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Abstract. Increasing demand for agricultural products is driving grassland management intensification
with subsequent impacts on ecosystem services and disservices. Key questions related to grassland pro-
duction as well as environmental and social concerns must be addressed to ensure sustainability. We pro-
pose a unified perspective, addressing numerous trade-offs and synergies between grassland ecosystem
services and disservices, and considering an array of ecological and human consequences associated with
history and ongoing shifts in management strategies. Much of our discussion utilizes evidence from humid
grasslands; however, our examples and recommendations have global implications for the future of grass-
land management. We characterize four categories of ecosystem services and disservices (provisioning,
supporting, regulating, and cultural) provided by perennial grasslands that are extensively managed (low
or no input, never cultivated) or intensively managed (high-input, cultivated). We explore a range of poten-
tial outcomes following transition from extensive to intensive agroecosystems around the globe. Addition-
ally, we suggest specific research priorities to better evaluate ecosystem services and disservices across
management intensities. Finally, we highlight potential benefits of landscape mosaics that include grass-
lands across a continuum of extensive to intensive strategies.
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INTRODUCTION

Ecosystems and humans are inexorably linked
(Daily 1997, MEA 2005) as ecosystems services

(Box 1) are essential for human welfare (Costanza
et al. 1997; see Box 1 for definitions of bolded
words). Grassland ecosystems, particularly peren-
nial grasslands, provide an array of benefits to
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humankind (Asbjornsen et al. 2014, Steiner et al.
2014, Franzluebbers and Steiner 2016), including
meat, milk, and fiber via livestock production,
and many other vital and often unrecognized ser-
vices such as climate regulation, soil conserva-
tion, biodiversity, natural medicine, tourism,
cultural, and societal benefits (Daily 1997). How-
ever, most grasslands are under increasing pres-
sure due to growing global demand for animal

products (White et al. 2000, O’Mara 2012, Blair
et al. 2014). Specifically, temperate native grass-
lands are among the most at risk ecosystems
globally (Carbutt et al. 2017, Comer et al. 2018).
Due to the importance of perennial grasslands,
appropriate management is critical for ecosystem
services sustainability (Tilman et al. 2001).
In the mid-twentieth century, grassland man-

agement shifted rapidly toward intensification

Box 1.
Glossary and definition of main terms (adapted from Allen et al. 2011).

Ecosystem service: Benefits (commodity and non-commodity) humans obtain from ecosystems that support sur-
vival and quality of life (Costanza et al. 1997, MEA 2005). Ecosystem services group into four categories:

1. Provisioning services, such as food, fiber, and fuel.
2. Supporting services, such as biodiversity, soil structure, and nutrient cycling.
3. Regulating services, such as climate regulation, freshwater and flood regulation, pollination, and disease and

pest control.
4. Cultural services, such as recreation, esthetics, spiritual value, and education.

Ecosystem disservices: Undesirable outcomes of ecosystem functions that negatively affect humans or the environ-
ment, such as air pollution, greenhouse gas emissions, soil erosion, freshwater contamination, allergies, diseases,
and economic losses. These are also sorted into the same four categories as ecosystem services.
Extensive (native) grasslands: Grasslands where majority of vegetative ground cover (>60%) is composed of indige-
nous species of grasses and forbs and generally comprised of diverse species, that can be perennial, annual, or bien-
nial and managed (low or no input) by humans for livestock grazing. Ecological processes in these extensive
grasslands are primarily determined by natural processes, species interactions, and site characteristics (Dixon et al.
2014).
Intensification: Intensification is a result of technological progress, including cultivation of grass species, improve-
ments in knowledge, management, mechanization, and herbage and animal breeds. Commonly, there is also a
change in inputs such as fertilizers, feed, herbicides, and technical assistance from veterinarians and contractors.
Technological progress leads to changes in the utilization of forage and grasslands and leads to higher yield per ha
and per unit labor, and to changes in various emissions (Oenema et al. 2014).
Intensively managed (cultivated) grasslands: Grasslands/pasturelands specifically altered for agriculture reasons
(grazing, hay, food, or fuel production), typically composed of a single or few plant species (native or non-native)
that are regularly amended with various agrochemicals. These grasslands can be directly cultivated from native sys-
tems or planted following other land use patterns, such as cropping. These grasslands are also referenced as human-
created cultural grasslands (Dixon et al. 2014).
Monoculture grasslands: Grasslands composed of a single grass or forb (native or non-native) species exclusively
planted for forage or feedstock or biofuel production.
Perennial grasslands: Broadly representing the majority of global grasslands, such as pastures and hayfields that
are dominated by perennial grasses, legumes, and forbs with extensive rhizomatous structure (Blair et al. 2014,
Dixon et al. 2014); these dominant plant species are widely utilized for ruminant grazing, forage production, and
feedstock for biofuel. They can be native or cultivated.
Pastures: Grasslands covered with grass, legumes, and other forbs that are exclusively used for ruminant grazing.
Synergy: A situation where enhancing one category of ecosystem service can also improve another category of ser-
vice. For example, improving the supporting service of biodiversity may also improve the cultural service of land-
scape beauty (see Raudsepp-Hearne et al. 2010).
Trade-off: A situation where beneficial changes (quality and/or quantity) in one category of ecosystem service
causes an undesirable change in another service. For example, while increased agrochemical use may increase provi-
sioning services, agrochemicals can negatively impact water quality.
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of agroecosystems and a considerable portion of
native and semi-native perennial grasslands that
were previously extensively managed (no or
low-input; Bengtsson et al. 2019), hereafter
referred to as extensive grasslands (Fig. 1), were
converted to intensively managed grasslands or
pastures, hereafter referred to as cultivated grass-
lands (Allen et al. 2011). This occurred predomi-
nantly across agricultural landscapes in humid to
mesic temperate and subtropical and tropical
regions (White et al. 2000); however, semiarid
grasslands are increasingly managed with simi-
lar intensification strategies (Zhou et al. 2019a).
These cultivated grasslands are often composed
of monoculture or low-diversity stands (Fig. 1),
resulting from plowing and sowing agricultur-
ally developed forage followed by substantial
inputs, intended to enhance livestock produc-
tion. Particularly in North America and Europe,
several productive introduced perennial grasses,
such as ryegrass (Lolium spp.), tall fescue [Lolium
arundinaceum (Schreb.) Darbysh], Canada blue-
grass (Poa compressa L.), Guinea grass (Panicum

maximum Jacq.), and bahiagrass (Paspalum nota-
tum Fluegg�e) were planted as a strategy to
increase forage yields (Williams and Baruch
2000) and to meet a range of other objectives
including improved agronomic traits, resilience
to environmental stresses, grazing tolerance, and
resource-use efficiency (Williams and Baruch
2000, Barney and DiTomaso 2008). In most
instances, these species, especially when fertil-
ized, are highly productive (Williams and Baruch
2000, Havstad et al. 2007). Indeed, a recent
global meta-analysis reported a 20% increase in
yield from intensification (i.e., substantial agro-
chemical inputs to enhance production) (Beck-
mann et al. 2019). Clec’h et al. (2019) reported
productivity was ~487% (t DM/ha) greater in cul-
tivated pastures compared to extensively man-
aged pastures in Switzerland. These intensive
plantings often resulted in a landscape mosaic of
both extensively managed systems and culti-
vated grasslands. Because grasslands can be
altered to different extents, it is important to rec-
ognize that grassland intensification can be

Fig. 1. Pictures representing the grassland management continuum. There are few published comparisons of
multiple ecosystem services and disservices provided by extensive, intermediate, and cultivated grasslands.
However, understanding multifunctional outcomes, trade-offs, and synergies associated with these
management strategies are critical for the conservation of native grassland species and sustainable use of culti-
vated grasslands.
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viewed as a continuum rather than a categorical
ranking, although we primarily refer to two cate-
gories of classification, intensive and extensive,
for comparison purposes (Fig. 1). Intensification
strategies such as mechanical soil disturbance,
over-seeding, irrigation, and fertilization are
increasingly being utilized and assessed for
grasslands in arid and semiarid systems, includ-
ing in western and northern China (Gang et al.
2018, Zhou et al. 2019a), Argentina (Paredes
et al. 2018), and South Africa (O’Connor 2005).

