FINAL REPORT: From dense swards to biodiverse roughs
Authors: Hans Martin Hanslin1, Ellen Johanne Svalheim1, Harald Bratli2, Jörgen Wissman3,
Geir Kjølberg Knudsen1, Johannes Kollmann1,4, Trygve Aamlid1.
1

Norwegian Institute for bioeconomy research (NIBIO), 2University of Oslo, 3Swedish
Biodiversity Centre, SLU , 4Technical University Munich

CONCLUSIONS ON BENEFITS AND ADVICE FOR THE GOLF AND TURFGRASS
SECTOR
The project clearly illustrated how the potential for more diverse vegetation and flower
resources for pollinators in rough areas depend on soil conditions and existing vegetation. These
results can be used to prioritise diversification measures towards areas of low nutrient content,
shallow soils or drier parts of the landscape. We also documented the importance of
management through cutting, where two cuts or one late cut per season, both with removal of
cut hay, facilitated the establishment of seeded species and the development of species already
present or establishing spontaneously. Hence, strategies for the removal of cut material have to
be developed. Over time, a transition towards a system with one late cut can be implemented.
Measures to improve botanical diversity and available flower resources will in turn benefit wild
bee pollinators, although the development will take time and specific measures may be needed
on sites with dense grass cover.

INTRODUCTION
Golf courses have considerable potential to support biodiversity and ecological functions, and
to contribute to the provisioning of ecosystem goods and services – both at the course and at
the landscape level (Tanner & Gange 2005, Colding & Folke 2009, Threlfall et al 2016,
Wissmann et al. 2016). Appropriate planning and management are keys to realise this potential
of reduced maintenance costs, improved biodiversity and enhanced ecosystem services, while
maintaining high-quality playing conditions. The support of pollinators is one critical
ecosystem service that requires more attention and where golf courses can make a significant
difference at the landscape scale (Colding & Folke 2009).
Fragmentation of the landscape and losses of key habitats, like diverse semi-natural grasslands
(Norderhaug & Svalheim 2009), contribute to the steep decline in abundance and diversity of
wild pollinating insects in large parts of Europe (Totland et al. 2013). The situation is
particularly critical for specialist pollinators like some of the long-tongued bumblebees. Actions
are taken to preserve these, for example in the Greater Oslo area (Røsok et al. 2016) in addition
to several stakeholder initiatives (Royal Castle Garden, Oslo Pollinator Passage etc.). In
Sweden,
the
ongoing
national
work
on
“green
infrastructure”
(https://www.naturvardsverket.se/gron-infrastruktur) emphasizes the need for developing
biodiversity in many types of grasslands.

A promising strategy is to promote the biodiversity of flowering herbs in peri-urban landscapes,
where conflicts with agricultural management are less pronounced. Such areas often have many
golf courses and if golf courses could provide resources for pollinators (like pollen, nectar,
nesting and wintering sites), they would contribute to larger and more robust pollinator
populations, and to more diverse pollinator communities (Berg et al. 2015). For golfers this
may well be a win-win situation as less dense and less grass-dominated roughs with more
flowering herbs will also increase the aesthetic value of the golf course, make it easier to find
the balls after poor strokes and reduce the maintenance cost on the golf course (Skrorulski et
al. 2006, Cavenaugh et al. 2011).
To convert rough areas into a more diverse vegetation is, however, not straightforward. Usually,
the transition is hampered by combined low seed input and highly competitive grass vegetation
under high nutrient conditions (Walker et al 2004, Wagner et al. 2011).
Approaches to overcome these two constraints work along four main lines: 1) Local species
introductions where targeted seeding overcomes the seed limitation (Baasch et al. 2016); 2)
Cutting and grazing that reduce the competitive impact of dominant grasses by removing
biomass and by contributing to nutrient removal. The effects differ among soils and climates
but are generally more efficient on locations with small nutrient pools and a net efflux through
leaching (Walker et al 2004). On fertile soils, a negative nutrient balance may have to be
maintained for several years in order to achieve benefits for biodiversity (Bullock et al. 2001).
Removal of biomass is not only important to reduce the soil content of nutrients, but also to
avoid litter accumulation and thus increasing light penetration and temperature fluctuations at
the soil surface that promote germination and seedling survival of many species (Hellström et
al. 2009). 3) Nutrient immobilisation using soil amendments to reduce plant available nutrient
pools may reduce productivity and grass dominance. The addition of sawdust or other sources
of carbon has been successful on prairie soils in the US (Tilston et al. 2009) and Hungary (Török
et al. 2014), but repeated addition may be necessary to maintain high C/N ratios and to avoid
mineralization of N over time. 4) The use of hemiparasitic plants to reduce the competitive
ability of their host plants by tapping resources as nutrients and water from their roots is a
promising approach but with variable effects (Pywell et al. 2004, Westbury et al. 2006,
Hellström et al. 2011, Hartley et al. 2015). For large parts of Scandinavia the native, largeseeded annual Rhinanthus minor is the most relevant species. Negative effects of R. minor on
grass biomass has been found across a range of grassland and soil conditions (Hellström et al.
2011) and positive effects on grassland biodiversity can be expected within 1–2 years provided
seeds of target species are present (Wagner et al. 2011).
Hence, there are several promising methods that need to be investigated to provide the golf
industry and other potential stakeholders, as park managers, municipalities etc. with a toolbox
of tested solutions. We addressed some of the methods and knowledge gaps in this project with
the aim to provide knowledge of management strategies to enhance diversity of flower
resources and pollinators in roughs to be used in further development of multifunctional golf
courses.

