
Applied Vegetation Science 19 (2016) 78–88

Biomass removal by clipping and raking vs burning for
the restoration of abandoned Stipa-dominated
European steppe-like grassland

Eszter Ruprecht, M�arton Zsolt Enyedi, Anna Szab�o & Annam�aria Fenesi

Keywords

Fire; Functional groups; Litter removal; Long-

term experiment; Plant traits; Species richness;

Stipa pulcherrima

Nomenclature

Tutin et al. (1964-1980)

Received 5 February 2015

Accepted 27 July 2015

Co-ordinating Editor:

Angelika Schwabe-Kratochwil

Ruprecht, E. (corresponding author,

eszter.ruprecht@ubbcluj.ro)1,2,

Enyedi, M.Z.

(enyedi.martonzsolt@brc.mta.hu)1,3,

Szab�o, A. (annuc19@gmail.com)1,4,

Fenesi, A. (fenesi.annamaria@gmail.com)1

1Hungarian Department of Biology and

Ecology, Babes�-Bolyai University, Republicii
street 42, RO-400015 Cluj-Napoca, Romania;
2Institute of Ecology and Botany, MTA Centre

for Ecological Research, Alkotm�any �ut 2-4,

HU-2163 V�acr�at�ot, Hungary;
3Institute of Genetics, Biological Research

Center, Hungarian Academy of Sciences,

Temesv�ari krt.62, HU-6726 Szeged, Hungary;
4“Ap�athy Istv�an Egyes€ulet” Society, Baia Mare

street 59, RO-400171 Cluj-Napoca, Romania

Abstract

Question: Do restoration measures involving yearly biomass removal over 9 yr

have a beneficial effect on the structure and composition of long-term aban-

doned European steppe-like grassland? What is the effect of a single accidental

fire event on this grassland community?

Location: Continental dry steppe-like grassland, Suatu and Puini, Transylvania,

Romania.

Methods: In two long-term abandoned grassland sites, we experimentally car-

ried out annual biomass removal by clipping and raking, and by raking alone

over a period of 9 yr. We analysed the effect of the two planned treatments in

both sites and that of an accidental fire in one of the sites on the structure and

composition of vegetation. We applied a predominantly functional trait-based

analysis, but the dominant species Stipa pulcherrima and Carex humilis were

treated separately.

Results: Annual biomass removal applied for 9 yr at one site favoured

sub-dominant grasses and short-lived forbs over long-lived forbs and the two

dominant species, and generated a successional shift to more open grassland.

The clipping and raking treatment promoted plot-scale species richness when

the grassland species pool was large enough. The number and abundance of

Red-Listed species were not influenced by our treatments. The single accidental

fire event at one of the sites negatively affected the two dominant species and

promoted one of the sub-dominant grasses. In addition, burning in combination

with abandonment and presence of stoloniferous grass species benefiting from

fire decreased species richness. Variation in weather conditions, in particular the

series of dry years during our experiment, caused significant changes in vegeta-

tion cover and the quantity of litter, and decreased the abundance of S. pulcher-

rima in both sites and that of long-lived forbs in one site.

Conclusions: According to our results, biomass removal had a beneficial effect

on vegetation structure and composition in long-term abandoned steppe-like

grassland. Until further experimental data on the effect of burning on temperate

dry grassland are available, traditional management practices should be

favoured over alternativemethods.

Introduction

Grasslands of Central-Eastern Europe are of great interest

to nature conservation, since they harbour a large propor-

tion of the European grassland biodiversity. Romania pos-

sesses a significant area of well-preserved, high nature

value grasslands (Cremene et al. 2005; Akeroyd & Page

2011; Dengler et al. 2012; Turtureanu et al. 2014), and the

species richness of these grasslands was found to be excep-

tional even at a global scale (Dengler et al. 2012; Wilson

et al. 2012). These semi-natural grasslands have evolved

under the influence of continuous human management

over several hundreds or thousands years (Magyari et al.

2010), and are part of traditional farming landscapes of
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high cultural value (Fischer et al. 2012). Land-use tech-

niques should be adjusted to maintain the heterogeneous

landscape structure and the high biodiversity of semi-

natural habitats through traditional low-intensity agri-

cultural practices. Even so, large-scale abandonment of

grasslands on the one hand and intensification (e.g.

overgrazing) on the other hand have led to a substantial

transformation of grassland communities and loss of spe-

cies richness during the last ca. 25 yr (e.g. Enyedi et al.

2008).

