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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
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The most significant challenges facing the Nordic golf  sector are: (1) climate change causing a warmer, wetter and 
more unstable winter climate; (2) management of  turfgrass weeds, diseases and insect pests with no, or stron-
gly reduced, use of  pesticides; and (3) greater interest for golf  causing more play over a longer growing season. 
Together, these challenges call for intensified research to ensure high-quality playing surfaces. Without excluding 
other topics, the present R&D program for ‘Best management practices and winter stress management’’ highlights 
a number of  knowledge gaps in which STERF would like to see the development of  research projects, including 
innovative plans for technology transfer and the dissemination of  results, over the next ten years. While maintain-
ing a focus on applied research that delivers ready-to-use results under Nordic conditions, STERF will also wel-
come international projects co-funded by other research bodies and by the turfgrass industry through its industrial 
partnership program.

SUMMARY & CONCLUSIONS
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BACKGROUND

The five Nordic countries have about 1,100 golf  courses 
located at latitudes from 56 to 71 °N and in climates ranging 
from dry and continental, with annual rainfall of  less than 500 
mm/yr, to wet and maritime, with almost 5000 mm/yr. The 
growing season varies from three to ten months, in the latter 
case with golf  courses closed only occasionally during winter..  
For this diverse climatic region, the International Panel on 
Climate Change predicts a global temperature increase of  1,5-
3,0 °C over the coming decades, with the highest temperature 
rise in the northernmost areas (IPCC 2023). Furthermore, the 
increase in temperature and precipitation is predicted to vary 
considerably between seasons, which is of  major importance 
for turfgrass persistence and management. 

Profound climate change is already being experienced on 
Nordic golf  courses. While a rise in the mean annual tem-
perature may be considered positive for the golf  industry, as 
it results in a potentially longer playing season, the negative 
implications of  global warming, such as more severe drought 
in summer, intense precipitation events, poor hardening con-
ditions in autumn and unstable winters, are likely to override 
this positive effect and increase the complexity of  manage-
ment practices. Other negative consequences of  higher global 
temperatures include increased problems with invasive weeds, 
insect pests and diseases, as exemplified by dollar spot. which 
was not observed in the Nordic countries before 2010 but 
has now become a major problem on many golf  courses in 
Denmark and Southern Sweden. Warmer and more humid 
autumns are likely to increase the risk for microdochium 
patch.  

Alongside climate change, Nordic golf  courses are also facing 
new challenges through increasing restrictions on the use 
of  input factors, primarily pesticides. In November 2023, a 
proposition by the EU Commission to ban all pesticide use in 
so-called ‘sensitive areas’ was barely rejected by the European 
Parliament; however, there will most likely be more rounds 
on this issue in the near future. Pesticide use on Nordic golf  
courses is already very low compared with both agricultural 
production in the Nordic countries and with golf  courses in 
other parts of  Europe, especially the USA (Bekken, 2023). 

Even so, given the current political climate, it appears possible 
that a total ban could be implemented in the coming decade. 
A total pesticide ban would present major challenges for the 
Nordic golf  industry. Specifically, the management of  dollar 
spot and winter-active diseases on greens, and the manage-
ment of  broad-leaved weeds on fairways, would be difficult or 
impossible without pesticides and with current non-chemical 
strategies. As such, it is critical that the turfgrass research com-
munity develops alternative strategies for the management of  
these pests . An important aim of  the European Golf  Asso-
ciation (EGA)’s Turfgrass Sustainability Roadmap 2023-2030 
is to ensure golf  surface playability with a drastic reduction in 
pesticide use.  

Along with parallel programs for ‘Multifunctional golf  cour-
ses and biodiversity’ and ‘Sustainable water management ‘, 
STERF initiated R&D programs on ‘Integrated Pest Manage-
ment’ and ‘Winter Stress Management’ around ten years ago. 
Since then, STERF has funded about 40 research projects 
within these two program areas, many of  them in collabora-
tion with international foundations and associations such 
as R&A and USGA, public research councils such as RCN 
(Research Council of  Norway), and the private sector.  Many 
projects have been relevant to both program areas, including 
SCANGREEN, the contin-uous testing of  turfgrass species 
and varieties on Nordic putting greens. When facing climate 
change and increasing restrictions on the use of  pesticides and 
other input factors, the key is to identify and manage strong 
and healthy turfgrass species and varieties that can endure 
winter stresses, compete against weeds, and resist insect pests 
and disease.  Whether the stresses are biotic or abiotic, the 
same major principle applies, i.e. that prevention is always 
far more efficient than the repair of  damage that has already 
compromised turfgrass quality. As such, it makes sense that 
STERF, when organizing its research programs for 2025-
2035, decided to merge the two former programs into the 
present joint program ‘Winter stress and integrated pest 
management’.
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OBJECTIVE
To promote high quality and environment-friendly golf  courses through the integrated management of  weeds,  
insect pests and diseases, and with high resistance against abiotic and biotic winter damage, including fast recovery 
whenever such damages occur.  

EXTERNAL CONTEXT 

After the UN declared its Agenda 2030 with 17 Sustainable 
Development Goals (SDGs) in 2017, STERF defined the 
following goals for the Nordic golf  industry: 

•	 Contribution to healthy lives and well-being for people 
of  all ages (SDG 3) 

•	 Reduced and more sustainable use of  natural resources 
and chemicals (SDGs 6, 11, 12, 14)

•	 Adaptation to climate change and minimizing of  fac-
tors contributing to climate change (SDG 13)

•	 Enhanced biodiversity and facilitation of  ecosystem 
services (SDGs 14,15)

•	 Sustainable cities and communities, including partner-
ships with other groups and sectors outside the golf  
industry (SDG 11, 17)

The golf  sector’s obligation to contribute to a more sustai-
nable future is important given the fact that the golf  clubs 
belonging to the five Nordic Golf  Federations have more 
than 1.1 million members and utilize a land area of  around 
70,000 ha, most of  it in urban and peri-urban settings. 
 
