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1 Note for the reader

The objective of this Swedish—Finnish project igt@luate the impact of winter covers on the
winter survival of turfgrass on golf greens.

The experimental plan changed in Finland in themat of 2009 because Aulanko Golf could no
longer take part in the winter cover experimentwideer, two experimental greens were covered in
Lepaa Golf course in compliance with the origingderimental plan. Thus, third year observations
were gathered on the covers used in these plo&idition, because Aulanko Golf was left out, the
practice green of Lepaa Golf was included in theeeiment. New GreenJacRewinter covers that
were imported from the United States were usederptactice green. Two greens were provided
with thermometers.

In the autumn of 2009 it was easier to determimeectirrect time for installing winter covers than in
the previous years. The installation of winter asweas well-timed as frosty weather began
immediately after that.

Also in Sweden the experimental plan were changehlis year. At Timrd Golf course no use of
permeable cover (Evergreen) were used and at Bdgelhsourse only one impermeable cover
(Ice shield) were used.

In the autumn of 2009 the both golf courses detmerbver quite early, to avoid the risk of early
snowfall. At the same time, early covering alsa@ase the risk of a “too” long periods of covering.
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2 The experimental site and management of trial agein the summer 2009

The winter covers that were in accordance withattiginal experimental plan were placed on the
first and ninth greens of Lepaa Golf. The new corable winter covers were placed on the practice
green of Lepaa Golf.

The first and the ninth green were covered on 1debBer 2009 and the practice green was
covered on 10 December 2009. The winter covers veen@ved from the practice green and the
ninth green on 6 April 2010 and from the first grem 9 April 2010.

The grass species on the greens were velvet beat@grostis canindVesper’) and bentgrass
(Agrostis stoloniferaL-93").

2.1 Cutting and cutting height

In October were five cuttings, the last oneCigtober 2009 (Table 1).

Table. Cutting height of grass on the first andtimigreen in the summer 2009

Period Grass height mm Cutting times
4.5.-25.6.2009 6,0 37
26.6.— 23.7.2009 4,0 23
24.7.-29.7.2009 3,5 5
30.7.-13.9.2009 4,0 37
14.9.-29.9.2009 4,5 9

30.9.-14.10.2009 5,0 6
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2.2 Fertilizer inputs
The trial greens were fertilized according the hssof soil analysis (Table 2).

Table 2 Fertilization time and amount of given nutrientgie summer 2009.

Date Fertilizer type kg per ha
Fertilizer N P K
21.4.2009 Kemigreen START 3-5-2 50 1,5 2,5 1,0
7.5.2009 Kemigreen START 3-5-2 50 15 2,5 1,0
22.5.2009 GreenCare 22-2-7,5 50 11,0 1,0 3,8
28.5.2009 GreenCare 18-0-16 25 4,5 4,0
28.5.2009 Taydennyslannos 1 (Ca, Mg) 25
3.6.2009 Iron Sulphate 33
9.6.2009 GreenCare 13-3-11,5 93 12,3 2,8 10,6
14.7.2009 GreenCare 13-3-11,5 50 6,7 15 5,8
16.7.200 Iron Sulphate 33
20.7.2009 Kemigreen SUMMER 4,5-0-4,2 33 15 1.4
29.7.2009 GreenCare 13-3-11,5 50 6,7 1,5 5,8
13.8.2009 GreenCare 13-3-11,5 50 6,7 15 5,8
9.9.2009 GreenCare 6-5-22 50 3.1 2,5 11,0
28.9.2009 GreenCare 6-5-22 158 9,6 7,9 34,7
12.9.2009 Manganese chelate 3
Total 65,1 23,7 84,9

2.3 Fungicide treatments

The following herbicides and fungicides were used:
- 8.4.2009 bitertanol (Baykor)
- 29.5.2009 MCPA+fluroxypyr + clopyralid (Ariane Sertbicide)
- 17.6.2009 propiconazole (Viljan Tautiaine 101)
- 15.7.2009 MCPA+fluroxypyr + clopyralid (Ariane Sertbicide)
- 19.7.2009 propiconazole (Viljan tautiaine 101)
- 16.8.2009 bitertanol (Baykor)
- 17.9.2009 bitertanol (Baykor)
- 8.10.2009 propiconazole (Viljan tautiaine 101)
- 17.11.2009 thiophanate-methyl (Topsin-M)
- 11.12.2009 thiophanate-methyl (Topsin-M)

2.4 Other greenkeeping managements

Brushing Aeration
- every cutting time - 15.5.2009 (slitting)
- 1.6.2009 (slitting)
Watering - 7.7.2009 (slitting)
- 2.5.2009 - 27.8.2009 (slitting)

- 4.-7.5.2009 daily - 27.10.2009 (hollow tining)
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- 9.5. 2009

- 11.-15.5.2009 daily Verticutting

- 18.—20.5.2009 - 27.4.2009
- 22.5.-21.7.2009 daily - 23.6.2009
- 23.-24.7.2009 daily - 23.7.2009
- 26.7.2009

- 30.7.-3.8.2009 daily Sand dressing

- 7.-8.8.2009 - 27.4.2009
- 10.-15.8.2009 daily - 20.5.2009
- 17.-31.8.2009 daily - 23.6.2009

- 23.7.2009

Overseeding
- 28.4.2009

3 Weather data

Monthly average temperatures and rainfall durirggammer of 2009 and the winter of 2009—
2010, as well as respective normal values of pagears are illustrated in Table 3. Daily average
temperatures during the winter months are illusttaih Figure 1. The data is collected from the
weather station of the Finnish Meteorological tngé (FMI) at Hattula Lepaa.

