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PORT FOR PRACTITIONERS AND CONTRI-
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SO THAT OUR COLLECTIVE KNOW-
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LEDGE IMPROVES. STERF SUPPORTS
SCANDINAVIAN SCIENTISTS IN THEIR
EFFORTS TO REDUCE PESTICIDE USE IN
TURFGRASS SYSTEMS, UNDERSTAND

Magnus Adén, Course Manager, Ullna GC.

CAUSES AND PREVENTION OF WINTER
INJURY, AND SOLVE OTHER PROBLEMS
"THE CREDIBILITY OF GOLF AS AN

THAT ARE UNIQUE TO NORTHERN CLI-

ENVIRONMENTALLY-FRIENDLY SPORT

MATES. SCIENTISTS AND TURFGRASS

DEPENDS ENTIRELY ON PROFESSIONAL

MANAGERS IN OTHER COUNTRIES USE

RESEARCH. IN THIS RESPECT, NORDIC

STERF-FUNDED RESEARCH TO PROVIDE

COLLABORATION PLAYS A DECISIVE

ANSWERS TO THESE PROBLEMS."

ROLE."

Karsten Thuen, Secretary General, Danish Golf Union

Peter Landschoot, Professor in Turfgrass Science,
Penn State University, USA.
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SCANDINAVIAN TURFGRASS AND
ENVIRONMENT RESEARCH FOUNDATION,
STERF

BACKGROUND

VISION

STERF BOARD, RESEARCH STEERING COMMITTEE

STERF is a leading international centre of competence and knowledge in environmental aspects of
turfgrass management for golf, delivering ‘ready to
use research results’.

AND DIRECTOR

The Nordic golf federations have ca. 900,000 members,
playing golf on more than 850 courses that cover a total
area of more than 55,000 ha. Any societal activity as significant as golf must take responsibility for building
knowledge through research and development (R&D).
R&D is a prerequisite for golf courses of high quality that
also ensure the sustainable use of natural resources. It is
therefore important that R&D in sports turf management and environmental issues continue to develop in the
Nordic countries. In the Nordic countries, R&D on
sports turf is a relatively new activity, compared with the
long tradition in agricultural and natural sciences and
with the long history of R&D on sports turf in major
golfing nations such as the USA, UK and Canada.
R&D is a necessary investment for the construction
and maintenance of economically viable golf courses
of high standard, and for establishing the credibility
of golf as an environmentally-friendly sport. There is
a shared Nordic interest and perspective on improving
our knowledge of how to manage turfgrass for golf. The
financial resources allocated for R&D in each country
are very limited. The number of scientists actively working within each priority R&D area is also quite limited compared with agricultural and forestry research.
The financial resources and efforts of these researchers
should be coordinated to optimize R&D within the golf
sector. ‘The Scandinavian Turfgrass and Environment
Research Foundation’ (STERF) was established in 2001
by the Swedish Golf Federation, together with the golf
federations of Denmark, Norway and Finland, and the
Swedish Greenkeepers Association (SGA), in order to
support existing and future R&D efforts.

PRINCIPAL STRATEGIES
1. Approach: Research financed by STERF should

be carried out at universities or research institutes
(or equivalent) where most of the research capacity
is concentrated. STERF has no research capacity in
the form of staff or facilities. The work is carried out
in project form and is user-driven.
2. Capacity: STERF strengthens research capacity by

encouraging and supporting networks and collaborating actively with key organisations in the field of
turfgrass management.
3. Application: STERF delivers research findings that

can be utilized in the development of appropriate
management practices and recommendations
(”Ready to use research”).
4. Resources: STERF receives funding from participa-

ting golf associations, which can be used to complement existing research funding from other sources.

STERF BOARD

Bruno Hedlund, Swedish Golf Federation, Chair
Osmo Saarinen, Finnish Golf Union, Vice Chair
Torben Kastrup Petersen, Danish Golf Union
Pål Melbye, Norwegian Golf Federation
Nick Jarvis, Swedish University of Agricultural Sciences
Trygve S. Aamlid, Norwegian Institute of Agricultural
and Environmental Research
Lars-Göran Bånge, Swedish Greenkeeper Association
Maria Strandberg, Swedish Golf Federation
STERF RESEARCH STEERING COMMITTEE

Maria Strandberg, Swedish Golf Federation, Chair
Kristiina Laukkanen, Finnish Golf Union,
Ole Martin Lilleby, Norwegian Golf Federation
Peter Landschoot, Penn State University
Karin Blombäck, Swedish University of Agricultural
Sciences
Arne Tronsmo, Norwegian University for Life Sciences
Anne Mette Dahl Jensen, Centre for Forest, Landscape
and Planning – KVL
Morten Eirik Engelsjord, Researcher
Martin Nielsson, Danish Greenkkeeper Association
Magnus Adén, Swedish Greenkeeper Association
STERF DIRECTOR

Maria Strandberg, Swedish Golf Federation
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There are several important reasons why Nordic R&D
is necessary. Central Scandinavia, Oslo, Stockholm,
Helsinki and Reykjavik lie at the same latitude as the
southern tip of Greenland (ca. 60oN). This gives a unique climate resulting from a combination of factors
such as light, temperature and precipitation, both
during the playing season and during winter. The
Nordic climate creates conditions for plant growth and
the construction and management of golf courses that
are not found anywhere else in the world.
Energy conservation will be an important question in the
future for the Nordic golf industry both from an economic and environmental point of view. Transport and
energy consumption based predominantly on fossil fuels
is expensive both for golf clubs and the individual golfer,
and may be the most important negative impact of golf
on the environment.
The golf sector is affected both by the requirements
of public authorities and an increasing environmental
awareness among the general public. Environmental
legislation in the Nordic countries is often much stricter than in other countries. For example, there are golf
courses in both Denmark and Sweden where the use of
chemical pesticides is banned or where the fees for irrigation water are prohibitive. In April 2006, the European
commission presented a proposal concerning directives
for sustainable use of pesticides, in which golf is directly
mentioned with a view to prohibition or severe restriction
of pesticide use. Only by continually supporting R&D
can we keep ahead of developments and influence new
legislation affecting the golf industry.
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STRATEGIC RESEARCH OBJECTIVES

