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Summary: 
 

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

Secondary grasslands in the Bohemian Forest contribute substantially to the 
characteristic landscape pattern and biodiversity of these mountains. The stability 
and species diversity of these communities fully depend on human management. 
Proposals for the secondary grassland management should primarily come out 
from a detailed acquaintance with the actual stage of its vegetation. A large pilot 
project of the non-forest vegetation mapping was accomplished in the former 
military area of Dobrá Voda in 1996. The main types of the montane and 
submontane grassland vegetation were defined according to the presence of 
dominant plant species; each classification unit was located on the moisture 
nutrient gradient and in the appropriate successional sere.  

Mountain meadow production cannot be as high as that in lowland areas. For 
that reason harvesting of such meadows is less favourable economically. Thereby 
large areas of mountain meadows are in an unsatisfactory condition in the 
Bohemian Forest. As a rule, they are mown only occasionally; when they are, 
relatively large quantities of organic matter and mineral nutrients are exported 
with the hay while their recycled proportions are small (this is due to difficult 
availability of remote forest-free areas for application of the complementary 
fertilizer). Nevertheless, the importance of mountain meadows and pastures is not 
only economic. They primarily have landscape-forming functions. The long-term 
strategy of mountain secondary grassland management should aim at soil 
conservation, biodiversity maintenance and protection of water resources, 
especially in large protected areas. 

Alternative management forms are needed for the conservation of the 
secondary grassland areas as landscape-forming elements, and also of the 
maintenance of their biodiversity. These forms of management should be 
acceptable both economically and ecologically. Mulching has been expected to 
become one of the prospective practices applicable to the management of 
mountain grassland. However, only little qualified information is available on the 
effects of mulching on mountain grassland. 

A large pilot-scale field experiment has been carried out in the Šumava 
National Park since 1997. The aim of this experiment has been to compare the 
effects of mulching of grassland vegetation with those of traditional mowing or 
leaving meadows fallow. Before initiation of the research project the data on the 
history and development of the study area were extracted from available literature 
and, especially, from museum archives. These data summarize the area's history 



from the first colonization during 14th century to the present exploitation. 
A reconstruction of the post World War II changes in land cover/land use within 
the study site (an enclave amidst forests) has been made. The evaluation of the last 
fifty years' development has been based on a quantification of changes identified 
by visual interpretation of a time series of aerial photographs, and by field 
surveys.  
 At the beginning of the experiment, the main vegetation units all over 
the forest-free area of the study site were mapped and an inventory of vascular 
plants was carried out.  

Throughout the ten-year duration of the experiment, the selected ecosystem 
components and processes were monitored: plant biomass, plant community 
structure, decomposition of plant biomass and cycling of essential biogenic 
elements, physical properties of the soil A horizon and microclimatic processes in 
the grass cover. A specialized partial study has been made to test the possibility 
of using the Normalized Difference Vegetation Index (NDVI) for distinguishing 
between differently managed mountain grassland sites. In the process of the data 
evaluation, the climatic characteristics of the study area and potential relationships 
between the monitored components were taken into account.  

According to the results, the meadow management strongly influenced the 
aboveground biomass, its yearly harvest by mowing reduced it significantly. 
A decrease of the species richness was observed in the fallow plot. The mulched 
plot exhibited slightly higher values of Shannon diversity and evenness compared 
to both the mown and fallow plots. In this experiment, the main effects of the 
treatments on plant species diversity seem to be the shifts of dominance among 
certain species. 

During the vegetation season, there were significant differences between 
higher soil temperatures in the mown plot and lower temperatures in the fallow 
plot. In the mulched plot, the soil temperature varied between those of the other 
two plots, being closer to that in the fallow plot. The type of management 
influenced the soil A horizon moisture content only when the effect of 
precipitation was not strong. In this case, the soil moisture content was highest in 
the fallow plot and lowest in the mown one. Soil moisture in the mulched plot 
varied between those in the other two plots, being closer to that in the mown plot.  

 
The fundamental conclusions of this study may be summarized as follows: 
- The production of mountain meadow plant biomass is low on the whole, 

regular mowing without complementary fertilization further gradually 
diminishes the production of aboveground biomass. Mulching moderates the 
decline of aboveground biomass production. 



 
- The mulched plant material persists on the plot for more than one vegetation 

season, but its decomposition is faster than the decomposition of standing 
dead material and litter in the fallow plot. 

- The different management was reflected, at first, in different cover degrees 
of the dominant species. The long-term holding fallow of the meadow resulted 
in a gradually decreasing species richness of the meadow plant community. 

- For distinguishing between differently managed mountain meadows, it is 
possible to use, on a local scale, the Normalized Difference Vegetation Index, 
which exhibits a linear relationship with green aboveground biomass during 
the period before the application of the respective treatments.  
 
It has to be recognized that data obtained during the ten-year experiment are 

not fully sufficient for reliable estimation of the possible influence of different 
treatments on mountain meadow communities. The experimental site is situated at 
a relatively high altitude with a short growing season, relatively low temperatures 
and a nutrient-poor acidic soil. The responses of the plant community to the 
different types of management applied are slow and seem to be largely controlled 
by the weather conditions during the current or preceding vegetation seasons. 
More precise information of this kind can result from long-term experiments, 
involving more than ten years of experimental management application 

 
Acceptable conditions for the application of mulching as an alternative 

technique for the maintenance of secondary grassland in the Bohemian Forest 
were proposed on the basis of data obtained during the experiment: 

Annual harvesting of oligotrophic meadows without a simultaneous nutrient 
supplement can cause a decline of plant species diversity. The nutrients released 
from the mulched biomass and left on the spot (at least at intervals of a few years) 
can retard the oligotrophication of regularly mown meadows, simultaneously 
preventing the potential impoverishment of the species diversity of these 
meadows. 

