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abstract

Uogintas D., Rašomavičius V., 2020: Impact of short-term abandonment on the structure and functions of semi-
natural dry grasslands. – Botanica, 26(1): 40–48.

A study of the impact of short-term abandonment on the structure and functions of semi-natural dry grasslands 
in Lithuania was performed. Data on the abundance of vascular plant species, hay and litter samples were 
collected. At the same time, plant functional traits and Ellenberg indicator values were used to evaluate the 
effect of abandonment on the structure and functions of semi-natural dry grasslands. The results showed that 
litter layer was significantly heavier in unmanaged plots compared to that in managed plots. The vascular plant 
species pool was higher in managed plots, where 62 vascular plant species were identified, while in unmanaged 
plots 46 species were identified. The species richness was significantly higher in managed semi-natural dry 
grasslands. Unmanaged plots had 12.3 ± 0.6 species, while managed plots had 17.7 ± 1.2 species per one square 
metre. Functional plant traits were similar in mowed and abandoned communities, while functional diversity 
was lower in unmanaged communities. These results are a clear indicator that the managing of semi-natural dry 
grasslands creates heterogeneity of the environment.

Keywords: functional traits, hemiboreal zone, mowing, plant diversity, plant species richness, semi-natural 
grasslands.

INTRoDUCTIoN

The structure and functions of semi-natural dry 
grasslands is widely influenced by grazing and 
hay harvesting in forest zones, but socioeconomic 
and technological changes in Europe have caused 
many farmers to abandon extensive land use prac-
tices (Wehn et al., 2017). It impacts biodiversity and 
ecosystem services, traditional landscapes and rural 
communities (Beilin et al., 2014). Abandonment of 
grasslands results in an early successional stage with 
progressive litter accumulation and increasing domi-
nance of few perennial grasses. This is followed by 
shrub and woody encroachment with obvious chang-
es in the structure and composition of the vegetation 
(Tilman, 1988). A secondary succession leads to an 
increase in the height of vegetation, accumulation 
of litter as well as changes in species composition, 

which may be found either increasing, stable or de-
creasing (Wanner et al., 2014). The rate of grassland 
overgrowth depends on many factors: hydrological 
regime, availability of woody plant seeds, thickness 
of litter layer, and disturbances facilitating the estab-
lishment of woody plants. At the same moment, very 
wet and dry grassland communities remain stable as 
well as mesic grasslands, if there are no disturbances 
of litter layer, for example, molehills or fires (Rūsiņa, 
2017).

The litter layer affects communities in various 
ways: (i) it can reduce the diversity of environmen-
tal conditions (light intensity and moisture regime 
amplitude becomes less diverse), (ii) it can reduce 
the success of seedling establishment and affects 
the germination of seeds whose germination needs 
a higher light requirement for germination (Jensen & 
Gutekunsta, 2003; Rūsiņa, 2017); at the same time, 
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more competitive species such as Brachypodium 
pinnatum (L.) P. Beauv., Calamagrostis epigejos 
(L.) Roth, Dactylis glomerata L. or Elytrigia repens 
(L.) Nevski suppress lower plant species and reduce 
plant species diversity (somodi et al., 2008; Holub 
et al., 2012; Rūsiņa, 2017) as well as functional and 
structural diversity and (iii) it can have an effect of 
fertilising, because biomass is not removed and the 
organic content of soil increases.

Semi-natural dry grasslands (Festuco-Brometea 
erecti communities; habitat type 6210 Semi-natural 
dry grasslands and scrubland facies on calcareous 
substrates, Annex I of the EU Habitats Directive) 
mostly occur in river valleys, especially on slopes 
and on the upper level of terraces. In Lithuania, 
there are approximately 27 km2 of the 6210 habitat; 
the mean size of the habitat patch is 1.6 ha. Semi-
natural grasslands are the most species-rich habitats 
for vascular plants in Europe (hamre et al., 2010). In 
addition, the highest recordings of plant species rich-
ness across the globe are found in communities of 
Festuco-Brometea erecti (ChyTrý et al., 2015).

