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Summary:

Possibilities of the mountain meadow maintenancethi National Park,
Protected Landscape Area and Biosphere Reservensé are discussed in the
present Ph.D. Thesis.

Secondary grasslands in the Bohemian Forest catdrisubstantially to the
characteristic landscape pattern and biodiverdith@se mountains. The stability
and species diversity of these communities fullgesel on human management.
Proposals for the secondary grassland managemeuntdsprimarily come out
from a detailed acquaintance with the actual stdges vegetation. A large pilot
project of the non-forest vegetation mapping wasoaplished in the former
military area of Dobra Voda in 1996. The main typssthe montane and
submontane grassland vegetation were defined aogotd the presence of
dominant plant species; each classification unis Wacated on the moisture
nutrient gradient and in the appropriate successisgre.

Mountain meadow production cannot be as high asithiawland areas. For
that reason harvesting of such meadows is lessifalste economically. Thereby
large areas of mountain meadows are in an unsabtsfa condition in the
Bohemian Forest. As a rule, they are mown only siocelly; when they are,
relatively large quantities of organic matter andhemal nutrients are exported
with the hay while their recycled proportions areadl (this is due to difficult
availability of remote forest-free areas for apaiion of the complementary
fertilizer). Nevertheless, the importance of mountaeadows and pastures is not
only economic. They primarily have landscape-fognianctions. The long-term
strategy of mountain secondary grassland managersieotild aim at soil
conservation, biodiversity maintenance and pratectiof water resources,
especially in large protected areas.

Alternative management forms are needed for thesarwation of the
secondary grassland areas as landscape-formingemigmand also of the
maintenance of their biodiversity. These forms o&nagement should be
acceptable both economically and ecologically. Mudg has been expected to
become one of the prospective practices applicablehe management of
mountain grassland. However, only little qualifieformation is available on the
effects of mulching on mountain grassland.

A large pilot-scale field experiment has been earrbut in the Sumava
National Park since 1997. The aim of this experinteas been to compare the
effects of mulching of grassland vegetation witbst of traditional mowing or
leaving meadows fallow. Before initiation of thesearch project the data on the
history and development of the study area wereaetad from available literature
and, especially, from museum archives. These datarsrize the area's history



from the first colonization during 14th century tbe present exploitation.
A reconstruction of the post World War Il changedand cover/land use within
the study site (an enclave amidst forests) has bmeele The evaluation of the last
fifty years' development has been based on a dicatiobn of changes identified
by visual interpretation of a time series of aenwotographs, and by field
surveys.

At the beginning of the experiment, the main veatieh units all over
the forest-free area of the study site were maet an inventory of vascular
plants was carried out.

Throughout the ten-year duration of the experimémg, selected ecosystem
components and processes were monitored: plant ds®mplant community
structure, decomposition of plant biomass and ngclof essential biogenic
elements, physical properties of the soil A horiama microclimatic processes in
the grass cover. A specialized partial study habweade to test the possibility
of using the Normalized Difference Vegetation Ind&DVI) for distinguishing
between differently managed mountain grassland.sitethe process of the data
evaluation, the climatic characteristics of thalgtarea and potential relationships
between the monitored components were taken irdousd.

According to the results, the meadow managemenhgly influenced the
aboveground biomass, its yearly harvest by mowieduced it significantly.
A decrease of the species richness was observibe ifallow plot. The mulched
plot exhibited slightly higher values of Shannowedsity and evenness compared
to both the mown and fallow plots. In this expenryehe main effects of the
treatments on plant species diversity seem to bestiifts of dominance among
certain species.

During the vegetation season, there were significtifferences between
higher soil temperatures in the mown plot and loteenperatures in the fallow
plot. In the mulched plot, the soil temperatureiedbetween those of the other
two plots, being closer to that in the fallow pldthe type of management
influenced the soil A horizon moisture content onlhen the effect of
precipitation was not strong. In this case, thé maisture content was highest in
the fallow plot and lowest in the mown one. Soilistare in the mulched plot
varied between those in the other two plots, beloager to that in the mown plot.

The fundamental conclusions of this study may bersarized as follows:

- The production of mountain meadow plant biomasdow on the whole,
regular mowing without complementary fertilizatiofurther gradually
diminishes the production of aboveground biomasslcMng moderates the
decline of aboveground biomass production.



- The mulched plant material persists on the pdotniore than one vegetation
season, but its decomposition is faster than trerdposition of standing
dead material and litter in the fallow plot.

- The different management was reflected, at firstdifferent cover degrees
of the dominant species. The long-term holdingofalbf the meadow resulted
in a gradually decreasing species richness of #gedow plant community.

- For distinguishing between differently manageduntain meadows, it is
possible to use, on a local scale, the Normalizéigience Vegetation Index,
which exhibits a linear relationship with green akground biomass during
the period before the application of the respedtigatments.

It has to be recognized that data obtained dutiegtén-year experiment are
not fully sufficient for reliable estimation of theossible influence of different
treatments on mountain meadow communities. Therarpatal site is situated at
a relatively high altitude with a short growing sea, relatively low temperatures
and a nutrient-poor acidic soil. The responseshef plant community to the
different types of management applied are slowss®am to be largely controlled
by the weather conditions during the current orceding vegetation seasons.
More precise information of this kind can resulbrfr long-term experiments,
involving more than ten years of experimental mamnagnt application

Acceptable conditions for the application of muidhias an alternative
technique for the maintenance of secondary grassiarthe Bohemian Forest
were proposed on the basis of data obtained dthmgxperiment:

Annual harvesting of oligotrophic meadows withousimultaneous nutrient
supplement can cause a decline of plant speciessiliy. The nutrients released
from the mulched biomass and left on the spote@stl at intervals of a few years)
can retard the oligotrophication of regularly mowreadows, simultaneously
preventing the potential impoverishment of the ggmecdiversity of these
meadows.

If regular mowing of mountain meadows is not feksifior economic or
technical reasons, mulching can represent an edoalyn advantageous
alternative. It will temporarily check the successl changes that sooner or later
occur in the meadows left fallow. Mulching can atsoused as a simple treatment
retarding the decrease of species diversity anduatovity in regularly mown, but
unfertilised, mountain meadows.



