an area of
about 3 km, ranging from 150 to 375m above sea level. Thedma of
the Csobanc Hill consist of mainly Sarmatian liroest, Pannonian gravel,
sand, sandy-silt, clay, and clayey-marl and Plieckasalt. (BRSY ET. AL.
1987) The Csobéanc hill can be divided petrograplyyicéo three levels: the
basaltic mesa with extremely steep slopes, the airdhe basaltic debris
slope and the foothill area. From approximately@7dtitude, the foothill
area consisting of the Pannonian sediments is bdanthe viniculture
characterized by mainly slopes less steeper th&f. &ince the Csobanc
hill has a small difference in level and has rekly gentle slopes, thus the
establishment of the economically viable benchebk rbt require height
supporting walls. The average height of the drystwalls is between 70-
150 centimetres with 18-35 meters wide terrace fhesichowever toward
the basaltic debris slope the height of the supppmalls increases to 250
centimetres following the approximately 8 meterdewierrace ground.
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Anthropogenic landscape

For centuries, land use and vine cultivation haaenttransforming the
landscape in both wine regions. Numerous new mastenfaatures were
created both under- and over-ground (terraces, stoyje walls, stone
hedges, waterways, sediment traps, wine-press sarse cellars), which
have been integrated into the landscape as itsmrgarts and influence
geomorphic and environmental processes.

The rise of Tokaj foothills Historical Wine-produg Region can be
dated back to the early 16th century. In consequehtmnovative processes
the landscape was transformed significantly. Wageurers coming from
the Saxon (German) settlements of the Felvidék g&spHungary’), for
example Metzenzéf began the construction of thades. However, on the
Csobanc Hill the terrace and the supporting walteayps with water
channels were constructed with the method learmetaply from Italian
farmers to ensure an economically viable ground.

The purpose of forming terraced surface is to redihe gradient of
the steep slopes, so as to protect the top-saihstgarosive removal as well
as to influence favourably the drainage of the edppo reduce the surface
run-off, to improve the water storage capacitylef $oil. On the Sator Hill,
at first a base had been sunk into the parent rab{&hyolite) to support
the stability of the dry stone wall. This was unetderistic on the slope
consisting of loose material (sand, sandy-silt)tlid Csobanc Hill. The
supporting walls were built of flat stones witharny binder, their cross-
section was trapezoid, therefore the front is #lyginclined backwards.
Compactness and stability was worked out by sackgthe huge blockd{
80cm) in the first row of the supporting walls, afiling the gap with
smaller stones. Behind and next to the dry storlks wieater channels with a
mud-hole at the end had to be formed to drain aifiwater. On the Sator
Hill the sediment traps (also known as lictor-lsola Hungary) can be
found in the vineyards between the rows.

Results and discussion
The characteristics of wall-breaks have shown 8Saamt differences
among its occurrences. The different wall-breaks loa grouped in three

main types according to the depth from the crowrhef dry stone walls:
wall-breaks in the uppermost zone (0-40 cm), dilapon in middle zone
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(40-100 cm), and total destruction zone at thednotbf the supporting
walls (below 100 cm). (Photo 1-2.)

In the uppermost zone the soil accumulation onctioevn of the dry
stone walls plays a key role in the degradationdof stone walls.
Cultivation without any kind of management actesti might cause
significant land degradation problems due to the faat the hydrological
infrastructures (grassed waterways and the ditstremgthened by stones,
sediment traps, or also known as lictor-holes)cwiprotected the soil from
erosion, have been progressively collapsing, maslga result of the strong
removal of the top soil. This phenomenon leadshto dilapidation of the
crown of the dry stone walls. Generally, the cravfrthe dry stone walls is
covered up by 30-50 cm height sediments initatiregaccumulation on the
lower terrace ground, and causing the vine-stoekk down and the
downwards movement of vine-stocks. Neverthelesantnot cause the total
destruction of dry stone walls because the soilmcdated on the crown
with some rocks from the wall move away through snasovements
passing step by step, and it affects the upperseadral centimetres of the
dry stone wall.