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



1. Introduction 
 
The largest part of the Bohemian Forest (the Šumava Mts.) was covered with 

primary forests before human colonisation. Thanks to a long-lasting landscape 
management during the gradual colonisation of the mountain region, a sensitive 
equilibrium has established itself between humans and nature. The present mosaic 
pattern of forests, meadows, pastures, and small groves has resulted from 
a combination of various human activities. Important for the formation and 
a sustainable existence of the species rich mountain grasslands has especially been 
the low-impact agriculture practised by small farmers who managed the 
grasslands as hay meadows or pastures, or a combination of both. These newly 
formed and harmonious communities encompass not only such plant species that 
are characteristic of original forest stands, spring-heads, wetlands and river 
valleys, but also species introduced by humans (Kučera, 1995).  

The stability and species diversity of the mountain meadow communities thus 
fully depend on human management. Breaking off from the traditional mountain 
farming practices threatens the mountain meadows - scattered shrubs and trees 
gradually develop into forest, which was cleared in the past in order to give way 
to grassland. This development endangers the existence of those plant and animal 
species, populations, and communities, which can survive only in open biotopes.  

The risk of disturbing the established balance between humans and nature 
increased mainly after World War II. Traditional low impact agriculture was 
forcibly discontinued when the borderland territory became almost depopulated. 
Many villages and hamlets were abandoned and large areas both of grassland and 
arable land were left fallow. Former meadows and pastures markedly started to be 
grown over by tree seeding. Subsequently, in the 1950’s, the forested area of the 
Bohemian Forest markedly increased (Kučera and Guth, 1998). The remaining 
farmers gradually adopted a new wave of large-scale farming, heavily subsidised 
by the state. Many small groves, borderlines of grassland with shrubs separating 
individual plots, and heaps of stones were removed from the cultivated plots and 
disappeared from the countryside. Most of the plant communities of the still 
managed or restored meadows were thus degraded by excessive doses of manure 
and fertilisers, and by superfluous drainage of the mountain grassland.  

The beginning of the 1990’s brought fundamental changes to the agriculture in 
Czech mountain regions. The heavy state subsidies were reduced, in consequence 
only a few people remained interested in farming. Though the interest in mountain 
meadows and pastures maintenance has again increased (Zemek and Heřman, 
1999), degradation of the forest-free areas due to the absence or unsuitability of 
agricultural management still has not been stopped. Therefore new alternative 
practices of a non-profit management of mountain meadows and pastures are 
needed.  



Goals of the Thesis: 
 
This thesis intends to: 
 
• Characterize the past use and present state of the study area.  
• Compare the development of normally managed (mown), mulched 

and fallow plots. 
• Establish potential negative effect of meadow mulching or leaving 

them fallow on the meadow environment. 
• Propose acceptable use of mulching as an alternative technique of 

secondary grassland maintenance in the Bohemian Forest. 
 

 



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

Mountain meadow production cannot be as high as that in lowland areas. 
Nevertheless the importance of mountain meadows and pastures is not only 
economic. They should primarily have landscape-forming functions. The long-
term strategy of mountain secondary grassland management should aim at soil 
conservation, biodiversity maintenance and protection of water resources, 
especially in large protected areas. Alternative management forms are needed 
in the interest of conservation of the grassland areas as landscape-forming 
elements, and also of the maintenance of their biodiversity. These forms of 
management should be acceptable both economically and ecologically.  
  
 
2.1. Mapping of the flora and vegetation  
 

Proposals of secondary grassland management should primarily come out 
from a detailed acquaintance with the actual state of its vegetation. Some 
specialized studies dealt with the mapping of forest-free areas in the National Park 
and Protected Landscape Area of Šumava (e.g., Eiblová, 1993; Fošumová, 1995; 
Hakr, 1995; Havlíková, 1995; Randáková, 2003). Needed are not only the 
understanding of the plant community composition (phytocenological 
classification) but also the knowledge of the basic characteristics of the 
surrounding environment. The main types of the montane and submontane 
vegetation of the Bohemian Forest were defined according to the presence 
of dominant plant species, each classification unit was located on the moisture and 
nutrient gradient (possibly also ruderalization) and successional stage (Bufka 
et al., 2000). 

A large pilot project of the grassland vegetation mapping, based on the above-
mentioned classification, was accomplished in the National Park, Landscape 
Protected Area and Biosphere Reserve of Šumava in 1996. The most important 
forest-free areas were mapped in the former military area of Dobrá Voda during 
this study. At present, most of the grassland areas are described, continuous 
updating is in progress. 

 



Prach, K., Bufková, I., Zemek, F., Heřman, M., Mašková, Z., (2000).  
Grassland vegetation in the former military area Dobrá Voda, the Šumava 
National Park. Silva Gabreta 5, 103-113. 
Secondary grasslands in the Bohemian Forest contribute substantially to a characteristic landscape 
pattern and biodiversity of the mountains. Vegetation units in 17 grassland areas have been 
mapped around former settlements in the former military training zone. The vegetation units (31) 
have been defined mostly according to dominant species and they were related to moisture and 
nutrient gradients and successional state. For particular units an optimum management has been 
suggested, reflecting interests of both nature conservancy and agricultural use. 
 
This paper is being submitted as parts of this Ph.D. Thesis. 

 
2.2. Proposals for a suitable agricultural management   
 

The most suitable management for individual vegetation types is 
recommended on the basis of executed vegetation maps and with regard to the 
occurrence of important plant species. Improvement, or at least maintenance, 
of the plant community quality is the basic criterion of the management 
suitability, whereby the support to the important and endangered plant species 
is desirable. Subsequently examined are the modifications taking into account 
other facts - the presence of important animal species (namely avifauna and 
insects), water conservation, etc. 

Such an "ideal type of management" primarily resolves the nature 
conservation demands. These proposals do not take account of real possibilities of 
management at a given locality. The main reason of such an order of preferences 
is the fact that the local farmers` requirements can change markedly within a few 
years (e.g., in the context of state subsidies). A hardly practicable management 
can be readily implemented in the future under different economic conditions. 
Moreover, the management proposals are continuously updated according to the 
results of research studies, which investigate the influence of the management 
techniques on selected components of the mountain meadow ecosystems (e.g., 
Boudová, 1995; Hakrová, 2003; Marková, 2002; Montagová, Z., 2005; Pojerová, 
2002; Procházka, 1996; Schusserová, A., 2003; Šraitová, 2000). 

