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Abstract 23 

 24 

Questions: Are there interspecific differences in the resprouting after cutting and burning 25 

among woody species encroaching temperate grasslands? Are alien woody species more 26 

successful than natives in their resprouting after the two treatments proposed to control shrub 27 

encroachment? Is resprouting influenced by age of the individuals? Does resprouting differ 28 

between cutting and burning?  29 

Location: Temperate grasslands encroached by shrubs, Transylvania, Romania. 30 

Methods: We investigated the resprouting after cutting or burning of four shrub species 31 

(Cornus sanguinea, Crataegus monogyna, Prunus spinosa and Rosa canina) encroaching 32 

grasslands in field sites three years following treatments. We compared the resprouting ability 33 

of shrubs between species and treatments and analyzed the relationship between the number 34 

of resprouts and stump diameter, as a proxy for age. In a common garden experiment on one-35 

year-old individuals we compared resprouting after cutting and burning between three native 36 

(C. sanguinea, C. monogyna and P. spinosa) and three alien woody species (Ailanthus 37 

altissima, Elaeagnus angustifolia and Hippophae rhamnoides) during one growing season. 38 

Results: C. monogyna produced the largest number of resprouts in the field study, and H. 39 

rhamnoides in the experimental study. Overall, resprouting ability of alien woody species did 40 

not differ from that of the natives. In the field study, we found an increasing number of 41 

resprouts with increasing stump diameter, and the rate of increase in the number of resprouts 42 

was greatest in C. monogyna. We detected no difference in the resprouting of woody species 43 

between cutting and burning treatments either in the field or in the experimental study.  44 

Conclusions: Our study suggests that the success of encroachment control in grasslands does 45 

not depend on treatment type, but on the woody species composition and age of individuals. 46 

Grasslands encroached by C. monogyna or H. rhamnoides will be more labour-intensive to 47 

restore and maintain free of shrubs. Restoration measures should be implemented in the early 48 

stage of shrub encroachment since younger shrubs have a lower resprouting ability. Burning 49 

and cutting may be equally effective in controlling shrub encroachment, but treatments should 50 

be more intensive than in the current study in order to damage the resprouting buds and arrest 51 

resprouting. 52 

 53 

Keywords: Alien; Clipping; Crataegus monogyna; Fire; Grassland conservation; Hippophae 54 

rhamnoides; Invasive; Romania; Shrub; Stump diameter; Tree; Woody encroachment 55 

 56 
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Nomenclature: Tutin et al. (1968-1993) 57 

 58 

Running head: Controlling woody encroachment in grasslands 59 

60 
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Introduction 61 

 62 

Large areas of semi-natural grassland are abandoned from traditional management throughout 63 

Europe, and these grasslands become susceptible to secondary succession, inducing shrub 64 

encroachment (Heisler et al. 2004; Lett & Knapp 2005; Valkó et al. 2012; Petersen & Drewa 65 

2014). The major effect of shrub encroachment in grasslands is the displacement of 66 

herbaceous species through competition for light, moisture and nutrients (Petersen & Drewa 67 

2014). Thus, there is a serious threat that many grassland species adapted to open areas and 68 

continuous human management will disappear (Pykälä 2000). Besides native shrubs and trees, 69 

woody aliens invade abandoned grassland, aggravating nature conservation concerns (Boulant 70 

et al. 2008 and literature therein).  71 

One solution to restore abandoned temperate grassland is the reintroduction of a 72 

disturbance regime that reduces shrub presence. The European Union developed a subsidiary 73 

program to stimulate farmers to keep their grasslands free of shrubs by introducing 74 

management practices (Angileri et al. 2011). In Romania, additional agri-environment 75 

payments are available for grassland maintenance through the Ministry of Agriculture and 76 

Rural Development (http://www.madr.ro/en/). Due to this program, Romanian farmers began 77 

to clear their land from woody species. Some farmers use cutting as a method to eradicate 78 

shrubs and trees, while others use fire as a more simple and cost-effective way of clearance. 79 

