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About 70% of  the golf  courses in the Nordic countries 
suffer from winter damage every year, and the associated 
average annual costs per golf  course are an estimated €35 
000-40 000. Winter damage also has great environmental 
implications, as re-establishment of  dead turf  in spring 
increases the need for energy, fertilizer, pesticides and 
irrigation water, with concomitant risks of  leaching and 
surface runoff. Because of  the economic and environ-
mental impact, golf  course superintendents throughout 
Scandinavia consider ‘Winter Stress Management’ to be the 
most important of  STERF’s thematic areas for research and 
development. A similar level of  prioritisation can be anti-
cipated in Canada and other countries with similar climate 
conditions. Scenarios from the Intergovernmental Panel on 
Climate Change predict that global warming will exacerbate 
rather than alleviate the risk of  winter damage because of  
more unstable winters.  
   Winter stress management can be defined as all actions 
taken to minimise the damage caused by winter stress and 
to restore the golf  course in the spring. Most of  the current 
practices in this field are based on traditions and undocu-

mented experiences, and the lack of  scientific evidence is 
conspicuous. This research programme provides an over-
view of  our current understanding of  turf  grass winter 
acclimation and the most important winter stresses with as-
sociated physiological strains and identifies knowledge gaps 
related to acclimation, stress alleviation, spring transition, 
methods for repair of  winter damage and decision support 
models.  
   The extent of  winter damage is a result of  complex 
interactions between turf  grass plants and a number of  
environmental factors. International and interdisciplinary 
projects are therefore needed to develop guidelines. An 
equally important consideration is that these guidelines are 
efficiently communicated to golf  course superintendents 
and other turf  grass managers.
   The ultimate goal of  this programme is to minimise turf  
grass winter damage, to the benefit of  the golf  sector and 
society. Based on this document and the joint call for pro-
posals, STERF and CTRF should take an international lead 
in directing and supporting turf  grass winter stress manage-
ment and research for the next five years. 

summaRy and conclusions

3

Holtsmark Golf Course, Norway, May 2009. Photo:  Agnar Kvalbein.



photos 1- 4. Use of species that are not well adapted to a cold climate (1), low spots that increase the risk of ice (2) and water 
damage and winter diseases (3) regularly cause severe damage to golf courses.  Dandelions encroaching a winter-damaged fairway 
in Stockholm, 22 May 2013 (4).  
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intRoduction

the need for ‘Winter stress management and 
Research’ in relation to costs of winter damage  
The Scandinavian Turfgrass and Environment Research 
Foundation (STERF) and the Canadian Turfgrass Research 
Foundation (CTRF) have identified ‘Winter Stress Mana-
gement’ as a high priority area of  research for the period 
2014-2020. In 2013, this decision was strongly supported 
by a survey of  500 Nordic golf  club presidents, club mana-
gers and golf  course superintendents, suggesting that that 
‘Winter Stress Management’ should be considered the most 
important of  STERF’s thematic areas. 
   The strong support for intensified research into winter 
stress management reflects the massive costs caused by 
winter damage in all Nordic countries, including Denmark. 
There is a need for up-to-date information, but estimates 
from 2007 suggest that about 70% of  all Nordic golf  cour-
ses suffer from some type of  winter damage every year and 
that the average annual costs of  repairing this damage are 
€35 000-40 000 per golf  course, corresponding to approx. 
€25 million when summarised for the 900 Nordic courses. 
This estimate includes costs related to seed, fertilizers and 
extra labour, but not loss of  revenues from green fees in 
the spring or long-term effects due to damage to reputation 
or lower market share for the individual golf  course. The 
total costs of  winter damage are therefore much higher.     
   There is also a mental aspect, as coping with uncertainties 
about whether or not the turf  will survive the winter can be 
very difficult for many golf  course superintendents.