1. Introduction

The largest part of the Bohemian Forest (the SunMitgs) was covered with
primary forests before human colonisation. Thanks tlong-lasting landscape
management during the gradual colonisation of tlo@ntain region, a sensitive
equilibrium has established itself between humankreature. The present mosaic
pattern of forests, meadows, pastures, and smaNegr has resulted from
a combination of various human activities. Importdor the formation and
a sustainable existence of the species rich maugtasslands has especially been
the low-impact agriculture practised by small farsmevho managed the
grasslands as hay meadows or pastures, or a cdiohimmd both. These newly
formed and harmonious communities encompass ngtsudh plant species that
are characteristic of original forest stands, gpheads, wetlands and river
valleys, but also species introduced by humansékay 1995).

The stability and species diversity of the mountagadow communities thus
fully depend on human management. Breaking off ftbmtraditional mountain
farming practices threatens the mountain meadossattered shrubs and trees
gradually develop into forest, which was clearedhi& past in order to give way
to grassland. This development endangers the egestef those plant and animal
species, populations, and communities, which cavivaionly in open biotopes.

The risk of disturbing the established balance betwhumans and nature
increased mainly after World War Il. Traditionalwloimpact agriculture was
forcibly discontinued when the borderland territtigcame almost depopulated.
Many villages and hamlets were abandoned and kneges both of grassland and
arable land were left fallow. Former meadows angtyras markedly started to be
grown over by tree seeding. Subsequently, in tHEE9 the forested area of the
Bohemian Forest markedly increased {&w@a and Guth, 1998). The remaining
farmers gradually adopted a new wave of large-seaitaing, heavily subsidised
by the state. Many small groves, borderlines osglemd with shrubs separating
individual plots, and heaps of stones were remdr@u the cultivated plots and
disappeared from the countryside. Most of the planmunities of the still
managed or restored meadows were thus degradexcbgséve doses of manure
and fertilisers, and by superfluous drainage ofntle@intain grassland.

The beginning of the 1990’s brought fundamentahgea to the agriculture in
Czech mountain regions. The heavy state subsidies meduced, in consequence
only a few people remained interested in farmintgough the interest in mountain
meadows and pastures maintenance has again intré€asmek and Henan,
1999), degradation of the forest-free areas dubdcabsence or unsuitability of
agricultural management still has not been stopfédrefore new alternative
practices of a non-profit management of mountairadog/s and pastures are
needed.



Goals of the Thesis:
This thesis intends to:

» Characterize the past use and present state of tistudy area.

¢ Compare the development of normally managed (mown)nulched
and fallow plots.

« Establish potential negative effect of meadow mulchg or leaving
them fallow on the meadow environment.

» Propose acceptable use of mulching as an alternagivtechnique of
secondary grassland maintenance in the Bohemian Fest.



2. Maintenance of the secondary grassland areas
in the Sumava National Park, Protected Landscape Aza
and Biosphere Reserve

Mountain meadow production cannot be as high as ithdowland areas.
Nevertheless the importance of mountain meadows @agiures is not only
economic. They should primarily have landscape-fogrfunctions. The long-
term strategy of mountain secondary grassland nemeagt should aim at soill
conservation, biodiversity maintenance and pratectiof water resources,
especially in large protected areas. Alternativenagement forms are needed
in the interest of conservation of the grasslandasras landscape-forming
elements, and also of the maintenance of their iNmosity. These forms of
management should be acceptable both economicallgeologically.

2.1. Mapping of the flora and vegetation

Proposals of secondary grassland management slpomicirily come out
from a detailed acquaintance with the actual statets vegetation. Some
specialized studies dealt with the mapping of fiefiee areas in the National Park
and Protected Landscape Area of Sumava (e.g.,\Epl993; FoSumova, 1995;
Hakr, 1995; Havlikova, 1995; Randakova, 2003). Needre not only the
understanding of the plant community compositionhy{pcenological
classification) but also the knowledge of the basltaracteristics of the
surrounding environment. The main types of the mo&tand submontane
vegetation of the Bohemian Forest were defined raoog to the presence
of dominant plant species, each classification was located on the moisture and
nutrient gradient (possibly also ruderalization)d asuccessional stage (Bufka
et al, 2000).

A large pilot project of the grassland vegetaticapping, based on the above-
mentioned classification, was accomplished in thetidwal Park, Landscape
Protected Area and Biosphere Reserve of Sumav@96.1IThe most important
forest-free areas were mapped in the former mylisaea of Dobra Voda during
this study. At present, most of the grassland aseasdescribed, continuous
updating is in progress.



Prach, K., Bufkova, 1., Zemek, F., Hhean, M., Maskova, Z., (2000). 5
Grassland vegetation in the former military areabifaoVoda, the Sumava

National Park. Silva Gabreta 5, 103-113.

Secondary grasslands in the Bohemian Forest catgrgubstantially to a characteristic landscape
pattern and biodiversity of the mountains. Vegetatunits in 17 grassland areas have been
mapped around former settlements in the formertanylitraining zone. The vegetation units (31)

have been defined mostly according to dominantiepend they were related to moisture and
nutrient gradients and successional state. Forcpkat units an optimum management has been
suggested, reflecting interests of both nature @wasicy and agricultural use.

This paper is being submitted as parts of this Phl2sis.
2.2. Proposals for a suitable agricultural managenme

The most suitable management for individual vegmtattypes is
recommended on the basis of executed vegetatiors g with regard to the
occurrence of important plant species. Improvementat least maintenance,
of the plant community quality is the basic criveri of the management
suitability, whereby the support to the importantdl@endangered plant species
is desirable. Subsequently examined are the matldics taking into account
other facts - the presence of important animal isge(hamely avifauna and
insects), water conservation, etc.