Intensive management of grasslands, aiming
to support economically viable livestock produc-
tion, is reported to provide enhanced provision-
ing services, such as increased forage production
(Adler et al. 2009; Appendix S1: Table S1), stock-
ing rate (Swain et al. 2013; Appendix S1:
Table S1), and economic benefits (Isselstein et al.
2005, Dong et al. 2007). Indeed, cultivated grass-
lands are a necessary component of economically
viable livestock operations in many landscapes
(e.g., subtropical ranches in central Florida, USA;
Swain et al. 2013). In addition, as these cultivated
grasslands became established in the landscape,
they continue to provide habitat for specific
wildlife species (Morrison and Humphrey 2001),
landscape and grassland habitat connectivity,
and store carbon (Silveira et al. 2014), providing
more services than the majority of annual crop
production systems (Asbjornsen et al. 2014, Wer-
ling et al. 2014). Compared to extensive grass-
lands, cultivated grasslands typically require
greater inputs such as fertilizer, irrigation, herbi-
cides to control undesirable plants, specialized
livestock breeds, and livestock control through
additional fencing (Auclair 1976, Isselstein et al.
2005, Suttie et al. 2005). Researchers, conserva-
tion agencies, and practitioners have raised con-
cerns about biodiversity conservation and
environmental sustainability of cultivated grass-
lands, compared to extensively manage native
grasslands (Tilman et al. 2001, 2002), as intensifi-
cation may lead to loss of biodiversity, ecological
functions, and other important ecosystem ser-
vices in agricultural landscapes (Landis 2017).

Previous studies suggest substantial ecological
and environmental trade-offs to managing grass-
lands primarily for agricultural production and
provisioning services, compared to managing
with the goal of maintaining multiple ecosystem
services (Bennett et al. 2009). Since one of the

main drivers of grassland intensification is to
increased livestock production, there may be
more ecological and environmental trade-offs in
cultivated grasslands (where the focus is primar-
ily provisioning services) compared to extensive
systems (Isselstein et al. 2005, Gardiner et al.
2010, Power 2010, Lemaire 2012, Van Vooren
et al. 2018). Some examples of ecological and
environmental trade-offs observed in cultivated
grasslands that are grazed and utilized for live-
stock production may include: loss of wildlife,
pollinators, and overall species diversity (Plan-
tureux et al. 2005, Asbjornsen et al. 2014, David-
son et al. 2020); poor downstream water quality
due to persistent soil alterations from past fertili-
zation practices (Capece et al. 2007, Swain et al.
2013); increased bare ground from overgrazing
and trampling (e.g., Akiyama and Kawamura
2007, Blair et al. 2014); and loss of soil quality
from compaction and changes to soil microbial
communities (Tscharntke et al. 2005, Hickman
et al. 2006, Searchinger et al. 2008, Lemaire
2012). These potential undesirable outcomes that
directly or indirectly undermine human well-
being are referred to as ecosystem disservices
(Zhang et al. 2007, Shackleton et al. 2016). Grass-
land intensification may also lead to environ-
mental problems associated with agrochemical
(e.g., fertilizers and herbicides) applications
(Power 2010, Asbjornsen et al. 2014). Such agro-
chemical use in grassland management, in some
instances, can also have indirect effects beyond
grassland ecosystem boundaries, such as degrad-
ing downstream water quality (Rabalais et al.
2002, Tilman et al. 2001). For example, Owens
et al. (1994) reported groundwater NO3-N con-
centrations beyond USEPA potable water stan-
dards in watersheds connected to fertilized
monoculture grass pastures that were grazed by
beef cattle, compared to similar pastures where
inter-seeded alfalfa was utilized to enhance soil
fertility. These differences in nutrient concentra-
tion in drainage water also vary with the timing
of nutrient applications and stocking rates (Julian
et al. 2017, Nash et al. 2019). Julian et al. (2017)
reported a significant reduction in nutrient load-
ing in catchment areas, after reducing the num-
ber of dairy cattle and sheep in grazing pastures.
Nash et al. (2019) reported a greater proportion
of nutrients exported into drainage areas from
poorly managed, high-input grazing pastures
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compared to drainage connected to pastures
with carefully timed fertilizer applications.

Despite the emerging ecosystem services and
disservices framework (see Power 2010, Bengts-
son et al. 2019), few empirical studies present
side-by-side comparisons for a broad range of
ecosystem services, trade-offs, synergies, and dis-
services provided by extensive vs. cultivated
grasslands. Studies focusing on a wide array of
both ecosystem services and disservices related
to cultivated perennial pastures are particularly
scarce (Power 2010, Shackleton et al. 2016). Exist-
ing studies overwhelmingly address a few spe-
cific ecosystem functions and are concentrated in
humid to mesic temperate grasslands of North
America, Europe, or Australia (see Appendix S1:
Table S1) with little work in the humid grass-
lands of the subtropics or tropics. Historically,
few arid and semiarid grassland systems experi-
enced intensive management and changes in eco-
system services in response to intensification
have not been widely studied (White et al. 2000,
Briske et al. 2015, Zhou et al. 2019b).

Understanding multifunctional outcomes asso-
ciated with these distinct systems is critical for
conservation of native grassland species and sus-
tainable use of cultivated grasslands, especially
under ongoing global changes and increasing
anthropogenic threats (e.g., land use changes,
shifting fire regimes, overgrazing, invasive spe-
cies, and woody encroachment) (Fargione et al.
2009, Blair et al. 2014, Gaskin et al. 2020). How-
ever, we have limited information on contrasting
ecosystem services provided by extensively man-
aged vs. cultivated grasslands. Here, we propose
utilizing a framework of ecosystem services and
reduced ecosystem services (or increased disser-
vices) across the continuum of extensively man-
aged to cultivated grasslands to better elucidate
parameters of sustainable perennial grassland
management. This synthesis creates a foundation
for future research in agroecosystems to examine
influences of specific management tools (e.g., fire
and grazing) and global changes (e.g., drought
and invasive species) in terms of their influence
on extensively managed or intensively managed
cultivated grassland ecosystem services and
disservices.

We aim to improve grassland outcomes assess-
ment and management by further developing
the framework of four categories of ecosystem

services (Box 1; provisioning, supporting, regu-
lating, and cultural) defined by the Millennium
Ecosystem Assessment (MEA 2005) and disser-
vices (see Shackleton et al. 2016) in extensive and
cultivated grassland systems utilized for live-
stock production. Identifying and addressing
key knowledge gaps (Box 2) in research literature
will expand application of this framework and
improve future decision making. For each cate-
gory of ecosystem services, we (1) briefly review
how extensive and cultivated perennial grass-
lands provide ecosystem services, (2) outline
potential decreasing ecosystem services (or
increasing ecosystem disservices) and key
knowledge gaps associated with both extensive
and cultivated grasslands, and (3) describe spe-
cific future research needs to address knowledge
gaps and support sustainable grassland manage-
ment. Identifying ecosystem services and disser-
vices and their influence on agricultural production,
rural livelihoods, environmental quality, and climate
mitigation are critical steps toward sustainable
management of grassland agroecosystems.