 
 

2.3. Accomplishment of the proposed agricultural management 
 

Close cooperation with local farmers is established after proposing an "ideal 
type of management". Those farmers who manage the chosen land or 
neighbouring plots obtain financial compensation. The "optimal type of 
management" is proposed following the evaluation of the farming limits; available 
state subsidies are taken into account. Demands for the terms of cutting, terms and 



intensity of pasture, making of paddocks, etc., are, if possible, accommodated. 
The primary aim during the whole process is the improvement of anthropogenic 
grassland communities. If conditions warranting the improvement cannot be 
fulfilled, any violation of nature conservation requirements, leading to 
deterioration or damage is prohibited. In this way, the management is 
a compromise respecting the farmers` possibilities on the one hand and nature 
conservation requirements on the other. 

 
 

2.4. Mulching as an alternative method of meadows maintenance  
 

At present, most mountain meadows of the Czech Republic are in an 
unsatisfactory condition. As a rule, they are mown only occasionally; when they 
are, relatively large quantities of organic matter and mineral nutrients are exported 
with the hay while their recycled proportions are small. This is due to the small 
numbers of livestock grazing on the mountain grassland and to a difficult 
availability of remote forest-free areas for application of the complementary 
fertilizer. The ecosystem is enriched only with the nutrients from the 
disintegrating bedrock (namely from soil skeleton) and by substantial amounts 
of nitrogen contained in rain, fog and snow water (Eliáš, Tesař and Buchtele, 
1993; Tesař, Eliáš and Šír, 1995). Acid rain leaches cations out of the soil and 
makes it base-poor and acidic (Ripl et al., 1994). 

A possible partial remediation can be the recycling of a large proportion of 
nutrients and organic matter contained in the plants. This is achieved by mulching, 
i.e., leaving finely cut mown green plant parts on the site to decompose and 
release a large proportion of their mineral nutrient contents (Kitou and Yoshida, 
1994). The process of oligotrophication (nutrient deprivation) of the mountain 
meadows can thus be retarded or stopped, which is desirable 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 surface with a view to reduce 
evaporative water loss, suppress weeds and reduce temperature fluctuations. 
(Jack, 1955, in Struzina, 1990). The mulched material influences the physical, 
chemical and biological soil properties, soil fertility and also properties of the 
layer of atmosphere adjacent to soil (Turke, 1976, in Struzina, 1990). In former 
times, mulching was an important method used predominantly in gardening and 
plantations. Baumeister (1963) excerpts from Gourleye and Howletta (1949), who 
mention mulching with grass in a plantation during 2nd half of 19th century in the 



USA. Mulching with grass includes multiple cuts with leaving the cut and 
chopped sward on the spot, whereby the mulched material markedly suppresses 
underlying vegetation. 

Presently regular directed mulching of grassland is still constrained to 
permanent crops such as orchards, tree plantations and vineyards. Published 
studies mention mainly the influence of mulch on these stands, possible 
improvement of the hydrothermic conditions, limitation of erosion processes and 
weed control (Blasse, 1990; Hoffmann, Korper and Werner, 1995; Merwin, Stiles 
and Vanes, 1994). Mulching is also used for the maintenance of road verges 
(Kromer and Reloe, 1991). 

 
 
2.4.2. Mulching impact 
 

Mulching with organic material constitutes a new "microzone" with an 
autonomous water, air and temperature régime. Decomposition processes in the 
mulch evoke losses of mulch weight, changes in optical mulch properties and 
changes in mulch absorptivity and water retention capacity. 

The active surface extent of the mulch depends on the nature and structure of 
the material used and its distribution on the soil surface, and on the eventual 
incorporation of the mulch into the upper soil layer. 

The intensity of mulch influence depends not only on the kind of the mulching 
material but also on climatic and soil conditions (Struzina, 1990). The rate of 
mulch decomposition depends mainly on the soil temperature and moisture. The 
decomposition of the mulch can take only a few weeks in regions where moisture 
and temperature conditions are suitable for soil microbial activity (Moog et al., 
2002). In colder and drier areas the mulch can persist on the soil surface for more 
than one vegetation season (Mašková et al., 2008). 

Mulch supports the soil structure by its protection from adverse influence 
of intense rain. The organic layer on the soil surface slows down the surface 
drainage and moderates erosion processes. Mulch supports the maintenance of the 
soil porosity and positively affects water infiltration into the soil by keeping off 
deterioration of the soil aggregates (Dharmasena, 1994; Jung, Koh and Um, 1989; 
Vogel, Nyagumbo and Olsen, 1994). 

Mulch markedly interacts with evaporation and thereby also with water 
availability  in the soil. Heat from absorbed sun radiation is predominantly used 
for evaporation from the humid mulch layer; consequently, evaporation from the 
soil is expressively reduced. The intensity of this effect depends on the climatic 
conditions and the time and way of the mulch application (Lascano et al., 1994; 
Lascano and Baumhardt, 1996; Yunusa, Sedgley and Siddique, 1994).  



Mulching limits soil temperature fluctuations (Achraya and Sharma, 1994; 
Gajri, Arora and Chauddhary, 1994; Struzina, 1990; Wicks et al., 1994). Soil 
temperature is affected mainly by the colour of the mulch. Lighter organic 
materials have a greater albedo, i.e., a higher reflectance of sunshine. Soil 
temperature measurably decreases under the organic mulch mainly in the 
subsurface soil layer in dependence on the climate, vegetation period and kind and 
quantity of the mulched material (Kvítek et al., 2000; Merwin, Stiles and Vanes, 
1994). The soil temperature decreases also because the sunshine heat is primarily 
utilized for evaporation from the mulched material, not for warming of the mulch 
or soil (Struzina, 1990). 

