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Permanent grasslands (PG) contribute to a wide variety of essential ecosystem services. Many former
PG have been converted into arable land or intensively used as temporary grasslands in many European
countries. With this loss, many of the ecosystem services typical for PG have also been lost. Currently,
PG are mainly situated in areas where the soil, slope or climate are less suitable for arable cropping. In
this study, we present a multidisciplinary systematic literature review that assesses the ecosystem
services of PG across Europe, taking into account land use, environment and management. We
addressed two central research questions. First, what is the effect of PG on the delivery of ecosystem
services, compared to other (competing) land uses such as arable land and forest? Second, what is the
effect of management, especially of management intensification, on the delivery of ecosystem services
by PG?

The answers to these research questions will draw a most comprehensive picture of ecosystem services
of PG to date, informing policy makers and supporting actions to enhance ecosystem services delivery
by PG.

Here we report on the method we developed for this systematic review. Furthermore, we present
preliminary outcomes, but refrain from conclusions. The complete study will be published in a peer
reviewed paper, later this year.

Our systematic literature review focused on 19 indicators, clustered into six ecosystem services (Table A
—top rows). We searched the Scopus and CAB abstracts databases for grassland studies on 19 indicators
for ecosystem services in Europe, published in the English language from 1980 onwards. Titles and
abstracts of circa 72,000 papers were screened in two stages, excluding non-relevant papers. From the
set retained after screening (circa 7,000), we selected papers that contained at least one of the eleven
experimental contrasts in land use, sward age, sward type or land use intensity (Table A — left column).
Data from valid full text papers were extracted and we registered the outcome (no conclusion,
increasing, no change, decreasing). Table A provides a brief summary of the preliminary results of
ongoing work for five ecosystem services.
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Table A. Summary of preliminary findings. Most reported outcome for contrasts with at least five

papers.

Contrast*

Erosion
and
flooding

Water
quality

Supporting Climate
Biodiversity regulation

Cultural Forage

values production

pollinators
threatened species
plant diversity
nitrous oxide
methane

carbon dioxide
carbon sequestration
nitrate

phosphate

pesticides

hydraulic conductivity
bulk density

soil loss

runoff

recreation

aesthetics

dry matter yield
energy content

protein content

Land use
- Permanent grassland - Crops

- Permanent grassland -
Temporary grassland

- Permanent grassland - Forest

\
=)

e
+

Sward age

- Permanent (Undisturbed -
Ploughed and resown)

- Permanent (Undisturbed -
Sprayed and resown)

- Permanent (Undisturbed -
Oversown)

Sward type

- Mono grass - Mixed grass

- No legumes - Legumes present
- Number of species

¥
!
S~
+
o

0/+

Land use intensity
- Defoliation frequency
- Nitrogen input

_/+ _/+ R

- - + +

* The table should be read as follows. The outcome of the first eight contrasts “A — B” are presented as
B relative to A. (e.g. the majority of papers report increasing nitrate content in crops compared to
permanent grassland). The last three contrasts are continuous variables (e.g. the majority of papers
report increasing pollinators with increasing number of species)
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Permanent grasslands (PG) contribute to a wide variety of essential ecosystem services. The 2003
reform of the European Union’s common agricultural policy recognizes the value of maintaining existing
permanent grassland as one of the greening measures required for direct payments (Hauck et al., 2014).
The European Union defines PG as land used to grow grasses or other herbaceous forage that has not
been included in the crop rotation of the holding for a duration of five years or longer (EU, 2004).

Permanent grasslands exist across different biogeographic zones in many contrasting environments,
which often, but not necessarily, rely on regular management. Typically, PG are mainly situated in areas
where the soil, slope or climate are less suitable for arable cropping, while many former PG have been
converted into arable land or intensively used temporary grasslands in many European countries (Nitsch
et al., 2012; Boch et al., 2020). With this loss, which can reach 50% of the PG area in certain regions, e.g.
in the Upper Normandy (data 1970 versus 2000; Van Den Pol-Van Dasselaar et al., 2019), most of the
ecosystem services supported by PG have also been lost. In the European Union (EU-28), PG now covers
around 60 Mha (EUROSTAT, 2019), representing 35% of the utilized agricultural area.

For centuries, PG have been the basis for livestock production and the main pillar of nutrient cycling on
farms all over Europe (Green 1990, Ellenberg & Leuschner 2010). Historically, the provision of animal
feed was the main priority. Today, grass is still among the cheapest high-quality animal feed sources for
efficient dairy and meat farming with ruminants (Van Den Pol-Van Dasselaar et al., 2019). After the
Second World War, the goal for self-sufficient food production in many European countries stimulated
the improvement of PG and subsequent intensification. This development facilitated the conversion of
large areas of PG into temporary grasslands or arable crops. This situation has strengthened in many
countries during the last decades due to a higher profitability of arable crops and the need for
renewable energy sources such as biofuels or biogas (Rathmann et al., 2010). In less suitable areas, like
mountainous regions or wet lowlands, unmanaged or less-intensively managed PG have been
maintained, but significant areas have also been abandoned or afforested, further reducing the area of
PG (Habel et al., 2013, Boch et al., 2020). The extensive use of the remaining PG areas has allowed the
provision of a broader range of ecosystem services, such as water purification, recreation or pollination
of food crops.

Most studies investigating PG are monodisciplinary and address the value of PG for a particular
ecosystem service in relation to a limited set of explaining variables. By doing so, they only cover a small
section of the wider “land use — environment — management” domain. Permanent grassland is able to
simultaneously provide a high number of distinct ecosystem services (Bengtsson et al., 2019), but
guantitative assessments of grassland multifunctionality, i.e. the provision of many services at once, are
still scarce (but see e.g. Werling et al. (2014) and Allan et al. (2015)). Examples of ecosystem services for
which PG is highly important comprise i) erosion protection, particularly in mountain areas and along
rivers, ii) groundwater recharge and protection, iii) protection of high soil fertility and fixation of
nitrogen from the air, iv) aesthetic and cultural aspects such as recreation, tradition and tourism, v)
mitigation of climate change (Allard et al., 2007) and carbon sequestration and storage, and vi) the
production of high-quality forage for ruminants.

Thus, only few multidisciplinary studies that address more than one ecosystem service are available,
though concentrating on specific cases and single ecosystem services (e.g. Bengtsson et al., 2019;
D’Ottavio et al., 2018; Pilgrim et al., 2010; Werling et al., 2014). Such comprehensive studies taking into
account a broad range of ecosystem services from PG are urgently needed to assess the consequences
of land use and climatic changes on the provision of vital ecosystem services for human well-being.
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In this study, we present a multidisciplinary systematic literature review that assesses the ecosystem
services provided by PG across Europe, taking into account land use, environment and management. We
took the “big five” ecosystem services provided by grasslands, i.e. forage production, biodiversity,
climate regulation, water quality and regulation and cultural values (Isselstein & Kayser, 2014), and
erosion control. We addressed two central research questions. First, what is the effect of PG on the
delivery of ecosystem services, compared to other (competing) land uses such as arable land and forest?
Second, what is the effect of management, especially of management intensification, on the delivery of
ecosystem services by PG? The answers to these research questions draw a comprehensive picture of
ecosystem services provided by PG to date which can be used to inform policy makers and support
actions to enhance ecosystem service delivery by PG.

Here we report on the method we developed for this systematic review. Furthermore, we present
preliminary outcomes, but refrain from conclusions. The complete study will be published in a peer
reviewed paper, later this year.
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Our systematic literature review focused on 19 indicators, to represent delivery of six ecosystem
services (Table 1). ‘Biodiversity’ comprised pollinators, threatened species, and plant diversity.
Greenhouse gases (GHG) included the emissions of nitrous oxide (N20), methane (CHa) and carbon
dioxide (CO2), as well as soil carbon stocks and sequestration rates. Water quality focused on nitrate and

phosphate losses to groundwater and surface water, and pesticide residues in water. Soil erosion and

flooding included soil loss rate and runoff amount, as well as bulk density and saturated hydraulic

conductivity ‘Soil erosion’ included soil loss itself as well as physical soil quality variables. The indicators

for cultural values were recreation and aesthetic value. ‘Feed’ comprised the quantity (yield) and quality
(energy and protein) of grass production.

Table 1. Indicators for ecosystem services.

Ecosystem Supporti  Climate Water Erosion and  Cultural Forage
service ng regulation quality Flooding values productio
biodivers control n
ity
Abbreviation Biodivers GHG Water Erosion Culture Feed
ity
Indicators Pollinator Nitrous Nitrate Hydraulic Recreation Dry
S oxide conductivity matter
yield
Threaten Methane Phosphate Bulk density Aesthetics Energy
ed content
species
Plant Carbon Pesticides  Soil loss Protein
diversity dioxide content
Carbon Runoff
stocks and
sequestrati
on rate

Search strategy

In the fourth quarter of 2019, we searched the Scopus and CAB abstracts databases for European
grassland studies researching 19 indicators of ecosystem services, published in the English language
from 1980 onwards. Search terms were trialled and finalised to develop a search string for each
indicator and the concept “grass”. The search string for grass was combined, using an AND-operator,
with the search string for each of the 19 ecosystem service indicators (Appendix 1). Results were
exported into six deduplicated Endnote libraries, one for each ecosystem service. We collected a total of
72,327 papers, with the number of papers for each ecosystem service varying from 7,363 for water
quality to 16,201 for biodiversity (Appendix 2). These papers were uploaded to the dedicated systematic
review analysis software ‘EPPI reviewer 4 tool’ (http://eppi.ioe.ac.uk/cms/), as six corresponding

reviews.
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Exclusion criteria

Titles and abstracts were screened in two stages, using the following set of exclusion criteria.

e Not in the English language.

e Outside the biogeographic zones of interest, i.e. Alpine, Atlantic, Boreal, Continental,
Mediterranean or Pannonian.

e Outside Member states of the EU-28 or Albania, Belarus, Bosnia Herzegovina, Kosovo,
Macedonia, Moldova, Montenegro, Norway, Serbia, Switzerland or Ukraine.

e Unit of study was not grassland.

e The outcome was not one of the 19 indicators of interest (Table 1).

e Papers on amenity grasses.

e Reviews.

e Modelling studies.

e Experiments under controlled conditions: laboratories, greenhouses, lysimeters or pots.

Study selection on contrasts

From the set retained after screening, we selected papers that contained at least one of eleven
experimental contrasts of land use, sward age, sward type or land use intensity (Table 2). Land use
comprised papers in which permanent grassland was compared against temporary grassland, forest,
arable or horticultural crops. Sward age contrasts consisted of comparisons between undisturbed
permanent grassland and resown or oversown permanent grasslands. Sward type comprised
comparisons between grass monocultures and multi-grass-species swards, between swards with and
without legumes. Sward type also included papers on comparisons of swards with different total
number of species, i.e. grasses, herbs and forbs. The category land use intensity consisted of
comparisons between defoliation frequencies and nitrogen input from manufactured fertilizers and
organic manures.

Data extraction

Data from valid full text papers was extracted using a data extraction form, developed in MS Excel,
consisting of four sections (Appendix 3). The first form (Study) was used to extract data per paper:
bibliographical identification, study type, soil and geography, sward management, experimental
contrasts and methods for assessment of the relevant indicators. If a paper was excluded at this stage,
the reason was recorded in this form as well. The second form (Contrast) was used to extract data on
the experimental contrasts. Each paper reported at least one contrast. On this form the outcome (no
conclusion, increasing, no change, decreasing) and the basis for the evidence (numerical data with or
without statistical evidence, or author’s text) was reported. The contrast form was also used to register
contrast characteristics on land use, sward age, sward type and land use intensity. The third form
(Sward) was only used for the Feed ecosystem service and described the botanical composition of the
studied swards.
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Contrasts

There was a large variation in the amount and types of contrasts (Table 2). Most contrasts were found
for Feed and Biodiversity, whereas only few were found for Culture. Land use contrasts were relatively
frequent within biodiversity, GHG, Water and Erosion. Land use intensity contrasts were very important
within Biodiversity, GHG, Water and Feed. Sward age contrasts were mainly found in Feed.

Table 2. Overview of number of papers per contrast category, per ecosystem service.

Contrast category Biodiversity GHG Water Erosion Culture Feed
Land use 444 162 261 101 16 41
Sward age 89 6 26 5 489
Sward type 166 31 57 3 3 109
Land use intensity 1053 172 218 39 1071

Description of available studies

For biodiversity, three indicators were used: plant diversity, threatened species and pollinators. Initial
sampling yielded 307 studies for full text screening: 90, 125 and 92 studies respectively. Following
screening, data were extracted from 38 studies of plant diversity, 17 studies of threatened species and
15 pollinator studies.

For plant diversity, we extracted 90 papers, of which 50 (56%) did not contain relevant data or contrasts
for extraction or were not accessible (12%). Papers included range from 1980 to 2019 but only four
(10%) have been published before 2000 and 30% since 2015. Of the included papers, 87% are journal
articles and 13% book chapters. 85% of these papers consider permanent grasslands, of which a high
proportion (77%) does not reveal any information on the age, i.e. years the sites are “in grass”.
However, from the context of many studies it can be assumed that the vast majority of these papers
dealt with semi-natural grasslands, of which many have not been used as arable land before. For 15% of
the papers, information was given that swards were older than 25 years. Nitrogen (fertilizer) input and
defoliation frequency were in most cases contrasts.

For pollinators, 67% of studies were published within the last decade; the earliest in 1998. Studies from
the United Kingdom and Germany accounted for 47% of the studies. Field experiments and regional
studies were equally represented, with only one farm experiment. In the majority of studies, soil type
was unknown. Cutting and mixed grazing and cutting accounted for 40% of studies; although the
defoliation frequency and type of animal for 47% were unknown.

The majority of studies reported a comparison between permanent grassland and another land use
(Table 6). In 73% of studies, it was unclear whether the paper dealt with permanent or temporary
grassland. Defoliation frequency and nitrogen input were contrasted in two studies. Only one paper
reported a contrast between sward types. In the 80% of studies, defoliation frequency, nitrogen input
and sward type were unknown. Sward age was not reported in 87% of papers.