PROVISIONING SERVICES AND DISSERVICES

Perennial grasslands (both extensive and culti-
vated) provide several provisioning services that
improve human well-being, including livestock
forage (aboveground biomass) to create food
(meat and milk), fibers (leather and wool), and
energy, as well as medicinal resources (Havstad
et al. 2007, Asbjornsen et al. 2014). We first
briefly describe these provisioning services and
then outline potential trade-offs and synergies of
both extensive and cultivated grassland manage-
ment strategies (Table 1).

Livestock forage and food
Forage production is the primary use and eco-

nomic value of grass-based farming systems in
the United States and other parts of the world,
with global implications for livestock production
(Franzluebbers and Steiner 2016, Steiner et al.
2009). The amount and quality of forage produc-
tion at the local scale drives regional and global
supplies of agricultural commodities and food
security. Therefore, sustainable forage produc-
tion is vital to satisfy increasing global demand
for meat and dairy. Yet, grassland management
practices and types (e.g., extensive vs. cultivated)
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are likely to dictate the quantity and quality of
forage and livestock production. Previous stud-
ies suggest cultivated grasslands with regular
use of fertilizers and associated intensive man-
agement tend to improve both biomass and
livestock production, compared to extensive sys-
tems (Isselstein et al. 2005, Griffith et al. 2011;
see Appendix S1: Table S1). Indeed, Griffith et al.
(2011) reported ~12.5–21.5% greater aboveground
production in cultivated grasslands compared to
extensively managed grasslands in the Great
Plains, USA. In southern Brazil, Dick et al. (2015)
reported double yields of milk and meat in culti-
vated pastures compared to extensive pastures.
Greater forage production in cultivated grass-
lands enables higher stocking rate and increased
weight gain in livestock. Accounting for inputs
and outputs, intensive management of grass-
lands on at least a portion of ranching land is
often advantageous or necessary for profitability
(Alcock and Hegarty 2006, Swain et al. 2013).
For instance, Dong et al. (2007) reported higher

total revenues, output:input ratios (i.e., the
recovery of investment in the managed produc-
tion system), and net economic benefits from
cultivated grasslands, compared to extensive
native grasslands.
Comparing production from cultivated vs.

extensive native grasslands is not straightfor-
ward, because forage quality and quantity vary
by plant species, season, inputs, and local envi-
ronmental conditions. In many livestock produc-
tion systems, provisioning services provided by
extensive and cultivated grasslands complement
each other as cattle are rotated seasonally between
the two grassland types (Swain et al. 2013). More-
over, rural economics and prosperity require us to
examine ecosystem services in a framework that
bundles provisioning and environmental quality
(Dumont et al. 2018), and we propose forage pro-
visioning is the foundation for all feasible grass-
land management strategies. Since there are
limited data on a gradient from primarily exten-
sive to mostly cultivated grasslands and most

Box 2.
Summary of key knowledge gaps for comparison of extensive vs. cultivated perennial

grasslands across categories of ecosystem services and disservices.

Provisioning services
Knowledge gap 1: Forage production and efficiency (optimization) across a continuum of grassland management
systems.
Knowledge gap 2: Medicinal plant loss (ethnobotany) due to grassland management.
Supporting services
Knowledge gap 3: Multi-trophic consequences (cascade) of grassland conversion, including shifts in belowground
processes and microbial community dynamics. Additionally, the relative importance of plant diversity vs. other fac-
tors such as fertilization, irrigation, grazing management, and introduction of invasive earthworms.
Knowledge gap 4: Comparing soil quality and nutrient cycling dynamics across management strategies and in rela-
tion to climate and edaphic conditions, at various scales from local, to regional, and cross-continental.
Regulating services
Knowledge gap 5: Net GHG (CO2 equivalents) and long-term soil carbon storage, in relation to grazing intensity
and emissions during conversion. Historic grassland conversion “carbon debt” as well as ongoing outcomes associ-
ated with fertilization of cultivated perennial grasslands.
Knowledge gap 6: Pollinator diversity and abundance associated with grassland management.
Knowledge gap 7: Freshwater quality associated with grassland across the management continuum, including
downstream and watershed scales.
Knowledge gap 8: Biotic regulation of pests before and after grassland conversion. Estimations of the economic
values of restoration or management of intensive pastures and native grasslands.
Cultural services
Knowledge gap 9: Human outcomes in relation to grassland conversion across diverse landscapes and global
regions.
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Table 1. Four categories of ecosystem services—with specific services and examples within each category—pro-
vided by extensive and cultivated (intensive) grasslands.

Ecosystem
services Specific services

Ecosystem service
outcomes

Remarks and referencesExtensive Intensive

Provisioning
services

Forage and biofuel
production

� + In most cases, cultivated grasslands produced higher amount of
biomass for forage and biofuel (Griffith et al. 2011)

Forage quality � + Cultivated pastures provide better quality forage with higher crude
protein and fiber (Fiems et al. 2002)

Milk and meat
production

� + Generally, converted grasslands support higher stocking density,
producing more milk and meat (Dick et al. 2015). However,
outcomes may vary with quality of forage production (Bengtsson
et al. 2019)

Fiber and wool
production

+/� �/+ Fiber production benefits associated with extensive grasslands (Ryder
1983). However, wool production benefits associated with intensive
management, due to increased stocking rates (Saul et al. 2011)

Economic gain � + Economic gain from forage, meat, and dairy production is
substantially greater from converted grasslands, compared to
extensively managed systems (Dong et al. 2007)

Medicinal
resources

+ � Many rural people depend on herbal medicine collected from
extensive native grasslands (Bengtsson et al. 2019)

Supporting
services

Biodiversity + � Monoculture and nutrient inputs reduce biodiversity in intensive
systems (Hickman et al. 2006, Werling et al. 2014)

Soil health + � Species-rich extensive pastures support highly diverse soil
microorganisms, including mycorrhizal fungi, supporting well-
drained soils with higher aggregate stability (van der Heijden et al.
1998, Wilson et al. 2009)

Regulating
services

Hydrology and
freshwater

+ + Both pasture types support aquifer recharge, increase nutrient
retention, reduce sediment transport, and improve water infiltration
(Fargione et al. 2009, Asbjornsen et al. 2014)

Water quality + � Reduced water quality near converted grasslands, due to nutrients
(e.g., N & P) and additional chemical runoff (Saarij€arvi et al. 2007)
Intensive management may alter hydrology and agrochemical inputs
increase nutrient leaching, degrading water quality (Tilman et al.
2001, Power 2010)

Climate regulation + +/� Perennial grasslands, regardless of management strategy, retain
substantial amount of soil carbon (Conant et al. 2001). With
intensification, converted pasture may release greater amount of
N2O and CH4 that have the capacity to offset carbon sequestration,
increasing global climate change (Soussana et al. 2010)