The presence of mulch significantly affects the nutrient balance of the soil. 
Long-term mulching results in a higher humus content (Blasse, 1990). Kitou and 
Yoshida (1994) describe the positive impact of mulching on nitrogen fixation and 
its changes in the soil. In addition, the mulched plant material contains the 
nutrients required by plants (N, K, P, Ca, S, etc.). Some of these nutrients are 
releasable by simple processes (e.g., potassium is directly leached out by rain or 
snow water, while some nutrients are released during the mulch decomposition 
(N, P). An extensive root system often developing under the mulched layer can 
also improve the plant nutrient utilization (Garji, Arora 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 grassland stands. On the contrary, 

this maintenance method can have an undesirable influence on the plant 
community composition (Zelený et al., 2001; Kornaś and Dubiel, 1991). Physical 
soil properties (temperature, moisture content, water-holding capacity, bulk 
density, porosity, aeration) as well as chemical ones (nutrient content, rate and 
dynamics, pH) can be markedly affected (Kvítek, Duffková and Peterková, 2001; 
Kvítek, Peterková and Duffková, 2001a,b). It is expected that changes of soil 
characteristics induce changes in the soil microbial community structure and 
function (Šimek et al., 2001). The influence of mulching on partial components of 
the natural environment as well as the possible use of mulching as an alternative 
method of secondary grassland maintenance ought to be increasingly investigated.  
 



3. Research of the meadow ecosystems 
 

The selection of a suitable mountain meadow and pasture management ought 
to result not only from the respective communities' classification and descriptive 
characteristics, but also from a detailed knowledge of the grassland ecosystem 
functioning. A substantial number of studies has dealt with a global view on the 
secondary grassland ecosystems and the investigation of their components and 
processes. 

In the course of an evaluation of mountain meadow processes, it is mostly 
possible to consider the results of research studies also from other altitudes. 
Complex research of grassland ecosystems was accomplished, e.g., by Breymeyer 
and van Dyne (1980, description of plant and animal biomass in relation to 
production, consumption and decomposition), Gáborčík (1989, ecology of 
grassland ecosystems), Moravec (1965, classification of the grassland plant 
communities of the Bohemian Forest), Regal (1967, ecological indication values 
of selected plant species), Lavorel and Garnier (2002, functional groups in 
meadow communities).  

Some authors monitored grassland vegetation in selected areas. Klečka (1936) 
studied the Nardetum communities in the Bohemian Forest. One of the most 
detailed studies was published by Rychnovská et al. (1985, 1993). They 
investigated the structure and functioning of seminatural meadows in the 
Bohemian-Moravian Uplands. Krahulec et al. (1990) followed up the dynamics of 
mountain meadows in the Krkonoše mountains, Bufková, Prach and Bastl (2005) 
scanned alluvial meadows in the Bohemian Forest.  

In view of the great number of influencing factors, which cannot be 
considered objectively or separated in an experiment, complex research of 
grassland is very sophisticated and complicated. Long-term monitoring is also 
necessary. Most studies therefore concentrated on the observation of partial 
characteristics or influence of single factors on grassland communities.  

Herben et al. (1993a,b), Klimeš et al. (2001), Krahulec (1990, 1995), 
Smulders et al. (2000) and Stampfli (1992, 1995) monitored changes of species 
diversity in plant communities. Plant biomass production was studied, e.g., by 
Hitz et al. (2001) and Titlyanova et al. (1999), the relationship between plant 
biomass production and species diversity was described by Troumbis et al. 2000. 
Nutrient availability and influence of fertilization on meadow vegetation were 
evaluated, e.g., by Best and Jacobs (2001), Myklestad (2004), Olff and Bakker, 
(1991), Oomes (1991), Oomes and Kemmers (1995), Oomes et al. (1996), 
Roscher et al. (2004). Nitrogen cycling in grassland communities was monitored, 
e.g., by Grootjans et al. (1985, 1986), Makarov et al. (2003) and Meyers et al. 
(1982). Processes of the plant biomass decomposition were described, e.g., by 
Lexa and Krahulec (2000), Shaw and Harte (2001) and Tesařová (1976). 



Grassland ecosystems along the moisture gradients in inundated areas were 
studied by, e.g., Balátová-Tuláčková (1957), Jakrlová (1975), Jeník and Květ 
(1983) and Rybníček and Rybníčková (1974). Čermák et al. (2001), Voženílková 
and Květ (2001) and Voženílková et al. (2008) reported on a potential relationship 
between plant species diversity and phytopathogen expansion. Monitoring 
of successional changes on abandoned sites was accomplished, e.g., by Lepš and 
Štursa (1989), Van der Putten et al. (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 diversity under different 

management seem to be among the most frequently observed processes. It is the 
type of management that largely determines the prevailing vegetation type 
(Andrieu et al., 2007; Marini et al., 2007; Warren et al., 2002). Most of these 
studies indicate that regular mowing enhances plant species richness and diversity 
(e.g., Bobbink and Willems, 1993; Kahmen et al., 2002; Moog et al., 2002; 
Rosén, 1995; Sykes et al., 1994). Mowing frequency is considerably significant 
(Fiala, 1993; Ryser, Langenauer and Gigon, 1995), the term of cutting can also 
change the plant community composition by disturbing the plants at different 
developmental stages (Smith and Jones, 1991). A frequently confirmed fact is that 
leaving a meadow fallow often leads to a decrease of species diversity. In this 
respect, the results of various studies often differ, whether the abandonment of the 
meadows leads to a decrease of their species richness (Taser and Tappeiner, 2002; 
Willems, 1983), or whether the total number of plant species does not differ 
significantly (Ryser, Langenauer and Gigon, 1995; Schusserová, 2003; Zelený et 
al., 2001). 