Despite the fact that the use of fire as a land management option is forbidden in Romania (and 80 

in many other European countries), illegal burning is an ongoing practice (Castellnou et al. 81 

2010; Valkó et al. 2014; Deák et al. 2014).  82 

Prescribed burning is successfully applied in North America in a large number of 83 

grassland conservation projects, not only as a replacement for but also in combination with 84 

other management tools, e.g. mowing (MacDougall & Turkington 2007, Valkó et al. 2014). 85 

Twidwell et al. (2013, 2016) gave new insight into the use of fire in restoring grassland from 86 

encroached sites. Case studies testing the North American techniques in European grasslands 87 

concluded that prescribed burning could be used to maintain an open landscape (Goldammer 88 

& Bruce 2004). However, in some studies, fire was found to be inadequate to preserve 89 

grassland composition and diversity. In these studies, grassland species richness was reported 90 

to decline in yearly burned plots, most probably as a result of increased abundance of some 91 

highly competitive species, e.g. Brachypodium pinnatum (Moog et al. 2002; Wahlman & 92 

Milberg 2002; Köhler et al. 2005).  93 
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The use of prescribed burning as a regular tool for grassland conservation and 94 

management in Europe attracts more and more interest (Goldammer 2009; Valkó et al. in 95 

press). However, to introduce it e.g. in the restoration of encroached grassland, carefully 96 

designed case studies are needed to understand the interaction between woody species and 97 

burning. This is especially important in management plans targeting control of alien species. 98 

For example, Hutchinson et al. (2004) found that fire may even increase the spread of 99 

Ailanthus altissima, one of the most noxious alien tree species of Europe. Moreover, it is 100 

important to determine the response of grassland species to burning in order to conserve the 101 

target communities of nature conservation (Driscoll et al. 2010). 102 

Resprouting, i.e. the production of secondary shoots, is a plant response to disturbance 103 

damaging the aboveground biomass (Del Tredici 2001). Resprouting ensures the long-term 104 

persistence of plant individuals. Resprouting species can vary much in the percentage of 105 

individuals that resprout and in the number of resprouts they produce after a disturbance. 106 

Some species are unable to resprout at all, e.g. Juniperus communis or J. phoenicea (Quevedo 107 

et al. 2007), while others possess a high resprouting ability. The ability of woody species to 108 

resprout depends on the natural regime of their biome (e.g. fire, wind throw, localized gap 109 

disturbances), thus it shows regional patterns (Vesk & Westoby 2004). Therefore, great 110 

differences might exist between native and introduced species regarding their resprouting 111 

behaviour after certain disturbances (e.g. Busby et al. 2010). In addition, several widespread 112 

invasive species are proposed to be successful as a result of their vigorous resprouting ability 113 

(e.g. Robinia pseudacacia, Cierjacks et al. 2013; Ailanthus altissima, Call et al. 2003). Thus, 114 

we expect successful alien woody species encroaching temperate grasslands to have a higher 115 

resprouting ability compared to most common natives. 116 

Intraspecific differences in resprouting occur as well. Shibata et al. (2014) found 117 

increasing resprouting with age in temperate shrub species from Japan, while in sub-canopy 118 

and canopy trees resprouting ability was lost after attaining a certain age.  119 

There is limited information about the resprouting ability of common woody species 120 

from temperate Europe after disturbances, such as cutting and burning, causing the complete 121 

loss of the aboveground biomass. In many shrubs and trees from fire-prone ecosystems 122 

resprouting ability is a major way of regeneration, which ensures the survival and thus the 123 

persistence of individuals between fire events. We do not know to what extent non-fire-124 

adapted woody species from temperate regions of Europe are able to resprout after fire, and 125 

whether resprouting ability differs from that after cutting. Burning may damage at least part 126 
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of the bud bank, while nutrient inputs into the soil from burned biomass could advance 127 

growth (Blodgett et al. 2000).  128 

The aim of this study is to improve the knowledge about the resprouting ability after 129 

cutting and burning (treatments causing complete aboveground biomass loss) of shrub and 130 