The Nordic golf sector’s vision with respect to golf
course quality and the environment is:
● To promote high-quality golf courses, whilst guaranteeing a sustainable use of natural resources and
contributing to a healthy environment.
The aim of STERF is to support R&D that can help
the golf sector to fulfil this vision. The activities of
STERF should lead to improvements in golf course
quality, economic gains and environmental benefits.
The strategic objectives for STERF-funded R&D activities are that:

● The design, construction, management and administration of golf courses provide optimal conditions
for playing quality, the degree of utilisation of the
course, and management inputs
● The design, construction, management and administration of golf courses is economically and environmentally sustainable, for example with respect to
plant nutrient requirements, water use, control of
weeds and plant diseases, and energy consumption
● Golf courses contribute to preserving and improving
the natural and cultural value of the landscape and
promote biological diversity.

PRIORITY R&D AREAS

STERF has decided on the following important categories of research for a period of about five years:
● Breeding and evaluation of turfgrass species
and varieties,
● Winter stress management,
● Control of diseases, pests and weeds,
● Efficient use of water and plant nutrients,
● Environmentally-friendly course construction
practice and energy conservation, and

● Biodiversity of the golf course environment
Priority R&D areas will continuously be discussed and
re-evaluated by the STERF board and research steering
committee, and new areas may be added in the future.
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NITROGEN UTILISATION
EFFICIENCY IN DIFFERENT GOLF
GREEN CONSTRUCTIONS
Project period: From November 2001 - April 2004
Principle investigator / contact person: Karin Blombäck, SLU, Department of Soil Sciences, P.O. Box 7014,

SE-750 07 UPPSALA, Sweden. +46 18 671000. Karin.blomback@mv.slu.se
Co-applicants: Anna Hedlund, SLU, Department of Soil Sciences, P.O. Box 7014, SE-750 07 UPPSALA
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Talks at conferences, meetings, seminars, field days, etc.

Results have been presented at several Nordic seminars and courses for greenkeepers. Modification of fertiliser
recommendations is a result of the project.
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PROJECT SUMMARY AND STATUS BY 1 JANUARY 2007

There is still quite limited experience of how to maintain golf greens to minimize environmental impacts.
A study was set up at Fullerö GK near Västerås in central Sweden, to investigate the fate of nitrogen in a golf
green. Measurements were made of nitrogen leaching,
nitrogen removal with the grass clippings and nitrogen
stored in the soil, and nitrogen balances and nitrogen
use efficiency (NUE; nitrogen in grass clippings as a
percentage of added N through fertilisation) were calculated. Sampling was carried out during three 14-day
fertilisation cycles in 2001, 2002 and 2003. Nitrogen
removal with the grass clippings was generally the most
important measured flow of nitrogen (Fig. 1). Large
nitrogen losses and low nitrogen use efficiencies were
found early and late in the season when the potential
biomass production was limited by sub-optimal temperature and light conditions in spring and autumn (Fig.
1). NUE varied between 15 and 102 % during the study period. Leaching losses of mineral N were equivalent
to between 0.3 and 15% of the fertilisation.

As a result of this study, recommendations for N fertilisation have been modified to better match the potential
biomass production resulting from the climatic conditions.
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Figure 1. Nitrogen flows in the Fullerö experimental green: addition through fertilisation and removal through
grass clippings and leaching of NO3- and NH4+, and the calculated nutrient use efficiency (NUE; nitrogen in grass
clippings as percentage of added N through fertilisation).
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EVALUATION OF AGROSTIS AND
FESTUCA VARIETIES FOR USE ON
SCANDINAVIAN GOLF GREENS
Project period: January 2003 – December 2006
Principle investigator / contact person: Trygve S. Aamlid,

The Norwegian Institute for Agricultural and
Environmental Research, Bioforsk Øst Landvik, N-4886 Grimstad, Norway.
Tlf. + 47 90 52 83 78. E-mail: trygve.aamlid@bioforsk.no
Co-applicants: Bjørn Molteberg, The Norwegian Institute for Agricultural and Environmental Research,
Kåre Oskar Larsen, The Norwegian Food Safety Authority
Talks at conferences, meetings, seminars, field days, etc.

Results have been presented on more than 20 occasions at Nordic courses and seminars for greenkeepers and golf
course managers. The results have also been presented at International Turgrass Congress, Llandudno, Wales (12th
July 2005), at seminar at Penn State University (17th February 2006) and at and at the Nordic golf symposium in
Copenhagen (September 4-5, 2006) .

FUNDING (SEK):

2003

2004

2005

2006

Total

STERF

124.000

120.000

120.000

140.000

504.000

Other sources

120.000

120.000

120.000

60.000

420.000

SUM

248.000

240.000

240.000

200.000

924.000

PROJECT SUMMARY AND STATUS BY 1 JANUARY 2007

The first Scandinavian variety testing project under realistic green conditions was carried out from 2003 to
2006 on USGA-specification greens at the Norwegian
research stations Landvik (58°N, 12 m a.s.l.) and
Apelsvoll (61°N, 250 m a.s.l.). The two sites were considered to be representative for the southern/coastal and
the northern/continental zones of Scandinavia. The trials were managed as ordinary putting greens including
mowing three times per week to 4.5-5.0 mm for Festuca
and 3 mm for Agrostis and Poa. Forty-three varieties
belonging to six different species/subspecies were tested.

