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ICE-BREAKER’ shall generate knowlegde on how to
prevent and repair ice and water damage on golf course
putting greens
for the Norwegian golf industry as a
whole. Half of this was lost revenue /
green fee because of – on average – a
3.5 weeks delay in the opening of golf
courses in spring; the other half was
extra costs to labor, seed, fertilizer and
machinery to repair the winter-killed
playing surfaces. Unfortunately, we
anticipate that ice encasement and
damage from melting water will become even more prevalent on Nordic
golf courses in the future as global
warming causes more precipitation
and frequent temperature fluctuations
during winter.
NGF/STERF has contracted NIBIO
to implement the Research, Development and Communication activities
in the project. Eight NIBIO-scientists
with different areas of expertise shall
be involved under the coordination of
Trygve S. Aamlid.
Photo:Oddbjørn Tidemand

‘Winter stress management’ has for
many years been one of four thematic areas prioritized by the Scandinavian Turfgrass and Environment
Research Foundation (STERF). We
are therefore proud to present the
new project ‘ICE-BREAKER which
hopefully will become a breakthrough in STERF’s efforts to reduce winter damages and produce
better playing surfaces, not only in
the Nordic countries, but also other
regions with similar climatic coditions.
‘ICE-BREAKER’ is an industrydriven project, owned by the Norwegian Golf Federation (NGF)
and funded by NGF, STERF, the
Research Council of Norway, the
Swedish Golf Federation (SGF), the
Norwegian company ‘7Sense’ and
the four Norwegian golf clubs Haga,
Bærum, Asker and Holtsmark.

The Initiative to ‘ICE-BREAKER’
was taken after severe ice- and water
damages on many Norwegian golf
courses during the winter 2017-18.
In 2018, the average economic loss
per 18 hole golf course was estimated
to 40.000 Euro, or almost 5 mill Euro

The project will also benefit from
experts and advanced laboratory facilities at the University of Minnesota
and the University of Massachusetts in
USA, and from the turfgrass agronomist Carl Johan Lönnberg, Swedish
Golf Federation, who in previous
STERF-projects has been working
with sowing machines and sowing
techniques for faster recovery after
winter damages (Lönnberg 2018).

ICE-BREAKER: Reducing the agronomic and economic impact of ice
damage on golf courses and other grasslands
Project period: 2020-2023
Project leader: Pål Melbye, Norwegian Golf Federation (NGF);
paal.melbye@golfforbundet.no
Project scientific coordinator: Trygve S. Aamlid, Norwegian Institute for
Bioeconomy Research (NIBIO); trygve.aamlid@nibio.no
Project objective: Better understanding and improved strategies to prevent
and repair damages caused by ice cover and melting water on golf courses
and other grasslands
Total 4-yr budget: 10.5 mill. NOK (aprox. 1.0 mill.EURO)
For more information about the project, go to www.sterf.org.
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‘I’ll be your ICE-BREAKER’
Do you ever watch to the EuroVision song contests ? If so, the
project title ‘ICE-BREAKER’ might
give you some associations: In
2016, Agnete Johnsen represented
Norway with the song ‘ICE-BREAKER’ in the Eurovision final that
was held in Stockholm that year.
Agnete did not win the contest,
but she certainly provided inspiration for the name of our proejct.
You can listen to Agnete’s ‘ICEBREAKER’ at https://www.youtube.com/watch?v=BhFQaas5wFQ

Six Work Packages
(Subprojects)
ICE-BREAKER is a four year project
(2020-2023) with a total budget of
10.5 mill NOK (about 1 mill Euro). It
comprises six subprojects (so-called
‘Work Packages’, WPs). WP 1-4
deals with measures to prevent ice
and water damage and WP 5-6 with
methods to repair greens that have
been killed by ice and/or melting
water during winter.
WP 1: Screening for anoxia tolerance

In WP 1, our aim of is to develop a
safe and efficient method to screen
turfgrass species and varieties for
tolerance to oxygen deficiency and/or
accumulation of CO2 and toxic gases
under ice or impermeable plastic
covers. The WP will be carried out
as an extension of the SCANGREEN
variety trial at NIBIO Landvik. Disc
samples, 10 cm in dimeter and 15
mm deep, i.e. including most of the
thatch/mat layer, will be taken from
selected varieties with a cup cutter
at the onset of winter in November.
The samples will be vacuum-sealed
in plastic (Photo 1a) and incubated in
darkness at 0°C (i.e. the temperature
normally prevailing under ice cover).
After an increasing number of days
under these anaerobic conditions,