Alongside the obvious effects of  golf  on players’ health 
and well-being, easily accessible and well-managed golf  
courses contribute to the local economy and interact with 
other sectors to provide ecosystem services, acting as green 
lungs in a society where an increasing proportion of  the 
population prefers to live in urban areas.

Dollar spot



Apelsvoll experimental station
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A survey conducted by STERF in 2014 showed that 
greenkeepers in Finland, Norway, Iceland, and Central and 
Northern Sweden consider abiotic winter damage as their 
foremost challenge in golf  course management. Conversely, 
greenkeepers in Denmark and coastal areas of  southern 
Sweden found their foremost challenge to be microdochi-
um patch (Kvalbein et al., 2017). While it would be useful 
to repeat this ten-year old survey, there is little reason to 
believe the situation has changed significantly over the past 
decade, perhaps with the exception that dollar spot is now 
regarded as being equally or more problematic than micro-
dochium patch on golf  courses in Denmark and southern 
Sweden.  

Regardless of  whether conventional pesticides are prohibi-
ted or not, increased focus is needed on low-risk alternati-
ves like biological products, resistance elicitors and biosti-
mulants. Most international chemical companies are now 
putting substantial resources into the development of  such 
products, and the EU has introduced a special list of  ‘low-
risk protection products’ that is updated regularly. Such pro-
ducts have a faster registration process than conventional 
pesticides, and their potential benefits should be tested not 
only in agriculture but on golf  courses as well.  

For the Nordic countries, one of  the most important im-
plications of  climate change is that winters become more 
unstable in regions where a stable snow cover was previous-
ly common. Over recent decades, melt water and recurring 
freeze-thaw cycles resulting in ice encasement have become 
a major issue on many golf  courses, notably in the metro-
politan areas of  Helsinki, Stockholm and Oslo. A survey 
conducted by the Norwegian Golf  Federation of  18-hole 
golf  courses in the greater Oslo area after the devastating 
winter of  2017-18 showed that the average delay in opening 
due to ice and water damage was 3.5 weeks and the average 
revenue loss was 420,000 NOK (≈ 35,000 €). 

GOLF CONTEXT  

Approximately half  of  the revenue loss was lost green fees 
with the other half  being extra costs related to the extra 
fertilizer, seed, machinery and labor needed for reestablish-
ment. Over the past two decades, such winters have occur-
red at approximately 5-year intervals, and it is important 
that golf  courses take precautions to minimize damage and 
to plan for the fastest possible recovery when such damage 
occurs. 

The Covid pandemic resulted in a significant increase in 
membership and the number of  played golf  rounds on 
Nordic golf  courses. Even after the pandemic, the popu-
larity of  golf  has mostly continued to increase, causing 
increased wear and compaction on greens, tees and fair-
ways. In combination with drought and/or high rainfall 
events (notably at the end of  the season), more play makes 
it challenging to maintain optimal playing surfaces, highligh-
ting the need for intensified research into sustainable and 
robust golf  course construction and renovation practices, 
including soil amendments, drainage, and the selection of  
the best possible plant material for the various surfaces on 
the course. 



Winter stress management  

In STERF’s research program for 2014-2024, ‘Winter Stress 
Management’ was defined as ‘all actions taken to prepare 
the grass plant for the winter, avoid winter-related damages, 
and reestablish high quality turf  in the spring’.  The multi-
tude and complexity of  winter stresses are illustrated in 
Figure 1, which, for the purposes of  this program, will be 
used to identify knowledge gaps to be prioritized in the new 
program period.

1. 	 Turfgrass wear tolerance and the pressure to  
	 keep golf courses open in winter-mild areas 
The longer growing season caused by climate change is 
likely to result in a pressure on many golf  courses to remain 
open for a longer period in autumn or even during the 
entire winter season.  This is a time of  year when turfgrass 
growth and wear tolerance is restricted by a lack of  light, 
a climate parameter that does not change due to global 
warming (irradiance may in fact decrease slightly because of  
more cloudy weather). With the current species composi-
tion on golf  course greens and fairways, annual bluegrass is 
likely to take greater advantage of  this relative to bentgras-
ses, fine fescues and Kentucky bluegrass, which all tend 
to become dormant during the winter. Although there is a 
general lack of  knowledge on the resilience of  cool-season 
turfgrasses to the combination of  low light intensity and 
high winter temperature that is now becoming more preva-
lent, the only species that might have a chance of  compe-
ting with annual bluegrass under these conditions is likely 
perennial ryegrass, of  which plant breeders are continuous-
ly bringing new and improved fine-leaved varieties to the 
market. Among these new varieties, tetraploid ryegrasses 
are especially promising as they not only have better root 
development and increased growth rates but also present 
a greater degree of  resistance to microdochium patch. 
Thus, as an adaptation to climate change, there is a need to 
elucidate the role of  perennial ryegrass when overseeding 
greens, tees and fairways on golf  courses with more playing 
rounds during the late autumn and winter.  

Another action that could be taken to make greens more 
robust to winter play is the introduction of  new technolo-
gies such as energy-efficient light rigs or mirrors for light 
reflection. Correctly timed, the use of  such devices may 
also have an impact on the resilience of  turfgrass to winter 
active diseases and abiotic stresses before the winter. The 
introduction of  light-weight robotic mowers or rollers to 
maintain dry and true playing surfaces could also provide a 
method of  reducing wear from traffic on golf  courses that 
are open in winter-mild areas.

