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ABSTRACT 

 
Take-all patch and snow mold are common diseases on sand-based golf greens. Our objectives 
were (1) to study potential suppression of these diseases on new greens by inclusion of 20 % 
(v/v) garden compost ‘Green Mix’ (GM) in straight sand (SS) root zones; (2) to study efficacy 
against these diseases and leaching potential of fungicides approved for turfgrass use in Norway; 
and (3) to evaluate if repeated use of fungicide has any effect on microbial numbers in USGA 
root zones.  Prochloraz (0.45 kg a.i. ha-1),  azoxystobin + propiconazole, (0.200 + 0.125 kg a.i. 
ha-1), or trifloxystobin + propiconazole (0.1875 + 125 kg a.i. ha-1)  were applied for two 
consecutive years on two experimental greens, one including field lysimeters with either SS or 
GM root zones. Iprodione (2.250 kg a.i.ha-1) was applied only outside the lysimeter area. None 
of the fungicides had a significant effect on take-all at the applied rates. Azoxystobin + 
propiconazole or trifloxystrobin + propiconazole were more effective than prochloraz or 
iprodione in controlling snow mold. Leaching from SS root zones increased in the order 
trifloxystrobin< prochloraz<propiconazole<azoxystrobin. Amendment with compost led to more 
take-all, had no effect on snow mold, but practically eliminated fungicide leaching.  Soil 
microbial numbers were unaffected by fungicides but significantly higher in compost-amended 
versus straight sand root zones.  Since azoxystrobin + propiconazole or trifloxystrobin + 
propiconazole appear to have the same effect on snow mold, the latter should be the preferred 
choice for prophylactic applications against snow mold in late autumn.  
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INTRODUCTION 
 

Grasses growing on golf courses, 
particularly short-cut putting greens, are 
subjected to a number of fungal diseases. In 
Scandinavia, the overwintering diseases pink 
snow mold (Microdochium nivale [Fr.] 
Samuels and Hallett) and grey snow mold 
(Typhula spp.), often in combination with 
abiotic damages such as ice encasement, 
desiccation, or freezing injury, cause great 
economical losses every year (Årsvoll, 
1973). During the last decade, there has also 
been many reports on diseases occurring 
during the growing season, such as take-all 
patch (Gaeumannomyces graminis [Sacc.] 
Arx & Oliver var. avenae [Turner] Dennis), 
Pythium blight (Pythium spp.), brown patch 
(Rhizoctonia solani Kuhn), and red thread 
(Laetisaria fuciformis [McAlpine] Burds) 
(Molteberg and Aamlid, 2007; Tronsmo and 
Tronsmo, 2005a, 2005b, 2005c, 2006a, 
2006b). 
 

Traditionally, golf greens in 
Scandinavia have been established with 1-3 
% (w/w) OM in the sand-based root zone. 
Recently, there has been increasing concern 
that such organic amendment will reduce the 
air-filled porosity and water infiltration over 
time. Many greens have therefore been 
established with SS root zones. Such a 
change in green construction will not only 
affect the nutrient and water holding 
capacity of the root zones, but it may also 
influence turfgrass diseases and the risk for 
pesticide leaching. Boulter et al. (2002 a, 
2002 b) reported reduced incidence of both 
pink snow mold and grey snow mold after 
amending creeping bentgrass (Agrostis 
stolonifera L.) greens with mature compost, 
and similar suppression of take-all was 
reported by Tilston et al. (2002). By 
increasing soil cation exchange capacity, 
OM will most likely contribute to less 
pesticide leaching, and inclusion of 

biologically active compost may also 
stimulate microbial degradation and thus 
reduce the half life of many pesticides.  

 
In Europe, there is increasing 

concern for the environmental consequences 
of pesticide use, especially on golf courses 
and in other green areas. While twenty or 
more fungicide applications per season are 
not uncommon on North-American golf 
courses (Sigler et al., 2000), a survey 
conducted on Norwegian courses in 2000 
showed that fungicides were rarely used 
more than twice per season, and typically 
only on the greens to prevent winter diseases 
(Tronsmo, 2001).   

 
Scandinavian studies on pesticide 

leaching from golf greens have mostly 
focused on iprodione, which is commonly 
used in Finland, Sweden and Norway.  
Iprodione is toxic to aquatic organisms at 
2.5 µg L-1; this limit was exceeded on two 
occasions in a Norwegian study involving 
two golf courses and one experimental green 
(Vansemb et al., 2003) and almost exceeded  
in a similar study in Sweden (Strömqvist 
and Jarvis, 2005).  The Swedish study also 
showed that with repeated use, the rate of 
iprodione necessary for diseases control 
increased due to enhanced biodegradation 
(Sigler et al., 2000).  This is also confirmed 
by many recent reports from superintendents 
claiming that iprodione has lost its efficacy 
against snow mold and other turfgrass 
diseases. Thus, there is a need for new 
fungicides that are both friendly to the 
environment and efficient against diseases.  

