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SUMMARY

Soil surfactants applied to turfgrass can either be polymers that retain water and/or minimize
the horizontal variation in soil water content in the rootzone, penetrants that enhance water
percolation rates, or dual-purpose products combining both functions. The ability of
surfactants to prevent dry spots is well documented, but less information exists about
surfactants in situations with water surplus. Thus, the objective of this research, carried out
under the industrial partnership agreement between the Scandinavian Turfgrass and
Environment Research Fondation (STERF) and Syngenta, was to study responses to monthly
applications of Syngenta’s surfactant Qualibra under restricted or excessive water supply.

The experiment was carried out on on a USGA-spec. putting green at NIBIO Landvik, SE
Norway (58°20°N, 8°31’E, 10 m a.s.l.) from 1 May 2014 to 1 May 2016. Restricted water supply
implied irrigation to field capacity once a week (FC1) in 2014, a warm and dry summer, and
deficit irrigation to 60 % of FC (DEF1) in 2015, a cool and wet summer. Excess water implied
irrigation twice a week (EX2) with 50 % more water than needed to replenish FC in both years.
In addition to the untreated control, the alternative surfactant Revolution was included as a
second check in 2014.

On average for irrigation treatments, Qualibra decreased the volumetic soil water content
(SWCQ) of the 7.5 cm topsoil from 19.3 to 16.8 % in 2014 (P<0.01) and from 19.1t0 17.1 %
(P<0.05) in 2015. The corresponding reduction for Revolution in 2014 was from 19.3 to 16.1 %.
For both surfactants there were also reductions in the average SWC at 0-20 cm depth,
although these differences were less than conspicuous than in the 0-7.5 cm topsoil. In 2015,
the reduction in SWC measured with a TDR instrument was further confirmed by gravimetric
determination of SWC in various layers; this gravimeric determination also showed that
Qualibra resulted in a slightly higher SWC at 20-30 cm depth on plots receiving DEF1
irrigation.

In 2015 there tended (P<0.10) to be an interaction as the reduction in SWC at 0-7.5 and 0-20
cm soil depth was stronger with EX2 than with DEF1 irrigation. On plots with EX2 irrigation,
this also was accompanied by a notable reduction in thatch thickness and ignition loss
(P<0.05) and — in May 2015 — an increase in soil pH from 6.0 to 6.2, mostly likely reflecting
higher bacterial decomposition of organic matter due to more oxygene in the thatch.

As indicated by the water drop penetration time, both surfactants reduced soil water
repellency significantly and to the same extent irrespective of irrigation treatments, but an
improvement (P<0.05) in turfgrass quality was recorded only with DEF1 irrigation in 2015. In
contrast, both surfactants tended to reduce turf quality and color on plots receiving EX2
irrigation; this might be due to more leaching of nitrogen and/or other nutrients out of the
upper rootzone, perhaps indicating a need for more research into nutritional aspects related to
the use of Qualibra in wet situations. Both winters during the project period were mild, and
there was very little winter damage, although the the corrence of microdocium patches in
spring 2016 increased significantly from 0.3 to 0.9 % of plot area on plots treated with
Qualibra.

In conclusion, this research showed that the benefit of Qualibra varies significantly depending
on water supply. Qualibra and Revolution mostly seems to have the same properties, although
the reduction in SWC at 0-20 cm soil depth in this trial was slightly stronger with Revolition.
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INTRODUCTION

Soil surfactants are applied to sand-based golf greens in order to improve turf quality and
water use efficiency, and to avoid localized dry spots caused by soil water repellency (SWR)
(e.g. Karnok et al. 2004, Karnok & Tucker 2009, Lyons et al. 2009, Aamlid et al. 2009a,b,
Soldat et al. 2010a,b). Surfactants have different chemistries and modes of action (Zontek &
Kostka 2012, Karnok 2013), but a common feature is that the molecules attach to hydrophobic
soil surfaces and render them wettable (Cisar et al. 2000, Kostka 2000).

Many soil surfactants are polymers, i.e. wetting agents that retain a thicker water film around
each soil particle and thus increase the soil water content (SWC), others are penetrants that
drain the top layer and create a drier and harder putting surface (Karnok & Tucker 2009).
Both groups have important functions in golf course management programs, but the optimal
application time may not be the same. Penetrants whose primary function is to drain the top
layer should not be applied before or during a warm and dry period in summer, and polymers
that retain water in the thatch layer can be suspected to result in more winter damage if
applied in the late summer and autumn (Larsbo et al. 2008, Cavanaugh et al. 2015).

Some surfactant combine polymer and penetrant characteristics and may therefore either
increase or decrease the SWC depending on conditions (Zontek & Kostka 2012). Soldat et al.
(2010b) found that three surfactants lowered the SWC during a period with abundant rainfall
but increased the SWC as the dry conditions returned later in the season. Soldat (2010a) later
found that the dual-purpose surfactant Revolution (Aqutrols, Paulsboro, NJ, USA) reduced the
SWC on a USGA rootzone low in organic matter, but not on an old putting green with
substantial organic matter accumulation (ignition loss 4 %). This is, however, contradictory to
Aamlid et al. (2009b) who documented a significant reduction in the SWC at 4-10 cm depth,
and a similar trend also at 0-4 cm depth, after application of Revolution on a USGA rootzone
containing 30 % (v/v) Sphagnum peat, but not in a straight sand rootzone without organic
amendment.

In Norway, the 30 year normal values for annual precipitation range from less than 300 mm in
the eastern and northern continental parts of country to more than 3000 mm on the west
coast. Future climate models predict not only a global rise in temperature, but also more
unpredictable precipitation with more frequent episodes of severe drought or high intensity
rainfall (Pachauri & Reisinger 2007). Under Nordic conditions with easy access to surface
water and where the turfgrass evapotranspiration values will still be limited by low irradiance
and temperature, the maintenance of dry and firm playing surfaces will probably be just as
challenging as dealing with water scarcity.

A generally higher SWC in the topsoil on putting greens is not only likely to result in softer
surface with more ball marks and less wear resistance, but also greater risk for winter damage
and more accumulation of organic matter if the microbial decomposition is limited by oxygen
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deficiency. Under these conditions, there may be many advantages of dual-purpose surfactants
that lower the thatch water content, increase surface hardness, enhance thatch degradation
and minimize winter damage, while at the same time preventing SWR and improving turf
quality during dry periods.

The objective of this research was to evaluate the performance of Syngenta’s dual-purpose
surfactant Qualibra (Syngenta 2012) under different irrigation regimes on a sand-based
putting green. The research was conducted from 1 May 2014 to 1 May 2016 with Revolution
(Aquatrols, Paulsboro, NJ, USA) included as a second control treatment in the first year of the
study.