For threatened species, we have extracted data from 125 papers so far. 92 (74%) of these contained no
relevant contrasts and/or featured no relevant indicators (i.e. at least one globally/regionally threatened
species). A further three papers were not accessible and 13 were excluded because they had
confounding contrasts or were excluded on earlier criteria which only became apparent at this stage. Of
the 17 (14%) included papers, publication dates ranged from 2002 — 2019, with 8 (47%) published since
2013. All studies either stated or were assumed to contain permanent grassland, with the majority
dealing with semi-natural grasslands not previously used for arable production. A total of 20 contrasts
were identified from the 17 included studies, 10 (59%) of which dealt with land use contrasts, and 6
(35%) dealt with nitrogen application. The remaining 4 (24%) dealt with defoliation frequency or sward
age, with no sward type contrasts identified thus far.
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For water quality, nitrate, phosphorous and pesticide residues were the 3 indicators selected with most
papers reporting nitrate losses to ground water. One of the papers was published in 1972 with the
remainder from 1983 onwards. Around 70% of papers were published in or after 2000. Papers from the
United Kingdom, Czech Republic, Romania, Poland, the Netherlands and Germany accounted for 50% of
the studies. Nearly all papers reported on field experiments with only a few studies on farm or higher
(catchment, landscape, regional) scales. Most studies were carried out on mineral soils, with only few
studies on peat soils; around 20% of the papers did not report the soil type. Cutting only was the major
(75%) defoliation type, while grazing only or mixed grazing and cutting occurred in 20% of the papers. In
grazing studies, dairy cattle, beef cattle and sheep were used almost equally.

The preliminary screening for erosion and flooding yielded 148 articles, which were are fully analyzed.
However, after full screening, it appeared that many articles did not yield useful quantitative data on
the four indicators (hydraulic conductivity, bulk density, soil loss and runoff) or on the contrasts that
were established. Finally, 28 articles yielded useful contrasts and data. Of these, more than 90% are
between 2000 and 2019. Very few papers give detailed information about grazing practices, such as
defoliation frequency or animal type grazing. Also sward conditions or the exact nature of the grassland
is rarely described in detail in these papers. The studies are well spread within Europe.

For Culture, two indicators were used: recreation and aesthetics. Generally, very few papers were found
that reported contrasts, and only on land use and sward type. Based on the publication distribution of
the analysed papers, the cultural ecosystem services are being studied only since very recent years.
Over 80% of the included studies were published during the last decade.

Most papers in the land use contrast compared aesthetically preferred landscapes by different
stakeholders (tourists, farmers, experts and across different socio-demographic groups). Typically, PG
was compared with forest (14 contrasts) and cropping areas (16), with no papers on the comparison
between PG and temporary grassland. Although grazing was frequently mentioned as the defoliation
type, usually no information was given on sward age and defoliation frequency. The few papers that had
a sward type contrast were analysing the aesthetical perception of areas with one grass species versus
several grass species (2) different species numbers (1). The indicator recreation did usually not contain
any of the contrasts studied, with the exception of very few papers that would not allow a meaningful
conclusion.

For Feed, three indicators (yield, energy and protein) were used. So far only three papers that reported
a comparison between permanent grassland and another land use have been identified. In just over half
the studies the paper stated clearly that it dealt with permanent grassland, whilst in the remaining
papers it was not clear whether it was permanent or temporary grassland that was studied. Grass only,
grass/legume mixtures and species rich mixtures were the most reported sward types. The sward age
was not reported in 44% of the papers. In general, sward age was only reported when newly sown
swards were studied. The majority of papers reported a defoliation frequency of between 2 and 5 cuts
per year. Nitrogen inputs were mostly lower than 200 kg ha-1 year-1. Existing swards contained up to 22
species, but the majority contained one to three species. In resown grass swards, usually one species
was sown, whereas in resown grass/legume swards, mostly two species were sown. Perennial ryegrass
and white clover were the most commonly used species in the papers, followed by cocksfoot, timothy
and red clover.

Reported effects on indicators

In Biodiversity we extracted 92 contrasts from 70 studies: 38 plant diversity, 17 threatened species and
15 pollinators. Across the three indicators, the majority of studies recorded one contrast (Table 3). Land
use intensity (defoliation frequency and nitrogen input) represented 89% and 47% of the reported
outcomes for plant diversity and threatened species, respectively (Table 4). For pollinators, the majority
of studies contrast the number of species (sward type).
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Table 3. Summary of the number of contrasts within each study for Biodiversity
Number of contrasts

1 2 3 4
Plant diversity 30 8
Threatened species 15 2
Pollinators 13 1 1

Table 4. Summary of reported outcomes for plant diversity, threatened species and pollinators

Contrast category  Contrast Total Plant Threatened Pollinators
diversity species

Land use Permanent grassland vs Crops 1 4 9
Permanent grassland vs Temporary 0 0 4
grassland
Permanent grassland vs Forest 1 6 0

Sward age Undisturbed vs Ploughed and resown 2 1 0
Undisturbed vs Sprayed and resown 0 0 0
Undisturbed vs Oversown 1 0 2

Sward type Mono grass vs Mixed grass 0 0 0
No legumes vs Legumes present 0 0 8
Number of species 1 0 23

Land use intensity Defoliation frequency 18 3 4
Nitrogen input 29 6 4

In terms of land use, both arable cropping and forest decrease plant diversity, compared to permanent
grassland, but there were only two studies found in total on land use contrasts (Table 5). The same is
true for sward age, were the limited number of studies does not allow for a general conclusion.
However, many contrasts dealing with nitrogen (fertilizer) inputs and defoliation frequency revealed
clear insight in drivers of plant diversity. 83% of the contrasts found nitrogen input to decrease plant
diversity, and only 10% found increased plant diversity. Of these 10%, almost all studies applied
particularly low amounts of manure (data not shown). Thus, it can be concluded that intensive
fertilization, especially with mineral/artificial fertilizers is concluded to be particularly detrimental for
grassland plant diversity by the majority of reviewed studies. The defoliation contrasts revealed
contrasting results. 39% of the contrasts revealed an increase and 39% a decrease of plant diversity. This
result can be attributed to i) the mix of cutting and mowing within this contrasts and ii) to the fact that a
certain part of the studies dealt with increasing defoliation from levels too low to sustain plant diversity
(e.g. extremely extensive grazing of alpine grasslands) to levels which were generally better for a high
number of plant species. At the same time, some studies increased cutting frequency from optimal
levels (1-2 cuts) to more than five cuts, which was clearly detrimental for plant diversity (data not
shown). Thus, depending on the fertility of the respective location, plant diversity and defoliation
frequency were not linearly related with defoliation frequency but showed an optimum at low levels,
with very low levels but also high to very high levels having a negative impact on diversity.
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Table 5. Summary of reported outcomes for plant diversity

Plant diversity Contrast* Total Decrease No change Increase  No
(n) (%) (%) (%) conclusion

(%)
Land use Permanent grassland vs Crops 1 100 0 0 0
Permanent vs Temporary grassland 0 - - - -
Permanent grassland vs Forest 1 100 0 0 0
Sward age Undisturbed vs Ploughed and resown 2 50 0 50 0
Undisturbed vs Sprayed and resown 0 - - - -
Undisturbed vs Oversown 1 0 100 0 0
Sward type Mono grass vs Mixed grass 0 - - - -
No legumes vs Legumes present 0 - - - -
Number of species 1 0 0 100 0

Land use intensity  Defoliation frequency 18 39 11 39 11
Nitrogen input 29 83 7 10 0

* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as
B relative to A. The last three contrasts are continuous variables in which the outcome is presented as
response to an increasing number of species, defoliation frequency or N input.

Cropping, compared to grassland, and increased defoliation frequency and nitrogen input (i.e. land use
intensity) decreased the abundance and presence of threatened species (Table 6). The breeding success
of threatened species decreased in forest, compared to grassland, while abundance increased. Forest
had both a negative and positive effect of the presence of threatened species, which appears to depend
on threatened species taxa. Resowing of permanent grassland increased the proportion of red-list
species, compared to an undisturbed control.

For pollinators, only contrasts dealing with sward type had sufficient studies to draw general
conclusions. 92% of contrasts (n=23) found that an increased number of sward species resulted in
increased pollinator abundance, species richness, flower visitation rates and diversity. The presence of
legumes had the same positive effect, but there were only eight studies.

Increased land use intensity had a negative effect on pollinator species; an increase in defoliation
frequency and nitrogen input decreased abundance, species richness and flower visitation rates (Table
7). Compared to permanent grassland, land use had varying outcomes for pollinators; the abundance of
bumblebees increased on temporary grassland, whereas, the abundance and species richness of
butterflies decreased. Cropping increased the abundance of pollinators, but decreased the number of
species. There were only two studies of sward age, one reported an increased abundance of nest site
searching bumblebee queens, and the other a decreased abundance of foraging bumblebee queens on
resown grassland, compared to undisturbed permanent grassland.
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Table 6. Summary of reported outcomes for threatened species

Threatened Contrast* Total Decrease No change Increase  No
species (n) (%) (%) (%) conclusion
(%)
Land use Permanent grassland vs Crops 4 75 25 - -
Permanent vs Temporary grassland 0 - - - -
Permanent6 grassland vs Forest 6 33 - 50 17
Sward age Undisturbed vs Ploughed and resown 1 - - 100 -
Undisturbed vs Sprayed and resown 0 - - - -
Undisturbed vs Oversown 0 - - - -
Sward type Mono grass vs Mixed grass 0 - - - -
No legumes vs Legumes present 0 - - - -
Number of species 0 - - - -
Land use intensity ~ Defoliation frequency 3 100 - - -
Nitrogen input 6 100 - - -
* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as
B relative to A. The last three contrasts are continuous variables in which the outcome is presented as
response to an increasing number species, defoliation frequency or N input.
Table 7. Summary of reported outcomes for pollinators
Pollinators Contrast* Total Decrease No change Increase  No
(n) (%) (%) (%) conclusion
(%)
Land use Permanent grassland vs Crops 9 333 333 333 -
Permanent vs Temporary grassland 4 50 25 25 -
Permanent grassland vs Forest 0 - - -
Sward age Undisturbed vs Ploughed and resown 0 - - - -
Undisturbed vs Sprayed and resown 0 - - - -
Undisturbed vs Oversown 2 50 - 50 -
Sward type Mono grass vs Mixed grass 0 - - - -
No legumes vs Legumes present 8 - - 100 -
Number of species 23 - 4 92 4
Land use intensity  Defoliation frequency 4 100 - - -

Nitrogen input 4 100 - -

* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as
B relative to A. The last three contrasts are continuous variables in which the outcome is presented as
response to an increasing number of species, defoliation frequency or N input.

The final data set for water quality consisted of 625 papers, of which 300 papers where allocated for
data extraction. So far 91 out of 217 papers have been checked for suitability of data extraction and 127
contrasts have been identified. Most contrasts related to land use where permanent grassland had been
compared to arable or forest land use and land use intensity. The studies assessed so far investigated
leaching of nitrate and phosphate in ground and into surface waters.
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Table 8. Summary of the number of contrasts within each study for Water.

S:tr;:g:\t/ Contrast Total Nitrogen Phosphate Pesticides
Land use Permanent grassland vs Crops 49 36 13 0
Permanent grassland vs Temporar
grassland ° i ! 4 3 1 0
Permanent grassland vs Forest 21 15 6 0
Sward age Undisturbed vs Ploughed and resown 7 6 1 0
Undisturbed vs Sprayed and resown 3 3 0 0
Undisturbed vs Oversown 4 4 0 0
Sward type Mono grass vs Mixed grass 2 2 0 0
No legumes vs Legumes present 6 6 0 0
Number of species 2 2 0 0
:_:tr;:i:j Defoliation frequency 10 10 0 0
Nitrogen input 19 18 1 0
Table 9. Summary of reported outcomes for nitrogen in water.
No
Total Decrease No change Increase conclusion
Nitrogen Contrast* (n) (%) (%) (%) (%)
Land use Permanent grassland vs Crops 36 25 6 56 14
Permanent vs Temporary
grassland 3 0 0 100
Permanent grassland vs Forest 15 53 27 13 7
Undisturbed vs Ploughed and
Sward age resown 6 0 33 67 0
Undisturbed vs Sprayed and
resown 3 0 0 100 0
Undisturbed vs Oversown 4 0 50 50 0
Sward type Mono grass vs Mixed grass 2 0 0 0 100
No legumes vs Legumes present 6 33 17 33 17
Number of species 2 50 50 0 0
Land use
intensity Defoliation frequency 10 40 20 40 0
Nitrogen input 18 0 0 100 0

* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as
B relative to A. The last three contrasts are continuous variables in which the outcome is presented as
response to an increasing number of species, defoliation frequency or N input.
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Table 10. Summary of reported outcomes for phosphate in water.

Total Decrease Nochange Increase No conclusion

Phosphate Contrast* (n) (%) (%) (%) (%)
Land use Permanent grassland vs Crops 13 38 8 46 8
Permanent vs Temporary grassland 1 0 0 100 0
Permanent grassland vs Forest 6 67 0 17 17
Sward age Undisturbed vs Ploughed and resown 1 0 0 100 0
Undisturbed vs Sprayed and resown 0
Undisturbed vs Oversown 0
Sward type Mono grass vs Mixed grass 0
No legumes vs Legumes present 0
Number of species 0
Land use intensity Defoliation frequency 0
Nitrogen input 1 0 100 0 0

* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as
B relative to A. The last three contrasts are continuous variables in which the outcome is presented as
response to an increasing number of species, defoliation frequency or N input.

For Erosion and flooding, the main contrasts were on land use (Table 11). The results for the four
indicators are summarized in tables 12 to 15. After the screening of the 29 studies, 38 contrast have
been extracted, mainly related to land use where PG was compared with cropland and forest. Only one
contrast was found related to sward age, where ploughed land was compared to resown grassland. The
selected contrasts allowed to evaluate the effects on hydraulic conductivity in 13 cases, on bulk density
in 20 cases, on soil loss 15 cases and runoff 13 cases.

Table 11. Overview of contrasts and indicators reported in 23 studies.