MATERIALS AND METHODS
Study sites
The field experiment was conducted from August 2017 to September 2020 at six locations with
complete experiments and two locations with demonstration plots of the same treatments. Only
one of the experimental locations was a golf course, the others were contrasting species poor
grasslands. Results from the whole set of experimental locations is presented here to cover a
wider set of conditions relevant for different golf courses. With a one-year delay, similar
treatments were also established at Strasslach GC in Bavaria, Germany. Results from Germany
are not included here, but will be incorporated in a joint scientific publication. A summary of
site characteristics is shown in Table 1.

Oslo GK
Two areas of sloping rough area with some variation in soil conditions
Slottsparken Three sites in an urban park surrounding the Royal Castle. Experiments at
this location had to be terminated in 2019 due to construction work and
results are therefore not shown in this report.
Blindern
Urban park on sloping shallow soil, extensive management previous 2 years.
Landvik
Former stand of red fescue for sod production, not fertilised for 8 years.
Packed soil.
Nannestad
Timothy ley
Våle
Sloping, cut and grazed ley.
In addition, we had demonstration plots at Sigtuna GC, Sweden and Herning GC, Denmark.
The plots in Herning were terminated after two years, as the protocol could not be followed. At
Sigtuna, the protocol was followed, but experienced low success in establishing seeded species
and low pollinator occurrence.

Table 1. Soil texture, dominating plant species and biomass at start (kg DM/m2) for each of
the locations
Location
Blindern

Soil texture
Loam

Landvik

Loam

Nannestad
Oslo GK

Silt loam
Silt
loam/sandy
loam
Silt loam

Våle

Dominating species
Poa pratesis, Festuca rubra, Phleum pratense,
Taraxacum officinale agg., Trifolium repens
Agrostis capillaris, Festuca rubra, Taraxacum
officinale agg.
Phleum pratense, (Trifolium repens)
Achillea millefolium, Agrostis capillaris, Festuca
rubra, Phleum pratense, Deschampsia cespitosa,
Trifolium repens
Phalaris arundinacea, Phleum pratense, Schedonorus
pratensis, Trifolium spp.

Biomass
0.52
0.16
0.85
0.23

0.39

Treatment/Management
Treatments were established in autumn 2017 on 8 m x 10 m or 8 m x 8 m plots in a randomized
complete block design with three or four replicates (Table 2). Treatments 1, 2 and 5 were used
in the demonstration field at Herning and all treatments were used at Sigtuna.
Table 2. Treatments allocated to the experimental plots. The default management is used on
many golf course roughs, while a late hay cut is the recommended management regime for
semi-natural meadows. A negative control is necessary to detect system fluctuations.
1
2

Default
management
One late
cutting

3

Two cuttings

4

Late cutting
+ sawdust

5

Late cutting
+
Rhinanthus
Negative
control

6

Treatment
Mowing in late May/early June + late August with flail mower/mulching with
return of clippings, mowing height 5 cm.
Annual mowing in late August with a cutter bar mower, mowing height 5 cm.
Cut material allowed to dry for one week for seed shedding before raking and
removal.
Mowing twice a year (late May/early June + late August) with a cutter bar
mower, mowing height 5 cm. In August, cut material will dry for one week
for shedding of seeds before raking and removal.
As treatment 2, but with addition of 0.5 kg DM m-2 fine sawdust in 2017 to
immobilize N after mowing in late August. Hard raking to provide contact
between sawdust and soil.
As 2 + seeding of the hemiparasite R. minor (0.5 g m-2) in late October 2017
after hard raking.
As 1, without seeding of any kind.