Photo 1. Experimental green in December 2014. Photo: Trygve S. Aamlid.
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MATERIALS AND METHODS

Experimental site

The trial was conducted at NIBIO Landvik, SE Norway (58°20°N, 8°31E, 10 m a.s.l.), on a
USGA-spec. green that had been renovated in spring 2013 and reseeded on 24 May 2013 with a
seed blend consisting of 25% of each of the creeping bentgrass (Agrostis stolonifera) varieties
‘Penn A-1’, ‘Penn A-4’, ‘Penn G-6’ and ‘Declaration’. Soil samples taken in July 2013 indicated
an ignition loss of 0.8 % and a pH(H20) of 5.7. The soil water content in the at field capacity
(FC) was 20 vol % as determined by the method described by Kvalbein & Aamlid (2014). With
20 cm root depth , this corresponds to 40 mm plant available water.

Experimental design and treatments

The trial had four replicates (blocks) and was laid out according to split-plot design with
irrigation treatments on main plots and soil surfactants on subplots.

In the first experimental year 1 May 2014 — 1 May 2015, the treatments were:

Main plots : Irrigation, plot size 3.0m x 4.5m
e FCi: Irrigation to field ca 1x per week (every Friday), 9 May — 26 Sept. 2014
e EXo: Excess irrigation 2 x per week, (Tuesdays and Fridays), each time 50 % more than
needed to replenish FC, 9 May — 26 Sept. 2014

Subplots : 1.5 x 3 m.
e C: No soil surfactant (control)
¢ Q: Qualibra, 20 L/ha in an application volume of 800 L/ha, monthly applications
May — September
¢ R: Revolution, 20 L/ha in an application volume of 800 L/ha, monthly applications
May — September.

In the second experimental year 1 May 2015 — 1 May 2016, the subplot treatment R
(Revolution) was discontinued and the main plot treatment FC1 was replaced by DEF1, i.e.
irrigation to 60 % of FC 1x per week, first time Friday 8 May and last time Friday 25 Sept.

Exact irrigation of main plots was conducted using an irrigation boom with flat fan nozzles
spaced 5 cm apart (Photo 2). At each irrigation event, the amount of irrigation water was
determined individually for each main plot based on measurements of SWC. Five
measurements per subplot (i.e. fifteen measurements per main plot in 2014 and ten
measurements per main plot in 2015) were taken with a TDR instrument (Field Scout 300,
Spectrum Technologies, Aurora, IL, USA ) with 20 ¢cm long probes and the mean value
calculated. In 2014 the amount of irrigation water (mm) in treatment FC1 was calculated as:
(20 — mean SWC) x 2 (because of an anticipated 20 cm root depth), and in 2015, the amount
in treatment DEF1 as: (12 — mean SWC value) x 2. In treatment EX2 the amount was
calculated as: (20— mean SWC) x 2 x 1.5 in both years.
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Photo 2. Irrigation of main plots on 21 Aug. 2015. Photo: Trygve S. Aamlid.

The total amount of irrigation water applied in the EX2 treatment was more than twice as high
as in treatment FC1 in 2014, and more than ten times higher compared with treatment DEF1
in 2015 (Table 1).

Table 1. Total amount of irrigation water applied during then experimental period 9 May — 26 Sept.
2014 and 8 May — 25 Sept. 2015

2014 2015
o L DEF1: Deficit L
FC1: Irrigation to EX2: irrigation to L EX2:: irrigation to
. . irrigation to
field capacity once  FC+ 50 % 2x per FC + 50 % 2x per
60 % of FC
a week week week
once a week
May 82 160 1 120
June 89 222 20 178
July 88 234 25 148
Aug. 84 170 12 110
Sept. 65 140 1 62
Total 407 926 60 618
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Application of the the soil surfactant(s) was always conducted in Fridays, coinciding with
irriation in all treatments. Of the total irrigation quantity to apply to each plot, 4 mm was
saved until after application of Qualibra and (in 2014) Revolution. Applications dates in 2014
were: 9 May, 6 June, 4 July, 1 Aug. and 29 Aug., and in 2015: 1 May, 29 May, 26 June, 24 July,
21 Aug. and 18 Sept.

Maintenance of green

The experiment was mowed three times a week using a single walk-behind mower (John
Deere, 220A, Moline, IL, USA.). The mowing height at the start of the experimental treatments
on 9 May 2014 was 3.5 mm, but it was lowered to 3.0 mm from 19 May. In 2015, the mowing
height was 4 mm until 15 July and 3.5 mm after that. Wear corresponding to an average of
22500 rounds of golf per year was simulated by passing the trial with a friction wear drum
with golf spikes three to six times per week (Photo 3). In both years, fertilizers was applied at
one to two week intervals for a total rate of of 16 gN, 2 g P and 13 g K m2 yr, partly as
granular (Anderson 13-2-13, The Anderssons Inc., Maumee, OH, USA) and partly as liquid
(Wallco 5:1:4, Cederroth International AB, Falun, Sweden and Greenmaster 14-0-10, Everris,
Ipswitch, UK) formulations. Fertilization in 2015 also included three applications of
manganese-sulfate (0.1 g m=) in April and May to prevent take-all (Gaeumannomyces
graminis) of which a moderate attack was observed in August and September 2014. Aertion
with 6 mm solid tines was carried out four times per year and verticutting once per year (in
August). The green received a light topdressing of straight sand (0.2-0.7 mm, Baskarp,
Sweden) on most Fridays before irrigation; the total amount was 6 mm in 2014 and 5 mm in
2015.

Photo 3. In both years, the trial was
subjected to wear from friction wear
drum with golf spikes. The simulated
number of golf rounds per season
was 22500. Photo: Trygve S. Aamlid.
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Weather data

May, June and July had higher-than-normal temperatures in 2014, but lower than-normal
temperatures in 2015. July 2014 was exceptionally warm and dry with the mean temperature
3.4 °C higher and precipitation 60 % lower than the 30 year normal. August was wet in both
years. September and October were mild in both years, but most of the autumn precipitation
came later in 2014 than in 2015. The winter months were milder than normal except for
January 2016. The total number of days with snow cover was 35 in 2014-2015 and 47 in 2015-
2016.

Table 2. Mean monthly temperature and total monthly precipitation compared with 30-year normal
values (reference period 1961-90) during the experimental period 1 May 2014 — 1 May 2016 at
Landvik, Norway.