Turf  grass winter damage also has negative impacts on 
the environment, as dead turf  does not take up nitrogen, 
phosphorus and other nutrients, which are therefore liable 
to leaching to groundwater and surface water. The irrigation 
and fertilization requirements for repair of  dead surfaces in 
spring are also much higher than for surviving turf, further 
adding to the risk of  increased losses to the environment. 
Another common observation is that winter-damaged areas 
tend to be encroached with annual meadow grass (Poa an-
nua), which is more susceptible to diseases than the grasses 
normally seeded on golf  courses, and/or with dandelions 
(Taraxacum officinale), plantain (Plantago major) and other bro-
adleaved weeds that impair the playing quality of  the golf  
course. Because winter damage increases the risk of  leach-
ing and surface runoff  of  nutrients and pesticides, research 
to reduce such damage is an important step in fulfilling the 
golf  industry’s obligations in relation to the EU directives 
on nitrates (91/6767EEC), water (2000/60/EC) and more 
sustainable use of  pesticides (2009/128/EC).
   Although exact figures are not available, Canada, the 
northern United States, Japan, China, Russia and the Baltic 
countries are likely to suffer similar economic losses due to 
winter damage as the Nordic countries. For the internatio-
nal golf  sector, it is therefore important that that STERF 
and CTRF take responsibility for research with the aim of  
reducing winter damage and thus improving turf  quality 
and minimising the environmental impact.  
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the complexity of winter stress  
During the winter, plants are subjected to a multitude of  
stresses, which differ from region to region and from year 
to year. Grass plants may have to tolerate: i) lack of  photo-
synthesis enabling light; ii) prolonged exposure to freezing 
temperatures; iii) flooding or ice encasement; iv) fungal 
diseases which develop under snow; and vi) soil heave, sun 
irradiation and wind desiccation. 
These stresses usually interact and their consequences de-
pend on plant hardening status, making it all rather com-
plex. This is illustrated in Figure 1 and further discussed in 
the following sections. 
   Therefore, producing solid knowledge about winter stress 
management is like filling in the missing pieces in a relati-
vely diffuse mosaic. We are always seeking the key pieces of  
the puzzle and when these are found, some of  the previous 
work may have to be reinterpreted.   
   Research on turf  grass winter stress can provide useful 
information that can be transferred to agricultural crops. It 
is also likely that the multiple experiments being conducted 
world-wide on cereals and other plants will provide the 
turf  industry with clues to understanding the winter stress 
physiology of  turf  grass species. 
   Several disciplines of  science provide information that is 
relevant for turf  grass managers aiming to take actions to 
minimise damage. Meteorology, glaciology, cryology1 and 
soil science paint the background against which grass plants 
struggle to survive the winter. 
   Turf  grass science includes research projects that range 
widely from in-depth studies of  changes in the plant cell 

to practical tests of  equipment suitable for breaking ice. 
Experiments under controlled conditions are necessary to 
identify plant reactions to specific stress factors, but the 
complexity calls for field experiments and investigations 
based on data collected on golf  courses. 

future climate scenarios and the  
risk of winter damage
The Intergovernmental Panel on Climate Chance predicts 
that the global climate will become less stable and more 
extreme in future, with a rise in mean annual temperature 
(IPCC 2007, 2013). The largest temperature increase at 
northern latitudes is predicted to occur during winter time, 
but the risk of  winter damage to turf  grasses and other 
perennial grasses is nevertheless expected to increase. The 
main reason for this is that temperatures in autumn will 
be less favourable for turf  grass acclimation. During the 
winter, rapid changes in temperature, with thaw periods and 
sudden frosts, will also lead to more unstable snow cover 
and increase the risk of  deacclimation and ice encasement. 

Winter stress management and 
winter stress research: definitions
‘Winter stress management’ includes all actions taken to 
prepare the plant for the winter, avoid winter-related dama-
ge and re-establish high quality turf  in the spring. ‘Winter 
stress research’ produces the knowledge that is necessary to 
take the appropriate actions. 

