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Introduction
STERF is an independent research foundation established in 2006 by Nordic golf federations to support research and deve-
lopment (R&D) in the golf and turfgrass sector. Its goal is to provide practical research data for sustainable golf course mana-
gement. STERF collaborates with universities, research institutes, and international organizations to address challenges such 
as environmental regulation, resource use, pest management, and climate change. It aims to strengthen research networks 
across Nordic countries and globally. The foundation also focuses on making research results accessible to end-users, ensur-
ing efficient resource use, and promoting sustainability in golf course management.

The golf sector faces several challenges, including the need to provide high-quality playing surfaces while adhering to strict 
environmental regulations, addressing climate change, and managing rising operational costs. There is growing pressure on 
natural resources like land, water, sand, and energy, creating a need for their efficient use in order to reduce costs and envi-
ronmental impact. Climate change further complicates matters with unpredictable weather impacting turf growth and mana-
gement. Additionally, golf courses must play a role in preserving biodiversity and ecosystem services, offering opportunities 
for multifunctional use, such as the promotion of health and recreation. Research and development are crucial to addressing 
these challenges, with a focus needed on sustainable practices and efficient resource management.

We recognize that sector specific and global challenges need concerted action and collective solutions underpinned by 
robust, applied science. To meet the challenges the golf sector must face and the global risks relating to the 17 UN Sustai-
nable Development Goals set out in in Agenda 2030, STERF has created four new international and trans-disciplinary R&D 
programs, including:

•	 Winter stress and integrated pest management 
•	 Use of Natural Resources in Golf Course Management 
•	 Multifunctional golf courses and ecosystem services – Landscape perspective 
•	 New technology for a sustainable future 

STERF will support R&D based on these programmes, and the activities of STERF are intended to lead to improvements in the 
quality of golf courses, as well as economic and environmental gains for the industry and society as a whole.
All programmes are available at www.sterf.org



This research program aims to promote the sustainable use of  natural resources in golf  course management by 
developing innovative methods to reduce environmental impact while maintaining functionality and aesthetics 
of  the playing surfaces. The program focuses on five key areas: water management, soil management, sand 
use, plant nutrition, and energy efficiency. By addressing these areas through targeted research, educational 
outreach, and practical implementation, the program seeks to enhance the sustainability of  golf  courses for the 
benefit of  the environment, the golfing community, and society.

SUMMARY
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Irrigation pond at Emmaboda GC, filled with wastewater from a local treatment plant. 

BACKGROUND, OBJECTIVES (AND HYPOTHESES)

Golf  courses often utilize significant inputs of  natural 
resources, including water, agrochemicals, fertilizers, sand, 
and energy (Bekken et al., 2024). The growing recognition 
of  society’s responsibility to reduce resource consump-
tion necessitates the development of  methods to minimize 
resource use on golf  courses and their associated environ-
mental impacts.  

Sustainable water use is especially important to the future 
of  golf. Research into the development and implementa-
tion of  water-efficient irrigation methods could significantly 
reduce water consumption on golf  courses by optimizing 
water use and ensuring that only the necessary amount is 
used for turf  maintenance. This may be achieved through 
advanced methods and technologies collectively known as 
precision irrigation, which may include irrigation controllers 
that adjust irrigation timing and placement based on real-
time data from soil moisture sensors, soil moisture pre-
diction models, and weather conditions (Wang et al., 2024). 
In addition, improvements in water efficiency are also 
expected to come from a better understanding of  the use 
of  recycled or reclaimed water, the development of  drought 
resistant species, and adoption of  plant and soil manage-
ment practices that may reduce the need for supplemental 
irrigation (Isweiri et al., 2022). While water resources are 
not currently limited in many parts of  the Nordic countries, 
precision irrigation is also important to the maintenance of  
high quality playing surfaces. 

There is also a need for development and increased use of  
sustainable soil management practices that improve soil 
health and reduce input requirements. Peat moss is the 
traditional material used to increase the water and nutrient 
holding capacity of  sand. However, peat moss is being 

harvested at an unsustainable rate. Renewable soil amend-
ments such as compost or biochar may accimproving soil 
properties  (Sahin et al., 2022). This approach may support 
healthier turf  growth and minimize the environmental im-
pact associated with fertilization and pest control. Similarly, 
exploring and utilizing alternative materials and recycling 
methods for sand will decrease the environmental impact 
of  sand extraction. In addition, the weathering of  applied 
crushed basalt has been shown to be a carbon sink which 
could improve the net carbon balance of  a golf  course 
operation while decreasing the extraction of  non-renewable 
supplies of  quartz-based sand (Zhou, 2024). Additionally, 
developing efficient sand recycling techniques (such as sand 
washing and reprocessing systems, or on-site extraction and 
recycling) may extend the lifespan of  existing sand resour-
ces and reduce the need for new extractions (Lindsey et al., 
2022).  