Fig.2. The terrace dilapidation process in Cingeed (Carl and Richter 1989)

A. Phases of terrace destruction in profile: 1. @édl break, 2. New wall break, 3.
Imminent wall break, 4. Intact wall; a. Debris,|ssiwashed away, b. Debris with soil
material, c. Wall-bellyB. Cross-section of a terrace with compaction harjizo

C. Water movement within the terrace soil and thgpsuting wall

The process which generally causes total destructiche dry stone
walls takes place through breakdown and slide. Ating to T. Carl and M.
Richter (1989) the dilapidation of the dry stondlsves caused by having a
compaction horizon at the depth of 40cm as a glidurface in the Cinque
Terre (Fig.2.). Due to the water movement in theate soil and in the
supporting wall small channels build up and theewaiccumulates above
the compaction horizon. Thus, in the contact zoe¢wéen wall and
compaction horizon it may come to an increasedgshgdof fine material
into the joints. After the initial convex bulge (livbaelly) the upper third of
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the wall collapses leading to the formation ofeeptslip face. A breach in a
wall structure may also lead to the devastatiotewace level.

The analysis of pH, organic carbon, CaCé&ntent and grain size
distribution was performed in order to assess wdrethifferences in soil
properties existed among the profile of the destdicupporting walls or
not. The dry stone walls examined on the Satorwiie 50-53 m long and
200-250 cm high; on the Csobéanc Hill it was 28-50omg and 70-240 cm
high.

e In both study area, the soil pH ranged from 7, 8{8Beutral-poorly
alkaline), related to the parent material, slightowver by acid rock
(rhyolite) than Pannonian sandy material, excepttie test hole number 4
on the Sator Hill, which presented a very acid pd14,8. Along the
profiles of the terraced grounds no significanfedénces have been found.

e Soils with mould are shallow ranging from 10 to @@ depth, soll
organic matter presents the highest value in long-tabandonment
environments (6,45%), reaching the lowest valueuitivated vineyards (1-
2%). Organic carbon content decreases suddenly ft0R20cm depth
toward the lower layers of the terraced soils t#0-For both studied areas,
the second highest values of organic carbon werasured at 60-70 cm
depth (at the so-called “root zone”), characterisg®,85-1,95%.

e On the Csobanc Hill CaCGOcontent is generally higher (8,87-
44,44%) than the samples from the Sator Hill (8B%®5%). In both
studied area maximum recorded values were defin8dapths: 10-20 cm,
60-70cm and the third was the lower parts of tretrdetion zone.

e Particle size distribution differs in the two syudreas, rhyolite-
debris dominates on the Sator Hill and the sanctina is predominant on
the Csobanc Hill. In the samples taken on the Qsobill the ratio of
rubble, pebble and coarse-grained sand fractiomsgsrceptible contrary to
soil material of the Sator Hill. (Fig. 3.)

In each environments the low percentage of clay nwesrded, it was
slightly higher on the Csobanc Hill (from 2,4% t6,2%) than on the Sator
Hill (2,4-13,8%). Fine fractions (<0,02mm) presehtbe same trend as the
CaCQ content, the highest values are related to thamrmanx values of the
calcareous material. Higher proportions have besrrohined at 60-70cm
and at the foot of the dilapidations in both stddaeea. At the bottom of the
supporting walls, 20-30 cm above the parent mdtén third maximum
values can be found as an accumulation zone (orCsmdanc Hill 100-
140cm, on the Sator Hill 100-190 cm), where thaltdestruction of the dry
stone walls take place.
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In general context, accumulation of the fine-grdimeaterial within
the wall structure lead to the appearance of tHelwedly like in the case of
the sample of the Cinque Terre. However, the cotiggadorizon at the
depth of 40 cm couldn’t be observed in both exach@a, moreover it can
be found three different dilapidation zones.
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Fig. 3. Particle size distribution and Cag¢ontents behind the destructed dry stone walls
on the Sator Hill (A.) and the Csobanc Hill (B.)

e Frequency of the wall breaks (all types) at thexgtime
abandonment environments characterized by dens&sland trees shows
the highest values (50% of total length of the shgne walls). In vineyards
abandonment recently with dense weeds and clediathss this value
decreases to 37% and reached the lowest rates8¢a8-&t the cultivated
parcels. Wall-bellies have developed every 2-3 prasgenting 56-75% of
total wall breaks at the cultivated vineyards. Heere this ratio is
decreasing with the age of abandonment to 16%oG@-lime abandonment
environments), while the proportion of the totdbgdidations is increasing
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from 25% to 84% of total wall breaks. The length tbke significant
destructions is between 2-13 m. Having indicatetha@n-reaction, after the
dilapidation the process will take place at therbgavall-belly.