tree species encroaching temperate grasslands in many parts of Europe. A better 131 

understanding of the resprouting process in temperate shrubs can lead to the implementation 132 

of more suitable management strategies to eradicate woody species from abandoned grassland 133 

and to restore semi-natural grasslands of high nature conservation value. To achieve this, we 134 

investigated the resprouting ability of four common shrub species encroaching grasslands 135 

after a cutting or burning treatment in a field study. In order to complement our field 136 

observations with a more rigorous test regarding differences between the two treatments and 137 

to involve alien woody species invading or potentially invading abandoned grasslands, we 138 

conducted a common garden experiment on one-year-old individuals of three native and three 139 

alien shrub or tree species, and compared their resprouting after experimental cutting and 140 

burning. Our research questions were: (i) Are there interspecific differences in the resprouting 141 

after cutting and burning among woody species encroaching temperate grasslands? (ii) Are 142 

alien woody species more successful than natives in their resprouting after cutting and 143 

burning? (iii) Is resprouting influenced by basal stem diameter as a proxy for age? (iv) Does 144 

resprouting differ between cutting and burning treatments?  145 

 146 

 147 

Methods 148 

 149 

Field study 150 

We haphazardly selected grassland sites in the vicinity of Cluj-Napoca in Transylvania, 151 

Romania, where shrubs had been eradicated by farmers in 2012 by two methods, i.e. cutting 152 

or burning. The sites were abandoned dry grassland, except Inucu and the cut site in Puini, 153 

which were extensively grazed by sheep after the treatment. The dominant graminoid species 154 

of the study sites were: Agrostis capillaris, Brachypodium pinnatum, Carex humilis, Elymus 155 

hispidus, Festuca rupicola and Stipa pulcherrima. The sites selected for our study were 156 

representative for the region and comprehended around 300 m variation in altitude. 157 

Unfortunately, the sites were slightly unbalanced with respect to cutting and burning, since 158 

we included three burned and two cut sites (Appendix S1). In one of the burned sites, Inucu, 159 

burning was not intentional but caused by malpractice. In most of the cases we could not find 160 
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out the exact date of the treatments, not even the season. Both shrub removal treatments 161 

caused the total destruction of the aboveground biomass, but lead to the resprouting of treated 162 

individuals from the collar, which is defined as the place where root and shoot tissues come 163 

together (Sutton & Tinus 1983; Del Tredici 2001).  164 

We investigated the resprouting ability of the four most common shrub species 165 

encroaching temperate Europe’s extensively used or abandoned dry grasslands, i.e. Crataegus 166 

monogyna, Prunus spinosa, Rosa canina and Cornus sanguinea, three growing seasons after 167 

cutting or burning. Several species within the genus Crataegus occur in the study region, and 168 

for small plants the identity cannot be easily determined. However, C. monogyna is by far the 169 

most common species, and thus this name is used throughout this study. In all studied species 170 

resprouting is the most important way of post-disturbance regeneration. While the first three 171 

species were sampled in each of the sites, the last one was sampled in one cut and one burned 172 

site only (Appendix S1). We encountered only a very small number of dead individuals in 173 

burned sites, while finding dead stumps in cut sites was almost impossible due to vegetation 174 

and litter cover. Thus, we considered only successfully resprouted woody individuals in our 175 

field study. During July-August 2014, we selected 32–67 individuals per species in each site, 176 

covering the whole size range, for our measurements. The selection process started with 177 

collecting data from randomly selected individuals, followed by adding specific individuals 178 

with stump diameters fitting the gaps in the prevailing stump diameter range. Consequently, 179 

this procedure aimed at obtaining accurate allometric relationships between stump diameter 180 

and resprouting ability, rather than at estimating the mean stump diameter of each population. 181 

During data collection, we measured the basal diameters of the single or several 182 

stumps remaining after cutting or burning. Basal diameters were measured 3–5 cm above the 183 

ground in two perpendicular directions with a calliper (0.01 mm accuracy), using the average 184 

of the widest stump as a proxy for the age of an individual (Quevedo et al. 2007; Grady & 185 

