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Summary

A four-replicate, three-factorial split plot field trial comparing (1) Melspring’s soil amendments Matrix
and Stor-it with an unamended control treatment, and (2) Melspring’s granular controlled-release
fertilizer Marathon every four weeks with Wallco liquid mineral fertilizer every two weeks, under (3)
the two irrigation regimes: FC1 (Irrigation once a week to field capacity (FC)) and EX2 (Excessive
irrigation twice a week with 50 % more water than needed to replenish FC), was conducted on a
USGA-spec. putting green at NIBIO Landvik, Grimstad, Norway (58°20°N, 8 °32’ E, 6 m a.s.l), from 1
June 2016 to 1 April 2018. The soil amendments were premixed at 10 % (v/v) ratio into a substrate of
sand and Sphagnum peat (ignition loss 0.8 %), and 5 cm of the resulting substrates added on the top
of a 25 cm rootzone (also composed of sand + Sphagnum peat) before seeding creeping bentgrass
(Agrostis stolonifera) ‘Independence’ on 9 June 2016. Later, the amendments were included also into
the monthly topdressing treatments. The fertilizer treatments started when the plots had reached
~100 % coverage on 5 Aug. 2016. The N inputs from Aug. to Nov. 2016 and during the entire growing
season 2017 were 10 and 18 g N/m?2, respectively. The experiment was protected by a mobile rainout
shelter from 5 Aug. to 2 Sep. 2016 and from 5 June to 31 July 2017; during these periods, the irrigation
inputs (2016+2017) in the FC1 and EX2 treatments were 56+170 and 137+395 mm, respectively.

On average for soil amendments and fertilizers, turfgrass color intensity, tiller density and (overall)
visual quality during the shelter periods were always better with EX2 than with FC1 irrigation. Because
of the rootzone’s low capacity to retain water (18 % at FC), this difference was probably a reflection
more of the irrigation frequency than of the amount of water per irrigation. Upon exposure to natural
rainfall or more abundant irrigation, all plots recovered quickly, and there were no significant after-
effects of the irrigation treatments outside the shelter periods. There were also few significant
interactions between irrigation and the two other experimental factors.

Amendment with Matrix and Stor-it increased the intial pH of the substrate from 4.9 to 7.9 and 6.4,
respectively. Corresponding figures for cation exchange capacity (CEC) were 0.5, 25.7 and 5.7
cmol+/kg, Turfgrass grow-in and the build-up of organic matter (ignition loss) in the top 2 cm of the
rootzone were significantly faster with Matrix or Stor-it than without amendment. However, from 5
Aug. 2017 onwards, turfgrass color and visual quality were improved by Matrix, but equal to the
unamended control (2016) or reduced (2017) by Stor-it. The most likely reasons for these differences
were (1) that Matrix contained 1.1 % N while there was no N in Stor-it, and (2) that Martix increased
the mean volumetric water content (VWC) content at 0-20 cm depth from 12.2 to 12.8 % during the
first shelter period (2016) and from 7.9 to 9.2 % during the second shelter period (2018), while the
corresponding figures for Stor-it were a reduction of 0.1 and 0.6 per cent units, respectively. Although
there were few typical dry spots, a higher percentage of light green areas and more horizontal variation
among VWC measurements were taken as indications of subcritical soil water repellency on Stor-it-
amended plots. Despite its overall positive effects on turfgrass visual quality, Matrix also incurred
certain disadvantages such as reduced root depth and more microdochium patch in the spring of both
2017 and 2018. On the positive side, both amendments improved green firmness, Matrix most notably
on plots with FC1 irrigation and Stor-it most notably on plots with EX2 irrigation.

The main effects of Marathon vs. Walco fertilizer were mostly insignificant except that Marathon
lowered the nitrogen (N) concentration in turfgrass clippings four weeks into the shelter period in
2016 and four and eight weeks into the shelter period in 2017. This suggest that the microbial activity
in this green was too low to take advantage of the controlled release properties of the Marathon
fertilizer. The non-uniform appearance of the plots due to subcritical soil water repellency after FC1
irrigation was also more expressed on plots fertilized with Marathon than with Wallco. On the hand,
plots fertilized with Marathon had better color in spring, presumably due to less leakage of nitrogen
during late fall, or alternatively, higher concentration of iron in Marathon than in Wallco.