 
The objectives of the present 

research were (1) to study potential 
suppression of snow molds and take-all on 
newly established greens by inclusion of the 
commercially available garden compost 
‘Green Mix’ (GM) in otherwise SS root 
zones; (2) to study efficiency against the 
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aforementioned diseases and leaching 
potential of fungicides approved for 
turfgrass use in Norway; and (3) to evaluate 
if repeated use of fungicide has any effect on 
microbial numbers in USGA greens.   

 
MATERIALS AND METHODS 

 
The experiments were carried out 

during 2003-2006 at Bioforsk Øst Landvik 
(58° N, 12 m a.s.l.) and Bioforsk Øst 
Apelsvoll (61° N, 250 m a.s.l.). While 
Landvik has a coastal climate with 
fluctuating winter temperatures, unstable 
snow cover and a relatively high annual 
rainfall (30 years normal 1230 mm), 
Apelsvoll experiences a dryer, continental 
climate with an annual rainfall of 600 mm 
and 4-5 month of snow cover.  The weather 
during the experimental period followed this 
general pattern, except that Landvik had 3 
months of snow cover during the winter 
2005-2006.  

Landvik 
At Landvike, the experiment was 

conducted according to a two-factorial 
randomized complete block design on an 

experimental USGA-spec. (USGA, 2004) 
green containing sixteen lysimeters made of 
stainless steel. The two factors studied were 
root zone compositions (two treatments) and 
fungicides (four treatments including 
unsprayed control). The lysimeters were 
arranged in two separate blocks (replicates), 
each comprising eight lysimeters. Each 
lysimeter had a 2 m2 surface area and 
contained a 30 cm root zone layer underlain 
by a 10–15 cm gravel layer. The gravel layer 
was placed directly on the sloping lysimeter 
bottom which directed any discharge to the 
outlet. The root zones were either straight 
sand (SS) or Green Mix® (GM), the latter 
being SS amended with 20% (v/v) mature 
garden compost (Norsk Jordforbedring AS, 
Grimstad, Norway). The green was seeded 
with creeping bentgrass ‘Penn A-4’ in Sep 
2003. Soil samples taken in spring 2004 
showed than GM root zones had higher pH 
and contained four to five times more P and 
Mg, three to four times more K, and ten 
times more Ca than SS root zones (Table 1).  

 
 
 

 
Table 1. Chemical analyses of soil samples taken from straight sand (SS) and Green Mix (GM) root zones 

in spring 2004.  (Only one sample per treatment was analyzed for cation exchange capacity, total 
organic C, total N and micronutrients, thus no significance levels for these parameters) 

  
Root-
zone 

Ignition 
loss 

pH 
(H2O) 

P-
AL 

K-
AL 

Mg-
AL 

Ca-
AL 

Fe 
 

Mn
 

Cu 
 

Zn/
 

B 
 

Mo CEC 
cmolc 

 %  -----------------------------mg kg-1----------------------------- (100g)-1 
SS 0.4 6.6 13 21 21 170 349 1.1 0.6 0.9 0.3 0.06 0.4 
GM 2.1 7.5 56 69 88 1730 54 1.9 2.0 9.9 0.4 0.06 5.4 
Sign.  ***1) * *** * ** ** - - - - - - - 
The probability levels P<0.001,  0.001<P<0.01,  0,01<P<0.05, and 0.05<P<0.10, and P>0.10 have been 
indicated  by ***, **, *, (*), and ns,  respectively.   
 

By the time fungicide treatments 
were initiated in Sep 2004, shoot and root 
weights were nearly two times greater on 
GM than on SS plots (Fig. 1). However, in 
the case of GM, 85 % of the roots were at a 

depth between 0 and 5 cm, and only 15 % 
were under 5 cm, while in the case of SS, 70 
% of the roots were between 0 and 5 cm, and 
30 % were under 5 cm. 
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Fig. 1. Turfgrass shoot and root weights in various layers as affected by root zone composition. Shoot and 
root weights were determined in cylinder samples (30 cm high, 5.5 cm diameter) taken shortly before the 
first fungicide application on 3 Sep 2004.  ± 1 SE for shoot and total root dry weight has been indicated.  

