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1 Abstract 

New farming needs and innovations have, over time, led to changes in land use. 

Arable fields have been turned into pastures and semi-natural pastures into arable 

fields. Due to the ecological value of continually grazed semi-natural pastures in 

Sweden the aim of this study is to find out how former arable fields that are 

permanently grazed differ from semi-natural pastures. In this study I selected 

appropriate semi-natural pastures from a national monitoring program on semi-

natural- pastures and meadows. Plots continuously grazed were compared with grazed 

plots on former arable fields. Pair-wise differences in the Ellenberg indicator values 

Light (L), Soil moisture (F), soil pH (R) and soil nitrogen (N), vertical coverage of 

trees, bushes and vegetation, species richness and species composition were tested. 

Except for species composition there were only small differences between former 

arable fields that are permanently grazed and semi-natural pastures. That means 

former arable fields can with time and grazing gain many of the values continuously 

grazed semi-natural pastures have. 

2 Introduction 

The species composition of a plant community changes over time and this process is 

called succession. Given enough time, the succession reaches the climax community. 

The climax community is the final stage in the succession and is composed of plant 

species that dominate in that nature type (Ricklefs & Relyea 2014). The use of 

different types of land has changed over time. There are many arable fields that 

historically have been turned in to semi-natural pastures and mown meadows instead. 

Semi-natural pastures today are fenced grazing areas that have not been plowed, 

fertilized or had new plant species added to it (Ekstam & Forshed 2000). Mown 

meadows are areas with herbaceous plants and not seldom woody plants, like trees 

and bushes. In mown meadows the herbaceous plants are cut and removed with, e.g., 

a scythe. Previously, when meadows were used to produce winter food for stabled 

livestock, the meadows were not fertilized. That led to the level of nutrients in the 

meadow becoming lower over time. As the nutrient levels dropped in the meadows, 

the production of winter food decreased. To increase the production in meadows it 

was not uncommon to turn some parts of the meadow to temporary arable fields. The 

temporary arable fields were plowed and used for a few years before it was turned 

into a meadow again. The plowing had a fertilizing effect, which lead to increasing 

production in the meadow (Ekstam et al. 1988).  

Fencing of semi-natural pastures, and the area of arable fields increased at the end of 

the 1700s and the beginning of the 1800s. The most productive mowing meadows 

where turned in to arable fields and the most productive semi-natural pastures were 

turned in to mowing meadows. That lead to semi-natural pastures remaining were less 

productive. It became common in the beginning of the 1900s to grow winter food for 

the animals on arable fields instead of producing winter food on mowing meadows. 

“The Swedish grazing and fields growing winter food society” (Sw. Svenska betes- 

och vallföreningen) began in the beginning of the 1900s to promote that grazing 

should stop in unproductive semi-natural pastures. They also promoted that semi-

natural pastures should be fenced, limed, fertilized, cultivated with feeding plants and 

ground preparation should be used. They also thought that arable fields should be 

cultivated with feeding plants and also to be used for grazing. The society gained 
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support from the government, who in 1918 began to fund grazing improvements. 

Until the 1980s the government gave advise to farmers on how to increase production 

in unproductive semi-natural pastures (Ekstam & Forshed 2000). The arable fields 

that were abandoned first were hard to cultivate, due to distance from important areas 

like the farmhouse or because the arable field was very wet or dry (Ihse 1995). During 

the years many new technics and farming tools and machines, like tractors, developed 

that were suitable for bigger arable fields (Morell 2001, Flygare & Isacson 2003). It is 

possible that this development of new farming tools and machines led to 

abandonment of areas that did not suit the machines, e.g. due to the size and shape of 

the arable fields. According to Bardgett (2005) fertilization with inorganic fertilizers 

lead to lower pH in the soil. The use of inorganic fertilizers started in Sweden in the 

end of the 1800s (Morell 2001, Flygare & Isacson 2003). Inorganic fertilizers were 

mostly used when cultivating wetlands after drainage. Other arable fields were mostly 

fertilized with manure (Flygare & Isacson 2003). The use of inorganic fertilizers 

containing nitrogen, phosphorus and potassium increased from very little in the years 

1886-1890 to considerably more in the years 1991-1995 (Morell 2001). This makes it 

possible that at least some of the former arable fields in my study were fertilized with 

inorganic fertilizers. 