Pollination + �/= In general, converted pastures lack diverse flowering forbs, reducing
pollinator resources, with reduced pollination services in
surrounding areas. However, extensive pastures are typically rich in
flowering forbs and offer better habitat for pollinators, increasing
pollination services (Hoehn et al. 2008, Albrecht et al. 2012)

Weed and pest
control

+ � Extensive grasslands are more resilient to weeds and pests than
intensive pastures (Letourneau et al. 2011, Finn et al. 2013).
Conversion of extensive pastures to intensive systems, leads to
decreased weed and pest control services (Hauck et al. 2014)

Cultural
services

Esthetic + +/= Flower-rich extensive pastures may be more appealing than
converted grasslands, particularly monoculture systems. However,
perceptions vary with individuals

Recreation/
Hunting

+ �/= With habitat variety, extensive pastures may provide better recreation
opportunities such as hiking, bird watching, and hunting then
converted pastures (Hahn et al. 2018)

Culture and
heritage

= = Linkages between management strategy and culture or heritage is
lacking, but both extensive and converted pastures provide
opportunities for, family, community, and social coherence among
ranchers, especially in rural areas

Education and
scientific study

+ + Both styles of management contribute to important ecological
theories, including productivity–diversity relationships (Tilman
et al. 2001)

Note: Outcomes of pasture management strategies: increasing services (+), decreasing services (�), and no obvious differ-
ences between types (=).
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studies work in one grassland type, the effects of
intensification on quantity and quality of
forage and livestock production are difficult to
conclude. More assessments of forage and live-
stock productivity and input:output ratios in
extensive and cultivated grasslands, and the con-
tinuum of practices spanning those categories are
needed at various scales to improve sustainable
grassland management and ranching strategies
(see Box 2; Knowledge gap 1).

In addition to forage, perennial grasslands
provide other important resources such as bioe-
nergy feedstock and animal co-products utilized
in downstream manufacturing (e.g., textiles,
leather, tallow; Ryder 1983). Some extensive
grasslands are important sources of medicinal
and food plants particularly in developing coun-
tries, such as those across Africa, with substantial
economic outcomes (O’Connor 2005, Bengtsson
et al. 2019). Unfortunately, we have limited sci-
entific information on the supply of medicinal
and food plants from extensive and cultivated
grasslands (see Box 2; Knowledge gap 2).

SUPPORTING SERVICES AND DISSERVICES

Perennial grasslands also provide non-
commodity outputs such as biodiversity, habitat,
soil quality, and nutrient cycling. We briefly
describe these supporting services and outline
trade-offs and synergies related to grassland
management strategies (Table 1).

Biodiversity and habitat
Plant species diversity can have enormous ben-

eficial effects on ecosystem processes and stabil-
ity (Tscharntke et al. 2005). In particular, high
diversity plant communities tend to reorganize
quickly after disturbances (Loreau et al. 2003),
are relatively resilient to insects, pests, and weeds
(Letourneau et al. 2011, Finn et al. 2013, Hautier
et al. 2018, Bengtsson et al. 2019, Hanisch et al.
2020), and provide stable production and soil
quality in variable weather (van der Heijden
et al. 1998, Isbell et al. 2017, Wagg et al. 2017,
Chen et al. 2018, Leff et al. 2018). Therefore,
maintaining vegetation diversity on a landscape
is critical for long-term sustainability of ecosys-
tems and the services they provide. Extensively
managed perennial grasslands, in particular, har-
bor a rich diversity of plants (Fig. 1), provide

habitat for birds and insects, supply genetic
resources, and are of substantial conservation
value (White et al. 2000, Noss 2012, Werling et al.
2014, Ohwaki, 2019, Zografou et al. 2020).
Managing grasslands intensively often reduces

supporting ecosystem services, including biodi-
versity (Plantureux et al. 2005). Although some
intensive pastures show greater carrying capac-
ity for particular taxa (Crested Caracara: Morri-
son and Humphrey 2001; and spider and ground
beetle: Albrecht et al. 2010) and harbor similar
numbers of birds and insect herbivores (Werling
et al. 2014), there are clear trade-offs with sup-
porting services following intensification. For
example, in the Midwestern United States, Wer-
ling et al. (2014) reported significantly higher
plant and predatory arthropod richness in native
prairies compared to adjacent cultivated mono-
culture. Boughton et al. (2019) showed that more
intensely managed ranches had a greater poten-
tial for ecosystem disservices in the context of
wetland restoration projects such as increased
cover of non-native plants, abundant mosqui-
toes, and lower amphibian abundance. Further-
more, native perennial grasslands preserve plant
genetic diversity by harboring unique seed banks
(Minns et al. 2001), and species genetic diversity
is key for adaptation to adverse environments
and increased resistance to pests and diseases
(Zhang et al. 2007).
Reduced supporting services may also affect

several regulating and cultural services (Swain
et al. 2013, Dumont et al. 2018). Previous studies
suggest that grassland intensification led to sub-
stantially decreased bird populations across the
UK, US Great Plains, and Germany (Vickery
et al. 2001, Hickman et al. 2006, Hern�andez et al.
2013, Gossner et al. 2016). Hickman et al. (2006)
found ~70% lower average bird abundance
and diversity in cultivated old world bluestem
(Bothriochloa ischaemum) grasslands compared to
extensively managed native systems. They con-
cluded that decreased bird abundance and diver-
sity in cultivated grassland were driven by
reduced abundance of arthropods. Hern�andez
et al. (2013) highlighted declining northern bob-
white quail (Colinus virginianus) populations as
well as other bird species across the United
States, following widespread intensification of
native grasslands with non-native grass species
across agriculture landscapes. Reduced plant
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diversity reduces nesting sites and seed resources
for granivorous birds, increasing supporting dis-
services (Vickery et al. 2001). Presumably, reduced
biodiversity at lower trophic levels impacts other
species across the system. Such comprehensive
assessments of multidirectional consequences of
grassland management on biodiversity are miss-
ing, particularly regarding landscape-scale influ-
ences over time (Box 2; Knowledge gap 3).
Therefore, landscape context and configuration
surrounding grassland fragments, either culti-
vated or extensive, must be considered when
assessing management intensity impacts on biodi-
versity (Landis 2017, Pejchar et al. 2018).

Soil quality and nutrient cycling
Both extensive and cultivated perennial grass-

lands are known to enhance soil health (see
https://www.nrcs.usda.gov/wps/portal/nrcs/main/
soils/health/), store carbon, accumulate nitrogen
and phosphorus, and support abundant soil
organisms, including microbial communities (Wil-
son et al. 2009). All these characteristics are critical
for maintaining soil and grassland productivity.
However, grassland intensification may have vari-
able impacts on soil fertility and ecosystem resil-
ience. In particular, intensive management may
bring changes in soil fauna and microbial abun-
dance, resulting in reduced soil quality with
potential negative consequences on multiple soil-
related services, including carbon storage and
nutrient leaching (Asbjornsen et al. 2014, Egan
et al. 2018). Depending on a number of factors,
particularly grazing management and fertiliza-
tion, intensification strategies can lead to rela-
tively greater soil carbon (Conant et al. 2001,
Poeplau et al. 2018). However, relatively low
plant species diversity is often associated with
intensively managed grasslands, and lower plant
diversity has been linked with declining soil
organic carbon across global grasslands (Chen
et al. 2020). Indeed, Yang et al. (2019) reported
70% greater soil carbon storage in diverse grass-
lands compared to monoculture, following resto-
ration of abandoned agricultural fields. Cline
et al. (2018) and Wagg et al. (2019) reported
increased nutrient cycling in diverse grasslands
compared to less diverse system. Similarly, Wang
et al. (2006) found greater microbial N and C in
cultivated than extensive grasslands. In contrast,
McSorley and Tanner (2007) reported marginal

