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Summary

In Scandinavia, red fescue (Festuca rubra) requires less
pesticides, fertilizers, irrigation water and energy for
mowing than other species used on golf greens. USGA
golf greens have traditionally been constructed with
peat as organic amendment to the sand-based root-
zone, but compost could be a sustainable alternative.
Our objective was to evalute the effects of using com-
posted garden waste (commercial product ‘Green Mix’;
GM) in the rootzone or topdressing sand during grow-in
and maintenance of a young green aiming for a mono-
culture of red fescue. A field trial was carried out from
Aug. 2011 to Nov. 2012 at Bioforsk Landvik, SE Norway.
GM rootzones were compared with peat-amended root-
zones and GM topdress with straight sand topdress in
a factorial design with four treatment and four blocks.
Plots were seeded with 97 % red fescue and 3 % annual
bluegrass (Poa annua) to study the competition between
the two species. Because of a higher nutrient content,
fertilizer inputs during grow-in from August to Novem-

ber 2011 were 50 % lower to the GM rootzones than to
the peat-amended rootzones, but this reduced the tiller
density by 34 % suggesting that a lower reduction in
fertilizer inputs had been more appropriate. In 2012,
when all plots received the same amount of fertilizer, GM
in the rootzone and/or topdress gave significant impro-
vements in turfgrass general appearance, tiller density,
autumn color and resistance to red thread (Laetisaria
fuciformis), but annual bluegrass encroachment was
worse on GM rootzones than on peat-amended root-
zones until July 2012 when it disappeared from all treat-
ments. The percentage of roots colonized by mycorrhiza
was slightly but significantly higher for annual blue-
grass than for red fescue in spring 2012 and became
three times higher on GM rootzones than on peat-
amended rootzones during 2012. In conclusion, there
are many benefits of using mature and homogeneous
compost of garden waste in the rootzones and topdress
on red fescue golf greens.
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Introduction

Many Scandinavian golf clubs have economic problems and
there is a strong demand to reduce the annual costs for
turfgrass maintenance. This suggests less use of fertilizers,
pesticides, and energy for irrigation, mowing and mechan-
ical operations. The golf sector is also challenged by natio-
nal and EU legislation restricting the use of pesticides
(EEA 2009; EU 2009). Evaluation of turfgrass species and
varieties suggest that conversion from annual bluegrass
(Poa annua) or bentgrasses (Agrostis sp.) to red fescue
(Festuca rubra) will open for reduced maintenance costs
on Nordic golf courses (AAMLID et al. 2012).

Although it is no longer required by the Unites States
Golf Association’s guidelines for putting green construc-

tion (USGA 2004), most golf greens in Scandinavia are con-
structed with organic amendment to the sand-based root-
zone. The type of organic material has traditionally been
peat, but this resource is not renewable and peat harvest
from bogs results in high CO2 emissions contributing to
global warming (e.g. WADDINGTON et al. 2002). A more sus-
tainable alternative that would also help to solve waste
problems is to replace peat with recycled organic matter
in the form of compost.

Many greenkeepers are skeptical to using composts in
the rootzone or topdress as they consider the organic mat-
ter to be unstable, not uniform and with an unpredictable
content of nutrients. It has also been claimed that com-
post will reduce the macroporosity, and thus the infiltra-
tion rate on golf greens over time, although it is debatable
urop.J.Hort.Sci. 3/2014



88 Aamlid et al.: Composted Garden Waste as Organic Amendment for Red Fescue
if this is due to the organic material added in compost or
if it is due to the production of residues by the turfgrass
itself (AAMLID 2008; BLOMBÄCK et al. 2009). Further objec-
tions are that composts have a high pH that may inhibit
plant uptake of micronutrients, and a high content of nitro-
gen (N) and especially phosphorus (P) that may increase
the risk for annual bluegrass encroachment (VARGAS and
TURGEON 2004; RALEY et al. 2013). On the other hand, if
most of the organic P in compost is taken up by roots col-
onized by mycorrhiza, red fescue might have an advan-
tage, as annual bluegrass shows little or even negative
response to mycorrhiza colonization (GANGE et al. 1999).
From other turfgrasses there is also evidence that compost
may suppress infection of Microdochium nivale and other
diseases (BOULTER et al. 2002; NELSON and BOEHM 2002),
but this information remains to be verified in red fescue.

