
Journal of Environmental Management 348 (2023) 119416

Available online 6 November 2023
0301-4797/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Research article 

Additive effects of two agri-environmental schemes on plant diversity but 
not on productivity indicators in permanent grasslands in Switzerland 

Valentin H. Klaus a,b,*, Andrew Jehle b, Franziska Richter b, Nina Buchmann b, Eva Knop c,d, 
Gisela Lüscher d 

a Forage Production and Grassland Systems, Agroscope, Zürich, Switzerland 
b Department of Environmental Systems Science, Institute of Agricultural Sciences, ETH Zürich, Zürich, Switzerland 
c Department of Evolutionary Biology and Environmental Studies, University of Zürich, Zürich, Switzerland 
d Agricultural Landscape and Biodiversity, Agroscope, Zürich, Switzerland   

A R T I C L E  I N F O   

Handling Editor: Lixiao Zhang  

Keywords: 
Agri-environmental measure 
Biodiversity conservation 
Ecological compensation area 
Ecological focus area 
Greening 
Organic farming 

A B S T R A C T   

Different agri-environmental schemes (AES), such as ecological focus areas and organic farming, have been 
suggested to reduce the impact of intensive agriculture on the environment and to conserve or even restore 
farmland biodiversity. However, the effectiveness of such schemes, their ability to actually support biodiversity 
and associated trade-offs with agricultural production are still debated. We analysed a large dataset from the 
biodiversity monitoring in the Swiss agricultural landscape to assess the effects of two different grassland AES, i. 
e., extensively managed ecological focus areas (EFAs versus non-EFAs) and organic farming (versus conventional), on 
plant diversity, plant community composition and productivity indicators, i.e., weed abundance, forage value 
and nutrient availability. We also considered environmental factors, i.e., topography and soil conditions, which 
potentially modulate AES effects on biodiversity. We used in total 1170 plots in permanent grasslands, managed 
as meadows or pastures. 

Both AES had significant positive effects on plant diversity. However, EFAs increased plant richness consid-
erably stronger (+6.6 species) than organic farming (+1.8 species). Effects of the two schemes were additive with 
organic EFA grasslands exhibiting highest plant diversity. Differences in topography partly explained AES effects 
on diversity as both AES were associated with differences in elevation and slope. Thus, future assessments of the 
effectiveness of AES need to consider the non-random placement of AES across heterogeneous landscapes. EFA 
grasslands revealed a considerably reduced agricultural productivity as shown by low forage values and low 
nutrient availability. Yet, the abundance of agricultural weeds, i.e., agriculturally undesired plant species, was 
lower in EFA compared to non-EFA grasslands. Productivity indicators were only weakly affected by organic 
farming and other than for plant diversity, productivity did not differ between organic and conventional EFA 
grasslands. 

The positive additive diversity effects of EFAs and organic grassland farming underline the potential of both 
AES to contribute to biodiversity conservation in agricultural landscapes, though to a different extent. Comparing 
the effects of the two AES revealed that the lower the reduction in agricultural productivity associated with an 
AES, the smaller the gains in plant diversity, highlighting the inevitable trade-off between productivity and plant 
diversity in semi-natural grasslands.   

1. Introduction 

Biodiversity within agricultural landscapes is steadily decreasing, 
highlighting the need to counteract this ecological degradation with 
effective agri-environmental policies (Pe’er et al., 2022; Tscharntke 
et al., 2005). Permanent grassland is a potentially highly multifunctional 

and biodiverse ecosystem, but both aspects strongly depend on man-
agement intensity (Allan et al., 2014; Schils et al., 2022). Decades of 
agricultural intensification, conversion and abandonment of grasslands 
have thus set a focus to the protection and restoration of species-rich 
grasslands managed at low intensity (Dengler et al., 2014; Isselstein 
et al., 2005). In many countries, agri-environmental schemes and similar 

* Corresponding author. Agroscope, Reckenholzstr. 191, 8046, Zürich, Switzerland. 
E-mail address: valentin.klaus@agroscope.admin.ch (V.H. Klaus).  

Contents lists available at ScienceDirect 

Journal of Environmental Management 

journal homepage: www.elsevier.com/locate/jenvman 

https://doi.org/10.1016/j.jenvman.2023.119416 
Received 8 August 2023; Received in revised form 18 October 2023; Accepted 18 October 2023   

mailto:valentin.klaus@agroscope.admin.ch
www.sciencedirect.com/science/journal/03014797
https://www.elsevier.com/locate/jenvman
https://doi.org/10.1016/j.jenvman.2023.119416
https://doi.org/10.1016/j.jenvman.2023.119416
https://doi.org/10.1016/j.jenvman.2023.119416
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jenvman.2023.119416&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Journal of Environmental Management 348 (2023) 119416

2

policy tools have been designed to conserve and enhance biodiversity 
and gain further positive environmental outcomes within agricultural 
landscapes. Agri-environmental schemes (AES) can be mandatory to 
gain eligibility to agricultural subsidies, such as within the CAP of the EU 
and for the proof of ecological performance in Switzerland, but can also 
be voluntary such as organic farming (DZV, 2023). Yet, the ecological 
effectiveness of AES is still debated, and insight in the performance of 
AES at the landscape scale is urgently needed (Meier et al., 2022; Pe’er 
et al., 2022). 

Grassland AES usually restrict management intensity, especially 
fertilisation but also other biodiversity-damaging practices such as early 
harvest dates. Besides, AES often demand a minimum level of land use to 
inhibit succession (Isselstein et al., 2005; Pornaro et al., 2013). Due to 
the management restrictions in place, farmers have to accept a lower 
agricultural productivity such as lower yield quantity and quality, lower 
soil fertility, and/or an agriculturally non-optimal plant community 
composition of AES grasslands (Hodgson et al., 2005; Mayer et al., 
2008). However, different types of AES exist, with different individual 
objectives and subsequently different impacts on field and farm man-
agement (dos Santos et al., 2015; Wrbka et al., 2008). Yet, combined 
effects of different AES have rarely been studied, restricting our un-
derstanding of how AES impact landscape-scale biodiversity. This limits 
our potential to optimise these important agricultural policy tools. 