Mean temperature, °C Precipitation, mm
2014 2015 2016 30 yr normal 2014 2015 2016 30yr normal
Jan. 2.0 -3.4 -1.6 203 150 113
Feb. 1.9 1.2 -1.9 42 86 73
Mar. 4.1 3.4 0.9 107 117 85
Apr. 7.5 6.1 5.0 25 104 58
May 11.7 9.3 10.2 89 150 82
June 15.7 13.9 14.6 40 66 71
July 19.6 15.8 16.2 37 107 92
Aug. 15.6 16.2 15.5 234 185 113
Sept. 13.5 129 11.9 82 322 136
Oct. 10.5 8.5 8.0 305 73 162
Nov. 5.9 5.6 3.3 276 150 143
Dec. 1.2 4.8 0.3 80 160 102
Year - 8.5 - 6.9 - 1590 - 1230

Registrations

In addition to the measurements with 20 cm long probes that were used to determine
irrigation quantity, the SWC in the topsoil was also registered using the same Field Scout 300
instrument eqipped with and calibrated for 7.5 cm long probes. As for the measurements with
20 cm long probes, five measurements were taken per subplot and the artimetric mean and
coefficient of variation (CV, %) calculated as an expression for the horizontal variability in
SWC. Measurements were taken every Tuesday and Friday, immediately before irrigation.
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In order to determine if there was any differential effect of Qualibra on the SWC at deeper
layers in the USGA rootzone, samples for determination of gravimetric SWC were extracted
from 0-5, 5-10, 10-20 and 20-30 cm soil depth in each plot on 20 Aug. and 77 Sept. 2015. The
soil samples were weighed before and after 48 h drying at 105°C and the gravimetric SWC
calculated as weight of water divided by sample dry weight.

Turfgrass quality and diseases were assessed every Thursday during the experimental period
from early May to late September and at approximately 2 week intervals in October and early
November. The rating scale for turgrass quality was from 1 to 9, where 1 was very poor, 9 was
very good, and 5 was the lowest acceptable value. In 2015, the quality ratings were also
accompanied by assessments of turfgrass color on a scale form 1-9, where 9 is the most intense
green color. Diseases mainly occurred in 2014; they were - as far as possible - identified in
NIBIO Turfgrass Diagnistic Lab. and rated as per cent of plot area. Localized dry spots were
rated as per cent of plot area at the only time of occurrence in August 2015.

In 2014, the golf ball roll distance was determined approximately every two weeks using a
stimpmeter modified for research plots (Gaussion et al. 1995). The stimpmeter had its ball
release notch 38 cm rather than 76 cm from the bevelled end, and measurements were always
taken with tree balls in two opposite directions one day after mowing. No measurements of
ball roll distance were conducted in 2015.

Surface hardness was determined on 3 Oct. 2014 and at monthly intervals in 2015. The
hardness was expressed in gravities (g) as the mean of two independent measurements per
plot using a Clegg Soil Impact Tester (Lafayette Instrument Co., Lafayette, IN) with a 2.25 kg
hammer. Hardness measurements were usually conducted on Fridays before irrigation.

Thatch thickness was determined with a ruler in two cores taken from each plot on 29 Sept.
2014 and 6 Oct. 2015. On the same date, samples were also taken for determination of soil
ignition loss in the top 20 mm thatch/mat layer. The ignition loss was determined as the
difference between dry weight after drying at 105°C for 48 h and ash weight after burning at
550 °C for 3 h. The organic matter content was expressed as: Organic matter (%) = (Sample
ignition loss/sample dry weight) x 100%.

The pH of the top 30 mm soil layer (mostly thatch/mat) was determined in samples taken on
13 May and 6 Oct 2015. The pH was measured in a 1:5 (volume fraction) suspension of soil in
distilled water according to ISO 10390. The analyses of samples taken in May were conducted
by a commercial laboratory (Eurofins Agro Testing, Moss Norway), and the analyses of
samples taken in October in the laboratory at NIBIO Landvik.
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Infiltration rates were measured at one locations per plot on 9 October 2015 using a double
ring infiltrometer with an outer ring diameter of 128.5 mm and inner ring diameter of 45 mm.
Both rings were filled with 8 cm water and the water level in the inner ring was measured
after three minutes.

Potential soil water repellency (SWR) was determined using the water drop penetration time
(WDPT) test (e.g. Dekker et al. 2001). On 28 July and 29 Sept. 2014 and 21 Aug. 2015, one soil
sample, 10 cm deep, 2 cm thick and 11 cm wide, was taken from each plot with a spade
sampler. After 48 h of air drying in the laboratory, three drops of water were placed at 5, 15,
30, 50 mm depth on the surface of the samples and the time until the drops had infiltrated was
measured (Photo 4). Since the WDPT test was done on dry samples the results reflect potential
soil water repellency rather than actual repellency. Potential soil water repellency is a suitable
measure of the susceptibility of a soil to water repellency since it is less dependent on the soil
moisture content at the time of sampling (Dekker & Ritsema 1994). According to Dekker et al.
(2001) a soil is considered non-repellent if WDPT<5 s, slightly water repellent if 55<WTPT<60
s, strongly water repellent if 60 sSKWTPT<600 s, severely water repellent if 600
s<WTPT<3600 s, and extremely water repellent if WDPT >3600 s.

Per cent of plot area damaged by biotic and abiotic winter damage was recorded after snow
melt in early spring 2015 and 2016.

Statistical Analyses

The data were analysed using by the SAS procedure PROC ANOVA with appropriate test-
statements corresponding to the split plot design (PROC ANOVA; SAS Institute, Cary, NC,
USA). Analyses of WDPT data were performed on log-transformed values to ensure normal
distribution. Probability levels indicated in the tables are: ***: P<0.001; **: 0.001<P<0.01; *
0.01<P<0.05; (*):0.05<P<0.10; NS: not significant. In the text, the term ‘significant’ always
means P<0.05, while effect with 0.05<P<0.10 are referred to as ‘tendencies’ or trends’.
Significant differences among treatment combinations were identified with Fisher’s LSD at
P<o0.05.
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RESULTS

First experimental year: 1 May 2014 — 1 May 2015

On average for 38 observations with the TDR instrument from 23 May to 30 Sept. 2014, the
SWC in the 0-20 and 0-7.5 cm soil layers was 1.6 and 2.8 per cent units higher with EX2 than
with FC1 irrigation (Table 3). At both depths EX2 irrigation also caused a significant reduction
in the horizontal variation in SWC compared with FC1 irrigation.

Table 3. Mean values and within-plot coefficient of variation (CV%) in volumetric soil water content
(%) as measured with TDR instrument with 20 cm and 7.5 cm long probes. Mean of 38 observations
(every Tuesday and Friday before irrigation) from 30 April to 29 Sept. 2015.