Grassland abandonment initially leads to litter accumu-

lation and often to dominance of a few highly productive

herbaceous species (e.g. Kahmen et al. 2002; Moog et al.

2002; K€ohler et al. 2005; Valk�o et al. 2012). While the

dominance of such species is achieved mainly through

strong competitive effects on subordinate species, litter

exerts its effect on species composition via various mecha-

nisms. Litter cover decreases the availability of microsites

for recruitment, or changes microhabitat properties for

seeds and seedlings (reviewed by Xiong & Nilsson 1999;

Loydi et al. 2013), it may contain allelopathic substances

with a negative effect on the growth or germination of

plant species (e.g. Bosy & Reader 1995), and serves as a

natural seed trap (Donath & Eckstein 2010; Ruprecht &

Szab�o 2012). Grassland abandonment also alters the

structure of the plant community and the abundance and

diversity of invertebrate herbivores (Cremene et al. 2005;

Schmitt & R�akosy 2007). In later phases, abandonment

leads to shrub encroachment in semi-natural grasslands,

eventually ending in the development of forest (e.g.

Moog et al. 2002). Thus, there is a serious threat that

many grassland species adapted to open areas and to con-

tinuous human management will disappear (Pykala

2000).

Within the framework of the Good Agricultural and

Environmental Condition (GAEC) requirements, member

states of the EU must flexibly implement rules, e.g. to

maintain landscape features, livestock stocking rate and to

avoid encroachment of unwanted vegetation, i.e. weeds

and shrubs (Angileri et al. 2011). In Romania, additional

agri-environment payments are available for grassland

maintenance through the Ministry of Agriculture and

Rural Development (http://www.madr.ro/en/). Unfortu-

nately, in some cases, farmers choose the cheapest man-

agement method, i.e. burning, to keep the grassland

open, despite the fact that, as in many other European

countries, the use of fire as land management is illegal

(Valk�o et al. 2014). In temperate regions of Europe with a

continental climate, precipitation is most abundant during

the summer, thus plants remain green throughout the

growing season. There is no dry grass to ignite during the

warm months, and weather phenomena triggering igni-

tion (e.g. dry storms with lightening) do not occur or are

very rare. Based on sedimentary charcoal records, it was

demonstrated that fire frequency has been low (mean fire

interval = 110–320 yr) during the last 12 000 yr in the

study region. Over the last 700 yr of more intensive

human presence, no major fire events have been

detected, probably due to fire suppression (Feurdean et al.

2013).

Continental dry steppe-like grassland is represented

by the priority habitat type 62C0 (Ponto-Sarmatic

steppes) of the Habitats Directive of the European Union

(European Commission 2013). There are many exam-

ples from other European countries illustrating how vul-

nerable such calcareous dry grasslands are and how

rapidly they can be lost (e.g. Poschlod et al. 2005;

Jani�sov�a et al. 2011; Saar et al. 2012). The main cause

of diversity loss is the cessation of traditional land man-

agement. Abandonment causes accumulation of litter,

strong dominance of Stipa pulcherrima and diversity loss

in Romanian steppe-like grassland (Enyedi et al. 2008).

There is a serious lack of data regarding conservation

management and restoration recommendations for

stands that have been abandoned for a long time but still

support a considerable number of rare grassland species.

We consider that active human interventions similar to

past land use are necessary to reduce the amount of lit-

ter and the dominance of S. pulcherrima, to preserve the

unique species composition, and to promote the species

diversity of these grasslands. Experimental studies are

needed to evaluate options for developing management

recommendations by which these stands are restored

and grassland species conserved. At the same time, it is

important to document the effect of those interventions

potentially compromising the preservation of grassland

communities of high nature conservation value, e.g.

uncontrolled fires.

In two long-term abandoned steppe-like grassland sites

in Transylvania (Romania), we initiated a long-term

experiment in 2006, consisting of yearly biomass removal.

The treatments were litter removal by raking, and vegeta-

tion clipping combined with litter removal over 9 yr. We

compared the vegetation structure and composition

between treated and control plots. After 6 yr, an

unplanned anthropogenic fire occurred in one of the sites,

which temporarily halted our experiment, but provided

the opportunity to study the effect of a spring fire on this

dry grassland community. In this study we (1) explore if

restoration measures involving yearly biomass removal

over 9 yr have a beneficial effect on the structure, compo-

sition, species richness of dry grassland, and on rare

(threatened and vulnerable) plant species. In addition, we

(2) evaluate the effect of a single fire event on the

grassland community in one of the sites, and follow the

2 yr of regeneration after this unplanned spring burn. As
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illegal burning of grassland is increasing in frequency in

Romania, it is important to understand its effects on grass-

land communities and particularly on priority habitat

types.