1 Cryology is the science of refrigeration. The more general study of snow and ice is glaciology. The study of ice within living cells is called cryobiology.
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figure 1. Grass plant resistance to different stresses throughout the winter. 
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Ice	encasement	probably	causes	the	most	lethal	winter	stress	on	turf	in	the	Nordic	countries.	Unstable	winters	with	fluctuating	
temperatures will more frequently give us pictures like this. Haga golf course, Oslo, April 2008. Photo: Agnar Kvalbein.



cuRRent status of WinteR stRess management  
on golf couRses
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Management throughout the season affects turf  stress 
tolerance, as well as soil physical conditions, nutrient status 
and microbiological activity in autumn. Specific actions are 
usually taken in the autumn and during the winter to pre-
vent winter damage. Most of  this maintenance is based on 
traditions and experiences, often without sound scientific 
knowledge. 
   There is always a risk that some of  the actions in retro-
spect will be questionable, most likely because the weather 
conditions turned out to be abnormal. Research is needed 
to support management decisions that have to be taken 
before and during the winter season.

selection of turf grass species and varieties
Choosing the best turf  grass species and varieties for con-
struction of  a golf  course is normally done by the owner 
after recommendation from the golf  course architect or the 
constructor. This decision is one of  the most critical con-
cerning winter survival of  the playing surfaces. Testing of  
new varieties and seed mixtures/blends under harsh winter 
conditions is therefore very important for the golf  industry. 
The golf  course superintendents are responsible for over-
seeding and renovating the golf  course with the varieties 
(ecotypes) that are best suited for the site. 

If	or	when	show	should	be	removed	from	the	greens	is	a	difficult	question.	All	agree	that	it	is	a	lot	of	work.	Fullerö	GC,	2010.	
Photo: Magnus Barth.
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soil and drainage 
The construction method of  golf  greens (push-up, USGA, 
California etc.), root zone depth and selection of  appropria-
te sands (with or without organic or inorganic amendments) 
for construction and topdressing have implications for soil 
physical conditions and nutrient availability, and thus for 
turf  grass winter survival. Deep aeration, reduced irrigation 
and surface water control are management strategies used 
by some superintendents to avoid ice formation on greens. 
Fences may be used to obstruct and divert water coming 
from the surroundings, while temporary open ditches or 
gully pots in low-lying areas of  a green can prevent pon-
ding. 
   Some greens are constructed with an advanced drainage 
system which incorporates a fan that creates a vacuum to 
reduce the soil moisture content. This fan can also influ-
ence the temperature and gas composition in the root zone, 
but it only functions when the soil is not frozen.

mowing
Mowing height, frequency and quality (e.g. sharp blades) 
in the autumn are reported to be important for turf  health 
and acclimation, and also for avoiding development of  
diseases.

applications of fungicides, fertilizers,  
bio-stimulants and sand
Several products can be applied to improve turf  winter 
survival. The use of  fungicides to reduce the damage from 
snow moulds is a well-documented and common practice. 
Autumn fertilization also affects the winter survival and 
spring performance of  the turf. 
   There are traditions for using bio-stimulants2  or enhan-
ced applications of  specific nutrients, e.g. iron, potassium or 
calcium, to improve the acclimation of  turf  grasses, but the 
effect of  most of  these applications is not well documen-
ted. 
   Sand dressing during autumn and spring is practised by 
some greenkeepers to protect the crown from wear and de-
siccation. Dark materials such as charcoal dust or sand are 
also used to melt snow and ice in the spring. Various salts 
are also used occasionally for this purpose.

micro-climate improvement
Removing trees for better light penetration and air move-
ment is recommended to improve conditions for acclima-
tion in the autumn. However, trees can reduce wind speed, 
accumulate snow and protect the grass plants from desicca-
tion or low temperatures during the winter. 