effects of grassland intensification on soil nema-
todes richness and abundance in southcentral
Florida, USA. Use of chemical inputs can nega-
tively affect soil microbes in grasslands systems
(Sankaran and Augustine 2004, Benizri et al. 2015,
Wang et al. 2018); however, this is not universal,
as optimized inputs can also increase microbial
abundance and activity in grasslands (Wilson
et al. 2009, Zhou et al. 2019b). Nevertheless,
monoculture in cultivated grasslands may not
provide sufficient soil microorganism habitat,
diverse residue inputs, or soil aggregation (see
Sanderson et al. 2004). However, we have limited
information to draw universal conclusions and
need additional research to clarify the influence of
plant diversity, relative to other drivers, on soil
processes, especially in managed pastures in dif-
ferent climate regions (Box 2, Knowledge gap 3).
Extensive grasslands with diverse native grami-

noids and legumes may increase soil nutrient
pools, particularly plant-available N, through qual-
ity litter inputs (Sanderson et al. 2004). Cultivated
grasslands can also be over-seeded with legumes
(e.g., Medicago falcata) to provide similar benefits
(Zhou et al. 2019a). Effects likely vary with loca-
tion, climate, plant community, and litter decompo-
sition rates, making global patterns elusive (Box 2,
Knowledge gap 4). Nevertheless, shifts in the local
soil microbial community and soil structure follow-
ing intensification and associated poor manage-
ment practices (e.g., overgrazing) may lead to
greater supporting disservices, such as greater bare
ground and decreased soil aggregate stability (Blair
et al. 2014). These changes have been particularly
pronounced in arid grasslands (e.g., Sahel region,
Africa) where pasture intensification followed by
overgrazing led to substantial soil compaction and
bare ground (Mortimore and Turner 2005). Due to
variation in climate and edaphic conditions, a
global network of extensive and cultivated grass-
land research sites is needed to compare soil,
microbial, and nutrient dynamics across continen-
tal scales, similar to the Nutrient Network, which
is focused on anthropogenic nutrient deposition
impacts in grasslands http://www.nutnet.umn.edu/
) (Box 2; Knowledge gap 4).

REGULATING SERVICES AND DISSERVICES

Perennial grasslands provide many regulating
services, including climate regulation, pollination,
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disease and pest control, weed control, fresh and
flood water regulation, and fire regulation. We
briefly describe regulating services of both exten-
sive and cultivated perennial grasslands and
then outline potential trade-offs and synergies
(Table 1).

Climate regulation
Sustaining/supporting ~20% of the world’s

standing soil carbon stock (Ramankutty et al.
2008), grasslands are substantial regulators of
atmospheric carbon. Grasslands and the grazing
animals they support also contribute to significant
livestock and ecosystem methane (CH4) and
nitrous oxide (N2O) emissions (Rotz et al. 2013);
these are atmospherically important trace gases
with global warming potentials 25 and 298 times
that of CO2, respectively (IPCC 2013). The balance
between CO2 uptake and sequestration, and CO2

and trace gas (CH4 and N2O) emissions ultimately
drives grassland greenhouse gas reduction poten-
tial and is affected by management strategies
(Soussana et al. 2010). Ruminant livestock gener-
ate methane and higher stocking rates in culti-
vated grasslands may contribute to greater overall
methane release, compared to native grasslands.
However, methane produced on an animal unit
basis may actually be lower in cultivated grass-
lands compared to native grasslands due to
improved forage digestibility (Boadi and Witten-
berg 2002, Grossi et al. 2019, Sollenberger et al.
2019, Gere et al. 2021). Boadi and Wittenberg
(2002) show emissions of methane per unit digest-
ible organic matter intake were highest in cattle
consuming low-quality forage that may be associ-
ated with extensively managed systems. Past
studies have shown that poor forage digestibility
(e.g., substantial lignin), results in greater CH4

emissions through enteric fermentation (Bell et al.
2012, Sollenberger et al. 2019). Methane mitiga-
tion strategies include increasing forage quality
and feed efficiency, providing feed supplements
(e.g., rumen modifiers), and increasing animal
production (decreasing CH4 per unit of product)
(Knapp et al. 2014, Beck et al. 2018). Fertilizer use
in cultivated grasslands can also intensify agroe-
cosystem N2O and CH4 efflux (Mosier et al.
2004), through changes in microbial processes,
although relative impacts likely vary across cli-
matic regions. For example, grassland intensifica-
tion may result in greater ecosystem methane

emissions compared to native grasslands in sub-
tropical humid regions, but not in temperate
humid regions (Paudel, Gomez-Casanovas,
Boughton et al., unpublished data). Soil wetness is
a large driver of ecosystem methane emissions in
subtropical humid grasslands, regardless of inten-
sification (Chamberlain et al. 2015, 2017). Grazing
management may also affect net ecosystem green-
house gas dynamics; in extensive grasslands, tip-
ping the balance to a net sink when grazed, and a
net source when left ungrazed (Gomez-
Casanovas et al. 2018). Gomez-Casanovas et al.
(2018) showed grazing removed biomass and
reduced ecosystem respiration but increased soil
moisture and ecosystem methane emissions. This
reduction in ecosystem respiration had a rela-
tively greater influence than the increased soil
moisture and concomitant methane emissions,
resulting in lower overall global warming poten-
tial in the grazed system (Gomez-Casanovas et al.
2018). Wilson et al. (2018) also showed grazing
enhanced belowground carbon allocation, micro-
bial biomass, and soil carbon in a cultivated sub-
tropical grassland.
Perennial grasslands, both cultivated and exten-

sive, are terrestrial sinks for carbon (Paustian et al.
1997, Conant et al. 2017). However, carbon accu-
mulation and storage in grassland ecosystems
strongly depends on grassland plant community
structure, management practices, soil type, and
climate (Paustian et al. 1997, Conant et al. 2001,
Fornara and Tilman 2008). Grasslands can become
a source of greenhouse gas emissions rather than
a sink via methane emissions from saturated soils
(Chamberlain et al. 2015) or N2O and CH4 emis-
sions following agrochemical inputs (Mosier et al.
2004, Soussana et al. 2010). Studies have reported
cultivated grasslands in the subtropics can pro-
vide substantial carbon storage benefits compared
to native grasslands (Silveira et al. 2014, Xu et al.
2018), while contrasting studies in temperate
regions suggest long-term carbon storage in culti-
vated grasslands may not be as stable as native
grasslands (Tilman et al. 2006, Fornara and Til-
man 2008), potentially decreasing climate regula-
tion services. For example, subtropical grasslands
in Florida, USA, Xu et al. (2018) reported ~91–
170% greater labile soil organic carbon in culti-
vated grasslands compared to native grasslands,
likely associated with higher productivity stem-
ming from long-term fertilizer applications and
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more productive forage species. Fisher et al.
(1994) similarly found a significant increase in soil
carbon when native grasslands were replaced
with non-native grass monocultures in South
American savannahs. While cultivated pastures
store a greater amount of carbon, in subtropical
grasslands with a seasonally high water table they
may be a greater source of methane emissions that
may offset carbon storage (Chamberlain et al.
2017; Paudel et al., unpublished data). Additionally,
high nitrogen inputs and excretion from grazing
livestock with high crude protein diets may con-
tribute to greater nitrous oxide emissions (Sollen-
berger et al. 2019). We have limited information
and modeling (e.g., DayCent) on how agroecosys-
tem intensification of extensively managed grass-
lands into cultivated grasslands influences overall
greenhouse gas emissions and long-term soil car-
bon storage. Long-term analyses of changes in the
carbon balance from conversion to intensively
managed grasslands and the influences of differ-
ent grassland management strategies are needed
to determine climate regulation outcomes for
grassland systems (Box 2; Knowledge Gap 5).