Table 3. Weather data of Hattula Lepaa weatheinatatrom 1 May 2009 to 30 April 2010 (FMI)
and the normal values for temperature and rainfiadm the period 1971-2000 (FMI).

Year and month Average temperature °C Precipitation mm
2009/2010 30 year normal 2009/2010 30 yeamal
2009 May 11,3 9,8 28 34
2009 June 13,6 14,5 60 55
2009 July 16,6 16,4 76 80
2009 August 15,5 14,6 77 74
2009 September 12,0 9,4 30 54
2009 October 2,6 4,5 32 55
2009 November 1,7 -0,5 57 48
2009 December -6,8 -4,5 34 42
2010 January -13,3 -6,6 17 36
2010 February -9,8 -7,1 46 27
2010 March -3,1 -2,8 42 29
2010 April 4.4 2,7 40 30

Average temperatures during the winter months, floember 2009 to March 2010, were below
the long-term average. After the beginning of Deloen?009, daily average temperatures remained
below 0°C until 28 February 2010.

The long continuous frosty period was even refléatethe depth of the snow cover (Figure 2).
Although the amount of precipitation during Decemdned January was below the long-term
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average, the snow cover was over 20 cm deep, wiashdue to the qualities of the snow. That is,

the snow was fluffy and loose frosty snow with adideat insulation capacity.
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Figure 1. Daily average temperatures from 1 Decem@®09 to 10 April 2010 at Hattula Lepaa

(FMI).

The long continuous frosty period was even refl@atethe depth of the snow cover (Figure 2).
Although the amount of precipitation during Decemdned January was below the long-term
average, the snow cover was over 20 cm deep, wiashdue to the qualities of the snow. That is,

the snow was fluffy and loose frosty snow with agdideat insulation capacity.
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Figure 2. Depth of snow from 1 December 2009 té&\pbl 2010, precipitation station
Hameenlinna Pirttikoski (FMI).
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The snow cover was at its deepest from 4 MarchNta&ch, when it was measured 65 cm deep.

4 Experimental plan and covers
4.1 Winter covers

The first and the ninth green had the followinge@sy in accordance with the original experimental
plan:

- A Bubble plastic, 10 mm bubble size (Finnstapiep)astic film (black and white sides)
B Bubble plastic, 13 mm bubble size (KSAB Golf iuent Ab) + plastic film (black and
white sides)
C Gromax Plus, non woven polyethene sheet 36 g/pastic film (black and white sides)
D Evergreen (without plastic film)
E Control with no cover

The breadth of the area covered in each plot deggkad the breadth of the cover material used, as
shown below:

- A36m

- B3,6m

- C53m

- D58m

- E58m

The length of the area covered was determineddwtitlines of the green. Consequently, the area
covered with winter cover in each plot varied fr8to 45 M.

Cover D, Evergreen, had no plastic covering, ansl tivarefore placed at one end of the
experimental green. The control plot was placeti@bther end of the experimental green.

The ninth green was covered from 11 December 20@9April 2010, and the first green was
covered from 11 December 2009 to 9 April 2010.

The plastic film covering plots A, B and C was aikgd with the aid of wooden planks and nails.
As a result of the previous winter’s experienchs,dover was not installed as tightly as beforea Th
goal was to enhance the air space, but at the samado prevent water produced by the melting
snow from getting underneath the plastic cover.

Because Aulanko Golf no longer participated inweter cover experiment, the practice green of
Lepaa Golf was included in the experiment. Thrage GeeenJack&winter covers and an
uncovered control plot were placed there. The nevexs included:

- A GreenJacket Foam Insulation (impermeable, insgatover)

- B GreenJacket AFS Insulation (permeable, insulatongr)

- C GreenJacket Cover (impermeable, non-insulatinggo

- E Control without cover
The covers were installed so that the GreenJacdketr stretched over both the Foam Insulation and
the AFS Insulation covers and was the only covealan C (Figure 3).
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GreenJacket
A le— Cover

Figure 3. The disposition of GreenJacket covershenpractice green.

4.2. Measurement of the temperature

Thermochron iButton -thermometers (Dallas Semiceatwh) were used for measuring the
temperature as during the two previous winters. mbter had an accuracy of £0.5°C. One iButton
was placed on the surface of the green underneatwinhter cover, and another iButton was
embedded at a depth of 10 cm in the soil. The dutihat was placed on the surface in the control
plot (E) was left without cover. The iButtons thadre embedded in the soil were placed in the
center of a hole cut with a hole cutter, and tmeplug that was released was set on top of the
embedded iButton. The iButtons recorded the tentpeaix times a day. The iButtons were

placed on the ninth green and underneath the netemgovers on the practice green. However, the
iButton that was embedded in the soil underneatlGieenJacket cover (plot C) failed to deliver
uploadable data.

4.3 Observation of the turfgrass

A visual survey of the turfgrass was made in autinefiore covering and in spring when the covers
were taken off. The subjects of observation wergutumn living ground cover (%) and disease
damages (%), in spring winter kill (%) and disead@®nages (%).