Hoffman 2012; Matula et al. 2012). In order to quantify the resprouting ability, the total 186 

number of resprouts was counted per individual. We considered resprouts from the stem base 187 

only, since root resprouts were not possible to identify.  188 

 189 

Experimental study 190 

In a common garden experiment at the University Botanical Garden at Cluj-Napoca we 191 

exposed six shrub or tree species to removal management similar to the field situation, i.e. 192 

three native (C. sanguinea, C. monogyna and P. spinosa) and three alien species (Ailanthus 193 

altissima, Elaeagnus angustifolia and Hippophae rhamnoides). Seeds of the study species 194 
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were collected from one to three sites each in the surroundings of Cluj-Napoca, Romania 195 

(except A. altissima and E. angustifolia, which were collected in Dobrogea region, Romania) 196 

in 2012. Seeds were germinated in the common garden in 2013. The seedlings were grown 197 

individually in 3-L pots until they were one year old, when they were submitted to three 198 

experimental treatments in March 2014 (in accordance with the most common period of shrub 199 

clearance in the study region): aboveground parts cut, burned or left intact as a control. For 200 

the burning treatment, pots were arranged randomly one besides the other, and covered with 201 

dry litter (365 g m-2), which was then burned. Litter was collected from dry grasslands near 202 

Cluj-Napoca. Litter amount was determined based on field measurements in grassland sites of 203 

Transylvania, Romania in early spring. This amount corresponds to a medium litter quantity 204 

found in different grassland types worldwide (Loydi et al. 2013). Each species had 45 205 

individuals, 15 per treatment type. Before the treatments, the height of each individual was 206 

measured (precision 0.5 cm). Initial height (mean ± SD) of the study species was 44.5 ± 6.0 207 

cm in C. sanguinea, 13.0 ± 6.0 cm in C. monogyna, 29.0 ± 9.5 cm in P. spinosa, 11.5 ± 2.5 208 

cm in A. altissima, 62.5 ± 10.5 cm in E. angustifolia and 26.0 ± 7.5 cm in H. rhamnoides. 209 

After the treatments, the saplings were arranged in five randomized blocks (each block 210 

containing three individuals of each species and treatment combination) in the common 211 

garden, and allowed to regrow until September 2014. Pots were regularly watered according 212 

to the multiannual mean monthly precipitation of the studied region (27.8–90.5 mm m-2, Cluj-213 

Napoca Meteorological Station). Monthly water quantities were divided, and watering was 214 

done once per week during March and April and twice per week between May and 215 

September. From the 270 saplings, only three (one control H. rhamnoides, one cut and one 216 

burned E. angustifolia) died until the end of the experiment. Before harvesting, we counted 217 

the number of resprouts. At harvesting, the roots were washed free of soil, and roots and 218 

shoots were separated and oven-dried at 60 °C for 48 hours before weighing. Above- and 219 

belowground biomass produced by individuals until the end of the experiment were used in 220 

subsequent analyses. 221 

 222 

Data analyses 223 

In order to compare the resprouting ability of shrubs between species and treatments in the 224 

field study, the effect of species (n = 4, fixed), treatment (n = 2, fixed), stump diameter as a 225 

proxy for age (covariate), and site (n = 5, random) on the total number of resprouts produced 226 

by an individual was investigated with a general linear mixed effect model (LMM). 227 

Biologically relevant interactions such as species × treatment and species × stump diameter 228 
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were also included in the model. We used the r.squaredGLMM function in ‘MuMIn’ package 229 

in R to calculate marginal R2, which is concerned with variance explained by fixed factors, as 230 

a measure of effect size (Nakagawa & Schielzeth 2013). As allometric relationship may exist 231 

between stump diameter and the number of resprouts, both variables were log-transformed 232 

before the analysis. In the case of a significant main factor or interaction, pairwise 233 

comparisons were performed with Tukey’s post-hoc test (multcomp package, glht function in 234 