There have thus been many cases in Sweden where land use has changed and arable 

fields that for example started being used as pastures. Semi-natural grasslands with 

long continuity have higher species diversity than semi-natural grasslands with short 

continuity (Ihse 1995, Cousins & Eriksson 2002) and the longer the area is grazed, the 

higher the species richness becomes (Lindborg 2005). Therefore, it would be 

interesting to see if it is possible for former arable fields to gain the same ecological 

value as semi-natural pastures. The aim of this study is to find out how former arable 

fields with permanent grazing differ from managed semi-natural pastures in Sweden.  

The current study set out to compare species richness and composition, as well as the 

percentage of trees, bushes and ground vegetation, in grasslands that have been 

continuous grassland and those with a history as arable field. I also compared mean 

values of the Ellenberg indicator values for Light (L), Soil moisture (F), soil pH (R) 

and soil nitrogen (N). Ellenberg indicator values place individual species based on 

where they normally occur in the field, along gradients of increasing light exposer 

(L), increasing soil moisture (F), increasing alkalinity (R) and increasing soil nitrogen 

(N) (Ellenberg et al. 1992).  Average Ellenberg numbers can then be calculated for 

vegetation which is useful for monitoring or comparing plots in different geographical 

areas. According to Diekmann (2003) the R-value correlate well with the measured 

values in the area, which makes the R-value a good estimate of the soil pH. According 

to Schaffers & Sýkora (2000) however, the different species preference when it comes 

to pH varies geographically and the R-values which are based on central Europe is too 

low for species in northern and western Europe. The N-value is a good indicator of 

soil nitrogen, but also other soil nutrients and vegetation parameters (Schaffers & 

Sýkora 2000, Diekmann 2003). According to Ellenberg et al. (1992) a problem with 

using Ellenberg indicator values is that the individuals belonging to a certain species 

is not the same when it comes to genetics and ecophysiology. A species contains 

different ecotypes that are hard to distinguish from each other, but they are different 

when it comes to ecological preferences. This means that the Ellenberg indicator 

value may have been assigned to a different ecotype, then the one that is studied. If 

this is the case the Ellenberg indicator value may not be accurate. 
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Lower amount of nitrogen in the soil lead to higher species richness. The lack of 

nitrogen prevents that one plant species takes over, and different species can exist 

together (Midolo et al. 2018). When a semi-natural pasture is made into an arable 

field the soil is plowed and the bushes, trees and stones are removed. According to 

Karlík & Poschlod (2019) continuously grazed grasslands have a larger coverage of 

stones. The grazing animals will likely graze less under bushes and between stones, 

that often exists in semi-natural pastures. There are fewer stones and bushes in former 

arable fields because the stones have been removed in connection with the plowing of 

the arable field and bushes takes time to establish when annual cropping cease. This 

causes the grazing animals to graze a more uniformly throughout the pasture.  

My hypotheses were the following: compared with former arable fields with 

permanent grazing, managed semi-natural pastures have higher (i) species richness, as 

they have had longer time for more species to accumulate. I also expected that (ii) the 

two land use types will have different species composition, and (iii) that semi-natural 

pastures have lager bushes and trees and bigger vertical coverage of them, than 

former arable fields with permanent grazing. If there are more bushes and trees in 

managed semi-natural pastures, I (iv) expected that they have a greater variation when 

it comes to ground vegetation height, than former arable fields with permanent 

grazing. Expecting more bushes and trees in managed semi-natural pastures, (v) I 

assumed that the indicator value L is higher for former arable fields with permanent 

grazing. I also think (vi) that the indicator value N is higher for former arable fields 

with permanent grazing. If managed semi-natural pastures have more trees and 

bushes, I (vii) expected that they will have dryer soil and therefor lower F value. 

Finally, I expected (viii) that former arable fields with permanent grazing will be 

more acidic than managed semi-natural pastures and therefor lower R value. 