5 Results
5.1 Quality and growth of turfgrass

In the autumn of 2009 before the green was coveried ground cover was 95% and disease
damage 10% on the first green. The ninth greemdidecover in the summer of 2009 from the
damage caused during the previous winter. ThuByiitg) ground cover was 70% and disease
damage 60% in the autumn. The practice green was @xcellent condition in the autumn of 2009,
with living ground cover of 100% and disease dantige
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In spring the experimental plots were first inspeabn 6 and 9 April 2010, when the winter covers
were removed. Snow mould was detected rather evlerdyghout the ninth green, but less than
after the winter 2008-2009. The boundaries betweeplastic-covered plots A, B and C, the
control plot and the Evergreen plot were not asrdisve as in the previous year (Photo 1).
However, the control plot did differ slightly frothe plot next to it (Photo 2).

Photo 1. Overview of the ninth green on 6 April @0 the front Evergreen, behind it two plots
that had been covered with the bubble plastic, ikihem the plot that had been covered with
Gromax Plus polyethene sheet, and in the backnbewered control plot.
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Photo 2. The boundary between the control plotaftf) the Gromax Plus cover (C) was faintly
distinguishable. The ice splinters in the picture eemnants of the ice layer that had formed on top
of the plastic cover in plot C.

There were no notable differences in turfgrass itmmdbetween the different plots on the ninth
green. More snow mould was detected underneatBuergreen cover than in the other plots.
(Photo 3).
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Photo 3. Living ground cover of the ninth
green on 6 April 2010. Covers: A bubble
plastic (Finnstaples), B bubble plastic
(KSAB), C Gromax Plus, D Evergreen and
E control.

Winter covers were removed from the first greer®dpril 2010. More snow mould was detected
in the area that had been underneath the solitigtas/er than in the respective area on the ninth
green. In contrast, less snow mould was detectddrarath the Evergreen and in the control plot
than in the respective areas on the ninth greens&@jently, these areas were clearly
distinguishable from the rest of the first greehd® 4).
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Photo 4. Overview of the first green on 9 April @0l the front the control plot (E), behind it
Gromax Plus, bubble plastic (KSBA), bubble plagtionstaples) and Evergreen.

On the practice green the situation was paralldeumeath all of the GreenJacket covers. There was
not as much snow mould as on the first and nindleigs, but, nevertheless, the turf was in a worse
condition. Some green growth could be seen ataise bf the turfgrass, but the grass plugs that
were transferred indoors did, however, not grovhier. There were no distinguishable differences
in turf condition between the covered plots anduheovered control (Photo 5). Furthermore, the
permeable AFS Insulation cover did not differ frime other covers in turf condition.
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Photo 5. Overview of turf condition on the
practice green on 6 April 2010. A = Foam
Insulation and B = AFS Insulation, both of
which had been covered with GreenJacket
Cover, C= only GreenJacket Cover and E =
uncovered control area.

All three greens were sand dressed and overseed28l April 2010. The overwintered grass has
recovered very poorly, which is why turf conditibas not been evaluated separately in disease
damage and winter kill percentages. Turfgrass regoand the development of turfgrass coverage
has been monitored by photographing the greenshay3 12 May and 1 June (Photos 6, 7 and 8).
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3.5.2010 12.5.2010

Photo 6. Turfgrass recovery on the first
green. The boundaries of the control (E) and
- niey Evergreen (D) are still visible on the green.
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3.5.2010 T I2%.2010

Photo 7. Turfgrass recovery on the ninth
green. The control (E) differs slightly from
: the rest of the area. The recently sown
WUl seed has not germinated yet.
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12.5.2010 R T B0 10

Photo 8. Turfgrass recovery on the practice gréérere are no visible boundaries between the
covers and the control

5.2 Soil surface temperatures underneath the cavelrsoil temperatures

Temperatures on the soil surface underneath therg@Figures 4 and 5) and at a depth of 10 cm in
the soil dropped quickly after the installationtioé covers. Air temperature sank below -15°C on 14
December 2009. At the same time, the snow coveronhs3 cm deep. The effect of the good heat
insulation capacity of the snow cover can be see¢hé later measurements. Although air
temperature sank several times to -20°C or eveswbtiat, the temperatures measured on the soil
surface or at a depth of 10 cm in the soil no lorsgek as drastically as when the snow cover was
thin.

Temperatures undeneath coveron greenlevel

—— Gromax Plus

°C

Bubble plastiv
(Finstaples)

Bubble plastic
(KSAB)

Evergreen

Temperature on
soil without cover

Figure 4. Daily average temperatures underneathcibners.
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The heat insulation capacity of the covers waslaimais in the previous years. The bubble plastic
covers had a better insulation capacity than GroRlag and Evergreen.

Temperaturesin soil -10cm

Gromax Plus

°C

Bubble plastic
(Finstaples)
Bubble plastic
(KSAB)
Evergreen

Control without
cover

Figure 5 Daily average temperatures at a depth@tm in the soil.

The new winter covers ASF Insulation and Foam kisoh were almost equal in their heat

insulation capacity (Figures 6 and 7). ASF Insolatield the soil temperature at a slightly higher
level than Foam Insulation immediately after th&tafiation of the covers. GreenJacket Cover does
not have any heat insulation capacity, which c@ldt be seen in the temperature measurements on
the soil surface underneath the cover.