Such an "ideal type of management" primarily resslvthe nature
conservation demands. These proposals do not takeat of real possibilities of
management at a given locality. The main reasasuoh an order of preferences
is the fact that the local farmers™ requirements d@ange markedly within a few
years (e.g., in the context of state subsidieshafdly practicable management
can be readily implemented in the future undereddht economic conditions.
Moreover, the management proposals are continuaysiated according to the
results of research studies, which investigateitifieence of the management
techniques on selected components of the mounta@daw ecosystems (e.g.,
Boudova, 1995; Hakrova, 2003; Markova, 2002; Moatag Z., 2005; Pojerova,
2002; Prochézka, 1996; Schusserova, A., 2003:05&i2000).

2.3. Accomplishment of the proposed agricultural maagement

Close cooperation with local farmers is establish#tdr proposing an “ideal
type of management”. Those farmers who manage thesea land or
neighbouring plots obtain financial compensationhe T"optimal type of
management" is proposed following the evaluatiotheffarming limits; available
state subsidies are taken into account. Demandldderms of cutting, terms and



intensity of pasture, making of paddocks, etc., dr@ossible, accommodated.
The primary aim during the whole process is therowpment of anthropogenic
grassland communities. If conditions warranting thgrovement cannot be

fulfilled, any violation of nature conservation rtegements, leading to

deterioration or damage is prohibited. In this wahe management is

a compromise respecting the farmers™ possibilitiesthe one hand and nature
conservation requirements on the other.

2.4. Mulching as an alternative method of meadows amtenance

At present, most mountain meadows of the Czech BRepware in an
unsatisfactory condition. As a rule, they are mawmty occasionally; when they
are, relatively large quantities of organic maged mineral nutrients are exported
with the hay while their recycled proportions aneadl. This is due to the small
numbers of livestock grazing on the mountain geassland to a difficult
availability of remote forest-free areas for apaiion of the complementary
fertilizer. The ecosystem is enriched only with thatrients from the
disintegrating bedrock (namely from soil skelet@amd by substantial amounts
of nitrogen contained in rain, fog and snow wgtelias, Tes&a and Buchtele,
1993; Tesy Elias and Sir, 1995). Acid rain leaches cations af the soil and
makes it base-poor and acidic (Raplal.,1994).

A possible partial remediation can be the recyclima large proportion of
nutrients and organic matter contained in the plahis is achieved by mulching,
l.e., leaving finely cut mown green plant parts the site to decompose and
release a large proportion of their mineral nutrieontents (Kitou and Yoshida,
1994). The process of oligotrophication (nutrieefpudvation) of the mountain
meadows can thus be retarded or stopped, whicksisadble for the maintenance
of the meadows’ fertility and species diversity.

2.4.1. What is the “mulch™?

Mulch is any material spread on the soil surfacéhva view to reduce
evaporative water loss, suppress weeds and reduropetature fluctuations.
(Jack, 1955, in Struzina, 1990). The mulched matenfluences the physical,
chemical and biological soil properties, soil figgtiand also properties of the
layer of atmosphere adjacent to soil (Turke, 19@6&truzina, 1990). In former
times, mulching was an important method used pradamily in gardening and
plantations. Baumeister (1963) excerpts from Ggeriend Howletta (1949), who
mention mulching with grass in a plantation durgmgl half of 19th century in the



USA. Mulching with grass includes multiple cuts hiteaving the cut and
chopped sward on the spot, whereby the mulchedrialatearkedly suppresses
underlying vegetation.

Presently regular directed mulching of grasslandstd constrained to
permanent crops such as orchards, tree plantaiodsvineyards. Published
studies mention mainly the influence of mulch oreséh stands, possible
improvement of the hydrothermic conditions, limibat of erosion processes and
weed control (Blasse, 1990; Hoffmann, Korper andi¥e 1995; Merwin, Stiles
and Vanes, 1994). Mulching is also used for thenteaance of road verges
(Kromer and Reloe, 1991).

2.4.2. Mulching impact

Mulching with organic material constitutes a newicrazone" with an
autonomous water, air and temperature régime. Dposition processes in the
mulch evoke losses of mulch weight, changes incaptmulch properties and
changes in mulch absorptivity and water retent@apecity.

The active surface extent of the mulch dependsemature and structure of
the material used and its distribution on the soilfface, and on the eventual
incorporation of the mulch into the upper soil laye

The intensity of mulch influence depends not omiytlee kind of the mulching
material but also on climatic and soil conditioi&r(zina, 1990). The rate of
mulch decomposition depends mainly on the soil &napire and moisture. The
decomposition of the mulch can take only a few \gdekregions where moisture
and temperature conditions are suitable for sodrofuial activity (Mooget al,
2002). In colder and drier areas the mulch canigtera the soil surface for more
than one vegetation season (MasSkewval, 2008).

Mulch supports thesoil structure by its protection from adverse influence
of intense rain. The organic layer on the soil @cef slows down the surface
drainage and moderates erosion processes. Mulglodagghe maintenance of the
soil porosity and positively affects water infili@n into the soil by keeping off
deterioration of the soil aggregates (Dharmase®@4;1Jung, Koh and UM 989;
Vogel, Nyagumbo and Olsgl94).

Mulch markedly interacts with evaporation and thgrealso with water
availability in the soil. Heat from absorbed sun radiationresdpminantly used
for evaporation from the humid mulch layer; consagly, evaporation from the
soil is expressively reduced. The intensity of thifect depends on the climatic
conditions and the time and way of the mulch apgibn (Lascanaet al, 1994;
Lascano and Baumhardt, 1996; Yunusa, Sedgley attiqbe, 1994).



Mulching limits soil temperature fluctuations (Achraya and Sharma, 1994;
Gajri, Arora and Chauddhary994; Struzina, 1990; Wickst al., 1994). Soil
temperature is affected mainly by the colour of thelch. Lighter organic
materials have a greater albedo, i.e., a highdeatehce of sunshine. Soil
temperature measurably decreases under the organich mainly in the
subsurface soil layer in dependence on the clinvaigetation period and kind and
quantity of the mulched material (Kvitek al., 2000; Merwin, Stiles and Vanes,
1994). The soil temperature decreases also betlaeseinshine heat is primarily
utilized for evaporation from the mulched materra} for warming of the mulch
or soil (Struzina, 1990).