Research into the optimal use of  fertilizers, particularly 
nitrogen (N), phosphorus (P), and potassium (K), remains 
essential for sustainable golf  course management. Tradi-
tional N fertilizers require significant energy for produc-
tion and are major pollutants of  both ground and surface 
waters, contributing to issues such as eutrophication and 
groundwater contamination. Excessive nitrogen use also 
contributes to decreased stress tolerance and undesirable 
levels of  thatch and soil organic matter accumulation. 
Unlike nitrogen, phosphorus and potassium are mined 
from non-renewable sources, and phosphorus specifically 
is a leading cause of  water quality degradation when it runs 
off  into lakes and rivers. There is an urgent need for studies 
that explore the use of  recycled sources of  P and K, inclu-
ding organic waste products (Pantelopoulos et al., 2017), 
P and K recovered from wastewater (Mchunu et al., 2018), 



Collecting soil samples at Selfoss GC for the Carbon Par project.
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Collecting soil samples at Selfoss GC for the Carbon Par project.

or the application of  the wastewater itself  directly to turf  
as alternatives to traditional fertilizers (Licata et al., 2022). 
Additionally, identifying soil-specific P and K thresholds 
tailored to turfgrass species and management can help 
reduce unnecessary applications and prevent environmental 
harm, while maintaining healthy turf  (McNally et al., 2024). 
This research, if  paired with implementation programs on 
golf  courses, would help optimize nutrient use, minimize 
environmental impacts, and conserve finite resources. This 
research also aligns with the EU goal to reduce nutrient los-
ses from fertilizer by at least 50% by 2030.

Integrating renewable energy systems and adopting energy-
efficient practices will reduce the environmental impacts 
of  golf  course energy use. Installing solar panels, wind 
turbines, and other renewable energy sources can provide 
clean, sustainable power for course operations. Addition-
ally, implementing energy-efficient technologies such as 
LED lighting, electric maintenance equipment, and energy 
management systems can further reduce energy use. These 
measures not only lower operational costs but also demon-
strate a commitment to environmental stewardship and 
sustainability. There is a growing need for research into the 
overall energy budgets of  golf  courses to fully understand 
their long-term sustainability (Bekken and Soldat, 2022). 
Recent studies have shown that golf  courses can sequester 
carbon in the soil, helping to offset the carbon emissions 
associated with course maintenance. However, these studies 
also indicate that the carbon sequestration benefit primarily 
occurs within the first 30 to 50 years of  turf  establishment, 
after which the carbon offset diminishes, while energy con-
sumption continues (Bekken and Soldat, 2022; Phillips et 
al., 2023). This highlights the need for more comprehensive 
research into balancing the carbon emissions from ongo-
ing turf  maintenance with turfgrass carbon sequestration 
potential. By analyzing the carbon balance of  golf  courses 
across their entire lifecycle, opportunities for long-term 
reductions in energy consumption and greenhouse gas 
emissions can be identified. Such research would inform 
strategies that could further integrate renewable energy and 
reduce reliance on fossil fuels, thus promoting more sustai-
nable golf  course management.

In addition to identifying efficient methods for maintaining 
turfgrass, research that aims to understand how superinten-
dents make decisions as it pertains to resource management 
may also be useful for advancing resource use sustainability. 
Research that partners with superintendents to implement 
sustainable resource management strategies, like the adop-
tion of  a new soil testing thresholds or irrigation technolo-
gies and that tracks the effect of  such programs on actual 
resource use, may allow for significant improvements in 
industry resource use efficiency.

Programme Objectives:

1.	 Develop water-efficient irrigation strategies and  
practices. 

2.	 Enhance soil health through sustainable management 
techniques. 

3.	 Identify and test alternatives to sand and peat for  
construction and maintenance of  root zones. 

4.	 Optimize plant nutrition and nutrient use efficiency. 

5.	 Reduce energy consumption and increase the utilization 
of  renewable energy sources in golf. 

6.	 Analyze and reduce energy use and carbon emissions 
of  golf  course maintenance operations.



Research area, Universitety park Blindern, Oslo
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The golf  industry operates in a complex external environ-
ment with significant challenges and promising opportu-
nities. Among the primary challenges are increasing water 
scarcity and growing competition for water resources, envi-
ronmental degradation resulting from the unsustainable use 
of  chemicals, and dependence on finite mineral resources 
such as quartz sand, and phosphorus and potassium ferti-
lizers. Additionally, high energy consumption and reliance 
on non-renewable energy sources exacerbate the industry’s 
environmental impact. 