Methods

Site description

The experiment was conducted in two steppe-like grass-

land sites, Suatu (46.79° N, 23.97° E, 419 m a.s.l.; grass-

land size 1.5 ha) and Puini (46.91° N, 24.04° E, 385 m

a.s.l.; grassland size 10.6 ha), which are situated in the

Transylvanian Lowland (Campia Transilvaniei) in Roma-

nia. They represent typical stands of the vegetation type

and of the nature conservation concern related to this

grassland type. They had been previously used as pastures,

but were abandoned about 40 yr ago. Therefore, as a

general phenomenon in such abandoned dry grasslands, a

relatively large amount of litter had accumulated

(470 g�m�2), species composition had changed and species

richness had decreased (Enyedi et al. 2008). The two stud-

ied stands are of a high nature conservation interest, since

the grassland in Suatu is a nature reserve, while that in

Puini is situated within a Natura 2000 site (SCIs = Sites of

Community Interest).

In the two study sites, the climate is temperate conti-

nental with a mean annual temperature of 8.68 °C, mean

annual precipitation of 567.9 mm and maximum precipi-

tation occurring during summer months (based on data

between 1923 and 2014, Cluj-Napoca Meteorological Sta-

tion; http://www.ecad.eu). Experimental grassland stands

are situated on steep south-facing slopes with eroded car-

bonated chernozemic soils on clayish or marly substrates,

and are dominated by a bunchgrass (Stipa pulcherrima)

and a short sedge (Carex humilis). The next most frequent

and abundant species are Teucrium chamaedrys, Medicago

sativa subsp. falcata, Dorycnium pentaphyllum subsp. herba-

ceum, Stipa capillata and Falcaria vulgaris. Studied plant

communities were identified as the Stipetum pulcherrimae

So�o 1942, which belongs to the Stipion lessingianae So�o

1947 and Festucetalia valesiacae So�o 1947 (Dengler et al.

2012). The two sites were very similar in vegetation struc-

ture and species composition. The plot-scale species rich-

ness (1 m2, a-diversity) did not differ between the two

sites at the beginning of the experiment (t = �0.26,

P = 0.79; average in Suatu 26.50 � 3.05 (�SD) and Puini

26.88 � 6.33), whereas the grassland-scale species rich-

ness (sum of species encountered in experimental plots,

c-diversity) was higher at the Puini site (Suatu 62, Puini

76). There were ten Red-Listed species in the two sites

according to national red lists (Bos�caiu et al. 1994;

Dihoru & Dihoru 1994; Oltean & Negrean 1994): Adonis

vernalis, Allium albidum subsp. albidum, Astragalus peterfii,

Cephalaria uralensis, Dictamnus albus, Echium russicum,

Jurinea mollis subsp. transylvanica, Salvia nutans, Scorzonera

purpurea and Serratula radiata. A. peterfii was present only

in Suatu and D. albus, E. russicum and S. purpurea only in

Puini.

Treatments and sampling

The experiment was established in the spring 2006. We

began to apply two different treatments: litter removal by

raking (L) and clipping combined with litter removal

(L+C), and had unmanaged plots as a control (U). Vegeta-

tion was clipped at 5-cm height. Treatments were repeated

each year from 2006 until 2014 in early spring, at the

beginning of the growing season. The first treatment (L)

was designed to assess the effect of dead biomass removal

alone, while our second treatment (L+C) also included

clipping, thus perennial species lost ca. 90% of their

above-ground biomass and had to regenerate by resprout-

ing. In the strict sense, our treatments do not correspond

to grazing, the traditional management of this grassland

type, in the lack of trampling and continuous consump-

tion of plant parts by animals. They focus strictly on the

effect of biomass removal (dead and alive), the main com-

ponent of any grassland management intervention. The

experimental design was a completely randomized block

design, with each treatment replicated once in each of the

eight blocks per site. Each plot was 1 9 1 m, surrounded

by a 0.5-m wide buffer strip subjected to the same

treatment.

Vegetation was recorded between mid-June and the

end of July, at the peak of the growing season. Percentage

cover was visually estimated for each species rooted in, or

in the case of hemiphanerophytes or shrubs, overhanging

each plot. Cover measures can add up to more than 100%

in plots withmultiple layers. In addition to vegetation sam-

pling, we also estimated the percentage cover of bare

ground and litter.

