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Abstract
This paper provides a brief review and assessment of the key environmental, regulatory and technical issues facing the

10 turfgrass sector with specific reference to the European context. It considers the range of externalities or ‘drivers for change’
facing the industry, and the challenges and opportunities available for promoting and achieving more sustainable turfgrass
management within the sports, landscape and amenity sectors. The analysis confirms that there are a number of key areas
where a concerted research and industrial effort is required. These include responding to the pressures from government
demands for greater environmental regulation, the increasing pressure on natural resources (notably water, energy and

15 land), the emerging role of turf management in supporting ecosystem services and enhancing biodiversity, the continued
need to promote integrated pest management, and the looming challenges posed by a changing climate, and urgent need to
adapt. Whilst many of these externalities appear to be risks to the sports turf industry, there will also be significant
opportunities, for those where the labour, energy and agronomic costs are minimized and where the drive to adopt a
multifunctional approach to sportsturf management is embraced.
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Introduction

Managed turfgrass areas such as golf courses, sports

fields, landscaped amenity areas and public parks all
25 provide an important social, environmental and

economic resource for both urban and rural com-

munities. They serve a multifunctional purpose, by

offering valuable open spaces for recreation, helping

to improve the health and quality of life of indivi-
30 duals, and when designed and managed appropri-

ately, can enhance biodiversity and support

regulatory targets for environmental protection.

Conversely, where turfgrass management practices

are inadequate or inappropriate, their services to
35 society are reduced, and their impacts on the natural

environment can be damaging and costly.

The challenges for the future of turfgrass manage-

ment are many and diverse. The increasing demands

on natural resources (notably land, water resources
40 and energy) driven by economic development and

population growth, coupled with government de-

mands for greater environmental protection are

creating conflicts at the interface between land

management (including turfgrass) and the environ-

45ment. The situation is particularly acute in peri-

urban areas where the majority of managed turfgrass

facilities are concentrated and in arid and semi-arid

regions (including southern Europe) where the

pressures on natural resources are most stressed.
50Population growth, migration and climate change

will further exacerbate the current situation, by

increasing the competition for resources between

individual sectors, including agriculture, urban de-

velopment, tourism and the environment. The
55challenge is how turfgrass facilities will respond and

adapt to rising operating costs for inputs including

labour, energy and fertilizer (Rodrı́guez Dı́az et al.

2010).

The key for the future sustainable management of
60turfgrass will be to increase resource-use efficiency,

reduce management costs and minimize environ-

mental impact. In this context, the protection and

enhancement of ecosystem services will need to be

fully integrated into the planning, design, construc-
65tion and management of all turfgrass facilities. This

paper outlines the key environmental, regulatory and

technical issues facing the turfgrass sector with
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specific reference to the European context, the

external ‘drivers for change’ and the challenges and
70 opportunities for promoting and achieving the sus-

tainable management of turfgrass within the sports,

landscape and amenity sectors.

Drivers for change

Over the next decade, the turfgrass industry faces a
75 number of major challenges. In Europe, probably the

greatest risks to the sector relate to the raft of new

and existing environmental regulation. In recent

years, a number of new European Directives have

been passed, including the Water Framework Direc-
80 tive (WFD 2000/60/E), which became law in De-

cember 2000 and was then transposed into Member

State law in 2003. Its implementation is an ongoing

process, with some key issues yet to be defined, but it

will become ‘active’ on stakeholders in 2012 when
85 the first approved River Basin Management Plans

(RBMP) are operationalized across Europe.