ASF Insulation and Foam Insulation had a bettet imsalation capacity than the bubble plastic
covers.
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Temperatures underneath GreenJacket cover on green level
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Figure 6.Daily average temperaturamderneath GreenJacket covers.

Temperature in soil -10 cm underneath GreenJacket cover
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Figure 7.Daily average temperatures at a depth of 10 cthénsoil.

A surprising finding was the formation of a thiryéa of ice both on the covers and on the
uncovered areas of the experimental greens. Thasaog formation on the other greens of the
course as well.
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Temperatures on the soil surface underneath thersogmained below 0°C according to the
measurements. In March there were periods thaddest a few days when the temperature stayed
at -0.5°C. Because the thermometers have an agcafa0.5°C, it may well be that the
temperature has momentarily risen above 0°C, wihashled to ice formation.

6 Discussion and recommendations

Winter protective covers ought to be installed wttenground is already lightly frozen, when the
turfgrass has hardened and is momentarily dry.eigmtive fungicide for overwintering diseases
control must be applied immediately before thealstion of winter covers. In Finland it was
particularly difficult to determine the correct &nfior installing winter covers in the autumns of
2007 and 2008. During these years, late autumrchascterised by short frost periods with snow
cover, followed by warm periods that melted theveand thawed the ground. At its shortest, the
correct time for installation of winter covers mayly last for one to two days. This was the case in
2008, as the weather changed quickly after fungiaioplication, and the installation of winter
covers was delayed by five days.

Luckily, all winter covers that were included iretexperiment were light and easy to install, which
was a significant advantage in those conditionsvéler, if all greens on a golf course are to be
covered for the winter, several employees are redtimay well be that most employees are
already on leave late in the autumn, and can netibenoned quickly back to work on all golf
courses.

Winter cover manufacturers provide their own solusi for installation of their winter covers.
However, further development is required to finsli#gable method for installation of the plastic
film that is spread over the winter covers, so thiad will not tear it away during such winters
when snow is scarce. The plastic film is to preweater from leaking underneath the cover and
freezing on the green. For this reason, the filstoabe installed tightly on all sides. This is
particularly important if there is no clear surface off on only one side of the green. During this
experiment experience in Finland of the tearing&# of wind, as well as of the problems caused
by too tight an installment of the plastic film wgained.

In this experiment, the black and white plastimfthat was installed with the white side up was
proved to be a good choice in spring. Althoughwiger covers and the plastic film are removed
as soon as possible in spring, there may wellfeevasunny days before the removal. In such
conditions, there would be a risk of too high tenapgres on the surface of the green if the plastic
film were black.

It can be presumed that the problems with snow chonlLepaa golf course during the winters of
2008-2009 and 2009-2010 were at least partly dusttequate ventilation conditions underneath
the plastic film. Accordingly, the snow mould infemn detected after the winter of 2008 — 2009

was least severe underneath Evergreen (permeablénsulating cover), and in the uncovered
control. Moreover, the situation was similar on ah¢he experimental greens at Lepaa Golf also
during the winter of 2009-2010. However, snow moués detected even underneath Evergreen on
the other experimental green in spring 2010.

No disease problems were detected on the annusdtalsis green of Aulanko Golf during the
winter of 2007—2008. However, the winter coversewemoved three weeks earlier than in the
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following years. Thus, the green was covered felarter period of time than the experimental
greens in the following years.

The conditions underneath the impermeable covetsd lead to anoxia may have increased the
susceptibility of the turfgrass to snow mould irtfens. There were periods of time during both
winters when temperatures at the crown level rase €°C. This is, according to Tompkins,
Rochette and Ross (2008), the temperature lingt afhich the concentration of oxygen begins to
diminish and carbon dioxide begins to increase tmaih impermeable covers. The winter of
2008-2009 was warm, and temperatures remained dbeveng term average. Although the
winter of 2009-2010 was cold, temperatures on tilesarface remained high after the low-
temperature peak in early winter, due to the thiedd)-insulating snow cover. Temperatures on the
soil surface underneath the cover remained, butrierday, above -2°C after 1 March 2010.

In three consecutive years, initiation of growthl amrfgrass recovery in spring was the best in the
uncovered control plots. In the spring of 2009réwults were good with the Evergreen as well.

Slight differences in the heat insulation capaoitdifferent winter covers were detected during the
three-year experiment. The bubble plastic coverg Wwetter heat insulators during all of the three
winters than GromaxPlus cover. Nevertheless, Gréthexis used as a winter protective cover on
strawberry fields in Finland. Temperatures measbit on the surface of the green underneath
the bubble plastic cover and at a depth of 10 cthersoil typically differed approximately 1 to
1.5°C from the respective temperatures in the va@al/control. The greatest measured
temperature differences between the bubble plestier and the uncovered control were
approximately 3°C.

GreenJacké&tcovers that were included in the experiment inviireer of 2009—2010 had the best
insulation capacity, based on experimental datiecteld during that one year. The temperature
difference between the ASF Insulation cover andutimovered control measured on the surface of
the green underneath the cover was at its gregt€sin early winter. The respective temperature
difference between Foam Insulation and the uncaveoatrol was 5°C. Similarly, temperature
differences measured at a depth of 10 cm in tHevswe at the greatest 7°C for ASF Insulation and
4°C for Foam Insulation, compared with the uncoderentrol. The differences were, however,
later evened out by the thick snow cover.