Since we expected slow vegetation responses, sampling

was planned every 5 yr (in 2006, 2011, 2016, etc.). After

two sampling occasions (2006 and 2011), in early spring of

2012 there was an anthropogenic fire in one of the sites

(Puini), where the above-ground biomass completely

burned (no litter remained in either treated or control

experimental plots) and the tussocks of the dominant spe-

cies were seriously damaged. The fire affected ca. 80% of

the grassland area. This unplanned event provided the

opportunity to study the effect of burning on the species

composition and vegetation structure of this grassland

stand (Puini) for 3 yr (sampling in 2012 and 2014). At the

Puini site, treatments were not resumed after 2012 in order

to follow spontaneous regeneration of vegetation after the

fire event.
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Data analysis

Based on weather data for Cluj-Napoca (the closest

meteorological station to both sites; available at http://

www.ecad.eu), we analysed the distribution of total

monthly precipitation and average monthly temperature

within the study period and the preceding 9 yr (1997–
2014). According to the Gaussen-Bognouls aridity index

(Bognouls & Gaussen 1957), we determined dry periods

(when water availability limits plant growth) occurring

during the growing season.

In order to track changes in main vegetation attributes

and composition as a response to our treatments, we anal-

ysed as response variables: cover of litter, bare ground and

vegetation; species richness; number and total abundance

of Red-Listed species; the cover of the two dominant spe-

cies, S. pulcherrima and C. humilis, and that of certain func-

tional groups (sub-dominant grasses, short-lived forbs and

long-lived forbs). Species were classified according to the

BiolFlor database (Klotz et al. 2002; http://www.bi-

olflor.de). We used data from four sampling years in our

analyses: 2006 (start of the experiment), 2011 (first sam-

pling after 5 yr), 2012 (the year of fire in Puini) and 2014

(2 yr of regeneration after fire in Puini).

To test the effect of experimental treatments and year

on vegetation attributes, we used general mixed effect

models (lme function in ‘nlme’ package in R; R Foun-

dation for Statistical Computing, Vienna, AT) in the

case of normally distributed response variables and

those that could be transformed by arcsine square root

or log transformation to obtain normally distributed

residuals and/or to achieve homoscedasticity. In the

case of count variables with Poisson distribution, e.g.

species richness and number of Red-Listed species, gen-

eralized mixed effect models (glmer function in ‘lme4’

package in R) were run. We used ordered logistic

regression models (Liu & Agresti 2005; clmm function

in ‘ordinal’ package in R) in those cases when continu-

ous data could not be normalized due to high propor-

tion of zeroes: cover of litter, cover of sub-dominant

grasses and cover of short-lived forbs. Prior to analysis,

these response variables were transformed to ordinal

variables with six classes. Data from the two sites were

analysed separately.

The models included treatment (n = 3) and year (n = 4)

as fixed factors and block (n = 8) as random factor, as well

as the interaction between treatment type and year. In the

case of significant effects or interaction terms we used glht

functions with Tukey contrasts in the R package ‘mult-

comp’ to test for differences among the levels of significant

explanatory variables. All analyses were performed using

the R statistical environment v 3.0.3 (R Foundation for

Statistical Computing, Vienna, Austria).

Results

Levels of precipitation and temperature during the study

period and preceding years

There were 1–3 dry (arid) months during the growing

season in 4 out of the 9 yr preceding our experiment

(1997–2005), when the monthly precipitation was

insufficient to cover the water losses from evaporation,

and the vegetation probably suffered from water short-

age. During the experimental period (2006–2014), there
were arid periods lasting for 1 or 2 months in 7 out of

the 9 yr (Appendix S1). The experimental period had a

much higher incidence of dry years (years with at least

1 month of the growing season with water deficit; see

Appendix S1) (77.8%) than the pre-experimental period

(44.5%).

Effect of treatments and fire on vegetation attributes

The treatments applied significantly reduced the quantity

of litter in both grassland sites from the first year of their

application onwards (Tables 1 and 2). Vegetation clipping

together with raking was more effective in decreasing the

litter cover compared to raking alone (Table 2). Interest-

ingly, despite the regular yearly treatments, litter cover

was higher in 2011 than in 2006 at both sites (Table 2).

The unplanned 2012 fire event removed all the above-

ground biomass from each plot at the Puini site, and the

cover of litter increased rapidly during the next 2 yr

following fire (Table 2).