Landscapes in Lithuania are the mosaic of forest 
patches and open vegetation types, mostly agricultural 
lands. Semi-natural and natural grassland vegetation 
occurs only in river valleys and on steep hills in mo-
raine upland regions. Traditionally, Festuco-Brometea 
communities are grazed, because other agricultural ac-
tivities are difficult due to unsuitable conditions, i.e. 
small grassland patches, steep slopes, rock outcrops, 
and inaccessible localities. only a small part of semi-
natural dry grasslands, which occurred in mosaic with 
mesic and alluvial grasslands, were used for hay har-
vesting. Semi-natural dry grasslands are one of the 
most threatened habitats in Lithuania, more than 72% 
of all these habitats are entirely unmanaged, tree cover 
average is 2.5% and shrub cover average is 4.61%. In 
addition, less than one-third of habitats are without 
any woody plants (Rašomavičius, 2012).

A significant amount of studies have been carried 
out in Central and Eastern Europe to investigate vari-
ous impacts of the abandonment of grasslands as well 
as the various management methods for conservation 
of habitats and different taxa (hamre et al., 2010; 
nekRošienė & skuodienė, 2012; sammul et al., 2012; 
Klimeš et al., 2013; neuenKamp et al., 2013). Most 
studies focus on grazed and abandoned communi-
ties, while only a few deals with mowed communi-

ties and those communities are usually classified as 
other types of grassland. That is why we addressed 
the following question: how does short-term aban-
donment affect vegetation structure, species richness 
and functional diversity of mown semi-natural dry 
grasslands in hemiboreal region?

MATERIALS AND METHoDS

field study design
The study sites were selected at three locations 

on the Šventoji and Širvinta medium river valleys in 
Lithuania. The field research was carried out in plots 
established on the upper level of floodplains, which 
were characterised by fluvial sand soil.

The investigated plots were established in mowed 
and abandoned patches of semi-natural dry grass-
lands. At each study site, one part of the grassland is 
actively being used for harvesting hay once per sea-
son; the other part has been abandoned for at least 
ten years. All other ecological gradients are the same 
in both parts of each studied area. The boundary be-
tween managed and unmanaged parts was used as 
a profile through the polygon of communities. The 
profile was divided into five equal segments; each 
plot was located five metres from the boundary be-
tween these two parts. The data were collected in 10 
plots of 1 m2 in size: five plots in the managed part 
and five plots in the abandoned part. The study was 
carried out in July 2019.

The abundance of each plant species in the plot 
was evaluated according to the six-grade Braun-
Blanquet scale, the total cover of plants was meas-
ured in percentage scale. The final dataset contained 
30 plots and 68 species, the taxonomy of species 
followed accepted names and synonyms of vascular 
plants of the European and Mediterranean vascular 
plant taxa provided by Euro + Med PlantBase (ac-
cessed 2019 11).

The aboveground biomass from each plot of 1 m2 
was collected. Both live and dead biomass was cut 
and separated. The biomass of every sample was 
weighted both in fresh and air-dried using the KERN 
HDB 5K5N scale.

plant trait data and analysis
The effect of abandonment on functions and 

structure compared to mowing was evaluated using 
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five functional plant traits: canopy height, leaf dry 
matter content, leaf mass, specific leaf area and seed 
mass. All traits were taken from the LEDA Traitbase 
(Kleyer et al., 2008). A total of 57 species were fully 
covered by trait data, for eight species one to three 
trait data were missing and three species were left 
uncovered by trait data. For each plot, the communi-
ty-weighted mean of trait values was calculated ac-
cording to bRuelHeide et al. (2019).

The effect of abandonment on the environment 
was evaluated using the unweighted mean of Ellen-
berg indicator values. The values adapted to Central 
Europe for nutrients, moisture, light, temperature and 
soil reaction, were used (ChyTrý et al., 2018). These 
data are stored in the Lithuanian vegetation database 
(EU-LT-001).

statistical analysis
Species abundance and frequency, and the Shan-

non index were analysed using software Juice (TiChý, 
2002). The litter, fresh grass and hay mass data were 
analysed and generalized linear model was examined 
using software PAST (hammer et al., 2001). The 
plant trait community-weighted mean and functional 
diversity were calculated using software Canoco, 
version 5 (teR bRaak & šmilaueR, 2012). Statistical 
significance was tested performing the two sample 
t-test and the differences between variances were 
tested using the F-test.