0-20 cm, 0-20 cm, 0-7.5cm, 0-7.5cm,

Mean, % CVtin space Mean, % CVlin space
Main effect irrigation
FC1: Field capacity 1x per wk 11.8 6.2 16.0 7.1
EX2: To Field cap + 50 %, 2x per wk 13.4 53 18.8 5.8
P'Value * %k * %k k *
Main effect surfactants
No surfactant 13.6a 5.8 19.3a 6.3
Qualibra 12.4b 5.5 16.8b 6.2
Revolution 119b 5.9 16.1b 6.8
P-value *EX NS *k X NS
Interaction
FC1, no surfactant 12.6 6.9 a° 17.6 7.7
FC1, Qualibra 11.7 5.6 bc 15.8 6.3
FC1, Revolution 11.2 6.0 ab 14.7 7.2
EX2, no surfactant 14.7 4.8 c 21.0 4.9
EX2, Qualibra 13.0 5.3 bc 17.9 6.0
EX2, Revolution 12.6 5.7 bc 17.5 6.4
P-value NS * NS (*)

1Based on five random measurements per plot
2Values followed by the same letter are not significantly different according to Fisher’s LSD at P<0.05.

Regardless of soil depth, both Qualibra and Revolution caused significant reductions in SWC
compared to control plots not receiving surfactant. The average SWC was slightly lower after
application of Revolution than after application of Qualibra, but neither these differences, nor
the interactions between irrigation and surfactant treatments, were significant at any depth. In
contrast, a significant interaction at 0-20 cm depth, and a tendency (P=0.08) to an interaction
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at 0-7.5 cm depth, indicated that the variation in SWC was reduced by surfactants on plots
receiving FC1 irrigation, but increased by the surfactants on plots receiving EX2 irrigation. At
both depths and regardless of irrigation treatment, the within-plot variation in SWC was
slightly, but not significantly lower on plots treated with Qualibra than on plots treated with
Revolution.

The variation in SWC during the growing season 2014 is further illustrated in Fig. 1. The figure
shows that Qualibra and Revolution caused a strong reduction in the SWC on plots receiving
EX2 irrigation. The SWC at 0-20 cm soil depth varied from 7.0 to 18.6 % and at 0-20 cm depth
from 7.0 to 26.6 %, with the lowest and highest values recorded in late July and mid
September, respectively.
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Fig. 1. Mean values for volumetric soil water content as measured with TDR instrument with 20 long
probes (top) and 7.5 cm long probes (bottom) from 13 May to 30 Sept. 2014. Vertical bars indicate
LSDo.0s on dates with significant differences among treatments.
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On average for 22 weekly observations in 2014, neither irrigation treatments, soil surfactants,
nor their interaction, had any significant effect on turfgrass quality (Table 4). The mean values
nonetheless suggested that Qualibra was at least as good as Revolution, and that both
surfactants slightly improved turfgrass quality on main plots irrigated to FC once a week, but
had the opposite effect on plots with EX2 irrigation.

Fig. 2 shows the development visual turfgrass quality in 2014 in more detail. Qualibra tended
to improve the quality of FC1 plots throughout the season, but had a negative impact on EX2
plots in August and September when the rainfall was higher. Differences between treatments
were only significant in late June ane early July, when the combination of FC1 irrigation and
no surfactant mostly lagged behind the other treatment combinations.

Table 4. Effects of irrigation, surfactant and their interaction on average visual turfgrass quality (scale
1-9 where 9 is the best quality) in 2014.

Turfgrass
quality Unidentified  Anthracnose

Mean of disease 28 Aug.

22 obs. 11 July
Main effect irrigation
FC1: Irrigation to FC, 1x per wk (2014) 6.9 0.6 8.8
EX2: To Field cap + 50 %, 2x per wk 6.7 0.5 7.8
P-value NS NS NS
Main effect surfactant
No surfactant 6.9 0.8 8.6
Qualibra 7.0 0.3 8.4
Revolution 6.7 0.6 7.9
P-value NS NS NS
Interaction
FC1, no surfactant 6.6 1.3 at 12.5
FC1, Qualibra 7.2 0.1 c 7.8
FC1, Revolution 7.0 0.4 bc 6.3
EX2, No surfactnat 7.1 0.3 bc 4.8
EX2, Qualibra 6.7 0.7 abc 9.0
EX2, Revolution 6.4 0.7 ab 9.5
P-value interaction NS * (*)

Ivalues follow by the same letter are not significantly different according to Fisher’s LSD at P<0.05.
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Fig. 2. Turfgrass quality from 9 May to 6 Nov. 2014 as affected by irrigation and surfactant treatments.
Vertical bars indicate LSDo s on dates with significant differences among treatments.

Small patches of unidentified disease (probably antracnose or Pythium) was observed on some
of the plots during the warm period in July 2014. The main effects of irrigation or surfactant
on disease development were not significant, but on 11 July there was a significant interaction
as both surfactants decreased disease occurrence on plots receiving FC1 irrigation but tended
to increase disease severity on plots receiving EX2 irrigation (Table 4).

After a period with abundant rainfall and vigorous growth in early August, the spots came
strongly back in late August. Anthracnose, take-all patch and Pyhium were identified in
samples taken on 28 Aug (Photo 4). Accrding to the diagnostic lab., anthracnose should be
regarded as the primary cause of disease (Tatsiana Espevig, personal communication).
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Photo 4. On 28 Aug. the following three diseases were were identified in these spots on plots
receiving EX2 irrigation/Qualibra (left) and FC1 irrigation / No surfactant (right):
e Antrachnose (Colletotrichum graminicola): Acervuli and spores
e Take all patch (Gaeumannumyces graminis): Ectotrophic, running hypha
e Pythium: Oospores Photos: Tatsiana Espevig

Ball roll

On average for ten observations throughout the growing season 2014, the ball roll distance
measured with a short stimpmeter was 119, 120 and 121 cm on untreated control plots and
plots treated with Qualibra and Revolution, respectively. Neither this difference, the difference
between the two irrigation treatments (121 cm with FC1 irrigation and 120 cm with EX2
irrigation), nor the interaction were significant. As for individual measurement, the effect of
soil surfactant was significant only on 27 May when ball roll increased from 124 cm on
unsprayed plots to 131 and 133 ¢cm on plots treated with Qualibra and Revolution, respectively.

Surface hardness

Measurement with the Clegg hammer on 3 Oct. 2014 showed that the surface on plots
receiving FC1 irrigation was significantly (P=0.04) harder than on plots receving EX2
irrigation. Mean values were 85 and 83 G, respectively. Regular application of soil surfactants
also increased surface hardness (means values 85 G for both Qualibra and Revolution as
opposed to 83 G for untreated control), but neither this difference nor the interaction between
the two factors was significant.