Relatively scarce information is available on the mulching impact on species 
diversity in meadow communities. Some authors distinguish between the 
responses of particular meadow species to mulching (e.g., Bakker, 1989; Kornaś 
and Dubiel, 1991; Kvítek et. al, 1998; Lexa and Krahulec, 2000). Other studies 
suppose comparable impacts of mulching and cutting on the structure of the 
respective plant communities; their authors nevertheless recognize that the 
similarity of these types of management could be given by the coincidence of the 
term and frequency of both treatments (Kahmen et al., 2002; Moog et al., 2001). 

 
 



3.2. Influence of agricultural management on the meadow productivity  
 

Mowing of meadows without additional fertilizing reduces their productivity 
(e.g., Dickinson and Polwart, 1982; Chen et al. 1998; Willems 1983). Fertilizing 
can assist in the achievement of a markedly higher production (e.g., Wilson and 
Tilman, 1993). Mulched meadows can also have a higher production of 
aboveground biomass than unfertilised and mown ones (Oomes et al., 1996). Only 
a few studies deal with the belowground biomass production. These data 
altogether show a decrease of belowground biomass production in the course of 
regular mowing (Fiala, 2000; Pecháčková and Krahulec, 1995). On the contrary, 
Mašková et al. (submited to press) show that in a long-term run the mowing of the 
meadows can result in a higher belowground biomass than that in abandoned or 
mulched mountain grassland. 

Biomass production largely depends on the character of the vegetation season 
(its duration, amount of precipitation, temperature stratification, etc.). Monitoring 
of the different management impacts on the plant production therefore requires 
long-term observation. Stampfli (1995) observed the dependence of plant 
production on the sunshine duration, precipitation amount and relative air 
humidity. Nevertheless a transparent relationship between plant production and 
climatic factors can hardly be demonstrated (Silvertown et al. 1994) by reason 
that the biomass production often seems to be controlled by the weather of the 
preceding rather than current year (Krahulec, 1995; Herben et al., 1995). 



4. Aims of the research project 
- Functioning of mountain meadows under differentiated 
management impact 
 
The impact of mulching on secondary grassland is only sporadically included 

in available published studies. In addition, it is necessary to keep in mind that 
plant species are mostly site specific, affected by the type of community, character 
of environment as well as climate (Louault et al., 2005). 

A large pilot-scale field experiment was set up in the Šumava National Park 
in 1997. The aim of this study was to compare the effect of mulching of grassland 
ecosystems with those of traditional mowing or leaving the meadows fallow.  

 
 

Monitored ecosystem components and processes: 
• plant biomass, 
• plant community structure,  
• decomposition of plant biomass and cycling of essential biogenic elements,  
• physical properties of soil A horizon, 
• microclimatic processes in grass cover. 
 

The setup of the pilot-scale experiment was derived from the basic 
requirement that the experimental treatments ought to correspond with the 
practical agricultural management in the surrounding area. The treatments are 
practiced with standard mechanization and during a corresponding period of the 
vegetation season. It was also necessary to provide sufficient fetch for 
microclimatic and heat- balance measurements (Šmahel et al., 2001). Therefore 
three permanent plots of 50 × 100 m each, subjected to different treatments, were 
established on the experimental site. The biomass samples and phytocenological 
relevés were taken with an appropriate number of replicates in each plot (four 
replicates for the biomass, five for the phytocenological relevés). 

At the start of our experiment in 1997, the vegetation cover of the whole 
experimental area was homogeneous (Tab. 1) (Zelený et al., 2001). The pre-
treatment species richness, diversity, evenness and biomass of 1997 (Tab. 2), both 
above- and belowground as well as the amount of litter, were much the same over 
the whole area. In our opinion, these circumstances compensate for the 
impossibility to ensure the replication of differently treated plots in our 
experiment and, at the same time, justify statistical comparison between the 
treatments applied. 



a) 
 
 

Average cover 
(Braun-Blanquet scale) 

Species mown fallow mulched 
 Acetosa pratensis r r r 
Acetosella vulgaris r + r 
Agrostis capillaris 1 2 2 
Anthoxanthum odoratum r 0 r 
Campanula rotundifolia r r r 
Cardaminopsis halleri r r r 
Dactylis glomerata 0 r 0 
Deschampsia cespitosa 3 2 3 
Festuca rubra 3 3 3 
Hypericum maculatum 2 2 2 
Lilium bulbiferum r r r 
Luzula luzuloides 1 1 1 
Luzula multiflora r 0 r 
Poa pratensis + + + 
Potentilla erecta r 0 0 
Silene dioica + 1 1 
Stellaria graminea 0 r r 
Taraxacum officinale 0 0 r 
Veronica serpyllifolia r 0 r 
 
b) 
Treatment 
 

Number  
of present species 

Average cover  
(%) 

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 
only in mown  1 0.035 
only in fallow 1 0.002 
only in mulched 1 0.024 
 
 
Table 1 a,b 
Presence of the individual plant species in each treatment at the start of our 
experiment in 1997, in five 1m2 plots for each treatment. 



This table (Tabs. 1a,b) lists, for each treatment, only those species that occurred 
within the phytocenological relevés taken. They may have occurred, however, 
elsewhere in the respective treatments. The low cover of the species that were not 
recorded in all three treatments had a negligible influence of the initial 
homogeneity of the vegetation on the Zhůří study site (see Tab. 2). 
 
 

 
Kruskal-Wallis  
ANOVA by rank test, p 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-treatment biomass, species richness, 
diversity and evenness in the mulched, mown and fallow treatments 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 highest release and re-use of 
nutrients in the mulched stand in comparison with the mown and fallow ones. 

 
2. The species variety and diversity will decline in the mulched and fallow 

stands (with a probable decline of the number of protected and/or endangered 
plant species) while in the mown stand it will remain more or less unchanged 
or will slightly increase. 

 
3. The soil temperature and its fluctuations will decrease during the vegetation 

season in the following order of stands: mown > mulched > fallow. This 
implies the effect of thickness of the accumulated mulched material, plant 
litter or standing dead plant material. 