Despite its title the WFD is as much about land

management as it is about water management. It is

the most substantial piece of water legislation
90 produced by the European Commission and will

provide the major driver for achieving sustainable

management of water across all Member States. It

requires that all inland and coastal waters within

defined river basin districts must reach at least
95 ‘Good’ status by 2015 and defines how this should

be achieved through the establishment of environ-

mental objectives and ecological targets for surface

waters. The WFD applies to all waters and aims to

tackle diffuse source pollution (for example, ranging
100 from fertilizer and pesticide applications on turfgrass

areas to urban run-off). It introduces the concept of

ecological water quality for the first time including

hydromorphological aspects, and it demands cost-

effective measures and full cost recovery. Although
105 the WFD will be implemented at the river basin

level, it is unlikely to have direct consequences on

turfgrass facilities. However, as in agriculture, the

heavy reliance on the use of fertilizers and pesticides

in turfgrass management means that many facilities
110 will be subject to much greater levels of national

surveillance to ensure that diffuse pollution from

turfed areas are not contributing to water pollution

at the local catchment scale. Although agriculture

is widely viewed as the key target for change, it is
115 inevitable that in small catchments where turfgrass

is an important component of land use, then there is

likely to be much greater monitoring of turf manage-

ment practices. However, the rising costs for fertili-

zer and pesticides are themselves acting as an
120 industry brake on diffuse pollution with many turfed

facilities actively investigating options to reduce their

dependence on chemicals, and seeking understand-

ing from those using the facilities to appreciate the

necessity for changes in turfgrass management.
125Rising energy costs will also have a direct impact

on the cost and dependence of fertilizer use in turfed

areas. Collectively, these may in fact provide a

positive indirect response to the WFD and other

related EU Directives.
130In addition to the WFD, in 2009 the Directive

2009/128/EC of the European Parliament and

Council established a framework for Community

action to achieve the sustainable use of pesticides,

and a Council Directive 92/43/EEC on the conser-
135vation of natural habitats and of wild fauna and flora.

Whilst many of these are intended to be implemen-

ted at the river basin or catchment scale their impact

will be felt at the individual business level, particu-

larly where facilities are in water-stressed catchments
140and/or in close proximity to protected habitats or

environmentally designated sites, such as Special

Areas of Conservation (SAC).

Environmental protection

Governments and society are seeking to achieve
145greater levels of environmental protection. All sec-

tors including turfgrass management will inevitably

be subject to increasing levels of environmental

regulation and monitoring. As a consequence, turf-

grass facilities are under increasing scrutiny to
150demonstrate compliance with national and European

regulations, including for example, the various EU

Directives mentioned above relating to habitats,

water, soil, nitrates, pollution and pesticides.

Although there are many examples of best practice
155within specific turfgrass sectors (e.g. R&A Best

Practice in Golf) there are also well-publicized

examples of mal-practice, and hence significant

opportunities to improve existing levels of manage-

ment, knowledge and awareness across the broader
160turfgrass industry. There are always opportunities to

move the ‘average’ turfgrass manager nearer to ‘the

best’ (benchmarking) and the turfgrass industry

should take a lead in training, knowledge transfer

and dissemination of best practice, not only for
165existing venues but also in leading innovation in

the design and management of new golf courses,

stadia and sports turf facilities. Driving industry

improvement should become a priority with the

regulatory ‘stick’ as the ultimate sanction.

170Natural resources

The downward pressure on our natural resources and

capital, including land, water and energy, is of major

global concern. Reducing resource consumption and
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increasing resource efficiency will be key factors
175 (Wheeler and Nauright 2006). From an industry

perspective, it also makes business sense to reduce

costs and waste through efficient consumption of

water, energy, materials and fertilizers. In many

regions, including humid environments, managed
180 turfgrass areas require substantial quantities of water

to optimize playability and bounce. But in many

catchments across Europe, water resources are under

intense pressure with many considered to be over-

exploited (European Environment Agency 2009).
185 The factors influencing water use in the sports turf

sector, such as golf, vary markedly from those of

other sectors dependent on irrigation abstraction

(e.g. agriculture). In contrast to maximizing crop

yield and quality, the main objective of sports-turf
190 irrigation is to produce and maintain safe, high-

quality playing surfaces. On all modern golf courses

for example, irrigation is an essential tool in the

maintenance and management of the fine turf

surfaces. It serves to control the growth and quality
195 of the turf, to maximize playability and bounce, to

maintain the aesthetic conditions required by

players, and to deal with the vagaries of the summer

weather. In other sectors, such as racecourses,

irrigation serves to control the ‘going’ or soil
200 moisture levels and to provide optimal conditions

for racing whilst also minimizing the health and

safety risks to riders. In providing an optimum

playing surface, managers are also trying to alleviate

compaction, maximize aeration and control drai-
205 nage. Irrigation helps to achieve these goals.