 
In autumn 2004 and 2005 four 

lysimeters with the SS root zone and four 
lysimeters with the GM root zone in each 
block were assigned to the following 
fungicide treatments:  1) unsprayed control;  
2) prochloraz (PRC)  (N-propyl-N-[2-(2,4,6-
trichlorophenoxy)ethyl]imiazole-1-
carboxamide), 0.450 kg a.i./ha-1 (trade name 
‘Sportak EW’);  3)  azoxystrobin (AZO) 
(methyl (E)-2-{2-[6-(2-cyanophenoxy) 
pyrimidin-4-yloxy]phenyl}-3-
methoxyacrylate) 0.200 kg a.i. ha-1  +  
propiconazole (PRP) (1-[[2(2,4-
Dichlorophenyl)-4-propyl-1,3-dioxolan-2-
yl]methyl]1-H-1,2,4-triazole), 0.125 kg a.i. 
ha-1  (trade name ‘Amistar Duo’); and 4) 
trifloxystrobin (TRI) (methyl (E)-
methoxyimino-{(E)-alpha-[1-
(alpha,alpha,alpha-trifluoro-m-
tolyl)ethylideneaminooxy]-o-tolyl}acetate),  
0.1875 kg a.i. ha-1 +  PRP,  0.125 kg a.i. ha-1 
(trade name ‘Stratego 312,5 EC’).  

 

On 3 Sep 2004 and 5 Sep 2005 the 
plots were sprayed mainly to control take-all 
and on 27 Oct 2004 and 5 Nov 2005, the 
plots were sprayed prophylactically to 
prevent snow molds from developing during 
winter. Leaching water was collected in 
stainless steel tanks and sampled during two 
subsequent periods after each application, 
the first representing the first one to three 
days after application and the second 
representing the following four to 28 days 
depending on rainfall. Fungicide 
concentrations were analyzed at the Bioforsk 
Pesticide Laboratory using the M60 
Multivann method (Holen and Christiansen, 
2006).  

 
Petri-dishes (8.5 cm in diameter x 1 

cm height) filled with either SS or GM were 
placed on the respective plots before 
spraying fungicides on 3 Sep 2004. The 
fungicides in the Petri dishes were analyzed 
by the Ecotoxicity Group at Bioforsk Plant 
Health using dichloromethane – extraction 
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which gives an estimate of fungicide dose 
applied and the distribution of the fungicide. 
The soil samples were stored in freezer 
before extraction and analyzing. Results 
were calculated on an area basis.  

Throughout the study, turfgrass 
quality was rated at monthly intervals using 
the visual characters turfgrass overall 
impression (1 to 9, where 9 = best) and per 
cent of plot area affected by diseases. In 
2004, the development of take-all was also 
monitored more closely by counting and 
measuring diameters of all patches before 
the first fungicide application on 3 Sep  and 
again four weeks later. On12 Sep 2005, soil 
samples were taken from all plots and 
analysed for the numbers of aerobic bacteria, 
anaerobic bacteria and fungi using a 
dilution-plate technique. The number of 
colony forming units (CFU) was counted 
after five days incubation on glucose agar 
with cycloheximide for aerobic bacteria,  
after seven days on glucose agar in an 
anaeorbic jar for anerobic bacteria, after five 
days on potato dextrose agar for filamentous 
fungi and yeast,  and after five  days on 
Pseudomonas selective agar for 
Pseudomonas spp. Results were presented as 
CFUs per g soil dry weight.  

 
Apelsvoll 

At Apelsvoll, the experiment was 
performed on a USGA green constructed 
with a GM rootzone. The green was seeded 
in July 2003 with a mixture of red fescue 
(Festuca rubra L.) ‘Bargreen’, ‘Center’ and 
‘Barcrown’ and colonial bentgrass (Agrostis 
capillaris L.) ‘Bardot’ and ‘Heriot’. The trial 
was sprayed on 17 Oct. 2003 and 20 Oct. 
2004 comparing the same fungicides as at 
Landvik, with iprodione (3-(3,5-
dichlorophenyl)-N-(1-methylethyl)2,4-
dioxo-1-imidazoline-carboximide), 2.250 kg 
a.i.ha-1 (trade name ‘Rovral 75 WG’) added 
as a fifth treatment. The effect of fungicides 

on per cent winter damage was recorded in 
spring 2004 and 2005.  