The presence of mulch significantly affects thérient balance of the soil.
Long-term mulching results in a higher humus con{Btasse, 1990). Kitou and
Yoshida (1994) describe the positive impact of rulg on nitrogen fixation and
its changes in the soil. In addition, the mulchddnp material contains the
nutrients required by plants (N, K, P, Ca, S, et8gme of these nutrients are
releasable by simple processes (e.g., potassiuimestly leached out by rain or
snow water, while some nutrients are released dguhe mulch decomposition
(N, P). An extensive root system often developimglar the mulched layer can
also improve the plant nutrient utilization (Gadirora and Chauddhary, 1994;
Yibrin, Johnson and Eckert, 1993).

2.4.3. Mulching as an alternative method
of secondary grassland maintenance

Mulching can facilitate nutrient cycling in grassthstands. On the contrary,
this maintenance method can have an undesirableenmtfe on the plant
community composition (Zelengt al, 2001; Korn& and Dubiel, 1991). Physical
soil properties (temperature, moisture content,ewholding capacity, bulk
density, porosity, aeration) as well as chemicaso(nutrient content, rate and
dynamics, pH) can be markedly affected (Kvitek, fRkawa and Peterkova, 2001;
Kvitek, Peterkovd and Duffkova, 2001a,b). It is ected that changes of soll
characteristics induce changes in the soil mictob@mmunity structure and
function (Simeket al, 2001). The influence of mulching on partial coments of
the natural environment as well as the possibleofiseulching as an alternative
method of secondary grassland maintenance oudj# itacreasingly investigated.



3. Research of the meadow ecosystems

The selection of a suitable mountain meadow antupasnanagement ought
to result not only from the respective communitwassification and descriptive
characteristics, but also from a detailed knowledfi¢he grassland ecosystem
functioning. A substantial number of studies haaltdeith a global view on the
secondary grassland ecosystems and the investigatitheir components and
processes.

In the course of an evaluation of mountain meadogcgsses, it is mostly
possible to consider the results of research studlso from other altitudes.
Complex research of grassland ecosystems was atisbeth e.g., by Breymeyer
and van Dyne (1980, description of plant and aniimamass in relation to
production, consumption and decomposition), Gé&kor(1989, ecology of
grassland ecosystems), Moravec (1965, classifitatidb the grassland plant
communities of the Bohemian Forest), Regal (196d|ogical indication values
of selected plant species), Lavorel and Garniel0Z2Cunctional groups in
meadow communities).

Some authors monitored grassland vegetation icteel@reas. Klka (1936)
studied the Nardetum communities in the Bohemiare$to One of the most
detailed studies was published by Rychnovskaal. (1985, 1993). They
investigated the structure and functioning of semiral meadows in the
Bohemian-Moravian Uplands. Krahuletal. (1990) followed up the dynamics of
mountain meadows in the KrkonoSe mountains, Bufk@®rach and Bastl (2005)
scanned alluvial meadows in the Bohemian Forest.

In view of the great number of influencing factorshich cannot be
considered objectively or separated in an experimeamplex research of
grassland is very sophisticated and complicatechgtterm monitoring is also
necessary. Most studies therefore concentratedhenobservation of partial
characteristics or influence of single factors omsgland communities.

Herben et al. (1993a,b), KlimeSet al. (2001), Krahulec (1990, 1995),
Smulderset al. (2000) and Stampfli (1992, 1995) monitored changfespecies
diversity in plant communities. Plant biomass pwitn was studied, e.g., by
Hitz et al. (2001) and Titlyanovaet al. (1999), the relationship between plant
biomass production and species diversity was destipy Troumbigt al. 2000.
Nutrient availability and influence of fertilizamoon meadow vegetation were
evaluated, e.g., by Best and Jacobs (2001), Mydde§004), OIff and Bakker,
(1991), Oomes (1991), Oomes and Kemmers (1995), eSah al. (1996),
Roscheret al. (2004). Nitrogen cycling in grassland communitiess monitored,
e.g., by Grootjangt al. (1985, 1986), Makaroet al. (2003) and Meyerst al.
(1982). Processes of the plant biomass decompositere described, e.g., by
Lexa and Krahulec (2000), Shaw and Harte (2001) aed#&ova (1976).



Grassland ecosystems along the moisture gradientsmundated areas were
studied by, e.g., Balatova-Tdkova (1957), Jakrlova (1975), Jenik andéKv
(1983) and Rybrek and Rybrikova (1974) Cermaéket al. (2001), Vozenilkova
and Kwt (2001) and VozZenilkovét al. (2008) reported on a potential relationship
between plant species diversity and phytopathogepareion. Monitoring
of successional changes on abandoned sites wasplesioed, e.g., by Leps and
Stursa (1989), Van der Puttehal. (2000) and Wilsey and Potvin (2000).

3.1. Influence of agricultural management
on the species diversity of secondary grassland

The changes in plant species composition and diyersder different
management seem to be among the most frequentéyvaok processes. It is the
type of management that largely determines the gilileg vegetation type
(Andrieu et al., 2007; Mariniet al, 2007; Warreret al., 2002). Most of these
studies indicate that regular mowing enhances @p@ties richness and diversity
(e.g., Bobbink and Willems, 1993; Kahmetal, 2002; Mooget al, 2002;
Rosén, 1995; Sykest al, 1994). Mowing frequency is considerably significa
(Fiala, 1993;Ryser, Langenauer and Gigon, 1995), the term dingutan also
change the plant community composition by distugbihe plants at different
developmental stages (Smith and Jones, 1991).quémtly confirmed fact is that
leaving a meadow fallow often leads to a decredsgpecies diversity. In this
respect, the results of various studies often diftdether the abandonment of the
meadows leads to a decrease of their species sst{laser and Tappeiner, 2002;
Willems, 1983), or whether the total number of plapecies does not differ
significantly (Ryser, Langenauer and Gigon, 199huSserova, 2003; Zelery
al., 2001).

Relatively scarce information is available on theleghing impact on species
diversity in meadow communities. Some authors mstish between the
responses of particular meadow species to mulcfary, Bakker, 1989; Korda
and Dubiel, 1991; Kvitek et. al, 1998; Lexa and h{lac, 2000). Other studies
suppose comparable impacts of mulching and cutbingthe structure of the
respective plant communities; their authors newdeds recognize that the
similarity of these types of management could emiby the coincidence of the
term and frequency of both treatments (Kahmeal.,2002; Mooget al.,2001).