Contrast category  Contrast Total HydrConduc Bulk Soil Runoff
Density loss
Land use Permanent grassland vs Crops 19 5 9 9 9
Permanent grassland vs Temporary 1 0 1 0 0
grassland
Permanent grassland vs Forest 18 8 10 6 4
Sward age Undisturbed vs Ploughed and resown

Undisturbed vs Sprayed and resown
Undisturbed vs Oversown

Sward type Mono grass vs Mixed grass
No legumes vs Legumes present
Number of species

Land use intensity Defoliation frequency
Nitrogen input

As is shown in table 12, PG generally has a positive effect on hydraulic conductivity compared to
cropland. In 60% of the cases hydraulic conductivity decreased under cropland with respect to PG. In
40% of the cases, hydraulic conductivity was found higher under cropland. Possibly this is related to
temporary tillage effects that disappear over the growing season under cropland. On the contrary,
compared to forest, hydraulic conductivity is clearly higher for forest compared to PG, as was reported
by 87% of the studies. In 13% of the studies no significant differences between both could be found.
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Table 12. Summary of reported outcomes of Hydraulic conductivity

Contrast category Contrast* Total Decrease No change Increase  No
(n) (%) (%) (%) conclusion
(%)
Land use Permanent grassland vs Crops 5 60 0 40 0
Permanent vs Temporary grassland 0 0 0 0 0
Permanent grassland vs Forest 8 0 13 87 0
Sward age Undisturbed vs Ploughed and resown

Undisturbed vs Sprayed and resown
Undisturbed vs Oversown

Sward type Mono grass vs Mixed grass
No legumes vs Legumes present
Number of species

Land use intensity ~ Defoliation frequency
Nitrogen input

* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as

B relative to A. The last three contrasts are continuous variables in which the outcome is presented as

response to an increasing number of species, defoliation frequency or N input.

Table 13. Summary of reported outcomes of bulk density

Contrast category Contrast* Total Decrease No change Increase  No
(n) (%) (%) (%) conclusion
(%)
Land use Permanent grassland vs Crops 9 22 22 55 0
Permanent vs Temporary grassland 1 0 0 100 0
Permanent grassland vs Forest 10 80 10 10 0
Sward age Undisturbed vs Ploughed and resown

Undisturbed vs Sprayed and resown
Undisturbed vs Oversown

Sward type Mono grass vs Mixed grass
No legumes vs Legumes present
Number of species

Land use intensity ~ Defoliation frequency
Nitrogen input

* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as
B relative to A. The last three contrasts are continuous variables in which the outcome is presented as

response to an increasing number of species, defoliation frequency or N input.

For bulk density, the results are also quite clear. Cropland has generally a higher bulk density compared
to PG. An increase was found in 55% of the studies, while two studies (22%) found a decrease or no
significant differences in bulk density. Compared to forest, PG generally has a negative influence as bulk
density was found to be lower under forest in 80% of the cases. Only one study found no significant
contrasts, and one found higher bulk density under PG.

With respect to soil loss (Table 14), in most cases soil loss is higher under cropland compared to PG. In
two cases (22%), no significant soil loss difference was reported, and two cases (22%) found a smaller
soil loss rate under cropland compared to PG. In comparison to forest, the situation is reversed. In most
cases, 66%, a lower soil loss rate is observed under forest compared to PG, although in 34% of the cases
soil loss is higher under forest.

Table 14. Summary of reported outcomes of Soil loss
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Contrast category Contrast* Total Decrease No change Increase  No
(n) (%) (%) (%) conclusion
(%)
Land use Permanent grassland vs Crops 9 22 22 56 0
Permanent vs Temporary grassland 0 0 0 0 0
Permanent grassland vs Forest 6 66 0 34 0
Sward age Undisturbed vs Ploughed and resown
Undisturbed vs Sprayed and resown
Undisturbed vs Oversown
Sward type Mono grass vs Mixed grass

Land use intensity

No legumes vs Legumes present
Number of species

Defoliation frequency

Nitrogen input

* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as

B relative to A. The last three contrasts are continuous variables in which the outcome is presented as

response to an increasing number of species, defoliation frequency or N input.

Runoff follows a similar tendency to soil loss. Runoff was commonly higher on cropland with respect to
PG: 56% of the selected studies found runoff was significantly reduced under PG compared to cropland,
especially after ploughing and sowing operations. Three studies (33%) reported a decrease under
cropland, and one study (11%) reported no conclusive results. Again, despite the more favourable

situation compared to cropland, PG has a generally a higher runoff production compared to forest, as

was reported by 75% of the selected studies.
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Table 15. Summary of reported outcomes of Runoff

Contrast category Contrast* Total Decrease No change Increase  No
(n) (%) (%) (%) conclusion
(%)
Land use Permanent grassland vs Crops 9 33 0 56 11
Permanent vs Temporary grassland 0 0 0 0 0
Permanent grassland vs Forest 4 75 0 25 0
Sward age Undisturbed vs Ploughed and resown
Undisturbed vs Sprayed and resown
Undisturbed vs Oversown
Sward type Mono grass vs Mixed grass

Land use intensity

No legumes vs Legumes present
Number of species

Defoliation frequency

Nitrogen input

* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as
B relative to A. The last three contrasts are continuous variables in which the outcome is presented as
response to an increasing number of species, defoliation frequency or N input.

In Culture, we read 195 full texts of which we extracted 33 contrasts from 17 relevant papers (Table 16).
All suitable papers had at least one contrast on the aesthetic indicator while for the recreation indicator,
much less contrasts were found. By far the most contrasts were found on land use, with 16 contrasts for
PG compared to crops and 14 comparing PG to forest. Only three contrasts were found on sward type.

Table 16. Summary of the number of contrasts within each study for Culture

Contrast category  Contrast Total  Recreation Aesthetics
Land use Permanent grassland vs Crops 16 8 16
Permanent grassland vs Temporary
grassland
Permanent grassland vs Forest 14 3 14
Sward age Undisturbed vs Ploughed and resown
Undisturbed vs Sprayed and resown
Undisturbed vs Oversown
Sward type Mono grass vs Mixed grass 2 1 2
No legumes vs Legumes present
Number of species 1 0 1

Land use intensity

Defoliation frequency
Nitrogen input

For recreation, the outcome of the contrast between PG and crops was mixed, with 50% reporting a
decrease of recreation in arable landscapes, while 37.5% reported an increase (Table 17). When
comparing PG with forest, the most frequent outcome was that there was no change in recreational
patterns, or if so, it was negative. The one study which compared a field with a single grass species to
one with multiple grass species reported a decrease of recreation in the single grass species area.
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Table 17. Summary of reported outcomes for Recreation

Recreation Contrast* Total Decrease No change Increase  No
(n) (%) (%) (%) conclusion
(%)
Land use Permanent grassland vs Crops 8 50 12.5 37.5
Permanent vs Temporary grassland
Permanent grassland vs Forest 3 333 66.7
Sward age Undisturbed vs Ploughed and resown

Undisturbed vs Sprayed and resown
Undisturbed vs Oversown

Sward type Mono grass vs Mixed grass 1 100

No legumes vs Legumes present
Number of species

Land use intensity ~ Defoliation frequency

Nitrogen input

* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as
B relative to A. The last three contrasts are continuous variables in which the outcome is presented as
response to an increasing number of species, defoliation frequency or N input.

The analysed papers had much more contrasts on the aesthetic indicator. Most contrasts reported a
negative (hence decreasing) aesthetic valuation of both cropping and forested areas compared to PG
(Table 18). The reason for the positive aesthetic valuation of grasslands was the better transparency and
view against the dense forests and wooded vegetation, and the variability and diversity against the
monotony of the croplands. However, traditional and diverse crop types as old growth olive trees,
diversified agriculture or small-block vineyard were better judged. The three contrasts which were
found for sward type all reported an increase of the aesthetic valuation for areas with multiple grass
species (compared to a single species grassland) and for an increasing number of species. These results
show, that open and diverse permanent grassland is predominantly preferred over cropping and forest
areas for both recreation and also in terms of their aesthetic value.

Table 18. Summary of reported outcomes for Aesthetics

Aesthetics Contrast* Total Decrease No change Increase  No
(n) (%) (%) (%) conclusion
(%)
Land use Permanent grassland vs Crops 16 62.5 125 25
Permanent vs Temporary grassland
Permanent grassland vs Forest 14 50 214 28.6
Sward age Undisturbed vs Ploughed and resown

Undisturbed vs Sprayed and resown
Undisturbed vs Oversown

Sward type Mono grass vs Mixed grass 2 100

No legumes vs Legumes present
Number of species 1 100

Land use intensity ~ Defoliation frequency

Nitrogen input

* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as
B relative to A. The last three contrasts are continuous variables in which the outcome is presented as
response to an increasing number of species, defoliation frequency or N input.
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For Feed, 271 contrasts were extracted from 188 papers (Table 19). Most papers (123) reported one
contrast, 56 papers reported two contrasts, 10 papers reported three contrasts and one study reported
four contrasts. In most papers DM yields were reported, usually following cutting, weighing and drying.
Few papers reported fresh yields or calculated yields based on animal grazing days. Grass energy and
protein contents were reported less frequently than DM yields. Energy was presented in many different
variations, but most frequently as crude fibre, digestible organic or dry matter, metabolisable energy or
net energy. Crude protein contents were always calculated from either N-total or N-Kjeldahl.

Table 19. Overview of contrasts and indicators reported in 188 papers.

Contrast category Contrast Total Yield Energy Protein
Land use Permanent grassland vs Crops 0 0 0 0
Permanent grassland vs Temporary grassland 4 4 3 2
Permanent grassland vs Forest 0 0 0 0
Sward age Undisturbed vs Ploughed and resown 19 19 11 9
Undisturbed vs Sprayed and resown 3 3 1 1
Undisturbed vs Oversown 17 17 10 9
Sward type Mono grass vs Mixed grass 4 4 1 0
No Legumes vs Legumes present 44 43 19 24
Number of species 19 19 5 6
Land use intensity Defoliation frequency 44 42 21 20
Nitrogen input 115 112 39 63

There were many papers reporting on land use intensity contrasts (Tables 20 tot 22). Most studies
reported increasing yields with increasing nitrogen inputs and decreasing defoliation frequencies.
Papers, investigating the effects of mixed swards on dry matter yields generally reported higher yields
from swards with legumes compared to those with no legumes present,. The majority of papers,
studying the impact of species diversity on dry matter yields did not report a yield effect, whereas 30%
reported a yield increase. Most papers reporting on grassland renovation, reported increasing yields,
however unchanged or lower yields were also reported.
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Table 20. Summary of reported outcomes of yield

Contrast category Contrast* Total Decrease No change Increase  No
(n) (%) (%) (%) conclusion
(%)
Land use Permanent grassland vs Crops 0
Permanent vs Temporary grassland 4 0 50 50 0
Permanent grassland vs Forest 0
Sward age Undisturbed vs Ploughed and resown 19 26 21 53 0
Undisturbed vs Sprayed and resown 3 0 0 100 0
Undisturbed vs Oversown 17 6 12 82 0
Sward type Mono grass vs Mixed grass 4 0 75 25 0
No legumes vs Legumes present 43 5 14 81 0
Number of species 19 11 47 32 11
Land use intensity  Defoliation frequency 42 67 14 17 2
Nitrogen input 112 1 4 93 2
* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as
B relative to A. The last three contrasts are continuous variables in which the outcome is presented as
response to an increasing number of species, defoliation frequency or N input.
Regarding energy content, papers on defoliation frequency mostly reported increasing energy contents
with increasing defoliation frequencies. All other contrasts showed mixed reporting on energy contents
or had too few papers to make general conclusions.
Table 21. Summary of reported outcomes of energy content
Contrast category Contrast* Total Decrease No change Increase  No
(n) (%) (%) (%) conclusion
(%)
Land use Permanent grassland vs Crops 0
Permanent vs Temporary grassland 3 33 33 0 33
Permanent grassland vs Forest 0
Sward age Undisturbed vs Ploughed and resown 11 18 55 27 0
Undisturbed vs Sprayed and resown 1 0 100 0 0
Undisturbed vs Oversown 10 30 50 10 10
Sward type Mono grass vs Mixed grass 1 100 0 0 0
No legumes vs Legumes present 19 21 37 26 16
Number of species 5 40 40 0 20
Land use intensity ~ Defoliation frequency 21 0 10 81 10
Nitrogen input 39 15 46 23 15

* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as
B relative to A. The last three contrasts are continuous variables in which the outcome is presented as

response to an increasing number of species, defoliation frequency or N input.

Most studies reported increasing protein contents with increasing nitrogen inputs and increasing
defoliation frequencies. Papers, comparing swards, with legumes to no legumes, generally reported

increasing protein contents.

* X HIS PROJECT HAS RECEIVED FUNDING FROM
THE EUROPEAN UNION' HORIZON 2020 RESEARCH

AND INNOVATION PROGRAMME

* 4k UNDER GRANT AGREEMENT N, 774124



SUPER-G

SUSTAINABLE PERMANENT GRASSLAND

Table 22. Summary of reported outcomes of protein content

Contrast category Contrast* Total Decrease No change Increase  No
(n) (%) (%) (%) conclusion
(%)
Land use Permanent grassland vs Crops 0
Permanent vs Temporary grassland 2 50 0 0 50
Permanent grassland vs Forest 0
Sward age Undisturbed vs Ploughed and resown 9 22 44 33 0
Undisturbed vs Sprayed and resown 1 0 100 0 0
Undisturbed vs Oversown 9 11 33 44 11
Sward type Mono grass vs Mixed grass 0
No legumes vs Legumes present 24 0 13 75 13
Number of species 6 17 33 33 17
Land use intensity ~ Defoliation frequency 20 0 0 90 10
Nitrogen input 63 0 14 67 19

* The table should be read as follows. The outcome of the first eight contrasts “A vs B” are presented as
B relative to A. The last three contrasts are continuous variables in which the outcome is presented as
response to an increasing number of species, defoliation frequency or N input.
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Searches were carried out in CAB Abstracts (shown below) and Scopus (not shown). The ecosystem
services water and feed used some additional concepts, marked with a hashtag (#).

Searches in CAB Abstracts were done in title, abstract and all key word fields (.mp). The wild card
character ‘?” was used in CAB Abstracts to substitute for one or no characters. The adjacency operator
ADJ was used to indicate the maximum number of words between two search terms, e.g. “threatened
adj8 species” means that a hit is included when threatened and species are within eight words of each
other, in any order. The explode command EXP was used in CAB’s hierarchal list of thesaurus terms. It
tells Ovid to search for the thesaurus term itself, including all its narrower terms, down to all levels, e.g.
“exp europe ” not only searches for “europe” in the different keyword fields, but also for underlying

terms.