Using covers to protect the grass from extreme weather 
conditions during the winter has become normal practice 
in some regions, especially when growing annual meadow 
grass. Different tarps and insulation products are available. 
Impermeable covers are sometimes used in combination 
with ventilation systems. 
Removal of  snow during the winter could reduce the risk 
of  ice formation from melting water, but this strategy 
might also expose the grass to more extreme and fluctua-
ting temperatures.  
   Football pitches commonly use soil heating systems and 
sometimes also artificial light. The optimal use of  these 
tools has not yet been scientifically investigated. 
   In the spring, the use of  covers (spring tarps) to enhance 
temperature and preserve moisture is relatively common. 
When re-seeding turf  is required, a good irrigation strategy 
is key to success.

snow and ice removal
The correct timing of  snow removal and ice cracking is one 
of  the most controversial approaches to alleviate winter 
stress. Ice removal reduces the risk of  suffocation, but it 
increases the risk of  physical damage and exposure of  the 
turf  to more extreme conditions (temperature, desiccation). 

spring restoration
Early evaluation of  the turf ’s vitality in the spring is im-
portant for choosing the best strategy for spring restora-
tion. Re-seeding or sodding are alternatives to be conside-
red. 
   Germination and seedling establishment in the early 
spring is more difficult than in the summer. The low tem-
perature slows germination, toxic chemicals from anaerobic 
respiration can inhibit root growth and unexpected soil 
hydrophobicity sometimes occurs. Re-seeding in the spring 
might require a wide range of  mechanical treatments adap-
ted to the nature and severity of  the damage and the quality 
of  the root zone mixture.
   Partly dead greens are challenging because the optimal 
maintenance of  the surviving healthy turf  is very different 
from that of  the seedlings or sod as regards fertilization, 
irrigation, mowing and other mechanical treatments.

2 Bio-stimulants are elements, chemicals or biological products that can improve the plant’s stress resistance. 
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an oveRvieW of tuRf gRass acclimation and 
WinteR stResses

plant acclimation
The immobility of  plants has forced them to evolve ingeni-
ous adaptive mechanisms that make winter survival pos-
sible, collectively referred to as ‘cold acclimation’. However, 
winter hardiness is not expressed at all times; plants require 
a period at low temperatures to sense the onset of  winter. 
   During cold acclimation, plants undergo extensive chan-
ges at molecular, cellular and whole-plant level (Figure 2). 
This cold acclimation process is mediated by a number 
of  physiological and biochemical changes. Alteration of  
the membrane lipid composition and the accumulation of  
cryoprotective proteins, sugars and free amino acids are 
biochemical changes typically observed in cold-acclimated 
plants. Cold acclimation also involves modification of  the 

Management

Winter survival in turf grass

Genetics Environment

Cold acclimation

Applications Climate Diseases

Organic reservesProtection against microbes Cryoprotectants

Molecular changes

Low temperature sensing

Drainage SoilSpecies EcotypesProtection

figure 2. Factors affecting turf grass winter survival.  

expression of  several genes. The acclimation status of  the 
grass plant depends not only on environmental factors, but 
also very much on plant genotype. There are considerable 
differences between grass species and even between varie-
ties. Identification of  the molecular and genetic basis for 
the acquisition of  cold tolerance in perennial grass species 
remains a very active field of  investigation. 
   The plant’s ability to stay acclimated is important in a cli-
mate with fluctuating winter temperatures. De-acclimation 
may be triggered by conditions which are conducive for 
growth, such as increased temperature or longer photope-
riod. Re-acclimation occurs in grass genotypes that are well 
adapted to a fluctuating winter climate. 
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Tolerance to frost may be linked to resistance to other 
winter stresses, a process referred to as cross-adaptation. 
However, there are also examples of  lack of  correlation 
between frost tolerance and e.g. the ability to resist ice enca-
sement or fungal diseases. 
   Since there are differences between grass species, varie-
ties and ecotypes regarding time and conditions needed for 
acclimation, de-acclimation and re-acclimation, the conclu-
sions from experiments should not be generalised when 
studying turf  grass. These precautions have to be commu-
nicated and explained to the golf  industry. 

Winter stresses and turf grass strain
Dividing the stresses into categories is useful from an aca-
demic point of  view, but dead turf  in the spring is usually 
the result of  multiple winter stresses leading to strain(s) that 
killed the turf  (Figure 3). 
   The damage caused by winter conditions was generally 
categorised into biotic and abiotic in the past, but the reali-
sation of  how important certain bacteria are for ice nuclea-
tion and the role that microbes play under ice encasement 
has made this division less distinct. 