In this work, we focus on two different AES (Box 1), one with “strict” 
regulations, i.e., ecological focus areas (EFAs) of the type extensive 
grassland management, designed to sustain and create extensive grass-
lands by a complete ban of fertilisation along other management re-
strictions (Knop et al., 2006), and a second AES with rather “soft” 
regulations concerning grassland management, i.e., organic farming 
(Klaus et al., 2013; Mayer et al., 2008). Although organic farming is a 
production system and not specifically focused on maximising biodi-
versity benefits, studies have shown organic farmland to be considerably 
species-richer than conventional farmland (e.g., Carrié et al., 2022; 
Mayer et al., 2008). In Switzerland, as in many other places, organic 
grassland farming cannot use synthetic fertilisers nor pesticides and the 
maximum use of organic fertilisers per hectare is slightly lower than for 
non-organic, i.e., conventional agriculture (Box 1; Bio Suisse, 2020). 
Yet, as national organic farming regulations also prescribe ruminant 
feed to be organically certified and to originate from Switzerland, with a 
maximum of 5% of animal dry matter intake being concentrates (Box 1), 
the quantity and quality of farmyard manures on organic farms is likely 
significantly lower than for conventional grassland farming, which can 
have significant effects on farmland biodiversity (Bettin et al., 2023). 
Similar as for ecological focus areas, Swiss farmers receive per-hectare 
support payments for organically farmed grassland (DZV, 2023). Pre-
vious studies found positive effects of EFAs and similar schemes on 
different grassland taxa (e.g., Kampmann et al., 2012; Knop et al., 2006), 
while positive effects of organic farming on grassland biodiversity are 
still unclear and debated. While Mayer et al. (2008) found organic 
farming to benefit plant diversity in intensively managed grasslands, 
Klaus et al. (2013) observed only arthropod but not plant diversity to 
benefit from organic grassland farming. 

Another major aspect of grassland management related to several 
AES is the harvest type, i.e., grazing versus mowing (Box 1). While 
farmers are generally free to choose one or the other way to manage 
their grasslands, topography can considerably restrict how a parcel is 
managed. For example, livestock grazing is less demanding with regard 
to an even (micro)topography and a moderate slope than mechanical 
mowing for silage (Stumpf et al., 2020). In addition, pastures and 
meadows show partly contrasting plant species composition, mainly due 
to selective grazing and un-selective mowing favouring different plant 
traits and species combinations (Busch et al., 2019; Peter et al., 2009). 
Effects of AES on grassland plant diversity do not only depend on the 
direct effect of restricting management intensity, but act in concert with 
other factors such as the local environment, the surrounding landscape 
setting, and land use history. For example, quick benefits of recently 

reduced management intensity can be inhibited by residual nutrient 
concentrations within the formerly fertilised topsoil (Critchley et al., 
2003; Pywell et al., 2002). Thus, to comprehensively assess AES effects 
on grassland biodiversity, grazing versus mowing as well as major site 
factors such as local topography need to be included in the analysis. 

We assessed the effects of the two previously described grassland 
AES (i.e., extensive EFA versus intensive non-EFA, and organic versus 
conventional farming; Box 1) on different measures of plant diversity 
and agricultural productivity. The latter was estimated by several pro-
ductivity indicators such as forage value, the abundance of agricultur-
ally undesired weeds and soil nutrient availability. Therefore, we used a 
large country-level dataset containing 1170 vegetation records compiled 
by the Swiss biodiversity monitoring in the agricultural landscape. We 
further included site information such as on soil moisture as well as basic 
topographical characteristics, i.e., elevation and slope, of the respective 
land in the analysis. We hypothesized:  

1) A trade-off exists between plant diversity and productivity indicators 
in permanent grassland.  

2) EFA extensive grassland management has a significant positive effect 
on plant diversity but a strong negative effect on productivity 
indicators.  

3) Organic grassland farming results in increased plant diversity but 
decreased productivity indicators compared to conventional 
farming.  

4) EFA extensive management and organic grassland farming do not 
have an additive effect on plant diversity.  

5) The effects of both AES, EFA management and organic farming, are 
consistent in meadows and pastures, but related to differences in 
topography, i.e., elevation and slope.  

2. Material and methods 

2.1. Study system and field work 

The study area is the Swiss agricultural landscape, of which perma-
nent grasslands make up for approximately 58% (without alpine pas-
tures; BLW, 2021). It encompasses the intensively used Swiss lowlands 
with elevations between approximately 300 to 700 m a.s.l. and the 
agriculturally managed areas up to 2000 m a.s.l. in the Pre-Alps and the 
Jura mountains. Alpine regions and their summer pastures were not 
included in this study. 

Our dataset contains 1170 vegetation records collected within 117 1- 
km2 squares, evenly distributed across the different biogeographic and 
agricultural zones of Switzerland. It encompasses a large gradients of 
land use and abiotic conditions across the whole country. The 1-km2 

squares are part of Switzerland’s farmland species and habitat moni-
toring program (http://www.allema.ch). Vegetation records were done 
within 10 m2 circular plots selected from a 50 m × 50 m sampling grid 
within the 1-km2 squares. The sampling design accounted for a repre-
sentative sample of the various land use (habitat) types occurring in the 
1 km2 squares. More than one plot might be located within large 
grassland parcels, which we consider justified due to the minimum 
distance of 50 m (or more) between two vegetation records. Plots were 
visited once between 2015 and 2019 to record the ground cover of all 
vascular plant species at the peak of flowering according to Braun--
Blanquet (1964). Following the guidelines of the monitoring program 
(Riedel et al., 2018), vegetation records were done when conditions 
allowed for the identification of occurring plant species, i.e., April to 
August. Some unidentified species were excluded from the analysis 
(2.6% of all plot*species records). In total, 701 plant species were 
identified. 
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2.2. Grassland types and agri-environmental schemes 

From all vegetation surveys, we selected the 1170 belonging to the 
eight main management types of permanent grassland occurring in 
Switzerland outside alpine areas (Box 1). These eight types are the result 
of a full-factorial design of (i) ecological focus areas (EFAs) of the type 
extensive grassland management versus intensive management, (ii) 
organic versus conventional management, and (iii) the harvest type 

meadow (predominantly mown) versus pasture (predominantly grazed). 
The grassland types in our study comprise EFAs (extensive and unfer-
tilised) and intensively used meadows and pastures. All extensively used 
grasslands belong to the Swiss AES of ecological focus areas (EFAs; Box 1). 
They must not be fertilised and can be specified as two sub-types of 
EFAs, i.e., extensively used meadows and extensively used pastures. 
These extensive grasslands are compared to their intensively managed 
counterparts, which can generally be fertilised (Table 1b). Note that the 

Box 1  

Agri-environmental schemes (AES) and harvest types in permanent grasslands as used in this study (Table 1a) and corresponding management 
requirements for the resulting eight grassland types (Table 1b).   