Thatch/mat thickness and ignition loss

Samples taken on 29 Sept. 2014 showed significantly lower ignition loss in the thatch/mat
layer on plots treated with Revolution than on untreated control plots (Table 5, Photo 5). Plots
treated with Qualibra were intermediate for this character but had a 2.7 mm thinner thatch
layer than on untreated plots (P=0.07). Irrigation had no significant effect on these characters,
and the interactions were also not significant.
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Table 5. Main effects of irrigation, surfactant and their interaction on thatch/mat characteristics, 29

Sept. 2014.

Thatch/mat
thickness, mm

Thatch/mat
ignition loss, %

Main effect irrigation

FC1: Irrigation to FC, 1x per wk (2014) 15.9 5.4
EX2: To Field cap + 50 %, 2x per wk 15.3 5.4
P-value NS NS
Main effect surfactant

No surfactant 17.0 5.7 a'
Qualibra 14.3 5.4 ab
Revolution 15.5 46 b
P-value (*) *
Interaction

FC1, no surfactant 16.8 5.2
FC1, Qualibra 15.5 5.4
FC1, Revolution 15.5 4.6
EX2, No surfactnat 17.3 6.1
EX2, Qualibra 13.0 5.4
EX2, Revolution 15.5 4.6
P-value interaction NS NS

!values followed by the same letter are not significantly different according to Fisher’s LSD at P<0.05.

Photo 5. Thatch accumulation in samples taken on 29 Sept. 2014 from plots that had received

EX2 irrigation. Photo: Trygve S. Aamlid.

NORWEGIAN INSTITUTE OF
BIOECOMOMY RESEARCH

T.S. Aamlid., T. Pettersen and A.Kvalbein
$ N I BI 0 NIBIO COMMISSIONED REPORT, Archive no. 16/1528

18



After drying for 48 h at room temperature, the soil samples taken from untreated control plots
on 28 July and 29 Sept. 2014 were all hydrophobic, especially at 5 mm, but also at 15 mm
depth (Table 6). At these depths, both Qualibra and Revolution reduced the water drop
penetration time significantly to about one tenth of that on untreatead plots. Although not
nearly as severe as closer to the surface, SWR at 30 and 50 mm depth was also reduced
significantly by the two surfactants. The effect of irrigation treatements on SWR was not
significant. The interactions were los mostly insignificant, but a tendency to an interaction
between the two factors at 30 mm depth on 29 Sept. reflected that the relative reduction in
SWR due to surfactant was stronger on plots receiving FC2 irrigation than on plots receving
EX2 irrigation.

Table 6. Main effects of irrigation, surfactant and their interaction on water drop penetration time in
samples samples taken 28 July and 29 Sept. 2014. Statistical analyses were performed on log-
transformed values.

Water drop penetration time, s

5mm 15mm 30mm 50 mm 5mm 15mm 30mm 50mm
from from from from from from from from
surface surface surface surface  surface surface surface surface

Main effect irrigation 28 July 29 Sept.
FC1: Irrigation to FC, 1x per wk 239 57 3 2 468 24 7 3
EX2: To Field cap + 50 %, 2x per wk 331 27 4 3 384 18 5 3
P-value NS NS NS NS NS NS NS NS
Main effect surfactant
No surfactant 7023l 1193 8a 4a 1069 a 51a 12 a 5a
Qualibra 58 b 5b 1b 2b 102 b 8hb 3b 1b
Revolution 96 b 2 b 2b 1b 107 b 5b 2b 1b
P'Value Kk k %k %k 3k kK * sk %k k %k ok k %k ok k %k
Interaction
FC1, no surfactant 632 166 7 3 1139 59 16 6
FC1, Qualibra 41 4 1 1 126 10 3 1
FC1, Revolution 45 2 1 2 139 5 1 1
EX2, No surfactnat 771 72 8 5 1000 43 8 5
EX2, Qualibra 74 6 1 2 77 6 3 2
EX2, Revolution 148 3 2 1 76 5 2 1
P-value, interaction NS NS NS NS NS NS (*) NS

1Values followed by the same letter are not significantly different according to Fisher’s LSD at P<0.05.

There was no physical winter damage in spring 2015. On average for all plots, microdochium
patch covered 0.15 % of the experimental area, but the level of disease was no affected by
irrigation or the use of soil surfactants in 2014.
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Second experimental year: 1 May 2015 -1 May 2016

On average for 42 observations with the TDR instrument from 30 April to 20 Sept. 2015, the
SWC in the 0-20 and 0-7.5 cm soil layers was 2.8 and 4.8 per cent units higher with EX2 than
with DEF1 irrigation (Table 7). EX2 irrigation also caused a reduction in the horizontal
variation in SWC within plots, and this reduction was more pronounced at 0-7.5 than at 0-20
cm soil depth.

As a main effect, Qualibra caused a significant reduction in the SWC at both soil depths, but
there were also tendencies (P=0.08 at 0-20 c¢cm soil depth and P=0.06 at 0-7.5 cm soil depth)
for this reduction to be stronger with EX2 than with DEF1 irrigation. Qualibra also reduced the
intraplot variation in SWC with DEF1 irrigation, but there was a tendency for the opposite to
occur with EX2 irrigation.

Table 7. Mean values and within-plot coefficient of variation (CV%) in volumetric soil water content
(%) as measured with TDR instrument with 20 cm and 7.5 cm long probes. Mean of 42 observation
(every Tuesday and Friday before irrigation) from 30 April to 20 Sept. 2015.

0-20 cm, 0-20 cm, 0-7.5cm, 0-7.5cm,
Mean, % CV'in space Mean, % CV%'in space
Main effect irrigation
DEF1: Deficit to 60 % of FC, 1x per wk 12.2 7.4 15.7 10.3
EX2: To FC + 50 %, 2x per wk 15.0 53 20.5 6.4
P'Value * %k * %k % %k
Main effect surfactant
No surfactant 14.2 6.7 19.1 9.2
Qualibra 13.0 6.0 17.1 7.5
P-value * (*) * *
Interaction
DEF1, no surfactant 12.4 8.4 a2 16.0 12.6 a
DEF1, Qualibra 12.1 6.4 b 15.4 80b
EX2, no surfactant 16.0 50 c 22.2 59 ¢
EX2, Qualibra 14.0 5.6 bc 18.8 7.0 bc
P-value interaction (*) ok (*) ok

!Based on five random measurements per plot
2Values followed by the same letter are not significantly different according to Fisher’s LSD at P<0.05.