2. 	 Golf course architecture and construction  
	 practices for a wetter and more unstable  
	 (winter) climate
The increasing winter precipitation, higher rainfall inten-
sities and snow melt during mild periods brought on by 
climate change will inevitably put greater pressure on golf  
course drainage systems and on systems for avoiding flood-
ing and securing controlled runoff  of  surface water. First 
and foremost, this will affect the architecture of  greens and 
green surroundings, but golf  courses may also be forced to 
close because fairways are too wet, making them unplaya-
ble. It is therefore critical to involve golf  course architects 
in STERF-funded projects. For greens and green surroun-
dings, the question is whether current design and construc-
tion practices, including green size and hole placements, 
green types (California, vs. USGA-spec. and modifications), 
rootzone depths, sand types (texture, shape and natural 
sand vs. crushed rock), and inorganic vs. organic amend-
ments (should a ban on the use for peat be implemented), 
are optimal for golf  courses facing more playing rounds  in 
a warmer, wetter and more unstable climate.  A possible 
starting point for research into this broad field could be a 
survey among greenkeepers and player groups of  the per-
formance of  selected golf  greens constructed or renovated 
in the past 30 years, including questions like “What are the 
key characteristics of  a well-functioning golf  green in vari-
ous climates?” Further to this, there is also a need to look at 
alternative materials and methods for bunker drainage and 
perhaps reconsider how bunkers could play a role in the 
adaptation to a more unstable winter climate.  

3. 	 Internal ice formation (and recurring freeze/ 
	 thaw cycles)
One of  the concrete outcomes of  STERF’s ICE-BREA-
KER project was the recommendation to cover greens 
with impermeable plastic sheets before winter. Since the O2 
and CO2 concentrations at crown level were the same with 
and without plastic inserted between the grass and the ice 
layer, the effect can probably be explained by a more stable 
microclimate under the plastic. This is an area that calls for 
more research, including, for example, the use of  novel 
X-ray and thermal imaging methods that monitor phase 
shifts between ice and water in crown tissues (Jespersen et 
al., 2023). 
	
4. 	 Low temperature fungi
Because it attacks the turf  of  most cool season grasses 
even in the absence of  snow cover, microdochium patch is 
by far the most economically harmful winter-active disease 
on Nordic golf  courses. While microdochium patch is 
relatively easy to manage with 1-2 fungicide applications in 
autumn, golf  courses will struggle to keep up the quality of  

KNOWLEDGE GAPS AND RESEARCH AREAS
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Figure 1. Turfgrass acclimation and resistance to different stresses during the winter. 

their playing surfaces should a total ban on fungicide use 
be implemented. Research in Oregon (Mattox et al., 2021, 
2023) as well as STERF’s and R&A’s recently finished IPM 
project (Espevig et al., 2023) have investigated a number of  
alternative control methods, such as rolling, UVC-radiation, 
reduced N inputs, the use of  acidifying nitrogen fertilizer 
such as ammonium sulfate, and the application of  iron 
sulfate, mineral oils, citric acid, biostimulants and colorants. 
Although none of  these methods or products were able to 
provide the same level of  control as fungicides, many of  
them worked better than the unsprayed control treatments 
in at least some of  the experiments. Thus, there is a need 
for continued research to find and optimize a strategy for 
the integrated management of  low temperature fungi con-
sisting of  combinations of  these and other measures, such 
as microbiological products, wetting agents or methods that 
efficiently remove dew and guttation water on larger areas. 
There is also a genetic component to this, as overseeding 
and other actions aimed at increasing the proportion of  
creeping bentgrass, Kentucky bluegrass, (tetraploid) peren-
nial ryegrass and especially red fescue at the expense of  
annual bluegrass are likely to result in less microdochium 
patch.   

Based on data from Oregon, USA, a model is currently in 
development to predict outbreaks of  microdochium in are-
as with no or only transient snow cover (P. Koch, personal 
communication). There are also alternative models develo-
ped by commercial companies (e.g. Syngenta’s Greencast 

model). For the Nordic golf  industry, it would be useful if  
one or more of  these models could be refined to predict 
microdochium epidemics in annual bluegrass and in other 
turfgrass species. There is an important knowledge gap in 
our understanding of  how temperature, light and humidity 
combinations influence the aggressiveness of  microdochi-
um strains isolated from golf  courses in various parts of  
the Nordic countries and elsewhere.  

With regard to fertilization, conflicting results from the 
USA (Bier et al., 2018; McDonald et al., 2022) continue to 
create discussion among Nordic greenkeepers about the 
impact of  K fertilization on microdochium patch. Research 
into the relationship between microdochium infection and 
the N:K ratio in the leaf  tissue of  various turfgrass species 
would be welcome to resolve this question. 

5. 	 The critical transition from winter to spring 
While ICE BREAKER brought new insights on the bene-
fits of  plastic covers, including permeable undercovers and 
ventilation systems, it also documented the risk of  oxida-
tive stress and photoinhibition once the ice melts and/or 
the plastic is removed in spring (DaCosta et al., 2024). As 
illustrated in Fig. 1, the grass is usually vulnerable in spring 
as it is exhausted and has few reserves left after months of  
very little photosynthesis.  Many greenkeepers use permea-
ble spring tarps to increase soil temperature and protect 
against UV light and desiccating winds, but research has 
also shown that this can put too much pressure on the grass 
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Winter hardiness (ability to resist abiotic and biotic winter
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that. Temperature fluctuations may induce deacclimation and, to 

a certain extent, reacclimation along the general trend.  