3.2. Influence of agricultural management on the medow productivity

Mowing of meadows without additional fertilizingdeces their productivity
(e.g., Dickinson and Polwart, 1982; Chetnal 1998; Willems 1983). Fertilizing
can assist in the achievement of a markedly higiheduction (e.g., Wilson and
Tilman, 1993). Mulched meadows can also have a enigbroduction of
aboveground biomass than unfertilised and mown @@emeset al, 1996). Only
a few studies deal with the belowground biomassdymbon. These data
altogether show a decrease of belowground biomastugtion in the course of
regular mowing (Fiala, 2000; Pec&kava and Krahulec, 1995). On the contrary,
Maskovaet al. (submited to press) show that in a long-term herhowing of the
meadows can result in a higher belowground biontfzas that in abandoned or
mulched mountain grassland.

Biomass production largely depends on the charadtdre vegetation season
(its duration, amount of precipitation, temperatsimtification, etc.). Monitoring
of the different management impacts on the plantipetion therefore requires
long-term observation. Stampfli (1995) observed ttependence of plant
production on the sunshine duration, precipitat@mount and relative air
humidity. Nevertheless a transparent relationsk@wben plant production and
climatic factors can hardly be demonstrated (Sibwen et al. 1994) by reason
that the biomass production often seems to be aitedr by the weather of the
preceding rather than current year (Krahulec, 188%benet al, 1995).



4. Aims of the research project
- Functioning of mountain meadows under differentided
management impact

The impact of mulching on secondary grassland Ig sporadically included
in available published studies. In addition, itniscessary to keep in mind that
plant species are mostly site specific, affectethieytype of community, character
of environment as well as climate (Louaeital, 2005).

A large pilot-scale field experiment was set ughia Sumava National Park
in 1997. The aim of this study was to compare ffeceof mulching of grassland
ecosystems with those of traditional mowing or iegithe meadows fallow.

Monitored ecosystem components and processes:

* plant biomass,

* plant community structure,

» decomposition of plant biomass and cycling of esakbiogenic elements,
» physical properties of soil A horizon,

* microclimatic processes in grass cover.

The setup of the pilot-scale experiment was derieam the basic
requirement that the experimental treatments oughtcorrespond with the
practical agricultural management in the surrougdimea. The treatments are
practiced with standard mechanization and durimgraesponding period of the
vegetation season. It was also necessary to prosigécient fetch for
microclimatic and heat- balance measurements (Snetted, 2001). Therefore
three permanent plots of 50 x 100 m each, subjdotédfferent treatments, were
established on the experimental site. The biomasgpkes and phytocenological
relevés were taken with an appropriate number plic&tes in each plot (four
replicates for the biomass, five for the phytocenalal relevés).

At the start of our experiment in 1997, the vedetmattover of the whole
experimental area was homogeneous (Tab. 1) (Zeé¢ngl., 2001). The pre-
treatment species richness, diversity, evennesbianthss of 1997 (Tab. 2), both
above- and belowground as well as the amounttef,livere much the same over
the whole area. In our opinion, these circumstancempensate for the
impossibility to ensure the replication of diffetlyn treated plots in our
experiment and, at the same time, justify staisticomparison between the
treatments applied.



a)
Average cover

(Braun-Blanquet scale)

Species mown \ fallow | mulched

Acetosa pratensis r r r

Acetosella vulgaris

Agrostis capillaris

Anthoxanthum odoratum

Campanula rotundifolia

Cardaminopsis halleri

Dactylis glomerata

Deschampsia cespitosa

Festuca rubra

Hypericum maculatum

Lilium bulbiferum

Luzula luzuloides

Luzula multiflora

Poa pratensis

Potentilla erecta

Silene dioica

Stellaria graminea

Taraxacum officinale

Veronica serpyllifolia
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b)
Treatment Number Average cover
of present species (%)
mown + fallow + mulched 12 85.634
only in mown+fallow 0 0.000
only in mown+mulched 3 0.078
only in fallow+mulched 1 0.013
1
1

only in mown 0.035
only in fallow 0.002
only in mulched 1 0.024

Table 1 a,b
Presence of the individual plant species in eaehtitnent at the start of our
experiment in 1997, in five 1nplots for each treatment.



This table (Tabs. 1a,b) lists, for each treatmenty those species that occurred
within the phytocenological relevés taken. They nh@ye occurred, however,
elsewhere in the respective treatments. The lovercok/the species that were not
recorded in all three treatments had a negligibilduénce of the initial
homogeneity of the vegetation on theibstudy site (see Tab. 2).

Kruskal-Wallis
ANOVA by rank testp values
aboveground biomass| 0.7351

belowground biomass| 0.7788

litter 0.2575
species richness 0.5281
species diversity 0.2101
species evenness 0.2491
Table 2

Significances of the differences between pre-treatnbiomass, species richngss
diversity and evenness in the mulched, mown arndwalreatments at the start
of our experiment in 1997.



General hypotheses:

1. The plant dry matter production will increase in the following order: fallow
< mown < mulched stands. This implies the highe&tase and re-use of
nutrients in the mulched stand in comparison withrimhown and fallow ones.

2. The species variety and diversitywill decline in the mulched and fallow
stands (with a probable decline of the number ofgmted and/or endangered
plant species) while in the mown stand it will remmnore or less unchanged
or will slightly increase.

3. The soil temperatureand its fluctuations will decrease during the vatien
season in the following order of stands: mown >ahetl > fallow. This
implies the effect of thickness of the accumulabtediched material, plant
litter or standing dead plant material.

4. The moisture content in the soiill change in response to the management
régime. The susceptibility of the soil environmenot desiccation during
occasional dry conditions will increase in the daling order: fallow <
mulched < mown stands.

5. The amount of plant matter decomposedvill increase in the following
order: mown < fallow < mulched stands. This implies lowest accumulation
of humus in the mown stand in comparison with #i®#v and mulched ones.