Concept

Search string for CAB Abstracts

Grass

(dryland? or grass* or grazed or grazing or hayfield? or hay field? or
haymeadow? or herbaceous or herbage? or meadow? or pasture? or
rangeland? or range land? or ryegrass* or silvopast* or steppe or steppes or
sward? or woodpast*)

Europe

exp europe/ or (albania or andorra or austria or belarus or belgium or bosnia
or british isles or bulgaria or croatia or cyprus or czech republic or czechia or
czechoslovakia or denmark or england or estonia or estonian soviet socialist
republic or estonian ssr or europe* or finland or flanders or france or german
democratic republic or german federal republic or germany or great britain or
greece or hercegovina or herzegovina or hungary or iceland or ireland or irish
republic or italy or kosovo or latvia or latvian ssr or liechtenstein or lithuania
or lithuanian soviet socialist republic or lithuanian ssr or luxemb?urg or
macedonia or moldova or monaco or montenegro or netherlands or norway or
poland or portugal or romania or san marino or scotland or serbia or slovakia
or slovenia or spain or sweden or switzerland or uk or ukraine or united
kingdom or wales or wallonia or walloon or yugoslavia) not (new england or
new south wales)

Pollination

(pollinat* or pollinator?)

Threatened
species

((threatened or endangered) adj8 species) or ((threatened or endangered)
adj8 taxa) or red list? or red book? or threatened biodiversity or endangered
biodiversity

Plant richness

((plant? adj3 composition?) or (plant? adj3 diversit*) or (plant? adj3 richness)
or (botanical adj3 composition? or (botanical adj3 diversit*) or botanical
richness or (floristic adj3 composition?) or (floristic adj3 diversit*) or (floristic
adj3 richness) or (species adj4 composition?) or (species adj3 diversit*) or
(species adj3 richness) or (vegetation? adj3 composition?) or (vegetation? adj
3 richness) or biodiversity or agrobiodiversity) not (anti oxidant? or anti-
oxidant? or biochemical composition or biofuel or chemical composition or
extract* or medical or medicinal or pharmaceut*)

Nitrous oxide

(Nitrous oxide? or N20 or denitrificat* or nitrificat*)

Methane

(methane or CH4)

Carbon dioxide

(carbon dioxide or CO2)

Carbon stocks
and
sequestration
rate

((carbon adj6 sequestrat*) or (c adj4 sequestrat*) or organic matter or SOM
or soil organic carbon or soil organic C or SOC or carbon sink? or ¢ sink? or
(carbon adj6 turnover) or (c adj4 turnover) or (carbon adj4 budget?) or (c
adj4 budget?))

Water quality*

((water or groundwater or freshwater or drainwater) adj4 quality) or ((water
or groundwater or freshwater or drainwater) adj4 protection) or ((water or
groundwater or freshwater or drainwater) adj4 status)
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Nitrate in
water#

(water or groundwater or freshwater or drainwater or leach*) AND (nitrate*
or NO3 or nitrogen or (nutrient? adj3 load*) or (N adj3 load*) or (nutrient?
adj3 runoff) or (nutrient? adj3 run-off))

Nitrate in soil*

(residu* adj3 nitrogen) or (residu* adj3 nitrate?) or post-harvest mineral
nitrogen or post-harvest mineral N or (soil adj4 mineral nitrogen) or (soil adj4
mineral N)

Phosphate (phosphate? or PO4 or phosphor?us or phosphorus or orthophosphate? or
ortho-phosphate? or (P adj3 load*))

Pesticides (pesticide? or herbicide? or insecticide? or fungicide? or residue? or contamin*
or pollut* or active ingredient? or weedicide? or weedkiller? or weed killer?)

Hydraulic (hydraulic conductivit* OR k value? OR Ksat OR inundat* OR permeab* OR

conductivity infiltrat*)

Bulk density (bulk densit* OR porosit* OR compaction? OR trampl* OR crust* OR biocrust?
OR seal*)

Soil loss (soil loss* OR erosion* OR sediment* OR landslide? OR rill? OR gullies or gully
OR wash* OR erod* OR erosivity)

Runoff (run-off? OR runoff? OR flood* OR overland flow?)

Recreation ecotouris* or leisur* or recreati* or touris* or outdoor? or cultural or bicycle?

or bike? or biking or birding or birdwatch* or (bird? adjl watch*) or climb* or
cyclist? or geocach* or hiker? or hiking or hunting or nature trail? or relax* or
riding or rider? or travel* or trekker? or trekking or walk* or (sport and
PP350) or physical activit* or social activit*

Aesthetic value

aesthetic* or esthetic* or beauty or landscape? or photo? or photograph? or
photographer? or scenery or sceneries or visitor? or social media or facebook
or twitter or instagram or snapchat or pinterest or tumblr or whatsapp or
youtube

Yield

(yield? OR producti* OR growth) AND (dry matter OR dry-matter OR
drymatter OR DM OR dry weight OR dry-weight OR dryweight OR DW)

Yield-in-TITLE#

(yield? OR producti* OR growth)

Protein

((protein? OR nitrogen?) adj5 (content? OR concentration?)) OR N content?
OR N concentration?)

Energy

(gross energy OR net energy OR metaboli* energy OR digestib* OR dom OR
omd OR domd OR dmd OR ivdom OR ivomd OR ivdomd OR ivdmd OR vem OR
ufl OR sfu OR nel)
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Identification Identified through database searching

Screening

Eligibility

Included

- Scopus
- CAB Abstracts
After removal of duplicates

Screened for title

- Excluded based on title
Screened for abstract

- Excluded based on abstract

Screened abstract for eligible contrasts
- Excluded for non-eligible contrasts in abstract

Eligible papers

Full text article assessed

- Excluded with reasons:

-> Full text not available within reasonable time
-> No relevant contrast

-> Confounded contrasts

->Temporary grassland

-> No extractable data

-> Other reasons

Studies included
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Feed
17145
5412
11733
13971

13971
9951
4020
1817

2203
890

1313

474
296
42
104
54
42
20
34

178

GHG
10973
4740
6233
8331

8331
7219
1112
789

323
23

300

300

Water Erosion Culture Biodiversity

9391
4136
5255
7181

7181
5252
2030
1353

625

207
93
31

114

93

14203 17979
7482 9337
6721 8642
11053 13719
11053 13719
10251 13469
802 250
668 55
134 195
195
107 195
84 178
27
108
34
9
23 17

22727
9916

12811
16201

17774
13706
4068
1506

2562
1458

1104

307

233

24
187

18

74



Farm experiment
Regional study
Other (overwrite)
Unknown

Colum | Attribute (predefined) values Description/Remarks
n
A Nr Unigue number for each study Links to Nr in CONTRAST
B Include Yes If *no” (excluded), give reason in remarks column
No
C Review Biodiversity_1 Biodiversity has two separate reviews
Biodiversity_2
GHG
Water
Erosion
Culture
Feed
D Reviewer Name of reviewer Dropdown list
E Sample 0 0: no sampling necessary (<300 studies)
1 1: first round of sampling for extraction of 300 papers
2 2: second round of sampling within contrast
F ID_Import Unique Eppi ID within a review ltem IDs Internal: 42832075 Imported: 5478
Other information of reference can be extracted from
Eppi using this ID.
G Author Family name of first author
H Year Year of publication
I Country Full name of country where experiment took Dropdown list
place
] Study_type Field experiment Field experiment: Small adjacent plots (order of m2)

Farm experiment: Large fields (order of hectares)
Regional study: regions or catchments

Other (overwrite)

Unknown

29




SUPER-G

SUSTAINABLE PERMANENT GRASSLAND

Colum | Attribute (predefined) values Description/Remarks
n
K Sites Number, possibly in combination with a letter | If sites are located in different biogeographic regions or
countries, or on different soil types, the study can be split
in two sub studies, e.g. 3a and 3b. Use prudently and
only if extraction is possible per site.
L Location Name of place, region or country Give as specific as possible
M Lon Longitude (decimal degrees) Use information from paper, else lookup in google maps
based on location.
If more locations, give an approximation of geographical
mean
N Lat Latitude (decimal degrees) Use information from paper, else lookup in google maps
based on location.
If more locations, give an approximation of geographical
mean
0] Biogeoregion Alpine This field can be filled by the subtask-leader in one action
Atlantic using GIS to extract the regions from this shapefile.
Boreal https://www.eea.europa.eu/data-and-
Continental maps/data/biogeographical-regions-europe-3/coordinate-
Mediterranean reference-system-esri-friendly/coordinate-reference-
Pannonian system-esri-friendly/at_download/file
Multiple

Unknown
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SUPER-G

SUSTAINABLE PERMANENT GRASSLAND

Colum | Attribute (predefined) values Description/Remarks

P Soil Unknown Give as specific as possible

Multiple Note there is a separate sheet for extended soil info, to
Mineral be used by GHG, Erosion and Water

Organic

Sand

Loamy sand
Sandy loam
Loam

Silty loam

Silt

Clay loam
Sandy clay loam
Silty clay loam
Sandy clay loam
Clay

Elevation Height (m) If more locations, give a range

Slope Angle in degrees Only necessary for erosion; others are free to fill or not

n|xo o

Defoliation type Grazing Defoliation type on Permanent Grassland
Cutting

Grazing and cutting
Unknown

None
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Permanent grass (sure)
Grass (maybe permanent)

Colum | Attribute (predefined) values Description/Remarks

n

T Animal type None Give as specific as possible

Dairy cows
Dairy cattle
Heifers
Beef cattle
Cattle
Sheep
Goats
Horses
Other (overwrite)
Mixed
Unknown

U Start year First year of experiment First year of measurements; make a note in remarks if
the experimental contrasts started earlier.

V Duration Number of years Number of years with measurements; make a note in
remarks if this is not a continuous range (with missing
years)

w Land use Contrast State whether it is a contrast. If it isn't a contrast, then

state its value. Values of the contrast itself are stated in
“Contrast” sheet.

Permanent grass (sure): if paper states it is 5+ years old
Grass (maybe permanent): if paper is not clear

If paper clearly states it is temporary grass (other crop or
forest in preceding period of 5 years), then it is excluded
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Colum | Attribute (predefined) values Description/Remarks
n
X PG_Sward type Contrast State whether it is a contrast. If it isn’t a contrast, then
state its value. Values of the contrast itself are stated in
“Contrast” sheet.
Unknown
Grass mono Unknown
Grass mixed Grass mono
Grass/Legume Grass mixed (only grass, but more than one grass
Species rich species)
Other (overwrite) Grass/Legume
Species rich (grass + herbs + forbs)
Other (overwrite)
Y PG_Sward age Contrast State whether it is a contrast. If it isn't a contrast, then
state its value. Values of the contrast itself are stated in
“Contrast” sheet.
Unknown
1 Sward age at the start of the measurements, expressed
2 as the number of years since last sowing
3

25+

HIS PROJECT HAS RECEIVED FUNDING FROM
THE EUROPEAN UNION’ HORIZON 2020 RESEARCH
AND INNOVATION PROGRAMME
UNDER GRANT AGREEMENT N, 774124




SUPER-G

SUSTAINABLE PERMANENT GRASSLAND

Colum | Attribute (predefined) values Description/Remarks

n

V4 PG_defoliation_type Contrast State whether it is a contrast. If it isn't a contrast, then
state its value. Values of the contrast itself are stated in
“Contrast” sheet.

Unknown

1 Number of defoliations (cuts or grazings) per year
2

3

10

Continuous

Range (overwrite)

AA PG_Nitrogen_input Contrast State whether it is a contrast. If it isn’t a contrast, then
state its value (kg N/ha). Values of the contrast itself are
stated in "Contrast” sheet.

Unknown
Value (overwrite) Sum of total nitrogen from fertilisers and manures (state
Range (overwrite) in remarks if effective N is given)

AB Pollinators Presence/absence State method, if multiple methods state in “Other
Abundance (overwrite)”

Breeding success
Species richness

Flower visiting frequency
Diversity indexes
Species composition
Mortality rate

Other (overwrite)
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SUSTAINABLE PERMANENT GRASSLAND

Colum | Attribute (predefined) values Description/Remarks
n
AC Threatened species Presence/absence State method, if multiple methods state in “"Other
Abundance (overwrite)”
Breeding success
Survival
Other (overwrite)
AD Plant diversity Presence/absence State method, if multiple methods state in “"Other
Abundance (overwrite)”
Species richness
Species composition
Simpsons diversity index
Biomass
Species evenness
Beta diversity
Shannon Diversity Index
Other (overwrite)
AE Nitrous oxide Manual chambers State method, if multiple methods state in “"Other
Automated chamber (overwrite)”
Eddy covariance
Flux gradient method
Integrated horizontal flux
Others (overwrite)
AF Methane See above State method, if multiple methods state in “"Other
(overwrite)”
AG Carbon dioxide See above State method, if multiple methods state in “"Other
(overwrite)”
AH Carbon stocks and Direct sampling and analytical measurements | State method, if multiple methods state in “"Other

sequestration rate

Data inventories
Allometric Models
Reflectance spectroscopy
Others (overwrite)

(overwrite)”
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Colum | Attribute (predefined) values Description/Remarks

n

Al Nitrogen NO3 (ground water) State method, if multiple methods state in “"Other
NO3 (surface water) (overwrite)”

NH4 (ground water)
NH4 (surface water)
DON (ground water)
DON (surface water)
Soil inorganic N

N load
Al Phosphate Phosphorus (ground water) State method, if multiple methods state in “Other
Phosphorus (surface water) (overwrite)”

Phosphate (ground water)

Phosphate (surface water)
Ortho-phosphate (ground water)
Ortho-phosphate (surface water)
Particulate phosphorus (ground water)
Particulate phosphorus (surface water)
Particulate phosphate (ground water)
Particulate phosphate (surface water)
Phosphorus load

Phosphate load

Other (overwrite)

AK Pesticides Residue in soil State method, if multiple methods state in “"Other
residue in water (overwrite)”

residue in product
Other (overwrite)

AL Hydraulic Infiltrometer State method, if multiple methods state in “"Other
conductivity Other field method (overwrite)”
Lab method
Pedotransfer
Other (overwrite)
AM Bulk density Kopecky ring State method, if multiple methods state in “"Other

Other (overwrite) (overwrite)”
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Colum | Attribute (predefined) values Description/Remarks

n

AN Soil loss Microplot (<1m?2) State method, if multiple methods state in “"Other
Large plot (overwrite)”
Other (overwrite)

AO Runoff Microplot (<1m2) State method, if multiple methods state in “"Other
Large plot (overwrite)”
Other (overwrite)

AP Recreation Willingness-to-pay (WTP) to prevent State method, if multiple methods state in “"Other
deterioration (overwrite)”

Choice of landscape types for recreation
Other (Overwrite)