 
4. The moisture content in the soil will change in response to the management 

régime. The susceptibility of the soil environment to desiccation during 
occasional dry conditions will increase in the following order: fallow < 
mulched < mown stands. 

 
5. The amount of plant matter decomposed will increase in the following 

order: mown < fallow < mulched stands. This implies the lowest accumulation 
of humus in the mown stand in comparison with the fallow and mulched ones. 

 
6. The microclimatic conditions and water and temperature relations 

between the soil and plant cover will become markedly differentiated during 
the second half of the vegetation season (following the application of the 
experimental management) in response to the management régime. The 
maximum temperature will increase in the following order: fallow < mulched 
< mown stands. On the contrary, the relative air humidity will increase in the 
near-ground air layer in the reverse order (mown < fallow < mulched stands).  
 
 



Partial studies were published in the following papers: 
 

Mašková, Z., Květ, J., Zemek, F., Heřman, M., 2001.  
Functioning of mountain meadows under different management impact - research 
project. Silva Gabreta 7, 5-14. 
 
Mašková, Z., Zemek, F., Heřman, M., Květ, J., 2001.  
Post World War II development and present state of non-forested area at Zhůří - 
Huťská hora Mt. Silva Gabreta 7, 15-30. 
 
Smejkal, Z., Pojerová, J., Mašková, Z., Zemek, F., Heřman, M., 2001.  
Flora and vegetation of the study area at Zhůří (Huťská hora Mt.). Silva Gabreta 
7, 31-44. 
 
Kvítek, T., Duffková, R., Peterková, J., Mašková, Z., 2000.  
Soil temperature and moisture in differently used grassland in the Bohemian 
Forest. Silva Gabreta 5, 51-62 (in Czech with English summary). 
 
Zelený, D., Šraitová, D., Mašková, Z., Květ, J., 2001.  
Management effects on a mountain meadow plant community. Silva Gabreta 7, 
45-54. 
 
Zemek, F., Heřman, M., Mašková, Z., Květ, J., 2005.  
Multifunctional land use - a chance of resettling abandoned landscapes? (A case 
study of the Zhůří territory, Czech Republic). Ekológia 24, suppl. 1/2005, 96-108. 
 
Mašková, Z., Zemek, F., Květ, J., 2008.  
Normalized Difference Vegetation Index (NDVI) in the management of mountain 
meadows. Boreal Env. Res. 13, xx-xx. 
 
Mašková, Z., Doležal, J., Květ, J., Zemek, F., submitted to Agriculture, 
Ecosystems and Environment.  
Long-term functioning of a species-rich mountain meadow under different 
management regimes. 
 
These papers are being submitted as parts of this Ph.D. Thesis. 
 
 



Prach, K., Bufková, I., Zemek, F., Heřman, M., Mašková, Z., 2000. Grassland 
vegetation in the former military area Dobrá Voda, the Šumava national Park. 
Silva Gabreta 5: 103-113, Vimperk. 
Secondary grasslands in the Bohemian Forest contribute substantially to a 
characteristic landscape pattern and biodiversity of the mountains. However, in 
the past decades they have degraded in the great extent and the degradation is still 
in progress. We mapped vegetation units in 17 grassland areas (the total area of 27 
km2) around former settlements in the former military training zone. The 
vegetation units (31) were defined mostly according to dominant species and they 
were related to moisture and nutrient gradients and successional age. The 
vegetation data were elaborated by GIS methods. For particular units an optimum 
management was suggested, reflecting both interests of nature conservancy and 
agricultural use. 
 



Mašková, Z., Květ, J., Zemek, F., Heřman, M., 2001. Functioning of mountain 
meadows under different management impact - research project. Silva Gabreta 7: 
5-14, Vimperk. 
Small interest in agriculture under less favourable natural conditions is one of the 
phenomena related to political changes in Central Europe at the end of the 20th 

century. As a result, extensive areas of meadows and pastures have been 
abandoned and lay fallow. The existence and quality of secondary grassland 
depend, however, fully on human management. New alternative practices of non-
profit grassland management are necessary to preserve the natural values and 
characteristic appearance of secondary grassland in a seminatural mountain 
landscape. Mulching has been expected to become one of the prospective 
practices applicable to the management of mountain grassland. However, it can 
also bring about some unwanted changes to the grassland ecosystem. So far, only 
little qualified information has been available on the effects of mulching on 
mountain grassland. A long-term field experiment has been therefore set up in the 
Šumava National Park, with the aim to compare the impact of mulching on the 
grassland ecosystem and its components with the impacts of traditional grassland 
management by mowing and cattle or sheep grazing. Leaving the grassland fallow 
is a treatment with which the other treatments of the mountain grassland have 
been compared. This paper presents some of the problems related to the 
management of mountain grassland and describes the establishment of the long-
term field experiment. It informs briefly about the main results of the experiment 
and other related investigations. 
 



Mašková, Z., Zemek, F., Heřman, M., Květ, J., 2001. Post World War II 
development and present state of non-forested area at Zhůří  - Huťská hora Mt. 
Silva Gabreta 7: 15-30, Vimperk. 
A reconstruction has been made of the post World War II changes in land 
cover/land use within the Zhůří – Huťská hora Mt. enclave, an area of secondary 
grassland on the Kvilda Plains in central Bohemian Forest, with respect to the 
history of its management. The evaluation of the last fifty years development is 
based on a quantification of changes identified by visual interpretation of a time 
series of aerial photographs, and by field surveys. Among seven monitored 
categories of land cover/land use, significant expansion occurred of the forest-
covered area, from 21.5% of total area in 1949 to 35.9% in 2000. Within the same 
period, the secondary grassland area shrank from 54.6% to 43.5%. These changes 
resulted from natural regeneration processes, which started as a consequence of 
either complete abandonment of agricultural land, or reduced intensity of 
management of the remaining grassland plots. The rate of these changes was 
enhanced by the neighborhood of Norway spruce (Picea abies) forests, and also 
by the climatic conditions favoring the growth of seedlings of this tree in 
mountain habitats. 
 