Pollination regulation
Pollination is key to maintenance of ecosystem

functions and global food security. Approximately
35% of global food production depends on ani-
mal pollination (Klein et al. 2007). Although gra-
minoids do not rely on animal pollination
services, maintaining floristic diversity in native
grasslands provides habitat for a wide range of
bees, butterflies, hoverflies, moths, birds, and
mammals that provide critical pollination ser-
vices within grasslands and surrounding areas
(Hoehn et al. 2008, Werling et al. 2014). Indeed,
Hoehn et al. (2008) linked increased pumpkin
yields in crop fields to greater functional diver-
sity of pollinators in nearby extensive perennial
grasslands. Maintaining pollination services is an
important means of increasing productivity as
well as supporting genetically diverse plant vari-
eties in both perennial grasslands, crop fields,
and other surrounding areas (Hooper et al.
2005). However, abundance and diversity of pol-
linators vary with grassland management and
plant community composition (Werling et al.
2014, Sutter et al. 2017). Extensively managed
grasslands with diverse flowering plants support
more diverse pollinators (Sutter et al. 2017),

compared to cultivated grasslands, unless
active management for legumes is included in
cultivated grasslands (Sollenberger et al. 2019).
Consistent with this statement, declining arthro-
pod and bird pollinator populations were reported
in cultivated old world bluestem (non-native)
grassland in the Great Plains, USA (Hickman et al.
2006).
Cultivated grasslands are, in many instances,

managed with herbicides to control weedy and
non-native flowering forbs that may indirectly
influence pollinators by reducing floral resources
(Asbjornsen et al. 2014), a trade-off in terms of
pollination services. Furthermore, higher stock-
ing density and subsequent grazing can suppress
the flowering of certain species in cultivated
grasslands due to reduced pollinator abundance
and diversity (Davidson et al. 2020). Declining
pollinator abundance may lead to reproductive
failure in plants and, in some conditions, can
impact yields in adjacent crop fields with severe
economic and human nutrition consequences
(Albrecht et al. 2007, Hoehn et al. 2008). How-
ever, recent studies from humid temperate grass-
lands in the USA reported no difference in
pollinator richness between cultivated and native
grasslands (Gardiner et al. 2010, Werling et al.
2014). Although limited in number, these mixed
results underscore the need for additional research
to help determine pollination regulation associ-
ated with extensive and cultivated perennial
grasslands (Box 2; Knowledge gap 6).

Fire regulation
Fire is a critical ecological process in maintain-

ing grassland ecosystem health and integrity
throughout the world (White et al. 2000), provid-
ing supporting, regulating, and cultural services
(see, Pausas and Keeley 2019). Without fire, the
maintenance of extensive grassland ecosystems is
almost impossible (White et al. 2000). Donovan
et al. (2017) reported increased frequency and size
of large grassland wildfires in the US Great Plains
in the early 21st century compared to late 20th
century. Prescribed fire is a common management
tool within extensive grasslands and therefore
regulates intensity, severity, and fire return inter-
vals in the landscape, helping to reduce large-
scale, high-intensity fires and associated damage
to humans and the environment (Depietri and
Orenstein 2019) while enhancing or maintaining
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several ecosystem services. In contrast, fire may
be less critical in cultivated grasslands when bio-
mass removal associated with intensive grazing
reduces fuel loads (Ellis et al. 2005, McGranahan
et al. 2012).

Long-term data from native perennial grass-
lands across the Great Plains, USA, suggest a fire
return interval of ~2.59 yr (Allen and Palmer
2011), and these frequent fires are important in
reducing litter and debris, invasive species, and
woody encroachment (Depietri and Orenstein
2019). Noss (2012, 2018) reports even more fre-
quent fire return intervals of 1–2 yr for southeast-
ern US grasslands in regions of intense lightning
activity. These frequent fires further reduce the
probability of woody incursion and large and
intense fires that are costly to physical infrastruc-
ture, human health and safety, and the environ-
ment (Depietri and Orenstein 2019, Pausas and
Keeley 2019). Frequent and low-intensity fires
create new open habitat with increased resources
and reduced competition, allowing fire-adapted,
shade intolerant, and less competitive native
plant species to succeed and increase diversity
across the landscape (Pausas and Keeley 2019).
However, burning large contiguous areas annu-
ally reduces biodiversity (e.g., Ohwaki 2019),
indicating that patch-burning may maintain
more diversity across a landscape (Fuhlendorf
et al. 2009). Increased plant diversity and healthy
grassland conditions enhance provisioning (e.g.,
livestock grazing and productivity) and support-
ing (e.g., increase pollinator diversity and wild-
life) grassland services. In Florida, USA, almost
all plant communities associated with cattle graz-
ing require natural fires or prescribed burns
(Noss 2018). Prescribed fire is also utilized in cul-
tivated pastures in Florida to improve forage
nutritive value in C4 grasses and remove residual
standing dead biomass and weeds (Swain et al.
2013). Florida cattlemen played a significant role
in maintaining a culture of prescribed burning
dating back to the 1920s, until the vital role of fire
was acknowledged by authorities in the 1970s
onward. Now it is recognized that frequent fires
help maintain or even increase water storage by
reducing evapotranspiration (Pausas and Keeley
2019) and long-term carbon storage in the soil by
releasing less carbon per fire event as well as
facilitating accumulation of charcoal (increasing
recalcitrant carbon to the soil) and rapid

regrowth of vegetation (Depietri and Orenstein
2019, Pausas and Keeley 2019). In addition, fire-
adapted plants invest heavily belowground,
potentially increasing carbon storage in the soil
(Pausas et al. 2018) if land managers allow suffi-
cient time for plant regrowth prior to grazing or
another fire event. Frequent fire mitigates regu-
lating disservices from infrequent, intense wild-
fires that may burn infrastructure, non-grassland
landscapes, and release substantial carbon to the
atmosphere.
Some studies, however, highlight the harmful

effects of grassland fires because frequent fires
have been associated with reduced growth and
reproductive success of certain native C3 plants
(Hadley 1970) and several grassland invertebrate
species (Swengel 1996, Harper et al. 2000). Swen-
gel (1996) reported a significant decline in spe-
cialist butterflies across a large swath of
grassland landscapes in the USA, and recovery
of the species after fire was slow. In temperate
grasslands in the US Great Plains, some of these
reported disservices may be mitigated by
employing patch-burn grazing to achieve struc-
tural diversity in grasslands (Fuhlendorf and
Engle 2001, 2004). A landscape-scale mosaic of
recently burned and intensely grazed areas along
with longer time since fire areas and non-grazed
areas creates a patchwork with higher overall
ecosystem values (e.g., increased rangeland bio-
diversity) than more homogenous extensive pre-
scribed burns (McGranahan et al. 2012). Since
we have limited information on how cultivated
grasslands and their management regulate fire in
broader landscapes or impact various ecosystem
services, future research should consider this reg-
ulating service (see Depietri and Orenstein 2019).
Understanding interactions between fire and
grassland management strategies is a key
aspect of perennial grasslands and delivery of
ecosystem services to society. Ecosystem services
derived from patch-burn grazing are under
experimental assessment in both grassland types
in Florida, USA (E. H. Boughton, pers. comm.).