At long-time abandoned terraces the mechanicaéfofaoot pressure
can also generate the occurrence of the wall-lagltywall breaks.

Photo 1-2. Wall-breaks above a cultivated vineyardthe Sator Hill
1. The mark of the wall-belly in the uppermost zo#@ ¢m), and the dilapidation in middle
zone (80 cm) (Left),
2. Block pushed out from the wall-belly at the bottofithe supporting walls (120 cm)

Conclusions

Some of the most important soil properties (Orgacécbon and
CaCQ content, particle size distribution) vary accogdito the depth of
terraced soils, in both studied areas these show32maxima. The maxima
of the CaCQ@ content and the fine fractions (<0,02mm) are tlannfactors
responsible for dry stone wall dilapidation in bsthdied area.

It seems that the dilapidation process do not dementhe soil pH.
There is an indirect relationship between the slgpadient and the
frequency of the dry stone walls destruction, dudhte land use change
(abandonment) on steeper and higher slopes, blartkdeuse change do not
press directly the dilapidation process to takeg@ldand abandonment may
lead to the beginning of erosive processes, atdmee time the vegetation
cover may provide a protection for the soil. Whdre fine material and
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CaCQ accumulate a wall-belly appears, finally the digne wall will be
destructed at three different dilapidation zoneisTgrocess takes place on
cultivated and abandoned vineyards too, howevease of cultivation the
huge dilapidations have to be repaired to followvgh. Unfortunately,
vineyards are cultivated with very low managemert encomes related to
economic conditions, more and more wall breaks marseen in the vine
producing regions, which are protected thanks teirtlunique cultural
values.
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A STUDY OF ENVIRONMENTAL CHANGES IN A MODEL AREA
IN THE TISZAZUG REGION

Introduction

The remnant areas of quasi-natural wooded steppemcaities are
among the greatest and most endangered naturasvediHungary and the
Carpathian Basin.

Studies indicate that the total surface area ingdwn of this special
land type was less than 5000 hectares at the etitedf990s (Molnar—Kun
2000). The long-term sustainability of these isadaremnant areas of
wooded steppe will hopefully be ensured by GovemtniResolution No.
275/2004 on Nature Conservation Areas of Commumtgrest, which
classifies these wooded steppe mosaics amongtpridommunity habitats
(semi-natural dry grasslands and low shrubland®nigeng to the Natura
2000 Network.

Wooded steppe is an independent vegetation zondéinwithe
transitional zone between the closed forest anupstelimate zones, where
the development of closed forests is mainly preseénby unfavourable
climatic, precipitation and soil conditions. It & complex and sensitive
system consisting of mosaics of woody and non-wooolyimunities, in
which the specific communities emerge in systemaditd regular
interconnection. No uniform position has yet beecepated regarding their
emergence, development and dynamics. It is certawever, that besides
natural phenomena and wild animals, human actsvifeeg. deforestation,
grazing) have also largely contributed to the degration of wooded
steppe areas (Molnar et all., 2000; Bartha, 2001).

With a view to effective conservation and protectiaround the year
2000 experts took stock of natural and near-natgm@sslands and
woodlands at national level. In 1999, a database seapleted on remnant
mosaics of wooded steppe, a type of vegetation oagering a significant
part of the Hungarian Great Plain (Molnar—-Kun 20@gtween 2001 and
2004, within the framework of a study of the nakueas of Hungarian
forests (the so-called TERMERD project), forestansl biologists carried
out naturalness estimates on some 3000 Hungarrastfeections using a
linear scale, based on national representative lgagmpusing several
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quantitative indicators (tree stand, shrub stratgrass stratum, offspring,
damage by wild animals, habitat) (Bartha, 2004).

Location of the model area, aims

The pasture with wild pear trees of some 70 hestaesving as our
model area is located in the southwestern parh@fmearly 200 square km
Tiszazug sub-region, in an area called Kortvélyesich is part of the
Kisbokros-puszta and Nagybokros-puszta areas #iahd to the village of
Tiszaug (Fig. 1.). It is part of a Neo-Holoceneadee positioned relatively
high (84-86 m above sea level) within the floodibasonsisting of river
sand, silt and infusion loess (Aldobolyi, 1954).eTlower part of this area
had frequently been inundated by the River TisZarbehe construction of
the dam near Tiszaug in 1866-67, however, aftersvatdunderwent
salinification due to the lack of floods (Endeskt 1985).