Cell disruption
The cell membranes must be kept intact to prevent leakage 
of  the cell contents, but also to produce the turgor pressure 
needed for cell expansion and growth.  

Winter wear by golfers can cause damage even at locations 
where the temperature is above zero, but freezing tempe-
ratures increase the damage because turf  grass crowns are 
easily crushed when frozen. 
    The stress associated with frost damage is the result of  
ice formation in plant tissues that causes either mechani-
cal or desiccation damage, or a combination of  both. The 
water in the extracellular spaces freezes first because of  
its high level of  purity. Due to the lowering of  the va-
pour pressure by ice, cell water migrates to the ice crystals 
outside the cells, resulting in intracellular dehydration, with 
a concomitant increase in the concentration of  cell fluids. 
The increase in solute concentration inside the cell prevents 
ice formation by lowering the freezing point and helps to 
keep cellular components intact. As freezing progresses, the 
plasma membrane remains attached to the cell wall and this 
can cause cell wall disruption. If  the extracellular spaces are 
too small to accommodate the growing ice crystals, the cells 
can be ruptured, separated or crushed. This type of  cell 
damage results in damage to the membranes, which upon 
thawing become leaky. Collectively, the changes that occur 
during cold acclimation have a cryoprotective function and 
protect the plant cell, tissues and organs against dehydra-
tion, denaturation, oxidative damage and other stresses 
imposed by freezing temperatures. 
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figure 3. Winter stresses and strains experienced by grass plants. The upper red boxes show the stresses that may occur during 
the	winter	and	the	lower	five	red	boxes	categorise	the	resulting	strain	that	can	kill	the	turf.				
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Diseases 
Disease is a result of  more or less continuous interaction 
between pathogen3  (fungi) and host (grass) that acts to 
the detriment of  the host. Fungal spores germinate on the 
grass surface, and fungi penetrate the grass directly or in-
vade via natural openings (e.g. stomata) or through wounds. 
Starting from a small lesion, infection can be distributed 
throughout the whole grass plant, causing necrosis. The 
crown tissue is essential for grass survival. Thus, if  the 
crown of  a grass plant is seriously diseased, the whole plant 
can die.
   The third component in the interaction between patho-
gen and host is environment. A fungus is able to cause di-
sease only when the host is not resistant or weak. However, 
even susceptible hosts will not be affected by the pathogen 
if  environmental conditions are not favourable for the 
pathogen. The fungal species Typhula and Microdochium are 
favoured by low temperature conditions. The most severe 
damage occurs under snow when the soil remains unfrozen.
   The visual symptoms sometimes observed on the turf  
after snow melt have inspired the common name snow 
moulds. Microdochium nivale is pathogenic under moist and 
low temperature conditions even in the summer or autumn, 
while Typhula species only cause disease under long-lasting 
snow cover. Most grass species are not resistant to snow 
moulds. The amount of  inoculum and degree of  plant ac-
climation also influence disease incidence and severity. 

Desiccation 
The term frost desiccation has been used to describe the 
gradual drying out of  plants that occurs at sub-zero tempe-
ratures. Easy accessible soil water freezes at -1˚C and water 
uptake by the plants is then severely reduced or completely 
inhibited. The transpiration losses from the plant can be 
substantial when it is exposed to wind and radiation, and 
plant cells may irreversibly dry out. 
   The grass crown, which is the critical tissue for turf  grass 
survival, is the most protected part of  the plant, not only 
from a morphological point of  view but also because the 
cells are well protected with anti-freeze proteins and other 
molecules that keep the osmotic potential low and reduce 
the risk of  dehydration. However, frost heave can tear grass 
roots, lift up the crowns and expose these vital parts of  the 
turf  to wind and radiation. Once grass plants start growing 
in the spring, they are de-acclimated and vulnerable to lethal 
desiccation. 