Although irrigation is important for optimizing turf

growth (roots require both oxygen and water in the

root zone to thrive) it is important in other ways. In

particular, soil water content affects bounce and
210 playability. It is also important for other sports turf

management practices (e.g. fertilizer applications,

top dressing).

Water allocations for turfgrass are also under

pressure, given concerns regarding food security
215 and the need to increase agricultural productivity

(Rodrı́guez-Dı́az et al. 2007). Consequently, mana-

ged turfgrass is under scrutiny to demonstrate great-

er water efficiency, through the uptake of new

technologies, precision irrigation and novel ap-
220 proaches to turf management (e.g. deficit irrigation).

Low levels of water management lead to non-

beneficial water losses and downstream environmen-

tal impacts on water quality, via nitrate and pesticide

leaching. Higher nutrient-use efficiency must also be
225 achieved in fertilizer use, with greater precision, both

temporally and spatially, helping to maintain turf

quality with reduced costs and lower environmental

impacts via nitrate leaching. Efficient nutrient appli-

cation should aim to just meet actual demand of the
230turf (Ericsson et al. 2012a, 2012b).

In addition, intensely managed turfgrass might not

only have to cope with decreased water availability,

but also with decreasing water quality due to the

use of recycled water/waste water for irrigation
235(Harivandi 2004). It is reported that many courses

internationally are using waste water for irrigation

and even where it has been subjected to various types

of cleaning procedures, there may be problems with

turf quality and grass growth (Bahri et al. 2001).
240There are also conflicts in relation to reducing

energy consumption in turf management whilst

reducing dependence on the use of fertilizer and

pesticides (Rodrı́guez-Dı́az et al. 2010). Pesticide-

free management means more mechanical manage-
245ment operations on grassed areas leading to

increased CO2 emissions. Thus strategies to reduce

the environmental impact of turf management in one

area can have unexpected negative side effects in

another area.

250Ecosystem services and biodiversity

The conditions of our global society are also strongly

influenced by our ability to live in harmony with

ecosystems and to avoid the over-exploitation of

natural resources. To halt the loss of biodiversity and
255the degradation of ecosystem services, more sustain-

able approaches to management for the benefit of

both the natural environment and cultural landscape

needs to be achieved (Government Offices of Swe-

den 2006, Nordic Council of Ministers 2008,
260European Union 2011). From an ecosystem man-

agement perspective, golf courses represent a pro-

mising measure for restoring and enhancing

biodiversity in ecologically simplified landscapes,

such as agricultural and urban lands. Golf courses
265offer real potential to be designed and managed to

promote critical ecosystem services, such as for

pollination and natural pest control, providing an

opportunity for joint collaboration between conser-

vation, restoration and recreational interests. Golf
270courses also have the potential to contribute to

supporting wetland fauna, particularly in urban

settings where they can contribute significantly to

wetland creation (Colding and Folke 2009, Colding

et al. 2009). This is not only the situation for golf
275courses but also for extensively managed turfgrass

areas in urban and peri-urban areas which might be

potential areas for conservation of biodiversity. The

intensive use of the urban landscape can lead to

destruction of foraging habitats for different bee
280species/populations (Franzén et al. 2009). For in-

stance turfgrass areas where clover or other plants

are included can support bee populations, which is a

Priorities for sustainable turfgrass management 3
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major issue given the decrease in bee population in

many European countries (Rasmont et al. 2005).
285 Turfgrass areas might also support other ecosystem

services in the local community. In this context, it is

worth considering whether it is possible to attract

new users to the different grass areas by including

different activities/facilities. For example, placing
290 fitness equipment on a turfgrass area will attract

more users and provide wider health benefits to the

society.