To the north and east, the model area is bordeyesl ywung oxbow
lake cut off one to two thousand years ago, theadled Santaleany-ere,
whose eastern and northeastern section has creattp erosion surface
on the edge of the Tiszakirt-Bogaras sand lanahdaitie flood basin. The
area is diversified by series of point bars andlesveesulting from the slow
movement of the river bend in a western directibime middle of the old
river basin is now occupied by the Homokrét-Sadiaeere side channel,
which carries the inland waters of the area intbdkbow lake of the Tisza.
To the south and west, the model area is borderéarin trails.

In 1953, the Hungarian Academy of Sciences perfdrmesearch in
the Tiszazug and Korosszog areas concerning migratd, vegetation and
soil (Benedek, 1954, Timar, 1954, Aldobolyi, 1957he findings also
include data on the model area. From the 1970ssttf€ of the Tiszazug
Geographical Museum (located in the town of Tiskhfér) performed
occasional photographic documentation in Bokroszajdollowed in 1994
by longitudinal and lateral levelling. The surveyedd pear trees and the
shrub species of the accompanying community wegneesented on a sketch
map.
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Fig. 1. Geographical location of the model area

Our objective was to carry out an environmentaveurof Bokros-
puszta, including the recording of wild pear tretatiss data, the
identification of the changes having occurred ia gast fifteen years, the
partial evaluation of the habitat, and researchttmn origin (natural or
artificial) of the vegetation at issue.

Materials and methods

In autumn 2007, observations were made in the masd on two
occasions, namely at fruit ripening and after th# 6f leaves. Besides
photographic documentation, an on-site record waslemon living tree
specimens of a height of more than 1 m, includigg @mposition and the
following status data: chest height diameter (mesbat 1.3 m), generative
reproductive capacity, trunk shape (single or twhgalth status (damage
caused by biotic and abiotic factors, as well amdnu activities), shrub
species and their specimen numbers in the accormmamgommunity
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(within a circle having a radius of 10 m). The &weristics of standing or
lying dead trees or stumps were also noted (Baitthh 2003).

Simple wood stock measurement methods were apfaiettermine
the living wild pear stock as well as the volumesténding and dead trees.
For each trunk, tree height was measured usingnanakter, according to
trigonometric rules. Trunk circumference was meadumn centimetres
using a tape measure. Circumference data wereuseshto calculate chest
height diameter (Papai 1999). The partial evalmatd the habitat was
based on upper deposit sampling and monthly samqmmfnground water
from a well in the middle of the pasture, the latory analysis of these
samples, as well as a phytosociological surveyedbdiceous plants.

Changes in the model area over time were examinsihgu
bibliographical sources, archive documents, as agethilitary and cadastral
maps, and data were sought to decide whether fdepear stock concerned
was autochthonous or allochthonous.

On the site, the geographical coordinates of wihrptrees were
recorded using DigiTerra Explorer v4 on a PDA. Thsulting point map
was transformed and completed with attribute dataguthe ESRI ArcMap
9.2 software. The sketch maps and the digital élmvanodel were edited
using ArcView GIS 3.2 and ESRI ArcMap 9.2, respesy. The statistical
analyses were prepared using Microsoft Office E20€I7.

Results and conclusions

In the Middle Ages, orchards did not exist indepanty of forests,
which served as the primary places of fruit prooturct Historical sources
often refer to (wild) fruit trees spared by defeati®n as landmarks
indicating community borders. This function is Istihanifested in some
toponyms (e.g. “Kortvélyes” near Tiszaug (“korte”eams “pear” in
Hungarian) (Cére, 1980). According to a deed dating from 133@& th
southern border of the village of Ug was markedabgear tree (Gyorffy,
1963). The first military map (1782-1785) represdmttween the villages of
Tiszakirt and Tiszaug a long and narrow stretctioodst similar to the
model area in terms of vertical position within tth@od basin and habitat
characteristics, designated as “Kortve Fa”, i.eediptree”. The second
military map (1861) represents the western partBokros-puszta as a
pasture, and its eastern part as a marshy meadewnswith streams and
sporadic patches of shrubs (possibly including wipgear). The
representation of a farm on the eastern edge of dkendt indicates the
increasing use of the pasture, which graduallyddup due to river control
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and flood prevention. The cadastral map (1881) dums yet the third
military map (1883) does show shrubby patches. Timgshistorical sources
do not provide solid evidence on the previous exist of wild pear trees in
the model area, and, besides examining the napuoglesses influencing
forest composition and size, it also remains necgds further examine the
impact of increasing human activities. Howeveryiew of the features of
the habitat, one can reasonably suppose that welak msed to be a
characteristic species in the closed or partly opgxed communities of
tartar maple and loess oak, a forest type domigdtie upper flood basin
areas marked by old riverbeds, having loess areldamd as base rock, and
characterised by transitional (continental-subnegdihean) climate (Photo
1.).