Sands amended with composted garden waste for use
in golf greens rootzones or as topdress are marketed in
Denmark and Norway under the commercial name ‘Green
Mix’ (Solum AS, Roskilde, Denmark; Høst AS, Grimstad,
Norway). Especially in Denmark, these products are used
by greenkeepers trying to promote red fescue as the pre-
dominant species on putting greens (KVALBEIN et al. 2012).
There is, however, a continuous debate about how much
nutrients the GM (Green Mix) rootzone or GM topdress pro-
vide and how this will influence the visual quality, playing
quality and competition against annual bluegrass on red
fescue greens which have lower nutrient requirements than
greens dominated by annual bluegrass or bentgrasses
(ERICSSON et al. 2013). A previous study showed faster
grow-in and better visual quality of creeping bentgrass
(Agrostis stolonifera) greens on GM rootzones than on
straight sand rootzones or rootzones amended with peat
(AAMLID 2005, 2008), but colonization by mycorrhiza or
competition from annual bluegrass were not part of that
study. Furthermore, there has been no investigation into
the effects of using GM topdress instead of straight sand
topdress which has been the most common practice on
Scandinavian golf greens up to now.

The objective of the research reported in this paper
was to document the effect of using GM composted gar-
den waste as organic amendment in the rootzone or top-
dressing and during grow-in and maintenance of a young
and immature golf green aiming for a monoculture of red
fescue. Our hypotheses were:

1. Red fescue on GM rootzones requires 50 % less ferti-
lizer for grow-in than red fescue on peat-amended root-
zones.

2. Because of more easily available N and P, root coloni-
zation by mycorrhiza will be lower and infestation of
annual bluegrass higher on GM rootzones than on peat-
amended rootzones.

3. The effect on turf quality of GM topdress is will not ap-
pear until two to three months after the first application,
and the effect on a young and immature green is negli-
gible compared to the effect of rootzone composition.

Materials and Methods

Experimental site and weather conditions

The study was conducted on an experimental green at the
Bioforsk Turfgrass Research Center Landvik on the Norwe-
gian south coast (58˚34’ N, 08˚52’ E, 7 m.a.s.l.). Table 1
shows the mean monthly temperature and monthly precip-
itation from sowing in August 2011 to the end of the grow-
ing season 2012, i.e. the experimental period reported in
this paper. September and October 2011 had high tempera-
tures conducive to turfgrass grow-in, and the winter was
mild with snow cover only from 21 Jan. to 23 Feb. March
2012 was exceptionally mild with a maximum of 23.1 °C on
27 March, facilitating an early start of the growing season.

Experimental plan and soil analyses

The trial had four replicates and was laid out with a plot
size of 2 × 3 m according to a randomized complete block
design with two experimental factors: 
Factor 1: Organic amendment to the rootzone at construc-
tion:
A. Sphagnum peat (OM = 2.85 % w/w).
B. Green Mix (GM) (OM = 2.63 % w/w).

Factor 2: Topdressing material used in 2012
A. Straight sand (OM = 0.10 % w/w).
B. Green Mix (GM) (OM = 0.95 % w/w).

The experimental plots were constructed in August 2011
according to USGA specifications (USGA 2004). The sand
in the rootzone was amended with 17 % (v/v) sphagnum
peat or 17.5 % composted garden waste (‘Green Mix’- Høst
AS, Grimstad, Norway). The volume percentage had been
adjusted to reach a target ignition loss of 2.5 (w/w) on all
plots, but the realized values were 2.85 % and 2.63 %
(w/w) in rootzones amended with peat and compost,
respectively. GM rootzones contained approximately fifty
times more mineral N, four times more P, twenty-one
times more K, three times more Mg and seven times more
Ca than rootzones amended with peat (Table 2). Because
the compost did not only contain organic matter, but also
mineral particles, the content of coarse sand was lower
and the content of medium sand and silt higher in the GM
rootzone than in the peat-amended rootzone (Table 3). The
peat-amended rootzone also had about 3 per cent units
higher porosity, of which about 1/3 were air-filled macro-
pores and 2/3 capillary micropores (Table 3).