Smejkal, Z., Pojerová, J., Mašková, Z., Zemek, F., Heřman, M., 2001. Flora and 
vegetation of the study area at Zhůří (Huťská hora Mt.). Silva Gabreta 7: 31-44, 
Vimperk. 
An inventory of vascular plants was carried out at Zhůří (Huťská hora Mt.) – an 
area of secondary grassland and successional woody vegetation. We paid special 
attention to important and protected species. Further, we mapped the main 
vegetation units, and suitable agricultural management was proposed on the basis 
of the mapping. Meadow communities of Zhůří are represented by the 
phytosociological alliances Violion caninae, Polygono-Trisetion, Calthion, 
Caricion fuscae a Caricion rostratae. The meadow in the SW part is overgrown 
by successional peaty birchwoods of the alliance Betulion pubescentis. The 
investigation confirmed 204 species of vascular plants, 18 of them enjoying legal 
protection. 
 



Kvítek, T., Duffková, R., Peterková, J., Mašková, Z., 2000. Soil temperature and 
moisture in differently used grassland in the Bohemian Forest. Silva Gabreta 5: 
51-62, Vimperk (in  Czech with English summary). 
Soil temperature and soil moisture were measured at three types of grassland use 
(one cut, no cut, mulching) on experimental locality "Zhůří" (Huťská hora Mt.). 
Results from two-years measurements of soil temperature show, that there were 
no significant differences among three types of grassland use in out-of-vegetation 
season. Significant differences were always found out between one cut and no cut 
types of grassland use in vegetation season. In the second experimental year, 
significant differences between one cut and mulching type of grassland use were 
not confirmed. Evaluation of differences of soil moisture values, measured in the 
first sampling depth of each grassland use type, before and after the cut, in the 
relation to the data of precipitation taken during each experimental season from 
the nearest meteorological stations show, that influence type of grassland use to 
the soil moisture is significant only in case when influence of precipitation is not 
so strong. In cases of low precipitation, types of grassland use declare different 
values of soil moisture. In the opposite case when precipitation is high, influence 
of grassland use to the soil moisture was not found out. Hydrothermal regime of 
mulching type of grassland use was found as a gradation between one cut and no 
cut variation of grassland use (soil temperature measured on mulching variation is 
closer to no cut type of grassland use, soil moisture measured in 0.05-0.25 m 
sampling depth is closer to one cut type of grassland use). 
 



Zelený, D., Šraitová, D., Mašková, Z., Květ, J., 2001. Management effects on a 
mountain meadow plant community. Silva Gabreta 7: 45-54, Vimperk. 
The response of an oligotrophic mountain meadow plant community to mowing 
and mulching was studied in a manipulative experiment for four years (1997–
2000) in the Bohemian Forest, Czech Republic. We established the changes of 
diversity and equitability of grassland vegetation as well as seasonal and year-to-
year patterns of its species composition. Our results indicate that mowing and 
mulching have positive effect on the species diversity in comparison with no 
management; the main reason is increased equitability and suppression of 
dominant graminoids in the managed plots. Seasonal variation does not indicate 
considerable differences in the constituent species’ response to management type. 
The four-year experiment seems to have been too short to enable unambiguous 
conclusions to be made on the advantages or disadvantages of mulching in 
comparison with the other management techniques tested, and with leaving the 
meadow fallow, with no management at all.  
 



Zemek, F., Heřman, M., Mašková, Z., Květ, J., 2005. Multifunctional land use - a 
chance of resettling abandoned landscapes? (A case study of the Zhůří territory, 
Czech Republic).  
Ekológia 24, suppl. 1/2005: 96 - 108, Bratislava. 
Small interest in agriculture under unfavourable natural conditions is one of the 
phenomena related to political changes in Central Europe at the end of the 20th 
century (in last decade). As a result, extensive areas of secondary grasslands have 
been abandoned and are now lying fallow. The existence and quality of secondary 
grassland depend, however, fully on human management, especially on further 
low impact agricultural practises. 
This paper presents some of the problems related to the management and 
development of secondary mountain grassland situated in protected area. A 
reconstruction has been made of the post World War II changes in land cover/land 
use with respect to the history of its management to understand better recent 
status. The evaluation of the last fifty years' development is based on a 
quantification of changes identified by visual interpretation of a time series of 
aerial photographs, and by field surveys.  
Special interest is paid to potential impact on local biotopes and ecosystem of 
planned resettlement of the territory and multifunctional land use. Main objections 
to lay-out master plan from administration of nature conservation are discussed 
here. In this case, no simple solution about the secondary grassland enclave's 
development exists from an impartial point of view. Site specifics, historical 
context and societal preferences with long-live perspective should be taken into 
the consideration in decision-making process. 
 



Mašková, Z., Zemek, F., Květ, J., 2008 (in press). Vegetation indices in the 
management of mountain meadows. Boreal Env. Res. 13, xx-xx. 
The aim of the study was to test the possibility of using the Normalized 
Difference Vegetation Index (NDVI) for distinguishing between differently 
managed mountain grassland sites surrounded by boreal forests. The NDVI was 
assessed under field conditions in three differently managed meadows (mown, 
mulched, unmanaged), at an altitude of 1150 to 1170 m in the Bohemian Forest 
Mts. The mowing and mulching were applied to the respective plots in mid-July 
and three successive NDVI/aboveground biomass assessments were made before 
and two after the application of the treatments. The presence of litter, expressed 
by the green ratio index (GR), strongly affected the reflectance of the grassland 
canopy. The linear relationships between green biomass and NDVI were 
statistically significant for all treatments only during the period before the 
application of the treatments. It was only in the unmanaged plot that a statistically 
significant linear relationship between NDVI and GR was recorded. 
 