After the three-year experiment, despite partinftgative experiences, it can be stated that liistil
worthwhile to continue testing winter protectivevecs on Finnish golf courses. Particularly as
climate change can lead to increasing ice covendtion on greens, due to freezing of rainwater
and melt-water. On the other hand, it may wellhze the ground will not get as deeply frozen as
before in Southern Finland.

An impermeable and well insulating cover that presevater leakage, combined with active or
passive ventilation would be one solution. The belpibastic + plastic film combinations
represented this option in this experiment. Vetitilawas, however, not used in this experiment.

If the ground is only lightly frozen prior to in$it&tion of the covers, a heat insulating cover migh
prevent the ground from freezing further, thuswaiig water to soak into the soil during winter. In
such case, no impermeable cover would be requimadmof the heat insulating cover. This
alternative was, however, not tested in Finland.
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The foundation for successful overwintering of greés laid during the growing season by
maintenance, since good maintenance can secureggdgihss condition, high carbohydrate
concentration, and successful hardening. Knowledglee characteristics and effects of various
winter protective covers and a planned use of siemonetheless, one option to reduce winter
damage.

7 Reference

Tompkins, D. K., Rochette, P. and Ross, J.B. 2MiBgation of anoxia under ice and
impermeable covers on annual bluegrass puttinghgrégewed 31 May 2010. URL: <
http://ptrc.oldscollege.ca/documents/MitAnoxialce€sBGPuttingGreens. pelf
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The Swedish part of the project

8 The experimental site and management of trial agein the summer 2009

At both Timrd GK and Bodens GK the dominate gragsies on the greens is annual bluegrass
(Poa annua and Rough bluegrasBda trivali§. The same greens were used this year as former
years, green number 7 and 16 at Timra GK and 111arat Bodens GK.

The management of the greens (table 1-4) is fropte®gber to October 2009 (Timra GK) and
August to October 2009 (Bodens GK).

8.1 Mowing, mowing height and rolling
Table 1. Mowing and rolling at Timra GK during Semiber and October 2009

Period Mowing height (mm) Mowing times Rolling
1.9-30.9.2009 3,5 16 14
1.10 -8.10.20094 1 1

Last mowing 4.1C Last rolling 8.10

Table 2. Mowingat Bodens GK during August to October 2009

Period Mowing height (mm) Mowing times
1.8-2.8.2009 4,0 2

3.8-10.8.2009 3,8 7
11.8-17.8.200¢ 4,0 7
18.8-26.9.2009 4,5 25

Last mowing 26.9

8.2 Fertilizers inputs
Table 3. Fertilization time and amount of givenriauits during September and October 2009 at Timka G

Date Fertilizer N(kg/100m°) P(kg/100m?) K(kg/100m°)

3.9.2009 Wallco 5,1-1-4,3 0,045 0,008 0,038

10.9.2009 Wallco 5,1-1-4,3 0,035 0,007 0,030

18.9.2009 Wallco 5,1-1-4,3 0,030 0,006 0,025

26.9.2009 Wallco 5,1-1-4,3 0,025 0,005 0,021

1.10.2009 Wallco 5,1-1-4,3 0,019 0,004 0,016

Table 4. Fertilization time and amount of givenriautts during August and Septem&09 at Bodens GK
Date Fertilizer N(kg/100m?) P(kg/100m?) K(kg/100m?)

10.8.2009 Arena Green Plus 10-1-1 0,3 0,03 0,3

31.8.2009 Arena Green Plus 10-1-100,25 0,025 0,25

8.3 Fungicide treatments

At Timra GK were following fungicides used duringtamn.

* 10.9.2009 Prokloraz (1 litre/hectar Sportak) antanatmetyl0,3 kg/hectar Topsin)
* 30.10.2009 Iprodion (7 kg/hectar Chipco Green)

No fungicides were used at Bodens GK.
8.4 Other treatments

At Timra GK were following product used
* 22.10.2009 Iron sulphaté kg/hectar)
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8.5 Other greenkeeping managements

8.5.1 Timra GK

During September and October following managemamnewione at Timra GK
Verticutting

* 8.9.2008 0,5 mm in 2 directions

Top dressing

* 8.9.2009.

Aeration

* 11.9.2009 knifes, 5 cm depth

8.5.2 Bodens GK

During August to October following management waéoee at Bodens GK
Top dressing

» 10.8; 27/8; 1/9; 9/9; 16/9; 25/9; 2/10 and 9.10200

Aeration

» 24.8 and 14.9.2009 Pre core, cross tines 10 mm @

9 Weather data

9.1 Timra GK

Figure 1 shows the monthly precipitation betweept&aber 2009 and April 2010 at Timra GK.
November was warm and wet compare to a “normalt.ye,2°C is normal (according to Hakan
Blusi, Course manager, Timra GK), this Novemberaherage temperature was +4,1°C. Also the
precipitation was higher, 87 mm compared to a “radtriNovember with 54 mm. The first snow
came at the end of November and some days withirddaginning of December. During middle of
December until March the precipitation was in fasfrsnow and the snow depth was up to 100 cm.
Some snow mold and ice was notice under the plastian low spots respectively. The most of the
trials were free from snow 16of April 2010. Temperature in Timr& between 1 ep&mber 2009
and 16 of April 2010 is showed in figure 2.