Seed mixture and seeding rate

The trial was seeded with a drop seeder on 17 Aug. 2011
and covered with agryl tarp for one week. The realized
seeding rate was 29.3 g m–2. The seed mixture consisted
of 38.8 % slender creeping red fescue (F. rubra ssp. litora-
lis) ‘Cezanne’, 19.4 % of each of chewings fescues (F. rubra
Europ.J.Hort.Sci. 3/2014
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ssp. commutata) ‘Musica’, ‘Bargreen’ and ‘Calliope’ and
3 % of annual bluegrass (unspecified ecotype provided by
Felleskjøpet Agri, Holstad, Norway). The red fescue seed

was deliberately contaminated with annual bluegrass seed
to provide a uniform starting point for studying the com-
petition between the two species.

Table 1. Mean monthly temperature and precipitation at the official weather station Landvik from August 2011 to
December 2012. Data are compared with thirty year normal values (1961–90).

Temperature (°C) Precipitation (mm)

2011 2012 30yr norm. 2011 2012 30yr norm.

January 0.1 –1.6 144.4 113.0

February –0.5 –1.9 14.7 73.0

March 6.8 1.0 27.2 85.0

April 5.2 5.1 130.1 58.0

May 11.8 10.4 53.3 82.0

June 12.9 14.7 118.8 71.0

July 15.8 16.2 83.0 92.0

August 15.5 15.8 15.4 188.5 106.8 113.0

September 12.9 11.6 11.8 234.5 132.2 136.0

October 8.9 6.8 7.9 74.0 217.6 162.0

November 6.5 4.8 3.2 53.7 239.0 143.0

December 2.1 –3.3 0.2 155.8 285.9 102.0

Sum 706.5 1553.0 1230.0

Average 9.2 7.3 6.9

Table 2. Chemical soil analyses of rootzone materials used at construction in August 2011, and of topdressing materials
added in 2012.

Parameter Unit Rootzone at construction Topdressing used in 2012 Extraction method

Peat-amended Green Mix Straight sand Green Mix

Volume weight Kg L–1 1.5 1.5 1.7 1.6

Ignition loss % of DW 2.85 2.63 0.10 0.95

pH 5.6 7.8 6.5 8.0 H2O

P-AL mg 100g–1 1.7 6.4 < 1.0 5.9 AL

K-AL mg 100g–1 2.3 25.0 < 2.0 24.0 AL

Mg-AL mg 100g–1 2.4 6.8 < 1.0 4.9 AL

Ca-AL mg 100g–1 14 95.0 < 10.0 111.0 AL

Na-AL mg 100g–1 2.2 3.1 < 5.0 < 5.0 AL

K-HNO3 mg 100g–1 47 72.0 – –

Mineral N mg 100g–1 0.06 3.00 0.17 3.20

Total N % of DW < 0.10 0.14 < 0.11 < 0.11 CENTS15104/1540

Total C % of DW 1.5 1.9 < 0.5 0.6 CENTS15104/1541

Cu mg kg–1 0.26 1.30 < 0.20 0.84 EDTA

B mg kg–1 < 0.10 0.56 0.36 < 0.10 Hot water

Fe mg kg–1 6.7 2.5 10.0 3.8 NH4-acetate

Mn mg kg–1 4.5 0.6 < 0.5 < 0.5 Mg(NO3)2

Zn mg kg–1 < 1.0 6.7 < 1.0 4.4 0.2 M HCl

Mo mg kg–1 < 0.2 < 0.2 < 0.2 < 0.2 Tamms solution
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Maintenance