Starvation
Photosynthesis provides plants with energy. Grass plants 
that are adapted to cold climates are able to maintain pho-
tosynthesis and produce sugar even at sub-zero temperatu-

res. In the autumn, the grass plants stop growing and store 
most of  this energy, mainly in the crown, as fructans. Grass 
plants maintain a basic level of  metabolism throughout 
winter and, through aerobic respiration, they use oxygen 
and carbohydrates to produce energy (ATP), CO2 and 
water.
   Long-lasting darkness under snow or protective covers 
can cause reserve depletion and ultimately plant starvation. 

Suffocation 

Ice encasement
Snow is permeable to gases, but during periods of  thaw or 
rainfall the snow can melt and refreeze into ice, especially in 
depressions in the landscape. Ice which forms a sheet co-
vering the entire plant can restrict gas exchange, potentially 
leading to anaerobic respiration, which produces organic 
acids and is much less efficient than aerobic respiration 
in providing energy. Thus, in addition to an energy crisis, 
the plant may have to deal with the accumulation of  toxic 
metabolites produced from the plant cells and from soil 
microbes. When the ice melts, a strong odour from these 
metabolites can be detected.  

Flooding
Flooding restricts gas exchange, but usually does not 
involve toxic levels of  anaerobic metabolites. The massive 
damage often seen on greens where water has been captu-
red or where stream flow has occurred may be caused by a 
combination of  forced de-acclimation, limited gas exchange 
and photoinhibition. 

Photoinhibition
Low temperatures slow down metabolism in plants, crea-
ting an imbalance between the energy absorbed from solar 
radiation and the capacity of  the plant to trap the energy 
through photosynthesis. If  excess energy is not dissipated, 
photoinhibitory conditions can occur, resulting in electron 
transfer to reactive oxygen species which can cause irrever-
sible damage to plant cells. Plants have developed a number 
of  mechanisms to re-establish the balance between the 
energy absorbed and the energy utilised, which allow the 
plant to reduce the build-up of  reactive oxygen species and 
to survive and function under cold temperatures. 
   Extreme or rapid changes in the environment, such as 
ice-cold melt water on a sunny day or removal of  long-las-
ting protective covers, can cause damage. Photobleaching is 
an example of  lethal levels of  photoinhibition, where plants 
lose their green colour and turn white. This is sometimes 
confused with desiccation. 

  3 A pathogen is an entity that can incite disease.
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When snow melts the snow molds will leave a visible mycelium on the turf that normally disappears after a few hours.  
Fullerö	GC,	2010.	Photo:	Magnus	Barth
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gaps in knoWledge

economic and environmental implications  
of winter damage
As the information given in the introduction to this re-
search programme is rather old and fragmentary, the 
STERF innovation workshop (June 2013) requested more 
up-to-date information about actual economic losses and 
the environmental consequences of  winter damage for 
Nordic golf  courses. Collection of  data on economic impli-
cations should be based on uniform, unambiguous criteria 
and should preferably take the form of  interviews with golf  
course managers and superintendents. This documentation 
can be regarded as a first step to attract matched funding 
for research projects on specific winter issues. 

acclimation 
It is important to better understand the acclimation proces-
ses in plants and to explore to what extent and how diffe-
rent turf  grass species and varieties are able to resist various 
types of  winter stresses. New knowledge about responses 
to climate conditions will accelerate breeding of  well-adap-
ted grass varieties for the golf  industry. 
   Autumn management of  turf  can influence plant ac-
climation, but most of  the recommended measures lack a 
scientific foundation. This includes application of  nutrients, 
bio-stimulants, growth regulators and wetting agents, but 
also remedial actions such as higher mowing, improved 
light conditions, use of  subsoil heating etc. Taking into 
account the high costs of  labour, machinery and products, 
autumn maintenance practices need to be evaluated. Well-
documented recommendations on how acclimation can 
be improved and sustained until spring would be of  high 
economic value to the golf  industry. These should include 
the deacclimation susceptibility of  different grass species 
and factors affecting loss of  winter hardiness during winter, 
as well as the reacclimation capacity of  different turf  grass 
species.