Integrated Pest Management (IPM)

The production of healthy turf, safeguarding envir-
295 onmental quality and providing a toxin-free environ-

ment is a high priority (European Union 2009). In

this context, the turfgrass industry must play its part

by reducing dependence on chemical plant protec-

tion products. The EU Directive has introduced an
300 integrated approach to pest and disease management

(IPM) as the driving force for producing healthy turf

and reducing the use of pesticides. IPM is a decision-

making process utilizing all suitable techniques to

produce quality turf and minimize pest damages and
305 pesticide use below those causing economically

unacceptable damages or loss. In the future, man-

agement must be more focused, effective, structured

and targeted. Using the principles of IPM for

registration and documentation of turfgrass manage-
310 ment is one option for the way forward. IPM can

readily be applied to sport fields, golf courses and

other areas where the management inspect the

turfgrass areas on a regular basis. Implementation

and success of IPM requires increased focus on
315 education and development of documentation tools.

In addition, research and development will be key.

Using IPM as the driving force for a pesticide

reduction will allow turfgrass management to con-

tribute to the environmental goals given in the EU
320 Directive (Strandberg et al. 2010).

Adapting to climate change

There is significant body of scientific evidence that

the climate is changing, and growing concern on the

impacts in specific sectors, including agriculture
325 (e.g. Knox et al. 2010a, 2010b). However, for

sports-turf management there is a notable lack of

evidence on the direct impacts and range of adapta-

tion options available. The major impacts are likely

to relate to increased uncertainty in the pattern of
330 rainfall, greater fluctuations in temperature and

frequency in extreme events.

For turfgrass facilities investing in new infrastruc-

ture, including for example, new irrigation or drai-

nage systems, many will need to factor in the costs of

335a changing climate, and develop appropriate adapta-

tion strategies to cope with much greater uncertainty

and extremes in rainfall and temperature. The

impacts of climate change will not be constrained

to only arid and semi-arid European areas (such as
340Spain, Portugal and Italy) but will also impact on

turfgrass management in temperate and humid

(northern Europe) regions. Climate change will

also influence turfgrass growth and agronomy, with

impacts on pest and disease control (coping with
345invasion of new pests and spread of existing diseases)

and the need for irrigation and drainage, even in

areas where previously rainfall might have been

sufficient. Many sporting venues, by their very

nature, are located in areas vulnerable to the
350increased frequency of flooding and droughts, being

located on or close to river floodplains. A changing

climate will also affect the use of turfed areas for

sport and leisure � for example, warmer summer

conditions may lead to much greater demand for
355particular leisure pursuits and increase the pressure

on existing facilities, with consequent impacts on

their management to maintain sward vigour, play-

ability and aesthetic quality. These risks to the

management of turfgrass facilities will thus not be
360confined to particular sectors or regions, but are

likely to occur across both arid, temperate and

humid environments to varying degrees.

During periods of heavy intense rainfall there will

be a need for areas where water can be temporarily
365stored � areas where the water can attenuate without

causing physical and economic damage to the local

community. Golf courses or public parks might with

some modifications become suitable areas for flood

attenuation or storm water management. Whilst
370short periods of inundation may be acceptable,

longer periods of turf flooding would increase disease

risk, reduce turf quality and thus impact on play-

ability. It also requires grass species to be adapted to

submersion for a period of time. In Denmark, for
375example, the role of turfgrass areas in storm water

management is now being evaluated.

The challenges to the turfgrass industry are not

only caused by the demand for environmental

protection, but also related to changes in manage-
380ment practices. A changing climate with more

extreme weather will impact on current agronomic

practices, and the challenge will be to identify

appropriate short-term coping strategies and long-

er-term strategic developments. Key questions in-
385clude, for example, how turfgrass managers should

deal with areas that are used temporarily as storm

water reservoirs; are the right grass species available

for this purpose, and if so, how turfed areas can be

managed to maintain high infiltration rates for
390ponded water. Conversely, during drought periods,
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what adaptation options are currently available to

cope with extended periods of high temperature and/

or drought stress and how should turfed areas be

managed during periods of irrigation abstraction
395 restriction. A major challenge for the turfgrass

industry is therefore to develop turfgrass varieties

that can cope with these challenges in a realistic

timescale.