During the course of this study, both 
experiments were mowed with walk-behind 
green mowers to a height of 4–7 mm 
(depending on the time of season) three 
times per week and vertically cut and top 
dressed at 3-4 week intervals.  Wear was 
imposed with wear friction machines 
simulating approximately 20 000 rounds of 
golf per year. Granular fertilizer was applied 
as ammonium-sulphate and various ‘Arena’ 
products (Hydro Agri, Landskrona, Sweden) 
at biweekly intervals, the annual nitrogen 
input corresponding to 180-190 kg ha-1. 
During warm and dry periods the greens 
were irrigated for 5-10 minutes (3-5 mm 
water) up to five times per week.   

 
The experimental data were analysed 

using the procedure PROC ANOVA in the 
SAS Release 9.1 software package (SAS 
Institute, Cary, NC).  Throughout this paper, 
the term ‘significant’ always refers to 
P<0.05, and ‘tendency’ to 0.05<P<0.10). 
 

RESULTS 
 

Lysimeter Experiment, Landvik 
Turfgrass impression and diseases.  

Although take-all injury was more severe on 
GM plots, turfgrass overall impression was 
better on GM plots than on SS plots at the 
start of the experiment on 3 Sep 2004 (Table 
2). During the subsequent month, take-all 
developed more rapidly on GM than on SS 
plots, resulting in no significant difference in 
turfgrass overall impression on 1 Oct. The 
increase in take-all injury from 3 Sep to 1 
Oct was primarily due to greater diameter of 
each patch, not to more patches. On 1 Oct 
many of the patches had also started to 
recover from the centre (data not shown).  

 
One month after the first application 

of fungicides on 3 Sep 2004, differences in 
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turfgrass overall impression or per cent of 
plot affected by take-all were not 
significantly different between plots sprayed 

with fungicides and untreated control plots 
(data not shown).   

 
 
Table 2. Turfgrass overall impression (=visual merit, 1-9, 9 is best) and occurrence of take-all patch 
(Gaeumannomyces graminis) on plots with rootzones of straight sand (SS) or Green Mix (GM)  as 
determined on 3 Sep and 1 Oct 2004.  Figures for 1 Oct are means of four fungicide treatments.   
 

 3 Sep 2004  1 Oc 2004 
 Overall 

impression 
(1-9) 

% of plot 
infected by 

take-all patch 

  Overall 
impression

 (1-9) 

% of plot 
infected by 

take-all patch 
  

SS 4.9 1  3.7 6 
GM 6.8 4  4.3 18 
Sign.  *** *  ns (*) 

The probability levels P<0.001,  0.001<P<0.01,  0,01<P<0.05, and 0.05<P<0.10, and P>0.10 have been 
indicated  by ***, **, *, (*), and ns,  respectively.   
 

In spring 2005, the plot area affected 
by take-all was still larger on GM plots than 
on SS plots, but as in the previous autumn, 
there was no visible effect of fungicides on 

disease development. During the summer 
period, the disease-infected area increased 
nearly 3 times on GM plots, but remained 
low and stable on SS plots (Table 3).

 
Table 3. Main effects of root zone composition and fungicide treatments in autumn 2004 and 2005 on per 
cent of turf area infected by diseases in spring (31 Mar – 10 Jun), summer (1 June – 5 Sep), autumn (after 
fungicide application on 5 Sep) 2005 and in spring (19 Apr – 4 May) 2006 

 Per cent of turf area affected by disease  
 Gauemannomyces 

graminis 
 Other diseases 

 Sprin
g 

2005 

Summe
r 

2005 

Autum
n 

2005 

 Sprin
g 

2005 

Summer
2005 

Autum
n 

2005 

Sprin
g 

2006 
SS 1 1 0  0 0 2 42 
GM 4 11 10  1 1 1 44 
Sign. ** (*)  *  ** ns ns ns 
         
Unsprayed 
control 

3 4 3  1 1 2 54 

PRC 2 5 3  1 1 2 59 
AZO +PRP 1 8 5  1 0 1 26 
TRI + PRP 3 7 8  1 2 1 33 
Sign.  ns ns ns  ns ns * *** 
LSD 5% - - -  - - 1 12 

The probability levels P<0.001,  0.001<P<0.01,  0,01<P<0.05, and 0.05<P<0.10, and P>0.10 have been 
indicated  by ***, **, *, (*), and ns,  respectively.   
 

Apart from take-all there were few 
other diseases during the first experimental 
year. A moderate attack of snow mold in the 

spring 2005 was greater on GM than on SS 
plots, but the disease was not significantly 
affected by fungicides. By contrast, 
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AZO+PRP and TRI+PRP significantly 
controlled a moderate outbreak of 
Microdochium patch as compared with PRC 
and untreated control in autumn. After three 
months of snow cover in the spring 2006, 
AZO+PRP and TRI+PRP gave significantly 
better control of severe injury of pink snow 
mold and grey snow mold than PRC (Table 
3). 