AQ Aesthetics Likert scale (1-5) State method, if multiple methods state in “"Other
Ranking/Scoring of photos or landscape (overwrite)”
elements

Willingness-to-pay (WTP) to prevent
deterioration

Nr. of photos taken relative to actual cover
Mentioning/ choice of landscape types or
ecosystem services

Other (Overwrite)

Yield DM vyield, cut and weighed State method, if multiple methods state in “"Other
Other (overwrite) (overwrite)”
AR
AS Energy Crude Fibre State method, if multiple methods state in “"Other
Gross Energy (overwrite)”

Metabolisable Energy

Net Energy Lactation
Digestable Organic Matter
Other (Overwrite)
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Colum | Attribute (predefined) values Description/Remarks
n
AT Protein N-Kjeldahl State method, if multiple methods state in “"Other
N-total (overwrite)”
N-unspecified
Digestible protein
Other (Overwrite)
AU Suited for meta- Yes Fill if you consider to carry out a quantitative analysis in
analysis No second stage.
Not sure Yes, if paper presents number of samples, means and
standard errors.
AV Remarks Text Reason for exclusion

Other information necessary for correct interpretation
Other information like sample size, landscape descriptions
that are not (yet) included as a standard attribute, but
might be useful later.
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CONTRAST

Col | Attribute (predefined) values

Description/Remarks

A Study_nr Unique number for each study

Links to Nr in STUDY

B Contrast_nr a
b
c

For each unique contrast in study

C Code number+letter

Combines Study_nr and Contrast_nr into
a unique code (formula)

D Contrast Permanent grassland - Crops
Permanent grassland - Temporary grassland
Permanent grassland - Forest
Undisturbed - Ploughed and resown
Undisturbed - Sprayed and resown
Undisturbed - Oversown

Mono grass - Mixed grass

No legumes - Legumes present
Number of species

Defoliation frequency

Nitrogen input

...Sprayed = old sward killed with
herbicide

E Contrastnr 1...11

Hidden (formula)
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Attribute (predefined) values Description/Remarks
Comparison Cropping [outcome] the value of the indicator, compared to PG Additional column to understand the
TG [outcome] the value of the indicator, compared to PG correct comparison between two
Forest [outcome] the value of the indicator, compared to PG contrasts.
Resowing [outcome] the value of the indicator, compared to
undisturbed control [outcome] = increases, does not change
Resowing [outcome] the value of the indicator, compared to or decreases

undisturbed control

Resowing [outcome] the value of the indicator, compared to
undisturbed control

Mixed grass [outcome] the value of the indicator, compared to mono
grass

Legumes [outcome] the value of the indicator, compared to no
legumes

Number of species [outcome] the value of the indicator

Defoliation frequency [outcome] the value of the indicator

Nitrogen input [outcome] the value of the indicator
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Col | Attribute (predefined) values Description/Remarks

G Outcome_Pollinators | No conclusion Contrasts 1...8 are assessed with one of
Increases these four options.
Does not change
Decreases
No conclusion Contrasts 9, 10, 11 are assessed with
Increases one of these ten options.
Increases linear
Increases non-linear with optimum If a treatment contains at least three
Increases non-linear with stabilization levels, it is possible to score non-linear
Increases non-linear with runaway responses.
Does not change
Decreases

Decreases linear

Decreases non-linear with optimum
Decreases non-linear with stabilization
Decreases non-linear with collaps

H Evaluation_Pollinator | Numerical, based on statistics Numerical, based on statistics:
s Numerical Tables or figures with statistics
Text
Numerical:
Tables or figures without statistics
(reviewer

makes assessment whether relevant)

Text:
Author claims in text, not necessarily
supported by numerical data

I Outcome_Threatened | See G See G

J Evaluation_Threaten | See H See H
ed
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SUSTAINABLE PERMANENT GRASSLAND

Col | Attribute (predefined) values Description/Remarks
K Outcome_PlantRichn | See G See G
ess
L Evaluation_PlantRich | See H See H
ness
M N-interaction No conclusion Positive:
_PlantRichness Positive Addition of nitrogen increases the main
No effect effect
Negative No effect:
Addition of nitrogen has no effect
Negative:
Addition of nitrogen reduced the main
effect
N Outcome_N20 See G See G
0] Evaluation_N20 See H See H
P N-interaction_N20 See M See M
Q Outcome_CH4 See G See G
R Evaluation_CH4 See H See H
S N-interaction_CH4 See M See O
T Outcome_C02 See G See G
U Evaluation_CO2 See H See H
\Y N-interaction_CO2 See M See M
W | Outcome_CarboSeq See G See G
X Evaluation_CarbonSe | See H See H
q
Y N- See M See M
interaction_CarbonSe
q
Z Outcome_NO3 See G See G
AA | Evaluation_NO3 See H See H
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Col | Attribute (predefined) values Description/Remarks

AB | N-interaction_NO3 See M See M

AC | Outcome_P See G See G

AD | Evaluation_P See H See H

AE | N-interaction_P See M See M

AF | Outcome_Pesticides See G See G

AG | Evaluation_Pesticides | See H See H

AH | N- See M See M
interaction_Pesticide
S

AI | Outcome_Recreation | See G See G

AJ | Evaluation_Recreatio | See H See H
n

AK | Outcome_Aesthetics See G See G

AL | Evaluation_Aesthetic | See H See H
S

AM | Outcome_HydrCondu | See G See G
C

AN | Evaluation_HydrCond | See H See H

AO | Outcome_BulkDensit | See G See G
Y

AP | Evaluation_BulkDensi | See H See H
ty

AQ | Outcome_SoilLoss See G See G

AR | Evaluation_SoilLoss See H See H

AS | Outcome_Runoff See G See G

AT | Evaluation_Runoff See H See H

AU | Outcome_Yield See G See G

AV | Evaluation_Yield See H See H
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Col | Attribute (predefined) values Description/Remarks

A N-interaction_Yield See M See M

W

AX | Outcome_Energy See G See G

AY | Evaluation_Energy See H See H

AZ | N-interaction_Energy | See M See M

BA | Outcome_Protein See G See G

BB | Evaluation_Protein See H See H

BC | N-interaction_Protein | See M See M

BD | PG sward type Unknown Only for contrasts:
Grass mono PG vs. Crop/Forest/TG
Grass mixed Mono vs. Mixed grass (MX)
Grass/Legume No vs. with legumes (LEG)
Species rich Number of species (NS)
Various Defoliation frequency (DF)
Other (overwrite) Nitrogen input (N)

BE | PG age Unknown Only for contrasts:
1 PG vs. Crop/Forest/TG
2 Mono vs. Mixed grass (MX)

No vs. with legumes (LEG)
Number of species (NS)

Defoliation frequency (DF)
25+ Nitrogen input (N)

Other (overwrite)

PG age is the number of years that grass
was cultivated without a crop-break...IN
FIRST YEAR OF EXPERIMENT
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Col | Attribute (predefined) values Description/Remarks
BF | PG sward age Unknown Only for contrasts:
1 PG vs. Crop/Forest/TG
2 Mono vs. Mixed grass (MX)
No vs. with legumes (LEG)
Number of species (NS)
Defoliation frequency (DF)
25+ Nitrogen input (N)
Other (overwrite)
PG sward age is the nhumber of years
since the last resowing...IN FIRST YEAR
OF EXPERIMENT
BG | Crop type Unknown Only for: Contrast PG vs. Crop
Forage
Arable
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Horticulture
Permanent crop
Maize

Forage maize
Grain maize
Wheat

Barley

Rye

Oilseed rape
Potato

Sugar beet
Fruit orchard
Vineyard

Olive trees
Rotation

Other (overwrite)
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Col

Attribute

(predefined) values

Description/Remarks

BH

Forest type

Unknown
Decidious
Non-decidious
Oak

Birch

Other (overwrite)

Only for: Contrast PG vs. Forest

BI

TG sward type

Unknown

Grass mono
Grass mixed
Grass/Legume
Species rich
Other (overwrite)

Only for: Contrast PG vs. TG

BJ

TG sward age

Unknown

0

1

2

3

4

Other (overwrite)

Only for: Contrast PG vs. TG

BK

PG control sward
type

Unknown

Grass mono
Grass mixed
Grass/Legume
Species rich
Other (overwrite)

Only for: Contrasts on resowing

BL

PG control age

Unknown
1
2

25+
Other (overwrite)

Only for: Contrasts on resowing

PG age is the number of years that grass
was cultivated without a crop-break...IN
FIRST YEAR OF EXPERIMENT
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Col | Attribute (predefined) values Description/Remarks
BM | PG control sward age | Unknown Only for: Contrasts on resowing
1
2 PG sward age is the nhumber of years
since the last resowing...IN FIRST YEAR
OF EXPERIMENT
25+
Other (overwrite)
BN | Resow season Unknown Only for:
Spring Contrast PG vs. TG
Summer Contrasts on resowing
Autumn
Other (overwrite)
BO | Sowing year in Unknown Only for:
outcome No (preferred) Contrast PG vs. TG
Yes Contrasts on resowing
Indicates whether the data (e.g. yield)
was obtained in year of sowing (=yes),
or one or more full harvest years after
sowing (=no)
BP | PG resow sward type | Unknown Only for: Contrasts on resowing

Grass mono
Grass mixed
Grass/Legume
Species rich
Other (overwrite)
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Col

Attribute

(predefined) values

Description/Remarks

BQ

PG resow sward age

Unknown

+

Only for: Contrasts on resowing

BR

Number of species

nknown

PN OCUPPWNEO

5+

Only for: Contrasts on mono-mixed grass

BS

Legume type

Unknown

White clover

Red clover
Lucerne

Mixture

Other (overwrite)

Only for: Contrast on legumes

BT

#Species_low

Unknown

None

1

10

Value (overwrite)
Range (overwrite)

Only for: Contrast on Number of species
Lowest number of species in treatments
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Col | Attribute (predefined) values Description/Remarks
BU | #Species_high Unknown Only for: Contrast on Number of species
None
1 Highest number of species in treatments
10
Value (overwrite)
Range (overwrite)
BV | DF_low Unknown Only for: Contrast on Defoliation
None Frequency
1
Lowest number of cuts in treatments
10
Value (overwrite)
Range (overwrite)
B DF_high Unknown Only for: Contrast on Defoliation
w None Frequency
1
Highest number of cuts in treatments
10
Value (overwrite)
Range (overwrite)
BX | N_source Unknown Only for: Contrast on N input
Artificial fertiliser
Manure (total N) We have three input sources: fertiliser
Manure (inorganic N) only, manure only, or fertiliser+manure.
Fertiliser + manure (total N) Here you choose whether the N input was
Fertiliser + manure (inorganic N) presented as total N or as inorganic N (or
Other (overwrite) effective N). The actual N input is filled in
the next two columns (N-low and
N_high)
BY | N_low Unknown Only for: Contrast on N input

Value (overwrite)
Range (overwrite)

kg N/ha
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Col | Attribute (predefined) values Description/Remarks
BZ | N_high Unknown Only for: Contrast on N input
Value (overwrite)
Range (overwrite) kg N/ha
CA | Soil code Al Only for Soil, Erosion, Water?
A2
Code used to describe different soil types
AX or sampling depths in one study. Code
Bl links to the special Soil sheet.
B2
Letter (A,B,...) refers to soil types
Figure (1,2,3..) refers to depths
CB | Sward code A Only for Feed
B
C Code used to describe different sward
types in one study. Code links to the
special Sward sheet.
A: only one sward type
(A,B): average of two sward types
A-B: compares two types (related to
contrast)
A-B-C: compares three types
(A,B) - C: compares average of A,Bto C
CC | Remarks any relevant comments Note anything needed for a correct

interpretation. Also note “surprising”
results
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Deliverable 2.2b

Quantifying ecosystem services on permanent
Grassland - A short list of agri-environmental
indicators

This report only reflects the views of the author(s).
The Commission is not liable for any use that may be made of the information contained therein.

Project funded under the Horizon 2020 Research and Innovation Programme

Dissemination Level

PU Public X

PP Restricted to other programme participants

(including the Commission Services)
RE Restricted to a group specified by the consortium

(including the Commission Services)
co Confidential, only for members of the consortium

(including the Commission Services)
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Agri-Environmental (A-E) indicators can be used to assess ecosystem service (ES) delivery. They are also
required for environmental monitoring/reporting and provide the basis for many agricultural and
environmental protection policies and monitoring programmes. Indicators help assess human and
natural impacts on the environment, including degradation processes and identify the effectiveness (or
otherwise) of land management practices.

The SUPER-G project used a multi-stage, ‘logical sieve’ approach to select a short list of physical,
chemical and biological agri-environment indicators, to assess Permanent Grassland (PG) performance.
This approach facilitated the ranking of indicators in terms of robustness, practicality and ability to
detect meaningful changes in the capacity of PG to deliver six ecosystem goods and services viz. (i) food,
wool and biomass production; (ii) biodiversity; (iii) climate regulation; (iv) water quality; (v) mediation of
water flows and erosion control; and (vi) landscape aesthetics and recreation.

Teams for sub-tasks 2.3.1 - 2.3.6 (representing the six ES)) reviewed scientific and grey literature to
select a list of A-E indicators relevant to their ES. The first gross list of A-E indicators was then assessed
using a multi-stage ‘logical sieve’ approach, which generated a ‘short list’ of 28 A-E indicators for use by
farmers and advisers for benchmarking activity, and 29 indicators for use by researchers and policy
makers to inform agri-environment scheme and national monitoring.
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The aim of SUPER-G task 2.3.7 was to develop a set of agri-environmental indicators to assess the
performance of Permanent Grassland (PG) at providing 6 ecosystem goods and services viz. (i) food,
wool and biomass production; (ii) biodiversity; (iii) climate regulation; (iv) water quality: (v) mediation of
water flows and erosion control; and (vi) landscape aesthetics and recreation A multi-stage, ‘logical
sieve’ approach was used to facilitate the ranking of indicators in terms of robustness, practicality and
ability to detect meaningful changes in the capacity of PG to deliver ecosystem goods and services. The
‘logical sieve’ approach is based on a “conceptual framework designed from first principles to provide a
semi-objective means of establishing the applicability of potential indicators to a wide variety of
monitoring scenarios, circumstances or ... functions” (Ritz et al., 2009).