Simultaneously with decreasing litter cover, the cover

of bare ground increased in both treatments compared to

the control, attaining average values between 23% and

49% in Suatu and 14% and 33% in Puini in 2006 and

2011, respectively (Tables 1 and 2). In both sites, clipping

had an additional effect to raking on the cover of bare

ground (Table 2). While the continuously applied treat-

ments in Suatu did not further increase the cover of bare

surfaces after 2011, the single fire event in Puini created

even larger bare soil surfaces in the entire grassland (up to

38% in formerly treated plots and 46% in former control

plots; Table 2).

The effect of year on vegetation cover was more remark-

able than that of applied treatments, since vegetation cover

decreased from 2006 to 2011 at both sites, irrespective of

our treatments (Tables 1 and 2). In Puini, the 2012 fire fur-

ther decreased vegetation cover, while in Suatu no such

decrease could be detected between 2011 and 2012

(Table 2). Of the treatments applied, only clipping com-

bined with raking decreased vegetation cover throughout

the whole experimental period compared to raking alone

and the control in Suatu (Table 2).
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Effect of treatments and fire on dominant species and

functional groups

In Suatu, clipping applied in combination with raking over

9 yr significantly decreased the cover of S. pulcherrima com-

pared to the control, and also the cover of C. humilis com-

pared to raking. Also at this site, both treatments increased

the cover of sub-dominant grasses and decreased the cover of

long-lived forbs, while the cover of short-lived forbs was

increased by the raking treatment (Fig. 1). In Puini, where

Table 1. Results of the general mixed effect models, generalized mixed effect models and ordered logistic regressions on the effect of treatment (T), year

(Y) and the interaction between T and Y on vegetation attributes (cover of litter, bare ground and vegetation), cover of dominant species (Stipa pulcherrima

and Carex humilis), functional groups (sub-dominant grasses, short-lived forbs and long-lived forbs), on the species richness and the number and abun-

dance of Red-Listed species separately for the two sites (Suatu and Puini). Values show F or v2 statistics, and asterisks mark the significance levels:

*** P < 0.001, ** P < 0.01, * P < 0.05 and (*) P < 0.10. For all the analyses, degrees of freedom are 3 (Y), 2 (T) and 6 (T x Y).

Suatu Puini

T Y T x Y T Y T x Y

Cover of litter v2 17.69*** 9.18* 6.19 55.51*** 154.85*** 50.47***

Cover of bare ground F 185.97*** 3.10* 3.07** 35.20*** 59.80*** 21.80***

Cover of vegetation F 17.76*** 40.29*** 2.02(*) 2.19 13.44*** 1.16

Cover of Stipa pulcherrima F 3.49* 20.44*** 1.13 2.85(*) 11.89*** 1.08

Cover of Carex humilis F 4.26* 6.07*** 0.24 2.46(*) 14.76*** 0.76

Cover of sub-dominant grasses v2 17.69*** 9.18* 6.19 0.09 11.59** 2.01

Cover of short-lived forbs v2 5.25(*) 29.39*** 10.77(*) 10.72** 5.81 9.86

Cover of long-lived forbs F 10.76*** 18.43*** 1.25 0.57 1.00 0.46

Species richness F 0.72 0.50 0.31 5.03** 8.58** 0.72

Number of r-l species F 0.20 0.07 0.05 1.77 0.36 0.52

Abundance of r-l species F 0.55 3.56* 0.16 0.41 0.48 0.19

Table 2. Difference in main vegetation attributes (cover of litter, bare ground and vegetation), in species richness and the number and abundance of Red-

Listed species between treatment types (U, unmanaged control; L, litter removal; L+C, litter removal and clipping; average, averaged through all the treat-

ments) and years in two steppe-like grassland sites (Suatu and Puini). Please note that there was an accidental fire at the Puini site in 2012, which also

affected treated and control plots, and treatments have not been resumed after the fire at this site. Values are means, letters above treatment types and

average values through all the treatments per year denote significant differences between treatments and between years, respectively, at P < 0.05.