Wear & 
com-
paction

Internal
ice

forma-
tion

Low
remp. 
fungi

Frost 
heave

No or 
Insufficient

light

Ice
encasement

Melt 
water / 
flooding

Low temp., 
& high light

intensty

Winter hardiness

Risk of winter injuries 

Autumn Spring



resulting in etiolation and a sudden decline in quality and 
wear tolerance once the tarp is removed. ICE BREAKER 
started exploring shade covers (or shade covers used inter-
changeably with traditional spring tarps) for the provision 
of  a more optimal balance between light and temperature 
for grass species that are weakened after the winter and 
when re-seeding greens that are completely winter killed. 
These are topics that should be followed up with more re-
search, both in controlled environment studies where light 
and temperature can be manipulated and in applied trials on 
golf  courses. Perhaps the application of  plant hormones, 
antioxidants and/or turfgrass colorants could also be tested 
in such studies. As an example, seed priming using gibberel-
lic acid (GA3) was highly beneficial in a reestablishment 
trial with creeping bentgrass in Landvik, but it was found 
to be mostly negative in trials with shorter days and higher 
light intensities in Massachusetts (DaCosta et al., in press).    

6. 	 Fertilizer and irrigation intensity when  
	 re-establishing dead grass in spring 
Despite all efforts to reduce winter damage, most green-
keepers will sooner or later run into situations in which 
they have to re-establish winter-killed greens at low soil 

temperatures in early spring. While there are many recom-
mendations for fertilization and irrigation when growing 
in new greens at soil temperatures ranging from 12 to 
25°C, very little information is available regarding opti-
mal fertilizer and irrigation strategies for grow-in at soil 
temperatures in the range of  3-12°C from late March to 
early May. For phosphorus, this question was explored in 
STERF’s SUSPHOS project (Øgaard & Aamlid, 2020), but 
it is an open question how much N, and in what form, the 
emerging seedlings can utilize on sand-based and soil-based 
substrates. If  the soil temperature is low, the current recom-
mendation for irrigation of  every 2-3 hours with high and 
frequent fertilizer inputs (up to 0.3 kg N/100m2/wk) is 
likely to result in severe leaching of  nitrogen to the nea-
rest waterway.  Thus, there is a need for more research to 
develop new irrigation and fertilizer guidelines for turfgrass 
reestablishment at low soil temperatures. 

Landvik exprimental station
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FAO’s eight principles for integrated pest management 
(Table 1, FAO, 2016) formed the basis for STERF’s pre-
vious IPM programs (2010 and 2016) and will continue to 
do so in this program. Figure 2 shows a classic IPM triangle 
adapted to turfgrass green areas and in which the area of  
the top ‘pesticide triangle’ has been reduced to emphasize 
that chemical control is the very last option to be used 
in emergency situations when other efforts have failed. 
Mechanical (primarily against weeds) and biological (against 
all types of  pests) control strategies have been tested for 
decades without being widely adopted in turfgrass mana-
gement, but they nonetheless warrant continued and more 
targeted research should a total ban on pesticide use be 
imposed. Despite this, the highest emphasis in this program 
will be on the two bottom parts of  the triangle (i.e. ‘Best 
construction and maintenance practices’ and ‘Resistant and 
weed-competitive plant materials’). The latter underscores 
the importance of  continued testing of  new turfgrass va-
rieties coming to the market, i.e. in the SCANGREEN and 
SCANTURF programs (www.scanturf.org), perhaps with 

Integrated pest management
an even stronger focus on resistance to disease and insect 
pests, and competition against weeds.  

1.	 Management of broadleaved weeds with no  
	 or minimal input of herbicides 
Herbicides comprise around 85% of  the pesticides used on 
Danish golf  courses (Bekken et al., 2023). Hence, green-
keepers in Denmark are more concerned about the implica-
tions of  a total pesticide ban for broadleaved weed control 
than for the control of  diseases and harmful insects. While 
such a ban is likely to result in more weeds, especially on 
golf  course fairways, it is important that the increased weed 
populations compromise playing quality as little as pos-
sible. This requires more knowledge about weed biology 
and about golfers’ perception of  various weed species on 
playing surfaces. 

Weed biology 
Alonside the almost ubiquitous annual bluegrass, other 
common weeds on Nordic golf  courses are pearlwort and 
silver thread moss, found on the greens, and white clover, 
dandelions, plantains and daisies, found on the fairways. 

Table 1. Principles for integrated pest management (FAO 2016)

Principle 1  
– Prevention and  
suppression

The prevention and/or suppression of harmful organisms should be achieved or supported among other options 
especially by:
•	 Use of adequate cultivation techniques (e.g. stale seedbed technique, sowing dates and densities, conserva-

tion tillage)
•	 Use, where appropriate, of resistant/tolerant cultivars and standard/certified seed and planting material
•	 Use of balanced fertilization, liming and irrigation/drainage practices
•	 Preventing the spreading of harmful organisms by hygiene measures 

(e.g. by regular cleansing of machinery and equipment)
•	 Protection and enhancement of important beneficial organisms, e.g. by adequate plant protection measu-

res or the utilization of ecological infrastructures inside and outside production sites 

Principle 2  
– Monitoring

Harmful organisms must be monitored by adequate methods and tools, where available. Such adequate tools 
should include observations in the field as well as scientifically sound warning, forecasting and early diagnosis 
systems, where feasible, as well as the use of advice from professionally qualified advisers. 