Photo 1a,b. In WP 1, discs from 30 widely used and some new varieties of bentgrasses and red fescues will be vacuum-sealed and incubated at 0°C to determine
tolerance to anaerobic conditions under ice encasement. These photos were taken
during similar work with Poa annua at Penn State University.
Photos: Trygve S. Aamlid.

the sealed samples will be opened,
the discs divided carefully, individual
tiller groups transferred to pot trays
(Photo 1b) and the trays placed in a
greenhouse or growth chamber to determine survival. The method was developed for David Huff’s Poa annua
selections during Trygve S. Aamlid’s
visit to Penn State University many
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years ago (Aamlid et al. 2009) but
will now be adapted to other species
and varieties which hopefully have a
better tolerance to anoxia. WP-leader
is Karin Juul Hesselsøe at NIBIO
Landvik.

well underway with this development
and is currently testing a prototype in
the laboratory. Leaders for WP2 are
Wendy Waalen and Pia Heltoft, NIBIO
Apelsvoll.
WP 3: Gas sensors as a decision support tool for when to aerate or remove
impermeable covers on greens.

WP 3 will be conducted at the four
golf courses Haga, Bærum, Asker and
Holtsmark, all located 10-50 km south
west of Oslo. During the past two winters, these golf course have successfully covered most of their greens with
impermeable plastic covers (Photo 3).

Photo 2. In preparation for WP2, stripes of creeping bentgrass, red fescue and annual bluegrass have been established on a new experimental green at NIBIO Apelsvoll. Creeping bentgrass and red fecue were seeded; annual bluegrass established
using plugs from an old green. Photo: Pia Heltoft.

WP 2: Plastic covers vs. snow and ice
removal to minimize ice and water
damage

In WP 2, the aim is to investigate advantages and disadvantages of impermeable plastic covers and the timing
of snow and/or ice removal during
winter. A new sand-based green has
been established at NIBIO Apelsvoll
(140 km north of Oslo, in a continental
area that used to have stable winters
but is now increasingly facing the
challenges of ice and melting water).
The green has been established with
replicated stripes of creeping bentgrass, red fescue and annual bluegrass
(Photo 2).

ture, O2 and CO2 concentrations under
ice or plastic covers during winter.
The development of gas sensors to
be deployed under ice is a challenge
as the electronics have to be protected
against melting water by some sort of
semipermeable membrane while at the
same time giving a correct measurement of O2 and CO2 concentrations at
the green surface. 7Sense is, however,

While the course managers are convinced that plastic covers is a key to
better winter survival, there is a debate
about aeration systems and aeration
frequency under the covers with different turfgrass species, especially
in situations where there is a heavy
snow or ice layer above the plastic
As part of ‘ICE-BREAKER’, we will
therefore compare inflatable flat tubes
with perforated drainage tubes under
the covers. Furthermore, 7Sense will
install the same type sensors as in
WP2, thus allowing greenkeepers to
test different CO2 or O2 concentrations
as thresholds for when to aerate under
the covers. WP-leader is Trygve S.
Aamlid, NIBIO Landvik.

Perpendicular to these stripes, we will
from November impose different treatments such as plastic cover throughout
the winter or snow removal from
November to early January to improve
turfgrass acclimation and reduce the
amount of melting water during mild
spells.
In this WP, the commercial partner
7Sense will also install sensors in the
thatch/mat layer on different plots
to continuously report to our smart
phones the development of tempera-

Photo 3. Covering greens with plastic before winter at Asker GC.
Photo: James Bentley.
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WP 4: Better control of the critical
transition from winter to spring.