Fertilization. Before seeding, Binadan organic fertilizer
(Binadan A/S, Nørre Snede, Denmark) was raked into
the 2–3 cm surface layer at rates corresponding to 8.5 g N,
1.0 g P and 7.5 g K m–2 on peat-amended rootzones and
4.3 g N, 0.5 g P and 3.8 g K m–2 on GM rootzones. During
grow-in, all plots received alternate inputs of Wallco liquid
fertilizer (Cederroth International AB, Falun, Sweden)
and Andersons 13–2–13 granular fertilizer (The Andersons,
Maumee, Ohio, USA) at weekly intervals until 12 Sep. and
subsequently at two week intervals, but rates continued
to be 50 % lower on GM rootzones than on peat-amended
rootzones except for the last application after growth ces-
sation on 15 Nov. Including the preseeding application,
the total amounts of N, P and K applied on peat-amended
and GM rootzones were 16.5 and 8.3 g N m–2, 2.1 and
1.1 g P m–2 and 14.2 and 7.3 g K m–2, respectively. This
difference in fertilizer inputs during grow-in was intended
to compensate for the higher nutrient content in GM root-
zone and provide a uniform turf cover on all plots in spring
2012.

In 2012, all plots recieved the same amount of fertilizer
at weekly intervals until 10 July and at two week intervals
after that. The total rates of N, P and K were 13.3, 0.64
and 10.8 g m–2, respectively. The fertilizer was given as
liquid applications of either Arena Crystal 19–2–15, (Yara
AB, Landskrona, Sweden) or Greenmaster liquid NK 10–
0–10 (Everris International, Geldermalsen, The Nether-
lands).

Topdressing. The experiment was not topdressed in 2011.
In 2012 the individual plots were dressed with either
straight sand or GM topdress (the same sand plus finely
graded composted garden waste) at two week intervals
from 25 Apr. to 10 Oct. The sand was spread by hand,
and the total amount applied over the season was
8.2 mm (8.2 L m–2). The sand for the topdressing treat-
ments was supplied by Solum AS, Roskilde, Denmark
and had a mean grain size of 0.43 mm and a uniformity
index (D90/D10) of 3.0). Chemical analyses are given
in Table 2.

Irrigation. The plant-available water capacity in the two
rootzones (Table 3) was considered sufficiently similar to
justify the same irrigation regime. During grow-in in 2011,
the green was irrigated with 1–2 mm of water up to five
times a day except on days with natural rainfall. In 2012,
5 mm of water was given after each input of fertilizer or
topdress. Beyond this, 10 mm water was given each time
the volumetric soil moisture content in the upper 12 cm
became lower than 10 %, as measured with a TDR probe
(Field Scout TDR 300, Spectrum Technologies, Aurora,
IL, USA).

Mowing. The trial was mowed with a walk-behind green’s
mower three times per week and clippings collected.
Mowing height during grow-in in 2011 was gradually
reduced from 9 to 7 mm. In 2012, the mowing height was
gradually reduced from 9 mm in late March to 5 mm on
7 May, at which height it remained for the rest of the grow-
ing season.

Aeration and overseeding. All plots were aereated with 6 mm
solid tines to 6 cm depth on 23 April, 5 June and 14 August
2012. Following aeration on 23 April and 14 August, the
green was overseeded with 20 g m2 of the same seed mix-
ture as used for establishment.

Wear. From mid-July to mid October 2012 the trial it was
exposed to artificial wear and compaction using a friction
wear drum with golf spikes and a weight corresponding to
an adult player. The total amount of wear corresponded to
ca. 20000 rounds of golf.

Registations and statistical analyses

Recordings during grow-in from August to November 2011.  
• Per cent turf coverage (all grasses) was assessed on

2 Sep., 9 Oct. and 15 Nov.
• The number of red fescue and annual bluegrass tillers

were counted in samples (56 mm diameter) taken on
22 Nov.

• Per cent of roots colonized by mycorrhiza was deter-
mined in root samples (2.1 cm diameter, 20 cm deep)
taken on 18 Oct. from distinct patches of red fescue
and annual bluegrass in each plot. Roots were washed
carefully, heated with KOH and stained. Per cent colo-

Table 3. Mechanical and physical soil analyses of undis-
turbed soil cores (58 mm diameter, 37 mm height) taken
from the rootzones in November 2011, three months after
construction. Means of four cylinder samples per root-
zone.