100

80

60

O Precipitation (mm)

40

giininininininG

September October November December January February March April

Figure 1. The measurement of precipitation at TiiG#& has been done from 1 of September 2009
until 16 of April 2010.
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Figure 2. Temperature (°C) in Timra between 1 qft&mber 2009 to 16 of April 2010
(www.temperatur.nu)

9.2 Bodens GK
At Bodens GK the amount of rain were measured dulingust (25 mm) and September (31 mm).

The 20" of October the first snow fall, but it melted quitoon. From about T®f December until
end of April 2010 the golf course was covered byvarDuring the winter, the snow depth was up
to about 100 cm and more or less no ice was Jesmperature in Boden between 1 of September
2009 and 30 of April 2010 showed in figure 3.
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Figure 3. Temperature(°C) in Boden between 1 ofeé®eiper 2009 to 30 of April 2010 |
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10 Experimental plan and covers

10.1 Winter covers

At both Timra GK and Bodens GK were the greens mm/@-4 of November 2009. At Timra the
covers were taking off 16-19 of April 2010 and atn 4 of May 2010. After that date was the
permeable cover (“spring cover”) left on the gre@nsluding control area A).

The winter covers were
A. Control
B. KSAB Evergreen (permeable cover)*
C. KSAB Evergreen + KSAB Ice shield (impermeable cyver
D. KSAB Evergreen + “bubble plastic” (isolation) + K8Ace shield
E. KSAB Evergreen + Plastic cover from Lantmannen Ratk Mark**
*No area “B” at Timra GK
**No area “E” at Bodens GK

On a smaller part of green 16 at Timra GK, it wasdia black impermeable “plastic” as cover, see
photo 4 belowBy agreement with Hakan Blusi, Course managersmatalGK, we decided to not
use area B (permeable cover) in the trial. Theare#&sr that decision was, with a “normal year”
with ice under a long period of the winter, a peafvle cover is not enough protection for the grass.
At Bodens GK, we decided to not use area E. Theorewas that | and Christer Hedlund, Course
manager at Bodens GK, could not see any differelpetgeen area C and E. Both areas consist of
impermeable covers.

To test the effect and the necessary of using &uthgs before covering, only the half of the greens
sprayed by Chipco Green (Iprodion) and the otherwas no treated at Timra GK. At Bodens GK
the trial were not treated by fungicide close t® tbvering date, due to the early snow fall in
October.

10.2 Measurements of the temperature

Temperatures measured by using Omega Temperatgget At each green, one logger measured
ground temperature under each area (A to E) andogger measured the air temperature. All
loggers saved data every 2,5 hour during the cogénine. Unfortunately, some of the logger did
not work properly and due to that, there is notgerature information from all different covering
techniques.

10.3 Observation of the turfgrass

A visual survey of the turfgrass made in the autlnefore covering and in spring after the covers
taken off. The subjects of observations were imw living ground cover (%), visual density
(scale 1-9, ther 9 is maximum density) and disélaseages (%). In spring, observation of
winterkill (%) and disease damages (%) were done.

11 Results

11.1 Quality and growth of turfgrass

11.1.1 Timrd GK

At the evaluation date, 20 of October, both gregase in very good condition (see photo 1). No or
very small differences in quality were seen betwibendifferent areas (A-E) of the greens. See
table 5.
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.Thep ob ng green number 7. (Photo: Boel
Pettersson)
Evaluation G7A G7C G7D G7E G16A G16C G16D GI16E
Height of grass (mm) 4 4 4 4 3,5 3,5 3,5 3,5
Living ground cover (%) 100 100 100 100 90 100 100 100
Visual density (1-9) 9 9 9 9 8 9 9 9
Disease damages (%) O 0 0 0 0 0 0 0

Table 5. Evaluation of the turf quality were donéamra GK 20 of October 2009. Green 7 and 16
with area A, C, D and E.

In spring 2010 the first evaluation of quality wenade 20 of April (green 7) and 16 of April green
16 (result, see table 6 and 7). Photosh@ws the survival at the different cover techngque

Evaluation G7A G7A* G7C G7C* G7D G7D* G7E G7E*
Winter damages (%) 5 5 30** 5 2 5 30** 5

Colour (1-9) 6 6 9 9 9 9 9 9
Diseases (%) 05 05 1 5 1 5% (05 b5

Table 6.Result from the evaluation of the trial green numbéspring evaluation).
*=area untreated by fungicide.

**=suspected suffocated area (anoxia), see photo 7.

***= mainly”older”injuries (from autumn 2009).

Evaluation G16A G16A* G16C G16C* Gl6D G16D* G16E GI16E*
Winter damages (%) 10 10 5 5 1 2 2 2
Colour (1-9) 6 6 9 9 9 9 9 9
Diseases (%) 1 2 1 3 1 10** 1 1

Table 7.Result from the evaluation of the trial green nunib® (spring evaluation).
*=area untreated by fungicide.
**=mainly “older” injuries (from autumn 2009).
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Photo 2. Green number 1
April 2010).

i

Photo 3. Green 16, from left area E (impermeabhecdLantmannen”), area C (impermeable
cover “Ice Shield”) and area D (bubble plastic amdpermeable cover “Ice Shield”). The area
closed to camera is untreated by fungicide. (PhBimel Pettersson, 16 of April 2010).
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Photo . Green to the left area E (impermeglkdstic from Lantmannen), the “light green”
area was covered by black impermeable “plastic” dadhe right area A (control). (Photo: Boel
Pettersson, 20 of April 2010).