However, these challenges have created opportunities to 
adopt innovative practices and technologies to conserve 
non-renewable resources and enhance the efficiency of  
their use. Golf  courses also have the potential to provide 
important ecosystem services and serve as positive examp-
les of  sustainable land management and use.  

The objective of  this programme is to facilitate the iden-
tification and adoption of  these opportunities so the golf  
industry can contribute to society’s sustainability challenges. 

EXTERNAL CONTEXT  

These challenges include conservation of  natural resources, 
a reduction in the environmental footprint of  golf  course 
operations, and an enhancement of  biodiversity and eco-
system services. Greater use of  sustainable practices in the 
golf  industry, coupled with greater public awareness and 
engagement can position golf  courses managers as leaders 
in sustainable land use and resource management (Szcze-
panski and Strandberg, 2022). 

Sustainable use of  natural resources in golf  course mana-
gement aligns with many UN Sustainable Development 
Goals. Specifically, SDG 3: Ensure health and well-being, 
SDG 6: Clean water and sanitation, SDG 7: Affordable and 
clean energy, SDG 11: Sustainable cities and communities, 
SDG 12: Responsible consumption and production, SDG 
13: Climate action, SDG 14: Life below water, SDG 15: 
Life on land, and SDG 17: Partnership for the goals.

The golf  industry faces several challenges in its pursuit of  
sustainability. Maintaining playability and aesthetic quality 
while reducing resource consumption is a challenge that 
requires skilled observation (including data collection) and 
management. In addition, while there may be some sus-
tainable practices that add little to no cost to golf  course 
operations, balancing the short-term increase in costs 
of  sustainable practices with the long-term or intangible 
benefits remains a hurdle (Wang et al., 2024). Additionally, 
limited knowledge by turfgrass managers of  sustainable 
methods complicates efforts to implement new practices. 
There is also a lack of  research and understanding of  the 
efficacy of  the sustainable management practices that have 
been developed to date, with many management practices 
appearing not have their intended effect (Bekken et al., 
2024). As such, progress towards greater resource conserva-
tion should primarily be measured by quantifiable reduc-
tions in resources use, and not qualitative shifts in manage-
ment practices.

Despite these challenges, significant opportunities exist 
for the industry. The adoption of  sustainable practices can 

enhance the reputation and appeal of  golf  courses (Szc-
zepanski and Strandberg, 2022), while improved resource 
efficiency offers the potential for long-term cost savings 
(Thompson et al., 2022) and also higher playing quality for 
golfers. Collaborating with research institutions can also 
provide access to innovative technologies and practices that 
support sustainability.

Currently, many golf  courses rely on drinking water for 
irrigation, chemical fertilizers, and non-renewable energy. 
Although there is growing interest in sustainable golf  
course management, practical implementation of  many best 
management practices remains limited, and others remain 
to be discovered. By overcoming these barriers, the golf  
sector stands to gain substantially. Enhanced environmen-
tal stewardship can improve public perception, long-term 
resource efficiency can lead to significant cost savings, and 
sustainable management practices can improve both playing 
conditions and overall course quality.

GOLF CONTEXT 
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Sustainable water use
Despite significant advancements in water-efficient irriga-
tion technologies, several knowledge gaps remain. One key 
gap is the need for more detailed studies on the effects of  
using recycled or reclaimed water on turfgrass health and 
soil chemistry in the Nordic countries, which receive pre-
cipitation in excess of  evapotranspiration. While irrigating 
with reclaimed water is a promising solution for reducing 
potable water use on golf  courses, reclaimed water irriga-
tion has been primarily studied and utilized in more arid 
climates. There is a need to understand how use of  reclai-
med water affects turfgrass performance and soil properties 
over time in a wetter climate. Additionally, while the deve-
lopment of  drought-resistant turfgrass species is under-
way, more research is needed to identify which species or 
cultivars are most effective under environmental conditions 
common to the Nordic countries. Another gap exists in un-
derstanding the interaction between soil microbiomes and 
plant physiology under reduced water inputs, as this could 
lead to novel approaches to improving drought tolerance. 