3 Materials & methods 

3.1 Data Collection  

The data used in this study comes from a monitoring program on semi-natural- 

pastures and meadows that was attached to the National Inventory of Landscapes in 

Sweden (NILS) program in 2006. NILS is financed by the Swedish Environmental 

Protection Agency (Ståhl et al. 2011). The monitoring program for grasslands and the 

NILS program, has 631 permanent landscape squares in Sweden, of which parts are 

inventoried every 5 years. The landscape squares are 5x5 km2 and are spaced 

differently depending on which geographic strata they belong to. The landscape 

squares are inventoried with the help of aerial photography. In addition, there are a 

number of circular sample plots (plots) in “meadow and grazing sites” that are added 

in a specific pattern. The Swedish names for the concepts in quotation marks are 

provided in Appendix. The number of plots in each “meadow and grazing site” varies 

from 1 to 10, depending of which area class it is a part of: 0-1 ha=1 plots, 1-3 ha=2 

plots, 3-10 ha=4 plots, 10-30 ha=6 plots, 30-100 ha=8 plots, 100+ ha=10 plots (Sjödin 

2015). One person inventories each plot in the “meadow and grazing sites”. Every 

plot in the “meadow and grazing site” is inventoried as long as they are possible to 

visit. Arable fields with growing crops are not inventoried for example, but it is noted 

that the plot was not available because of growing crops1. 
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A plot consists of an inner circle area with a three-meter radius and an outer circle 

area with a ten-meter radius. Five small circular sample plots (small plots) are placed 

in a straight line from south to north in the inner circle. The two outer small plots 

tangent the inner circle. GPS-values and photos of the area is used to locate the 

different plots. Different types of lands are defined in different polygons. If an area in 

the inner circle in the plot is outside a land use type polygon the plot is moved the 

shortest way possible to the dominated land use type polygon in line with either of the 

four cardinal directions. The area of the outer circle area that still is outside the 

dominating polygon is ignored when assessing the coverage of trees and bushes and 

ground vegetation1. 

The species inventories are made by searching for species on a predefined list that 

contains 367 different non-woody plant species and lichens typically found in 

“meadow and grazing sites”, and register how many small plots that a species is 

present in, in each plot1. The weighted mean of the Ellenberg indicator values L, F, R 

and N of the found species where calculated for each plot. 

The coverage of trees and bushes is assessed separately in four different height 

classes; <1 m, 1-3 m, 3-7 m and >7 m. Each plot is then given one of the following 

values depending on the vertical percentage coverage; 0:0%, 1:1-4%, 2:5-10%, 3:11-

30%, 4:31-60% or 5:>60%1. 

The vertical percentage coverage of ground vegetation was assessed in the outer circle 

area for three different height classes1; <5 cm, 5-15 cm and >15 cm. The percentage 

area with no vegetation was also registered (Sjödin 2015). 

3.2 Data Management 

The data used in this study was collected in the years 2016-2018. Data from the land 

use types “managed semi-natural pastures and moving meadows”, “arable fields with 

permanent grazing/moving” and “former arable fields with permanent 

grazing/moving” were selected. “Managed semi-natural pastures and moving 

meadows” are managed semi-natural pastures and moving meadows that have not 

been arable fields, are not characterized by plowing and not suitable for plowing. The 

coverage of trees and bushes must be lower than 60 %. If it is above that, there is too 

much shadow for species that need management. “Arable fields with permanent 

grazing/moving” are arable fields that are suitable for plowing and crop production, 

but used for grazing and moving. There can be up to a few trees and brushes that are 

not higher than 1.3 m. “Former arable fields with permanent grazing/moving” are 

former arable fields with permanent grazing/moving that is no longer suitable for 

plowing because of too many trees and bushes or/and too moist ground. The tree 

coverage can be up to 60 %2. The current study excluded meadows, because of the 

low number of them in the data.  

In the comparisons, data from “arable fields with permanent grazing/moving” and 

“former arable fields with permanent grazing/moving” were combined so that the 

combination of these land use types where compared with data from “managed semi-

                                           

1 Anders Glimskär & Helle Skånes, Swedish University of Agricultural Sciences, Uppsala, “Instruktion 

för gräsmarksprovytor och ängs- och betesmarksobjekt”, unpublished document 
2 Anders Glimskär & Helle Skånes, Swedish University of Agricultural Sciences, Uppsala, 

“Definitioner av markslag”, unpublished document 
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natural pastures and moving meadows”. The reason for this is that both land use types 

have been arable fields that now are used for grazing or moving, and the difference 

between them did not seem relevant given the aim of this study. To be able to do the 

comparisons only data from “meadow and grazing sites” that contained “managed 

semi-natural pastures and moving meadows” and “arable fields with permanent 

grazing/moving” and/or “former arable fields with permanent grazing/moving” were 

selected. 