On average for varieties within each species, Agrostis
canina had the highest visual merit scores at both experimental sites. Poa annua ‘True Putt’ was at the bottom
of the list and should not be seeded on putting greens in
any part of Scandinavia. Within the other species,
recommended varieties have been ranked as follows:

CLIMATIC ZONE 1:
Denmark, south-western parts
of Sweden, coastal regions of
Southern Norway

CLIMATIC ZONE 2:
Finland, central and northern
parts of Sweden, continental, and
northern parts of Norway, Iceland

Golf courses with high maintenance budgets and
members accepting pesticide use

Agrostis canina: Villa
Agrostis stolonifera:
Independence, Nordlys, Penn G-1,
Penn A-1, Penn G-2

Agrostis canina: Greenwich, Villa
Agrostis stolonifera:
Nordlys, Penncross, Bueno,
Independence, Penn G-1

Golf courses with moderate budgets and/or members not accepting pesticide use

F.rubra trichophylla:
Cezanne, Barcrown
F.rubra commutata:
Center, Calliope, Kiruna, Blenheim
Agrostis capillaris:
Jorvik, Denso, Barking, Bardot

F.rubra trichophylla:
Baroyal, Cezanne
F.rubra commutata:
Kiruna, Soberana, Bargreen, Center
Agrostis capillaris:
Jorvik, Leirin, Bardot, Nor
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EFFECTS OF DEMAND-DRIVEN
FERTILIZATION ON GROWTH,
APPEARANCE, AND NITROGEN
USE EFFICIENCY OF TURF GRASS
Project period: January 2003 – 31 December 2004
Principle investigator / contract person:

Tom Ericsson, Department of Urban and Rural Development, Swedish University of Agricultural Sciences,
Box 7012, 750 07 Uppsala, Sweden.
Tlf. +46 18 672534. E-mail: Tom.Ericsson@sol.slu.se
Co-applicants: Karin Blombäck, Swedish University of Agricultural Sciences, Anna Hedlund, SWECO
Talks at conferences, meetings, seminars, field days, etc.

Results have been presented on more than 15 occasions at Nordic courses and seminars for greenkeepers and golf
course managers. The results have also been presented at the Nordic golf symposium in Copenhagen
(September 4-5, 2006).
FOUNDING (SEK):

STERF

PROJECT SUMMARY AND STATUS BY 1 JANUARY 2007

Grass growth in a Scandinavian climate is primarily
controlled by temperature and light. In spring, temperature constitutes the major growth limiting factor while in the autumn short days and a low solar angle means
that the lack of light is the greatest obstacle to growth.
It follows from this that grass growth on golf courses is
low in spring and autumn and peaks in the middle of
the summer. A consequence of this natural behaviour of
plants is that nutrient demands throughout the growing
season also follow this pattern. However, there is no
consensus today concerning the way fertilizers are applied on golf courses. The largest amounts of nutrients
are often applied early and late in the season and the
composition of the fertilizer varies greatly. As a conse-

2003

2004

TOTAL

150.000

150.000

300.000

quence, the nutrient use efficiency is generally low.
The objective of this project was to evaluate the
effects of demand-driven fertilization on growth, appearance and nitrogen use efficiency on creeping bentgrass,
‘Penn A4’. Demand-driven fertilization implies that
fertilizers are applied frequently (once per week) and
in doses adjusted to the growth climate and the desired
growth rate of the grass species in question. An ideal
fertilizer should contain all essential nutrients and the
proportions between the nutrients should remain fixed
during the whole growing season. Thus, no extra P or K
should be given during spring and autumn respectively.
Our results clearly show that demand-driven fertilization offers great advantages compared to present techniques. The fertilizer rate can be substantially reduced

with no negative effects on the appearance of the grass.
A high playing quality can be maintained during the
whole season and no extra precautions with regard to
fertilization are required in association with major playing events. Root development and the carbohydrate status of the grass are favoured when nutrients are given in
growth-limiting amounts during the growing season.
The fertilizer use efficiency is greatly improved when
the fertilizer doses are adjusted to season and the desired
growth rate of the grass. No extra K is required during
autumn in order to improve frost tolerance. No extra P
is required during spring in order to overcome the low
mobility of this element when the soil temperature is
low. A complete fertilizer is strongly advocated on
USGA greens in order to avoid serious nutrient deficiencies and the need for repeated soil analyses. More
information concerning the nitrogen growth relationship of the most common grass species is needed in order
to fully implement this concept and to identify the
lowest possible fertilizer rates that also maintain playing
quality.

Root development

14 STERF

RESEARCH OBJECTIVE

RESEARCH OBJECTIVE

BERIGOLF: BENEFITS AND ENVIRONMENTAL RISKS OF FUNGICIDE USE
ON SCANDINAVIAN GOLF GREENS
Project period: January 2004 – December 2005
Principle investigator / contact person: Trygve S. Aamlid,

The Norwegian Institute for Agricultural and
Environmental Research, Bioforsk Øst Landvik, N-4886 Grimstad, Norway.
Tlf. + 47 90 52 83 78. E-mail: trygve.aamlid@bioforsk.no
Co-applicants: Ole Martin Eklo, Gro Hege Ludvigsen, Ingerd S. Hofgaard & Bjørn Molteberg,
The Norwegian Institute for Agricultural and Environmental Research (Bioforsk)
Talks at conferences, meetings, seminars, field days, etc.

Results have been presented on more than 10 occasions at Nordic courses and seminars for greenkeepers and golf
course managers. The results have also been presented at meeting with representatives from R&A (25th may 2005)
at seminar at Penn State University (17th February 2006) and at and at the Nordic golf symposium in Copenhagen
(September 4-5, 2006).

