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RESEARCH

Winter injury is the foremost cause of dead grass in the 
Nordic countries, reducing the aesthetic and functional 

value of turf. Based on information from Swedish turfgrass 
agronomists, about 70% of Scandinavian golf courses suffer from 
winter injuries every year (Strandberg, 2017). The Scandinavian 
Turfgrass and Environment Research Foundation research pro-
gram gives an overview of the biotic and abiotic winter stresses 
that cold-season turfgrass faces in a Nordic climate (Kvalbein et 
al., 2013). In 2013, the Norwegian Golf Federation performed 
a survey among Nordic golf courses that identified winter sur-
vival of turfgrass as the most important topic among Scandinavian 
Turfgrass and Environment Research Foundation’s four research 
programs (Melby, 2013). Winter issues on golf courses include 
reestablishment challenges. Low spring temperatures delay seed 
germination and make reestablishing of turf slow. The golf 
courses’ costs also include lost income related to poor playing 
conditions. The objective of this survey was to get more informa-
tion about the extent and impact of winter injuries on Nordic golf 
courses and background for prioritizing new research projects.

MATERIALS AND METHODS
For the mapping of winter injuries and to assess their economic impli-
cations in the Nordic countries, an Easyresearch survey (QuestBack) 
was used. The survey was composed of 24 questions about the courses’ 
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ABSTRACT
There has long been a claim that winter injuries 
of grass are a significant economic burden for 
golf courses in the Nordic countries. To confirm 
this claim, in 2015 the Norwegian Institute of 
Bioeconomy Research and the Norwegian Golf 
Federation, with support of the Scandinavian 
Turfgrass and Environment Research Founda-
tion, conducted a net-based survey about win-
ter injury in the five Nordic countries (Denmark, 
Finland, Iceland, Norway, and Sweden). This 
comprehensive survey showed that total costs 
of repair of winter-injured greens and fairways 
together with lost revenue on golf courses in the 
Nordic countries can be at least €14 million. In a 
year with significant winter injuries, the average 
cost to repair the turf was between €3000 and 
€12,000 on 88% of the courses. The revenue 
loss after a winter with considerable injuries was 
less than €6000 at 50% of the courses, and 25% 
of the courses reported a loss between €6000 
and €12,000 for these years. The causes of win-
ter injuries varied depending on geography and 
grass species used on the greens. Biotic factors 
played a major role in the southern part of Scan-
dinavia, and ice and water injuries were most 
devastating north of 60°N. This paper summa-
rizes some of the answers from the respondents, 
including information about the dominating 
grass species on Nordic golf greens.
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geographical placement, size and age, grass species, winter inju-
ries in 2014 and 2015, type of winter injures over the last 5 yr 
(2010–2014), and economic consequences of winter injury. The 
survey was distributed to all golf courses through the national 
golf federations and greenkeeper associations with instructions 
that the most competent person employed at the golf course 
should complete the survey. The answers were anonymous. 
Questions about management and injury were reported for an 
“average green” on the course. The economic consequences in 
this report are given regardless of the number of greens on the 
golf courses. The answers about type of winter injures were 
related to latitude, altitude, distance from the sea, age of the 
greens, and green construction method (soil and drainage).

RESULTS AND DISCUSSION
The survey was completed by 346 people. A total of 325 
respondents answered the questions regarding economic 
impact of winter injury. The number of answers per 
country and average response rates are presented in Table 
1. Finland had fewest respondents (15% of golf courses).

Extent of Winter Injuries and Delayed  
Golf Course Opening
The majority of golf courses experienced significant winter 
injuries between 2010 and 2014. During these 5 yr, the 
opening date of the course was delayed at least once on 65% 
of the courses in Norway, on 64% of the courses in Sweden, 
on 62% of the courses in Denmark, on 53% of the courses 
in Finland, and on 32% of the courses in Iceland. Course 

opening date was delayed almost every year due to winter 
injuries (data not shown) in 2 to 12% of the courses.

Reestablishment of a golf green after winter injuries 
takes time. A third of the respondents in all of the countries 
reported that on average it takes 1 to 4 wk before winter 
injuries are fully repaired, a third reported that reestab-
lishment takes 5 to 6 wk, and the remaining respondents 
reported that reestablishment takes 7 to 8 wk (data not 
shown). Iceland and Norway reported the longest time to 
repair winter injuries. Winter injuries also led to delayed 
course opening. Two-thirds of the courses delayed open-
ing date by 1 to 2 wk, and the remaining respondents 
reported a delay of 3 to 8 wk (data not shown).

Most Important Type of Winter Injury
The types of winter injuries varied among countries (Fig. 
1). Ice and water caused the majority of injuries in Norway, 
Finland, and Iceland (73, 67, and 62%, respectively). Snow 
molds were reported by 89% of Danish respondents as 
the main cause of winter injuries. In Sweden there was 
an approximately 50/50 split between snow molds and 
damage from ice and water. Low temperature and desic-
cation as the main cause of winter injury were reported 
on greens on 5% of Danish, 9% of Swedish, 11% of Finish, 
12% of Norwegian, and 24% of Icelandic golf courses.