The data had the “management status” “ongoing grazing”, being grazed by cattle, 

sheep and horse, individually or in the combinations cattle and sheep or cattle and 

horse.    

The variables that were used in the data set were “Number of species” and the 

Ellenberg indicator index variables “L-weight”, “F-weight”, “R-weight” and “N-

weight”. The variables for vertical coverage of trees and bushes of different heights 

were also used “Height<1 m”, “Height 1-3 m”, “Height 3-7 m” and “Height>7 m”. 

The variables for vertical coverages of ground vegetation of different heights were 

also used “Height<5 cm”, “Height 2-15 cm”, “Height>15 cm” and “No vegetation”.  

The response variable was calculated by subtracting the mean of “arable fields with 

permanent grazing/moving” from the mean of “managed semi-natural pastures and 

moving meadows” and by subtracting the mean of “former arable fields with 

permanent grazing/moving” from the mean of “managed semi-natural pastures and 

moving meadows”. Then the averages from plots with the same land use were 

calculated for each variable. From now on “managed semi-natural pastures and 

moving meadows” are called “continuous grazing” and “arable fields with permanent 

grazing/moving”/ “former arable fields with permanent grazing/moving” are called 

“former arable”. 

3.3 Statistical analysis 

3.3.1 Confidence interval  

The differences between “continuous grazing” and “former arable” were evaluated by 

calculating the 95 % confidence interval; if the 95 % confidence interval is under or 

above zero, there is a significant difference (zero means that there is no difference 

between the land use types). 

3.3.2 Multivariate analysis 

Partial Canonical Correspondence Analysis (pCCA) was used to evaluate species 

composition in the two types of grasslands, using “meadow and grazing sites” as a 

number of categorical covariables. The pCCA was subjected to a permutation test to 

assess the statistical significance of the differences in species composition. 

Permutations blocks were defined by the covariables, i.e. permutation was only within 

an “meadow and grazing site”.  

4 Results 

Five variables, out of 13 evaluated, turned out significant: vertical coverage of trees 

and bushes; (i) Height<1 m, (ii) Height 1-3 m, (iii) Height 3-7 m, (iv) Height>7 m and 
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vertical coverage of ground vegetation; (v) Height>15 cm (Table 1). Eight variables 

turned out non-significant: Number of species, L-weight, F-weight, R-weight, N-

weight and vertical coverage of ground vegetation; Height<5 cm, Height 5-15 cm, No 

vegetation (Table 1). Nevertheless, two non-significant variables were nearly 

deviating from zero: R-weight and N-weight (Table 1). 

Table 1. The means of the difference between “continuous grazing” and 
“former arable”, when it comes to different variables. Positive value means 
that “continuous grazing” have a higher value than “former arable”. Negative 
value means that “former arable” have a higher value than “continuous 
grazing”. (95% confidence interval in brackets). 

Variable Mean of the difference Significance***  

Number of species 1,83 (-0.90;4.46) NS 

L-weight 0,03 (-0.22;0.27) NS 

F-weight -0,06 (-0.41;0.28) NS 

R-weight -0,22 (-0.53;0.08) NS 

N-weight -0,42 (-0.94;0.10) NS 

Height<1 m 0,47 (0.18;0.76)* Significant 

Height 1-3 m 0,89 (0.54;1.25)* Significant 

Height 3-7 m 0,77 (0.30;1.25)* Significant 

Height>7 m 0,82 (0.23;1.42)* Significant 

Height<5 cm -6,17 (-23.98;11.65)** NS 

Height 5-15 cm -12,08 (-30.47;6.31)** NS 

Height>15 cm 18,50 (4.45;32.55)** Significant 

No vegetation -0,29 (-6.40;5.82)** NS 

* The vertical coverage of trees and bushes of different heights is assessed in different percent classes; 
0:0%, 1:1-4%, 2:5-10%, 3:11-30%, 4:31-60% and 5:>60%. 
** The vertical coverage of ground vegetation of different heights is expressed in percent. 
*** Shows if the mean of the difference is significant or not. 