There are many other factors related to a changing
400 climate that need consideration. For example, an

extended growing season due to warmer tempera-

tures will result in increased mowing frequencies

during the autumn and winter months. This may

cause other problems, including compaction, leading
405 to localized drainage problems and turf damage.

Furthermore, more persistent summer droughts

combined with wetter winters could also stimulate

other turf problems, such as moss colonization. For

example, in 2003, the summer drought in the UK
410 was reported to have weakened many turf swards.

The onset of a wet winter then resulted in the

extensive moss colonization on many golf course

greens and fairways (Windows 2003).

The seasonal changes in the distribution and
415 intensity of rainfall are expected to have major

impacts on sports turf management. More intense,

frequent winter rainfall will necessitate better drai-

nage to sustain playability during the winter months.

Turfgrass managers may need to design drainage
420 systems to cope with higher peak rainfall events,

higher stream levels and water tables, and the

increased flooding risk from local streams and rivers.

Higher winter season precipitation will also lead to

faster runoff, with implications for water quality.
425 Climate change could also indirectly impact on the

types of turf used for golf course construction. For

example, warm season grasses could become the

preferred choice for temperate or humid summer

conditions, although the threat from seasonal water
430 logging could restrict plant growth and turf survival

during the winter months. In South Europe, higher

temperatures and prolonged periods of drought

might call for new grass species that are adapted to

more tropical-like conditions or the grasses used
435 today need to be maintained differently with in-

creased irrigation and use of fans (like in the USA) to

cool the plants.

Way forward

It is apparent that the turfgrass industry faces a
440 number of local and international challenges, all of

which will need concerted and collective solutions,

underpinned by robust, applied science. Three

international and trans-disciplinary thematic areas

have been identified, including (i) sustainable use of

445natural resources, (ii) ecosystem services and biodi-

versity and (iii) integrated pest management. Collec-

tively, these will lead to improvements in the quality

of managed turfgrass areas as well as economic and

environmental gains for the industry.
450Like other land-based industries the turf industry

has to take responsibility for sustainable societal

development, i.e. produce turfgrass of a high stan-

dard whilst at the same time ensuring the sustainable

use of natural resources and contributing to func-
455tioning ecosystems. When the turf industry takes

responsibility for sustainable development, this cre-

ates a range of positive effects that are in demand in

society. Examples of this include alternative employ-

ment to work in agriculture and forestry, increased
460opportunities for recreation and encounters with

nature, increased natural and cultural values in the

cultivated landscape, increased biological diversity in

urban regions and purification of urban wastewater

and surplus water.
465In order to deal with the challenges the sector

faces, there is a need for new knowledge within a

number of key areas and thus structured, efficient

work on the environment and sustainable develop-

ment. In order to secure essential new knowledge, the
470industry must continue to invest in research and

development (R&D) to help underpin industry pro-

gress and improvement. A good example of this is the

Scandinavian Turfgrass and Environment Research

Foundation (STERF), which represents the Nordic
475golf federations’ joint research body. This organiza-

tion has prioritized R&D within four international

and interdisciplinary thematic areas, including:

(i) Integrated pest management. Working with the

turfgrass industry, the park and golf sector,
480universities and research institutions and

authorities it takes responsibility for ensuring

that R&D activities that are important for

integrated pest management (IPM) are coor-

dinated and executed and that new knowledge
485is delivered.

(ii) Sustainable water management. The goal here is

to provide a science-based information gate-

way on integrated management practices,

based on existing knowledge and outputs from
490new research, to improve resource efficiency,

reduce water consumption, protect water

quality and monitor impacts � both positive

and problematic � of well-managed turfgrass

areas on water resources management.
495(iii) Muntifunctional use of golf courses and other

turfgrass areas. Through utilizing expertise

from various sectors, STERF wants to make

the Nordic area an exemplar region as regards

Priorities for sustainable turfgrass management 5
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multifunctional golf courses and collabora-
500 tions between different interests in society.

(iv) Winter stress management. Winter damage is the

foremost reason for dead grass, reducing the

aesthetic and functional value of turf. UN

climate scenarios predict that due to high
505 precipitation and unstable temperature, ice

and water damage will become the most

important cause of winter damage in the future.