After ordinary cutting in August 2018, the stubble in all treatments was cut a second time at 23 cm with a lawn mower with removal of clippings to disrupt and weaken the vegetation cover
and litter layer. After that, all treatments except 6 were seeded with a regional wild flower
mixture comprising 18 target species based on their potential provision of flower resources to
different pollinators, growth rates and availability as seeds (Table 3). Seed availability
determined the number of viable seeds per species. Ten of the species had a good number of
seeds per m2, while the remaining species has less than 10 viable seeds per m2. Slightly different
seed mixtures were used in Sweden, Denmark and Germany, but many of the species and
functions were in common. The 1 m2 subplot used to monitor botanical composition (see later)
was hand-seeded and raked, while the remaining plot was seeded using a slit-seeder mounted
on a small tractor.
Monitoring
Soil samples for texture, pH, P-Al, K-Al, Mg-Al and Ca-Al were taken from 0-15 cm soil depth
at the start of the trial in August 2017 and repeated in August 2020. Samples for soil organic C,
total N and C/N were taken annually from treatments 2 and 5. The vegetation height was
measured using a ruler at three points per plot prior to each mowing and by the end of the
growing season in late October to analyse the relationship between soil nutrient level,
vegetation height, and establishment rate. At each cutting, the grass yield was weighed on a

central 1.4 m x 9.6 m or 1.4 m x 7.6 m section of each plot and per cent dry matter determined
after drying a sample of approximately 1 kg for 48 h at 60°C.
The botanical composition was monitored annually in one fixed 1 m x 1 m permanent subplot
per treatment plot shortly before cutting in August. The vegetation plots were marked with
subterranean metal tubes enabling exact positioning of the quadratic frames each year. Each
vegetation plot were divided into 16 subplots, 0.0625 m2 each. Present/absence of all vascular
plant species was recorded in each subplots and subplot frequency was calculated for each
species. Cover of each species and cover of bottom layer, field layer, naked soil, litter and
mosses. Inclination and exposure were also recorded, but results not presented here. Provision
of resources for pollinators was estimated using the subplot frequency of inflorescences per
species. Vegetation height were measured in each subplot with a meter ruler for calculation of
average vegetation height.
Starting in August 2017, the occurrence of pollinators as bumblebees, solitary bees and
domestic honeybees was determined in late May/early June (shortly before the first cut in
treatments 1, 3 and 6), mid-July and mid to late August (before the late cut in all treatments).
To avoid trampling of the vegetation, the pollinator surveys were conducted by walking around
each experimental plot for four minutes, observing and identifying pollinators (by netting if
required) within the plot during favourable weather conditions, which were also recorded.

Table 3. Species composition of the seeded
mixture of regional species
Species
Viscaria vulgaris
Campanula rotundifolia
Leucanthemum vulgare
Silene dioica
Silene vulgaris
Achillea millefolium
Lotus corniculatus
Lychnis flos-cuculi
Hypericum maculatum
Carum carvi
Solidago virgaurea
Hieracium umbellatum
Knautia arvensis
Centaurea jacea
Anthyllis vulneraria
Succisa pratensis
Geum rivale
Lathyrus pratensis

Viable seeds m-2
1570.6
728.9
317.3
148.7
117.6
56.3
50.8
45.6
41.6
11.8
7.3
3.3
2.1
0.7
0.6
0.4
0.2
0.1

Playability
The playability of golf course roughs was
evaluated by standing biomass and, in
August 2017 and 2020, by the former
professional golf player Marius Thorp at
Oslo GC. A golf ball was thrown randomly
into each plot and the time taken by the
player to find the ball recorded. After
locating the ball, the player was asked to
play it towards a target point 80 m away on
the adjacent fairway using a sand wedge
(58°). The distance from the target point to
the point where the ball came to rest was
taken as an indication of the playability of
the rough. The player was also asked to
give a subjective assessment of the
difficulty of ball lie on a scale 1-9, where a
score of 9 was the most difficult position.