The variation in SWC during the experimental period in 2015 is depicted in Fig. 3. The figure
shows that Qualibra had a small influence on the SWC on plots receiving DEF1 irrigation, but a
strong influence on the SWC on plots receiving EX2 irrigation. The SWC at 0-6 c¢m soil depth
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varied from 6 to 32 % and at 0-20 cm depth from 7 to 22 %, with the lowest and highest values
recorded from mid June to mid July and in September, respectively.
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Fig. 3. Mean values for volumetric soil water content as measured with TDR instrument with (a) 20
long probes (top) and 7.5 cm long probes (bottom) from 30 April to 26 Sept. 2015. Vertical bars
indicate LSDo 05 on dates with significant differences among treatments.
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The numerical values for gravimetric SWC on 20 Aug. and 7 Sept. 2015 largely confirmed the
TDR measurements, but most of the differences were not significant (Table 8). The main effect
of Qualibra in reducing SWC in the 0-5 cm soil layer was, however, signicant on both dates,
and on 20 Aug., there was also a tendency for this reduction to be stronger with EX2 than with
DEF1 irrigation. On 77 Sept. there tended (P=0.095) to be an interaction in that Qualibra
increased the SWC at 20-30 cm depth on plots with DEF1 irrigation but had the opposite effect
on plots with EX2 irrigation.

Table 8. Gravimetric soil water content as determined on 20 Aug. and 7 Sept. 2015.

20 Aug. 2015 7 Sept. 2015

0-5 5-10 10-20 20-30 0-5 5-10 10-20 20-30

cm cm cm cm cm cm cm cm
Main effect irrigation
DEF1: Deficit irrigation 1x per wk 14.1 8.2 8.5 9.3 22.4 9.2 9.2 10.4
EX2: To Field cap + 50 %, 2x per wk 20.5 8.5 8.3 9.6 19.1 8.9 9.1 10.3
P-value NS NS NS NS NS * NS NS
Main effect surfactant
No surfactant 19.2 8.5 8.5 9.5 23.0 9.3 9.5 10.0
Qualibra 15.4 8.2 8.3 9.4 18.5 8.8 8.8 10.6
P-value * NS NS NS * NS NS NS
Interaction
DEF1, no surfactant 14.4 ab? 7.9 8.6 9.1 20.5 8.9 9.3 9.3
DEF1, Qualibra 138 b 8.5 8.5 9.5 17.7 9.0 8.8 11.2
EX2, no surfactant 240 a 9.1 8.5 9.9 25.6 9.7 9.7 10.7
EX2, Qualibra 17.1ab 7.9 8.1 9.2 19.3 8.6 8.7 10.1
P-value, interaction * NS NS NS NS NS NS (*)

Ivalues follow by the same letter are not significantly different according to Fisher’s LSD at P<0.05.

EX2 irrigation produced significantly better turf quality than DEF1 irrigation (Table 9). The
main effect of surfactant was not significant, but there was a significant interaction in that
Qualibra improved turf quality in combination with DEF1 irrigation but reduced turf quality in
combination with EX2 irrigation. This is further depicted in Fig 2, which shows that the
turfgrass quality of plots with DEF1 irrigation and no surfactant was significantly behind the
other combinations from 19 June to 4 Sept.
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Table 9. Main effects of irrigation, surfactant and their interaction on turfgrass quality (scale 1-9,
where 9 is the best quality), turfgrass color intensity and localized dry spots in 2015.

Visual turfgrass Turfgrass color  Localized dry spots,

quality (1-9) intensity (1-9) % of plot area.
(Mean of 23 obs.  (Mean of 26 obs. Mean of obs. on 19
30 Apr- 13 Nov.) 30 Apr- 7 Dec.) and 27 Aug.
Main effect irrigation
DEF1: Deficit irrigation, 1x per wk 6.5 6.5 5.3
EX2: To Field cap + 50 %, 2x per wk 7.0 6.7 0.1
P-value * NS NS
Main effect surfactant
No surfactant 6.7 6.6 2.9
Qualibra 6.8 6.6 2.4
P-value NS NS NS
Interaction
DEF1, no surfactant 6.1 b 6.3 5.9
DEF1, Qualibra 6.9 a 6.7 4.6
EX2, no surfactant 73 a 7.0 0.0
EX2, Qualibra 6.7 ab 6.4 0.1
P-value interaction * (*) NS

1Values follow by the same letter are not significantly different according to Fisher’s LSD at P<0.05.
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Fig. 4. Visual turfgrass quality during the growing season 2015 as affected by irrigation and surfactant
treatments. Vertical bars indicate LSDo s on dates with significant differences among treatments.
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The main effects of irrigation and surfactant were not significant, but there tended (P=0.08) to
be an interaction as Qualibra gave a more intense green color on plots receiving DEF1
irrigation but had the opposite effect on plots receiving EX2 irrigation (Table 9, Fig. 5).
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Fig. 5. Turfgrass color during the growing season 2015 as affected by irrigation and surfactant
treatments. Vertical bars indicate LSDg s on dates with significant differences among treatments.

Dry spots were observed for the first time in the trial in late August 2015, but their occurrence
was irregular and differences between treatments were not significant (Table 9). The spots
mainly occurred on the main plot with DEF1 irrigation in one of the four blocks. On this main
plot, dry spot occurrence was only slightly lower on the subplot treated with Qualibra than on
the subplot with no surfactant.

Except for the two first measurements in May and June, DEF1 irrigation produced a
significantly harder surface than EX2 irrigation (Fig. 6). Qualibra produced harder surfaces on
main plots receiving EX2 irrigation on 17 July, but not on the other dates. Interactions were
not significant.
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Fig. 6. Effects of irrigation and surfactant treatment on surface hardness measured with a Clegg
hammer at monthy intervals in 2015. Vertical bars indicate LSDg s on dates with significant differences
among treatments.

Neither irrigation nor surfactant treatment had significant main effects on thatch/mat
thickness or organic mater content on 6 Oct. 2015 (Table 10). However, for both characters
there was a significant interaction in that Qualibra reduced organic matter accumulation on
plots receiving EX2 irrigation, but resulted in more accumulation of organic matter on the
drier plots receiving DEF1 irrigation.

Samples taken from 0-3 cm depth in May 2015 showed no significant effect of irrigation, but a
trend (P=0.07) to higher pH in the thatch/mat layer after treatment with Qualibra in 2014
(Table 6). In October 2015, pH had dropped significantly on plots receiving DEF1 irrigation,
while the effect of Qualibra was less pronounced than five months earlier. Interactions were
not significant.
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Table 10. Main effects of irrigation, surfactant and their interaction on thatch/mat thickness, ignition

loss and pH.