Table 1. Response number from golf courses in the Nordic countries. 

Denmark Finland Iceland Norway Sweden

Number of golf courses (approx.) 150 160 60 170 470

Number of respondents 77 24 40 80 125

Average number of replies 45 19 25 59 102

Response rate, % 30 12 41 35 22

Fig. 1. The most economically important causes of winter injury on greens in the five Nordic countries, based on the data from 227 golf 
courses. Actual numbers on the left; relative numbers on the right. Country codes: DNK, Denmark; FIN, Finland; ISL, Iceland; NOR, 
Norway; SWE, Sweden.
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represented a significant proportion of plant coverage 
regardless of whether greens had been sown with red 
fescue, colonial bentgrass, or creeping bentgrass. Perennial 
ryegrass (Lolium perenne L.) was used to a certain degree 
in most countries, in particular Iceland. Like rough blue-
grass, perennial ryegrass has poor winter survival, but 
both species are used to repair greens with winter injuries 
due to their quick establishment rates.

Annual bluegrass and creeping bentgrass showed sim-
ilar levels of injury due to snow molds and ice and water, 
whereas colonial bentgrass was reported to have higher 
levels of snow mold injury (Fig. 3). Red fescue was the 
species most susceptible to abiotic stress factors such as low 
temperature, desiccation, ice, and water. This finding cor-
responds well with reports from the SCANGREEN trials 
(Aamlid et al., 2015).

If we look more closely at the relationship between 
injury and grass species in each country (data not shown), 
we find that Denmark had a lot of snow mold injury and 
that these injuries were surprisingly similar for all grass 
species. Strict regulations on the use of pesticides in Den-
mark may have influenced the results of this survey because 
fungicides may be prioritized for use in the most sensi-
tive species. Abiotic injuries in Denmark were reported 
mainly in red fescue, and data from Iceland confirmed 
this. Data from the rest of the Nordic countries were more 
difficult to interpret. This may be a result of the fact that 
annual bluegrass can dominate areas on greens that are 

Relationship between Injury  
and Grass Species
Because grass species have very different winter survival 
abilities, the respondents were asked to specify which three 
grass species dominated on a typical green on their golf 
course. By combining this information we could identify 
the most common species combinations. Figure 2 shows 
that greens in Denmark were dominated by red fescue (Fes-
tuca rubra spp.) in combination with bentgrass (Agrostis spp.) 
(61%), followed by greens with creeping bentgrass (Agrostis 
stolonifera L.) (22%) and pure red fescue greens (12%). In 
Finland greens were dominated by creeping bentgrass 
(39%), whereas velvet bentgrass (Agrostis canina L.) was this 
country’s specialty (22% of greens). Red fescue with bent-
grasses (17% of greens) and pure red fescue (6% of greens) 
were also found in Finland. In Iceland the most common 
species on greens was red fescue (73%) or red fescue in 
combination with bentgrass (21%). In Norway the ratio 
was almost 60/40 between greens with red fescue with or 
without bentgrass (58%) and greens dominated by creep-
ing bentgrass (38%). Greens in Sweden were dominated 
with creeping bentgrass (36%), red fescue (20%), and the 
country’s specialty rough bluegrass (Poa trivialis L.) (20%).

Figure 2 also shows that, on average for all countries, 
annual bluegrass (Poa annua L.) was among the three most 
dominating species on 70% of greens. Respondents from 
Sweden and Finland reported more pure annual bluegrass 
greens than respondents from the other countries. The 
majority of respondents reported that annual bluegrass 

Fig. 2. Percent distribution of grass species and species mixtures on golf greens in the Nordic countries. Data are from 225 golf courses. 
Country codes: DNK, Denmark; FIN, Finland; ISL, Iceland; NOR, Norway; SWE, Sweden.
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susceptible to ice and water, whereas bentgrass and red 
fescue are more common on higher areas of the green.

Geography
Over 220 courses responded to the question regarding 
relationship between winter injuries and geographical 
location. There appeared to be a shift at 60°N: snow mold 
injuries dominated south of this latitude, whereas physical 
injuries were the major causes of winter injuries farther 
north (Fig. 4). The majority of golf courses in the survey 
(71%) were at an altitude of <100 m. Snow molds were 
the cause of 50% of winter injuries at these locations but 
of only 23% on courses over 300 m (data not shown). The 
finding that snow mold injury was more important in the 
southern than in the northern parts of the Nordic coun-
tries may be surprising for those who associate snow molds 
with stable snow cover. However, this can be explained by 
the fact that the most common low-temperature disease in 

the Nordics, microdochium patch [caused by Microdochium 
nivale (Fr.) Samuels and I.C. Hallet], does not require snow 
cover (Årsvoll, 1973). Our results also indicate that rain 
during winter, which can result in ice formation under 
the snow, has a greater economic impact than snow molds 
in areas with lasting snow covers. Access to effective fun-
gicides may also explain these results.