FUNDING (SEK):

STERF

PROJECT SUMMARY AND STATUS BY 1 JANUARY 2007

While it is a long-term goal of the Scandinavian golf
sector to minimize pesticide use, one or two fungicide
applications against winter diseases can hardly be avoided on putting greens with a turf cover consisting of
Agrostis stolonifera or Poa annua. Thus, fungicides
used for this purpose should combine a high efficacy
against diseases with a low susceptibility to leaching.
As earlier projects showed iprodione to be susceptible to
leaching from USGA greens, the objective of this project was to evaluate three other fungicides used for turf.
The project was carried out at the Bioforsk research
stations at Landvik (58oN, 12 m.a.s.l.) and Apelsvoll
(61oN, 250 m.a.s.l.) in Norway. Two USGA-specifi-

2004

2005

Total

80.000

280.000

360.000

cation golf greens, one including lysimeters established
without organic matter or with 2% (w/w) garden compost (Green Mix) in the rootzone, were sprayed for two
consecutive years with prochloraz (450 g a.i./ha), azoxy
stobin+propiconazole (200+125 g a.i./ha), or trifloxyst
robin+propiconazole (187.5+125 g a.i./ha). Iprodione
(2250 g a.i./ha) was sprayed outside the lysimeters due
to space limitations. Compared to the unsprayed control treatment, none of the fungicides had any effect on
Gaumannomyces graminis, but azoxystobin+propico
nazole and trifloxystrobin+ propiconazole were more
efficient than prochloraz and iprodione in controlling
Microdochium nivale and Typhula incarnata. Organic
matter in the rootzone enhanced tiller density and overall turfgrass quality. Neither prochloraz nor trifloxystrobin were detected in water samples. Traces of propiconazole were detected in leachate, but concentrations
were mostly less than the environmental safety limit
(ESL). In contrast, azoxystrobin exceeded its ESL (0.90
µg/l) on four occasions, the largest value being 2.15 µg/
l. These detections were found in leachate from straight
sand rootzones: the larger soil organic matter content
in the ‘Green mix’ greens efficiently prevented leaching.
As azoxystrobin + propiconazole and trifloxystrobin+
propiconazole showed a similar degree of control of
winter diseases, the latter should be the preferred choice
for preventive fungicide applications in late autumn.
Use of azoxystrobin+ propiconazole should be limited
to greens with organic matter in the rootzone.
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LEACHING OF FUNGICIDES
FROM GOLF GREENS: QUANTIFICATION
AND RISK ASSESSMENT
Project period: May 2004 – June 2005
Principle investigator / contact person: Nicholas Jarvis, Dept. Soil Sciences, SLU, Box 7014, 750 07 Uppsala, Sweden.

Tel. 46 18 672465, email: nicholas.jarvis@mv.slu.se
Talks at conferences, meetings, seminars, field days, etc

Results have been presented on several occasions at Nordic courses (HGU) for greenkeepers and golf course managers, at the Norwegian Greenkeepers Association Field Day, Apelsvoll (19th May, 2004), at the Bioforsk Turfgrass
Centre Opening Seminar, Landvik, Norway, 12th August 2004, and at the Nordic golf symposium in Copenhagen
(September 4-5, 2006). The results have also been published in an international refereed journal (Pest
Management Science).
FUNDING (SEK):

STERF

PROJECT SUMMARY AND STATUS BY 1 JANUARY 2007

The objectives of this project were to i.) assess the leaching risk associated with fungicide use on golf greens in
Scandinavia, ii.) gain a better understanding of the processes controlling fungicide leaching from golf greens,
and iii.) identify, recommend and encourage the adoption of green construction and management practices
that minimize leaching. Leaching of Iprodione was
monitored at the research green at Fullerö GK,
Västerås, while degradation and sorption properties
were measured in laboratory experiments on root zone
material taken from Fullerö. This data was used to calibrate and validate the pesticide leaching model
MACRO. The calibrated model was then used as a basis
for a leaching risk assessment. ‘Scenario’ simulations
were run to demonstrate the effects of root zone organic

2004

2007

Total

320 000

10 000

330.000

matter content on the leaching risk. The main findings
and recommendations were as follows:
● Degradation of iprodione was initially very rapid
(half life < 1 day), which was attributed to microbial
adapation due to repeated applications of the compound. After this initial phase lasting c. 5 days,
degradation proceceeded at a slower rate (half-lives
22-38d). Iprodione was moderately strongly adsorbed to the green soil. The isotherm was linear with a
Koc value of 400 cm3 g-1.
● Despite the rapid breakdown, concentrations in
drainage water from the Fullerö green exceeding the
surface water quality guideline value (0.2 µg L-1)
were occasionally found.

● The model matched the hydrological observations
reasonably well, but could not match the peak concentrations of iprodione found in drainage water.
This was attributed to preferential flow in the green,
due to water repellency.
● The simulations showed the great potential for
minimizing losses of fungicides by appropriate green
construction practices. Increasing the organic matter
content in the root zone from 2 to 3% virtually eliminated leaching, while decreasing it to 1%
increased leaching by a factor 20.
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OPTIMAL MAINTENANCE FOR
HARDENING AND EARLY SPRING
GROWTH OF GOLF GREEN TURFGRASS
Project period: January 2006 – June 2010

PROJECT SUMMARY AND STATUS BY 1 JANUARY 2007

Principle investigator / contact person: Dr Mats Linde, Department of Soil Science, Swedish University of Agricultural

Winter injury on turf, especially on putting greens, is a
major problem on golf courses in Scandinavia. About
70% of Scandinavian golf courses suffer severe winter
damage every year. This increases costs for maintenance
and reconstruction as well as delaying the opening of
courses in spring. Playing conditions are sometimes not
satisfactory until late May.
The first part of this project entailed the building
of new research greens at Fullerö GK. After some problems with construction work in 2005, two very good
research and playing greens have now been established.
One of the greens is seeded with Red Fescue and one
with Creeping Bentgrass. The greens were seeded in
May 2006 and opened for play in August. An existing
annual meadow grass green at Fullerö Gk is also included in the project.
The winter hardening studies started in October
with fertilization and fungicide treatment carried out
according to the research plan. The first sampling of
plants for fructan analyses has also been done. In the
coming spring, the effects of protective covers on early
spring growth will be studied and during the summer,
the focus will be on the effects of demand-driven and
traditional fertilization regimes on playing properties
and grass growth.