Principle 3 
 – Decision-making

Based on the results of the monitoring the professional user has to decide whether and when to apply plant 
protection measures. Robust and scientifically sound threshold values are essential components for decision-
making. For harmful organisms, economic threshold levels defined for the region, specific areas, and particular 
climatic conditions must be taken into account before treatments, where feasible. 

Principle 4  
– Non-chemical  
methods

Sustainable biological, physical and other non-chemical methods must be preferred to chemical methods if they 
provide satisfactory pest control.

Principle 5  
– Pesticide selection

The pesticides applied shall be as specific as possible for the target and shall have as ow side effects on human 
health, non-target organisms and the environment as possible 

Principle 6  
– Reduced pesticide use

The professional user should keep the use of pesticides and other forms of intervention to levels that are neces-
sary, e.g. by reduced doses, reduced application frequency or partial applications.  

Principle 7  
– Anti-resistance  
strategies

Where the risk of resistance against a plant protection measure is known and where the level of harmful orga-
nisms requires repeated application of pesticides to the crops, available anti-resistance strategies should be app-
lied to maintain the effectiveness of the products. This may include the use of multiple pesticides with different 
modes of action. 

Principle 8  
– Evaluation

Based on the records on pesticides use and on the monitoring of harmful organisms the professional user must 
evaluate the success of the applied plant protection measures
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A common factor of  these weeds is that we have a re-
asonable understanding of  their biology and behavior in 
meadows and pastures but lack a similar understanding of  
their biology on turfgrass surfaces that are cut frequently at 
a <20 mm mowing height. Earlier STERF projects sug-
gest that mechanical treatments need to be targeted to each 
individual weed species, but we don’t know when the target 
species are at their weakest point and most vulnerable to 
mechanical or thermal control. Information is therefore 
needed about the plasticity, phenology and compensation 
points (i.e. the time at which carbohydrate reserves are at a 
minimum) of  weed populations on golf  course fairways.  

Turfgrass competitiveness and allelopathy
SCANGREEN and other projects have shown significant 
variation among turfgrass species and varieties in their 
ability to resist weed invasion. This is usually related to es-
tablishment rate and tiller density, but especially in the case 
of  the fine-leaved fescues, US research has also documen-
ted differences in allelopathy (i.e. the release of  chemicals 
from roots or leaves/clippings that inhibit the germination 
and seedling growth of  other species) (Bertin et al., 2009). 
Clearly, this is a potential that needs further exploration 
under Nordic conditions.  
 

Invasive species 
In addition to the common weeds mentioned above, inva-
sive species are a major threat to biodiversity worldwide and 
are also becoming a problem on many golf  courses in the 
Nordic countries. Species such as Heracleum mantegazzianum, 
Solidago canadensis, Impatiens glandulifera and Pastinaca sativa 
can easily take a foothold in low-maintenance areas such as 
high roughs. They use these as stepping- stones for further 
invasion into neighboring areas. Golf  course construc-
tion or renovation projects involving soil transport over 
long distances are especially at risk, and there is a need for 
applied research to create guidelines for how to avoid this 
problem on Nordic golf  courses. 

Robotic mowing and new technologies to manage weeds
The impact of  robotic mowing on the encroachment of  
annual bluegrass and broadleaved weeds and the use of  
robots to mechanically remove weeds are aspects that war-
rant greater research in the program period (see STERF’s 
R&D program ‘New technologies for sustainable future’ for 
further discussion on the implementation of  these techno-
logies in an IPM context). 

Figure 2.  Strategy for Integrated Turfgrass Management (Adapted from T. Espevig)
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2.	 Monitoring and management of dollar spot 
Worldwide, dollar spot (Clarieedia spp) is the most seri-
ous disease for cool season turfgrasses. Since it was first 
documented in the Nordic countries ten years ago (Espe-
vig et al., 2015), it has become one of  the most prevalent 
turfgrass diseases in Denmark and southern Sweden. With 
climate change bringing milder winters and longer growing 
seasons, it is likely only a matter of  time before dollar spot 
becomes with ’a threat to turfgrass quality even in northern 
parts of  the Nordic countries.   

Exact identification and modelling of causal fungi  
for dollar spot 
Although dollar spot has been investigated in recent 
STERF projects, we have limited knowledge on the biology 
and management of  this disease under Nordic conditions. 
Of  the five or more species of Clarireedia causing dollar 
spot on North American golf  courses, C. jacksonii and C. ho-
moeocarpa have been identified as the most prevalent in Eu-
rope (Espevig, 2024). However, we know little about these 
fungi’s preferences in relation to grass species and climatic 
conditions. US greenkeepers take advantage of  the Smith-
Kerns dollar spot model (Koch et al., 2020) as an effective 
tool for predicting when dollar spot symptoms will develop, 
and preliminary data from Denmark also shows promising 
results with the same model (Normann, 2023,2024). There 
is a need to adjust the model and develop new economic 
thresholds given the limited access to fungicides in the 
Nordic countries.  Such an effort should also include more 
demonstration trials and surveys to validate the model.   

Removal of dew and guttation water
Another preliminary observation that warrants further 
research is the potential of  reducing dollar spot infection 
by removing dew and guttation water from turfgrass leaves. 
While a rough approximation from the USA suggests an 
average reduction in dollar spot infection of  30% through 
daily dew removal (P. Koch, personal communication), 
there is a potential for developing models that predict the 
amount of  dew and guttation water on leaf  surfaces and 
thus the optimal timing of  removal. Water on turfgrass 
leaves may be removed through timely brushing, mowing 
(using robotic mowers) or rolling, using ventilation fans or 
drying machines, or the regular application of  (de)wetting 
agents. Here, researchers should focus on finding the best 
method or combination of  methods.  