Hydrology and freshwater regulation
Clean water is crucial for environmental and

human health, and perennial grasslands play an
important role in providing fresh water for drink-
ing, irrigation, esthetic, and recreational use (Asb-
jornsen et al. 2014). Compared to annual
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cropping systems, both cultivated and extensive
perennial grasslands are more effective at retain-
ing nutrients, reducing sediment transport, and
improving water infiltration and aquifer recharge,
thus reducing soil erosion, flooding, and trans-
port of nutrients into surrounding water bodies
(Fargione et al. 2009, Asbjornsen et al. 2014). In a
long-term research site, Fischer et al. (2019)
found that grassland plant species richness influ-
enced soil water content through effects on infil-
tration, shading, and water uptake. However, in
contrast to extensively managed grasslands,
there are clear trade-offs for freshwater services
due to increased production in cultivated grass-
lands. For instance, Saarij€arvi et al. (2007)
reported 23.5 kg ha�1 additional total N leached
from fertilized monoculture pasture that received
220 kgN ha�1 compared to unfertilized multispe-
cies pasture in Maaninka, Finland, despite simi-
lar stocking rates as well as dung and urine N
content. Increased use of agrochemicals (fertil-
izers) to improve provisioning services in culti-
vated grasslands may reduce freshwater
services and endanger water quality (Tilman
et al. 2001) through nutrient loading in down-
stream freshwater systems (Rabalais et al.
2002). Reduced freshwater quality directly
harms drinking water, freshwater fish, wet-
lands, and associated rural economies (Vickery
et al. 2001). The impacts of grassland intensifi-
cation on downstream freshwater services have
been examined in several watersheds (e.g.,
Rabalais et al. 2002, Osmond et al. 2012), but
more direct comparisons of water quality in
watersheds with differing proportions of exten-
sive native and cultivated perennial grasslands
are needed, including consideration of produc-
tion practices (Box 2; Knowledge gap 7).

Perennial grasslands, regardless of manage-
ment, have significant effects on regulating sur-
face and groundwater quality and aquifer
recharge by reducing soil erosion, sedimentation,
and water runoff, increasing soil water-holding
capacity, and removing impurities and nutrients
without human intervention (Daily 1997). Plant
community structure can affect those hydrologi-
cal processes, including evaporation and runoff
(Jackson et al. 2000); therefore, grassland intensi-
fication could indirectly affect water regulation
through changes in plant communities and their
functional traits. Some cultivated grasslands rely

on irrigation or seep irrigation under drought
conditions, adding to water supply and distribu-
tion challenges. Additionally, grassland intensifi-
cation may directly impact water regulation
services through mechanical disturbances and
chemical inputs that increase groundwater run-
off and nutrient loading into surrounding water
bodies (Tilman et al. 2001, Power 2010). Further-
more, use of fertilizers and herbicides in culti-
vated grasslands may have an enormous effect
on water quality during heavy rainfall events,
although impacts can potentially be mitigated by
proper nutrient management or installation of
innovations such as buffer strips (Hunke et al.
2015, Nash et al. 2019, Pilon et al. 2019). Water
related disservices are increasing globally and
have far-reaching consequences such as reduced
food production, degradation of coastal and
estuarine ecosystems, economic losses to fresh-
water fishing, shifts in species composition, and
diminished biodiversity (Tilman et al. 2001,
Power 2010).

Pest regulation
Invasive species, disease, insect, and other pest

outbreaks cause enormous damage to ecosystem
functions and the global economy (Pimentel et al.
2000). Perennial grasslands regulate pests and
pathogens (Asbjornsen et al. 2014, Isbell et al.
2017) by increasing habitat and resource heteroge-
neity, housing diverse groups of arthropod preda-
tors, and supporting populations of insectivorous
birds and bats (Werling et al. 2014). However, lit-
tle is known about disease and pest regulation in
cultivated vs. extensively managed perennial pas-
tures. Available research suggests diverse and
extensively managed pastures show reduced dis-
ease and pest infestation compared to low-
diversity grasslands or cultivated pastures
(Letourneau et al. 2011, Werling et al. 2014, Isbell
et al. 2017, Mommer et al. 2018). For instance,
continental-scale field experiments reported
greater weed invasion in monoculture grasslands
compared to species-rich grasslands with 29%
decreased weed biomass across diverse grasslands
compared to monoculture systems (Finn et al.
2013). Boughton et al. (2011) showed that non-
native plant invasion dynamics differed for wet-
lands embedded in cultivated or extensive grass-
lands, with wetlands within cultivated pastures
having greater non-native plant abundance and

 v www.esajournals.org 13 November 2021 v Volume 12(11) v Article e03837

AGROECOSYSTEMS PAUDEL ET AL.



different relationships between non-native species
and abiotic conditions compared to wetlands
within extensive grasslands. Mommer et al. (2018)
found that 57% of pathogenic fungal units were
not found in eight-species plots compared to
monoculture grasslands. Therefore, we suggest
there are clear trade-offs of managing cultivated
perennial grasslands dominated by a single or few
grass species, as grassland intensification may
enable pest infestation by affecting plant commu-
nity stability and self-regulation (Power 2010).
Native grasslands also support abundant benefi-
cial soil microbes that are antagonistic to many
soil-borne pathogens (Latz et al. 2012). Hence,
maintenance of native or relatively diverse grass-
lands can potentially save billions of dollars while
controlling pests (Power 2010). For example, Lan-
dis et al. (2008) analyzed the economic value of
biological suppression of aphids within four states
of the United States, and they estimated $239 mil-
lion year�1 could be saved through pest regulation
associated with native grasslands. Although these
few studies help provide direct comparisons of
pest regulation services between extensive and
cultivated grasslands, we need more direct
comparisons, particularly for grasslands before
and after conversion, to improve our under-
standing of pest regulation between perennial
grassland types (Box 2; Knowledge gap 8).
Also, studies are necessary to estimate the eco-
nomic values of restoration or management of
cultivated pastures compared to extensive
grasslands because such information is valu-
able to underpin the basis for cost-sharing on
private lands by government, non-government,
and business entities (Box 2; Knowledge gap 8).