RESULTS AND DISCUSSIoN

grassland productivity
overall, there was no statistically significant dif-

ference (t-test, p < 0.05) between managed and un-
managed parts according to fresh grass and hay mass. 

Managed grassland fresh grass mass was 460.5 ± 
45.8 g m-2 (mean ± SE), while unmanaged grassland 
fresh grass mass was 484.3 ± 66.5 g m-2 (Table 1). 
Managed grassland hay mass was 188.7 ± 15.1 g m-2, 
while unmanaged grassland hay mass was 197.7 ± 
23.4 g m-2. Meanwhile, the litter mass was statisti-
cally significantly different in unmanaged and man-
aged plots, 172.7 ± 17.1 g m-2 and 87 ± 10.1 g m-2, 
respectively. The average ratio of dried litter and to-
tal above-ground biomass was significantly different 
in managed and unmanaged plots, 32 ± 3.9 and 48 ± 
5.2%, respectively.

Litter accumulation varies in different communi-
ties. For example, in abandoned fen grassland eco-
systems litter mass increases from about 200 g m-2 
in mid-successional stages to about 600 g m-2 in late-
successional stages (Jensen & Gutekunsta, 2003). 
over a period of more than 10 years, about 172 g m-2 
of litter have accumulated in unmanaged semi-natu-
ral dry grasslands. In semi-natural grasslands, after 
seven years of abandonment, litter biomass can reach 
70% of all above ground biomass (Rūsiņa, 2017). 
our study showed that in semi-natural dry grasslands 
litter biomass reached 48% of all above-ground bio-
mass during a period longer than 10 years. In contrast, 
the period of abandonment was too short to obtain 
statistically significant results in terms of hay mass. 
our results show only the trend of hay mass changes 
in communities, while other authors have found that 
hay mass increases in abandoned communities (sam-
mul et al., 2012).

species richness and abundance
In all investigated plots, the total cover of herb 

layer was similar, on average 53 ± 3% in managed 
and 45 ± 5% in unmanaged plots. The vascular plant 

Table 1. Summary of semi-natural dry grassland productivity results in managed (Y) and unmanaged (N) plots

Management 
type

Mean mass of 
fresh grass 

g m-2

Mean mass of 
hay 

g m-2

Mean mass of 
dried litter g m-2 Location

Y 327 137 130 24.88187° N, 55.01096° E
N 215 95 241 24.88187° N, 55.01096° E
Y 429 197 106 25.26823° N, 55.64881° E
N 559 232 347 25.26823° N, 55.64881° E
Y 625 232 64 24.4658° N, 55.08588° E
N 679 266 138 24.4658° N, 55.08588° E
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species diversity was higher in managed plots, 62 
vascular plant species were identified, while in un-
managed plots, 46 species were identified; in both 
types of communities 68 species were recognised. 
Vascular plant species number per plot was signifi-
cantly higher in managed semi-natural dry grasslands 
(Fig. 1). Unmanaged plots had 12.3 ± 0.6, while 
managed plots had 17.7 ± 1.2 species per plot (t-test, 
p < 0.05). In addition, the Shannon index was signifi-
cantly greater in managed plots. This confirms not 
only higher vascular plant species richness, but also 
the proportion of species abundance as being more 
equal among communities in managed grasslands.

Vascular plant species diversity was significantly 
lower in unmanaged plots. A generalized linear mod-
el was used to investigate the relation between mass 
of dried litter and species richness. This model also 
helps to understand the impact of abandonment on 
species diversity (Fig. 2). The model shows a clear 

linear relation between species richness and litter 
mass in communities. Species richness continuously 
decreases when litter mass increases. It is the main 
change in communities after short term abandon-
ment.

Species frequency was different among managed 
and unmanaged plots. The most frequent species in 
managed and unmanaged plots are presented in Tab-
le 2; diagnostic species of the Festuco-Brometea class 
are highlighted after muCina et al. (2016). one-third 
of all registered species were found only in managed 
plots. In contrast, 9% of all species were observed 
only in unmanaged plots, the most frequent (the fre-
quency in unmanaged plots was more than 10%) of 
these were Thalictrum lucidum and Urtica dioica.