UVC radiation 
German experiments as part of  STERF’s and R&A’s IPM 
project have shown the potential for the use of  UV-C radia-
tion to suppress dollar spot on golf  course putting greens 
(Espevig, 2024). It is not known if  this suppression was 
a direct effect on the pathogen, as shown for many other 
diseases, or if  other molecular or physiological mechanisms 
were involved, as described by Vanhaelewyn et al. (2020). 
UV-C radiation was recently shown to improve tiller density 

and photosynthetic performance in the warm season turf-
grass grass seashore paspalum (Fan et al., 2024) and this is 
a potential that warrants investigation under Nordic light 
condition and with the grasses commonly grown on Nordic 
putting greens.  

Plant analyses and the role of oxalic acid 
An ongoing project on 12 golf  courses in the Netherlands 
is investigating the relationship between dollar infection and 
the chemical composition of  plant sap extracted from turf-
grass clippings (A. Wolleswinkel, personal communication). 
Of  special interest is sap pH and the concentration (balan-
ce) of  plant nutrients, water soluble carbohydrates, and oxa-
lic acid, which has been shown to exacerbate virulence of  
the dollar spot pathogen C. jacksonii at high concentrations 
(Huo et al., 2024). This is intriguing research that should 
be followed up, especially with the aim of  developing quick 
and reliable analyses and finding biochemical thresholds 
that put the turf  at risk of  dollar spot infection.   

Turfgrass recovery from dollar spot 
One aspect of  special concern is the long time needed for 
turfgrass recovery once an attack of  dollar spot fades out 
in response to decreasing temperatures in the fall. In many 
cases, the sunken depressions caused by coalescing infec-
tion centers seem to impair the playability of  putting greens  
well into the next growing season without any apparent 
effect of  repeated overseeding. Thus, as for abiotic winter 
damage, there is a need to find optimal fertilization, irriga-
tion, topdressing and overseeding practices for faster reco-
very from dollar spot infection. Special issues that call for 
further research are the optimal use of  soil surfactants, the 
possible impacts of  dollar spot on soil microbial life, and 
the possibility of  any allelopathic effects that inhibit seed 
germination and seedling growth after dollar spot infection.  
 
Resistance to dollar spot among turfgrass varieties 
US research has shown significant variation in susceptibility 
to dollar spot among creeping bentgrass varieties with Inde-
pendence as one of  the most susceptible and Declaration as 
a moderately resistant variety of  the most resistant varieties. 
However, this ranking was not confirmed in a STERF-fun-
ded screening study of  creeping bentgrass varieties under 
laboratory conditions (Espevig et al., 2022). The same 
study also showed slender creeping red fescue (F. rubra ssp. 
littoralis) to be less susceptible to dollar spot than Chewing’s 
fescue (F. rubra ssp. commutata), which is in conflict with the 
latest SCANGREEN test round showing all slender creep-
ing varieties except Seamist to be more susceptible than 
Chewing’s fescue (Hesselsøe et al., 2023). These conflic-
ting results call for wider testing of  dollar spot’s resistance 
across various test sites in the Nordic countries and perhaps 
also more in-depth research into the genetics of  dollar spot 
resistance, preferably in collaboration with leading turfgrass 
breeders. 
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3.	 Anthracnose and other diseases 
Anthracnose (Colletotrichum cereale) usually attacks putting 
greens that are weakened by low mowing heights and/or 
low nitrogen inputs. The development of  an IPM program 
that controls both microdochium patch and anthracnose is 
a special challenge in the Nordic countries as higher N app-
lications to control anthracnose in the late summer most 
likely lead to more microdochium patch in the following 
autumn and winter (Espevig, 2024).  

Other diseases and disorders such as brown patch (Rhizoc-
tonia solani), take-all patch (Gauemannomyces graminis), foliar 
and root pythium (Pythium spp.), and fairy rings (caused by 
basidiomycets in the soil or thatch) may also require atten-
tion during the upcoming program period, although the 
industry will likely prioritize research into these species less 
than for dollar spot. It is also possible that new diseases will 
appear due to climate change, more international travel, or 
the combination of  these and other factors. For the golf  
industry, it is important to establish an efficient surveillance 
program that can identify new diseases before they take a 
foothold in the Nordic countries. 

4.	 Soil microbiomes and disease suppression 
Metagenomics is defined as “the application of  modern 
genomics techniques without the need for isolation and lab 
cultivation of  individual microbial species”. Over the past 
two decades, such methods have been used increasingly 
to characterize soils that provide disease suppression in 
important agricultural crops, and with the falling price of  
DNA sequencing, this is likely to become an important 
tool, even in the case of  turfgrasses. In the Nordic countri-
es, there is already at least one commercial laboratory 
offering microbial ‘shotgun’ analyses of  turfgrass soils to 
identify microbial strains that are antagonistic to speci-
fic diseases or that provide stronger and healthier plants 
through a higher and/or more balanced uptake of  nutrients 
or water. More specifically, ongoing US research recently 
found significant variation among turfgrass soils in their 
ability to suppress dollar spot. The research also found that 
golf  courses with an intensive fungicide program had fewer 
beneficial microbiomes than golf  courses using less fungici-
des (Chou et al., 2022). All in all, metagenomics is a rapidly 
evolving area that is likely to offer new diagnostic tools and 
other applications to the Nordic golf  industry in years to 
come, and it is important for STERF to keep abreast of  
this development by funding unbiased research that puts 
new molecular techniques into an applied context. 