stress alleviation
There are several techniques and products that can be used 
to reduce the impact of  stress. 
   The effects of  fungicides on snow mould are well-do-
cumented because of  the relatively comprehensive testing 
programme required before products can be approved for 
commercial use. However, there is a need for more know-
ledge from an environmental perspective, e.g. degradation 
of  chemicals at low temperatures and in frozen soils, the 
risk of  contamination of  groundwater or surface water, and 
the risk of  development of  fungicide resistance. The effect 
of  alternative biological control agents and cultural practi-

ces should also be explored. An area of  particular interest 
is the relationship between wear exposure and the outbreak 
of  diseases in various turf  grass species. 
   The micro-climate and soil conditions can be manipulated 
by the use of  protective covers, snow removal, surface wa-
ter control, drainage, cracking ice and many other actions. 
The effects on turf  grass survival can differ from one year 
to another, and it is difficult to generalise the results from 
field experiments. The complexity of  management requires 
experiments both in the laboratory and in the field and col-
lection and analysis of  data from golf  courses. Field expe-
riments should be relevant for all areas on the golf  course 
and not only limited to the greens.

spring transition 
Spring transition poses special challenges. It is commonly 
observed that the turf  looks healthy and green upon snow-
melt or ice disappearance, but then bleaches within a few 
days. This bleaching is most likely caused by reactive oxygen 
species produced in response to the intense radiation from 
the sun in spring, but these mechanisms have not yet been 
investigated for turf  grasses. 
   During the same period, when the grass plants are deac-
climated and start growing, there is also a high risk of  de-
siccation if  water uptake is restricted by frozen soil or torn 
roots. The vulnerability of  various species and varieties and 
possible measures (irrigation, topdressing, covers, colorants 
etc.) to protect the turf  during this critical transition stage 
warrant further investigation.

Re-establishing dead turf
In the 2013 survey on STERF’s thematic areas, re-establish-
ment of  dead turf  in spring was given the highest priority 
by golf  course managers and superintendents. Use of  sod, 
timing of  reseeding in relation to soil temperature, seed 
mixtures, different sowing machines, use of  spring covers, 
and irrigation and fertilization regimes are some of  the im-
portant factors to take into account for a successful recove-
ry. Germination of  weeds, especially annual meadow grass, 
makes the process more demanding, while germination and 
seedling growth can be inhibited by anaerobic metabolites 
in the soil. Research on these matters seems to have been 
neglected, and good guidelines would be highly appreciated 
by golf  course superintendents who have to take difficult 
decisions under pressure from impatient golfers. As for 
stress alleviation, it is important that future research is not 
limited to greens, but also conducted on fairways with dif-
ferent soil types. 
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monitoring and modelling for decision support
What are the key factors that should be measured throug-
hout the winter, and how can the environmental conditions 
of  the plants be monitored? What is the best method to 
monitor temperature, moisture, freeze-thaw cycles, CO2, 
toxic metabolites and light conditions at plant level? Are 
these data useful for decisions on management or do they 
just place additional pressure on golf  course superinten-
dents? This last question is particularly important, as the 
supply of  low-cost electronic devices is likely to increase in 
the future. 
   Integrating data into models that can support decisions, 
e.g. about whether and when to remove ice from golf  

greens, should be a future vision for turf  grass winter stress 
research. 

variety testing 
Field evaluation of  turf  grass species and new varieties 
at sites representing various winter conditions would give 
valuable information about their winter stress tolerance. 
Continuous evaluation would not only help golf  course 
superintendents to choose the best variety for their climate, 
but would also provide feedback to turf  grass breeders. 