Table 1 
Table 1a. Characteristics of two AES (ecological focus area = EFA; organic farming) and the harvest types found in Swiss permanent grasslands. The corresponding 
management options are presented opposed to each other. All eight combinations of AES and harvest types are possible (Table 1b). 
Table 1b. Management requirements and resulting intensity levels for the eight permanent grassland management types resulting from a full-factorial combination of 
the harvest types (meadow versus pasture) under the two AES shown in Table 1a. The sample size of each grassland type in this study is given in brackets.  

Ecological focus 
area (EFA) 

EFA (extensive management) 
EFAs are main elements of agri-environmental schemes to support 
biodiversity conservation in agricultural landscapes in Switzerland. In this 
study, the EFA types “extensively used pastures” and “extensively used 
meadows” were included. They are the most frequent grassland EFAs in 
Switzerland. Regulations specify no fertiliser input but at least one 
utilisation per year. Regulations further restrict management, e.g., a 
delayed date of first mowing of meadows. Mulching and broad-scale 
application of pesticides are not allowed, but some specific single weed 
plants can be sprayed. Payments require a contract duration of eight years. 
In 2021, extensively used meadows and extensively used pastures (the 
latter also including extensively used wooded pastures) made up 14% and 
8% of the permanent grassland area of Switzerland, respectively (BLW, 
2021). 

or Non-EFA (intensive management) 
Classical grassland management for intensive forage production. 
Management intensity is not restricted but the general Swiss agricultural 
guidelines on fertilizer use and nutrient balances apply, the so-called “Proof 
of Ecological Performance” as described below (DZV, 2023). Farmers are 
free to choose an intensity level. These grasslands are usually considerably 
fertilised to produce high-quality forage for ruminants for meat or dairy 
production. 

Organic farming Organic 
Organic grassland management is done according to the regulations of 
organic farming in Switzerland and respective baseline regulations such as 
a balanced nutrient budget at farm level (Bio Suisse, 2020; DZV, 2023). The 
use of synthetic fertilizers and synthetic pesticides is forbidden. Further 
restrictions apply regarding the trade of fertilisers among farms and on 
animal feeding. Feed for ruminants needs to be grass-based for 75% and can 
only contain up to 5% concentrate (based on dry matter intake). Upper 
limits for total organic fertiliser applications per fertilizable farm area (e.g., 
135 kg available nitrogen per hectare and year on average at low 
elevations) are lower than in conventional systems. In 2021, 21.5% of the 
permanent grassland area of Switzerland was organically farmed (FiBL, 
2023). 

or Conventional 
Conventional, i.e., non-organic grasslands are managed according to the 
“Proof of Ecological Performance” (PEP) guidelines, which is the classical 
farming system in Switzerland. PEP guidelines need to be followed to be 
eligible for receiving agricultural direct payments. Their standards are 
based on the concept of integrated production and require, for example, a 
balanced nutrient budget for phosphorus and nitrogen at the farm level. 
There are no direct restrictions on ruminant feeding. Upper limits for total 
fertiliser applications per farm apply, such as on average 162 kg available 
nitrogen per hectare and year across all intensive conventional grasslands 
(at low elevations; DZV, 2023). 

Harvest type Meadow 
Meadows are predominantly cut for hay or, if intensively managed, also for 
silage. Grazing is possible and often practiced for the later regrowth. The 
number of cuts varies with site productivity and fertilization intensity from 
one to six. 

or Pasture 
Pastures are grasslands that are predominantly grazed by livestock, in 
Switzerland mostly by cattle (BLW, 2020). Mowing is also allowed and 
practiced for cleaning cuts but also for occasional silage and haymaking, if 
feasible. Grazing intensities and schemes vary widely and include various 
types such as continuous or rotational grazing.  

Type Meadow Pasture 

Non-EFA (intensive) EFA (extensive) Non-EFA (intensive) EFA (extensive) 

Conventional 
(n = 461) 

Organic 
(n = 162) 

Conventional 
(n = 167) 

Organic 
(n = 158) 

Conventional 
(n = 171) 

Organic 
(n = 42) 

Conventional 
(n = 71) 

Organic 
(n = 38) 

Harvest methods Mainly 
mowing 

Mainly mowing Mainly mowing Mainly 
mowing 

Mainly 
grazing 

Mainly grazing Mainly grazing Mainly 
grazing 

First date of 
harvest 

No restriction No restriction Delayed first cut Delayed 
first cut 

No restriction No restriction No restriction No 
restriction 

Fertilisation Allowed Allowed but no 
synthetic fertiliser 

Banned Banned Allowed Allowed but no 
synthetic fertiliser 

Banned Banned 

Synthetic 
pesticides 

Allowed Banned Single plant 
application upon 
request 

Banned Allowed Banned Single plant 
application upon 
request 

Banned 

Allowed maximum 
intensity level 

+++ ++(+) + + +++ ++(+) + +
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information on the grassland types originate from the parcel-scale 
agricultural statistics of Switzerland. Thus, we do not have further de-
tails on management practices such as amount of fertilizer applied, 
actual livestock densities and sward age. Yet, the typology used here has 
successfully been used by previous studies with a different or more 
reginal focus (Kampmann et al., 2012; Meier et al., 2022; Ravetto Enri 
et al., 2020). Although we lack specific information on the livestock 
type, most pastures will be grazed by cattle because 90% of the ruminant 
livestock units in 2019 in Switzerland were cattle (BLW, 2020). Yet, 
horses, sheep, goats and rarer livestock species such as water buffaloes 
also occur. 

Extensively used meadows are cut at least once each year, albeit not 
earlier than a set date depending on agricultural zone (linked to eleva-
tion, e.g., June 15th in the lowlands). Autumn grazing of extensively 
used meadows is permitted from September to end of November. 
Extensively used pastures are also utilised at least once each year by 
grazing livestock. Additional feeding of grazing animals is not allowed 
onsite. Extensively used pastures can, and often do, contain up to 20% of 
unproductive land such as rocks or shrubs. Certain exclusion criteria 
exist for extensively used pastures: (i) more than 20% of the parcel area 
is dominated by productive and ecologically undesirable species such as 
perennial ryegrass (Lolium perenne), white clover (Trifolium repens), 
rough meadow-grass (Poa trivialis) or creeping buttercup (Ranunculus 
repens), and (ii) more than 10% of the parcel area is dominated by 
species indicating excessive nutrient enrichment or mismanagement 
such as common nettle (Urtica dioica) and broad-leaved dock (Rumex 
obtusifolius). No restrictions on the date or frequency of grazing are in 
place for extensively used pastures. Cleaning cuts are allowed. 