5.	 Insect pests 
Leatherjackets (the larvae of  crane flies, Tipula sp.) and gar-
den chafers (the larvae of  June beetles, Phyllopertha horticola ) 
are serious threats to turf  in the Nordic climate, especially 
on golf  courses and sports grounds, where the health of  
grass root systems is crucial for turfgrass functional qua-
lity. The larvae feed on shoots and roots and weaken the 

grass, which can result in large financial losses and reduced 
playability. Currently, there are no insecticides approved for 
the control of  insect pests in the Nordic countries. Even 
in emergency situations with severe damage on numerous 
golf  courses, the national authorities recently (2023 and 
2024) rejected applications from the Danish and Norwegian 
Golf  Federations to use an insecticide that is approved for 
use in UK, Ireland, the Netherlands and other European 
countries. Thus, the only option for Nordic greenkeepers is 
to use biological control agents such as entomopathogenic 
nematodes (EPN) or Bacillus thuringiensis (commercial pro-
duct Gnatrol), which are both very expensive and provided 
around 50% efficacy in Danish experiments cited by Hes-
selsøe et al. (2022). 

When fighting leather jackets, it is also a problem that the 
nematode Steinernema carpocapsae (Nemasys C) requires a soil 
temperature of  at least 15°C, which is usually higher than 
the actual temperatures when the larvae are at their most 
vulnerable stage in late September and October. A Finnish 
experimental EPN product (‘PeltoSukkula’, Hesselsøe et al., 
2022) and an EPN product marketed by Syngenta against 
leather jackets in the UK (Alex Cawley, personal com-
munication) claim to have lower temperature optimums. 
It has also been suggested that spring applications could 
be more effective than autumn applications under Nordic 
climate conditions. Recent identification of  adult crane 
flies laying eggs in September on a practice green at Bærum 
GC, Norway, has suggested that these belong to the species 
Tipula subcuntans, which appears to have a delayed life cycle 
compared with T. paludosa (NIBIO entomologist Anette 
Sundbye, personal communication). Taken together, these 
observations show a clear need for further research to 
improve the efficacy and timing of  biological control agents 
against insect pests on golf  courses. 

There is also another knowledge gap as we don’t know 
whether the most widely used turfgrass species on Nordic 
golf  courses are equally susceptible to leather jackets and/
or garden chafers, or whether there are differences in 
susceptibility among species, let alone varieties. Preliminary 
observations at Furesø GC in Denmark have suggested that 
both insect pests may be overcome by replacing some of  
the red fescue in fairways seed mixtures with hard fescue (F. 
brevipila). Like the exploitation of  allelopathic effects against 
weeds, this is an aspect that calls for further research of  the 
mechanisms involved, the optimal seed ratios between hard 
fescue and red fescue, and any variety differences within the 
two species. The inclusion of  hard fescue in fairway mixes 
may give added benefits, such as improved drought resis-
tance, but there is also a risk that too much of  this slow-
growing species will render fairways less tolerant to wear 
and compaction.  
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Pesticides constitute the top of  the IPM triangle (Figure 2) 
and are only used when other efforts to manage weeds, di-
seases and insect pests have failed. While STERF has a clear 
goal to minimize pesticide use, the foundation also suppor-
ted the European Golf  Association’s (EGAs) opposition 
to a total ban on pesticide use in ‘sensitive areas’. As such, 
STERF will continue to support research projects focusing 
on safe and efficient use of  pesticides. 

1.	 Analyses of the Danish database on pesticide  
	 use on golf courses and the implementation of  
	 a similar system in the other Nordic countries  
In collaboration with the Danish Golf  Union, Danish envi-
ronmental authorities have for many years practiced a sys-
tem in which each golf  course is allowed to apply a certain 
‘pesticide load’ depending on the size of  the golf  course. 
Each pesticide approved for use on Danish golf  courses 
has a certain ‘index’ depending on toxicity, environmental 
impact and other criteria, and it is then up to the course 
manager to prioritize which applications are most critical to 
the overall quality and playability of  the actual golf  course. 
This is a scheme that, perhaps with some national adjust-
ments, could be implemented in the other Nordic countries. 
Through monitoring, reporting and target setting of  pes-
ticide use, the scheme has also become a model for EGA’s 
Turfgrass Sustainability Roadmap 2023-2030.  Through the 
scheme, Danish authorities and the Danish Golf  Union 
have access to far better statistics on pesticide use on golf  
courses than in the other Nordic countries. The Danish 
pesticide database contains useful information that should 
also be analyzed scientifically to inform politicians before 
making decisions about pesticide use on golf  courses and 
other sensitive areas. 

2.	 Continued testing of new active ingredients  
	 and formulations for use on golf courses  
The low number and slow turnover of  active pesticide 
ingredients in the market increases the risk of  resistance to 
specific chemistries. While the evaluation of  safety, efficacy 
and optimal use of  old and new pesticides remains the re-
sponsibility of  the product owner, the golf  sector is such a 
small market niche that product owners cannot be expected 
to cover the entire costs of  providing all the data needed 
to include turfgrasses/golf  courses in the ordinary product 
labels. Together with chemical companies and national golf  
federations, STERF will therefore contribute to the provi-
sion of  data for potential registration of  new products that 
incur less risk for the development of  pesticide resistance 
and with a more benign ecotoxicological profile.   

The practice of  some of  the Nordic golf  federations of  
applying for minor use registration of  agricultural products 
for turf  as a cheap alternative to special turfgrass formula-
tions is debatable. To elucidate this practice, STERF welco-

mes research comparing the efficacy and safety of  agricul-
tural vs. turf  formulation under Nordic climate conditions. 