R).  235 

 To analyze the data of the experimental study, we built a GLMM with Poisson error 236 

distribution in order to determine which factors influenced the resprouting potential of one-237 

year-old treated (cut or burned) shrubs and trees. Note that untreated individuals (control) had 238 

no resprouts, thus they were excluded from this analysis. Species (n = 6) was introduced as 239 

fixed factor nested within the native or alien group (n = 2), treatment (n = 2) as fixed factor 240 

and block (n = 5) as random term. Initial plant height (measured before the treatment) was 241 

introduced as covariate. Species × treatment and status of species × treatment interactions 242 

were also included in the model. Further, two GLMMs with Gaussian error distribution were 243 

built to analyze the effects of species (nested within the native or alien group), native or alien 244 

status (n = 2), treatment (n = 3, control, cut and burned) as fixed factors, and block as random 245 

term, on the aboveground and belowground biomass of the shrubs and trees at the end of the 246 

experimental study. In the case of a significant main factor or interaction, pairwise 247 

comparisons were performed with Tukey’s post-hoc test. All analyses were performed using 248 

the R statistical environment (version 3.1.2, R Core Team 2014, Vienna, Austria). 249 

 250 

 251 

Results 252 

 253 

Differences in the resprouting of woody species after cutting and burning 254 

We found significant differences in the total number of resprouts produced after cutting and 255 

burning among the four shrub species in the field study (χ² = 50.80, p < 0.001, R2m = 0.07, 256 

Fig. 1) and among the six shrub and tree species in the experimental study as well (χ² = 69.75, 257 

p < 0.001, R2m = 0.29, Fig. 2). From the four native shrub species analyzed in the field study, 258 

C. monogyna produced the highest number of resprouts per individual and P. spinosa the 259 

lowest (Fig. 1). Among the experimentally grown one-year-old plants, the alien shrub H. 260 

rhamnoides had the highest, the native shrubs (C. sanguinea, C. monogyna and P. spinosa) an 261 

intermediate, and the two alien trees (A. altissima and E. angustifolia) the weakest resprouting 262 
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ability (Fig. 2). Overall, resprouting of the alien species was not different from that of the 263 

natives (χ² = 1.65, p = 0.198, R2m = 0.001). 264 

 265 

Effect of stump diameter on the resprouting of shrubs in the field study 266 

Stump diameter, a proxy for age, significantly influenced resprouting ability (χ² = 228.19, p < 267 

0.001, R2m = 0.22), with younger individuals producing a smaller number, and older 268 

individuals a larger number of resprouts (Fig. 3). The age-specific resprouting ability was 269 

different among species (interaction between species and log(stump diameter), χ² = 32.67, p < 270 

0.001), and the greatest in C. monogyna (Fig. 3). 271 

 272 

Effect of treatment type on the resprouting of woody species 273 

Whether the aboveground biomass of shrubs and trees has been cut or burned, had no 274 

significant effect on the number of resprouts they produced neither in the field (χ² = 0.03, p = 275 

0.847, R2m = 0.01) nor in the experimental study (χ² = 0.32, p = 0.570, R2m = 0.001). We 276 

found a significant interaction between species and treatment in the field data (χ² = 14.49, p = 277 

0.002), but not in the experimental study (χ² = 0.16, p = 0.990). In the case of the field study, 278 

Tukey’s post-hoc test did not result in any intraspecific differences between treatments 279 

(difference between resprouting after cutting and burning for C. sanguinea z = 1.755, p = 280 

0.530; C. monogyna z = - 0.749, p = 0.980; P. spinosa z = 0.494, p = 0.990; R. canina z = 281 

0.117, p = 0.990). 282 

Treatment significantly influenced the aboveground (χ² = 113.63, p < 0.001, R2m = 283 

0.10) and belowground biomass (χ² = 10.19, p = 0.006, R2m = 0.3) of individuals in the 284 

experimental study. Burned one-year-old shrub and tree species had 28% less aboveground (z 285 