Mašková, Z., Doležal, J., Květ, J., Zemek, F., submitted to Agriculture, 
Ecosystems and Environment. Long-term functioning of a species-rich mountain 
meadow under different management regimes.  
The aim of this study is to assess the effect of different management practices on 
mountain meadow plant biomass, species richness and diversity. The experiment 
was carried out in the Bohemian Forest Mts. at the altitude of 1150 to 1170 m for 
10 years. We applied three treatments (mowing, mulching, abandonment - fallow) 
to a mountain meadow with dominant Deschampsia cespitosa, Agrostis capillaris, 
Festuca rubra and Hypericum maculatum. The aboveground biomass was 
significantly highest in the fallow treatment and lowest in the mown one, the 
belowground biomass was the lowest in the fallow treatment and the highest in 
the mown one. The litter accumulation was higher in the fallow treatment than in 
the mulched one, where, nonetheless, the mulched material persisted for more 
than one growing season.  
The treatments significantly affected the plant species diversity and shifts of 
dominance among certain species were observed. Decrease of the species richness 
was observed in the fallow plot, while slightly lowered 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 strongly influenced the 
aboveground biomass, yearly harvest reduced it significantly. The 
aboveground biomass was highest in the fallow plot and lowest in the mown 
plot. On the contrary, belowground biomass was highest in the mown plot and 
lowest in the fallow one, but with statistically significant differences only 
between individual years within the same treatments. 
 

2. Species richness and diversity - partly confirmed hypothesis 
The decrease of the species richness was observed in the fallow plot, but the 
differences between the treatments were not statistically significant - it seems 
that a significant differentiation between the treatments requires more than ten 
years. The mulched plot exhibited slightly higher values of Shannon diversity 
and evenness compared to both the mown and fallow plots. In our experiment 
the main effects of the treatments on plant species diversity seem to be the 
shifts of dominance among certain species. 
 

3. Soil A horizon temperature - partly confirmed hypothesis 
During the vegetation season there were significant differences between 
higher temperatures in the mown plot and lower temperatures in the fallow 
plot. In the mulched plot, the soil temperature varied between those of the 
other two plots, being closer to that in the fallow plot. The reduction of soil 
temperature fluctuations under the mulched or litter layer was not statistically 
significant, its expression (in terms of intensity and time delay of temperature 
change) was affected by the temperature and moisture character of the given 
vegetation season.  
 

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



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

6. Microclimatic conditions - unconfirmed hypothesis 
By this time, the major part has not yet been evaluated of our measurements 
of the microclimatic conditions and water and temperature relations between 
the soil and plant cover. Nevertheless, the data about air temperature and 
humidity within the vegetation during two vegetation seasons are available.  
Note: The heat balance measurements, performed by Šmahel et al. (2001), 
showed a decrease of the daily average Bowen ratio (i.e., increase in the 
amount of heat dissipated through evapotranspiration) in the following order 
of differently managed stands: fallow > mown > mulched plot. 

 
 
The ratio between the confirmed and unconfirmed hypotheses documents the 

formerly published data deficiency. These data are not sufficient for reliable 
estimation of the possible influence of mulching on mountain meadow 
communities. Required specifications should be given during long-term 
experiments, involving more than ten years of experimental management 
application. 

 
 



Completion of the goals: 
 
• Summarization of the history and present state of the study area 

Data about the history and development of the study area were selected from 
available literature and, especially, from museum archives. These data 
summarize the area`s history from the first colonization during 14th century 
to the present exploitation (Mašková et al., 2001). 
 

• Comparison of the differently managed experimental plots 
The selected characteristics of the vegetation, soil A horizon and microclimate 
in the mown, mulched and fallow plots were observed and compared during 
the ten-year pilot-scale experiment (Kvítek et al., 2000; Mašková et al., 2008; 
Mašková et al., submitted to press; Zelený et al., 2001).  
 

• Estimation of the potential effects of mulching on the meadow community 
The results of fundamental vegetation and soil A horizon characteristics were 
analysed and statistically evaluated. In the process of data interpretation the 
climatic characteristics of the study area and potential relationships between 
the monitored components were taken into account. A part of the data 
obtained, which needs to be analysed in more detail, is available 
in unpublished form with the author of this dissertation. 
 

• Proposals for acceptable application of the mulching 
Acceptable possibilities of mulching as an alternative technique for the 
maintenance of secondary grassland in the Bohemian Forest were proposed 
on the basis of data obtained during the experiment (Mašková et al., 2008; 
Mašková et al., submitted to press, Smejkal et al., 2001). 



Conclusions: 
 
The experimental site is situated at a relatively high altitude with a short 

growing season, relatively low temperatures and a nutrient-poor acidic soil. 
The responses of the plant community to the different types of management 
applied are slow and seem to be largely controlled by the weather conditions 
during current or preceding vegetation seasons. 

The influence of the different agricultural management on the species 
diversity and productivity of the mountain grassland vegetation may be 
summarized as follows: 
• The production of plant biomass is low on the whole, regular mowing without 

complementary fertilization further gradually diminishes the production of 
aboveground biomass. Mulching moderates the decline of aboveground 
biomass production. 

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

• The different management was reflected, at first, in different cover degrees 
of the dominant species. The long-term holding fallow of the meadow resulted 
in a gradually decreasing species richness of the meadow plant community. 

• For distinguishing between differently managed mountain meadows it is 
possible to use, on a local scale, the Normalized Difference Vegetation Index, 
which exhibits a linear relationship with green aboveground biomass during 
the period before the application of the treatments (=management techniques).  

 



Recommendations: 
 

Annual harvesting of oligotrophic meadows without a simultaneous nutrient 
supplement can cause a decline of plant species diversity. The nutrients released 
from the mulched biomass and left on the spot (at least at intervals of a few years) 
can retard the oligotrophication of regularly mown meadows, simultaneously 
avoiding the potential impoverishment of the species diversity of these meadows. 

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

For the expression of unambiguous or generally available conclusions about 
the effects of regular mulching on meadow productivity and species diversity, it is 
necessary to undertake and evaluate more long-term experiments.  
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