We removed all plots for which the vegetation surveys indicated a 

high prevalence of trees and shrubs (>40% cover) and also those few 
cases for which the grassland type was not defined in the agricultural 
statistics. In total, within the 117 squares, 1170 plots were retained for 
further statistical analyses (Supplemental Material Table S1), with 1–21 
plots per square (mean 10). In the whole dataset there were more 
meadows (72%) than pastures, more intensively managed grasslands 
(72%) than EFAs (extensive), and more conventional (74%) than 
organic grasslands. Still, even for the least represented grassland type, i. 
e., organic EFA (extensive) pasture, 38 plots were included. 

2.3. Plant diversity measures, species composition and indicators 

From the vegetation data, two measures of plant diversity, i.e., the 
number of all vascular plant species and the number of policy-relevant target 
plant species, were calculated per 10 m2 survey. Policy-relevant species 
comprised a list of plant species representative for the conservation and 
promotion of species and their habitats across the whole elevational 
gradient, within the framework of the agriculture-related environmental 
objectives of Switzerland (species list given in Supplemental Material 
Table S2; Walter et al., 2013). The underlying idea was to have a set of 
target species to inform policy-makers about trends in species and 
habitat diversity within the agricultural landscape. We further cat-
egorised species according to their plant functional types (i.e., grasses, 
legumes, and non-legume forbs) and calculated their cover sums per 
plot, as these are potentially affected by AES and related to plant di-
versity (Pallett et al., 2016). 

Several indicators for the field-scale agricultural productivity of the 
grasslands were analysed. First, abundance sums were calculated for all 
undesired and poisonous plant species (i.e., cover sums of agricultural 

Fig. 1. DCA biplot of grassland plant communities with overlay (blue arrows) of plant species richness, plant functional groups, topography and indicators values. In 
total, 701 plant species were included in the ordination. The widely overlapping black and red ellipses refer to the harvest type, i.e., meadow (mostly mown) or 
pasture (mostly grazed). Extensive = EFA = ecological focus area, nutrient supply/availability = mean Landolt indicator value for nutrients, soil moisture = mean 
Landolt indicator value for soil moisture, forage value = mean Briemle indicator for forage quality, weeds = agriculturally undesired plant species. Axes length in SD 
units and Eigenvalues of first and second axis: 5.7 and 0.44, 5.4 and 0.25, respectively. (For interpretation of the references to colour in this figure legend, the reader 
is referred to the Web version of this article.) 
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weeds) according to Swiss recommendations for grassland management 
(AGFF, 2008). The majority of the weed species listed are nutrient 
demanding and thus frequent in fertilised swards (see list of species in 
Supplemental Material Table S3). Second, we calculated the forage 
quality value based on the eponymous indicator according to Briemle 

et al. (2002). Moreover, to inform about soil nutrient availability and soil 
moisture, the eponymous indicator values according to Landolt et al. 
(2010) were considered. All three indicator values used in this study 
were weighted by species abundance per plot. When the abundance sum 
did not match 100%, species abundances were adjusted to achieve 

Table 2 
Results of linear mixed models testing the effects of the two AES (i.e., extensive EFA versus intensive non-EFA and organic versus conventional farming), harvest type 
(i.e., meadow versus pasture), with and without topographical factors (i.e., slope and elevation) on plant diversity (i.e., total and policy-relevant plants), abundance of 
undesired plant species (i.e., cover sum of agricultural weeds), forage quality (mean Briemle indicator value), and environmental conditions (Landolt indicators for soil 
moisture and for nutrient availability), with survey square as random factor to account for differences in local species pools and regional climate. Two models were run 
per dependent variable, a reduced model only including the two grassland AES and meadow versus pasture, and a full model additionally including elevation and slope. 
Note that using survey square as random factor accounted for among-square but not within-square variation in elevation and slope. Thus, results only show the 
relevance of variation in elevation and slope within the squares. Significant factors (p < 0.05) in bold. Further note that the number of plots differs between grassland 
types (Table 1b).   

Reduced model (n = 1049) Full model (n = 1047) 

Total plant richness   R2
adj. = 0.37   R2

adj. = 0.84 
No transformation Value SE t-value p-value Value SE t-value p-value 
Intercept 20.92 0.693 30.2 <0.001 10.19 1.133 9.0 <0.001 
Organic 1.79 0.732 2.4 0.015 1.22 0.680 1.8 0.072 
EFA 6.60 0.669 9.9 <0.001 5.75 0.625 9.2 <0.001 
Organic:EFA 0.29 1.190 0.2 0.809 0.00 1.117 0.0 0.999 
Meadow (vs. pasture) ¡3.08 0.555 ¡5.6 <0.001 − 1.02 0.543 − 1.9 0.060 
Elevation – – – – 0.01 0.001 7.0 <0.001 
Slope – – – – 0.18 0.016 11.2 <0.001 

Policy-plant richness   R2
adj. = 0.20   R2

adj. = 0.42 
No transformation Value SE t-value p-value Value SE t-value p-value 

Intercept 0.87 0.061 14.3 <0.001 − 0.11 0.101 − 1.1 0.267 
Organic 0.23 0.062 3.7 <0.001 0.19 0.058 3.3 0.001 
EFA 0.76 0.057 13.4 <0.001 0.69 0.053 13.1 <0.001 
Organic:EFA − 0.12 0.101 − 1.2 0.227 − 0.16 0.095 − 1.7 0.094 
Meadow (vs. pasture) ¡0.20 0.047 ¡4.3 <0.001 − 0.03 0.046 − 0.6 0.525 
Elevation – – – – 0.00 0.000 7.5 <0.001 
Slope – – – – 0.01 0.001 11.1 <0.001 

Abundance undesired species R2
adj. = 0.04   R2

adj. = 0.13 
Transf. = log Value SE t-value p-value Value SE t-value p-value 

Intercept 2.25 0.087 25.9 <0.001 2.93 0.176 16.7 <0.001 
Organic − 0.17 0.102 − 1.6 0.102 − 0.12 0.101 − 1.2 0.241 
EFA ¡0.39 0.094 ¡4.1 <0.001 ¡0.32 0.092 ¡3.5 <0.001 
Organic:EFA 0.04 0.168 0.2 0.825 0.08 0.165 0.5 0.627 
Meadow (vs. pasture) 0.22 0.078 2.8 0.006 0.04 0.080 0.5 0.602 
Elevation – – – – ¡0.00 0.000 ¡2.4 0.017 
Slope – – – – ¡0.02 0.002 ¡6.7 <0.001 