Thickness, Ignition pH (H20) in

mm loss, % 0-3 cm layer
6 Oct. 2015 May 2015 Oct. 2015

Main effect irrigation
DEF1: Deficit irrigation, 1x per wk 22.1 7.4 6.06 5.24
EX2: To FC + 50 %, 2x per wk 21.8 7.2 6.19 5.92
P-value NS NS NS ok
Main effect surfactant
No surfactant 21.7 7.3 6.05 5.56
Qualibra 22.1 7.3 6.20 5.61
P-value NS NS (*) NS
Interaction
DEF1, no surfactant 213 b 6.9 ab 5.98 5.21
DEF1, Qualibra 23.0 a 7.8 a 6.15 5.28
EX2, no surfactant 22.2 ab 7.8 a 6.13 5.91
EX2, Qualibra 213 b 6.7 b 6.25 5.94
P-value interaction * * NS NS

On average for surfactant treatments, the infiltration capacity on 9 Oct. 2015 was 504 mm h-!
on plots that had received FC1 irrigation vs. 189 mm h- on plots that had reveived EX2
irrigation. The difference was not statistically significant (P=0.12; data not shown in table of
figure). Qualibra reduced the infiltration rate form 600 to 408 mm h* on plots receiving FC1
irrigation, but increased the infiltration rate from 150 to 228 mm h* on plots receiving EX2
irrigation, but again, the difference was not statistically significant.

The water drop penetration test on 21 Aug. showed potentially strong (>60 s) soil water
repellency in the thatch/mat layer (5 and 15 mm depth) and at 30 mm depth (Table 11). On
average for irrigation treatments, Qualibra reduced the time for infiltration of water droplets
significantly by 90, 90 and 46 % at 15, 30 and 50 soil depth, respectively. A corresponding
tendency (P=0.067) to 33% reduction was found also at 5 mm depth. Irrigation treatments had
no effect on the WDPT except at 50 mm depth where it was 67 % lower with EX2 than with
DEF1 irrigation. Interactions were not significant.
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Table 11. Effects of irrigation and surfactant on water drop penetration time at various depths.
Samples were taken with a spade sampler on 19 Aug. 2015 and dried for 48 h at room temperature
before measurements. ANOVA was performed on log-transformed values.

Water droplet penetration time, s

5mm 15 mm 30 mm 50 mm 100 mm
Main effect irrigation
DEF1: Deficit irrigation, 1x per wk 371 194 54 15 4
EX2: To FC + 50 %, 2x per wk 417 314 14 5 3
P-value NS NS NS * NS
Main effect surfactant
No surfactant 473 463 62 13 5
Qualibra 316 45 6 7 2
P-value (*) Hokx *k * NS
Interaction
DEF1, no surfactant 476 364 102 19 5
DEF1, Qualibra 266 24 6 11 3
EX2, No surfactant 469 562 22 7 5
EX2, Qualibra 365 66 6 3 2
P-value interaction NS NS NS NS NS

The first observations in early spring 2016 showed a small attack of microdochoum patch,
significantly more on plots treated with with Qualibra than on unsprayed control plots (Table
12). Moss had also invaded some of of the plots during the mild winter (Photo 6), but moss
coverage was not significantly affected by any of the treatments although the numerical value
was lower for combination of DEF1 irrigation and Qualibra the for the other treatment
conbinations.

The final observation in the trial was for turfgrass quality on 17 April 2016. This observation
comfirmed the observations from the year before, i.e. that Qualibra enhanced quality on plots
receiving DEF1 irrigation, but had the opposite effect on plots receving EX2 irrigation (Table
12).
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Table 12. Main effects of irrigation and surfactant treatment in 2015 on microdochoum patch and
moss encroachment on 1 April 2016, and on turfgrass quality on 17 April 2016.

Microdochium patch, Moss, % of Turf quality
% of plot area plot area (1-9)
1 April 2016 1 April 2016 17 April 2016
Main effect irrigation
DEF1: Deficit irrigation, 1x per wk (2015) 0.4 0.9 5.3
EX2: To Field cap + 50 %, 2x per wk 0.8 1.5 5.1
P-value NS NS NS
Main effect surfactant
No surfactant 0.3 1.3 5.4
Qualibra 0.9 1.1 5.1
P-value * NS NS
Interaction
DEF1, no surfactant 0.0 1.5 5.1ab
DEF1, Qualibra 0.8 0.3 5.5a
EX2, no surfactant 0.6 1.2 5.6a
EX2, Qualibra 1.0 1.8 46b
P-value interaction NS NS *

Photo 6. Patches of moss in some plots on 20 March 2016, a few days after snow melt.
Photo: Trygve S. Aamlid
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DISCUSSION

This study was conducted in two years with very different weather conditions during the first
part of the growing season. Given the limited water holding capacity of the rootzone and the
high temperature and low natural precipitation in May, June and especially July 2014, it was
not expected that irrigation only once a week, albeit to FC, would be sufficient to produce
turfgrass quality scores close to 7 on the scale from 1 to 9. Earlier research on the same green
suggested that creeping bentgrass is one of the more sensitive turfgrass species to drought
stress (Aamlid et al. 2016a) and that an increase in irrigation frequency from once to twice per
week is likely to improve turf quality during the peak summer period (Aamlid et al. 2016b).
Possible reasons for the good results with FC1 irrigation in the early summer of 2014 may have
been that the creeping bentgrass was younger (seeded 2013) than in our previous trials, and
that it was gradually conditioned to tolerate warmer and drier conditions as the temperature
increased and the natural rainfall decreased from May to July (Jordan et al. 2003, Fu &
Dernoeden 2009, Kamran et al. 2014). On average for four blocks, the turfgrass quality on on
the plots receiving FC1 irrigation impreved in in order Untreated <Revolution < Qualibra, but
the occurrence of certain diseases and relatively high interplot variation (see Photos taken on
17 July 2014; p. 34 in Appendix) made this overall difference statistically insignificant. Still,
the tendency to an interaction for the stress-related disease anthracnose assessed on 28 Aug.
2014 suggest that both Qualibra and Revolution reduced (drought ?) stress on plots receving
FCi1 irrigation, but increased the stress (from nitrogen deficiency ?, see later) on plots
receiving EX2 irrigation. As for the effect of drought stress on athracnose in 2014, our results
are in good agreement with Roberts et al. (2011).

FCu irrigation was replaced with DEF1 irrigation in the second year of the study to impose
more drought stress and explore the potential of the surfactant. This very restrictive irrigation
regime did not produce acceptable quality in our earlier trials with creeping bentgrass (Aamlid
et al. 2016b) and the mostly acceptable quality in the present experiment had probably not
been possible if it was not for the lower summer temperature and higher precipitation from
May to July 2015 compared with 2014. With the very low irrigation volumes in the DEF1
treatment there was, however, as strong improvement in turf quality due to Qualibra (see, for
example, the photos from 23 July 2015 in the Appendix), and this improvement was also
associated with a more than 90 % reduction in the potential SWR as indicated by the WDPT
test. While these observations are in general agreement with numerous studies on the impact
of polymer-containing surfactants (e.g. Kostka 2000, Karnok et al. 2004), it should be noted
that the improvement in turfgrass quality with Qualibra occurred without any concomitant
increase in the average SWC. Thus, the beneficial effect of Qualibra was primarily due to less
horizontal variation in the SWC and not a thicker water film around the soil particles. Similar
results have earlier been reported for Revolution (Aamlid et al. 2009b, Zontek & Kostka 2012).