Moreover, while precision irrigation technologies like soil 
moisture sensors and weather-based controllers have shown 
promise, there is still a need for research on the accuracy, 
cost-effectiveness, and user-friendliness of  these systems 
for widespread adoption on golf  courses. Further studies 
are also needed to refine predictive irrigation models that 
integrate multiple variables, including turfgrass species, soil 
moisture retention capabilities, and local climatic condi-
tions, to achieve optimal water efficiency. Addressing these 
gaps will help ensure more sustainable and resilient water 
management practices in golf  course turfgrass manage-
ment.

Sustainable soil management
While sustainable soil management practices hold promise 
for improving turfgrass health and reducing environmental 
impacts, there are still several knowledge gaps that require 
further research. The extraction of  peat moss is above 
sustainable levels, and while renewable soil amendments 
like compost and biochar have been shown to improve 
soil structure and boost microbial activity, more research 
is needed to determine the optimal types, application rates, 
and long-term effects of  these amendments in different soil 
and climate conditions specific to golf  courses as alterna-
tives to peat moss. Additionally, there is a need to better 
understand the specific microbial communities that thrive 
in turfgrass soils and how these can be managed to enhance 
both turf  health and resilience to diseases, reducing the 
reliance on chemical pesticides. 

Another gap exists in the study of  alternative materials 
for sand used in golf  course maintenance, particularly the 
effects of  different types of  crushed rock. While recycled 
sand and materials like crushed basalt have shown promise 
for decreasing the use of  mined sand, broader exploration 
into the various sources of  crushed rock in the Nordic 
countries is warranted. Angularity, particle size distribu-
tion, and composition of  these materials can significantly 
influence soil physical properties, including porosity, bulk 
density, infiltration capacity, surface firmness, compac-
tion resistance, and moisture retention. Additionally, the 
angularity and other properties of  crushed rock may affect 
turfgrass rooting, turfgrass vigor and quality, and playability.
 
Research into the carbon sequestration potential from top-
dressing with crushed rock is promising but requires further 
exploration, particularly within the specific environmental 
conditions of  Nordic golf  courses. Studies have shown that 
silicate minerals like basalt can capture atmospheric CO2 by 
dissolving and forming bicarbonate ions, which eventually 
store carbon in stable forms. However, the efficiency of  
this process depends significantly on factors such as the 
golf  course soil pH, mineralogy of  the sand, and particle 
size of  the crushed rock. Smaller rock particles increase sur-
face area and expedite weathering, thereby enhancing CO2 
capture. Yet, the transportation and processing of  these 
materials, especially over long distances, can offset potential 
sequestration gains due to high associated CO2 emissions.  
In addition, the optimal particle size for enhanced weathe-
ring may not match up with the optimal particle size for 
turfgrass and soil health. On golf  courses, conditions such 
as pH levels of  around 8.5 and warmer climates are opti-
mal, but these conditions are not characteristic of  many 
areas in the Nordic countries. 

In addition to using crushed rock, sand recycling and repro-
cessing could also significantly reduce the demand for new 
sand extraction. However, the efficiency, cost-effectiveness, 
and environmental benefits of  these methods need to be 
more thoroughly evaluated. Research into these areas could 
help refine the sustainability of  sand use in golf  course 
operations and support broader efforts to reduce environ-
mental impacts while maintaining high turfgrass quality.

Sustainable plant nutrition
While significant progress has been made in understan-
ding fertilizer use for golf  course management, several 
important knowledge gaps persist. There is increasing 
interest in using recycled sources such as organic waste or 
wastewater-derived N, P and K, more research is required 

IDENTIFICATION OF KNOWLEDGE GAPS



to assess the effectiveness and safety of  these alternatives. 
Specifically, there is a need to better understand how these 
recycled nutrients interact with turfgrass soils, particularly in 
terms of  nutrient availability, potential contamination, and 
long-term soil fertility. Additionally, studies should evaluate 
the variability in nutrient composition from these recycled 
sources and how they can be standardized for use on golf  
courses to ensure consistent turf  performance.

Furthermore, while identifying soil-specific P and K 
thresholds is critical for preventing over-application and 
reducing environmental harm, more data is needed on the 
regional variability of  these thresholds. Factors such as soil 
type, climate, and turfgrass species all influence nutrient 
needs, yet there is limited research on how these variables 
interact. Better understanding of  these interactions could 
help refine fertilizer recommendations, leading to more 
precise nutrient applications that maintain turf  health while 
reducing environmental risks. 