 
As in 2004, turfgrass overall 

impression remained higher on GM plots 
than on SS plots in 2005. On SS plots the 
turf needed most of this second growing 
season to reach acceptable quality. On GM 
plots the turf attained high quality in 
summer, but declined in autumn due to 
reappearance of take-all (data not shown).  

 
Leaching of fungicides.  Analysis of 
dichloromethane extracts from  soil samples 
(in Petri dishes) taken directly after spraying 
of the plots on 3 Sep 2004 showed that the 
amounts of AZO, PRC and PRP were 10 – 

12 times higher in SS than in GM, whereas 
the amount of TRI was 32 times higher. 
These discrepancies probably reflect the 
sorption affinities of the fungicides to the 
soils, with possibly 10-30 times higher 
sorption to the GM than to the SS soil.  
 

After applying fungicides 
prophylactically against snow mold on 2 
Nov 2005, the amount of leaching water 
collected during day no. 2-28 after 
application was significantly lower on GM 
than on SS rootzones (155 and 183 mm 
leachate, respectively). Otherwise, 
differences in the amount of leachate were 
not significant on any occasion (data not 
shown).  

 
Different concentrations of 

fungicides were found in samples of 
leachate collected 1-3 and 4-28 days after 
fungicide application in both 2004 (data not 
shown) and 2005 (Tables 4 and 5). 

 
Table 4. Concentration (µg L-1) of fungicides in leachate from plots treated with various fungicides on 5 
Sep 2005.   
 0-3 days after application  4-28 days after application 
Fungicide 
treatment 

Pro-
chloraz 

PRC 

Azoxy- 
Strobin 
AZO 

Trifloxy 
Strobin 

TRI 

Propi-
conazole 

PRP 

 Pro-
chlora

z 
PRC 

Azoxy- 
Strobin 
AZO 

Trifloxy 
Strobin 

TRI 

Propi-
conazole 

PRP 

          
 Rootzone: Straight sand (SS) 
Usprayed 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 
PRC 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 
AZO + PRP 0.00 1.60 0.00 0.11  0.00 1.40 0.00 0.16 
TRI + PRP 0.00 0.00 0.00 0.06  0.00 0.01 0.00 0.07 
          
 Rootzone: Green Mix (GM) 
Unsprayed 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 
PRC 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 
AZO + PRP 0.00 0.03 0.00 0.00  0.00 0.00 0.00 0.00 
TRI + PRP 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 

          
LSD 5% - 0.46 - 0.05  - 0.23 - 0.04 

          
PNEC-value 0.32 0.95 0.19 0.13  0.32 0.95 0.19 0.13 
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* Predicted no-effect value set by The Norwegian Environmental Soil Survey Programme  
Table 5. Concentration (µg L-1) of fungcides in leachate from plots treated with various fungicides on 5 
Nov 2005.   
 0-3 days after application 4-28 days after application 
Fungicide 
treatment 

Pro-
chloraz 

PRC 

Azoxy- 
Strobin 
AZO 

Trifloxy 
Strobin 

TRI 

Propi-
conazole 

PRP 

Pro-
chloraz 

PRC 

Azoxy- 
Strobin 
AZO 

Trifloxy 
Strobin 

TRI 

Propi-
conazole 

PRP 
         
 Rootzone: Straight sand (SS) 
Usprayed 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
PRC 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 
AZO + PRP 0.00 0.57 0.00 0.18 0.00 1.40 0.00 0.17 
TRI + PRP 0.00 0.00 0.00 0.09 0.00 0.01 0.02 0.11 
         
 Rootzone: Green Mix (GM) 
Unsprayed 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
PRC 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 
AZO + PRP 0.00 0.03 0.00 0.00 0.00 0.01 0.00 0.02 
TRI + PRP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 

         
LSD 5% -  - 0.00 - 0.23 - 0.04 

         
PNEC-value 0.32 0.95 0.19 0.13 0.32 0.95 0.19 0.13 
* Predicted no-effect value set by The Norwegian Environmental Soil Survey Programme  
 

In a few cases, traces of fungicides 
were also found in leachate from plots where 
the fungicide had not been applied; these 
traces were usually around detection levels, 
and were probably caused by wind drift 
during spraying of neighbour plots.  