Monthly average air temperature (C)
Precipitation (mm/month)

Weather conditions during the
experiment
The combined high temperatures and low
precipitation in the summer of 2018
(Figure 1), caused drought conditions on
most locations. Blindern was severely
affected, with a sharp drop in productivity
(Table 4) and high mortality of the
establishing seeded Rhinanthus.
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Figure 1. Monthly average air temperature and
monthly precipitation at Blindern over the
project period. These data are considered
representative for most of the locations.

Statistical analyses
Biomass data, plant species occurrence,
species richness, flowering frequency
and pollinator occurrence were analysed
in linear mixed models in R 4.0.3
addressing the blocked design and
distribution of the responses. Start
biomass
and
baseline
pollinator
occurrence were included in the models
where appropriate.

RESULTS AND DISCUSSION
Soil conditions
There were some differences in soil conditions between locations throughout the experiment
(Table 4). The main differences were that Blindern had higher pH, Ca-AL, soil organic C and
total N, while Landvik and Våle had higher P-AL and Oslo GK correspondingly lower P-AL
than the other sites. Although the initial P-AL level was in the lowest class (< 3.0 mg/ 100 g
soil) at Oslo GK, phosphous was probably not limiting to grass growth at any site. . Except
positive relationships between pH and Ca-AL and between soil organic C and total N, there
were few general trends in the relationships between soil conditions across locations. There
were no major change in these soil variables throughout the experiment due to experimental
treatments. Soil total N and organic C showed some fluctuations from year to year, mainly
consequences of the dry summer of 2018 when total N dropped. Addition of sawdust had no
effect on soil N or C.

Table 4. Soil conditions analysed as plant available nutrients (mean ± SD) at the start of the
experiments
Location
Unit
Blindern
Landvik
Nannestad
Våle

pH

Oslo GK

5.3 ± 0.2 2.9 ± 0.5

6.5 ± 0.4
5.6 ± 0.1
5.7 ± 0.1
6.1 ± 0.1

P-AL
mg/100g
8.0 ± 5.8
22.1 ± 2.4
5.3 ± 1.2
18.5 ± 11.1

K-AL
mg/100g
12.4 ± 3.2
12.4 ± 2.2
10.5 ± 1.6
11.8 ± 2.0

Mg-AL
mg/100g
16.9 ± 2.6
5.7 ± 1.9
1.7 ± 0.3
15.9 ± 1.6

Ca-AL
mg/100g
322 ± 115
63.7 ± 14.9
45.8 ± 8.1
181 ± 33

10.1± 3.5

4.6 ± 1.6

37.6 ± 13.9

Organic C
%
4.7 ± 0.4
1.9 ± 0.2
2.1 ± 0.3

Total N
%
0.41 ±0.03
0.15 ±0.01
0.16 ±0.02

2.0 ± 0.3
3.7 ± 0.9

0.19 ±0.02
0.29 ±0.07

Biomass dynamics
We found variation in biomass production across locations and over time (Figure 2). In 2020,
after 3 years of targeted management, hay removal gave reduced biomass on all locations. On
average, hay removal reduced standing biomass from 0.43 in the negative control treatment to
0.34 kg/m2 (95% confidence intervals of 0.37-0.48 and 0.28-0.39 kg/m2respectively). There
were also no significant difference between one or two cuts with removal. Further, there were
no reduction in standing biomass by either sawdust addition or seeding of Rhinanthus for the
treatments with one late cut. Rhinanthus was successfully established only at Nannestad and
Oslo GK.

Figure 2. Total biomass yield over a season (means with 95% confidence intervals, sum of
one or two cuts) for the six treatments across the five locations and four years.

Species composition
Over the experiment, we found a change in species composition as a combination of responses
of already established species, establishment of seeded species and species establishing
spontaneously from seed arriving from the surroundings (Figure 3). When conditions were good
for establishment of the seeded species, also the number of spontaneously established species
was high.