Suatu Puini

Treatm./Year 2006 2011 2012 2014 2006 2011 2012 2014

Litter (%) Ua 73.13 95.00 93.88 93.75 Ua (2006, 11) 76.25 89.75 0.19 59.38

Lb 3.25 15.00 14.63 13.13 Lb (2006, 11) 8.75 21.25 0.00 63.75

L+Cc 1.38 5.13 3.56 3.75 L+Cc (2006, 11) 2.38 1.60 0.00 60.63

Average 25.92a 38.38b 37.35b 36.88b Average 29.13a 37.53b 0.06c 61.25d

Bare Ground (%) Ua 2.50 2.40 1.40 2.44 Ua 1.69 1.25 45.88 14.25

Lb 23.38 27.50 22.25 24.38 Lb 19.38 13.88 38.13 12.50

L+Cc 26.13 48.75 50.00 51.25 L+Cc 31.88 33.13 36.88 11.50

Average 17.33a 26.22b 24.55ab 26.02b Average 17.65a 16.08a 40.29b 12.75a

Vegetation (%) Ua 116.40 87.53 96.34 89.21 U 109.20 89.19 70.13 85.81

La 116.46 93.70 87.56 88.45 L 111.81 101.61 81.64 89.81

L+Cb 110.31 81.35 68.40 67.41 L+C 104.79 91.65 90.48 92.55

Average 114.39a 87.53b 84.10b 81.69b Average 108.60a 94.15b 80.75c 89.39bc

Species Richness U 26.63 22.75 24.75 25.00 Ua 27.00 26.38 27.13 22.88

L 26.63 25.63 24.88 26.63 Lab 26.88 30.50 32.13 23.63

L+C 26.75 26.50 26.13 25.50 L+Cb 27.13 33.00 34.13 26.00

Average 26.67 24.96 25.25 25.71 Average 27.00a 29.96ab 31.13b 24.17c

Nr. r-l Species U 4.13 3.75 3.75 3.63 U 1.38 1.13 1.25 1.50

L 4.00 4.00 3.88 4.13 L 0.75 1.13 1.75 1.00

L+C 4.25 3.88 4.13 4.25 L+C 1.75 1.63 1.75 1.88

Average 4.13 3.88 3.92 4.00 Average 1.29 1.29 1.58 1.46

Ab. r-l Species (%) U 15.01 10.51 12.51 15.99 U 2.94 2.28 2.93 4.13

L 13.86 10.00 10.03 16.05 L 0.65 1.65 1.69 1.73

L+C 14.90 11.53 9.41 16.21 L+C 1.88 2.26 3.40 6.30

Average 14.59ab 10.68a 10.65a 16.08b Average 1.82 2.06 2.67 4.05
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the 2012 fire obscured the effect of applied treatments or

interacted with them, the cover of S. pulcherrima was higher

in raked plots and that of C. humilis in clipped and raked plots

compared to control plots, while the cover of short-lived forbs

was increased by both treatments (Fig. 1).

It is interesting to note that there was a significant year

effect on the cover of dominant species (S. pulcherrima and

C. humilis) and some of the functional groups (e.g. sub-

dominant grasses) in both sites over the 9 yr of the study,

which was independent of our treatments. Changes in the

cover of dominant species were similar at the two sites

between 2006 and 2011, but from 2011 onwards the two

sites diverged. While in Suatu the cover of dominants and

functional groups did not change between 2011 and 2012,

the 2012 fire significantly decreased the cover of both dom-

inant species compared to 2011 values in Puini (Fig. 1).

The year effect on S. pulcherrima was very strong, since

its cover decreased considerably from 2006 to 2011 in both

sites, and from 2011 to 2014 in Suatu. In Puini, after a

strong decline between 2011 and 2012 (the year of fire),

when S. pulcherrima attained its lowest cover recorded by

us within the studied period, it recovered until 2014

(Fig. 1). The year effect on C. humilis was not as accentu-

ated as on S. pulcherrima: its cover decreased from 2012 to

2014 in Suatu and between 2011 and 2012 (the year of

fire) in Puini; however, it could not recover as fast as

S. pulcherrima during the 2 yr following fire, and its cover

remained at low values (Fig. 1). From the functional

groups analysed, sub-dominant grasses increased by the

end of the experimental period in both sites, and this

increase was more rapid in Puini, where their cover almost

doubled from 2012 to 2014, especially in control plots

(Fig. 1). This increase in the cover of sub-dominant grasses

2 yr following fire could be unambiguously attributed to

Elymus hispidus, which increased in cover from 3.4%

before the fire to 11.0% after the fire, on average. In

Suatu, the cover of both the short-lived and long-lived

forbs first decreased from 2006 to 2011, and later increased

from 2012 to 2014 (Fig. 1).

Effect of treatments on the species richness and on

Red-Listed species

Our treatments had no effect on the species richness in

Suatu. Over the whole experimental period, clipping

applied together with raking increased the species richness

compared to the control in Puini (Tables 1 and 2). How-

ever, in this site, the year effect indicates a decline in spe-

cies richness 2 yr after the fire event, in 2014 (Table 2).

