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Abstract 
Species-rich semi-natural grasslands in Europe are a main target for 
conservation efforts, and alternative methods to the traditional 
management of mowing or grazing would be welcome due to the 
difficulties in maintaining these management practices. One such method 
proposed is burning of grassland vegetation during late winter or spring. 
To evaluate the effects of annual spring burning vs. annual mowing on 
semi-natural grassland vegetation, we compared the frequency of species 
in eleven field experiments in southern Sweden after ca 14 years. Out of 
the 88 species analysed, five were more frequent in burnt plots compared 
with mowed plots (Vicia cracca, Cirsium arvense, Urtica dioica, Galium 
verum, Convallaria majalis). In contrast, 37 species were significantly 
less frequent in burnt plots compared with mowed ones, those with the 
largest differences being Ranunculus acris, Briza media, Veronica 
chamaedrys, Festuca ovina, Plantago lanceolata and Anthoxanthum 
odoratum. Tall-grown species and those with preferences for N-rich soils 
increased in frequency under an annual spring-burn regime, compared 
with annual mowing, as did species producing larger amounts of nectar. 
Hence, although vegetation composition becomes trivial with annual 
spring burns, there might be long-term benefits for nectar-feeding insects. 
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Introduction 
The conservation of species-rich grasslands is a demanding task in 
Europe and elsewhere where fodder has traditionally been extracted from 
native vegetation (Poschlod et al. 2009). In most agricultural systems, 
such fodder – both pasturage and hay – is no longer economically viable. 
Therefore, management of many species-rich grasslands is mainly 
maintained, for biodiversity and historical reasons, through subsidies to 
farmers, but also by nature conservation authorities and non-government 
organisations. The costs for mowing (Schreiber et al. 2009, Török et al. 
2011) and the increasing difficulty of finding grazers for conservation 
(Kumm 2003) means that other ways to maintain biodiversity-rich 
grassland systems would be welcome. The search for alternative 
grassland management methods is by no means new: field experiments 
evaluating such methods were set up as early as the 1970s (e.g. Sweden: 
Hansson 1991; Germany: Schreiber et al. 2009; Switzerland: Köhler et al. 
2005). Any new method is likely to exert a selection pressure that is 
different from that of traditional management (e.g. Alhamad et al. 2012; 
Jing et al. 2017) and effects of such a method must therefore be 
investigated before it can be recommended, e.g. as some conservation-
targeted species might benefit while others might decline under new 
management.  

Fire, a disturbance in many grass-dominated ecosystems (Brockway et al. 
2002; van Langevelde et al. 2003; Archibald et al. 2005), is a potential 
management method that has received recent attention (e.g. Valko et al. 
2014, 2016, Koyama et al. 2017). Fire is sometimes used as a restoration 
method, i.e. one or a couple of burns to reduce litter and eliminate woody 
species in semi-natural grasslands (e.g. Valko et al. 2016, Ruprecht et al. 
2016, Pereira et al. 2016). However, annual burning of grass litter in late 
winter or early spring, before the onset of grass growth, as a substitute for 
mowing or grazing, serves a completely different purpose to resoration, 
with potentially stronger effects on biodiversity composition. Results 
from longer-term experiments examining effects of burning of semi-
natural grasslands are negative when it comes to vegetation (Lunt & 
Morgan 1999, Kahmen et al. 2002, Moog et al. 2002, Köhler et al. 2005, 
Milberg et al. 2014, Milberg & Bergman 2014). Still, some parts of 
biodiversity might benefit (Deak et al. 2014, Vegvari et al. 2016), and 
therefore the method is likely to be used in several parts of Europe. As 
spring-burning affects vegetation composition (Wahlman & Milberg 
2002), organisms that depend on plants is also likely to be affected. 
Nectar-feeding insects is a functional group with particular value due to 
the pollination service they provide, and these have been reported to 



benefit from spring burning in a short-term Swedish experiment (Larsson 
& Persson 2012). In the short-term, the degree of disturbance during the 
growth season is likely to be negatively related to the abundance of 
pollinators by reducing the number of flowers (Milberg et al. 2016). 
Hence, spring-burning should therefore be expected to be better than 
mowing or grazing simply due to higher abundance of flowers present 
over longer time. However, in the long-term, and with a shift in 
vegetation composition, it is less clear what to expect regarding 
pollinators.  