The tendency to a reduction in visual turfgrass quality due to both Qualibra (2014 and 2015)
and Revolution (2014) on plots receiving EX2 irrigation was unexpected and requires a
comment. Reduced leakage of fungicides and nitrate after use of surfactants (Larsbo et al.
2008, Aamlid et al. 2009b) has earlier be explained as due to less finger flow resulting from
soil water repellency (Nektarios et al. 2002). However, at least in 2015, it can be questioned to
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what extent finger flow occurred in the rootzones that were almost constantly wet due to high
rainfall combined with EX2 irrigation. Given a shorter retention time for water in upper
rootzone, the most likely explanation for the drop in visual turfgrass quality (primarily color)
after application of surfactant in the EX2 irrigation treatment may well be that more nitrogen
and other nutrients were drained out of the rootzone. In this context, it was also interesting to
observe that the horizontal variation in SWC in both years, and that the infiltration rate in
2015, showed an increasing rather than a decreasing trend with surfactant application on plots
receiving EX2 irrigation. In the Appendix, the reduction in turfgrass color after application of
Qualibra to plots receiving EX2 irrigation is most apparent in the photos taken on 4 Aug. 2015.

The gravimetric SWC in various layers of the USGA rootzone was determined in the late
summer of 2015 to investigate if Qualibra had increased the SWC at greater depths. The
gravimetric SWC on 7 Sept. showed such a tendency on the sparsely irrigated DEF1 plots but
the increase in SWR was not statistically significant and limited to 20-30 cm soil depth.
Similar uncertainties about the effect of surfactant on the SWC at deeper horizons existed in
earlier studies with Revolution (Aamlid et al. 2009b).

An important effect of both Revolution and Qualibra in this experiment was its ability to
reduce the accumulation of thatch organic matter on plots receiving excessive amounts of
water. This first scientific evidence for a potential role of surfactant in thatch control can
probably by explained by enhanced bacterial activity as macropores in the thatch were filled
with oxygen-rich air instead of water (Carrow 2004). Furthermore, the higher pH measured in
the thatch layer in May 2015 after regular use of Qualibra in 2014 was probably also conducive
to bacteria which are generally more efficient than fungi in the decomposition of soil orgnic
matter (Torello 2008).

The increased build-up of organic matter due to application of surfactant on plots receiving the
very restrictive DEF1 irrigation in 2015 was most likely a reflection of enhanced and more
uniform growth due to less horizontal variation in SWC. Irrespective of surfactant use, the fact
that the average thickness / organic matter content increased from 15.6 mm / 5.4 % on 29
Sept. 2014 to 21.9 mm / 7.3 % on 6 Oct. 2015 suggests that monthly spiking plus dressing with
5 mm sand per year was insufficient to control organic matter accumulation on a green
covered with high-density creeping bentgrass cultivars. In particular the need for more
topdressing is confirmed by earlier studies with thatch control on velvet bentgrass (Agrostis
canina) putting greens under the same climatic conditions as in this experiment (Espevig et al.
2012).

When interpreting the results for surface hardness presented in this report, is should be kept
in mind that the Clegg Impact Tester was equipped with a 2.25 kg hammer as opposed to the
0.5 kg hammer more commonly used on putting greens (e.g. Baker 2007, Moeller et al.,
2007). Our measurements were, however, within the acceptability range of 70-120 gravities
suggested for sand-based putting greens using 2.25 kg hammers, and they also confirmed the
anticapted impact of SWC on surface hardness (Stowell 2007, O’Brien et al. 2014). A positive
effect of Qualibra or Revolution on surface hardness would be expected mostly because of the
direct effect on thatch water content, but, at least in the long term, also because of the
enhanced degradation of organic matter. However, at all but one observation in 2015, the
effect of Qualibra on surface hardness was small compared with the effect of irrigation
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treatments, and this is also in agreement with other research showing the hardness of putting
greens to be more influenced by creeping bentgrass variety (Moeller et al. 2007) or green
construction method (Nangle et al., 2015) than by soil surfactant. In contrast, Cavanaugh et al.
(2015) reported than repeated applications of certain surfactants were able to produce harder
playing surface in the second year of a two-year study on a creeping bentgrass putting green.

A possible positive implication of reduced water contents in the thatch layer after application
of Qualibra or Revolution is reduced winter damage. About 70 % of Scandinavian golf courses
suffer some kind of winter damage every year (Kvalbein et al. 2014), with ice and water
damage and microdochium patch caused by Microdochium nivale as the most common causes
in northern and southern parts of Scandinavia, respectively. Larsbo et al. (2008) reported
more microdiochium patch both in the fall and after snow melt in spring on plots treated with
Primer 604 and explained this by increased SWC, but Aamlid et al. (2009b) reasoned that this
would not happen with Revolution or other surfactants that reduce the SWC water content
before winter. North American superintendents have already started to apply surfactants in
the late fall to improve winter survival and infiltration of melting water in spring (Lennert
2013), but Cavanaugh et al. (2015) were unable to verify this in a replicated field trial in
Minnesota. In our project, Qualibra caused an increase in the area showing symptoms of
M.nivale in spring 2016, but the area affected by disease was less than 1 % and hardly of any
practical significance. More research is therefore needed to explore the effects of fall
applications of Qualibra on winter survival.

Conclusion

The consistent reduction in SWC after application of Qualibra, notably in the top 7.5 cm but
also on average for the upper 0-20 cm soil layer, suggests that the penetrant characteristics of
this soil surfactant will normally predominate over its polymer characteristics. Under dry
conditions, less horizontal variation in SWC will nevertheless result in significant
improvements in turf quality after application of the surfactant. Under wet conditions the
lower SWC in is likely to result in faster decomposion of thatch organic matter due to a better
balance of water and oxygene in the thatch layer, but faster percolation of water out of the top
layer may also result in more leaching of nutrients and thus a need for a different fertilizer
regime. This, and effect of Qualibra on microdochium disease and turfgrass winter winter
survival, are potential topics for future research projects. As for the comparison of Qualibra
and Revolution, the results from the first year of this study suggested a slightly higher SWC
and turf quality after use of Qualibra, but the differences were mostly small and not significant.
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APPENDIX: PHOTOS TAKEN OF ALL PLOTS ON VARIOUS DATES

17 July 2014
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19 June 2015
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23 July 2015 (Block 2-4) and 24 July 2015 (Block 1)
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4 Aug. 2016
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22 Sept. 2016
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