NIBIO COMMISSIONED REPORT, ARCHIVE NO 17/00352 4



1. Introduction

In 2016, the company Melspring became an industrial partner of the Scandinavian Turfgrass and
Environment Research Foundation (STERF) and initiated a trial to determine the performance of its
soil amendments Matrix and Stor-it, and its controlled release fertilizer Marathon, on Nordic golf
courses. This introductory chapter gives some background information and expresses hypotheses
about the behaviour of the products, partly based on Melspring’s homepage, and partly from the
scientific literature on the effect of organic and inorganic soil amendments and controlled-release
fertilizers on golf course putting greens.

Soil amendments

Golf greens are constructed with sand-based rootzones to resist compaction and to have good drainage
and sufficient air-filled porosity for root development and respiration. Since sand has poor nutrient
and water retention, it is common to incorporate organic material, often peat, into the sand (Beard
1973). While pure sand has a CEC as low as 0-1 cmol*/kg, the CEC of pure Sphagnum peat is usually
75-100 cmol*/kg. It has been suggested that a sand-based putting green must be amended to reach a
CEC of at least 4 cmol+/kg (McCoy 2013). Other organic sources have been evaluated such as various
composts and biosolids (Aamlid 2005, McCoy 2013). However, many organic materials decompose
after a few years and the percolation rate and overall performance of the rootzone is decreasing
(Bigelow et al. 2004). This also means that the golf greens start leaching pesticides and fertilizers
(Petrovic 1993).

The United States Golf Association’s recommendations for putting green construction do not specify
amount or type of organic material. According to the recommendations, it is also possible to use an
inorganic source for amendment of the sand (USGA 2004). The materials most used to replace peat in
sand-based rootzones are calcined clay, diatomaceous earth and clinoptilolite (Bigelow et al. 2001). As
one of more than 40 natural zeolites, clinoptilolite is an aluminum-silicate with a crystalline structure
and many internal pores and channels that retain both water and nutrients (Ferguson et al. 1986,
Petrovic 1993). Clinoptilolite has a CEC of 100-200 cmol*/kg and improves the rootzone’s moisture
holding capacity, but it binds water strongly and does not contribute much to plant available water at
low tensions (Bigelow et al. 2004). A sand-based putting green with 10% clinoptilolite leached 86%
less NO3-and 93% less NH4+* than without clinoptilolite (Huang & Petrovic 1994). Clinoptilolite can
also be loaded with both organic and inorganic fertilizer (Perez-Caballero et al. 2008).

While inorganic amendments are usually more resistant to biodegradation than peats, there have been
concerns about the physical stability of zeolites in winter-cold climate (Petrovic 1993). Research with
20 freeze-and-thaw cycles of clinoptiolite showed an increase in fractions less than 0.106 mm,
indicating a breakdown of material (Li 2001).

The two soil amendments tested in this project were both based on clinoptilolite and diatomaceous
earth. Unlike Stor-it, Matrix also contains organic matter from seaweeds which is a significant source
of macro- and micronutrients and which also contributes to moisture holding capacity and CEC.
Physical and chemical properties declared on the labels for the test products delivered to NIBIO
Landvik in May 2016 are shown in Table 1.
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Table 1. Physical and chemical properties of Stor-it and Matrix.

Stor-it Matrix
Particle size >90 % in range 0.7 — 1.5 mm
Color Beige Gray green
Dry bulk density 0.77 g/cm3 0.60 g/cm3
Organic matter in % of dry matter 6.6 % 9.0%
Total pore space 57.5 vol-% 71.4 vol-%
Water volume at -10 cm water pressure 48.8 % 53.0%
Air volume at -10 cm water pressure 89% 20.0%
Water volume at -50 cm water pressure 56,3 %
Air volume at -50 cm water pressure 19,7 %
Water volume at -100 cm water pressure 49.6 %
Air volume at -100 cm water pressure 23.7%
Electric Conductivity 7.40 mS/m 3.81 mS/m
pH in water 8.20 7.40
Organic nitrogen from green seaweed (N) 1.1%
Phosphorus pentoxide total (P20s) 0.20 % (=0.088 % P)
Potassium oxide water soluble (K20) 1.60 % (=1.33 %K)
Calcium oxide total (CaO) 3.70 % (=2.66 % Ca)
Magnesium oxide total (MgO) 0.90 % (=0.54 % Mg)
Sulphur trioxide total (SOs) 0.93% (=0.43 % S)
Iron total (Fe) 1.00 %

Photo 1a,b. Photos of the test products Stor-it (left) and Matrix (right). Photos: Trygve S. Aamlid.