 
Except for an average of 0.13 µg L-1 

PRP in leachate collected from day no.3 
until day no. 25 after application of AZO + 
PRP on 27 Oct  2004, traces of fungicides in 
leachate from GM root zones were generally 
small and insignificant. This was also the 
case for PRC and TRI, in leachate from SS 
root zones. By contrast, concentrations of 
AZO and PRP in leachate from SS root 
zones were often higher than the Norwegian 
guidelines for predicted no effect (PNEC) 
values (Ludvigsen and Lode, 2008). Among 
the 64 samples analyzed, the highest 
concentrations of AZO was 2.30 and of PRP 

0.21 µg L-1, these detections were both in 
leachate from SS root zones sprayed with 
‘Amistar Duo’. Although the same amount 
of the active ingredient PRP was applied in 
Amistar Duo and Stratego 312,5 EC, 
concentrations of PRP in leachate were 
usually higher after spraying with the former 
product. 

 
For the two fungicides that were 

most susceptible to leaching, AZO and PRP, 
Fig. 2 shows the total amount of active 
ingredient lost with drainage water 
expressed as a per cent of applied ingredient.  
As compared with the SS root zone, 
amendment with 20 % (v/v) garden compost  
(GM) reduced total leaching of azoxystobin 
by 99.8 % and PRP by 88%  (means of plots 
sprayed with ‘Amistar Duo’ and ‘Stratego 
312,5 EC’). 
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Fig. 2.  Leaching of AZO and PRP over two subsequent periods after application of ‘Amistar Duo’ and 
‘Stratego 312,5 EC’ expressed as per cent of applied ingredient on straight sand (SS)  and Green Mix 
(GM) root zones. Mean of four application dates, each time from two replicate plots. 1 SE has been 
indicated for the total amount of lost ingredient.  
 
Effect on soil microbial community.  

There were some differences in microbial 
content between the two root zone 
compositions on the 2-yr-old experimental 
green (Fig. 3). While bacterial numbers, 
both Pseudomonas spp., aerobic and 

anaerobic bacteria, were significantly higher 
in GM than in SS, differences in fungal 
content were insignificant. No effect of the 
applied fungicides on microbial numbers 
was observed (data not shown).

 

 
 
Fig. 3.  Effect of the root zone compositions of soil microbial numbers as determined in Sep 2005. 1 SE 
has been indicated for the total microbial number.  
 

Winter survival experiment, Apelsvoll 
The winter damage of the red 

fescue/colonial bentgrass mixture green was 
significantly reduced by prophylactic 
applications of all fungicides in 2003/2004 
and by AZO +PRP in 2004/2005 (Table 6).  

In 2003-2004 TRI+PRP had the best effects 
on turf winter survival. In 2004-2005, PRC 
did not reduce snow mold compared to the 
unsprayed control, and the effect of IPR was 
also negligible. 
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Table 6. Effects of prophylactic fungicide treatments on per cent winter damage on USGA golf greens at 
the continental location Apelsvoll.  
 

  % winter damage 

Fungicide  Rate, g a.i. ha-1 2003-2004 2004-2005 

Unsprayed  - 65 80 
PRC 450 45 90 
AZO  187,5 30§ - 
AZO + PRP  200 + 125 - 35 
TRI + PRP 187,5 + 125 20 50 
IPR 2250 35 60 
Sign.   * * 
LSD 5%  18 35 

The probability levels P<0.001,  0.001<P<0.01,  0,01<P<0.05, and 0.05<P<0.10, and P>0.10 have been 
indicated  by ***, **, *, (*), and ns,  respectively.   
§ On 17 Oct 2003, ‘Amistar’ was used instead of ‘Amistar Duo’. ‘Amistar’ does not contain propiconazole 
 

DISCUSSION 
 

Effect of root zone composition on 
turfgrass quality and diseases.  By the start 
of the experiment in autumn 2004 the overall 
impression of creeping bentgrass plots was 
significantly better on GM than on SS plots 
(Table 2). This can be explained by the low 
water and nutrient retention capacity of the 
sand (Carrow et al., 2001), which, especially 
on newly established greens, implies 
leaching of major nutrients and reductions in 
turfgrass quality (Aamlid 2005 and 2008). In 
a three year prospective, our results are 
compatible with those from a New Zealand 
study which concluded that ‘the practical 
advantages of omitting organic amendment 
in a medium-coarse, pure sand root zone 
were far outweighed by difficulties in 
establishment’ (Gibbs et al., 2000).  