Management with one or two cuts with removal of cut material gave good establishment of
seeded species on most locations, while two cuts with mulching of grass gave a lower
establishment on some locations (Figure 4). The variation between locations and within
treatments was however considerable. On average, 5-6 new species were established by
seeding, across treatments and locations.
Achillea millefolium had the highest frequency of the seeded species recorded in 2020, but was
already established in some plots at the start of the experiment. Leucanthemum vulgare and
Lotus corniculatus also showed good establishment in most treatments and locations, while the
establishment of the remaining species was variable. Compared to the high number of viable
seeds added, Viscaria vulgaris had a low establishment. For some locations, the number of
established species dropped from year one to two after seeding indicating high seedling
mortality. Highest frequency of established seeded species (without Achillea millefolium) was
observed at Blindern (881), Nannestad (625) and Landvik (450). Oslo GK (205) and Våle (124)
had less successful establishment.

Figure 3. The number of species present at the start of the experiment, the number of new
species established through seeding, and the number of new species through spontaneous
establishment. A negative number of spontaneous establishments indicates a reduction of the
original species pool.

Figure 4. The number of seeded species established per plot (means with 95% confidence
intervals) for the six treatments across locations and years. Figure legends as in Figure 2.

Flower resources
Some of the seeded species flowered on a few locations in 2020. For most locations, fewer than
two of the seeded species flowered (Figure 5). A direct comparison of flowering between
treatments is rather difficult, as plots received one or two cuts and the early cut potentially
interfere with flowering phenology of the species. Yet, the sum of frequency of flowering
seeded individuals was comparable and high for all treatments with hay removal, except for the
Våle and Oslo GK locations (Figure 5). Similar patterns were found when including flowering
of all species (without grasses), except that the differences between treatments were weak.
Pollinator abundance and
composition
Over the project period, we
observed at least 12 bumblebee
species, a number of solitary bees
and a number of domestic
honeybees (Table 5). The
common species B. pascuorum,
B. lapidarus and species from the
“earth type” group made up most
of the observations. Observations
of rare species such as B. rupestris
and B. distenguendus were few
(but our approach was not
designed to find rare species). For
most locations, there was a peak
during mid-summer. Differences
in pollinator occurrence between
treatments were marginal in 2020,
while
differences
between
Figure 5. The number of the species seeded in 2018 that
locations were consistent (and
flowered in 2020 and the summed frequency (as the
related to the background level of
number of subplots with flowering individuals per
bumblebees in the area). Blindern
species) of flowering seeded species in 2020.
and Landvik locations both had a
considerable increase in total
bumblebee observations in 2020 (Figure 6). Keep in mind that pollinator recordings are
dependent, as spill over effects from flower-rich plots to others will occur.
Across all locations, there was a weak increase in pollinator observations with the frequency of
flowering plants (without grasses). This relationship differed however strongly between
locations. For most locations, there was no relationship between flower resources in 2020 and
bumblebee occurrence. The flowering of some key species also had strong impact on pollinator
occurrence. The positive effect of increased abundance of Trifolium pratense and Vicia spp. on
bumblebees at Landvik is the best example of this.

Table 5. The number of observed bees summed over treatments and locations
Species
2017
2018
2019
Bombus distenguendus
Bombus hortorum
9
Bombus humilis
2
9
Bombus hypnorum
4
1
Bombus lapidaries
88
138
43
Bombus pascuorum
44
21
42
Bombus ruderarius
Bombus rupestris
1
Bombus sylvarum
3
2
3
Bombus wurflenii
2
Bombus sp. indet
21
8
5
Bombus «earth»*
17
55
80
Solitary bees
22
na
51
Total wild bees
206
230
235
Apis mellifera
130
286
239
*Bombus terrestris, lucorum, soroeensis, ++

Figure 6. The total number of bumblebee observations per
location, summed over treatments and plots.

2020
1
5
19
1
323
86
8
14
17
226
24
724
114

Playability
The initial observations in August 2017 showed a significant correlation between standing
biomass and the time needed for the player to find the ball (Figure 7). Furthermore, after
playing the ball, the distance from the ball to the target point on the nearby fairway correlated
positively with the players’ assessment of difficulty in playing the ball (Figure 8).

Time to find ball, sec.