= -3.479, p = 0.001) and 6% less belowground biomass (z = -2.388, p = 0.045), while cut 286 

individuals had 28% less aboveground (z = -3.788, p < 0.001) and 9% less belowground 287 

biomass (z = -3.194, p = 0.004) compared to control individuals. Alien species did not react 288 

differently to the treatments compared to native species (χ² = 1.65, p = 0.198; R2m = 0.01). 289 

 290 

 291 

Discussion 292 

 293 

Interspecific differences in resprouting  294 

Based on our field investigations, C. monogyna produced the largest number of resprouts. It is 295 

very probable that C. monogyna stores a large amount of energy reserves in its roots, which 296 
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ensures a high resprouting after the loss of its aboveground biomass, as it was revealed for 297 

successful resprouters in general (Bond & Midgley 2001; Clarke et al. 2010). Mobilization of 298 

root reserves after the treatments may explain the lower belowground biomass observed in 299 

treated individuals at the end of the garden experiment.  300 

On average, alien or native status did not influence the resprouting ability of woody 301 

species in our experiment. Even so, young individuals of H. rhamnoides, a shrub species alien 302 

to the region, had a higher potential of resprouting after cutting and burning compared with 303 

native shrubs. Grasslands invaded by this species will probably need additional efforts in 304 

eradication projects. On the contrary, young individuals of the other two alien woody species, 305 

E. angustifolia and A. altissima, were found to have a relatively low resprouting ability as a 306 

result of cutting or burning of their aboveground parts.  307 

 308 

Intraspecific differences in resprouting ability 309 

We found a significant effect of the stump diameter, a proxy for age, on the number of 310 

resprouts produced by the shrub species in the field study. This observed positive relation 311 

between age and resprouting ability is in agreement with the results of Quevedo et al. (2007) 312 

on C. sanguinea, C. monogyna and P. spinosa. The same relation was found in other 313 

ecosystems, e.g. Central-European coppices (Matula et al. 2012) and in some temperate shrub 314 

species in Japan (Shibata et al. 2014). The age dependent resprouting ability, i.e. the rate of 315 

increase in the number of resprouts with stump diameter, differed among species and was 316 

greatest in C. monogyna.  317 

Differences in resprouting ability of individuals belonging to the same species may be 318 

caused by varying availability of nutrients, carbohydrates and water to the active meristems 319 

(Hogkinson 1998). A superior root development and mobilization of resources for resprouting 320 

at older life stages may cause a positive relation between resprouting ability and age. In the 321 

same way, such a relation may be explained by the greater amount of viable bud meristems in 322 

older individuals (Sennerbyforsse & Zsuffa 1995). On the other hand, the bark thickness of 323 

individuals can increase with age, resulting in a higher resistance against protruding resprouts 324 

in older life stages (Matula et al. 2012). That is why, in some species, resprouting ability has 325 

been found to increase with pre-fire size (e.g. Matula et al. 2012), while in others resprouting 326 

has been observed in juveniles but it decreased with age (e.g. Dey & Jensen 2002; Sands & 327 

Abrams 2009; Shibata et al. 2014).  328 

 329 

Treatment effect on the resprouting of woody species 330 
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Two different treatments (i.e. cutting or burning), causing the complete loss of the 331 

aboveground biomass of woody species, induced similar resprouting rates, both in the field 332 

and experimental study. This similarity indicates that none of the applied treatments damaged 333 

the collar meristems, which are vital for resprouting, although the treatments were severe 334 

enough to induce the resprouting process (see also Petersen & Drewa 2014). Despite the 335 

nutrient input to the soil from the burned aboveground biomass (Blodgett et al. 2000), the 336 

resprouting of woody species after burning was not higher compared to cutting. In several 337 

other studies, burning and cutting did not result in a different resprouting of individuals either 338 

(Pyke et al. 2010; Petersen & Drewa 2014), but our study is the first to demonstrate this for 339 

temperate European woody species. 340 

 341 

Implications for restoration of grasslands encroached by shrubs 342 

Given the interspecific differences in resprouting, i.e. the production of secondary shoots 343 

from the collar to recover after the complete loss of aboveground biomass, observed among 344 

the study species, the species composition of shrubs in grasslands is an important factor to 345 

take into account when considering a management plan. Temperate grasslands encroached by 346 