In the present study, we set out to document how plant species were 
affected when subjected to annual spring burns, using annual mowing as 
control. We used eleven Swedish field experiments, evaluated after ca 14 
years of management. Results from these experiments have previously 
been compiled to compare burning with annual mowing and grazing, then 
evaluating the proportion of indicator species in vegetation and without 
any attention to species-wise results (Milberg et al. 2014). In the present 
contribution, we focus on species-wise responses, and more specifically, 
evaluate the following seven hypotheses regarding plant species 
attributes. The purpose was to identify possible general patterns in 
grassland vegetation: 

(i) graminoids would be promoted under annual burning, compared 
with forbs, as the former are often considered as fire-adapted 
(Bowman et al. 2014); 

(ii) lianas (winding plants), that invest relatively little in structural 
support, would have an advantage in tall-grown vegetation that 
is left undisturbed during the growth season (McIntyre & 
Lavorel 2001, Saatkamp et al. 2010); 

(iii) therophytes (annuals) would decrease due to problems 
involving seed regeneration and competition in the tall-grown 
vegetation developing under a spring burn regime (e.g. 
Jakobsson & Eriksson 2000, Lennartsson & Oostermeijer 
2001). 

(iv) N-fixing species would be promoted under annual burning as 
nitrogen is lost from the vegetation due to spring-burns (e.g. 
Hobbs et al. 1991), giving them a competitive advantage; 

(v) species with low Ellenberg N indicator values would be 
promoted under annual burning as nitrogen is lost from the 
vegetation due to spring-burns (e.g. Hobbs et al. 1991); 

(vi) tall-grown species would be promoted under annual burning as 
they benefit from the lack of disturbance during the growth 
season (e.g. Borer et al. 2014, Milberg et al. 2017); 



(vii) there is no relationship between the nectar production of species 
and their response to annual spring burning (cf Moranz et al. 
2012).  

Methods 

Study sites 
This experiment was established in the 1970’s and involved eleven 
experiments at nine locations in southern Sweden (Figure 1). Mean 
annual precipitation in this area varies between 500 mm (east) and 1000 
mm (west). The mean annual temperature is around 6 °C (Alexandersson 
et al. 1991) while the growing season is 180-220 days (Sjörs 1999). 

The experimental sites were selected to represent a diversity in soil type 
and land use history of marginal grasslands which – in the early 1970s – 
were at risk of abandonment and becoming overgrown (Steen 1976). 
Before the start of the experiments, most of the sites were grazed but one 
site (Dämkärr) had not been managed for three years, and one site 
(Gränö) had been mowed for a decade. Furthermore, two of the sites 
(Gränö and Tagel/former field) had a history as fertilized arable field (up 
until ca. 10 and 20 years prior to onset of the experiments, respectively) 
(Table 1, Hansson 1991). These former, small arable fields were 
embedded in old-style, small-scale agricultural landscapes, subject to 
some degree of alteration between mowing and arable (Ekstam & 
Forshed 1996).  

More extensive descriptions of the experiments can be found in Steen 
(1976), Fogelfors (1982), Hansson (1991). It is also worth noting 
previous papers evaluating one of these experiments (Hansson & 
Fogelfors 2000, Wahlman & Milberg 2002), or all of them (Milberg et al. 
2014, 2017, Tälle et al. 2015). 

Experimental design 
The experiment involved several management methods but in the present 
study we compared two of them: annual summer mowing vs. annual 
spring burning. We choose mowing since grazing intensity was low in 
some of the experiments (Hansson 1991). The management methods 
were applied to 5 × 20 m2 treatment plots. Treatment plots were set 
within a randomized block design with two replicates. All plots were 
fenced. Mowing took place in late July or early August, using a scythe or 
sickle bar mower. Spring burning was executed in early April, before the 
onset of growth, when litter from previous year was flammable. The 



exact dates varying between sites and years due to weather and snow 
conditions.  

Vegetation sampling 
Vegetation sampling was conducted in the summer before mowing, i.e. in 
July. We used data collected in 1986 (10 experiments) and 1987 (1 
experiment), when five 1 m2 fixed subplots were used for all experiments 
except one (Bräcke) where three 1 m2 fixed subplots were used. For the 
surveys, the coverage of vascular plant species was recorded, but we 
decided to use presence/absence in subplots for the current analyses. 
Nomenclature follows Karlsson (1998). 