Photo 5. Green 7 area D (bubble plastic and impeabhe cover “Ice shield”)
to left and area C (impermeable cover “Ice shiglety right. (Photo: Boel Pettersson, 20 of April
2010)
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Photo 6. Green 7, area E (impermeable plastic ftamtmannen) to left
and area A (control) to right. (Photo: Boel Petteos, 20 of April 2010)

Photo 7. This area was covered by E (impermealalstiol from Lantmannen) and C
(impermeable “Ice Shield”). (Photo: Boel Petterss@0 of April 2010)

11.1.2 Bodens GK

At the evaluation date, 4 of November, both greeee in fairly good condition. The grass was a
bit pale (see photo 8). No differences in qualigrevseen between the different areas (A-E) of the
greens, see table 8.
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Photo 8. Green 11 at Bodens GK, closed to the canaeea A (control).
After that, area B (permeable cover “Evergreen”jea C (impermeable cover “Ice shield”) and
area D (bubble plastic and impermeable cover “lbege&l”). At the time for photography, the “Ice
shield” was not on place yet.

Evaluation G11A G11B G11C G11D G12A G12B G12C G12D
Height of grass (mm) 4 4 4 4 4 4 4 4
Living ground cover (%) 95 95 95 95 95 95 95 95
Visual density (1-9) 8 8 8 8 8 8 8 8
Disease damages (%) O 0 0 0 0 0 0 0

Table 8. Evaluation of the turf quality were dortd8adens GK 4 of November 2009. Green 11 and
12 with area A, B, C and D.

In spring 2010 the first evaluation of quality wenade 7 of May (result, see table 9). At the day
for evaluation, area A and B at green 11 were 8eett was not possible to evaluate these areas. At
area A at green 12 it was not possible to sep#natamount of diseases from the other winter
damages. Photo 9-Bhows the survival at the different cover techngque

Evaluation G11A G11B G11C G11D G12A G12B G12C G12D
Winter damages (%) * * 10 10 95 30 20 20
Diseases (%) * * 5 3 * 3 3 3

Table 9.Result from the spring evaluation of trial greendrid 12.
*=wet area, not possible to evaluate
**=Difficulties to separate amount of diseases fréime other winter damages.
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Photo 9. Green number 11, from left, aa B (petmteaover), area C (impermeable cover) and
area D (bubble plastic and impermeable cover). @hBoel Pettersson, 7 of May 2010)

Photo 10. Green number 12, from lef, area B (ebhaer), area C rble cver), area
D (bubble plastic and impermeable cover), area B area A (control). (Photo: Boel Pettersson,
11 of May 2010)
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Photo 11. Green number 12, from left area C (impsie cover), area D (bubble plastic and
impermeable cover) and area B (permeable coveho(® Boel Pettersson, 7 of May 2010)

Photo 12. Compare photo above with this, whiclakeh 4 days later. (Photo: Boel Pettersson, 11
of May 2010).

11.2 Soil surface temperatures underneath the cover

11.2.1 Timrd GK

As earlier years, some of the temperature loggave hot worked properly during the winter.
Temperature from green 7 (area A and D), greerafidga(A and D) and air temperatures is find in
appendix 1. The air temperature varied betweerfC 2®d + 8°C during the period. During middle
of March and in April the temperature raise uptiowt +10°C (or more) under some days
(probably due to thermometer in sunshine).
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After an unusually warm November, the temperatuden bubble plastic and impermeable cover
(area D) become stable (minus degrees) from migfdEcember. The lowest measured
temperature was -4°C at green 16 and -10°C at gteErom January and rest of the winter the
temperature was just some degrees below zero.e&ndgt6 (area D), the temperature logger does
not work after middle of February. At the controda (A) the situation was similar to area D, the
lowest mesuared temperature was -6°C. From Jamaunalyest of the winter the temperatures varied
between -1° to -5°C.

11.2.2 Bodens GK

At Bodens GK, the air temperature and 2 loggeggetn 11 (area B and E) and 3 at green 12 (B, C
and D) worked properly. The temperature diagraradiading in appendix 1. The air temperature
varied between -35°C and some degrees above zangdibe winter. During April the temperature
raise up to about +10°C (or more) under some dargbably due to thermometer in sunshine). It
was small differences in temperature between ttierent cover techniques. Under the winter, the
temperatures vary between 0 to about -6°C (witheserteptions) under all covers.

12 Discussion and recommendations

During these three years with the trial, it hasnbegry obvious the importance to cover just before
“first expected” snowfall. At the same time, itimgportant to wait as long as you “dare”, since the
snow often stay to at least middle of April in thiga of Sweden. It is necessary to both avoid the
risk with an ice cover if (or when) the first snowelt and a long period with impermeable cover
(often more than 5 months) which increase theafdlack of oxygen (anoxia)l'he conclusion from
the course managers at Boden and Timra golf coarsethat it is better to cover earlier (in this
area of Sweden usually beginning of November) tisknice on the greens before covering. But at
both places it has been problems (more or les$)avibxia during all these three years. The risk for
anoxia will probably arise when you got early smmwthe covers and on not frozen ground. During
these circumstances it is probably best to cleamgy the first snow, in an attempt to get a frozen
ground. But of course, it is a bit labour intensivefew courses in Sweden have test to ventilate
under the covers with drain pipes. Some courses gawd experience of that, but some have
insteadmoreproblems than without the drain pipes. At one golfirse which covers with
impermeable covers and drain pipes every two meddod of snow molds arise nearest to the
pipes, but between the pipes, more or less no smold arised.