Sciences. Box 7014, 750 07 UPPSALA, Sweden. Tel. + 46 (0)18 671273. E-mail: mats.linde@mv.slu.se
Co-applicants: Magnus Barth, Head Greenkeeper, Fullerö Golf Club. Dr Karin Blombäck, Swedish University of
Agricultural Sciences (SLU). Dr Tom Ericsson, Swedish University of Agricultural Sciences (SLU). M Sc
Maria Strandberg, Swedish Golf federation (SGF). Professor Arne Tronsmo4, Norwegian University of Life
Sciences (UMB)
Talks at conferences, meetings, seminars, field days, etc.

Results have been presented at several Nordic seminars and courses for greenkeepers.
FUNDING (SEK):

2006

2007

2008

2009/2010

Total

STERF

–

1 000 000

1 100 000

1 200 000

3 300 000

Other sources

–

500 000

500 000

500 000

1 500 000

1 500 000

1 600 000

1 700 000

4 800 000

SUM
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THE ROLE OF GOLF COURSES
FOR THE SUPPORT OF WETLAND
ORGANISMS IN GREATER STOCKHOLM
Project period: May 2006 – Dec. 2006.
Principle investigator / contact person: Johan Colding, PhD, The Beijer Institute of Ecological Economics, The Royal

Swedish Academy of Sciences, Box 50005, SE-10405 Stockholm.
+46 8 6739539; Email: Johanc@beijer.kva.se
Co-applicants: Jakob Lundberg. Department of System Ecology, Stockholm University. Stefan Lundberg,
The Swedish Museum of Natural History, Stockholm.
Talks at conferences, meetings, seminars, field days, etc.

Results have been presented on several occasions at Nordic courses and seminars for greenkeepers and golf course
managers. Results from the research project has so far been presented at the Department of Systems Ecology,
Stockholm University during PhD-thesis defense by Jakob Lundberg (15th September 2006). Results are currently
compiled as an article for possible publication in the peer-reviewed international journal of BioScience.

FUNDING (SEK)

STERF

PROJECT SUMMARY AND STATUS BY 1 JANUARY 2007

The goal of this research project was to investigate the
role of golf courses in providing habitat for macroinvertebrates and amphibians in greater Stockholm, Sweden.
The presence of macroinvertebrates and amphibians in
golf ponds of greater Stockholm, Sweden, was assessed
in order to examine the potential biodiversity-support
provided by golf courses in an urban setting. As a comparison, this fauna was also surveyed in reference ponds,
including ponds protected by legislation. 24 ponds were
selected for this analysis: 12 golf ponds (GPs) and 12
reference ponds (RPs). A random sample of ponds was
surveyed at the six most centrally located 18-hole golf
courses in Stockholm. Fauna was sampled during the

2006

Total

83.000

83.000

spring and early summer of 2005 (May 4 to June 7).
We sought to determine whether or not the surveyed
golf ponds and reference ponds differed regarding faunal diversity and pond status, as reflected in trophic
conditions. Differences among macroinvertebrates,
amphibians, and odonata were tested statistically using
a one-way analysis of similarities (ANOSIM) randomization test.
The results showed that the occurrence of species
that are sensitive to eutrophication was significantly
higher in golf course ponds compared to the surveyed
reference ponds. Both internationally red-listed and
nationally protected amphibians and macroinvertebrates were encountered on golf courses. Moreover, we

found that more than a quarter of all freshwater ponds
in the region of greater Stockholm are found on golf
courses. These habitats have been entirely overlooked in
previous faunal assessments. While there has been a global decline of wetlands and freshwater organisms, this
study shows that golf courses not only positively contribute to the creation of wetlands, but that they also
provide suitable habitats for many species, including
threatened species. An important implication of this
study is that golf courses fulfil important biodiversity/
conservation functions, which can be greatly promoted
through active management and design of courses and
specific habitats on golf courses.
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IMPROVED STRATEGY
FOR CONTROL OF MICRODOCHIUM
NIVALE ON GOLF COURSES
Project period:

January 2006 – December 2008

Principle investigator / contact person: Anne Marte Tronsmo

Norwegian University of Life Sciences, Department of Plant and Environmental Sciences, P.O. Box 5003,
NO-1432 ÅS, Norway. C/o Bioforsk Plantehelse, Plantevernbygningen, Høgskolevegen 7,1430 Ås
Mobile phone: +47 41518198. E- mail: anne-marte.tronsmo@umb.no
Co-applicants: Ingerd Skow Hofgaard, Bioforsk Plantehelse (ingerd.hofgaard@bioforsk.no). Bjørn Molteberg,
Bioforsk Apelsvoll (bjorn.molteberg@bioforsk.no)
FUNDING (SEK)

STERF

PROJECT SUMMARY AND STATUS BY 1 JANUARY 2007

The most important and widespread disease on golf
courses is Microdochium nivale. Most green keepers
attempt to control the disease by prophylactic spraying
with fungicides in fall. Preventive application of fungicides against snow mould is independent of the actual
risk of infection and disease development, and therefore
probably often unnecessary.
The aim of the present project is to understand how
inoculum of M. nivale survives from spring to fall, how
climatic conditions affect the potential inoculum and
how aggressiveness varies between strains. The project
will also clarify whether the fungicides approved for
control of snow moulds in the Nordic countries are
effective against M. nivale.
In April 2006 putative Microdochium nivale attacks
were registered on golf greens at 3 Norwegian golf
courses. Grass was sampled from the same spots on 3-5

2006

2007

2008

Total

370 000

380 000

350 000

1 100 000

occasions (April, May, June, September, November)
to isolate M. nivale. At Sorknes (Rena), M.nivale was
isolated only once (in May). At Mørk and Bogstad, M.
nivale was isolated from all spots in April, but fewer isolates were obtained in summer and fall. The procedure
for sampling and isolation is very time-consuming, so
fewer samples will be taken in 2007.
The effect of 14 different fungicides on mycelial
growth of M. nivale has been tested in vitro, in 2 experiments, each with 3 concentrations. At high concentrations, all fungicides had significant effects compared to

the control. At lower concentrations, clear differences
between the fungicides were found. The experiments
will be repeated in spring 2007.
Field tests of the effects of fungicides were carried out
at Mjøsen golfklubb. Plots were sprayed on the 24th
and 25th October. The treatments are: 1) Control, 2)
Trifloxystrobin + Propiconazole, 3) Propiconazole, 4)
Pyraclostrobin 250 g/l, 5) Picoksystrobin+cyprodinil.
Each treatment was replicated 3 times. The results, in
terms of winter injury and the occurrence of M. nivale,
will be recorded after snowmelt in spring 2007.
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INVESTIGATION OF BIODIVERSITY
AND NATURE CONSERVATION ON GOLF
COURSES IN SCANDINAVIA