Teams from sub-tasks 2.3.1 - 2.3.6 (representing the six key SUPER-G ES) selected a list of agri-
environmental indicators relevant to their ES. Potential A-E indicators were identified from the available
literature, including those defined by Loveland and Thompson (2002) and Merrington et al. (2006),
those listed by OECD (2003), the FP7 MultiSward project (2014), the Horizon 2020 Inno4Grass project
(Shared Innovation Space for Sustainable Productivity of Grasslands in Europe; 2018), EUROSTAT and
the United Nations Environment Programme (UNEP). Indicators that required laboratory analysis (e.g.
soil carbon content), were subdivided according to the specific methodology or laboratory method
used. Indicators were considered that are appropriate for use by:

. farmers to compare fields at the farm scale;

. advisers and farmers to use within a farm network (to facilitate benchmarking
between farms);

. researchers and policy makers to use within a monitoring scheme to assess ES

delivery and to improve information systems set up to monitor agri-environment
scheme payments

The first gross list of indicators resulting from this process is presented in the SUPER-G milestone 10
report and in Appendix | of this report. Section two sets out the methodology that was used to select a
final short list of indicators. ES experts within the project team independently scored the indicators
against a range of criteria including:

ES delivery (does the indicator reflect delivery of a range of ES?),

Land use (is the indicator relevant to a range of land use types?),

Degradation processes (is the indicator able to detect meaningful change in ES delivery
resulting from the key PG degradation processes?).

For the purposes of this sub-task, an expert was defined as “someone possessing extensive knowledge
or ability in the domain, based on their qualifications, experience (at least 5 years) and occupation”.

Indicators were also assessed for other criteria such as data availability, robustness, spatial and
temporal variability, relevance to current and likely future agricultural and environmental policy and
comprehensibility. Proxy methods that could be used to make the indicators operational and feasible
were also considered.

A final short list of indicators was selected that scored highest for the range of selection criteria and
represent the range of ES under consideration.



2. Methodology to select a final short list of A-E indicators
Candidate A-E indicators (see Appendix I) were prioritised using the logical sieve approach (Ritz et al.,
2009). The logical sieve can also be interrogated by applying weightings to the scoring system used to
prioritise A-E indicators. The approach is also suitable for prioritising specific ES or degradation
processes of interest (Rickson et al., 2012).

The potential A-E indicators for each ES were assessed by five experts, against 4criteria described below:

Relevance to PG and other land uses
Relevance to ES delivery prioritised in SUPER-G
Relevance to PG degradation pressures
Challenge criteria including:

o Interpretability

Sensitivity

Practicability

Efficiency & cost

Geographical coverage

Availability of baseline & threshold data
Comprehensibility & clarity

PLunNE

Criterion 1
Is the indicator relevant to other land uses?
Adapted from LUCAS land cover classes.

Cropland

Woodland

Commercial Forestry 0 = Not relevant
1 = Relevant

Shrubland

Temporary grassland (TG)
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Criterion 2
Is the indicator relevant to the ES prioritised in SUPER-G?

Ecosystem service Score

Food production (meat, dairy products, honey),
wool and biomass (wood, cork, bioenergy, fibre, bedding material)

Biodiversity

(incl. maintenance of ecosystem functions; and provision of ES
from species to landscapes)

Climate regulation

0 = Not relevant

1 = Poor indicator
2 = Relevant

3 = Highly relevant

Water quality

(for drinking and non-drinking purposes;

and to maintain favourable living conditions for terrestrial and
aquatic biota)

Mediation of water flows

(for supply and discharge; and flood protection/ mitigation)

Erosion control
(vegetation cover to protect/stabilise terrestrial ecosystems)

Landscape and recreation

Criterion 3
Is the indicator relevant to PG degradation pressures?

PG degradation pressure Score

Acidification
Compaction
Erosion

0 = Not pertinent
Herbicide-insecticide-pesticide use 1=Low

2 = Pertinent
Drainage 3 = Highly pertinent

Nutrient enrichment

Nutrient depletion

Taken from the Thematic Strategy for Soil Protection (2006) & the Convention on Biological Diversity
(2010)
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Criterion 4
Does the indicator meet the following challenge criteria?
(Adapted from Merrington et al., 2006; Corstanje et al., 2017)

Challenge criteria Score

1. Interpretability
a) Istheindicator interpretable in quantitative terms as an indicator of ES delivery and
temporal change in ecosystem function?
b) Isit clear what interpretation can or cannot be placed on the indicator?

2. Sensitivity

a) Istheindicator responsive to changes in land management?

b) What is the probability of detecting ‘significant’ changes between sampling intervals?
For quantitative data, consider likely degree of change over a sampling interval and magnitude of
random error such as 95% confidence intervals

3.1. Practicability for benchmarking (farmers & advisers)
a) How practicable is the indicator for use on farm?
b) Are there robust, proven methods for its measurement?
c) Are such methods available now or will they need considerable development?

3.2. Practicability for AES or national monitoring (researchers & policy makers)
a) How practicable is the indicator for use as part of a monitoring programme?
b) Are there robust, proven methods for its measurement?
c) Are such methods available now or will they need considerable development?

0 = Not interpretable

1 = Interpretable in qualitative terms
(ordinal/nominal/categorical data)

2 = Interpretable using continuous quantitative
data

0 = Not likely

1 = Likely for large changes

(e.g. 50-400% increase / 50-90% decrease)
2 = Likely for small changes

(e.g. 10-25% increase or decrease)

0 = not practicable
1 = potentially practicable
2 = practicable

0 = not practicable
1 = potentially practicable
2 = practicable
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Challenge criteria Score

4. Efficiency and cost
a) What is the relative cost and efficiency associated with collecting indicator data?

b) Is it possible to use automatic or proxy methods including sensors, remote sensing and

automatic data retrieval?

5. Geographical coverage
a) Hasthe indicator already been monitored across Europe?
b) Are applicability and acceptance likely to be high?

6. Availability of baseline & threshold data
a) Are baseline and/or threshold values available for the indicator?
b) If not, would their development be possible with reasonable effort?
Baselines and thresholds enable an assessment of the current status of PG or other land

7.1. Comprehensibility & clarity - for benchmarking

(farmers & advisers)
a) Isthe indicator generally understandable to facilitate communication of results
b) Is the final information clear and easy to interpret?
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1 = high

2 = moderate
3 =low

1 =poor

2 =good

3 = very good

0 = not available
1 = development possible with reasonable effort
2 = available

0 = incomprehensible

1 = weakly comprehensible
2 = comprehensible

3 = highly comprehensible
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Challenge criteria

7.2. Comprehensibility & clarity - for AES or national monitoring
(researchers & policy makers)
a) Is the indicator generally understandable to facilitate communication of results 0 = incomprehensible
b) Is the final information clear and easy to interpret? 1 = weakly comprehensible

2 = comprehensible
3 = highly comprehensible
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The five experts considered all the A-E indicators for their allocated ES and scored those indicators for
which they were confident that they had sufficient experience and expertise.

Evaluation

Two evaluation schemes were used to determine the 5 most appropriate indicators for each ES. One
scheme assessed indicators suitable for farmers and advisers to benchmark farm performance or for use
within agri-environment schemes (AES). The other scheme was used to determine the 5 indicators that
were most appropriate for use by researchers and policy makers to include in experimental protocols or
for national/regional scale monitoring.

To select the most appropriate indicators for use by farmers and advisers the following evaluation
scheme was used for each ES:

. The sum score of all criteria relevant to the specific ES and to farmers and advisers
was calculated

. Indicators that were not considered to be relevant to Cropland and Temporary
Grassland were downgraded for selection

. Indicators that were not considered to be pertinent to at least two degradation
pressures were downgraded for selection

. Indicators that were not considered to be weakly interpretable or comprehensible by

farmers and advisers were eliminated from selection

To select the most appropriate indicators for use by researchers and policy makers the following
evaluation scheme was used for each ES:

. The sum score of all criteria relevant to the specific ES and to researchers and policy
makers was calculated

. Indicators that were not considered to be relevant to Cropland and Temporary
Grassland were downgraded for selection

. Indicators that were not considered to be pertinent to at least two degradation
pressures were downgraded for selection

. Indicators that were not considered to be weakly interpretable or comprehensible by

researchers and policy makers were eliminated from selection

For each ES, the “short-listed” indicators were then assessed by the task leader and each ES lead using
the following criteria:

. Are there well-established practical protocols for measuring the indicator or can they
be developed with reasonable effort?

. Is the indicator responsive to management?

. Is the indicator A-E relatively cheap, practical and simple to measure?

. Are the measurements associated with the indicator practicable?

. Is the indicator policy relevant?

. Is the amount of sampling support and sampling intensity required to determine the

indicator reasonable?

All the “short-listed” A-E indicators that returned a positive response to the above questions were
retained in the final short list.
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The five highest ranked ‘food production’ indicators for farmers & advisers were “stocking rate of
livestock”; “nitrogen use efficiency (fertiliser)”; “nitrogen use efficiency (livestock production)”;
“grass/clover dry matter productivity” and “forage efficiency” (Table 1).

Table 1. The five highest ranked ‘food production” indicators for farmers & advisers.

Indicator Units Indicator # Ranking
Stocking rate of livestock LU/ha of total IND116 1
UAA
5 .
Nitrogen use efficiency (fertiliser) % (N input/N IND111 2
output)
% (N i N
Nitrogen use efficiency (livestock production) % (N input/ IND112 3
output)
Grass/clover dry matter (DM) productivity t DM/ha IND110 4
;g;g)e efficiency (e.g. milk from forage OR milk from litres/cow IND108 5

L UAA = Utilised Agricultural Area

The experts considered that the IND127 (‘Stocking rate of grazing livestock per ha of TG + PG”) was not
relevant to cropland. However, it scored highly on other criteria and could be measured along with
IND116.

In the final assessment it was concluded that the indicators were a good reflection of farm productivity
as three out of the five indicators (IND111, IND112 and IND108) were also relevant to production
efficiency and economic sustainability. However, a few experts stated that “liveweight gain (or milk
production) per animal per day” or “liveweight/milk production per hectare” were indicators that
should have been included in the gross list of indicators for scoring.

Although “total PG and meadow as a percentage of UAA” was not one of the 5 highest ranked indicators
, due to it scoring as ‘relevant’ rather than ‘highly relevant’ to the ‘food production’ ES, it was concluded
that the indicator should be recorded as it reflected the ‘importance’ of PG on farm or in a region.

The five highest ranked ‘food production’ indicators for researchers and policy makers were “stocking

rate of grazing livestock”; “nitrogen use efficiency (fertiliser)”; “grass/clover dry matter productivity”;
“nitrogen use efficiency (livestock production)”; and “grass cutting frequency” (Table 2).

“Grass cutting frequency” (IND125) replaced “forage efficiency” (IND108) from the ‘farmers and
advisers” list, but there was very little difference between the two indicators, with “forage efficiency”
scoring slightly better on the challenge criteria and “grass cutting frequency” scoring better on
relevance to PG degradation pressures.
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Table 2. The top five ‘food production” indicators for researchers and policy makers.

Indicator Units Indicator # Ranking
LU/ha of total
Stocking rate of livestock U/ha of tota IND116 1
UAA
% (N i t/N
Nitrogen use efficiency (fertiliser) % (N input/ IND111 2
output)
Grass/clover dry matter (DM) productivity t DM/ha IND110 3
o -
Nitrogen use efficiency (livestock production) % (N input/N IND112 4
output)
Grass cutting frequency (management intensity) number of cuts IND125 5
L UAA = Utilised Agricultural Area
The four highest ranked ‘biodiversity and pollination’ indicators for farmers & advisers were “botanical
composition”; “proportion of Natura 2000 grassland habitats”; “earthworm numbers” and “presence of
threatened species” (Table 3).
The three highest ranked indicators are reliable indicators of biodiversity and are relatively easy and
practical to measure. “Presence of threatened species” (IND1) is also useful and is directly relevant to
conservation goals.
Table 3. The four highest ranked ‘biodiversity and pollination’ indicators for farmers & advisers.
Indicator Units Indicator # Ranking
Botanical composition % cover of each 1
species IND9S
Proportion of Natura 2000 grassland habitats (% AA) %AA? IND13 2
Earthworm numbers earthworms/m? 3
IND7
Presence of a threatened species associated with Y/N 4
grassland (CR, EN or VU) — from list of 351 species
associated with grassland in Europe IND1

Although the proportion of Natura 2000 grassland habitats was not considered to be relevant to other
land uses, the experts considered the indicator to be sufficiently important for characterising the
biodiversity natural capital at different scales to be included in the final list. Furthermore, it was
concluded that the indicator should include not only the percentage of the agricultural area that is
Natura 2000 grassland habitat, but proximity of a farm to such habitat.

The “number of nesting sites for meadow birds” (IND10) was not considered a practical indicator; and
the time and skills required also made it unsuitable. The indicator only provides a snapshot in time of
nesting activity, is time consuming (at least a whole day in the field) and would require a detailed
protocol and specific survey skills.

The “Presence of pollinator for nearby (within 1km) insect-pollinated crops” (IND2) was not included in
the final set of indicators for farmers as it would require input from an ecologist or agri-environment
scheme (AES) adviser. However, the indicator would be appropriate as part of an AES with adviser
involvement.

‘Number of plant species’ (IND5) also scored highly but in the final ranking it was not included as a
distinct indicator as it can be measured at the same time as botanical composition. ‘Number of
functional groups’ (grass, non-legume forb, legume species — IND6) is positively related to ecosystem
functioning (e.g. carbon storage, yield, fodder value), however the indicator was considered to be
weakly comprehensible to farmers and advisers by most experts.
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Finally, if farmers and advisers are counting earthworms (IND7) it would be possible to also measure
“earthworm biomass” (IND8), although the latter scored lower for acceptance and the geographical
coverage of existing monitoring data.

Four of the five highest ranked ‘biodiversity and pollination’ indicators for researchers and policy makers
were the same as those for farmers and advisers with the addition of “number of nesting sites for
meadow birds” (Table 4).

Table 4. The highest ranked five ‘biodiversity and pollination’ indicators for researchers and policy
makers.

Indicator Units Indicator # Ranking
0,
Botanical composition 7% cover (.)f each IND9 1
species
Proportion of Natura 2000 grassland habitats (% AA) %AA? IND13 2
Earthworm numbers earthworms/m? IND7 3

Presence of a threatened species associated with
grassland (CR, EN or VU) — from list of 351 species Y/N IND1 4
associated with grassland in Europe

Number of nesting sites for meadow birds number/ha IND10 5

A standard protocol would be required in order to provide a consistent assessment of the “number of
nesting sites for meadow birds” (IND10). The protocol could include descriptions of the method to walk
a transect over a set amount of time and count bird species flushed and birds functionally using a field
or set of fields. The majority of experts indicated that it would be practicable to include this indicator as
part of a national monitoring scheme.