3.	 Risks for pesticide leaching and surface runoff  
While an early STERF-funded project showed significant 
differences in the leaching potential of  fungicides on sand-
based golf  greens (Larsbo et al., 2008), it was later docu-
mented that the risk for fungicide concentrations to exceed 
the Environmental Risk Limits are generally smaller for 
drain discharge than for surface water (Aamlid et al., 2020). 
Due to the climate prediction for higher rainfall intensities 
and more stormwater, there is a need to repeat these studies 
with a focus on new pesticides that have been approved for 
use on Nordic golf  courses in the recent decade. In colla-
boration with sources funding agricultural research, such 
studies may also be used to model the efficacy of  turfgrass 
species, mowing heights, etc. in buffer strips along water-
ways. 

4.	 Risks of human exposure 
Pesticides on golf  courses are commonly applied using 
small, open tractors/carriers or walk-behind spraying 
booms. When using such equipment, the greenkeepers 
are likely to be exposed to higher pesticide concentrations 
than farmers who operate large sprayers from protected 
tractor cabins. Golfers playing on sprayed turf  may also 
be exposed to pesticides through shoes, towels, and direct 
contact with golf  balls, and non-golfers using golf  courses 
for recreational purposes may be exposed to pesticides by 
crossing treated areas. National rules often prescribe that 
treated greens and fairways be labeled and closed to play for 
a certain number of  hours/days after spraying, but this is 
difficult in practice, especially in the case of  growth regu-
lators, which are often applied weekly or biweekly. Human 
exposure after pesticide application on golf  courses is an 
area that has not been explored by STERF previously and 
calls for more attention in the coming program period.  

Safe and efficient use of pesticides
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Every Nordic golf  federation, alongside the Nordic green-
keeper associations, national authorities and municipalities, 
is responsible for the implementation of  new knowledge 
through training, advisory services, field days, seminars, 
etc. At the same time, STERF plays an important role in 
facilitating and streamlining the information from research 
projects, especially through its website.

STERF’s goal is always to produce ready-to-use research, 
meaning that greenkeepers and other turfgrass managers, 
golf  course architects and environmental authorities should 
have rapid access to the latest knowledge from STERF-
funded projects. Results should not only be published 
scientifically in peer-reviewed journals or at international 
conferences, but as fact sheets, handbooks, popular articles 
and videos in the Nordic and English languages. Alongside 
STERF’s own website, other national and international 
websites, newsletters and greenkeeper magazines are im-
portant channels for this written information.

Educational institutions for greenkeepers in the Nordic 
countries also play an important role in using the ‘ready-
to-use’ research from STERF. Handbooks and fact sheets 
must be a part of  the curriculum in the education of  new 
greenkeepers and in courses for further training of  profes-
sionals. However, for that to happen, it is important that 
the information presented at www.sterf.org is relevant and 
updated with the latest findings in STERF-funded and 

other research projects. Most of  the 32 fact sheets on IPM 
and 13 fact sheets on WSM found on STERF’s website 
were published 8-15 years ago, and an update and revi-
sion of  this unique library should therefore be given high 
priority during the upcoming program period. Many of  the 
fact sheets should also be accompanied by short teaching 
videos. 

Field trials related to IPM usually have a strong visual 
component, and many often serve as sites for demonstra-
tions and field days. Large scale demonstration trials on 
golf  courses can also be the last stage for disseminating 
new knowledge from one project or a group of  projects to 
end-users, and this information can be spread to a wider 
audience using videos, webinars, etc.   

Although the primary target groups for STERF funded 
research are the greenkeepers and other turfgrass managers, 
it is also essential that information on hygiene measures and 
the possible implications of  pesticide restrictions on playing 
quality are spread to ordinary golfers (e.g. though articles in 
golf  magazines).  It is also important for the golf  and turf-
grass industry’s image that the industry’s continuous search 
for alternative solutions is conveyed to the general public 
through press releases, chronicles, newspaper articles, etc. 

COMMUNICATION  AND IMPLEMENTATION OF  
NEW KNOWLEDGE  AND  TOOLS

Since the implementation of  STERF’s first IPM program 
in 2010, there has been a close dialogue between STERF/
national golf  federations and the authorities responsible for 
the implementation of  IPM and pesticide legislation within 
the Nordic countries. Contact meetings have been held at 
irregular intervals, and many projects in STERF’s portfolio 
have been supported by national programs for reduced 
pesticide use. It is important for STERF to continue and 
strengthen dialogue with these authorities during the co-
ming program period. 

STERF also has a ‘sleeping’ industrial partnership program 
through which major actors in the turfgrass industry can 
commit to supporting the foundation’s general activities or 
specific research projects. Co-funding from the industry is 
a prerequisite in many applied research programs at the na-
tional, Nordic and EU level, and many companies are also 
interested in using results from STERF projects in their 

product information to customers. At the same time, it is 
important for STERF to maintain its integrity and inde-
pendence, and this can be best regulated by revitalizing the 
foundation’s industrial partnership program.  

Within the golf  sector, STERF has a long tradition of  col-
laboration with other research bodies such as R&A, USGA, 
CTRF, EGA, and the greenkeeper organizations at a natio-
nal and international (FEGGA) level. During the coming 
program period, STERF will strongly encourage internatio-
nal research projects co-funded by these and other partners.  
Another area for collaboration and shared project funding 
is the football sector and other sports that share the need 
for high functioning turfgrass surfaces with minimal use of  
pesticides. Gratees receiving funding from STERF should 
always be required to show how their research can be le-
veraged for larger grants from national governments or the 
EU.

DIALOGUE  AND COOPERATION  
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