EFFECTS OF ORGANIC
AMENDMENTS AND SURFACTANTS
ON HYDROPHOBICITY AND FUNGICIDE
LEACHING FROM AGING GOLF GREENS

Project period: February 2006 – February 2007

Project period: January 2006 – December 2007

Principle investigator/contact person: Bente Mortensen, GreenProject, Brønshøj Kirkevej 19, 2700 Brønshøj,

Principle investigator / contact person: Trygve S. Aamlid,

Danmark
Tel: +45 4119 8995. E-mail: bm@greenproject.dk
Co-applicants: Maria Strandberg, The Swedish Golf Federation.Ole Martil Lilleby, The Norwegian Golf Federation.
Torben Kastrup Petersen, The Danish Golf Union.

The Norwegian Institute for Agricultural and
Environmental Research, Bioforsk Øst Landvik, N-4886 Grimstad, Norway.
Tlf. + 47 90 52 83 78. E-mail: trygve.aamlid@bioforsk.no
Co-applicants: Nicholas Jarvis and Mats Larsbo, Swedish University of Agricultural Sciences. Arne Tronsmo,
The Norwegian University of Life Sciences.

Talks at conferences, meetings, seminars, field days, etc.

Talks at conferences, meetings, seminars, field days, etc.

Presentation of preliminary results at a seminar in Malmö, Sweden (September 2006), on environmentally-friendly
management of golf courses.
Report and articles will be finished in February 2007.

Results have been presented on some occasions at Nordic courses and seminars for greenkeepers and golf course
managers, and at the Nordic golf symposium in Copenhagen (September 4-5, 2006).
FUNDING (SEK):

FUNDING (SEK):

STERF

2006

Total

148.000

148 000

STERF

PROJECT SUMMARY AND STATUS BY 1 JANUARY 2007
PROJECT SUMMARY AND STATUS BY 1 JANUARY 2007

During the last 10 years, the Scandinavian Golf
Federations have focused on sustainable development
to find more environmentally-friendly ways to establish
and manage golf courses. The different countries have
different goals and level of ambition for the work being
carried out.
This study aims to assess i.) the current status of
environmental management on golf courses by interviews, ii.) the results achieved so far, and iii.) the impact
of a golf course on biodiversity, landscape and water
environment.
Cases studies describe the practical work at 3 golf
courses in Sweden, Norway and Denmark. Experiences
from working with environmental management at

these golf courses and in the golf industry in general,
has led to suggestions, recommendations and indicators
that will help to document results in the future.

Fungi, especially those causing winter diseases, are a
major problem on golf course putting greens in
Scandinavia. Although diseases can be prevented by cultivar selection and optimal maintenance, it is difficult
to manage creeping bentgrass (Agrostis stolonifera) and
annual bluegrass (Poa annua) greens totally without
fungicides. Earlier research funded by STERF showed
that two of the most commonly used fungicides, iprodione (Rovral/Chipco Green) and azoxystrobin
(Amistar) are liable to leach when used on sand-based
putting greens. One possible reason for this is the development of hydrophobic layers or spots causing water to
percolate in finger-like patterns instead of uniformly
through the root zone.
The objective of this project is to study the effect of

2006

2007

Total

400.000

300.000

700.000

one organic amendment and one surfactant on hydrophobicity and fungicide leaching from a USGA putting
green. An experiment is conducted with creeping bentgrass ‘Penn A-4’in the field lysimeter facility at Landvik,
Norway. The experimental plan includes two rootzones
(straight sand vs. sand amended with garden compost);
two surfactant treatments (no surfactant vs. monthly
application of Primer 604); and two fungicides (iprodione vs. azoxystrobin + propiconazole) in a factorial
combination. Turfgrass quality and disease occurrence,
infiltration of water vs. ethanol, water droplet penetration time, and spatial variability in soil water content
has been determined and related to fungicide detections
in leaching water.
The preliminary results from the first experimental year
have confirmed our hypothesis that fungicide leaching
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POTENTIAL FOR VELVET
BENTGRASS (AGROSTIS CANINA)
ON SCANDINAVIAN PUTTING GREENS
can be minimized by inclusion of organic matter in the
root zone and/or by regular use of surfactants. The surfactant improved turf quality on straight sand root
zones during the warm and dry summer of 2005, reduced water droplet penetration time at 1 and 2 cm depth
in the soil, and reduced the spatial variability in the soil
water content at 4-10 cm depth. This indicates that
hydrophobicity extended far deeper in the profile than
just the thatch layer. The reduction in leaching due to
surfactant use was more pronounced for azoxystrobin
and propiconazole than for iprodione. At the same
time, azoxystrobin and propiconazole were more efficient that iprodione in controlling turfgrass diseases in
autumn.

Project period: JANUARY 2006 – DECEMBER 2010
Principle investigator / contact person: Trygve S. Aamlid,

The Norwegian Institute for Agricultural and
Environmental Research, Bioforsk Øst Landvik, N-4886 Grimstad, Norway.
Tel. + 47 90 52 83 78. E-mail: trygve.aamlid@bioforsk.no
Co-applicants: Anne Marte Tronsmo and Arne Tronsmo, Norwegian University of Life Sciences (UMB). Bjørn
Molteberg, The Norwegian Institute for Agricultural and Environmental Research. Stacy Bonos, Bingru Huang and
James A. Murphy, Rutgers University, USA. Katerina Jordan and Eric Lyons, University of Guelph, Canada.
Frank Rossi, Cornell University, USA.