Distance from the sea also had an impact on the type 
of winter injury. Golf courses located <10 km from the 
coast reported that disease and ice injury were of equal 
importance, whereas only 23% of the courses located >50 
km from the coast reported that disease was an important 
cause of winter injury (data not shown).

Age and Construction of Golf Greens
The majority of the 225 greens reported in the survey were 
newer than 30 yr. There was a clear tendency of increased 
injury due to snow molds as the greens aged (data not 

Fig. 4. Winter injury in relation to latitude (all five countries) reported from 226 golf courses. Actual numbers on the left and relative num-
bers on the right.

Fig. 3. Economically most important causes of winter injury for the dominant grass species on golf greens. Average for all countries (197 
respondents). Abbreviations: AB, Poa annua; CLB, Agrostis capillaris; CRB, Agrostis stolonifera; RF, Festuca rubra spp.; RSMG, Poa 
trivialis; VB, Agrostis canina.
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courses reported that revenue loss could be up to €6000, 
25% reported revenue loss of €6000 to €12,000, and 25% 
reported revenue loss of €12,000 to €60,000 or more, on 
average, for all five countries (Table 3). Revenue losses 
exceeding €45,000 were reported from 14% of Norwe-
gian, 9% of Swedish, 6% of Finish, 5% of Icelandic, and 
3% of Danish courses.

Data That Are Not Yet Analyzed
The survey provided much data that has not yet been 
analyzed, including information regarding autumn fertil-
ization practices, use of fungicides, snow and ice removal 
and several other management strategies.

Supplemental Information
An overview of the answers from each country are available here: 

Denmark http://web.easyresearch.se/APP/ReportLogin.
aspx?R = 3965771.78287421

Finland http://web.easyresearch.se/APP/ReportLogin.
aspx?R=3965772.46117874

shown). This was most likely connected to the higher pro-
portion of annual bluegrass on older greens.

The results of the survey indicated that well-drained 
soil greens had mostly disease injuries (61%), whereas the 
poorly drained greens had more ice and water injuries (57%) 
(data not shown). This result supports the claim that snow 
molds require anaerobic conditions to develop (e.g., Tron-
smo et al., 2013). Ice injury on 27% of well-drained greens 
was possibly due to faster freezing in the autumn, which 
increases the risk of ice build-up under rainy conditions.

Economic Consequences
Winter injuries result in increased costs and loss of rev-
enue. In a normal year, 39% of the golf courses used less 
than €3000 for labor, equipment, seed, fertilizer, weed 
control, etc. (Table 2). Sweden and Norway reported the 
highest reestablishment costs: 2% of Swedish courses and 
8% of Norwegian courses used more than €30,000 to 
repair playing areas.

In years with considerable winter injury, the revenue 
losses were larger than the direct costs. Almost 50% of 

Table 2. Estimated costs of repair of winter injured greens and fairways (labor, equipment, seed, fertilizer etc.). The number of 
responses from each country is shown in parentheses. 

Extra expenses Denmark (35) Finland (18) Iceland (22) Norway (53) Sweden (95) Average

€  ————————————————————————————————— % ————————————————————————————————— 

<3000 40 17 59 38 42 39

3000–6000 26 28 14 30 36 27

6000–9000 11 28 14 9 11 15

9000–12,000 9 17 5 6 4 8

12,000–18,000 9 0 9 9 2 6

18,000–24,000 3 0 0 0 3 1

24,000–30,000 3 11 0 0 0 3

30,000–35,000 0 0 0 2 1 1

35,000–45,000 0 0 0 2 1 1

45,000–60,000 0 0 0 2 0 0

>60,000 0 0 0 2 0 0

Total 100 100 100 100 100 100

Table 3. Estimated lost revenue due to winter injuries in a year with significant winter injuries. The number of responses from 
each country is shown in parentheses.

Loss of income Denmark (32) Finland (18) Iceland (20) Norway (51) Sweden (93) Average

€  ————————————————————————————————— % ————————————————————————————————— 

<3000 44 44 25 22 19 31

3000–6000 9 0 20 25 29 17

6000–9000 13 28 10 12 8 14

9000–12,000 3 17 15 8 14 11

12,000–18,000 13 0 5 10 13 8

18,000–24,000 9 6 15 4 3 7

24,000–30,000 3 0 5 0 2 2

30,000–35,000 3 0 0 4 2 2

35,000–45,000 0 0 0 2 1 1

45,000–60,000 3 6 5 4 1 4

>60 000 0 0 0 10 8 3

Total 100 100 100 100 100 100
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Iceland http://web.easyresearch.se/APP/ReportLogin.
aspx?R=3965773.96683195

Norway http://web.easyresearch.se/APP/ReportLogin.
aspx?R=3965774.58979569

Overview http://web.easyresearch.se/APP/ReportLogin.
aspx?R=3854636.69265494

Sweden http://web.easyresearch.se/APP/ReportLogin.
aspx?R=3965775.83764265
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