The five highest ranked ‘climate regulation” indicators for farmers & advisers and for researchers and

", u

policy makers were “stocking rate of ruminants”; “soil organic carbon (SOC - Dumas method)”; “mineral
”, u

N fertiliser application rate”; “thickness of peat layer” and “CO; equivalent emission per unit area”
(Table 5).

The indicators can be determined through record keeping or standard soil sampling and analysis and
“CO2 equivalent emission per unit area” can now be calculated using farm tools and is a requirement of
many farm assurance schemes.

Table 5. The top five ‘climate change’ indicators for both ‘farmers and advisers’ and ‘researchers and
policy makers’.

Indicator Units Indicator # Ranking
Stocking rate of ruminants LU/ha ofltotal IND19 1
UAA
0,

Soil organic carbon content (Dumas method) % O; Iég/r;/t or IND16 2
Mineral N fertiliser application rate kg N/ha IND20

Thickness of peat layer (m) metres IND32 4
CO2 equivalent emission per unit area kg CO2 eq/ha IND25

L UAA = Utilised Agricultural Area
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‘Soil organic matter content (by loss on ignition)” (IND17) scored highly and could be measured along
with IND16, although it was considered to be slightly less reliable for benchmarking and national
monitoring. “SOC stock profile (topsoil/subsoil” (IND18) could also be measured, but requires sampling
at multiple depths and either associated soil dry bulk density measurements or use of a pedotransfer
function; and so scored less than IND16 and IND17 for practicability and cost. However, it scored higher
for comprehensibility.

“Nitrogen use efficiency (fertiliser)” (IND22) was relevant to most land uses and highly relevant to
climate regulation, but scored less on all ‘farmer and adviser’ challenge criteria when compared with
“mineral N fertiliser application rate” (IND20).

“Peatland rate of subsidence” (IND31) could be measured along with “thickness of peat layer” (IND32) if
peat thickness was measured every few years to the nearest centimetre using a robust protocol (e.g.
Webster and Oliver, 1990). However, IND31 was considered to be less practical than IND32, with less
extensive geographical coverage of monitoring data.

“CO;z equivalent emission per unit of production” (IND24) could be measured alongside “CO; equivalent
emission per unit area” (IND25), but was considered to have more limited geographical coverage and to
be less clearly relevant to PG degradation pressures such as nutrient enrichment.

The five highest ranked ‘water quality” indicators for farmers & advisers were “nitrate-N concentration

in surface water”; “quantities of manure applied”; “number of eutrophication incidents per year”; “N
input rate” and “livestock access to watercourses” (Table 6).

“Nitrate-N concentration in surface water” (IND36) can be accurately measured using standard water
sampling and analysis; as can “nitrate-N concentrations in drainwater” (IND37), although IND37 was
considered to be marginally more time consuming and less relevant to erosion control.

“Quantities of manure applied” (IND59) is reasonably easy to measure; relevant to nutrient
enrichment/depletion and acidification; and organic manures are one of the main causes of controllable
nutrient pollution in farming systems (Nicholson et al., 2011; Sagoo et al., 2013).

The “number of eutrophication incidents per year” (IND55) is an integrated metric, which characterises
the overall impact of land management practices. It provides a clear indication of significant water
quality issues and was considered to be highly pertinent to nutrient enrichment, and potentially
practicable and comprehensible for benchmarking in some regions.

“N input rate” (IND47) was considered to be practicable and comprehensible and with some additional
information on inputs and outputs “P input rate” (IND48), “N Surplus” (IND45) and “P surplus” (IND46)

could also be measured.

Table 6. The top five ‘water quality’ indicators for ‘farmers and advisers’.

Indicator Units Indicator # Ranking
Nitrate-N concentration in surface water mg/I IND36 1
Quantities of manure applied t/ha IND59 2
Number of eutrophication incidents per year incidents/year IND55 3
(l\g:tzlijsterraézLgli'\\'ll.a)nmu;cjrﬁ\?::t:;liser N rate plus effective kg N/ha INDA7 4
Livestock access to watercourses Y/N IND63 5

L UAA = Utilised Agricultural Area
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“Livestock access to watercourses” (IND63) provides a simple measure of water quality risk; is
practicable and comprehensible; pertinent to compaction, erosion and nutrient enrichment; and has
been clearly linked to diffuse pollution incidents (Kay et al., 2018).

The five highest ranked ‘water quality” indicators for researchers and policy makers were “particulate P

concentration in surface water”; “biological status of rivers”; “quantities of manures applied”; “number
of eutrophication incidents per year”; and “algae as bioindicators of water quality” (Table 7).

“Particulate P concentration in surface water” (IND41) requires filtering of the sample before analysis so
is more costly and time consuming than other water sampling and analysis methods. Despite the
additional cost, the indicator was considered to be practicable as part of a monitoring scheme and more
pertinent to compaction and erosion than other water quality variables. However, many other water
quality variables such as “nitrate-N concentration in surface water” (IND36), “nitrate-N concentration in
drainwater” (IND37), “ortho-P concentration in surface water” (IND38) and “water turbidity” (IND54)
could be analysed from the same water sample.

Table 7. The top five ‘water quality’ indicators for researchers and policy makers.

Indicator Units Indicator # Ranking

Particulate P concentration in surface water mg/I IND41 1

status (red,
amber, green); IND56 2
various metrics

Biological status of rivers with and without sewage
treatment works

Quantities of manure applied t/ha IND59 3
Number of eutrophication incidents per year incidents/year IND55 4
Presence &
Algae as bioindicators of water quality ab.ur\da.nce of IND58 5
bioindicator
species

LUAA = Utilised Agricultural Area

The “biological status of rivers” (IND56) is an integrated metric, which characterises the overall impact
of land management practices and has direct links with Water Framework Directive (WFD) objectives;
and was considered to be particularly sensitive to changes in land management and land use.

The five highest ranked “flood and erosion control” indicators for farmers & advisers were “stocking
», u ”, «u,

rate”; visual evaluation of “soil structure”; “evidence of rills”; “vegetation cover” and “total porosity”
(Table XX).

Table 8. The top five “flood and erosion control” indicators for ‘farmers and advisers’.

Indicator Units Indicator # Ranking
. LU/ha of total
Stocking rate UAAL IND85 1
Ordinal
Soil structure (field interpretation) ' 'ma ’ IND75 2
categorical score

Evidence of rills Y/N IND88

Vegetation cover / Bare soil (field) % IND66 4
Total porosity v/v % or cm3/cm? IND77

L UAA = Utilised Agricultural Area

“Stocking rate” (IND85) is easily recorded, practicable and comprehensible and relevant to compaction,
erosion and nutrient enrichment. Visual evaluation of “soil structure” is also practicable and
comprehensible and relevant to all land uses.
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“Evidence of rills” is a simple observational metric and can also include “evidence of surface runoff/
erosion pedestals/sediment deposition” (IND87) and “presence of gullies or eroded stream banks”
(IND89). Low “vegetation cover” is a principal driver of soil erosion (e.g. Chambers et al., 2000) and can
be measured by eye (IND66) or satellite imagery (IND65). Total porosity (IND77) is a robust indicator of
compaction, infiltration rate and, on sloping land, erosion risk. If measuring total porosity (IND77), a
simultaneous value for bulk density (IND78) can be calculated. Bulk density is also “a simple and robust
method that is cheap in terms of both collection and analytical determination” (Merrington et al., 2006).

The five highest ranked “flood and erosion control” indicators for researchers and policy makers were
very similar to those selected for farmers and advisers, with vegetation cover (visual

measurement/estimate) replaced with vegetation cover (NDVI-Sentinel) (Table 9).

Table 9. The top five “flood and erosion control” indicators for ‘researchers and policy makers’.

Indicator Units Indicator # Ranking
. LU/ha of total
Stocking rate UAAL IND85 1
inal
Soil structure (field interpretation) Ordllna ’ IND75 2
categorical score

Vegetation cover / Bare soil (NDVI-Sentinel) % IND65

Total porosity v/v % or cm3/cm3 IND77 4
Evidence of rills Y/N IND88

L UAA = Utilised Agricultural Area

The five highest ranked “landscape aesthetics & recreation” indicators for farmers & advisers were
“protection status of the area”; “% of non-agricultural land use at field level”; “number of natural
heritage and sacred objects connected nature per 10 km?”; “number of photos of the area on social
media” and “length of nature trails per unit area” (Table 10).

The selection provides a good balance between three indicators that are a direct measure of landscape
aesthetic and cultural value (IND92, IND106 and IND104) and two measurements that indicate how the
landscape is appreciated and the potential for recreational use (IND105 and IND95). Indicator IND106

can also integrate “landscape state and diversity (tree lines, hedges, stone walls” (IND107).

Table 10. The top five “landscape aesthetics & recreation” indicators for ‘farmers and advisers’ and
‘researchers and policy makers’.

Indicator Units Indicator # Ranking

Protection status of the area (Ramsar sites, National

tat IND92 1
Parks, Natura2000 etc. - with defined scores)* status

% of buffer strips, trees, hedges, areas for non-agricultural | length per km? OR

IND106 2
land use at field level % area
Natural herit d object ted t t
atural heritage, sacred objects connected to nature, number per 10 km? IND104 3
huge trees etc.
Number of photos of the area on social media (e.g. flickR) number of photos IND105 4
Nature trails presence/ absence IND95 5

or length

* Record the distance to an area of protected status or the actual protection status of the area.

“Stocking rate” was selected for two ES (“Food production” and “flood & erosion control”) resulting in a
total of 28 indicators to characterise six ES for use by farmers and advisers for benchmarking and
potentially within results-based AES; and 29 indicators for use by researchers and policy makers for AES
and national/regional monitoring.
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The 28 indicators for use by farmers and advisers in benchmarking were:

no. | Indicator Units Indicator #
1 Stocking rate of livestock LU/ha of total UAA? IND116 &
IND85
2 Nitrogen use efficiency (fertiliser) % (N input/N output) IND111
Nitrogen use efficiency (livestock production) % (N input/N output) IND112
4 Grass/clover dry matter (DM) productivity t DM/ha IND110
Forage efficiency .
> (e.g. milk/meat from forage OR milk/meat from grass) litres/cow IND108
0,
6 Botanical composition % cover (.)f each IND9
species
Proportion of Natura 2000 grassland habitats (% AA) %AA? IND13
Earthworm numbers earthworms/m? IND7
Presence of a threatened species associated with grassland
9 (CR, EN or VU) —from list of 351 species associated with Y/N IND1
grassland in Europe
10 | Stocking rate of ruminants LU/ha of total UAA? IND19
9 k
11 | Soil organic carbon content (Dumas method) % O; Cg/t::a/t or IND16
12 | Mineral N fertiliser application rate kg N/ha IND20
13 | Thickness of peat layer (m) metres IND32
14 | CO: equivalent emission per unit area kg CO2 eq/ha IND25
15 | Nitrate-N concentration in surface water mg/| IND36
16 | Quantities of manure applied t/ha IND59
17 | Number of eutrophication incidents per year incidents/year IND55
18 N mp.)l.Jt rate (manufactured fertiliser N rate plus effective kg N/ha IND47
(fertiliser equivalent) manure N rate)
19 Livestock access to watercourses Y/N IND63
20 | Soil structure (field interpretation) Ordinal, categorical IND75
score
21 | Evidence of rills Y/N IND88
22 | Vegetation cover / Bare soil (field) % IND66
23 | Total porosity v/v % or cm3/cm?3 IND77
Protection status of the area (Ramsar sites, National Parks
24 ! ! tat IND92
Natura2000 etc. - with defined scores)* status
% of buffer strips, trees, hedges, areas for non-agricultural length per km? OR %
25 ) IND106
land use at field level area
2 Natural heritage, sacred objects connected to nature, huge number per 10 km? IND104
trees etc.
27 | Number of photos of the area on social media (e.g. flickR) number of photos IND105
28 | Nature trails presence/ absence or IND95
length

L UAA = Utilised Agricultural Area

* Record the distance to an area of protected status or the actual protection status of the area.