The abundance of species fluctuated from 2 to 
38%. It is important to underline several species 
such as Anthriscus sylvestris, Carex hirta, Elytrigia 
repens, Filipendula ulmaria, Geranium pratense, 

Fig. 1. Number of registered vascular plant species (A) and the Shannon index (B) in managed (Y) and unmanaged (N) plots 
of Festuco-Brometea communities. The 25–75 percent quartiles are drawn using a box. The median is shown with a horizontal 
line inside the box. The minimal and maximal values are shown with short horizontal lines and outliers are shown as circles

Fig. 2. The impact of litter accumulation on vascular plant species diversity in semi-natural grasslands (a = -0.04, b = 20.6,  
p < 0.05)
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These species were more frequent and/or had higher 
maximum cover in abandoned communities. For 
example, Antriscus sylvestris and Filipendula ul-
maria had greater median and maximum covers in 
unmanaged plots, but equal frequency, while cover 
and frequency of Elytrigia repens were greater in un-
managed plots (Table 2). The similar phenomena of 
abandoned grassland eutrophication were observed 
by other authors in Western Europe (ruppreChT et 
al., 2016; miTChell et al., 2017). Also, Glechoma 
hederacea indicates a moister environment in aban-
doned communities, because the evaporation process 
is slower due to less open soil because of thicker litter 
layer. In addition, it alerts to lower intensity of light, 
which means that species are competing for light. In 
contrast, Avenula pubescens, Dactylis glomerata, 
Festuca pratensis, Phleum pratense and Poa angus-
tifolia were more frequent and/or had higher cover 
in managed plots. All these graminoids have adapted 
to mechanical harm during vegetation season and 
can, therefore, be more viable in managed commu-
nities. overall, a few dominant species, which had 
more than 30% cover in more than 10% of managed 
or unmanaged plots, must be mentioned. In managed 
plots such species were Equisetum arvense and Gal-
ium album, while in unmanaged plots dominant spe-
cies were Elytrigia repens, Festuca rubra, Fragaria 
viridis and Geranium pratense.

This study demonstrates the impact of short-term 
abandonment on grasslands species composition af-
ter cessation of hay harvesting. The findings of our 
study reinforce other research reports that under-
line decreasing of species richness caused by litter 
layer accumulation and competition for light in the 
case of cessation grazing in communities (pyKälä, 
2005; Wanner et al., 2014; letts et al., 2015; Wehn 
et al., 2017). It must be mentioned that the similar 
effects of a decrease of species diversity caused by 
litter accumulation may cause inappropriate agricul-
tural activities such as long-term mulching (HensGen 
et al., 2016).

ellenberg indicator values and functional diversi-
ty of communities

Several species indicate changes in community 
composition due to abandonment. The authors of this 
paper hypothesize that functional diversity is reduced 
in unmanaged plots because of a more homogenous 

Table 2. The most frequent ( > 20%) plant species in managed 
(Y) and unmanaged (N) grasslands

Species
Frequency, 

%

Median  and 
(maximum) cover 

of species, %
Y N Y N

Festuca rubra L. 100 87 13 (13) 13 (38)
Dactylis glomerata L. 93 47 8 (13) 3 (13)
Festuca pratensis Huds. 87 47 3 (13) 3 (13)
Poa angustifolia l. 73 47 13 (38) 13 (38)
Equisetum arvense L. 67 60 3 (38) 3 (13)
Galium album Mill. 60 47 13 (38) 13 (38)
Filipendula vulgaris 
moench 60 47 3 (3) 2 (13)

Achillea millefolium L. 60 20 3 (13) 3 (3)
Geranium pratense L. 53 60 3 (13) 13 (38)
Anthryscus sylvestris (L.) 
Hoffm. 53 53 2 (13) 3 (38)

Avenula pubescens (Huds.) 
Dumort. 53 47 13 (38) 3 (13)