Controlled release fertilizers

The use of controlled release fertilizers is common in turfgrass management. The foremost advantage
of such fertilizers is less labor requirement since the application frequency can be reduced compared
with fertilizers containing only readily available nutrients. Advertisements for slow-release fertilizers
often also mention other benefits such as reduced risk for leaching and foliar burning, enhanced root
growth and more uniform shoot growth during the growing season. However, these added benefits
depend very much on the application frequency practiced for the readily available fertilizer used for
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comparison. ‘Scandinavian Precision Fertilization’ implies weekly application of a complete, balanced
fertilizer (e.g. Wallco 5-1-4 (Orkla Care AB, Solna, Sweden, Table 2), and this spoon-feeding approach
will normally not result in burning, leaching or uneven growth (Ericsson et al. 2015).

Controlled release fertilizers can either be organic (various types of manures or composts, feather
meal, bone meal, blood meal, fish meal, food industry waste, seaweed products etc.) or inorganic. The
inorganic controlled-release fertilizers are commonly grouped into (1) urea-formaldehydes (UF) where
N release depends primarily on microbial activity and thus temperature, isobutylidene diurea (IBDU)
where the N release depends and hydrolysis and thus water availability, and (3) polymer coated
fertilizers where the release on N (and sometimes other nutrients) depends on coating thickness and
permeability (Carrow et al. 2001).

Marathon, the controlled-release product that was tested in this study (Table 2), is a granular
organomineral NPK fertilizer based on thermically-treated poultry manure with additions of
ammoniumsulfate, urea, and other mineral nutrients (Mg, S, Fe). Most of the nitrogen is supposed to
be taken up as ammonium, and pot trials conducted by Kania et al. (2007) showed an immediate effect
on ammonium, partly directly from ammoniumsulfate, and partly from the mineralization of poultry
manure, during the first two weeks after application, after which the nitrogen effect declined. In a
parallel field study, Kanina et al. (2007) observed a poor fertilizer effect of Marathon in the spring of
the first year but gradually better effect over time. The authors attributed this to limited biological
activity in the first year as Marathon requires time to build up a healthy soil life.

Table 2. Nutrient content (%) in the three Marathon fertilizers tested in this project and in Wallco 5-1-4- used in
the control treatment.

N P K Mg S Ca Fe Mn B Zn Cu Mo
Mar. 16-4-8 16.0 1.7 66 12 65 06 050 0.00 0 0 0 0
Mar.10-0-15 100 06 125 18 94 06 0.50 0.00 0 0 0 0
Mar. 5-0-27 5.0 06 225 12 23 0.7 1.00 0.00 0 0 0 0
Wallco 5-1-4 5.1 10 43 04 04 04 0.02 0.02 0.01 0.003 0.002 0.0004

Photo 2a,b,c. Fertilizer bags with the three types of Marathon tested in this project.
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2. Materials and Methods

Experimental site and history

The experiment was started 1 June 2016 on an USGA-spec. green under a mobile rainout-shelter at
NIBIO Landvik (58°20°’N, 8 °32’ E, 6 m a.s.]). The green had been constructed in 2007 with
Sphagnum peat as organic amendment (10 % v/v corresponding to an ignition loss of 0.8 %) to the 30
cm sand-based rootzone. The green had originally been seeded with creeping bentgrass (Agrostis
stolonifera L.) and used for registration trials with the plant growth regulator Primo MAXX in 2008
and 2009. In May 2010, a mobile rainout shelter was constructed and the green used for trials with
deficit irrigation to creeping bentgrass in 2010 and 2011. In autumn 2011, the creeping bentgrass was
removed with as sod cutter, and the green was supplemented with new rootzone material and seeded
with red fescue (Festuca rubra L.) for a trial on irrigation and fertilizer distribution which was
originally scheduled from 2012 until 2014, but which was one year delayed as the green had to be re-
established in spring 2013 after winter damage. In May 2016, the red fescue was removed to 30 mm
depth with a sod cutter and preparations started for the present trial. The top of the green was loosed
with a John Deeer Aerocore with (8 mm spikes) to reduce layering before the new substrate was
added.

Experimental design and treatments

The experiment was established according to a four-replicate split plot plan with fertilizer and
irrigation on main plots (3 m x 2 m) and soil amendments on subplots (1 m x 2 m) (Figure 1). The
treatments were:

Factor 1. Irrigation under rainout shelter in wks 31-34 in 2016 and wks 23-30* in 2017

FC1 = To Field Capacity = 18 % SWC, 1x per week (Mon)

EX2 : To Field Capacity (FC =18 % (v/v) ) + 50 %, 2x per week (Mon and Fri)

* Outside these ‘shelter period’, the green received natural rainfall and irrigation to FC every time the
VWC was less than 10 % (average for all plots).