Finally, although phosphorus is a known contributor to 
water quality issues, more research is needed to develop 
strategies that limit phosphorus runoff  from golf  courses, 
including sustainable design during the planning and con-
struction stages, and use of   buffer zones, filters, and soil 
amendments that immobilize excess phosphorus. Addres-
sing these gaps would provide a more holistic approach to 
nutrient management on golf  courses, balancing turfgrass 
health with environmental sustainability. 

Energy efficiency
While integrating renewable energy systems and adopting 
energy-efficient practices offer clear benefits for reducing 
the energy consumption of  golf  courses, several critical 
knowledge gaps remain. While energy-efficient technolo-
gies like autonomous and electric maintenance equipment 

are increasingly being adopted, more data is required to 
quantify the overall energy savings and environmental 
benefits they provide over the long term. There is also a 
need for research into the lifecycle environmental impacts 
of  electric maintenance equipment, including the energy 
required to manufacture, maintain, and eventually dispose 
of  or recycle this equipment, compared to traditional gas-
powered alternatives. Furthermore, knowledge gaps exist in 
fully understanding the soil carbon dynamics under diffe-
rent turf  management practices. More research is required 
to explore how factors such as turfgrass species, irrigation, 
fertilization, and soil amendments influence carbon balan-
ces over time. Research into the full lifecycle energy use 
and greenhouse gas emissions associated with golf  course 
operations is essential to identify strategies for long-term 
reductions. This would not only highlight the most effective 
energy-efficient practices but also inform how renewable 
energy integration can further reduce reliance on fossil fuels 
and improve the net carbon balance of  golf  course mana-
gement.  

However, for the golf  courses in the Nordic countries to 
improve their resource efficiency, current levels of  resource 
use need to be understood. Currently, resource use levels 
are poorly quantified, which gives the industry little baseline 
from which improvements in resource efficiency can be 
measured. Survey studies are needed to establish current 
resource use levels, and resource use levels can then be 
tracked over time to compare to the baseline. Studies that 
work with superintendents to implement a practice while 
tracking resource use, will allow for real-world validation 
that a certain practice increases resource use efficiencies as 
intended.

10
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Water Management

•	 How can water-efficient irrigation systems be designed and implemented on golf courses? 

•	 What are the most effective methods for collecting and reusing rainwater and drainage water? 
 

Soil and Soil Management 

•	 What natural soil amendments are most effective for improving soil health on golf courses? 

•	 How can soil microbial activity and nutrient cycling be optimized?  

•	 What alternative materials can replace or complement sand in soil profiles? 

•	 How can sand be efficiently recycled and reused on golf courses? 

Plant Nutrition

•	 What are the best practices for using organic fertilizers and soil conditioners on golf courses? 

•	 How can the timing and methods of nutrient applications be optimized? 

Energy Efficiency

•	 What renewable energy systems are most feasible for golf course operations? 

•	 How can energy conservation practices be effectively implemented? 

•	 How can a better understanding of the carbon balance in turfgrass management help in understanding 
the impact of turfgrass on greenhouse gas emissions and carbon sequestration?

RESEARCH AREAS AND QUESTIONS



COMMUNICATION AND IMPLEMENTATION OF NEW 
KNOWLEDGE AND TOOLS

To promote sustainability in golf  course management, it 
is important to develop training and outreach programs 
or workshops to improve the understanding and adoption 
of  sustainable practices. These efforts can equip staff  with 
the knowledge and skills needed to implement eco-friendly 
techniques effectively. Additionally, creating detailed guide-
lines and best practice manuals based on the latest research 
findings can serve as valuable resources for golf  course 
managers and staff. To ensure widespread accessibility and 
engagement, digital platforms and tools should be utilized 
when possible to disseminate research results and practical 
tools.

DIALOGUE AND COOPERATION

Fostering dialogue and cooperation is crucial for advancing 
sustainability and resource use efficiency in the golf  indu-
stry. Establishing partnerships with research institutions, 
environmental organizations, and industry stakeholders 
can create a network for developing and facilitating the 
implementation of  innovative solutions and best practices. 
Regular meetings and conferences should be facilitated to 
share knowledge, exchange ideas, and work collectively on 
sustainability initiatives. Additionally, engaging with local 
communities and golfers is essential to raise awareness and 
encourage the adoption of  sustainable practices. By invol-
ving all stakeholders, the golf  industry can better address 
environmental challenges and promote long-term sustaina-
bility.

12
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