Galium boreale l. 53 33 3 (13) 3 (13)
Thalictrum minus l. 53 33 3 (13) 13 (13)
Vicia cracca L. 47 53 2 (13) 2 (3)
Heracleum sibiricum L. 47 33 2 (3) 2 (2)
Knautia arvensis (l.) dc. 47 27 2 (3) 2 (2)
Veronica chamaedrys L. 47 7 2 (13) 2 (2)
Elytrigia repens (L.) 
Nevski 40 53 3 (13) 8 (38)

Fragaria viridis Weston 40 27 13 (38) 25 (38)
Calamagrostis epigejos 
(L.) Roth 33 27 3 (3) 8 (13)

Phleum pratense L. 33 20 3 (13) 2(2)
Medicago falcata l. 27 53 2 (38) 3 (13)
Galium verum l. 27 33 8 (13) 3 (3)
Potentilla reptans L. 27 27 3 (13) 8 (13)
Glechoma hederacea L. 27 27 2 (3) 13 (38)
Carex hirta L. 13 33 2 (3) 3 (13)
Rumex thyrsiflorus 
Fingerh. 13 27 2 (2) 2 (2)

Diagnostic species of the Festuco-Brometea class are in bold.

Glechoma hederacea and Rumex thyrsiflorus, which 
indicate eutrophication of communities, show degra-
dation trends of grasslands and are also tall-growing 
and very competitive species, especially Anthriscus 
sylvestris, Elytrigia repens and Filipendula ulmaria. 
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environment. To understand changes in communities 
in the early stages of abandonment, we tested mean 
Ellenberg indicator values, five plant functional traits 
as well as functional diversity.

The mean Ellenberg soil reaction (pH) and mois-
ture indicator values slightly increased in unmanaged 
plots compared to those in managed plots. The soil 
pH in managed plots was 7.2 ± 0.08 and in unman-
aged plots it was 7.4 ± 0.08. At the same time, the 
moisture value in managed plots was 4.7 ± 0.1 and in 
unmanaged plots 4.9 ± 0.1, but these differences are 
not statistically significant. other mean Ellenberg in-
dicator values were similar in all communities – light: 
7 ± 0.02, temperature: 5.7 ± 0.06 and nutrients: 4.7 ± 
0.1. By focusing on the most frequent species, which 
are found only in managed (22 species) or unman-
aged (6 species) plots, one can observe a clear trend, 
i.e. the increase of moisture and nutrient values. For 
example, on average, moisture values increased from 
4 in managed communities to 7 in unmanaged com-
munities, and nutrient averaged values also increased 
in unmanaged plots from 3.6 to 6.

Lower Ellenberg indicator values for nutrients and 
moisture in managed communities show that plants 
must compete due to lack of minerals and water in the 
soil, otherwise a thick litter layer can absorb water and 
keep the soil surface moist. Furthermore, the decom-
posing of litter acts as a fertilizer in unmanaged com-
munities. It is a reason why establishing nutrient de-
manding species and semi-natural dry grasslands start 
shifting into mesic grassland communities (ruppreChT 
et al., 2016; miTChell et al., 2017).

Several authors have found relations between 
functional plant traits in managed and unmanaged 
communities (louault et al., 2005; letts et al., 
2015; Wehn et al., 2017). In this study, there were 
no statistical differences between managed and un-
managed communities according to plant functional 
trait values: canopy height (0.46 ± 0.02 and 0.54 ± 
0.04 m, p = 0.102, respectively), leaf dry matter con-
tent (252.2 ± 3.8 and 265.3 ± 5.8 mg g-1, p = 0.068), 
leaf mass (201.9 ± 30.6 and 262.9 ± 34.8 g, p > 0.05), 
specific leaf area (20.8 ± 0.5 and 21 ± 0.6 mm2 mg-1, 
p > 0.05) and seed mass (2.1 ± 0.2 and 2.5 ± 0.3 mg, 
p > 0.05). only differences between variances in 
cano py height were found (F = 4.735, p < 0.05).