CULTURAL SERVICES AND DISSERVICES

Characteristics and well-being of human cul-
tures are strongly associated with the features and
conditions of local ecosystems. Extensive grass-
lands, in particular, provide valuable cultural ser-
vices such as ecotourism, recreation, hunting, and
education. Extensive grasslands are home to a
variety of plants and animals that people enjoy
for outdoor recreation, discovery and education,
natural beauty, and use for religious ceremonies
(Havstad et al. 2007, Fargione et al. 2009, Asb-
jornsen et al. 2014, Bengtsson et al. 2019). More-
over, extensive grasslands provide habitat for

game species, creating opportunities for wildlife
viewing and hunting as well as providing food
and revenue for landowners and government
agencies (Bengtsson et al. 2019). Guided tours
(ecotourism) in extensive grasslands offer oppor-
tunities for flora and fauna viewing, local employ-
ment, and habitat protection (see, Fiedler et al.
2008). Recreational values of native grasslands
also link downstream for fishing, swimming, and
boating. In a recent paper, Bengtsson et al. (2019)
further highlighted the values of extensive grass-
lands for cultural heritage, spiritual significance,
and social cohesion among grassland users in
Europe and Africa. These recognitions support
the management and governance of grassland
ecosystems. Finally, native grassland ecosystems
have been the focus of outdoor classrooms and
scientific research that helped develop several
important ecological theories (Blair et al. 2014,
Bengtsson et al. 2019).
Importantly, cultivated grasslands provide cul-

tural services because they support the livelihoods
of rural ranching communities and provide a
diversified income to support a landscape mosaic
and esthetic beauty. Indeed, multi-generation
ranches often depend on cultivated pastures, as
they support long-term economic viability. Ranch-
ing enables local communities to maintain social
cohesion and family values (see Bengtsson et al.
2019). Social, cultural, and family values likely
encourage effective land stewardship and invest-
ment in effective practices (Eastman et al. 2000).
Social cohesion through ranching and other cul-
tural activities also provides opportunities to
teach younger generations, encouraging ranchers
and their children to remain in rural areas (Lind-
borg et al. 2008), ensuring future food supplies.
Ultimately, ecological, environmental, economic,
and socio-cultural processes, including social
interactions among stakeholders, support agroe-
cosystem functions and human well-being (Bent-
ley Brymer et al. 2020).
Despite these important cultural services,

grassland management can have several cultural
trade-offs. Notably, cultivated grasslands can
also become a source of reduced cultural and
esthetic services when cultivated grasslands lose
populations of flowering herbaceous plants.
Conversely, some people enjoy open monocul-
ture pastures. In terms of wildlife habitat, culti-
vated grasslands reduce habitat heterogeneity
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for many wildlife species and may not support
similar recreational services as extensive pas-
tures. Agrochemicals applied to cultivated grass-
lands can leach into downstream water systems
and pollute freshwater, further decreasing recre-
ational services in downstream aquatic ecosys-
tems. Potential loss of recreation and tourism
drives direct and indirect economic costs. For
example, excessive use of fertilizer in cultivated
grasslands in the 1990s in the UK led to water
pollution, reducing recreation and tourism
values of downstream water bodies, and increas-
ing water treatment costs (MEA 2005).

Equally, there are also trade-offs in ecosystem
services provided by extensive grasslands. Some
flowering herbs in native grasslands produce
abundant pollen, causing allergic responses lead-
ing to quality of life and health impacts on sus-
ceptible people (Shackleton et al. 2016).
Sometimes, the presence of poisonous forbs within
native grasslands can have significant negative
effects on livestock production (e.g., reduced
weight gain and death) (James et al. 1992, Scasta
et al. 2020). As mentioned previously, fire tends to
be more frequent in extensively managed perennial
grasslands, with potential for seasonally poor air
quality to create human health issues and social
tensions between rural and urban populations.
Although it is difficult to calculate cultural disser-
vices in monetary value, these trade-offs have sig-
nificant implications for sustainable agroecosystem
management and human well-being, making them
a critical research area. It is crucial to draw on the
social sciences in conjunction with ecological
research to elucidate how grassland intensification
impacts human dimensions (Bentley Brymer et al.
2020; Box 2; Knowledge gap 9).

CONCLUSION AND FUTURE DIRECTIONS

As the global demand for food, fiber, energy,
and raw materials increases with a growing
human population, native perennial grassland
agroecosystems face continued alteration through
anthropogenic land use changes (MEA 2005, Car-
butt et al. 2017). Studies tracking these alter-
ations in specific regions indicate decreased
extensive grasslands and increased intensifica-
tion (Hiscock et al. 2003, Toledo et al. 2014,
Comer et al. 2018). Sustainable food, fiber, and
energy production that maintains or enhances

multiple ecosystem services, including carbon
storage and biodiversity conservation, is a major
goal of food security research (Power 2010, Asb-
jornsen et al. 2014). Given the enormous resil-
iency of native grasslands to environmental and
anthropogenic perturbation (Asbjornsen et al.
2014) and economic benefits of cultivated grass-
lands (Isselstein et al. 2005), proper management
of these grasslands is vital for food production,
environmental quality, and sustainable liveli-
hoods (Bengtsson et al. 2019). However, there is
relatively limited information comparing multi-
ple ecosystem services, trade-offs, and synergies
provided across a continuum from extensive to
cultivated grasslands (Barral and Oscar 2012,
Asbjornsen et al. 2014, Kleinman et al. 2018).
There are several potential reasons for this lim-
ited information: (1) Most previous studies were
short-term small-scale experiments and often
focused on a single management practice as
opposed to a more comprehensive approach.
Consequently, although these studies provide a
basis for our current scientific knowledge, they
often do not provide meaningful support for
multifunctionality. (2) Studies of ecosystem ser-
vices from cultivated grasslands have been pri-
marily focused on provisioning as compared to
other ecosystem service interactions and syner-
gies, (3) reduced ecosystem services or increased
ecosystem disservices associated with improper
management of native and cultivated grasslands
have not been adequately compared, (4) the con-
cept of ecosystem disservices has not been fully
embraced due to a lack of a widely accepted defi-
nition (Shackleton et al. 2016), and (5) collabora-
tion among researchers from multiple disciplines
(e.g., ecology, soil science, microbiology, econom-
ics, wildlife biology, animal science, human sci-
ences, and climate science) was not been widely
fostered, although recently, emerging cross site
research networks such as the United States
Department of Agriculture (USDA) Long-Term
Agroecosystem Research (LTAR) network are
now facilitating continental-scale interdisciplin-
ary research to advance sustainable intensifica-
tion of agricultural production (Kleinman et al.
2018, Spiegal et al. 2018).
Existing information suggests expansion of

cultivated perennial grasslands can potentially
be a cause for concern due to ecological and envi-
ronmental outcomes (Tilman et al. 2006).
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However, there are few comparative studies of
cultivated and extensive grasslands that take a
holistic perspective of multiple ecosystem ser-
vices and disservices, meaning many research
gaps remain (Box 2). A deeper comparison of
multiple ecosystem services, disservices, trade-
offs, and synergies between cultivated and exten-
sive grasslands will need to include perspectives
from a broader array of practitioners (e.g., land
practitioners, ranchers, and conservation practi-
tioners) at various biogeographical and climatic
scales. In particular, there are few data from trop-
ical regions of Asia, Africa, and South America
(Parr et al. 2014). Establishing long-term experi-
ments at the ranch to the continental scale,
such as currently underway with the USDA
LTAR network (Kleinman et al. 2018), will enable
comparison of optimized production and plant
nutrient quality in cultivated and extensive
grasslands. As the pressures for agricultural pro-
duction drive expansion of perennial grassland
intensification in areas previously managed
extensively, there are numerous opportunities
to support sustainable intensification. A multi-
functional approach will require comparisons of
trade-offs and synergies among provisioning, sup-
porting, regulating, and cultural services across
grassland management intensities around the
world, as well as consideration of the costs:bene-
fits of managing ecosystem disservices:services
(Shackleton et al. 2016). Landscape mosaics
that include a continuum from highly cultivated
grasslands—likely supporting greater biomass
and food production—to extensively managed
grasslands—likely biodiversity hotspots as well
as wildlife refuges—should be further evaluated
in terms of their ability to sustain rural prosper-
ity and reduce ecosystem disservices.
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