Rootzone

Peat-
amended

Green 
Mix

Gravel, > 2.0 mm (%) 2.1 1.3

Coarse sand, 0.6–2.0 mm (%) 22.0 11.9

Medium sand, 0.2–0.6 mm (%) 51.9 61.2

Fine sand, 0.06–0.20 mm (%) 21.4 21.5

Silt, 0.002–0.060 m (%) 1.7 3.2

Clay, < 0.002 mm (%) 0.9 0.9

Soil density (kg dm–3) 1.31 1.38

Total porosity (%) 47.2 44.4

Air-filled pores at 3 kPa tension (%) 22.4 21.6

Plant available water capacity
3–1500 kPa tension (%)

21.1 19.2

Unavailable water at 1500 kPa tension 3.7 3.6
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nization was determined by the ‘grid-line intersect
method’ (GIOVANNETTI and MOSSE 1980).

Recordings in 2012.  
• Per cent coverage of bare soil, red fescue, annual blue-

grass and other grasses, turfgrass general impression
(1–9, 9 is the best turf), turfgrass density (1–9, 9 is most
dense) and turfgrass diseases (per cent of plot area)
were assessed at monthly intervals from April to Novem-
ber

• Turfgrass autumn color (1–9, 9 is the most freshly green
color) was assessed three times from September to
November.

• Turfgrass ball roll and surface hardness were measured
four times from June to October as an indication of
playing quality. The ball roll distance was measured
using a short stimpmeter modified for research plots
(GAUSSION et al. 1995). Measurements were always taken
24–30 h after mowing. Green hardness was measured
using a Clegg Soil Impact Tester with a 2.25 kg hammer
(Lafayette Instrument Co., Indiana, USA).

• Root development was determined using an auger,
30 cm long and 5.6 cm in diameter on 4 Apr. and 18 Oct.
The length of the intact hanging core was taken as an
indication of root depth. Roots from 0–5 cm and below
5 cm soil depth were washed and dried at 60 °C for
48 h for determination of dry weight.

• Mycorrhizal colonization was determined on 5 Jun. and
18 Oct. using the same method as in 2011. Because
annual bluegrass disappeared in late summer, sampling
on 18 Oct. only included red fescue.

The experimental data were analyzed using the PROC
ANOVA (SAS institute, Cary, NC, USA). Throughout this
paper, the term ‘significant’ always refers to a probability
level of P ≤ 0.05. Differences with probabilities in the

range 0.05 < P ≤ 0.10 are refereed to as ‘tendencies’ or
‘trends’.

Results

Turf coverage and botanical compostion in the sowing year

Two weeks after seeding turf coverage was significantly
better on GM rootzones than on rootzones amended with
peat (Fig. 1). Two months after seeding this effect had been
reversed as rootzones amended with peat had slightly,
although not significantly (P = 0.20), better coverage than
GM rootzones. By the end of the growing season, the
number of red fescue tillers was significantly higher on
peat-amended rootzones that had received 16.5 g N m–2

than on compost-amended rootzones that had received
8.6 g N m–2 (Table 4). Annual bluegrass constituted 10–
20 % of the total tiller population on all plots and showed
a tendency (P = 0.09) to more tillers on peat-amended
rootzones than on GM rootzones. The total tiller density
by the end of the grow-in year was 34 % lower on GM root-
zones than on peat-amended rootzones (Table 4).

Fig. 1. Development of
turf coverage from seed-
ing on 17 August to the
end of the growing season
2011 on rootzones with
different organic amend-
ment and receiving differ-
ent amounts of fertilizer.
In this and following fig-
ures and tables, signifi-
cance levels are indicated
as follows: 
***: P ≤ 0.001, 
**: 0.001 < P ≤ 0.01, 
*: 0.01 < P ≤ 0.05, 
(*): 0.05 < P < 0.10 
(‘tendency or ‘trend’); 
ns: not significant.