6. The microclimatic conditions and water and tempmature relations
between the soil and plant covewill become markedly differentiated during
the second half of the vegetation season (followtimg application of the
experimental management) in response to the maradenégime. The
maximum temperature will increase in the followimgler: fallow < mulched
< mown stands. On the contrary, the relative amidity will increase in the
near-ground air layer in the reverse order (mowallow < mulched stands).



Partial studies were published in the following gap

Maskova, Z., K¥t, J., Zemek, F., Henan, M., 2001.
Functioning of mountain meadows under different agggment impact - research
project. Silva Gabreta 7, 5-14.

MasSkova, Z., Zemek, F., Haan, M., Kwt, J., 2001.
Post World War Il development and present stateoof-forested area at #ii -
Hut'ska hora Mt. Silva Gabreta 7, 15-30.

Smejkal, Z., Pojerova, J., Maskova, Z., ZemekHefman, M., 2001.
Flora and vegetation of the study area aifZkHut'ska hora Mt.). Silva Gabreta
7, 31-44.

Kvitek, T., Duffkova, R., Peterkova, J., Maskova, 2000.
Soil temperature and moisture in differently usedsgland in the Bohemian
Forest. Silva Gabreta 5, 51-62 (in Czech with Eigiummary).

Zeleny, D., Sraitova, D., Maskova, Z., &yJ., 2001.
Management effects on a mountain meadow plant cantyiSilva Gabreta 7,
45-54.

Zemek, F., HBman, M., Maskova, Z., K&, J., 2005.
Multifunctional land use - a chance of resettlinzpradoned landscapes? (A case
study of the Zhfi territory, Czech Republic). Ekologia 24, suppRd05, 96-108.

Maskova, Z., Zemek, F., Ky, J., 2008.
Normalized Difference Vegetation Index (NDVI) inetimanagement of mountain
meadows. Boreal Env. Res. 13, xx-xx.

Maskova, Z., Dolezal, J., Ky J., Zemek, F., submitted to Agriculture,
Ecosystems and Environment.

Long-term functioning of a species-rich mountain ash@v under different
management regimes.

These papers are being submitted as parts of thix Fhesis.



Prach, K., Bufkova, ., Zemek, F., Hean, M., Maskova, Z., 2000. Grassland
vegetation in the former military area Dobra Vottee Sumava national Park.
Silva Gabreta 5: 103-113, Vimperk.

Secondary grasslands in the Bohemian Forest catdrilsubstantially to a

characteristic landscape pattern and biodiversitthe mountains. However, in

the past decades they have degraded in the gresit @nd the degradation is still
in progress. We mapped vegetation units in 17 gradsareas (the total area of 27
km2) around former settlements in the former nmjitaraining zone. The

vegetation units (31) were defined mostly accordomgominant species and they
were related to moisture and nutrient gradients aondcessional age. The
vegetation data were elaborated by GIS methodsp&uwicular units an optimum

management was suggested, reflecting both inteoéstature conservancy and

agricultural use.



Maskova, Z., Két, J., Zemek, F., Heman, M., 2001. Functioning of mountain
meadows under different management impact - relsgaagject. Silva Gabreta 7:
5-14, Vimperk.

Small interest in agriculture under less favouratd&ural conditions is one of the
phenomena related to political changes in Centrabge at the end of the 20
century. As a result, extensive areas of meadows @astures have been
abandoned and lay fallow. The existence and qualitysecondary grassland
depend, however, fully on human management. Nesvraltive practices of non-
profit grassland management are necessary to peeskee natural values and
characteristic appearance of secondary grassland seminatural mountain
landscape. Mulching has been expected to become obnthe prospective
practices applicable to the management of mourgeassland. However, it can
also bring about some unwanted changes to thelgnasscosystem. So far, only
little qualified information has been available tme effects of mulching on
mountain grassland. A long-term field experimerg haen therefore set up in the
Sumava National Park, with the aim to compare thgaict of mulching on the
grassland ecosystem and its components with thadtef traditional grassland
management by mowing and cattle or sheep grazieayvihg the grassland fallow
is a treatment with which the other treatmentsh& tmountain grassland have
been compared. This paper presents some of theleprebrelated to the
management of mountain grassland and describesstablishment of the long-
term field experiment. It informs briefly about theain results of the experiment
and other related investigations.



Maskova, Z., Zemek, F., Hman, M., Kw¥t, J., 2001. Post World War I
development and present state of non-forested atr&@hiri - Hu'ska hora Mt.
Silva Gabreta 7: 15-30, Vimperk.

A reconstruction has been made of the post World Wachanges in land
cover/land use within the Al — Hw’'ska hora Mt. enclave, an area of secondary
grassland on the Kvilda Plains in central Bohenftamest, with respect to the
history of its management. The evaluation of thst fdty years development is
based on a quantification of changes identifiedsisyal interpretation of a time
series of aerial photographs, and by field survedsong seven monitored
categories of land cover/land use, significant espan occurred of the forest-
covered area, from 21.5% of total area in 194%6t8% in 2000. Within the same
period, the secondary grassland area shrank fro6%6tb 43.5%. These changes
resulted from natural regeneration processes, wiiatied as a consequence of
either complete abandonment of agricultural land, reduced intensity of
management of the remaining grassland plots. Ttee o these changes was
enhanced by the neighborhood of Norway spriRiee@ abiey forests, and also
by the climatic conditions favoring the growth ogesllings of this tree in
mountain habitats.



Smejkal, Z., Pojerova, J., MasSkova, Z., Zemek,Hefman, M., 2001. Flora and
vegetation of the study area ati@h(Hut'ska hora Mt.). Silva Gabreta 7: 31-44,
Vimperk.

An inventory of vascular plants was carried ouZhfiti (Hut'sk&d hora Mt.) — an
area of secondary grassland and successional waeatation. We paid special
attention to important and protected species. Eurttve mapped the main
vegetation units, and suitable agricultural manag@nwvas proposed on the basis
of the mapping. Meadow communities of &Zh are represented by the
phytosociological alliancesViolion caninage Polygono-Trisetion Calthion,
Caricion fuscaea Caricion rostratae The meadow in the SW part is overgrown
by successional peaty birchwoods of the alliaBmtulion pubescentisThe

investigation confirmed 204 species of vasculanslal8 of them enjoying legal
protection.