The turfgrass industry must take responsibility

for developing strategic expertise and new
510 knowledge to avoid and manage such damage.

There is a need for pure research projects and also

for demonstration trials under different climate

conditions in order to gain a fundamental under-

standing of the issues within turfgrass management.
515 STERF, together with the turfgrass industry, uni-

versities, research institutions and authorities, can

take responsibility for ensuring that R&D activities

that are important for construction and management

of turfgrass areas are carried out and that new
520 knowledge is delivered. Selected R&D priority areas

include:

Turfgrass breeding and evaluation. Breeding of new

varieties and evaluation of species, varieties and

seed mixtures will enable the sector to (i) find
525 turfgrass species and varieties with greater stress

tolerance (disease, wear, drought, temperature,

shade) suited to IPM under different climatic

conditions, and (ii) develop recommendations for

selecting turfgrass and composing optimal turf-
530 grass seed mixtures.

Control of diseases, pests and weeds. R&D on disease

control, weeds and pests will enable the turfgrass

sector to (i) recommend construction and man-

agement strategies based on IPM, including ge-
535 netic, cultural, mechanical and biological

alternatives, that can replace or minimize pesticide

dependence (herbicides, fungicides and insecti-

cides), (ii) be at the forefront in developing

construction and management strategies that meet
540 the demands of public authorities and general

public, and (iii) provide the industry with the

latest technology concerning more efficient pesti-

cides and the least risk of environmental damage.

Efficient use of energy, water and plant nutrients.
545 R&D in the area of efficient use of energy, water

and plant nutrients will enable the sector to (i)

reduce energy consumption, especially fossil fuels,

including the role of benchmarking (Rodrı́guez-

Dı́az et al. 2010), (ii) better understand the water
550 and nutrient requirements of different grass spe-

cies, and (iii) develop construction and mainte-

nance strategies to minimize resource inputs and

reduce pollution risks and achieve the necessary

standards in playing quality.
555Ecosystems, biodiversity and cultural preservation.

R&D on co-existence with the environment and

maintaining the natural and cultural value of golf

courses will enable the golf sector to (i) develop

guidance to demonstrate how ecosystem protec-
560tion and enhancement and cultural preservation

can be fully integrated into golf facility planning,

design, construction and management, (ii) docu-

ment and evaluate the effects of golf courses on

biodiversity and the natural and cultural value of
565the landscape, and(iii) demonstrate with credibil-

ity that golf courses can fulfil important biodiver-

sity and nature conservation functions, and can

bring positive cultural values to the landscape.

Multifunctional use of golf courses and turfgrass areas.
570R&D on multi-functionality will enable the sector

to (i) increase the benefits of managed turfgrass

areas to society, (ii) help maintain the values of

ecosystem services; and (iii) improve the business

gains from multifunctional activities.

575To achieve these benefits and improvements in the

sustainable management of turfgrass requires active

industry engagement and effective knowledge trans-

fer and outreach. The results from turfgrass research

therefore need to be made easily accessible to end-
580users and support provided to implement change.

This places a great emphasis on effective commu-

nication of R&D activities and their outputs. Re-

search bodies need to ensure that their project

outputs are presented in formats that are practically
585applicable and embedded within programmes of

measures and recommendations for management

change. The key will be in ensuring that research

findings are made available to all interested parties,

disseminated widely to maximize outreach and that
590their impacts are quantified for the benefits of the

turfgrass industry.

References

Bahri, A., Basset, C., Oueslati, F., & Brissaud, F. (2001). Reuse of

reclaimed wastewater for golf course irrigation in Tunisia.
595Water Sciences and Technology, 43(10), 117�124.

Colding, J., & Folke, C. (2009). The role of golf courses in

biodiversity conservation and ecosystem management.

Ecosystems, 12, 191�206.

Colding, J., Lundberg, J., Lundberg, S., & Andersson, E. (2009).
600Golf courses and wetland fauna. Ecological Applications,

19(6), 1481�1491.
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