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The long and harsh winters of Scandinavia often influence golf putting green winter survival and spring 
recovery due to disease incidence and physical damage. Cold temperate plants have developed a 
natural defence mechanism known as ‘hardening’ to be able to withstand the stress from winter 
conditions with low temperatures and to be less prone to winter damage. The hardening mechanism 
prepares the grass plant physiologically by changing plant growth, metabolism and carbohydrate 
partitioning. A high concentration of the carbohydrate fructan has been shown to promote a higher 
stress tolerance of plants. The physiological change in the plant can be influenced by management 
practices, for example the applications of nitrogen fertilisers during the season and especially during 
autumn.  

The aim of this study was to identify management strategies which could increase the winter stress 
tolerance, i.e. decrease winter damage, and promote early green up in spring of the common 
Scandinavian golf green turfgrasses - creeping bentgrass (Agrostis stolonofiera), a mix of  chewing 
fescue (Festuca rubra ssp. Commutata) and slender creeping red fescue (Festuca rubra ssp. 
Litoralis), and  annual meadow grass (Poa annua).This was implemented by manipulating nitrogen, 
fungicide and a spring protective cover on a golf course in the Mälaren region in Sweden. The fructan 
concentration in plant tissue was used as an indicator for winter stress tolerance and biomass in grass 
clippings in early spring was used as indicator for early green up. Also the influence of management 
strategies on playing quality was to be studied. The project also aimed at combine a research and 
demonstration project to encourage superintendents and agronomists together with researchers to be 
directly involved in the performance of the project and the application of findings.  
 

The experiment was run during three years, between autumn 2006 and summer 2009. Four different 
fertilization treatments was applied, i.e. traditional fertilisation (TR), traditional fertilisation with late N 
application, demand driven fertilisation (DD) and demand driven fertilisation with late N application. In 
addition the treatments with and without fungicide application and with and without spring cover was 
tested. Observations of winter damage was performed every spring. Biomass and N concentration in 
grass clippings and fructan content and N concentration in plug samples was measured. Playing 
quality was assessed by measurement of ball roll distance and different surface firmness parameters. 

The tissue N-concentration was an important regulating factor for biomass production and fructan 
content, with high N-concentrations giving higher biomass production and lower fructan concentrations 
and vice versa. The late N application generally resulted in higher tissue N-concentrations and higher 
biomass production in April compared to no late N application. The red fescue showed another pattern 
for storing fructan in the tissues, with highest values during summer (Figure 1), compared to creeping 
bentgrass (Figure 2) and annual meadow grass (not shown). The results suggests that red fescue has 
another strategy for the use of storage carbohydrates than the other two grasses, which can have 
implications for the stress tolerance of the grasses. 

The winter temperatures were very mild during the experiment and subsequently winter damage was 
minimal. Although there were differences in fructan content between the TR and DD treatments, this 
did not reflect any significant differences in winter damage. The fungicide treatment decreased winter 
damage by 6-8% for creeping bentgrass and 30-35% for annual meadow grass. There was also a 
tendency that the late N application had a repressive effect on winter injuries. The use of a spring 
cover had very limited effect on any of the grasses. 

Both the selection of turf species and the fertilisation regime influenced playing qualities in terms of 
ball roll and firmness of the greens. 



The involvment of the golf club superintendent, extension agronomists and researchers in the project 
gave oportunities to communications about turf management practices at the experimental site and at 
Scandinavian golf courses in general. 
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Figure 1. Fructan (mg g-1 DM) and N content (%) of red fescue from 5 cm deep core samples from 
selected autumn and spring sampling dates. Bottom and top asterisks indicate significant differences 
between TR and DD and No late N and Late N, respectively, within sampling dates for fructan content 
(g DM m-2) and N content, respectively. * P < 0.05; **P < 0.01; ***P < 0.001. For the comparison 
between TR and DD treatments were both late N/no late N plots included, and for the comparison 
between the late N and no late N treatments were both TR and DD plots included 
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Figure 2. Fructan (mg g-1 DM) and N content (%) of creeping bentgrass from 5 cm deep core samples 
from selected autumn and spring sampling dates. Bottom and top asterisks indicate significant 
differences between TR and DD and No late N and Late N, respectively, within sampling dates for 
fructan content (g DM m-2) and N content, respectively. * P < 0.05; **P < 0.01; ***P < 0.001. For the 
comparison between TR and DD treatments were both late N/no late N plots included, and for the 
comparison between the late N and no late N treatments were both TR and DD plots included. 
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