The winter 2009-2010 was very stable, with minugrdes more or less the whole winter. It was a
lot of snow, both at Timra and Boden, and no iésearduring the winter. Years with this type of
weater, it is hard to see a positive effect of cmgewith impermeable covers. Due to the bad
survival after the first two years of the trial wibnly permeable cover (area B), the course manager
at Timra GK, Hakan Blusi, was not interested ta tesse covers this year. Maybe, the result had
been different this year if we had tested the pabriteecovers under this weater conditions.

Conlusions from this project (some of them was moerdlready after year two in the project) | will
emphasize following important things about covering
* Do you get better winter survival of the greens ifou cover them?As | see it, covering

the greens is an alternative in areas there yoea hsk for ice formation during the winter.
Especially an alternative fétoa annuaor Poa trivalisgreens, but in areas with risk for long
periods of ice (which happens regulary in the npeft of Sweden) also an alternative for
other grass species. As exempel, at longer peti@is3 months with ice, also species such
velvet bent Agrostis caninghad been damaged.
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When should the golf courses cover the greeng§Rie to “normal” autumn in north part of
Norrland, | suggest it is best to cover in the hagig of November. In south part of
Norrland, maybe it is enough to cover in the midufi&ovember. You have to be awake
and follow the weather forecast carefully. Of ca,fsost in the ground and close to snow
is the best time for covering, but usually somensnomes in the end of October to the
middle of November and this snow often become t&leeice after some days with

warmer weather. Due to low temperatures (clos€é®) @nd short days, this “sleet” did not
melt. That is the reason why | think it is beti@icover the greens quite early, before the
green become wet or icy later in November.

Is it necessary to use impermeable covely recommendation will be, always use an
impermeable cover in this part of the Sweden, dube fact of ice formation more or less
every year. Shorter winter or more stable snow c@erhaps it is not necessary with
impermeable cover.

The best survival of the grass has been undenthermeable covers and the “greenest
grass” has usually been under the bubble plasid.can see, it shows the importance of
enough with air under the covers. Because of thisnk it is often necessary to create a
ventilation or air volume, especially during longripds of covering. The problem is how to
create this “air space” under the cover. The “Letijht expanded clay aggregate”) were
tested year two in the project, the result wastp@sat Timra but no differences in survival
were seen at Boden that year. And in a larger faaMhole green or at a course all greens)
it will be not practical to work with this materi@ther ways can be to use drainage pipes,
it has worked at some courses, but also this i ladour intensive.

Another important thing is to dig the edges of ¢tbgers in the ground, if you suspect water
can leak into the green. Another solution is toeharough with cover so you can cover a
bigger area of green surroundings to avoid watenfsmaller slopes to reach the green.

If the greens have low spots, the risk is highdead areas in these spots. To avoid that, the
best solution is of course to rebuild this arethefgreen.

Finally, a bad “prepared” green will not surviveetinter better because you cover it. Of
course it is very important to fertilize in rightay during the season and autumn, have a dry
surface before covering, probably also use a chadrfuagicide etc. And the weater during
the autumn will also affect the survival, a sunaoyuan (or at least not shady greens) is
very important for storage carbohydrates for thee wsder the winter.

| think it is necessary to develop the coverindntec, then, maybe more golf courses in Sweden
will be interested in this. As | can see, followithgngs are important to work more with;

Ventilation. It is obvious that some areas of s@reens died after covering with
impermeable plastic. Why these areas died it n®f smexplain, but if the reason is lack of
oxygen, it is necessary to develop the techniafifieasy” way) with ventilation. Due to
fact that we do not know the reason for the badigalon green, it had been also been
interesting to measure oxygen and d&vel.

It is also necessary to work with cost effectivegons; choice of cover material and
amount of labour. During the time for covering tireens at the autumn, few employees
works at this time of the years at Swedish golfrses, and then the course has to relay on
members help etc to cover the greens.
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13 Appendix

Temperatures underneath covers and air temperatureat Timra GK
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Figure 4. Temperatures, control, green 16
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Figure 5. Temperatures underneath impermeable ¢dwerShield and bubble plastic (KSAB), green 16
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Figure 6. Temperatures, control, green 7
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Figure 7. Temperatures underneath impermeable ¢cdwershield and bubble plastic (KSAB), green 7
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Figure 8. Temperatures in air
Temperatures underneath covers and air temperatureat Timra GK
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Figure 9. Temperatures underneath permeable cdargreen (KSAB), green 11
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Figure 10. Temperatures underneath impermeablerctae shield (KSAB), green 11
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Figure 11. Temperatures underneath permeable c&xergreen (KSAB), green 12
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Figure 12. Temperatures underneath impermeablercéae shield (KSAB), green 12
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Figure 13. Temperatures underneath impermeablerctee shield and bubble plastic (KSAB), green 12
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Figure 14. Temperatures in air