Table 4. Tillers per m2 of red fescue and annual bluegrass
on 22 Nov. 2011 (by the end of the grow-in year) on two
rootzones that had received different amounts of fertilizer.

Tiller m–2

Red 
fescue

Annual 
bluegrass

Total

Peat + 16.5 g N m–2 34731 8531 43262

GreenMix + 8.5 g N m–2 25490 3047 28537

ANOVA * (*) *
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Turf coverage and botanical composition in 2012

At the first assessment in April 2012, red fescue, annual
bluegrass and bare soil made up 80, 15 and 5 % of the
surface area on both rootzones (Fig. 2). In May, June and
July, GM rootzones had less red fescue and bare soil and,
but significantly more annual bluegrass than peat-amended
rootzones. However, regardless of rootzone, annual blue-
grass was outcompeted by red fescue after 6 July 2012. A
certain invasion of creeping bentgrass occurred in autumn,
significantly more on GM rootzones than on peat-amended
rootzones (Fig. 2).

Topdressing material had no effect on per cent bare soil,
red fescue or annual bluegrass on any of the observation
dates, but the infestation of creeping bentgrass in autumn
was exacerbated by GM topdress (data not shown). This
effect peaked on 7 Sep. when, on average for rootzones,
the coverage of creeping bentgrass was 3.9 % on plots
dressed with GM vs. 2.4 % on plots dressed with straight
sand (P ≤ 0.05).

Interactions between rootzone and topdressing were
not significant except in June and July when replacement
of straight sand topdress with GM topdress resulted in
more annual bluegrass on peat-amended rootzones (mean
values for two observations 7.6 and 9.9 %, respectively),
but less annual bluegrass on GM rootzones (mean values
16.5 and 15.0 %, respectively; data not shown).

Turfgrass general impression, density, autumn color and 
diseases

Green Mix significantly improved turfgrass general impres-
sion, tiller density and autumn color, both when used in
the rootzone and as topdressing (Table 5, Fig. 3). Inter-
actions between rootzone and topdressing on turfgrass

general impression were insignificant except in June
when the positive effect of GM topdress was more pro-
nounced on GM rootzones than on the peat-amended
rootzones, and in July when it was the other way round
(Fig. 3). In agreement with the latter, the improvement
in autumn color due to GM topdress was stronger on
peat-amended rootzones than on the GM rootzones (data
not shown).

The only disease identified in the trial was red thread
(Laetisaria fuciformis). It was first observed in September
and by the last assessment on 2 Nov. it covered 6–11 % of
plot area (Table 5). GM in the rootzone or topdress reduced
disease occurrence, but their interaction was not signifi-
cant (Table 5).

Playing quality

Turfgrass ball roll distance was significantly lower on GM
rootzones than on rootzones amended with peat (Table 5).
In contrast, GM had a small, but significantly positive
influence on ball roll when used as topdress. The green
surfaces were significantly harder on GM rootzones than
on peat-amended rootzones. Type of topdress had no effect
on surface hardness (Table 5).

Root development and mycorrhiza

In spring 2012 there was a tendency to more roots below
5 cm in GM rootzones that had received 8.5 g N m–2 in
2011 than in peat-amended rootzones that had received
16.5 g N m–2 in 2011 (Table 6). At the following observa-
tion in October, the average root dry weight in the upper
5 cm was about four times higher than in April, and for
this layer there was also a tendency that root weight had
increased more in rootzones amended with peat than in

Fig. 2. Development of
turf coverage and botani-
cal composition on peat-
amended rootzones and
Green Mix rootzones dur-
ing 2012. Means of two
topdressing treatments.
Symbols above bars indi-
cate significant differ-
ences in per cent bare soil
or botanical compostion
between the two root-
zones. Significance levels
are in Fig. 1.
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GM rootzones (Table 6). Below 5 cm the relative increase
in root weight since April was less than in the upper layer,
and there was no longer a tendency to more roots in GM
rootzones than in peat-amended rootzones.