C. monogyna or H. rhamnoides will be more labour-intensive to restore and maintain free of 347 

shrubs due to the larger number of resprouts, which develop immediately after the shrub 348 

removal treatment. Also, the longer shrubs thrive in grasslands and advance in age, the 349 

stronger the resprouting reaction will be when a treatment is introduced and the more intense 350 

or frequent the treatment has to be (irrespective of treatment type). As a consequence, the 351 

introduction of a treatment regime in encroached grasslands should be implemented as soon 352 

as possible following shrub establishment, because younger shrubs have a lower resprouting 353 

ability than older ones.  354 

Burning and cutting may be equally effective in controlling shrub encroachment, but 355 

restoration measures should be carefully designed. In our study, the severity of the applied 356 

treatments at the field sites was too low to damage the resprouting buds, since treated shrubs 357 

had a high resprouting ability. When burning is applied, which is a much cheaper solution, 358 

higher fire intensities may be needed to damage the collar meristems and to preclude 359 

resprouting (Cruz et al. 2003, Twidwell et al. 2016). This could be accomplished by 360 

increasing the fuel load in grasslands, i.e. by waiting for more biomass to accumulate. While 361 

applying a high intensity fire may be appropriate to restore grasslands from shrub 362 

encroachment in degraded or economically valuable areas, it cannot be proposed for 363 

grasslands of particularly high conservation value. In this case it is important to consider the 364 
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long-term effects of the proposed biomass removal regimes on the floristic composition of 365 

grasslands (e.g. Ruprecht et al. 2016). One alternative solution for the efficient control of 366 

woody encroachment in grassland could be a properly timed intensive cutting, damaging 367 

collar meristems of woody species, followed by introducing grazing right after the cutting 368 

intervention (e.g. Barbaro et al. 2001, Dostálek and Frantík 2008). However, further studies 369 

are needed whether these solutions are viable within the economic and social context of the 370 

region. 371 

 372 
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 535 

 536 

Fig. 1. Differences in the total number of resprouts produced during three growing seasons 537 

following treatments (cutting or burning) between shrub species (Cornus sanguinea, 538 

Crataegus monogyna, Prunus spinosa and Rosa canina) in the field study. The values 539 

represent fitted values, i.e. the standardized values after removing the effects of all other 540 

considered variables, from LMM where species, treatment and stump diameter were used as 541 

explanatory variables (see Methods). Letters denote significant differences at p < 0.05, based 542 

on Tukey’s post-hoc test. Medians, interquartile ranges (IQRs, box) and 1.5 × IQRs 543 

(whiskers) are shown; dots are outliers. 544 

545 
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 546 

 547 

Fig. 2. Differences in the number of resprouts produced during one growing season following 548 

treatments (cutting or burning) between one-year-old native (Cornus sanguinea, Crataegus 549 

monogyna and Prunus spinosa) and alien shrub and tree species (Ailanthus altissima, 550 

Elaeagnus angustifolia and Hippophae rhamnoides) in the experimental study. The values 551 

represent fitted values, i.e. the standardized values after removing the effects of all other 552 

considered variables, from GLMM where species, status and treatment were used as 553 

explanatory variables (see Methods). Letters denote significant differences at p < 0.05, based 554 

on Tukey’s post-hoc test. Medians, interquartile ranges (IQRs, box) and 1.5 × IQRs 555 

(whiskers) are shown. 556 

557 
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 558 

 559 

Fig. 3. Number of resprouts per individual produced by the four shrub species during three 560 

growing seasons following treatments (cutting or burning) in the field study as a function of 561 

stump diameter, as a proxy for age. Cs = Cornus sanguinea, Cm = Crataegus monogyna, Ps = 562 

Prunus spinosa, Rc = Rosa canina. Letters denote significant differences at p < 0.05, based on 563 

Tukey’s post-hoc test. 564 
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