Canopy height is a consequence of competition 
for light, only higher plants can occur in unmanaged 

grasslands compared to managed grasslands. Despite 
the fact that mean Ellenberg indicator values do not 
show any changes in light-demanding species com-
position, plant height is a good competitive vigour 
for light (CoRnelissen et al., 2003), and it varies more 
in unmanaged plots than in those managed. Varying 
plant height confirms that light is a strong environ-
mental factor and species start to compete at the first 
stages of abandonment. Leaf trait values show that 
species response to abandonment has started. First-
ly, specific leaf area and leaf mass indicate that the 
environment becomes nutrient richer and resource 
stress is reduced. Secondly, leaf dry matter content 
indicates a more disturbed environment in managed 
plots. Increased seed mass in unmanaged plots shows 
a more complicated establishment of seedlings in 
abandoned grasslands and the resources stored in 
seeds tend to help their survival and establishment 
in litter dense communities. Similar findings were 
found in long-term grazed and abandoned communi-
ties (letts et al., 2015; Wehn et al., 2017) at different 
levels of grazing and mowing, and in fertile grass-
lands (louault et al., 2005).

Although strong differences in terms of function-
al plant traits were not found, functional diversity 
is significantly lower in unmanaged communities 
(Fig. 3).

The results show that environment heterogeneity 
is decreasing in abandoned communities and it is the 

Fig. 3. Functional diversity of managed (Y) and unmanaged 
(N) communities of semi-natural dry grasslands. The 25–75 
percent quartiles are drawn using a box. The median is shown 
with a horizontal line inside the box. The minimal and maxi-
mal values are shown with short horizontal lines and outliers 
are shown as circles
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main reason for reduced functional diversity. A low 
range of functional traits indicates an environmental 
filtering process that causes only a narrow range of 
functional trait values to be selected (botta-dukát 
& CzúCz, 2016; Wehn et al., 2017).

In conclusion, this comparative study between 
mowed and abandoned semi-natural dry grasslands 
shows that short-term abandonment causes an ac-
cumulation of litter layer, which can reach 48% of 
the total above-ground biomass. In managed plots, 
species richness and diversity were higher than in un-
managed plots, and the proportion of species abun-
dance was more equal. This phenomenon was a re-
sult of thick litter layer accumulation in abandoned 
grasslands. After cessation of management, the di-
versity of nutrients and moisture-demanding species 
increased in unmanaged plots and those communi-
ties started to shift into more mesic ones. A declined 
functional diversity and the establishment of few 
dominant species indicate a more homogenous envi-
ronment in abandoned communities.
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Trumpalaikio apleidimo poveikis pusiau naTūralių žolynų sTrukTūrai 
ir funKcijoms

domas Uogintas, Valerijus Rašomavičius

santrauka

Trumpalaikio apleidimo poveikio pusiau natūra-
lių sausųjų žolynų (Festuco-Brometea klasės bendri-
jos) struktūrai ir funkcijoms tyrimai buvo vykdyti 
dviejų Lietuvos upių slėniuose. Naudojamos (šienau-
jamos) ir apleistos (nebenaudojamos mažiausiai de-
šimt metų) bendrijos buvo išsidėsčiusios Šventosios 
ir Širvintos upių aukštesniajame terasų lygmenyje. 
Apleidimo poveikis bendrijų struktūrai ir funkcijoms 
buvo nustatytas pagal induočių augalų gausumo ir 
padengimo vertinimą, šieno ir nuokritų kiekį, augalų 
funkcines savybes bei Elenbergo indikatorines rūšis.

Tyrimo rezultatai parodė, kad nuokritų kiekis 

buvo reikšmingai didesnis apleistose bendrijų daly-
se, lyginant su šienaujamais plotais. Induočių rūšių 
įvairovė buvo didesnė naudojamose bendrijose, ku-
riose identifikuotos 62 augalų rūšys, o nenaudojamo-
se – 46 rūšys. Rūšių įsotinimas reikšmingai didesnis 
naudojamuose žolynuose nei apleistose jo dalyse, 
atitinkamai 12,3 ± 0,6 ir 17,7 ± 1,2 rūšių tyrimų plo-
te. Augalų funkcinės savybės nesiskyrė tiek naudo-
jamose, tiek apleistose bendrijose, tačiau bendra jų 
funkcinė įvairovė buvo mažesnė nenaudojamose 
bendrijose. Tokiu būdu, pusiau natūralių sausųjų žo-
lynų naudojimas stimuliuoja jų įvairovę.