Mycorrhizal colonization two months after seeding was
low, and there was no effect of either rootzone (Table 6)
or turfgrass species (not shown). On 5 June 2012, the aver-
age colonization level was even lower, but now there was

Table 5. Effects of rootzone and topdress on turfgrass general impression, density, autumn color, red thread disease
(Laetisaria fuciformis), golf ball roll distance and surface hardness in 2012. (Number of observations or observation dates
are given in parentheses).

Turfgrass general 
impression

(8 obs.)

Turfgrass 
density
(7 obs.)

Autumn colour 
intensity
(3 obs.)

Red thread, in % 
of plot area

(2 Nov. 2012)

Golf ball roll 
distance, in cm

(4 obs)

Surface hardness 
(gravities)

(4 obs)

Rootzone
Peat 3.8 4.3 3.5 8.6 112 61

Green Mix 5.5 5.9 6.6 6.8 105 71

Topdress
Straight sand 4.3 4.7 4.5 8.8 107 66

Green Mix 5.0 5.5 5.7 6.6 109 66

ANOVA

Rootzone *** *** *** * *** ***

Topdress *** *** *** ** * Ns

Interaction ns ns ** ns ns ns

Fig. 3. General impression (1–9, 9 is the best turf) of the different rootzone + topdressing combinations during the grow-
ing season 2012. Significance levels are in Fig. 1.
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a significant difference as 1.3 % of the annual bluegrass
roots were colonized versus 0.8 % of the red fescue roots
(P = 0.013; not shown). In October 2012 colonization had
increased to almost 59 % in GM rootzones versus 22 % in
peat-amended rootzones (Table 6).

Discussion

Because of faster establishment of putting greens on GM
rootzones than on peat-amended rootzones in a previous
trial (AAMLID 2005) we decided to cut the fertilizer input
during grow-in by 50 % on GM rootzones. That trial was
conducted with creeping bentgrass but the present results
confirm that the same enhancement of grow-in applies to
red fescue. In agreement with the chemical analyses, the
fact that turf coverage two weeks after seeding was better
on GM than on peat-amended rootzones shows that some
of the nutrients in the compost were directly available at
the seedling stage. Later during grow-in, the higher nutri-
ent content in GM rootzones was more than offset by the
application of 50 % less fertilizer than on peat-amended
rootzones. The lower tiller density on GM rootzones than
on peat-amended rootzones by the end of the grow-in year
suggests that a lower reduction would have been more
appropriate. Thus, our first hypothesis, namely that red
fescue requires 50 % less fertilizer for grow-in on GM root-
zones than on peat-amended rootzones, was only partly
confirmed.

Based on the assumption that mycorrhiza is more impor-
tant for plants growing under natural conditions than in
cultivated systems with high inputs of N and P (READ 1991),
a surprising result was the almost three times higher colo-
nization in GM roozones than in peat-amended rootzones.

Because of interactions between N and P, and also between
these elements and carbon supplies from the associated
plant, there are, however, many conflicting reports on the
effect of increased supply of N and P on mycorrhizal col-
onization (e.g. TRESEDER and ALLEN 2002; TRESEDER 2004).
In our experiment, the most likely explanations for stronger
colonization in GM rootzones was that the denser and
more vigorous turf provided more assimilates for the
symbiotic component, and/or that the organic forms of N
and P in compost did not inhibit mycorrhiza to the same
extent as readily available nutrients in mineral fertilizers.
These explanations are compatible with CAVENDER et al.
(2003) who found that both sterile and nonsterile com-
posts stimulated mycorrhizal colonization of roots of Sor-
ghum bicolor, and with HODGE et al. (2001) who docu-
mented enhanced decompostion of grass leaves and direct
utilization of organic nitrogen due to colonization of roots
with mycorrhiza. A higher initial content of mycorrhiza in
GM rootzones at construction can be ruled out because
propagules of the fungus were most likely killed by tem-
peratures around 70 °C during the composting process;
this is also confirmed the very low proportion of roots col-
onized in autumn 2011 and spring 2012. To conclude this
section, we have to reject the first part of our second hyo-
thesis, namely that peat-amended rootzones are more con-
ducive to mycorrhizal colonization than GM rootzones.