Researchers and golf course managers examine winter damages on an experiment plot that has been covered with a tarp during 
winter. Bioforsk research station Apelsvoll, spring 2013. Photo: Agnar Kvalbein
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challenges and Responsibilities  
foR steRf and ctRf 

international and interdisciplinary collaboration 
The complex nature of  winter damage requires collabora-
tion between international research groups. For STERF 
and CTRF as funding bodies, it is particularly important 
to promote collaboration between Nordic and Canadian 
scientists though joint calls for proposals, but projects may 
also be complemented with experts from Russia, China, 
Japan, the United States and other countries. Plant breeding 
companies focusing on the development of  winter-hardy 
turf  grass varieties and commercial companies seeking 
new solutions in the field of  fungicides, biological control 
agents, biostimulants and protective covers are potential 
collaborators contributing matched funding for research 
projects otherwise funded by STERF and/or CTRF.  

   Transferring and adapting relevant knowledge from other 
research disciplines into the turf  grass industry can be a 
cost-effective way to improve winter stress management 
(Figure 4). Collaborative projects with research groups wor-
king with other perennial crops, especially forage grasses 
and winter cereals, should also be encouraged. 
   Results from research programmes can be divided into 
theoretical and practical results, both of  which are equally 
important. Winter stresses on turf  grass can and should 
be examined in a broad perspective and at different levels, 
from practical testing of  management strategies and grass 
varieties to detailed studies of  biochemical responses within 
plant cells. 

Turf grass winter stress 
research

Biochemistry

Genetics
Plant physiology

Microbiology

Mechanics Cryology

Soil science
Meteorology

Statistics

Chemistry

Cl
im

at
ol

og
y

Hydrology

Scientific papers
Handbooks

Best practice guidelines
New technology

figure 4. Relationship	between	winter	stress	research	and	management	and	other	fields	of	science.	Golf	course	architecture	is	
not a science, but is included because golf course design is important for winter damage to turf. 



Sciences such as glaciology, hydrology and soil science are 
important in order to create a complete picture of  turf  
grass winter stress management. The insulating properties 
of  snow, diffusion through ice and drainage of  water th-
rough frozen soil are examples of  subjects that are relevant 
for turf  grass research. 
   Turf  grass researchers should base their work on theories 
and results from general plant and soil science and other 
relevant disciplines, but the main task is to bring results of  
high economic and environmental value to the golf  indu-
stry. Projects that can lead to practical and well-documented 
guidelines for turf  grass management should remain the 
core activity of  STERF and CTRF.  

communication and dissemination of  
new knowledge 
In compliance with the policy of  ‘Ready to use research’, it 
is important that superintendents, consultants and decision 
makers have access to the latest knowledge on winter stress 
management. As the visual effects of  different management 
practices are often quite conspicuous in spring, acceptance 
and adoption of  new measures by superintendents is likely 
be facilitated by demonstration trials and field days, e.g. 
in conjunction with snow melt or the removal of  winter 
covers. Such events are also good opportunities for the 
production of  videos, webinars etc. to be published on the 
STERF and CTRF websites. 
   Systematic collection of  data on the economic impli-
cations of  winter damage, as suggested under ‘Gaps of  
knowledge’, seems to be a good way to establish direct 
contact and raise awareness of  ‘Winter stress management’ 
and ‘Winter stress research’. It is essential that this informa-
tion is communicated not only to those working on golf  
courses, but also to end users, i.e. golf  players. Even though 
it is not always good news, up-to-date information throug-
hout the winter about turf  status in various regions and the 
possible risk of  course closure and/or need for re-establish-
ment in spring is usually appreciated by golfers. 

time schedule

After revision of  a first draft version according to inputs 
from the boards of  STERF and CTRF and from the 
STERF innovation workshop in June 2013, we consider this 
programme to be relevant for a period of  up to five years. 
It is our hope that the first joint STERF/CTRF projects on 
winter stress management can be started in 2014. Con-
tinuous development and refinement of  the programme 
according to signals from the golf  sector and society will 
always be an option. 
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Head greenkeeper at Vestfold GC, Oddbjørn Tidemann, breaks 
the ice on a green and uses his sense of smell to detect anae-
robic conditions. Photo: Agnar Kvalbein
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A greenkeeper at Haga GC, Oslo improves the water runoff from a green. Photo: Agnar Kvalbein
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