There were seven species of particular conservation

interest (Red-Listed) in the grassland site in Suatu and nine

in Puini. All these species had low abundance in experi-

mental plots, which is why we did not treat them sepa-

rately but analysed their responses to our treatments

jointly. Treatments applied by us had no significant effect

either on the number of Red-Listed species within experi-

mental plots or their abundance (Tables 1 and 2). How-

ever, we detected a year effect in Suatu, where the

abundance of Red-Listed species increased from 2011

(2012) to 2014 (Table 2).

Discussion

The annual biomass removal treatments we applied for

grassland restoration were effective in considerably

decreasing litter quantity and increasing the extent of bare

soil surfaces in the two steppe-like grassland study sites.

Creation of microsites by litter removal is known to be cru-

cial for facilitating seedling emergence in non-disturbed

grassland (Spa�ckova et al. 1998; Hofmann & Isselstein

2004; Eskelinen & Virtanen 2005), and by this means even

promoting the establishment of additional species

(Ruprecht et al. 2010a). Thus, it is feasible that this mecha-

nism played an important role in the successfully increased

species richness by the clipping and raking treatment in

Puini. However, treatments did not increase species rich-

ness in Suatu. Since the initial grassland species pool (c-di-
versity) was higher in Puini, it is likely that the positive

outcome of species richness on plot scale at the Puini site

was the result of the joint effect of applied restorative bio-

mass removal and the larger species pool at this site. The

higher species richness at grassland scale at this site may be

the result of lower intensity grazing in the past, compared

to the grassland in Suatu, or the larger grassland area,

which could sustain a larger species pool.

Nine years of application was sufficient in the case of

both biomass removal treatments to cause a succession

shift in the grassland site in Suatu (Fig. 1). If raking was

combined with clipping, it decreased the dominance of

S. pulcherrima, compared to control (unmanaged) plots in

Suatu. Since the leaves of S. pulcherrima have been found

to contain allelopathic substances (Ruprecht et al. 2010b),

it is very probable that biomass removal decreased chemi-

cal inhibition on growth and seed germination of subordi-

nate species (Rice 1972; Newman & Rovira 1975; Bosy &

Reader 1995; Ruprecht et al. 2008). The treatments had

contrasting effects on different functional groups, since

they decreased the abundance of long-lived forbs but

increased the cover of short-lived forbs (only raking) and

sub-dominant grasses. This vegetation change is concor-

dant with a shift to more open grassland of a lower cover

of perennial forbs and S. pulcherrima and higher presence

of other grass species, e.g. Stipa lessingiana, S. capillata and

Koeleria macrantha (Enyedi et al. 2008). We also wanted to

find out how this change affects species of conservation

interest. All but one Red-Listed plant species were long-
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lived forbs, and the abundance of long-lived forbs, as a

whole, was found to decrease as a result of our manage-

ment interventions in Suatu. Nevertheless, species of par-

ticular conservation importance were not affected

negatively by our treatments.

The accidental fire in the spring of 2012 at the Puini site

interfered with our previously applied treatments and

caused sudden changes in vegetation structure and compo-

sition. In the year of fire, burning strikingly increased the

cover of bare soil surfaces by consuming all the dry biomass

covering the ground. This led to more open vegetation

structure, which was similar to the result of our planned

management interventions. In the same way as vegetation

clipping in combination with raking in Suatu, burning

decreased the cover of both dominant species, S. pulcher-

rima and C. humilis, and increased the cover of sub-domi-

nant grasses. While S. lessingiana, S. capillata and

K. macrantha were the species benefiting from weakened

competition by the dominant species in clipped and raked

plots, it was E. hispidus that increased in cover after the fire.

This phenomenon may be explained by differences in the

fire tolerance of dominant species and of E. hispidus. While

tussock-forming dominant species were negatively influ-

enced, E. hispidus, with below-ground perennating buds

and stolons, benefited remarkably from burning (Pyke

et al. 2010). Similar results have been found in other

experimental studies in European grasslands, where Brachy-

podium pinnatum, a stoloniferous grass with a similar strat-

egy to E. hispidus, showed increased abundance in burning

treatments (e.g. Moog et al. 2002; K€ohler et al. 2005). It is

also interesting to note that in control plots, where the

quantity of dry biomass was higher, burning more strongly

decreased the abundance of dominant species.