Due to differing aims and technical conditions, toenparison of the
levelling record with our on-site record only prdes a limited opportunity
to evaluate the quantitative and qualitative charigethe wild pear stock
that have occurred over the past nearly fifteemrsyda 1994, the museum
staff surveyed 89, mainly old specimens, occasipracording data on
foliage and trunk shape. During GPS measuremest) &ang or dead
specimen having an independent trunk higher tha&nn®.(altogether 208
specimens) was specifically localised and represean the point map. In
some cases, it was impossible to measure heighst tieight diameter etc.
because of impenetrable accompanying vegetatioms, Biatistical analysis
was performed using the status data of 202 spesimen

6.9 % of the stock (14 pcs) were standing or lydead trunks or
stumps, adding to the diversity of the forest aasgtand. Considering the
saw and axe cuts visible on their surface, moshede were a result of the
previous, occasional selective thinning of healillyor dead trees (Photo
2.). Next to a stump, a turion of 2.5 m was foundjch had shot after the
removal of the overground part. Wild pear has sligbgetative renewal
capacity: its sprouting off the stem is moderate] & hardly ever sprouts
off the root (Gencsi et all., 1992, Bartha, 1999pnsequently, the former
statement that wild pear reproduces through roatugimg in the model area
(Varga 1994) is questionable and requires furtkamenation.

The development of wild pear is largely dependent lmbitat
conditions: it needs warmth and sunlight, is xegdphmoderately
xerophylic and halophyte, and likes basic soil. Emthvourable ecological
conditions, it may develop a relatively tall trualkd a slim crown, possibly
reaching a height of 15 m (Bartha, 1998). Howewethe Kortvélyes model
area, most wild pear trees are small, and haveoaked trunk and an
irregular and underdeveloped crown.
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Out of the 188 living specimens, 22 (11 % of livitrges) showed
some trunk defect, primarily furcation, which idled a twin trunk when
occurring directly above ground level. 12 doublentwrunks (54.5 %), 6
triple twin trunks (27.3 %), 2 quadruple twin trnk9.1 %) and 2 twin
trunks with five or more twins (9.1 %) were founhen the tree stands
free, side branches grow thick and protrude famftbe trunk. Branch loss
and damage caused by animals and human activitbstiyraffected older
and taller specimens, resulting in knobs on remginbranch stumps
(Tompa 1975).

Photo 1. Characteristic landscape in Bokros-pusitaold wild pear trees on the edge of a
swale (photograph by Csaba Toth, 2007)

Wild pear, a secondary/tertiary species growingmixed communities,
becomes productive relatively quickly, at an agamdroximately ten years.
In a favourable habitat it reproduces well throsgled germination, which
generally takes 90-100 days under cold weatheritond (Barna 1998).
Seed dispersal is mainly ensured by wild boarpeagiss living in the model
area as well, with pear seeds passing through thésstines without
suffering any damage. Generative reproductive c¢gpacas determined
empirically, based on the quantities of fruits fdwn tree branches and on
the ground (Photo 4.). Due to the high ratio of altd ill, unproductive
specimens and that of young specimens not yet ptivéy no fruits were
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found in the case of nearly three fourths (146 @2s3 %) of the stock. The
young specimens found in swales and on point bgyesl (consisting of
deposit whose fineness increases in an upwardsctidimg emerged
naturally, probably through seed germination (Pl#jo

Photo 2.: One of the numerous dead wild pear frrex in the model area, probably dried
up due to fungal infection (photograph by CsabahT#007)