Forage quality indicator  R2
adj. = 0.13   R2

adj. = 0.21 
No transformation Value SE t-value p-value Value SE t-value p-value 

Intercept 6.76 0.076 88.6 <0.001 7.49 0.150 50.1 <0.001 
Organic − 0.14 0.098 − 1.4 0.159 − 0.08 0.095 − 0.8 0.426 
EFA ¡0.96 0.090 ¡10.7 <0.001 ¡0.89 0.088 ¡10.1 <0.001 
Organic:EFA − 0.08 0.162 − 0.5 0.630 − 0.03 0.157 − 0.2 0.870 
Meadow (vs. pasture) 0.20 0.075 2.7 0.007 0.01 0.076 0.2 0.864 
Elevation – – – – ¡0.00 0.000 ¡3.0 0.003 
Slope – – – – ¡0.02 0.002 ¡7.4 <0.001 

Nutrient availability indicator R2
adj. = 0.16   R2

adj. = 0.33 
No transformation Value SE t-value p-value Value SE t-value p-value 

Intercept 3.65 0.029 127.9 <0.001 4.02 0.048 84.2 <0.001 
Organic ¡0.09 0.039 ¡2.4 0.017 − 0.06 0.035 − 1.8 0.075 
EFA ¡0.38 0.036 ¡10.7 <0.001 ¡0.33 0.033 ¡10.1 <0.001 
Organic:EFA − 0.00 0.065 − 0.1 0.952 0.02 0.059 0.3 0.745 
Meadow (vs. pasture) 0.15 0.030 5.1 <0.001 0.03 0.029 1.0 0.331 
Elevation – – – – ¡0.00 0.000 ¡3.3 0.001 
Slope – – – – ¡0.01 0.001 ¡13.5 <0.001 

Soil moisture indicator  R2
adj. = 0.08   R2

adj. = 0.18 
Transf. = log Value SE t-value p-value Value SE t-value p-value 

Intercept 1.13 0.006 178.7 <0.001 1.17 0.013 90.2 <0.001 
Organic ¡0.02 0.009 ¡2.2 0.032 − 0.01 0.008 − 1.6 0.104 
EFA ¡0.05 0.008 ¡6.4 <0.001 ¡0.04 0.008 ¡5.3 <0.001 
Organic:EFA 0.01 0.014 0.5 0.616 0.01 0.014 0.7 0.467 
Meadow (vs. pasture) 0.03 0.007 4.3 <0.001 0.01 0.007 0.9 0.395 
Elevation – – – – 0.00 0.000 0.2 0.819 
Slope – – – – ¡0.00 0.000 ¡11.2 <0.001  
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exactly 100% cover per plot. Site information was further completed 
with topographical information about elevation and slope. For each plot, 
the respective values were calculated based on a digital elevation model 
with 25 m × 25 m resolution (Swisstopo, 2005). 

2.4. Statistical analyses 

For the analyses, the vegetation data according to the scale of 
Braun-Blanquet (1964) were transformed into values of percent cover (r 
= 0.01%, + = 0.5%, 1 = 3%, 2 = 15%, 3 = 37.5%, 4 = 62.5%, 5 =
87.5%). To explore patterns in species composition and diversity, and to 
relate these to the indicators of agricultural productivity and site in-
formation, a detrended component analysis (DCA) was conducted. This 
was done using a presence-absence matrix and the function decorana 
within the package vegan 2.6–4 (Oksanen, 2017). The total inertia of the 
dataset was 23.1. The axis length and Eigenvalues of the first, second, 
and third axes were 5.7 and 0.44, 5.4 and 0.25, 2.8 and 0.18, respec-
tively. Pearson correlations were used to assess relationships between 
selected variables such as plant diversity and topography. Next, to test 
for significant differences in plant diversity, community composition 
and agricultural productivity among grassland types, mixed linear 
regression models were run using the lme function of the nlme package 
(Pinheiro and Bates, 2023). An adjusted R2 was derived with the rsq 
function from the rsq package (Zhang, 2020). To test for these differ-
ences with and without potentially covarying topographic factors, two 
sets of models were run. The first, reduced model tested for a signifi-
cance of only EFA, organic farming and the harvest type (i.e., lme(y ~ 
organic*EFA + harvest type, random = ~1|square_ID). The second, full 
model then also included elevation and slope (i.e., lme(y ~ organic*EFA 
+ harvest type + elevation + slope, random = ~1|square_ID), which 
potentially covary with the factors included in the first model. Infor-
mation on this covariance can inform about a spatial targeting of farmers 
placing AES grasslands and harvest types within the landscape. To keep 
models simple and focus on the main factors, the only interaction 
included in the models was that of the two AES, i.e., EFA and organic. All 
models further included the survey square, the primary design unit of 
the sampling scheme, as random factor to account for inter-regional 
differences such as in climate and species pool. Thus, this random fac-
tor also accounted for among-square but not within-square variation in 

elevation and slope. To reveal potential differences in AES effects in 
predominately grazed (pastures) versus mown grasslands (meadows), 
violin plots, trimmed to the actual data, with pairwise (uncorrected) 
Wilcoxon tests were created with ggplot2 (Wickham, 2016). Finally, we 
assessed direct and indirect effects of the two AES, topography (slope, 
elevation), soil moisture (mean Landolt F indicator), and nutrient 
availability (mean Landolt N indicator) on total plant richness via 
structural equation modelling (SEM) using the lavaan package (Rosseel, 
2012). Note that for the SEM, we did not account for the monitoring 
design, i.e., plots being nested in the 1-km2 survey squares, so that the 
effects of slope and elevation become more apparent in the SEM 
compared to the mixed linear regression with square as random factor. 
All statistical analyses were preformed using R (version 4.2.2; R Core 
Team, 2022). 

3. Results 

3.1. Gradients in plant diversity and species composition 

Total plant species richness in the studied 1170 grasslands ranged 
from 2 to 67, with on average 24.2 ± 10.25 species per 10 m2 plot. The 
number of policy-relevant plant species ranged from 0 to 30, with a 
mean of 3.9 ± 5 species. Total plant species richness and the richness of 
policy-relevant plants were closely correlated (rPearson = 0.83, p <
0.001). 