The 29 indicators for use by researchers and policy makers for AES and national/regional monitoring

were:
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no. | Indicator Units Indicator #
1 Stocking rate of livestock LU/ha of total UAA!? IND116 &
IND85
2 Nitrogen use efficiency (fertiliser) % (N input/N output) IND111
3 Grass/clover dry matter (DM) productivity t DM/ha IND110
4 Nitrogen use efficiency (livestock production) % (N input/N output) IND112
5 Grass cutting frequency (management intensity) number of cuts IND125
0,
6 Botanical composition % cover c.)f each IND9
species
Proportion of Natura 2000 grassland habitats (% AA) %AA? IND13
Earthworm numbers earthworms/m? IND7
Presence of a threatened species associated with grassland
9 (CR, EN or VU) — from list of 351 species associated with Y/N IND1
grassland in Europe
10 | Number of nesting sites for meadow birds number/ha IND10
11 | Stocking rate of ruminants LU/ha of total UAA? IND19
0,
12 | Soil organic carbon content (Dumas method) % O; I((:g/:a/t or IND16
13 | Mineral N fertiliser application rate kg N/ha IND20
14 | Thickness of peat layer (m) metres IND32
15 | CO:z equivalent emission per unit area kg CO2 eq/ha IND25
16 | Particulate P concentration in surface water mg/| IND41
17 Biological status of rivers with and without sewage status (red, amber, IND56
treatment works green); various metrics
18 | Quantities of manure applied t/ha IND59
19 | Number of eutrophication incidents per year incidents/year IND55
20 | Algae as bioindicators of water quality Pres.er.1ce.& abundar?ce IND58
of bioindicator species
inal ical
21 | Soil structure (field interpretation) Ordinal, categorica IND75
score
22 | Vegetation cover / Bare soil (NDVI-Sentinel) % IND65
23 | Total porosity v/v % or cm3/cm?3 IND77
24 | Evidence of rills Y/N IND88
Protection status of the area (Ramsar sites, National Parks,
2 D92
> Natura2000 etc. - with defined scores)* status IND9
% of buffer strips, trees, hedges, areas for non-agricultural length per km? OR %
26 ) IND106
land use at field level area
27 Natural heritage, sacred objects connected to nature, huge number per 10 km? IND104
trees etc.
28 | Number of photos of the area on social media (e.g. flickR) number of photos IND105
29 | Nature trails presence/ absence or IND95
length

L UAA = Utilised Agricultural Area

* Record the distance to an area of protected status or the actual protection status of the area.
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Table 1: Agri-environment indicators for delivery of food production (e.g. meat, dairy products and honey), wool and biomass (e.g. wood, cork, bioenergy, fibre and bedding material)

No. | Indicator Units Source!
1 Forage efficiency (e.g. milk from forage OR milk from grass) litres/cow SUPER-G
2 Grass utilisation (the proportion of grass dry matter grown that is consumed by livestock) % SUPER-G
3 Grass/clover dry matter (DM) productivity t DM/ha L&T 2002
4 Nitrogen use efficiency (fertiliser) % (N input/N output) L&T 2002
5 Nitrogen use efficiency (livestock production) % (N input/N output) L&T 2002
6 Gross margin £ per ha OR £ per head L&T 2002
7 Metabolisable energy MJ/kg OR MJ/ha SUPER-G
8 Crude protein % SUPER-G
9 Categories extensive /intensive land use (measured in LU/ha) LU/ha of total UAA L&T 2002
10 | Total PG and meadow/UAA (%) % ESTAT
11 | Weed abundance % cover SUPER-G
12 | Utilization of grass from grazing % SUPER-G
13 | Utilization of nutrients % (N input/N output) SUPER-G
14 | Presence maintenance of path's Y/N SUPER-G
15 | Pesticide/herbicide use (no. of treatments per year) no. of treatments per year MULTI
16 | Mechanical weed management Y/N SUPER-G
17 | 1st date of mowing date SUPER-G
18 | Grass cutting frequency (management intensity) number of cuts SUPER-G
19 | Length of grazing season (days) days SUPER-G
20 | Stocking rate (grazing livestock) (LU/ha of TG + PG) LU/ha of TG + PG ESTAT
21 | Milk urea concentration (mg/l) mg/I SUPER-G

17
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No. | Indicator Units Source!
22 | Minimum mowing height (cm) cm SUPER-G
23 | Maximum mowing height (cm) cm SUPER-G
24 | Grassland management (proportions of grazed, cut for silage and hay areas in % MFA) % MULTI

1 SUPER-G = SUPER-G partners; L&T 2002 = Loveland & Thompson, 2002; AGRI = DG AGRI; ESTAT = Eurostat; JRC = Joint Research Centre; MULTI = MULTISWARD partners.
2 AA = Agricultural Area; UAA = Utilised Agricultural Area; PG = Permanent Grassland; TG = Temporary Grassland; MFA = Main Forage Area = PG + TG

Table 2: Agri-environment indicators for delivery of biodiversity (incl. maintenance of ecosystem functions; and provision of ES from species to landscapes)

No. | Indicator Units Source!
1 Presence of a threatened species associated with grassland (CR, EN or VU) — from list of 351 species associated Y/N SUPER-G
with grassland in Europe
2 Presence of pollinator for nearby (within 1km) insect-pollinated crops — e.g. bees Y/N SUPER-G
Presence of pest regulator species for crops within 1km — e.g. carabid beetles Y/N SUPER-G
4 Presence of key cultural — charismatic — species Y/N SUPER-G
(e.g. those grassland species of value to people)
5 Number of plant species number/m? L&T 2002
6 Number of functional groups (grass, non-legume forb, legume species) (positively) related to ecosystem number/m? SUPER-G
functioning (e.g. including carbon storage, yield, fodder value)
7 Earthworm numbers earthworms/m? L&T 2002
8 Earthworm biomass g/m? L&T 2002
9 Botanical composition % cover of each L&T 2002
species
10 | Number of nesting sites for meadow birds number/ha SUPER-G
11 | Mole hills (per yr/per ha) Mole hills/ha OR SUPER-G
Mole hills/ha/yr
12 | Dung beetle numbers (per ha) per ha SUPER-G
13 | Proportion of Natura 2000 grassland habitats (% AA?) %AA2 MULTI
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No. | Indicator Units Source?
14 | Shannon diversity index of grazing livestock species expressed in LU index / LU ESTAT
15 | Shannon equitability index of grazing livestock species expressed in LU index / LU ESTAT

1 SUPER-G = SUPER-G partners; L&T 2002 = Loveland & Thompson, 2002; AGRI = DG AGRI; ESTAT = Eurostat; JRC = Joint Research Centre; MULTI = MULTISWARD partners.
2 AA = Agricultural Area; UAA = Utilised Agricultural Area; PG = Permanent Grassland; TG = Temporary Grassland; MFA = Main Forage Area = PG + TG

Table 3: Agri-environment indicators for delivery of climate regulation (through carbon sequestration and regulation of greenhouse gas emissions)

No. | Indicator Units Source!
1 Soil organic carbon content (Dumas method) % or kg/t or t C/ha L&T 2002/JRC
2 Soil organic matter content (by loss on ignition) % or kg/t ort C/ha L&T 2002/JRC
3 SOC stock profile (topsoil/subsoil; or per soil horizon) tC/ha SUPER-G
4 Stocking rate of ruminants LU/ha of total UAA? ESTAT
5 Mineral N fertiliser application rate kg N/ha L&T 2002
6 Crop productivity t DM/ha L&T 2002/MULTI
7 Nitrogen use efficiency (fertiliser) % (N input/N output) L&T 2002
8 Nitrogen use efficiency (livestock production) % (N input/N output) L&T 2002
9 CO2 equivalent emission per unit of production kg CO: eq/t SUPER-G
10 | COz equivalent emission per unit area kg COz eq/ha JRC
11 | Organic fertiliser application rate (kg N/ha) kg total N/ha SUPER-G
12 | Stocking rate of other livestock (LU/ha of total UAA) LU/ha of total UAA? ESTAT
milk yield (I/cow/year); average daily
13 | Livestock productivity liveweight gain (kg/day) L&T 2002
t concentrate/yr OR estimated milk
14 | Quantity and composition of livestock feed from grass (litres milk/cow) SUPER-G
15 | Age of the grass sward (years) Years SUPER-G
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No. | Indicator Units Source!
16 | Peatland rate of subsidence (cm/yr) cm/yr L&T 2002
17 | Thickness of peat layer (m) metres L&T 2002
18 | Evolution of the proportion of PG in the UAA between 2010 and 2020 (%) % ESTAT

19 | Biological nitrogen fixation in grasslands (kg N/ha) kg N/ha MULTI

1 SUPER-G = SUPER-G partners; L&T 2002 = Loveland & Thompson, 2002; AGRI = DG AGRI; ESTAT = Eurostat; JRC = Joint Research Centre; MULTI = MULTISWARD partners.
2 AA = Agricultural Area; UAA = Utilised Agricultural Area; PG = Permanent Grassland; TG = Temporary Grassland; MFA = Main Forage Area = PG + TG

Table 4: Agri-environment indicators for delivery of water quality (for drinking and non-drinking purposes; and to maintain favourable living conditions for terrestrial and aquatic biota)

No. | Indicator Units Source?
1 Nitrate-N concentration in groundwater mg/| L&T 2002
2 Nitrate-N concentration in surface water mg/| L&T 2002
3 Nitrate-N concentration in drainwater mg/| L&T 2002
4 Ortho-P concentration in surface water mg/I L&T 2002
5 Ortho-P concentration in groundwater mg/| L&T 2002
6 Ortho-P concentration in drainwater mg/I L&T 2002
7 Particulate P in surface water mg/| Merrington et al.
8 Pesticide concentration in surface water mg/I Merrington et al.
9 Pesticide concentration in drainwater ug/l Merrington et al.
10 | Heavy metals concentration in surface water ug/l L&T 2002
11 | Nsurplus on soil surface balance kg N/ha L&T 2002/JRC
12 | P surplus on soil surface balance kg P/ha L&T 2002/JRC
13 | Ninput rate (manufactured fertiliser N rate plus effective (fertiliser equiv.) kg N/ha SUPER-G
manure N rate)
14 | Pinput rate (sum of total P in manufactured fertiliser and manure) kg P/ha SUPER-G
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No. | Indicator Units Source?
15 | Pesticide/herbicide use (no. of treatments per year) no. of treatments per year MULTI
16 | Biochemical oxygen demand (BOD) mg/I L&T 2002
17 | Pharmaceuticals pg/! SUPER-G
18 | Sediment load (Overlap with ES Erosion Control) t sediment/day or mg sediment/I L&T 2002
19 | Stream flow rate in critical periods (?) as a measure of water infiltration & m3/s SUPER-G
retention
20 | Surface water turbidity Formazin Turbidity Unit (FTU) SUPER-G
21 | Number of eutrophication incidents per year incidents/year L&T 2002
22 | Biological status of rivers with and without sewage treatment works status (red, amber, green); various metrics L&T 2002
23 | Ponding, standing water Y/N OR % area SUPER-G/ L&T 2002
24 | Algae as bioindicators of water quality Presence & abundance of bioindicator species SUPER-G
25 | Quantities of manure applied t/ha SUPER-G
26 | Legumes in the grass sward % SUPER-G
27 | Groundwater table (cm depth) cm depth SUPER-G
28 | Length of ditches (m/ha) m/ha SUPER-G
29 | Livestock access to watercourses (y/n) Y/N SUPER-G

1 SUPER-G = SUPER-G partners; L&T 2002 = Loveland & Thompson, 2002; AGRI = DG AGRI; ESTAT = Eurostat; JRC = Joint Research Centre; MULTI = MULTISWARD partners.

2 AA = Agricultural Area; UAA = Utilised Agricultural Area; PG = Permanent Grassland; TG = Temporary Grassland; MFA = Main Forage Area = PG + TG
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Table 5: Agri-environment indicators for delivery of mediation of water flows (for supply and discharge; and flood protection/mitigation) & erosion control (vegetation cover to protect/stabilise

SUPER-G

SUSTAINABLE PERMANENT GRASSLAND

terrestrial ecosystems)

No. | Indicator Units Source!

1 Bulk density (FDR and VIS-NIR spectroscopy method) g/cm?3 SP1611

2 | Vegetation cover / Bare soil (NDVI-Sentinel) % SP1611

3 | Vegetation cover / Bare soil (field) % L&T 2002
4 Depth of soil cm L&T 2002
5 Hydraulic conductivity, soil sorbtivity and soil matrix flux potential (e.g. mm/h L&T 2002

the Guelph permeameter or Mini Disk Infiltrometer)
6 Drainpipe infiltration test mm/h UK AHDB
7 | Moisture storage capacity mm/m or mm/cm L&T 2002
8 Packing density kg/cm3 Merrington et al. 2002
9 | Sealing/ crusting presence Y/N or % L&T 2002
10 | Shear strength (Going Stick method) kPa SP1611
11 | Shear strength (shear vane method) kPa L&T 2002
12 | Soil structure (field interpretation) Ordinal, categorical score SP1611
13 | Soil texture (wet sieving and sedimentation methods) % sand/silt/clay L&T 2002
14 | Total porosity v/v % or cm3/cm?3 L&T 2002
15 | Bulk density (Kopecki ring) g/cm3 L&T 2002
16 | Erodibility (USLE's K-factor) guantitative description (factor) L&T 2002
17 | Aggregate stability (e.g. soil dispersion ratio) proportion, by weight, of silt and clay suspended by mild | L&T 2002
slaking forces to the total amount present in the sample
(ranges given for different stability classes)
18 | Resistance to penetration MPa (megapascals) SP1611
19 | Annual soil erosion rate by water (t soil/ha) t soil/ha JRC/SUPER-G
20 | Sediment load t sediment/day or mg sediment/I L&T 2002
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No. | Indicator Units Source?
21 | Runoff coefficient (ratio of runoff to rainfall) coefficient between 0.0 and 1.0 SP1611
22 | Stocking rate (overlap with c storage) LU/ha of total UAA? L&T 2002
23 | Sindex (Dexter's soil physical quality index; the inflection point of a soil index SP1611
water retention curve)
Number/Presence of erosion features (rills, gullies, landslides):
24 | 1- Evidence of surface runoff / erosion pedestals / sediment deposition Y/N L&T 2002
25 | 2-Evidence of rills Y/N SP1611
26 | 3-Presence of gullies or eroded stream banks Y/N SP1611
27 | 4-Presence of landslides/mass wasting Y/N SUPER-G
28 | 5-Presence of piping Y/N SUPER-G

1 SUPER-G = SUPER-G partners; L&T 2002 = Loveland & Thompson, 2002; SP1611 = Defra (Department for Environment Food & Rural Affairs) project SP1611; UK AHDB = UK

Agriculture & Horticulture Development Board; AGRI = DG AGRI; ESTAT = Eurostat; JRC = Joint Research Centre; MULTI = MULTISWARD partners.
2 AA = Agricultural Area; UAA = Utilised Agricultural Area; PG = Permanent Grassland; TG = Temporary Grassland; MFA = Main Forage Area = PG + TG

Table 6: Agri-environment indicators for delivery of landscape aesthetics and recreation

No. | Indicator Units Source!
1 Protection status of the area (Ramsar sites, National Parks, Natura2000 etc. - with defined status SUPER-G
scores)
2 Protection status of the neighbouring area status SUPER-G
3 European tourist roads presence/absence or length SUPER-G
4 Nature trails presence/absence or length SUPER-G
5 Bicycle roads presence/absence or length SUPER-G
6 Riding trails presence/absence or length SUPER-G
7 Viewpoints (look-out tower or prominence by relief) number per 10 km? SUPER-G
8 Visitor centres (on the spot or neighbouring) number per 10 km? SUPER-G
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No. | Indicator Units Source!

9 Open-air school (on the spot or neighbouring) number per 10 km? SUPER-G
10 | Tourist hotels (on the spot or neighbouring) number per 10 km? SUPER-G
11 | Fishing-places (on the spot or neighbouring) number per 10 km? SUPER-G
12 | Geocaching points number per 10 km? SUPER-G
13 | Natural heritage, sacred objects connected to nature, huge trees etc. number per 10 km? SUPER-G
14 | Number of photos on the area by a social media (e.g. flickR) number of photos SUPER-G
15 | % of buffer strips, trees, hedges, areas for non-agricultural land use on field level length per km? OR % area SUPER-G
16 | Landscape - state and diversity (tree lines, hedges, stone wall) length per km? OR Y/N ESTAT/IRC
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