A statement sometimes heard from
Scandinavian farmers and turfgrass
managers is that ”it is not the winter
that kills the grass, but the transition
to spring”. This is not surprising as
the sudden exposure to normal oxygen levels and high light intensity can
be very stressful for plants than have
been under snow, ice or plastic covers
for several weeks or months.
The scientific term for this type of
stress is ‘phytoinhibition’ and it is
usually explained by the formation of
reactive oxygen species that are toxic
to plants. Possible measures against
this type of stress may be the application of antioxidants or the use of
spring covers that reduce light intensity (and also protect against desiccation) in spring.
Research into turfgrass metabolic
responses to such conditions requires
advanced laboratory facilities and
will be carried by WP-leader Sigridur
Dalmannsdottir, NIBIO Holt, partly
during long-term visits to our collaborating universities in Minnesota and
Massachusetts.
WP 5: Identification, quantification
and elimination of toxic compounds
before reseeding greens killed by ice
encasement

Many superintendents have experienced that is more difficult to reestablish dead greens after ice encasement than after freezing injury, snow
mold damage or other types of winter
damage. A common explanation
for this is accumulation of alcohols,
organic acids or other toxic products
of anaerobic respiration. The objective
of WP 5 is to identify and quantify
these toxic compounds and also to
find out how they can be eliminated as
fast and efficiently as possible, e.g. by
spiking (aeration) or by flushing the
greens with high amounts of oxygensaturated water shortly after ice melt
or ice removal.
In preparation for this, we have established a new green at Apelsvoll using

Photo 4. A new experimental green for use in WP 5 was sodded with 2 year old turf
of creeping bentgrass and red fescue in June 2020. Photo: Pia Heltoft.

two-year old sod of either red fescue
or creeping bentgrass (Photo 4).
The rationale for using sod is that the
toxins are produced not only by the
grass, but also by microbial fermentation in the thatch/mat layer. In WP 5 it
will be particularly interesting to compare the production of toxins on red
fescue vs creeping bentgrass greens
as these grasses produce a thatch/mat
layer with different structure, color
and chemical composition (Photo 5).

The chemical analyses will be
conducted by Marit Almvik and
Monica Fongen at NIBIO’s department for pesticides and natural
product chemistry, and there will also
be bioassays testing germination and
seedling growth of creeping bentgrass
and red fescue in petri dishes filled
with extracts from the winter-killed
greens. WP-leaders are Trygve S.
Aamlid in collaboration with Tatsiana
Espevig and Karin Juul Hesselsøe,
all NIBIO Landvik, and Pia Heltoft,
NIBIO Apelsvoll.

Photo 5. Plots established with creeping bentgrass (left) and red fescue (right) sod
have different thatch/mat layers. In WP 5 we will investigate the risk for accumulation of germination inhibitors in these greens during ice encasement. Photo: Trygve
S. Aamlid.
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Photo 6. In WP 6 we will compare seeding techniques and creeping bentgrass varieties / seed priming techniques for reestablishment of winter-killed greens. Responsible for these tests are Carl Johan Lönnberg. Swedish Golf Federation (to the left ).

WP 6: Variety selection, seed priming
and testing of sowing machines for
faster recovery of winter-killed greens.

Our collaborators in Minnesota
recently published a paper showing
various creeping bentgrass cultivars
to have different germination rates at
low soil temperatures (Heineck et al.
2019). In the Nordic countries, we
were concerned by the finding that
‘Independence, which for many years
has been one of the most widely used
cultivars, was found to be one of the
slowest to germinate at low temperature, significantly behind cultivars
such as ‘007’, ‘Pure Select’ and ‘Pure
Distinction’. In the sixth and last WP
of ICE-BREAKER we will therefore,
in close collaboration with our US collaborators and the Swedish turfgrass
agronomist Carl Johan Lönnberg,
follow up these findings in field trials
with different sowing techniques and
sowing machines, partly at NIBIO
Landvik and partly on winter killed
greens in central and northern Sweden. For some of the creeping bentgrass cultivars, we will compare under
practical field conditions unprimed
seed lots and seed lots that have been
primed (pregerminated) according to a
protocol recently developed at University of Massachusetts. The WP will
be coordinated by Trygve S. Aamlid,
NIBIO Landvik.

Technology transfer /
dissemination of
results
In STERF projects, there is always
a strong emphasis on ’ready to use
research’ and communication to the
industry. An important part of ICEBREAKER is therefore the four
year dissemination plan which was
submitted to STERF and the Norwegian Research Council as part of the
proposal. Apart from scientific and popular articles, this plan includes field

days, videos and talks at meetings and
seminars, both within and beyond the
Nordic countries.
On the condition that it can be carried
out safely in the light of Covid 19
pandemic, a first chance to get more
detailed information and preliminary
results from ‘ICE-BREAKER’ and
related projects in other countries is
the symposium ‘Turfgrass Winter
Stress Management’ which has been
scheduled on Friday 16 July 2021 as
part of the 14th International Turfgrass
Conference in Copenhagen.
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