The first DCA axis mainly depicts a gradient of increasing elevation 
and, weaker, also decreasing soil fertility of the plots (Fig. 1). Along this 
first axis, a strong trade-off between plant species richness on the one 
hand and agricultural productivity, e.g., forage value, nutrient avail-
ability and grass cover, can be found. Increasing plant species richness 
along gradients of elevation and slope highlights the relevance to 
include these two environmental factors as covariates in the further 
analyses (see also Supplemental Material Fig. S1). The second axis 
represents mainly a gradient in increasing soil moisture. Most of the 
plots clumped on the left-hand side of the biplot, showing floristically 
rather homogeneous grasslands with high forage value and a high 
prevalence of grasses at high nutrient availability. On the opposite side 
of the plot, species-rich grasslands associated with low nutrient avail-
ability spread out, indicating grasslands with a higher compositional 

Fig. 2. Richness of a) all vascular plant species and b) policy-relevant plant species in response to two agri-environmental schemes, i.e., organic versus conventional 
and extensive (EFA) versus intensive (non-EFA) management, separately for meadows (predominantly mown) and pastures (predominantly grazed). Significant 
differences between permanent grassland types derived from pairwise (uncorrected) Wilcoxon tests. The horizontal line indicates the median. Note that number of 
plots differ between grassland types (Table 1b). Significant levels: *** = p < 0.001, ** = p < 0.01, * = p < 0.05, “n.s.” = p > 0.05. See Table 2 for results of 
corresponding mixed models. 
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heterogeneity. 
Pastures had higher total as well as policy-plant richness than 

meadows, but this effect decreased strongly when topographical infor-
mation was included in analysis, highlighting the interrelatedness of 
harvest type and topography (Table 2). Pastures and meadows tended to 
overlap in the DCA biplot, indicating basically similar species compo-
sition along the two main gradients (Fig. 1). 

3.2. Effects of agri-environmental schemes on plant diversity and 
functional types 

Total plant species richness was significantly increased by the two 
AES and also by their combination (Fig. 2), even when (within-square) 
variation in elevation and slope was included in the models (Table 2). 
However, EFA (extensive) management had a considerably stronger 
effect on total plant richness (+6.6 species) than organic farming (+1.8 
species), with the latter being only marginally significant in the model 
including topography. As there was no significant interaction of the two 
AES (Table 2), organic farming led to increased plant diversity in EFA 
(extensive) and non-EFA (intensive) grasslands. In meadows, total plant 

richness showed significant pairwise differences between all grassland 
types (Fig. 2a), while pairwise differences between intensive organic 
versus intensive conventional pastures and between intensive organic 
versus EFA (extensive) conventional pastures were not significant. 

Similarly, the number of policy-relevant plant species was signifi-
cantly higher for the two AES and their combination (Table 2). When 
including slope and elevation in the analysis, the main effects of the AES 
again remained highly significant. All pairwise comparisons also yielded 
significant results, with the exception of a non-significant pairwise dif-
ference between intensive organic versus EFA (extensive) conventional 
pastures (Fig. 2b). The two AES affected the cover of the plant functional 
types differently (Supplemental Material Table S4). Grass cover 
decreased slightly under organic farming and also, in the full model 
only, under EFA management. Legume cover was significantly increased 
by organic farming but decreased by EFA management. Cover of non- 
legume forbs was hardly affected by organic farming but increased by 
EFA management (Supplemental Material Table S4). 

Fig. 3. Indicators for agricultural productivity and site environmental conditions of permanent grassland in response to two agri-environmental schemes separated 
into meadows and pastures. Agricultural productivity was assessed by a) forage quality (mean Briemle indicator for forage quality value), and b) agriculturally 
undesired species (listed in Supplemental Material Table S3). Site conditions assessed by c) nutrient availability (mean Landolt indicator for nutrients), and d) soil 
moisture (mean Landolt indicator for soil moisture). AES are organic (Org.) versus conventional farming (Conv.), and extensive (= ecological focus area, EFA) versus 
intensive (non-EFA) management. Significant differences between grassland types derived from pairwise (uncorrected) Wilcoxon tests. The horizontal line indicates 
the median. Note that the number of plots differs between grassland types (Table 1b). Significance levels: *** = p < 0.001, ** = p < 0.01, * = p < 0.05, “n.s.” = p >
0.05. See Table 2 for results of corresponding mixed models. 
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3.3. Effects of agri-environmental schemes on indicators for agricultural 
productivity 

EFA extensive management had a significant negative effect on 
forage quality but at the same time also on the cover of agricultural 
weeds, which was true for both meadows and pastures (Fig. 3a and b; 
Table 2). On the contrary, organic farming had no overall effect on 
forage quality and agricultural weeds in the regressions (Table 2). Yet, 
according to the pairwise tests, intensive organic meadows showed a 
tendency to lower forage quality compared to intensive conventional 
meadows, while intensive organic meadows and pastures revealed lower 
weed cover compared to their conventional counterparts (Fig. 3b). Note 
that in this study, agricultural weeds do not only include poisonous 
weeds and thistles but also low-performing species typical for strongly 
or even overly fertilised swards (Supplemental Material Table S3). 

Nutrient availability and soil moisture were both significantly lower 
in EFA (extensive) grasslands than in intensive ones (Fig. 3c and d; 
Table 2). Weak but significant effects of organic farming on nutrient 
availability and soil moisture were found only in the model without 
slope and elevation, indicating that differences in topography were 
likely responsible for changes in soil conditions under organic farming. 
The indication of considerably drier soils of EFA grasslands fits well to 
their position on steeper slopes (Fig. 4). 

3.4. Joint analysis of AES and site effects on plant diversity 

Because the effects of the two AES on plant diversity were generally 
highly similar for meadows and pastures, we ran only one SEM over all 
plots to identify direct and indirect effects of potential drivers of total 
plant species richness, yielding an R2 of 0.43 (Fig. 4). Except organic 
farming, which affected total plant richness only directly, all drivers 
included in the model had significant direct and indirect effects on plant 
species richness. Thus, the SEM revealed close connections among all 
factors included in its vertical structure. Specifically, the model showed 
a non-random placement of AES in the landscape by significant effects of 
slope and elevation on both AES. In the case of slope, this topographical 
effect on EFA and organic grasslands acted (partly) via soil moisture, 
with slope decreasing soil moisture that was in turn negatively related to 
registering land for EFA (extensive) management and organic farming. 

In short, grasslands of both AES were placed on drier terrain with steeper 
slopes. In line with the linear regressions (Table 2), EFA (extensive) 
management had a considerably stronger effect on total plant richness 
than organic farming, because besides a positive direct effect, EFA 
management also increased total plant richness via decreasing nutrient 
availability. Contrary to extensive EFA grasslands, organic farming was 
not significantly linked to nutrient availability in this model (p > 0.05, 
Fig. 4). 