In contrast to this, the experimental results confirmed
the latter part of the same hypothesis, namely that com-
petition from annual bluegrass is more severe on GM root-
zones than on peat-amended rootzones due to a higher
content of plant available N and P. Regardless of mycor-
rhizal colonization or not, our results are in agreement
with ERICSSON et al. (2013) showing fertilizer requirements
of turfgrasses to decrease in the order annual bluegrass >

Table 6. Effects of rootzone and topdress on dry weight of roots at two depths in April and October 2012, and on per cent
of roots colonized by mycorrhiza in Oct. 2011 and June nd October 2012.

Root dry weight (g m–2) Root colonization (%)

4 Apr. 2012 18 Oct. 2012 18 Oct. 
2011

5 June 
2012

18 Oct. 
20120–5 cm 

depth
> 5 cm 
depth

0–5 cm 
depth

> 5 cm 
depth

Rootzone
Peat 130 49 555 136 2.1 0.9 21.6

Green Mix 115 58 442 138 1.9 1.2 58.7

Topdress
Straight sand 516 141 – 1.0 40.3

Green Mix 481 134 – 1.1 40.0

ANOVA

Rootzone ns (*) (*) ns ns ns ***

Topdress – – ns ns – ns ns

Interaction – – ns ns ns ns ns
Europ.J.Hort.Sci. 3/2014
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creeping bentgrass > red fescue, and with RALEY et al.
(2013) showing infestation of annual bluegrass to become
more severe at increasing P levels. Thus, the higher propor-
tion of annual bluegrass tillers on peat-amended than on
GM rootzones in 2011 can also be explained by the higher
fertilizer rates given to the peat-amended rootzones dur-
ing grow-in.

Although it is a common observation that the proportion
of annual bluegrass on golf greens decline with increas-
ing temperature and decreasing rainfall from spring to
summer (e.g. CLINE et al. 1993), the sudden and almost
complete disappearance of annual bluegrass from early
July to early August probably mostly reflects that it was
an annual biotype (weed-type), and not a greens type with
better persistence and adaptation to low mowing heights
(VARGAS and TURGEON 2004). At the same time, it cannot
be ruled out that root colonization with mycorrhiza con-
tributed to the demise of annual blugrass from the green
during July. On greens with a mixed cover of creeping
bentgrass and annual bluegrass, it has earlier been docu-
mented that inocluation of roots of both species with
mycorrhiza will change the botanical compostion in favor
of creeping bentgrass, and it been been speculated that
this is due not only to a shift in the competition between
the two species, but also to a direct antagonistic effect of
mycorrhizal colonization on annual bluegrass (GANGE et
al. 1999). Another factor explaining og perhaps compli-
cating this relationshiop is the fact that the mycorrhizal
community on red fescue roots are genetically differernt
from those on bentgrass or bluegrass roots (VANDENKOORN-
HUYSE et al. 2003).

As anticipated by our third hypothesis, the effects of
different topdressing materials on the young and imma-
ture green were mostly small compared with the effect of
rootzone compostion. It is, however, noteworthy that a
tendency to improved general impression after using GM
topdress appeared as early as five weeks after the first appli-
cation and that GM topdress had a clear effect on turfgrass
color retention in autumn. Some of these visual effects
can perhaps be interpreted as artefacts due to the darker
color of the GM compared with the straight sand topdress,
but there were also other positive aspects of using GM top-
dress, e.g. on disease occurrence and playing quality, that
are likely to become more prevalent as the green becomes
older. Greenkeepers managing red fescue apply an average
of 7 mm topdressing per year, and according to the Danish
supplier of GM topdress, this corresponds to 3–4 g plant
available nitrogen per m2 or about 50 % of the nitrogen
requirement on established red fescue greens (KVALBEIN et
al. 2012).

In conclusion, while not confirming all hypotheses, the
results from this experiment have shown significant ben-
efits of including GM composted garden waste in the root-
zone or topdress on red fescue greens. Funding permit-
ting, the experiment will continue for another 3–5 years,
enabling us to study the effect of compost as the green
becomes older and more mature.
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