Plant species attributes 
Species were classified as nectar-producing or non-nectar producing 
based on Baude et al. (2016). In addition to this classification, Baude et 
al. (2016) also contain published nectar production estimates per area (kg 
per ha cover per year) for 39 of our 88 species; some data were empirical 
and some modelled (Baude et al. 2016).  

Four of the species attributes were extracted from the LEDA database 
(Kleyer et al. 2008): canopy height (continuous); Ellenberg N (1-9 
reflecting the preference of a species to productive sites rich in soil N); 
growth form (liana, therophyte, other). N-fixation ability was assigned 
according to literature (Werner et al. 2014) to species of Fabaceae. The 
classification of forbs vs. graminoids (Poaceae, Carex, Juncus, Luzula) 
were made according to the plant family.  

Statistical analyses 
Each of the 11 experiments had two blocks, and we used the difference in 
frequency of a species within a block for the analyses, hence N = 22 (11 
experiments * 2 blocks). No adjustment was made for one site (Bräcke) 
having three rather than five subplots, nor for the fact that one experiment 
was assessed in a different year compared with the other. In total, 235 
species had been recorded in these 22 blocks. As expected, many of the 
species were rare in data and therefore ill-suited for analyses. We decided 
to use only those 88 species that were deemed as sufficiently frequent for 
meaningful analyses (cutoff at the occurrence in at least 8 of the 22 
blocks).  

A weighted average of the block-wise frequency-difference data 
(burning-mowing) were calculated using the software Comprehensive 
Meta-Analysis version 2 (www.meta-analysis.com, Borenstein et al. 
2009) applying the random effects model (i.e. species identity was 

http://www.meta-analysis.com/


considered a random factor). This analysis platform was also used to 
group the 88 species according to life-history traits, and to apply meta-
regression in case of a continuous explanatory variable.  

Results 
Among the 88 species, five (6%) displayed significant, positive change in 
response to repeated spring burns (Figure 2; positive estimate with CI not 
overlapping zero), hence were promoted when subjected to this treatment 
compared to annual mowing (Vicia cracca, Cirsium arvense, Urtica 
dioica, Galium verum, Convallaria majalis). In contrast, 37 species 
(42%) were disfavoured by spring burning (Figure 2), many of which 
were typical of traditionally managed grasslands (e.g. Rhinanthus minor, 
Primula veris, Rumex acetosa, Luzula multiflora, Leucanthemum vulgare, 
Lathyrus linifolius, Briza media, Anthoxanthum odoratum). In addition, 
the estimates for a large number of the species leaned towards higher 
occurrences in annual mowing than annual burning (Figure 2). 

Hypotheses regarding species attributes 
Graminoids and forbs exhibited similar responses (Figure 2b).  

Nitrogen-fixing plant species did not differ from those lacking this 
attribute in their response to repeated spring-burns (Figure 2b).  

Lianas did well under a spring-burning regime while therophytes did not, 
compared to the rest of the species (Figure 2b). It is worth pointing out 
that both groups were small (N = 3 and N = 2, respectively).  

When comparing annual burning with annual mowing, there was no 
difference in frequencies for species that produce nectar (-0.88; CI -
1.257; -0.497) and those that do not (-0.77; CI -1.159; -0.386). However, 
there was a clear relationship among the 39 nectar-producing species: 
species with large nectar production tended to be promoted by spring 
burns (meta-regression slope 0.236, CI: 0.134; 0.338, P <0.001, Figure 
3a).  

There was a positive relationship between a species’ height and its 
response to spring-burning (slope in meta-regression 0.020; CI 0.014; 
0.025; P < 0.0001; Figure 3b). 

There was a positive relationship between a species’ Ellenberg N-value 
and its response to spring-burning (meta-regression slope 0.164; CI: 
0.236; 4.514; P < 0.001), contrary to the expected negative relationship. 