 
Despite a better overall impression, 

take-all infection was more pronounced on 
GM than on SS plots. This can partly be 
explained by the higher pH of the GM (Fry 
and Huang, 2004; Smiley et al., 2005; 
Vargas, 2005),  but it is also likely that the 
patches became more conspicuous in the 
high quality turf on GM plots than in the less 
dense turf on SS plots. Gibbs et al. (2000) 

also found that take-all started earlier and 
was more severe on compost-amended than 
on SS root zones, but they concluded that, 
provided regular fertilization with 
ammonium sulphate, this undesirable effect 
of compost would be cured in the third to 
fourth year after establishment.  Suppression 
of take-all occurred on our experimental 
green after completion of this project (data 
not shown) 

 
Unlike in the studies by Boulter et al. 

(2002a, 2002b) and Tilston et al. (2002), in 
our experiment compost did not suppress 
either snow mold or take-all. In general, 
biological control of turfgrass diseases is 
often hampered by inconsistent results, the 
suppressive effects varying between various 
types of compost and even from batch to 
batch (Nelson, 2003). In agreement with 
earlier results from Ohio (Hoitink, 1980, 
Hoitink et al., 1997), Aamlid et al. (2005) 
reported suppression of take-all after 
incorporation of a biosolid compost made 
from 1/3 sewage sludge and 2/3 spruce bark, 
but not after amendment with GM as used in 
this trial.   

 
Disease control by fungicides.  Before this 
study, IPR and PRC were the most 
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commonly used fungicides on Norwegian 
golf courses. Our results, especially from the 
inland location Apelsvoll, but also from the 
coastal location Landvik in 2005-2006, 
confirm the practical experience by many 
greenkeepers, that these fungicides are not 
sufficiently effective to control turfgrass 
overwintering diseases, when applied 
prophylactically at labelled rates in autumn. 
While the maximum labelled rate for IPR 
against winter diseases in Norway is 2.5 kg 
a.i. ha-1, Swedish greenkeepers are allowed 
to use up to 7.5 kg a.i. ha-1, but even at such 
a high rate, the efficacy is highly variable. 
Unpredictable effect of IPR against pink 
snow mold and especially grey snow mold 
has also been reported from Canada 
(Vandenberg, 2008). This effect may be due 
to enhanced biodegradation necessitating 
increasing rates, as earlier reported for IPR 
and other dicarboximide fungicides (Sigler et 
al., 2000).  The EU database FOOTPRINT 
(2008) reports degradation half-life values 
for IPR of 14-126 days with a typical value 
of 84 days, but Strömquist and Jarvis (2005) 
found that degradation of IPR was biphasic 
with a half life in the first phase of only 17 
hours. Mocioni et al. (2004) reported from 
Northern Italy good control of pink snow 
mold by PRC at a rate 2.5 kg a.i. ha-1, which 
is more than five times higher than the 
maximum rate labelled in Norway and used 
in this trial (0.45 kg a.i. ha-1), and more than 
three times higher than the maximum rate 
approved in Sweden (0.675 kg a.i. ha-1).  The 
need for new and more efficient fungicides 
for the turfgrass sector is therefore 
unquestionable.  
 

The demethylation-inhibitor PRP has 
been on the marked for quite some time, and 
American studies show this fungicide is one 
of the most efficient fungicides in control of 
Typhula spp. (Jung et al., 2007). In the 
Nordic countries, PRP in its pure form is 
labelled for turfgrass use only in Finland, but 

Norway allows it to be used in combination 
with strobilurines, as was tested in these 
trials. In USA, the stobilurines (Q0I) are 
usually considered reduced risk fungicides, 
as their mode of action is highly specific. 
Mixtures of the two active ingredients may 
prevent the pathogens from building up 
strobilurin-resistant strains (Bartlett at al. 
2002; Vincelli, 2007). 

 
Of the two strobilurines used in this 

project, only AZO moves systemically in 
plant xylem and is generally considered to 
have the broadest action spectrum against 
fungal diseases (Bartlett at al. 2002; Vincelli, 
2007). As for the winter diseases, Jung et al. 
(2007) reported better effect of TRI (0.760 
kg a.i. ha-1) than of AZO (1.220 kg a.i. ha-1) 
against pink snow mold, while the situation 
was reversed for grey snow mold. From 
Northern Italy, Mocioni et al. (2004) 
reported no significant difference between 
AZO (0.375 kg a.i. ha-1) and TRI (0.500 kg 
a.i. ha-1) for control of pink snow mold in a 
mixed stand of Lolium perenne and Poa 
annua.  Abrahamsen and Tandsæther (2007) 
found that both AZO + PRP (0.100 + 0.0625 
g a.i. ha-1) and TRI + PRP (0.0625 + 0.0625 
g a.i ha-1) were efficient for the control of 
(mainly pink) snow mold in winter cereals.  
In our trials, both M. nivale and Typhula spp. 
were diagnosed by the Bioforsk Plant Clinic, 
but no attempt was made to quantify the 
proportion of the two diseases. Our trials 
showed no significant difference between the 
two product combinations AZO + PRP and 
TRI + PRP in the control of turfgrass winter 
diseases.  