The health status of living specimens raises corscédamage sources
and pathological factors are often interconnectdating the necessary
conditions for one another and resulting in soechlamage chains (Tompa,
1975, Papai, 1999). It would be very difficult tentify the mechanisms of
these primary and secondary damage factors, ar gbsitive and negative
effects on each other. Such an examination is Pilteoscope of the present
study. Nearly all specimens showed some dead partsssing wood (e.g.
dead branches, branch stumps, hollows, cavitigss gader detached barks
etc.), therefore, in the absence of quantitativdicators, the number of
specimens affected by various types of damage &ad of healthy
specimens were estimated. Damage by the abioticroemvent (wind,
lightning etc.), biotic damage (insects, fungi) andechanical damage
caused by human activity affected 11, 38 and l1ésfreespectively. The
remaining 123 specimens (65.4 %) can be regardadaithy.
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In declining dry oak woods, wild pear usually grotwgether with the
characteristic shrub species of the accompanyingnumity, such as
blackthorn (16 pcs), hawthorn (12 pcs) and wilder¢®0 pcs), therefore it
has an important role in the secondary succesdiamoody communities
(Gencsi—Vancsura 1992). Within a circle havingdiua of 10 m around the
specimens, the following tree species were folEldeagnus angustifolia
L., (3 pcs, planted during alkaline soil afforestafjoelder (4 pcs)UImus
laevis(2 pcs), as well as wild apple, mulber@eltis occidentalisand grey
poplar (1 pc each).

I

Photo3.: Several young wild pear specimens waradmn the eges of marshy patches in
Bokros-puszta (photograph by Csaba Téth, 2007)

Using the status data recorded individually, i.eight and chest
height diameter, the height curve of the wild pgtack was drawn (Fig. 2.).
Based on such status data, the age compositidre agftock can be indirectly
estimated. According to bibliographical data, adrdlaere are even 30 m
high specimens with a chest height circumferencéd7éf cm, estimated to
be 500 years old. However, 200-year-old specimeres @onsidered
extremely old in Hungary (Bartha 1998).
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Photo 4.: Healthy wild pear specimens bore maniysfin autumn 2007 (photograph by
Csaba Téth, 2007)

Height curve of the wild pear stock in Bokros-pusz near Tiszaug
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Fig. 2. Height curve of the wild pear stock in Bagipuszta near Tiszaug
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Based on the data on old wild pear trees availablehe website
“Magyarorszagi faoriasok és famatuzsalemeKGiant and old trees in
Hungary”, http://oregfak.emk.nyme.hupnd considering differences in
habitat conditions, the average age of the maickgfa0-60 specimens) was
estimated at 100-120 years. (In our survey, thgektrand probably oldest
specimen was 13.5 m high, with a chest height mfevence of 320 cm.)
These trees were mainly found sporadically at thgeeof the pasture, i.e.
on the edge of the bank of the former riverbed, wace probably remnants
of an alkaline soil oak forest that had first opgtng and was then cut
down. The other specimens found near the pheasamtitye eastern edge of
the pasture, the considerably silted water ditdsgsing the model area and
the demolished animal husbandry facilities of arfer Tiszaug cooperative
were of the same age and followed a linear patiesimilar intervals. This
implies artificial planting rather than natural gtb.

The two most frequent plant communities in Bokroszia are
Achilleo Festucetum pseudovinaeovering large uninterrupted areas in
lower swales and in the middle of the model aread, @ynodonti-Poétum
angustifoliag found in upper areas and on point bars. Therlattexmunity
type is probably the result of the degradation psses caused by the
excessive grazing of former areasSaflvio-Festucetum rupicolae.

The vegetation is diversified by the presence ofilsrand often
isolated patches of dry alkaline soil vegetatiorntlos edges of lower areas,
resulting from secondary salinification, includifyiccinellietum limosage
Artemisio santonici-Festucetum pseudovineend Camphorosmetum
annuae Due to the extreme water and salt conditionde$é¢ habitats, they
are rather open and naturally poor in species.

The marshy patches in the southeastern part of atea are
characterised by Puccinellietum limosae and Schoenoplectetum
tabernaemontan{Naotari 2008). These include several wild pear seedlings.
As there are no natural wild pear offspring in tirg steppe on account of
intensive grazing, the specimens found in such pathes and in the
shrubby edges of the area may be the ones thaemslire the survival of
the wild pear stock concerned.
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