120
100
80
60
R² = 0.3091
40
20
0
0

100

200

300

400

500

600

Biomass, g DM m2

Figure 7. The relationship between standing biomass and the time the player needed to find
the ball in experimental plots at Oslo GK
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Figure 8. The relationship between the players’ assessment of difficulty in playing the ball
and the distance from the ball to the target point on the nearby fairway in experimental plots
at Oslo GK.
Playing characteristics assessed in August 2020 were not significantly influenced by three
year of differential treatments (Table 6). Among treatments with only one cut per year, there
was, however, a trend for the time taken to find ball to be reduced after introduction of
Rhinanthus in to the stand. A thinner stand on these plots was further reflected by the players

perception of playing difficulty and the following distance from the target point on the
fairway.

Table 6. Effect of seeding Rhinathus in October 2017 on playing characteristics in August
2020. Differences were not significant at p<0.05.

Treatments
2 (one cut control)
5 (Rhinantus)

Standing Times used by
biomass player to find
,
ball in 8 x 8 m2
g DM
plot
-2
m
320
48
285
32

Player’s assessment of
difficulty in finding ball
(1-9, 9 is most difficult)

Distance from
ball to target
point on
fairway, m

6.8
3.3

17.5
8.7

CONCLUSIONS
We fund that the diversity of plant species providing flower resources for bumblebees was
limited both by seed input and by competition with established vegetation. Seeding increased
the number of target species and cutting strategies with hay removal had a positive effect on
the establishment and flowering of seeded species and with no negative effect on playability.
Combined with seeding, removal of cut hay was the single most important management
measure to improve plant diversity. Whether the vegetation was cut once or twice was not that
important at this stage. A two-cut regime can be beneficial for plant establishment from seed,
before a transition to a recommended single late cut after some years for long-term
management. Although we did not test it directly, the hard cutting and vegetation disturbance
before seeding is important. Seeding into a dense developed vegetation will not be successful
under most conditions.
No single component of soil fertility stood out as important for the outcome as nutrient
availability is tightly linked to soil moisture. A system where the vegetation productivity is
limited by low soil nutrients or low soil moisture seems most beneficial for the development of
a diverse vegetation. Moist conditions even in combination with low soil nutrients, had a
negative impact on seedling establishment.
The addition of sawdust had no major effect on results. Sawdust probably has to be added
several times and good soil contact established. Under most of our conditions, sawdust
remained on the soil surface for a long time. The use of sawdust to immobilise N is, in any case,
a short-term measure. Over time, much of the immobilised N will become available to plants.
Establishment of Rhinanthus was mostly not successful and for some locations heavily
impacted by the dry 2018 summer that killed plants before they were able to set seeds. Our
seeding rates were also limited by seed availability and below what you find in other studies.
Seeds of Rhinanthus need a long cold period to overcome dormancy, so our approach to
overseed the species in October was probably correct. The amount of viable seeds has be
sufficient to get the species established and start the dynamics with self-seeding. Only for some

plots at Oslo GK and Nannestad had a sufficient Rhinanthus cover to have an impact. However,
seeding of Rhinanthus may still be a viable measure to lower grass competitive ability, causing
local and transient effects contributing to spatial heterogeneity. The trend with increased
playability on plots with Rhinanthus motivates for further testing of this aspect.
Seedling emergence was good in many plots, but the transition from seedlings to flowering
plants was limited on four of the five locations. The most likely reason is asymmetric
competition where the dense grass was negative for seedling survival. In this regard, it is an
interesting observation that grass density appeared to be more critical than grass height. Soil
compaction probably also limited the transition from seedlings to flowering plants, especially
at Landvik. In addition to measures to reduce grass dominance such as cutting and hay removal,
a good strategy for sites with dense grass cover would include seeding of the more competitive
species from the regional species pool. Achillea millefolium, Leucanthemum vulgare and Lotus
corniculatus are good examples from our experiment, and this list can be supplemented with
species such as Trifolium pratense, Vicia species and Plantago lanceolata.
Three years is a very short time to reduce grass dominance and obtain substantial changes in
species composition. The horizon for such changes should span more years. Despite that, we
found beginning effects on flower resources and pollinator abundance two years after seeding
and three years after initiation of treatments. Contribution to flowering abundance came partly
from seeded species, but also from the development of existing species and spontaneous
establishments. Treatments to ease establishment of seeded species were also positive for
development of non-grass species present before seeding.
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