Kvitek, T., Duffkova, R., Peterkova, J., Maskova, 2000. Soil temperature and
moisture in differently used grassland in the Bolantorest. Silva Gabreta 5:
51-62, Vimperk (in Czech with English summary).

Soil temperature and soil moisture were measuredree types of grassland use
(one cut, no cut, mulching) on experimental logaliZhaii" (Hutska hora Mt.).
Results from two-years measurements of soil tenwpersshow, that there were
no significant differences among three types ofgjend use in out-of-vegetation
season. Significant differences were always foumndbetween one cut and no cut
types of grassland use in vegetation season. Ins¢leend experimental year,
significant differences between one cut and mulghype of grassland use were
not confirmed. Evaluation of differences of soil istare values, measured in the
first sampling depth of each grassland use typgréend after the cut, in the
relation to the data of precipitation taken durgarh experimental season from
the nearest meteorological stations show, thatienite type of grassland use to
the soil moisture is significant only in case whefiuence of precipitation is not
so strong. In cases of low precipitation, typegyssland use declare different
values of soil moisture. In the opposite case whretipitation is high, influence
of grassland use to the soil moisture was not fooutd Hydrothermal regime of
mulching type of grassland use was found as a gosdbetween one cut and no
cut variation of grassland use (soil temperaturasueed on mulching variation is
closer to no cut type of grassland use, soil mmsteasured in 0.05-0.25 m
sampling depth is closer to one cut type of grassiese).



Zeleny, D., Sraitova, D., Maskova, Z., &y J., 2001. Management effects on a
mountain meadow plant community. Silva Gabretab#54, Vimperk.

The response of an oligotrophic mountain meadowtptammunity to mowing
and mulching was studied in a manipulative expenitnfer four years (1997—
2000) in the Bohemian Forest, Czech Republic. Wabéished the changes of
diversity and equitability of grassland vegetataswell as seasonal and year-to-
year patterns of its species composition. Our tesudicate that mowing and
mulching have positive effect on the species ditsenim comparison with no
management; the main reason is increased equiyal@hd suppression of
dominant graminoids in the managed plots. Seasaarédtion does not indicate
considerable differences in the constituent spemsponse to management type.
The four-year experiment seems to have been tod sh@nable unambiguous
conclusions to be made on the advantages or distyes of mulching in
comparison with the other management techniqueedeand with leaving the
meadow fallow, with no management at all.



Zemek, F., Haman, M., Maskova, Z., K, J., 2005. Multifunctional land use - a
chance of resettling abandoned landscapes? (Astadg of the Zhfi territory,
Czech Republic).

Ekolbgia 24, suppl. 1/2005: 96 - 108, Bratislava.

Small interest in agriculture under unfavourabléure conditions is one of the
phenomena related to political changes in Centrabe at the end of the 20
century (in last decade). As a result, extensieasof secondary grasslands have
been abandoned and are now lying fallow. The exigt@and quality of secondary
grassland depend, however, fully on human managersspecially on further
low impact agricultural practises.

This paper presents some of the problems relatethéo management and
development of secondary mountain grassland sduateprotected area. A
reconstruction has been made of the post World Wedranges in land cover/land
use with respect to the history of its managementrderstand better recent
status. The evaluation of the last fifty years' elegment is based on a
guantification of changes identified by visual npietation of a time series of
aerial photographs, and by field surveys.

Special interest is paid to potential impact onaldoiotopes and ecosystem of
planned resettlement of the territory and multitior@al land use. Main objections
to lay-out master plan from administration of natwonservation are discussed
here. In this case, no simple solution about treors#ary grassland enclave's
development exists from an impartial point of vieSite specifics, historical
context and societal preferences with long-livespective should be taken into
the consideration in decision-making process.



Maskova, Z., Zemek, F., Kt J., 2008 (in press). Vegetation indices in the
management of mountain meadows. Boreal Env. Resxt&x.

The aim of the study was to test the possibility using the Normalized
Difference Vegetation Index (NDVI) for distinguisiy between differently
managed mountain grassland sites surrounded bwlbforests. The NDVI was
assessed under field conditions in three diffeyentanaged meadows (mown,
mulched, unmanaged), at an altitude of 1150 to 178 the Bohemian Forest
Mts. The mowing and mulching were applied to thepestive plots in mid-July
and three successive NDVI/aboveground biomass ssesess were made before
and two after the application of the treatmentse phesence of litter, expressed
by the green ratio index (GR), strongly affected thflectance of the grassland
canopy. The linear relationships between green a&ssmand NDVI were
statistically significant for all treatments onlyurihg the period before the
application of the treatments. It was only in tmenanaged plot that a statistically
significant linear relationship between NDVI and @Rs recorded.



Maskova, Z., Dolezal, J., Ky J., Zemek, F., submitted to Agriculture,
Ecosystems and Environment. Long-term functionih@ gpecies-rich mountain
meadow under different management regimes.

The aim of this study is to assess the effect thémdint management practices on
mountain meadow plant biomass, species richnessligedsity. The experiment
was carried out in the Bohemian Forest Mts. ataltitide of 1150 to 1170 m for
10 years. We applied three treatments (mowing, Inid; abandonment - fallow)
to a mountain meadow with dominddéschampsia cespitosa, Agrostis capillaris,
Festuca rubraand Hypericum maculatum.The aboveground biomass was
significantly highest in the fallow treatment armmvest in the mown one, the
belowground biomass was the lowest in the fallosatiment and the highest in
the mown one. The litter accumulation was highethmfallow treatment than in
the mulched one, where, nonetheless, the mulchedrialapersisted for more
than one growing season.

The treatments significantly affected the plantceg®e diversity and shifts of
dominance among certain species were observede&sxof the species richness
was observed in the fallow plot, while slightly lemed Shannon diversity and
evenness were observed in the mown plot.