FUNDING (SEK):

STERF

2006

2007

2008

200.000

600.000

560.000

750.000

1.000.000

1.000.000

811.000

3.561.000

1.350.000

1.760.000

1.000.000

811.000

4.921.000

Other sources
SUM

200.000

PROJECT SUMMARY AND STATUS BY 1 JANUARY 2007

During 2003-06, velvet bentgrass (Agrostis canina L.)
showed better winter survival and turf quality than any
other species in the green trials at Bioforsk Apelsvoll
and Landvik, Norway. Recent research in North
America suggests that velvet bentgrass is a good alternative for integrated pest management as it tolerates shade, drought, frost, acid soils, and many diseases better
than most cultivars of creeping bentgrass
(A.stolonifera).
Major concerns for the use of velvet bentgrass on
Scandinavian putting greens are (1) whether current
cultivars have sufficient winter hardiness; (2) if they are
tolerant to wear; and (3) if it is possible to control the

2009

2010

Total
1.360.000
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TURFGRASS DEMONSTRATION
TRIAL IN DALARNA

rapid formation of thatch in this species. The present
project attempts to meet these challenges. Screening
of cultivars for winter hardiness will be carried out in
controlled environments at UMB during the winters of
2006/2007 and 2007/2008. Root zone compositions,
fertilizer levels, irrigation regimes and methods for
thatch control will be evaluated from May 2007 to May
2010 in field trials on greens exposed to various wear
intensities at Bioforsk Apelsvoll and Landvik. From
2008 to 2010, experimental results will be implemented on demonstration greens at golf courses representing different climatic zones.
The project is a collaborative effort by Bioforsk, UMB,

Rutgers and Cornell Universities, USA, and University
of Guelph, Canada. In addition to the grant from
STERF, funding has been provided by Bioforsk and
The Norwegian Research Council to cover the expenses
of a graduate student taking a Ph.D. as part of this project. The graduate student will receive part of his/her
training in USA and Canada.
As of 1 January 2007, trials comparing tolerance to
frost, ice encasement, pink snow mold (Microdochium
nivale) in hardened and unhardened plants of cvs.
Avalon, Villa, Legendary and Greenwich have been
started, but it is too early to present preliminary results.

Project period: January 2006 –December 2008
Principle investigator / contact person: Bengt Svärd, Swedish Golf Federation. Uvnäs 50, 791 91 Falun, Sweden

+46 23 301 72 E-mail bengt.svard@sgf.golf.se
Co-applicants: Bengt Pettersen, DGDF. Mikael Lagestam, Samuelsdals GK.
Talks at conferences, meetings, seminars, field days, etc.

Presentations at local seminars for superintendents.
FUNDING (SEK)

2006

2007

2008

STERF

40 000

–

–

Other sources

40 000

–

–

SUM

80 000

PROJECT SUMMARY AND STATUS BY 1 JANUARY 2007

The purpose of the grass trial in Dalarna is to improve
knowledge of grass for golf greens among members of
greens committees and golf course staff in the region.
Another objective is to illustrate species tolerance
against diseases, especially winter kill/injuries and tolerance to wear. The plots were constructed according to
USGA specifications with 30 cm of ‘green mix’ overlying 10 cm of gravel. Seeding was carried out on the 6th
September 2006. 16 varieties representing four different
species are included in the trial.
Preliminary results of the project suggest that bentgrass is less tolerant against snow mould than festuca
species. Another observation is that a seeding rate of
10 g/m2 appeared too much for Agrostis canina (velvet
bent) varieties.

Total

80 000
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TURFGRASS AND ENVIRONMENTAL
RESEARCH WORKSHOP

The turfgrass and environmental research workshop
was arranged by STERF in collaboration with the
Danish Golf Union and the Centre for Forest,
Landscape and Planning, September 4th -5th 2006, in
Copenhagen, Denmark.
Only a small number of people are involved in golf-related
research in Scandinavia. An effective exchange of knowledge is therefore necessary if we want to maintain and improve
the relevance and usefulness of the research carried out.

WHAT SHOULD BE THE FUTURE FOCUS
AREAS IN RELATION TO GOLF RESEARCH?
’TURF’-RELATED:

● Lack of adapted cultivars, Stress tolerance – physiological reactions, Microbial communities, Playing
quality - what is this?, The use of pesticides and fertilisers, Water use, Winter stress/winter survival,
Organic matter in greens, Tolerant grass species,
Thatch control.
GOLF COURSE RELATED:

The aim of the workshop was to strengthen research
collaboration in Scandinavia, to generate new ideas and
to give an indication of the research and focus areas
which should be given priority by the Scandinavian
Turfgrass and Environment Foundation in the future. A
further aim was to discuss how to secure a coordinated
effort in the future and to identify where knowledgesharing and collaboration across national borders could
push the research effort forward. A number of questions
were asked to inspire the discussion. Some of the conclusions from the workshop are listed in the following.

● Architecture and construction, Health benefits,
Landscape issues, Cultural heritage
OTHERS:

● Logistics and energy use (traffic), Information and
communications, Image of golf course management, Wildlife, Environmental approach,
Economics of different kinds of golf course management, Education of players, club managers
and greenkeepers
HOW DO WE EXTEND THE COLLABORATION

WHAT IS THE MAIN PROBLEM IN

BETWEEN RESEARCHERS IN SCANDINAVIA?

RELATION TO GOLF COURSES IN SCANDINAVIA?

● More information flow between universities in
Scandinavia.
● More workshops like this, and a structured and defined network.