 
Although PRP and TRI are also 

labelled in some countries (states), AZO is 
usually considered one the most efficient 
fungicides against take-all (Jenkyn et al., 
2000). The reason why AZO +  PRO had no 
visible effect against take-all in these trials 
may either be that applications were made 
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too late, that  the rate was too low, or that the 
water application volume was too low.  In 
order to prevent take-all, AZO has to be 
applied two times in autumn and two times 
in spring at a rate of 0.600 kg a.i. ha-1 with 
the first application being made before 
symptoms appear (Vargas, 2005; Syngenta, 
2008). If symptoms are already visible, the 
manufacturer recommends that the fungicide 
is drenched into the root zone using 800-
1000 L water ha-1 (Syngenta, 2008). 
However, Kaminski (2006) found no effect 
of water application volume or light 
irrigation after application on the control of 
take-all by AZO.  

 
Risk of leaching.  The most important 
factors governing the risk for pesticide 
leaching are their sorption characteristics and 
their soil degradation half lives. In addition, 
soil properties, soil management and climate 
play an important role of the fate of 
pesticides. We do not have site specific data 
on sorption and degradation of the fungicides 
used in this study, but the leaching risk of the 
fungicides is assumed to increase in the 
following order: TRI<PRC<PRP<AZO, 
based on sorption data from the EU- 
database FOOTPRINT (2008) This 
corresponds with what was found in our 
lysimeter experiment.  
 

For the mobile fungicides AZO and 
PRP, it is, however, noteworthy that virtually 
no leaching occurred from GM lysimeters. 
Besides the sorption to soil organic matter, 
this may be due to the higher microbial 
numbers (Fig. 3) which most likely promoted 
fungicide degradation in root zones amended 
with compost (Boulter et al., 2002a; Guertal 
and Elliott, 2004).  On the other hand, the 
least mobile fungicides in this study, TRI 
and PRC, did not leach even from SS root 
zones containing only 0.4% OM, although 
this may well have been due to the 

accumulation of thatch over the two year 
course of this study (Sigler et al., 2000).   

 
While fungicide concentrations were 

often of the same magnitude in leachate 
taken during the first 1-3 days and the 
subsequent 4-28 days after application 
(Tables 4 and 5), the latter period contributed 
most to the total fungicide loss due to higher 
leaching volumes (Fig. 2).  Since samples 
were not taken later than one month after 
application, the present results provide no 
indication of the long-term effect of 
fungicide use. With the exception of TRI, 
which has a very short degradation half life 
(FOOTPRINT, 2008), it is likely that 
leaching continued for several months after 
application. Another experiment in our 
lysimeter facility documented that leaching 
after prophylactic applications of IPR or 
AZO + PRP in late autumn continued at least 
until next spring (Larsbo et al., 2008).   

 
A commonly asked question from 

practitioners is whether regular fungicide use 
on golf greens will lead to a general decrease 
in soil microbial activity. The present data, 
as well as those of Guertal and Elliott (2004), 
suggest that fungicides will not affect the 
total microbial numbers, although this does 
not rule out that there may have been shifts 
in microbial population structures.  There is 
no doubt that soil bacteria are more 
important than fungi in biodegradation of 
fungicides in turfgrass soils (Sigler et al., 
2000), but  isolation and identification of 
various bacterial strains may be needed to 
fully understand the environmental fate of 
the chemicals used in this project. 
 

CONCLUSION 
 

In conclusion, this research has 
shown that although organic amendment 
with garden compost may improve the 
overall turfgrass quality of USGA greens, it 
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does not provide control of either take-all or 
snow molds. While fungicidal control of 
take-all may require higher rates or other 
application techniques than used in these 
experiments, the strobilurines AZO and TRI, 
when used prophylactially in combination 
with PRP, are better for control of snow 
mold than IPR and PRC. Since the efficacy 
of AZO and TRI against snow mold is 
similar, while the potential for leaching is 
significantly higher for AZO than for TRI, 
TRI+PRP should be the preferred fungicide 
combination for snow mold control on 
greens, especially those constructed with no 
organic amendment to the sand-based root 
zone.  
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