As traditional forms of land use are becoming rare, there

is an urgent need for alternative management techniques

in order to preserve an open, heterogeneous landscape

structure and plant and animal species adapted to open

habitats. Since nature conservationists are looking for

cheap and practical solutions, prescribed burning is being

increasingly considered in non-fire-prone temperate grass-

land as well as in areas with natural fire regimes (Page &

Goldammer 2004; Goldammer 2013; De�ak et al. 2014;

Valk�o et al. 2014). Experiments involving annual burning

in temperate European grasslands report undesired

changes in vegetation composition, increased dominance

of a few highly competitive species and often a decline in

species diversity (Moog et al. 2002; Wahlman & Milberg

2002; K€ohler et al. 2005; but see Schreiber 1997). Some

authors have questioned whether fire is able to replace

traditional management practices (e.g. Milberg et al.

2014), while others have argued that the application of

prescribed burning in combination with other restoration

measures (e.g. grazing) may be a good solution for specific

management objectives in European grasslands (e.g. Valk�o

et al. 2014). In our study we analysed the effect of a single

fire event, which is hardly comparable with the results of

long-term studies on controlled burning cited above. In

addition, the lack of a control within our burned sitemakes

the interpretation of fire effects difficult. Nevertheless, we

detected changes in the grassland structure and composi-

tion, some of which lasted for only 1 yr, e.g. decreased

cover of litter and one of the dominants, S. pulcherrima,

while others persisted until the second year after fire, e.g.

increased abundance of E. hispidus and decreased cover of

the dominant sedge, C. humilis. Fire in combination with

abandonment and increased abundance of the stolonifer-

ous E. hispidus benefiting from fire led to a decline in spe-

cies richness 2 yr after the fire.

Long-term experiments are indispensable to study the

effect of planned management interventions on vegeta-

tion, but field conditions bring many other factors, e.g.

effects of inter-annual variation in weather, which cannot

be controlled for (K€ohler et al. 2005). Inter-annual rain-

fall variability, and most of all summer drought, may have

a filtering effect on species of herbaceous communities

according to their functional traits (P�erez-Camacho et al.

2012; B�aez et al. 2013). In line with this, we found a

strong year effect on most of the vegetation parameters

studied, which is very probably due to variation in

weather conditions during the course of the experiment

in Suatu, while in Puini weather effects intermingle with

the effects of the 2012 fire. Compared to the period pre-

ceding our experiment (1997–2005), the period between

2006 and 2014 had a higher incidence of dry years. This

higher frequency of arid years may have caused the

decline in total vegetation cover, together with an

increased litter quantity, in both grassland sites from the

first to the sixth year of the experiment, affecting particu-

larly the cover of one of the dominants, S. pulcherrima, in

both sites and long-lived forbs in Suatu. In many cases,

Fig. 1. Effect of experimental treatments, litter removal by raking (L), clipping in combination with raking (L+C) and unmanaged control (U), on the cover of

dominant species (Stipa pulcherrima and Carex humilis) and functional types (sub-dominant grasses, short-lived forbs and long-lived forbs) during 9 yr

(2006–2014) of their application in two steppe-like grassland sites (Suatu and Puini). Please note that there was an accidental fire at the Puini site in 2012,

which also affected treated and control plots, and treatments were not resumed after the fire at this site. Values are means � SE. Letters denote significant

differences between years at P < 0.05. Significant differences between treatments through all the years are represented on the top right of each figure.

Letters or treatment differences in parentheses refer to marginally significant results.
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weather effects were more robust than that of applied

treatments, which points to the importance of considering

future climate change as a very strong determinant of veg-

etation transformations in dry grassland.

Conclusions

Our restorative biomass removal treatments, during 9 yr

of their application, generated a successional shift to a

more open grassland type at one of the sites (Suatu).

However, a larger grassland species pool was crucial for

our restorative treatment to have a positive effect on the

species richness, which was fulfilled at the Puini site but

not in Suatu. This emphasizes that re-established manage-

ment actions in abandoned grassland might have limited

success in increasing small-scale species richness if the

grassland species pool has already been exhausted. The

findings of this long-term study reveal that spring removal

of biomass has a beneficial effect on the structure and com-

position of dry, long-term abandoned grassland.

The single accidental fire event occurring in one of the

sites (Puini) generated clear changes in the structure and

composition of the plant community. Many of these changes

were similar to the transformations caused by our planned

interventions, e.g. more open vegetation with a lower abun-

dance of dominant species and an increased cover of sub-

dominant grasses, but the changes caused by burning were

faster. More research is needed in order to fully understand

the circumstances in which prescribed burning may be

applied in dry grassland of the temperate zone.
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