4. Discussion 

Using 1170 plots in permanent grasslands across the Swiss agricul-
tural landscape, we identified a strong trade-off between plant diversity 
on the one hand and forage value and nutrient availability on the other 
hand, confirming our first hypothesis. This trade-off was essentially 
related to the diversity-promoting effects of the two agri-environmental 
schemes (AES), i.e., ecological focus areas (EFAs) with extensive man-
agement and organic farming. Such a trade-off was previously found for 
AES in arable ecosystems (Gong et al., 2022). The positive effects of the 
two AES on plant diversity confirmed our second and third hypothesis, 
but they differed considerably in strength, with smaller increases in 
diversity but smaller decreases in forage value in organic compared to 
EFA grasslands. Contrary to our fourth hypothesis, the effects of both 
AES on plant diversity were additive, with organic EFA grasslands 
exhibiting highest diversity. AES effects were widely consistent for 
meadows and pastures, confirming our fifth hypothesis. Yet, meadows 
showed a slightly stronger response to AES. 

AES effects were clearly interlinked with differences in elevation and 
slope, highlighting the non-random placement of AES at the landscape. 
Thus, future assessments of AES effects on biodiversity need to consider 
the non-random placement of AES by farmers across heterogeneous 
landscapes. Although our models for plant diversity yielded high pro-
portions of explained variance, further factors, which have not been 
studied, will be responsible for the remaining unexplained variance. 
These are, for example, variability in management within grassland 
types such as in fertilisation intensity, sward age, duration of AES 
management and potential ecological restoration measures such as the 
use of species-rich seed mixtures (Freitag et al., 2021; Isselstein et al., 
2005; Klaus et al., 2011). 

Fig. 4. Structural equation model revealing direct and indirect effects of topography, soil moisture and agri-environmental schemes (extensive EFA versus intensive 
non-EFA and organic versus conventional farming) via changes in nutrient availability on total vascular plant richness of 1170 permanent grasslands. Arrow 
thickness according to standardized path coefficients. Dotted blue lines indicate decreasing, solid green lines increasing effects. Extensive = EFA = ecological focus 
area, soil moisture = mean Landolt indicator for soil moisture, nutrient availability = mean Landolt indicator for nutrients. Three non-significant paths have been 
removed from the figure to ease readability: elevation to soil moisture (p > 0.1), slope to organic (p > 0.1), and organic to nutrient availability (p > 0.05). All studied 
grasslands were included, both meadows and pastures. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of 
this article.) 
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4.1. Effects of extensive ecological focus areas 

The EFA (extensive) grasslands had on average 6.6 more species per 
10 m2 than intensive non-EFA grasslands, which represents an increase 
of +32% in total plant richness. This positive effect on plant diversity is 
in line with previous studies assessing former versions of this scheme 
(Kampmann et al., 2012; Knop et al., 2006) and the current scheme 
within a regionally restricted context (Meier et al., 2023; Ravetto Enri 
et al., 2020). Requirements of extensive EFAs, designed to mimic the 
historic way of grassland management without fertilisation and, for 
meadows, with a delayed first cut, were shown to also benefit in-
vertebrates (Humbert et al., 2012; Buri et al., 2016). For plant diversity, 
the ban of fertilisation, the interconnected decrease in overall manage-
ment intensity and nutrient availability, and the ban of broad-scale 
application of pesticides were certainly among the most beneficial as-
pects of EFA management (Knop et al., 2006; Klimek et al., 2008; Socher 
et al., 2013). On the other hand, the low management intensity resulted 
in considerably reduced productivity indicators as shown by low forage 
values, low soil fertility (i.e., nutrient availability), and related changes 
in plant community composition. This reduction is in line with previous 
studies on extensive grassland management (Klaus et al., 2011; Pallett 
et al., 2016) and can be seen as a justification for linking this type of AES 
to agricultural support payments (Isselstein et al., 2005). Comparable 
strong EFA effects were found for both harvest types, meadows and 
pastures, indicating that EFAs work well for biodiversity conservation in 
mown and in grazed grasslands across the Swiss agricultural landscape. 
Interestingly, EFA grasslands exhibited a considerably lower abundance 
of agriculturally undesired “weed” plants when compared to intensive 
stands. 

Due to their wide range in species richness, reaching from less than 
10 to more than 60 plant species per 10 m2, EFA grasslands were likely a 
mixture of old, ecologically highly valuable and species-rich grasslands 
and species-poor, recently extensified grasslands. Low nutrient avail-
ability and an outstandingly high richness of more than 50 species per 
10 m2 indicate very old semi-natural grasslands that were most likely 
never intensified (Fagan et al., 2008; Gustavsson et al., 2007). In addi-
tion, some EFA grasslands might have become species-rich only after the 
ban of fertilisation, potentially leading to a significant increase in plant 
diversity in formerly intensively managed stands (Pallett et al., 2016). 
However, there were also species-poor grasslands among extensive EFA 
grasslands. These stands might either be recently converted from 
intensive management or suffer from issues such as a depleted local 
species pool (Concepcion et al., 2012; Knop et al., 2008), thick layers of 
litter due to underutilisation or residual soil nutrient loads, which all 
have lasting detrimental effects on plant diversity (Clark and Tilman, 
2010; Fagan et al., 2008). 

We found positive direct effects of slope and elevation on plant di-
versity, which is in line with previous studies (Kampmann et al., 2012; 
Klimek et al., 2008; Socher et al., 2013). As these two aspects of 
topography were also related to preferentially registering land for 
extensive EFAs, some of these particularly sloping EFA grasslands have 
likely never been intensified before. However, compared to intensive 
non-EFA grasslands, EFAs were also found to be placed at slightly lower 
mean elevation, which might result from the obligation to have 7% of 
the farmland registered as any kind of EFA to be eligible for direct 
payments in Switzerland. While the steeper slope position indicated 
farmers preferentially registered land less suitable for intensive farming 
to become extensive EFA, there are actually no regulations on the spatial 
positioning of EFA grasslands, except that they cannot be further away 
from the farm than 15 km (DZV, 2023). This situation has likely led to a 
certain proportion of ecologically less valuable, species-poor EFA 
grasslands in areas highly suitable for intensive agriculture. 