The species composition of the types of grasslands differed significantly (permutation 

test: pseudo-F=1.4, P=0.0004) (Table 2). Species mainly affiliated with “continuous 

grazing” were Trifolium medium, Ranunculus repens, Festuca ovina, Plantago 

lanceolate and Galium verum (Table 2). In contrast, Deschampsia cespitosa, 

Leontodon autumnalis, Veronica chamaedrys, Rhytidiadelphus squarrosus, Achillea 

millefolium, Trifolium repens, Stellaria graminea and Taraxacum were more common 

in “former arable” (Table 2).  
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Table 2. The difference between “continuous grazing” and “former arable” 
when it comes to the most common species that were present in 9 plots or 
more. Numbers are ordination scores from a pCCA, with negative numbers 
meaning an association with continuous grazing. 

Species Presence  Sum* Frequency** (max 48) 

Trifolium medium -0.4152 26 9 

Ranunculus repens -0.433 27 11 

Festuca ovina -0.2279 28 9 

Plantago lanceolata -0.2062 25 9 

Galium verum -0.205 25 11 

Anthoxanthum odoratum -0.1734 24 9 

Festuca rubra -0.1171 24 11 

Prunella vulgaris -0.048 17 9 

Alchemilla spp. -0.0219 31 16 

Veronica officinalis -0.0024 20 10 

Vicia cracca 0.0359 21 14 

Phleum pratense/Alopecurus pratensis 0.0601 39 11 

Plantago major 0.0976 15 11 

Rumex acetosa 0.1099 56 21 

Anthriscus sylvestris 0.1159 26 12 

Dactylis glomerata 0.1423 28 14 

Trifolium pratense 0.1571 19 10 

Poa spp. 0.1642 56 20 

Luzula campestris/L. multiflora 0.1787 23 10 

Agrostis spp. 0.1872 110 28 

Ranunculus acris 0.1897 77 23 

Deschampsia cespitosa 0.2112 56 19 

Leontodon autumnalis 0.2525 25 9 

Veronica chamaedrys 0.2791 55 21 

Rhytidiadelphus squarrosus 0.3337 81 25 

Achillea millefolium 0.3732 75 25 

Trifolium repens 0.391 72 26 

Stellaria graminea 0.4242 20 9 

Taraxacum spp. 0.5545 39 15 

* The sum of the number of small plots that the species are present in. 
** The number of plots that the species are present in out of 48. 

5 Discussion 

This study identified clear differences in species composition, coverage of trees and 

bushes and coverage of vegetation>15 cm between managed semi-natural pastures 

and former arable fields with permanent grazing. In contrast, there were no clear 

differences in number of species, Ellenberg indicator values, coverage of no 

vegetation and coverage of vegetation< 5 cm and 5-15 cm. 

The lack of difference in number of species contrasts with a study that showed that 

continuously grazed calcareous grasslands has a higher number of species (Karlík & 

Poschlod 2019). That study also shows that some grazed calcareous grasslands that 
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had been temporary arable fields after 1830 has a very high number of species (Karlík 

& Poschlod 2019). Another study shows that the difference in species richness 

between semi-natural grasslands and former arable fields with permanent grazing is 

smaller the longer the former arable fields has been managed by grazing (Öster et al. 

2009). According to that study it takes more than 50 years for former arable fields 

with permanent grazing to gain the same species richness as semi-natural grasslands 

(Öster et al. 2009). According to Lindborg’s (2005) study however, there is no big 

difference between areas with continuous grazing and areas that has been grazed for 

30 years. This could mean that the former arable fields with permanent grazing in my 

study has been managed long enough for the number of species to be the same as in 

managed semi-natural pastures. 

The species composition was, however, different in managed semi-natural pastures 

and former arable fields with permanent grazing, which could mean that the former 

arable fields with permanent grazing have not been grazed long enough for them to 

accumulate the type of species managed semi-natural pastures have. Ekstam & 

Forshed (1997) lists the following species as indicating management; Trifolium 

medium, Festuca ovina, Plantago lanceolata, Galium verum, Anthoxanthum 

odoratum, Festuca rubra, Prunella vulgaris, Veronica officinalis, Phleum pretense, 

Rumex acetosa, Trifolium pratense, Luzula campestris, Luzula multiflora, Ranunculus 

acris, Deschampsia cespitosa, Leontodon autumnalis, Veronica chamaedrys, Achillea 

millefolium, Trifolium repens and Stellaria graminea. According to my study both 

semi-natural pastures and former arable fields with permeant grazing contained 

species that indicate management, but the composition of the species was different. 