5. Recapitulation

Verification of the general hypotheses:

1. Plant biomass - unconfirmed hypothesis
In our experiment, the meadow management strongRuenced the
aboveground biomass, yearly harvest reduced it ifeigntly. The
aboveground biomass was highest in the fallow ahat lowest in the mown
plot. On the contrary, belowground biomass was ésgin the mown plot and
lowest in the fallow one, but with statisticallygsificant differences only
between individual years within the same treatments

2. Species richness and diversity - partly confirnghypothesis

The decrease of the species richness was obsertbd fallow plot, but the
differences between the treatments were not statiist significant - it seems
that a significant differentiation between the tneants requires more than ten
years. The mulched plot exhibited slightly highatues of Shannon diversity
and evenness compared to both the mown and fallots. pn our experiment
the main effects of the treatments on plant spediesrsity seem to be the
shifts of dominance among certain species.

3. Soil A horizon temperature - partly confirmed hypothesis

During the vegetation season there were signifiadifferences between

higher temperatures in the mown plot and lower tnafpires in the fallow

plot. In the mulched plot, the soil temperatureiacrbetween those of the
other two plots, being closer to that in the fallpi@t. The reduction of soil

temperature fluctuations under the mulched orrliiger was not statistically
significant, its expression (in terms of intensatyd time delay of temperature
change) was affected by the temperature and meistuaracter of the given
vegetation season.

4. Soil A horizon moisture - unconfirmed hypothesis
The type of management influenced the soil A harigmisture content only
when the influence of precipitation was not strohg.this case, the soil
moisture content was highest in the fallow plot émaest in the mown one.
Soil moisture in the mulched plot varied betweersthin the other two plots,
being closer to that in the mown plot. Higher swhprecipitation reduced the
differences between all three treatments.



5. Nutrient turnover rates in the vegetation and raes of plant matter
decomposition - still evaluated hypothesis
By this time, the nutrient turnover rate and ratkplant matter decomposition
have not yet been evaluated. Nevertheless, the aatait the contents
of essential nutrients (C, N, P, K, Ca, Mg) in filant biomass during four
vegetation seasons are available as well as tha dbbut plant litter
and mulched material decomposition.

6. Microclimatic conditions - unconfirmed hypothess
By this time, the major part has not yet been eaeld of our measurements
of the microclimatic conditions and water and terap@e relations between
the soil and plant cover. Nevertheless, the datautahir temperature and
humidity within the vegetation during two vegetatigeasons are available.
Note: The heat balance measurements, performedniahé et al. (2001),
showed a decrease of the daily average Bowen fagg increase in the
amount of heat dissipated through evapotranspirgtia the following order
of differently managed stands: fallow > mown > ningld plot.

The ratio between the confirmed and unconfirmedottygses documents the
formerly published data deficiency. These data rawe sufficient for reliable
estimation of the possible influence of mulching omountain meadow
communities. Required specifications should be mivduring long-term
experiments, involving more than ten years of expental management
application.



Completion of the goals:

* Summarization of the history and present state oftte study area
Data about the history and development of the sardg were selected from
available literature and, especially, from museurchiges. These data
summarize the area’s history from the first colation during 14th century
to the present exploitation (MaSkova et al., 2001).

» Comparison of the differently managed experimentaplots
The selected characteristics of the vegetatioh Ashbrizon and microclimate
in the mown, mulched and fallow plots were obseraad compared during
the ten-year pilot-scale experiment (Kvitkal.,2000; MasSkovét al.,2008;
Maskovaet al, submitted to press; Zeleey al.,2001).

» Estimation of the potential effects of mulching orthe meadow community
The results of fundamental vegetation and soil Azom characteristics were
analysed and statistically evaluated. In the proadsdata interpretation the
climatic characteristics of the study area and m@Erelationships between
the monitored components were taken into accountpaft of the data
obtained, which needs to be analysed in more detail available
in unpublished form with the author of this disa&dn.

» Proposals for acceptable application of the mulchig
Acceptable possibilities of mulching as an altakeattechnique for the
maintenance of secondary grassland in the Bohefimest were proposed
on the basis of data obtained during the experinfiglaiSkovaet al, 2008;
MasSkovaet al., submitted to press, Smejketial, 2001).



Conclusions:

The experimental site is situated at a relativelyhhaltitude with a short

growing season, relatively low temperatures andugrient-poor acidic soil.
The responses of the plant community to the differiypes of management
applied are slow and seem to be largely controligdthe weather conditions
during current or preceding vegetation seasons.

The influence of the different agricultural managem on the species

diversity and productivity of the mountain grasslawegetation may be
summarized as follows:

The production of plant biomass is low on the whodgular mowing without
complementary fertilization further gradually dinshes the production of
aboveground biomass. Mulching moderates the deatiheaboveground
biomass production.

The mulched plant material persists on the plotniore than one vegetation
season, but its decomposition is faster than trerdposition of standing
dead material and litter in the fallow plot.

The different management was reflected, at firstdifferent cover degrees
of the dominant species. The long-term holdingofalbf the meadow resulted
in a gradually decreasing species richness of #adow plant community.
For distinguishing between differently managed ntaim meadows it is
possible to use, on a local scale, the Normalizéigience Vegetation Index,
which exhibits a linear relationship with green abground biomass during
the period before the application of the treatméntisanagement techniques).



Recommendations:

Annual harvesting of oligotrophic meadows withousimultaneous nutrient
supplement can cause a decline of plant speciessilly. The nutrients released
from the mulched biomass and left on the spotg@dtl at intervals of a few years)
can retard the oligotrophication of regularly mowreadows, simultaneously
avoiding the potential impoverishment of the spedwersity of these meadows.

If regular mowing of mountain meadows is not feksifior economic or
technical reasons, mulching can represent an edoalyn advantageous
alternative. It will temporarily check the successl changes that sooner or later
occur in meadows left fallow. Mulching can also used as a simple treatment
retarding the decrease of species diversity andyatovity in regularly mown, but
unfertilised, mountain meadows.

For the expression of unambiguous or generallylavi@ conclusions about
the effects of regular mulching on meadow produtstiand species diversity, it is
necessary to undertake and evaluate more longerperiments.
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