4.2. Effects of organic grassland farming 

Organic farming significantly though weakly increased plant 

diversity in both meadows and pastures. Organic grasslands had on 
average 1.8 more species than conventional grasslands, depicting an 
increase of +9% in total plant richness. This positive response of plant 
diversity to organic farming is not self-evident, because organic grass-
land farming guidelines only softly restrict grassland management (Box 
1; Bio Suisse, 2020). While synthetic pesticides and fertilisers are pro-
hibited, organic farming still allows for intensive organic fertilisation 
and other practices detrimental to plant diversity such as sward renewal. 
This widely explains the considerably smaller effect of organic farming 
on plant diversity and indicators of agricultural productivity compared 
to EFA regulations. While the positive effect of organic grassland 
farming on plant diversity contradicts Schneider et al. (2014) regarding 
their results from intensive grasslands in Norway, Switzerland and the 
UK, it is in line with findings from Germany (Mayer et al., 2008), the UK 
(Pallett et al., 2016) and the Netherlands (van Dobben et al., 2019), and 
also fits the (partly insignificant) trends observed in Bettin et al. (2023), 
Carrié et al. (2022) and Klaus et al. (2013). 

The mechanisms behind the increase in plant diversity as observed 
here are not completely clear. Klaus et al. (2013) and van Dobben et al. 
(2019) found considerably lower fertilisation intensity in organic 
compared to conventional grasslands, which could also apply to the 
grasslands in this study and would certainly benefit plant diversity. Yet, 
details of management practices and intensities are unknown for our 
dataset. However, due to restrictions on ruminant feeding and feed 
purchase in Swiss organic farming (Bio Suisse, 2020), there is highly 
likely a lower quantity and/or quality of fertilisers available on organic 
than on conventional farms, which relates to the link between low 
concentrate feeding and higher plant diversity on cattle farms observed 
in Germany (Bettin et al., 2023). In addition, the ban of synthetic her-
bicides might have increased plant diversity (only) due to higher 
numbers of weed species. This is, however, contradicted by the fact that 
undesired species cover was not higher but rather lower in organic than 
in conventional grasslands, most likely because the application of her-
bicides is generally rare in all types of grassland (Schneider et al., 2014). 
Moreover, organic farming considerably increased the number of 
policy-relevant plant species. Thus, the effect of organic farming might 
be small, but appeared to be relevant since it encompassed ecologically 
valuable and not “just some” species. 

Similar to EFA extensive management, organic grassland farming 
was found to be related to topographical factors, especially to higher 
elevations. Thus, landscape composition and related factors might also 
be responsible for the positive effect on plant diversity, particularly 
since the effect of organic was additive to the effect of extensive EFA 
management (see 4.3). Similarly, van Dobben et al. (2019) found the 
landscape context to be important for difference in plant diversity in 
organic versus conventional grasslands. In that study, organic grasslands 
were more frequent in locations of high soil moisture, which restricts 
management intensity and supports plant diversity. Yet, future research 
still needs to further clarify the underlying mechanisms and evaluate the 
set of plant species benefiting from organic grassland farming. 

Forage quality was not generally lower under organic farming but 
appeared to be slightly reduced in intensive organic meadows compared 
to their conventional counterparts. This might be associated with 
somewhat lower grass but higher legume cover in organic grasslands. 
Together with the finding of rather small reductions in yields in organic 
versus conventional grasslands, spanning a range from 0 to 20% (Klaus 
et al., 2013, and references therein), our results indicate that organic 
grassland farming can contribute to some extent to the conservation of 
plant species in both intensive and extensive grasslands, while only 
weakly decreasing field-scale productivity. 

As in Switzerland organic farming is a whole-farm AES (Bio Suisse, 
2020), there might be further biodiversity-related effects of this farming 
system beyond the field scale. For example, Mack et al. (2020) found 
Swiss organic farms to have a higher share of land managed as EFA 
compared to conventional farms. However, studying farm- and 
landscape-scale effects of organic farming requires to comprehensively 

V.H. Klaus et al.                                                                                                                                                                                                                                



Journal of Environmental Management 348 (2023) 119416

10

consider the spatial placement of this AES in the landscape (Meier et al., 
2022), as less productive sites at higher and steeper locations and at 
places of high soil moisture were preferentially converted to organic 
farming (this study and van Dobben et al., 2019). 

4.3. Combined effect of the two schemes 

Against our expectations, the effects of EFA and organic farming on 
plant diversity were additive, meaning EFAs on organic farms were more 
diverse than EFAs on conventional farms. This result contradicts find-
ings of Carrié et al. (2022), who did not find differences in plant di-
versity in semi-natural grasslands in Sweden, and cannot be attributed to 
recent grassland management, because regulations of extensive EFA 
management overrule organic farming guidelines in almost every 
aspect, except the possibility of single-plant herbicide treatments in 
conventional EFA grasslands. Thus, organic EFAs will benefit from 
either land use history, in that organic EFAs were potentially older and 
more continuously managed at low intensity than their conventional 
counterparts, or from the spatial setting, with organic EFAs being located 
in landscapes with higher connectivity and a larger species pool. Both 
aspects have been shown to benefit plant diversity (Gaujour et al., 2012; 
Gustavsson et al., 2007) and both are likely to play a role in explaining 
the observed effects as well as deviations from previous findings. Yet, 
neither nutrient availability nor soil moisture or forage value differed 
considerably between organic and conventional EFA grasslands. 
Generally, this finding highlights the need to not only assess assumed 
effects due to direct AES regulations but also the effects of their real-
isation in the landscape, to comprehensively understand AES effects on 
biodiversity. In addition, there might be further explanations for the 
additive effect of the two AES, such as organic farmers being particularly 
aware of issues of biodiversity conservation and thus being more open to 
ecological measures (Gabel et al., 2018, and references therein). Thus, 
we cannot exclude an effect of organic farmers being more committed 
than conventional farmers to, for example, actively promoting plant 
diversity such as via measures of ecological grassland restoration 
(Freitag et al., 2021; Pywell et al., 2002). 

5. Conclusions 

The positive effects of EFA extensive management and organic 
farming on grassland plant diversity underline the potential of both AES 
to contribute to biodiversity conservation within agricultural land-
scapes. Comparing the effects of the two AES revealed that the lower the 
reduction in agricultural productivity, the smaller the gains in plant 
diversity, highlighting the unavoidable trade-off in productivity versus 
plant diversity in agriculturally managed permanent grasslands. Yet, 
positive effects of AES on biodiversity conservation could be used as a 
sales argument for respective products from organic and extensive 
grassland farming to further support biodiversity-friendly dairy and 
meat production. 
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