Discussion 
Annual spring burning had a detrimental effect on most plant species, as 
was expected from previous evaluation of these data (Milberg et al. 2014) 
and other studies (Moog et al. 2002, Köhler et al. 2005). Many of the 
species disfavoured by annual spring burns are considered indicator 
species for traditional management (Ekstam & Forshed 1992), while most 
among those favoured are of low interest for conservation of plant 
species. Hence, from the point of view of preserving plant species 
associated with traditional management, annual burning does not provide 
much benefit. However, spring-burning does control trees and shrubs 
(Hansson & Fogelfors 2000, Wahlman & Milberg 2002) and reduce the 
amount of litter (Ryser et al. 1995, Liira et al. 2009). Furthermore, our 
study showed that grassland vegetation shaped by spring-burning might 
benefit the occurrence of nectar-feeding insects by promoting the more 
prolific nectar-producers (Figure 3a). Considering the importance of the 
pollination service nectar-feeding insects provide to society (Klein et al. 
2007, Ollerton et al. 2011), one might see value in a habitat created by 
spring-burning. It is worth noting that this is an additional advantage, 
through compositional changes, to the expected abundance of flowers 
caused by the absence of disturbance during the growth season (Erhardt 
1985, Smith & Cherry 2014). 

Treatments and species’ responses 
A new management method introduces a new selection pressure and we 
tested a number of plant attributes expected to be affected by annual 
burning compared with annual mowing.  

Graminoids (Poaceae, Carex, Juncus and Luzula) did not differ from 
forbs in their response to annual spring burns. Thus, we found no support 
for our hypothesis that graminoids would benefit from spring burns. It is 
worth pointing out that many of the non-grasses in this group (i.e. Carex, 
Juncus and Luzula) were short in height, and therefore might do poorly 
under an annual spring-burn regime (see further below). However, 
excluding these three genera did not change the results (data not shown). 
It is worth noting that grass biomass is very unevenly distributed among 
species, so other types of endpoints (e.g. biomass) might still point out 
grasses as winners. 

Lianas did well under spring-burning and therophytes did not, i.e. they 
responded according to our assumptions. Although both groups were 
small, the findings are in line with the literature: climbing plants often do 
well at low levels of disturbance (Saatkamp et al. 2010). In contrast, 



annuals face difficulty in tall swards characteristic of such disturbance 
regimes (Lennartsson & Oostermeijer 2001).  

Under the expectation that N would be lost during a spring-burn (Hobbs 
et al. 1991), we hypothesized (i) that N-fixing species would benefit from 
an annual spring burn regime, and (ii) that there would be a negative 
relationship between the Ellenberg N-value of a species and its response 
to an annual spring burn regime. Both assumptions were refuted, 
suggesting that either the amounts of N lost when burning dry litter in the 
spring is too small to exert a detectable effect (e.g. due to a large pool of 
N in soil), or that there are other changes in vegetation that hides such an 
effect. For example, in the present data, there was a positive relationship 
between the Ellenberg N of species and their canopy height (R = 0.499; N 
= 82; P < 0.001). Hence, species of more productive sites tended to be 
more tall-grown, and a positive canopy height effect might therefore 
eliminate a negative Ellenberg N effect. A third alternative is that 
repeated burns may lead to increase in plant-available soil N, something 
reported after low-intensity fires (e.g. Neary et al. 1999; Augustine et al. 
2014).  

As expected, tall-grown species benefitted from repeated spring-burns, 
most likely due to the lack of disturbance during the growth season 
allowing tall-grown species to develop fully, while short-grown species 
benefitted from annual mowing (e.g. Liira and Zobel 2000; Milberg et al. 
2017).  

Overall, it seems that tall-grown, N-demanding species and those 
producing much nectar are winners in spring-burned grasslands, while 
there were weak or no support for any of the other species attributes 
evaluated.  

Spring burning vs no treatment? 
It is likely that a part of the response to burning reported can be attributed 
to lack of management during the growth season, which similarly affects 
species according to their canopy height (Milberg et al. 2017). In a recent 
study using similar methodology and analyzing the same field 
experiments, Milberg et al. (2017) reported the response to free 
development (no management) for about half of the species included in 
the present study. As expected, when comparing effects from the present 
and the previous study, there was a high correlation between species-wise 
responses to spring burning and to no treatment (R = 0.500, N = 44). By 
using a regression, two species (Centaurea jacea and Vicia cracca) 
showed residuals that were > 2 SD higher than expected by chance during 
free development. Other species that did much better under burning than 