● The main problem for golf is the generally-held view
that golf is a sport mostly for rich people, which is
not friendly to the environment. This misconception is often encountered both from the public sector and from various organisations.
● Serious problems: Winter damages, Global warming
effect, Weed control

SEMINARS AND WORKSHOPS
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06-01-01, 06-12-31

05-01-01, 05-12-31

3 174 479

1 928 525

3 174 479

1 928 525

Revenue

Expenses
Other external expenses

-1 075

-1 030

-1 075

-1 030

3 173 404

1 927 495

Interest

41 533

9 033

Surplus

3 214 937

1 936 528

Income from financial items

BALANCE SHEETS
06-12-31

05-12-31

Cash and bank balances

3 334 101

1 506 132

Total assets

3 334 101

1 506 132

Assets

Labilities and equity
Equity
Restricted reserves

Aamlid, T.S. 2003. Kraftig satsing på
golfgras i Planteforsk. Gressforum
2003 (3)2, 24-25.

varieties for use on Scandinavian golf
greens. International Turfgrass Society
Research Journal 10: 52-53. (Annexe)

Aamlid, T.S. 2003. Prøving av kvein- og
rødsvingelsorter på golfgreen. Park &
anlegg 2(4): 14-16.

Aamlid, T.S., B. Molteberg, A.A.
Steensohn, Å. Susort & F. Enger 2005b.
Evaluation of Agrostis and Festuca
varieties for use on Scandinavian
golf greens. Results from the sowing
year 2003 and the first two green
years 2004 and 2005. Report to the
Scandinavian Turfgrass Research
Foundation. 21 pp.

Aamlid, T.S. 2004. Nye forsøksgreener
på Landvik. Park & anlegg 3 (7): 14-17.
Aamlid, T.S., B. Molteberg, M.E.
Engelsjord & K.O. Larsen 2003.
Evaluation of Agrostis and Festuca
varieties for use on Scandinavian golf
greens. Results from the sowing year
2003. Report to the Scandinavian
Turfgrass Research Foundation. 19 pp.
Aamlid, T.S. & B. Molteberg 2004a.
Evaluation of Agrostis and Festuca
varieties for use on Scandinavian golf
greens. Results from the sowing year
2003 and first green year 2004. Report
to the Scandinavian Turfgrass Research
Foundation. 24 pp.
Aamlid, T.S. & B. Molteberg 2004b.
Utprøving av grasarter og -sorter på golfgreener. Resultater fra green-forsøka på
Landvik og Apelsvoll i såingsåret 2003.
Gressforum 1/2004: 18-21.

243 429

241 352

Non restricted reserves

2 548 938

777 969

Total equity

2 792 367

1 019 321

Aamlid, T.S., B. Molteberg & A. Tronsmo
2004. Norske grassorter på norske golfbaner. Gressforum 2/2004: 20-23.

Other current labilities

541 734

486 811

Total current liabilities

541 734

486 811

Aamlid, T.S. & B. Molteberg 2005. Klare
forskjeller i overvintring og tidspunkt
for vekststart på Planteforsks forsøksgreener. Gressforum 2/2005: 18-21.

3 334 101

1 506 132

Current liabilities

Total liabilities and equity
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COLLATED LIST OF PUBLICATIONS

INCOME STATEMENTS

Net revenue

PUBLICATIONS

Aamlid, T.S., B. Molteberg, F. Enger, Å.
Susort, Å. & A.A. Steensohn 2005a.
Evaluation of Agrostis and Festuca

Aamlid, T.S. 2006. Vilka svampmedel är
effektivast och samtidig mest miljovänliga ? Greenbladet 23(5), 58-59.
Aamlid, T.S. 2006. Seks råd for bedre
vinteroverlevelse: Råd til norske golfklubber før vinteren. NGF nyhetsbrev,
nov. 2006.
Ericsson, T. 2005. Inverkan av behovsanpassad gödsling på golfgräs tillväxt,
utseende, och kväveutnyttjande. - www.
fou.golf.se
Ericsson, T. 2006. Behovsanpassad
gödsling. – Greenbladet, 2: 74-76.
Hedlund, A., 2002. Vart tar kvävet
vägen. Greenbladet, nr. 4.
Hedlund, A. & Strandberg, M., 2005.
Gräsets tillväxt och kvävegödsling i
Skandinavien. Greenbladet, April nr 2,
sid 30-31
Hedlund, A., Blombäck, K. &
Strandberg, M., 2003. Nitrogen use
in a golf green during one season
in the Mälar region in Sweden. 1st
International Conference. Turfgrass
management & Science for Sport

Fields. Athens, Greece, 2-7 June 2003.
Hedlund, A., Blombäck, K. &
Strandberg, M., 2005. Nitrogen flows
and use efficiency in a golf green during
three seasons in central Sweden.
International Turfgrass Society Annexe
– Technical Papers 2005. 10: p. 11-12.
Hedlund, A., Blombäck, K. &
Strandberg, M., 2007. Three-year
study of nitrogen flows and use efficiency in a golf green in central Sweden.
Manuscript.
Molteberg, B. & T.S. Aamlid 2005.
Utprøving av grasarter og -sorter på golfgreener. Greenbladet 22 (2): 24-28.
Molteberg, B. & Aamlid, T.S. 2006.
Grasarter og sorter til golfgreener.
Bioforsk Tema 1 (25): 1-5.
Strömqvist, J. & Jarvis, N.J. 2005.
Sorption, degradation and leaching of
the fungicide Iprodione in a golf green
under Scandinavian conditions: measurements, modelling and risk assessment. Pest Management Science, 61,
1168-1178.
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IF YOU HAVE ANY QUESTIONS ABOUT STERF OR
THE PROJECTS SUMMARISED IN THIS REPORT, PLEASE CONTACT:
Maria Strandberg, STERF Director
E-mail: Maria.strandberg@sgf.golf.se
Telephone: + 46 8 622 15 27, + 46 70 620 17 87

Bruno Hedlund, STERF Board, Chair
E-mail: bruno.hedlund@sgf.golf.se
Telephone: + 46 31 335 56 34, + 46 704 20 56 34

Osmo Saarinen, STERF Board, Vice Chair
E-mail: Osmo.saarinen@golf.fi
Telephone: + 35 89 3481 25 20, + 35 8400 410 138
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