Another study showed that the number of species that indicate continuous grazing and 

species that indicate a shorter time of grazing, overlap between continuously grazed 

grasslands and grasslands that have been grazed for more than 50 years and less than 

50 years (Karlík & Poschlod 2019). However, this overlap was mainly caused by two 

grasslands that had been grazed for more than 50 years (Karlík & Poschlod 2019). 

One of them had a high number of species that indicate continuous grazing and the 

other one had a low number of species that indicate a shorter time of grazing (Karlík 

& Poschlod 2019). This means that former arable fields can accumulate management 

depending species, but perhaps not the same type of species. It also means that the 

number of indicator species can vary between grasslands with the same grazing time.  

Even though it is possible for former arable fields with permanent grazing to 

accumulate the same species richness as semi-natural pastures with continuous 

grazing, several studies suggest that this can be achieved faster if seed sowing is used 

(Lindborg 2005, Öster 2009, Prach et al. 2012, Prach et al. 2014). Grasslands 

accumulate new species from its surrounding grasslands (Cousins & Aggemyr 2008, 

Öster et al. 2009 Lencová & Prach 2011), which means that seed sowing is only cost 

affective and needed if there are no species-rich grasslands in the surrounding of a 

grazed former arable field (Lencová & Prach 2011). According to Öster et al. (2009) 

however, seed sowing should preferably be used in areas with low levels soil nutrients 

and with surrounding semi-natural pastures with continuous grazing, which are the 

areas with the biggest probability of achieving higher species richness.      

The coverage of ground vegetation was in line with my hypothesis that semi-natural 

pastures would have more tall-grown ground vegetation than former arable fields if 

there was coverage of trees and bushes. The reason may be that the grazing animals 
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cannot reach everywhere in managed semi-natural pastures to graze in the same way 

as in former arable fields with permanent grazing because of more obstacles in the 

form of stones, trees and bushes.  

There was significantly more trees and bushes in semi-natural pastures but that did 

not affect the L-weight or F-weight indices. There was a near-significant difference 

for the R-weight and N-weight, which suggests a difference, hence giving some 

modest support to my hypotheses regarding lower R-weight and N-weight in semi-

natural pastures than former arable. The weak signal in the R-weight can be partly due 

to Ellenberg R being of central European origin, while the actual R-response of 

species may very geographically (Schaffers & Sýkora, 2000). It also possible that 

amounts and type of fertilizer that had been applied to former arable land were low, or 

their effect have worn off over time.  

My conclusion is that because there were only small differences between semi-natural 

pastures with continuous grazing and former arable fields with permeant grazing and 

that former arable fields can, with time and grazing, gain many of the biodiversity 

values continuously grazed semi-natural pastures have. 

5.1 Societal & ethical considerations 

This study is relevant for society because it shows that former arable fields can, with 

time and grazing, gain many of the ecological values that semi-natural pastures with 

continuous grazing have. This has implication for the future use of marginal arable 

fields, and the support systems that promote biodiversity in agricultural land. 

There are is no ethical considerations in this study, because this study has existing 

data as starting point. 
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8 Appendix 

Appendix 1. The variables used in the study and their original Swedish 
names.  

English Swedish 

Arable fields with permanent grazing/moving Åkermark med permanent bete/slåtter 

Availability Tillganglighet 

Available Tillgänglig 

Former arable fields with permanent grazing/moving Tidigare åkermark med permanent bete/slåtter 

F-weight F_vikt 

Height 1-3 m TotTradBu3m 

Height 2-15 cm VegHojdMedel 

Height 3-7 m TotTradBu7m 

Height<1 m TotTradBu1m 

Height<5 cm VegHojdKort 

Height>15 cm VegHojdHog 

L-weight L_vikt 

Managed semi-natural pastures and moving meadows Hävdad betes- och slåttermark 

Management status Havdstatus 

Management type Havdtyp 

Meadow and grazing site Ängs- och betesmarksobjekt 

No vegetation VegSaknas 

Number of species Artantal_tot 

N-weight N_vikt 

Ongoing grazing Pågående bete 

R-weight R_vikt 

 