expected from their response to free development (> 1 SD) were Carex 
pallescens, Galium boreale, Galium verum and Hypericum maculatum. 
Two and four species had negative residuals > 2 SD (Anemone nemorosa, 
Veronica chamaedrys) and > 1 SD (Anthoxanthum odoratum, Lathyrus 
linifolius, Plantago lanceolata and Ranunculus acris), respectively. 
Hence, although part of the response in the present study is attributable to 
the lack of biomass removal during the growth season, there are species 
that clearly suffer from a spring burn. Whether this is due to the location 
of over-wintering buds (Clarke et al. 2013, Russel et al. 2013) or the 
phenology of growth (Henderson 1990a, b) remains to be evaluated. At 
the same time, there are also species that clearly benefited from repeated 
spring burns more than they would if left to free development. The 
potential mechanism is open to speculation. 

Conclusions 
If the aim is to maintain a traditional vegetation type, then annual spring 
burning cannot be recommended over annual mowing. On the other hand, 
if nectar-production is in focus, and a vegetation with tall-grown species 
with high Ellenberg N is acceptable, then repeated spring burns has 
potential merit. This habitat should be considered as a new, unique type 
that has not existed previously, hence a “neo-habitat” (sensu Blixt et al. 
2015). It is worth noting that in two field trials (Köhler et al. 2005, 
Milberg et al. 2014), vegetation in burnt plots has diverged over time due 
to the invasion of undesired species. Hence, as a management method, 
some care would be needed to monitor spring-burnt sites for undesired 
development. 
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Figure 1. Study locations in southern Sweden. Ekenäs and Tagel had two 
experimental sites each. 

Figure 2. The difference in frequency in annually burnt and annually 
mowed plots, where positive numbers indicate that a species is promoted 
by spring burning. a) species-wise differences. The number to the right is 
frequency of a species (max 22); b) Weighted average of species grouped 
according to lifeform. Numbers to the right is number of species in the 
group. 

Figure 3. Relationship (meta-regression) between response to spring 
burns (where a positive response indicate that a species is promoted by 
spring burning) and a) species’ nectar production (slope 0.236, CI: 0.134; 
0.338, P <0.001), b) plant height (0.020; CI 0.014; 0.025; P < 0.0001), 
and c) Ellenberg N-value (0.164; CI: 0.236; 4.514; P < 0.001). 

  



Table 1. Description of the experimental sites established in southern 

Sweden for the comparison of the management methods in semi-natural 

grassland vegetation.  

Site Start                       Inventory Vegetation 
type 

Management 
at start of 

trial 
Soil type  

Österplana 1973  1986   Dry Grazing Gravelly 
clay loam     

Ekenäs 
mesic 1975  1986  Dry-mesic Grazing Humus-rich 

loamy     
Bräcke 1973  1986  Mesic Grazing Silt     

Sättra 1973  1986  Mesic Grazing 
Slightly 
clayey 
sand     

Bråbo 1973  1986  Mesic Grazing Rock 
moraine     

Tagel 
mesic 1973  1986  Mesic Grazing Rocky 

sand     

Tagel 
former field 1973  1987  Mesic Grazing, fertilized - 

    

Dämkärr 1973  1986  Mesic No management 
for 3 yrs  

Humus-rich 
silt     

Gränö 1973  1986  Moist Mowing, fertilized 
Slightly 
humus-rich 
silt     

Ekenäs 
moist 1975  1986  Moist Grazing 

Highly 
humus-rich 
light clay 

    

Andersby 1973   1986   Moist Grazing 
Humus-rich 
light clay     

 



Fig. 1. Study locations in southern Sweden. Ekenäs and Tagel had two experimental sites each.












	Försättsblad
	Burning grassland for conservation ... revised2
	Annual burning of semi-natural grasslands for conservation: winners and losers among plant species
	Abstract
	Introduction
	Methods
	Study sites
	Experimental design
	Vegetation sampling
	Plant species attributes
	Statistical analyses

	Results
	Hypotheses regarding species attributes

	Discussion
	Treatments and species’ responses
	Spring burning vs no treatment?
	Conclusions

	Acknowledgements
	References

	Fig 1
	Bildnummer 1

	Fig2a
	New Fig2b
	New Fig3a
	New Fig3b
	New Fig3c