Factor 2. Fertilizer type, 5 Aug. 2016 — 31 Oct. 2017

Wal: Wallco 5-1-4 liquid mineral fertilizer, every 2 weeks

Mar: Marathon controlled release fertilizer, every 4 weeks

Factor 3. Soil amendment

¢: No amendment (control)

m: Matrix, mixed into 5 cm topsoil, 10% (v/v), before seeding in 2016 +
10 % (v/v) mixed into pure sand for topdressing every 4 week, 5 Aug. 2016 — 31 Oct. 2017

si: Stor-it, mixed into 5 cm topsoil, 10% (v/v), before seeding in 2016 +
10 % (v/v) mixed into pure sand for topdressing every 4 week, 5 Aug. 2016 — 31 Oct. 2017

The substrate used in the control treatment (c) was practically identical to that used when constructing
the green in 2007 (0.8 % OM, see Table 3 for particle size distribution and Table 4 for porosity). It
complied with USGA recommendations except for slightly higher contents of coarse gravel and very
fine sand (Table 3). Matrix and Stor-it were mixed into the substrate before adding to the subplots
(Photos 3-6).
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Im
Rep 101 | 102 | 103 | 104 | 105 | 106 110 | 111 | 112 | Rep
I(2m) | EX2 | EX2 | EX2 | FC1 | FC1 | FC1 o EX2 | EX2 | EX2 | I
Wal | Wal | Wal | Mar | Mar | Mar % Mar | Mar | Mar
si m c m c si | 5 si m c
Rep 201 | 202 | 203 | 204 | 205 | 206 § 207 | 208 | 209 Rep
I EX2 | EX2 | EX2 | EX2 | EX2 | EX2 % FC1 | FC1 | FC1 I
Mar | Mar | Mar | Wal | Wal | Wal 5 Mar | Mar | Mar
o m c si
g 307 | 308 | 309 | 310 | 311 | 312 | Rep
= EX2 | EX2 | EX2 | FC1 | FC1 | FC1 | llI
;’; Wal | Wal | Wal | Mar | Mar | Mar
o si m c m c si
g 407 | 408 | 409 | 410 | 411 | 412 | Rep
g EX2 | EX2 | EX2 | EX2 | EX2 | EX2 | IV
Mar | Mar | Mar | Wal | Wal | Wal
si m c Si m c

Figure 1. Field map of experiment. Seed text for abbreviations used in the different treatments.

Table 3. Particle size distribution of substrate added in 2016.

Fraction Particle size, Substrate used USGA recommendation
mm in experiment % (w/w)

Coarse gravel >3.4 0.1 (High) No particles

Fine gravel 2.0-3.4 0.3 Max. 10% of total particles,

Very coarse sand 1.0-2.0 5.5 incl. max. 3 % fine gravel

Coarse sand 0.5-1.0 36.3. Min. 60 % of particles

Medium sand 0.25-0.5 421

Fine sand 0.15-0.25 9.1 Max. 20 % of particles

Very fine sand 0.05-0.15 5.3 (High) Max. 5 % of particles

Silt 0.002 - 0.05 0.8 Max. 5 %

Clay <0.002 0.3 Max. 3 %

Total fines <0.15 6.4 Max. 10 %

Table 4. Physical properties of (unamended) substrate used in control treatment.

Substrate used
in experiment

USGA

recommendation

Saturated hydraulic conductivity 439 mm/h
Total porosity 43.2
Air-filled porosity at -30 cm tension 26.1
Water-filled porosity at -30 cm tension 17.1

>150 mm/h

35-55 %
15-30 %
15-25%
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The volumetric water content (VWC) at FC was determined on unamended control plots at the start of
the irrigation treatments on 5 Aug. 2016 using a Field Scout TDR 300 instrument (Spectrum
Technologies, Inc. IL, USA) with 20 cm probes, and also confirmed gravimetrically using the method
outlined by Kvalbein & Aamlid (2014). Briefly, three parallel soil cores, 10 cm in diameter and 20 cm
deep (volume 1.57 L) were extracted from the green one hour after irrigation to saturate the soil
profile. The net weight in the cylinder was then determined before and after drying at 103 °C for 48 h.
Both the TDR and the gravimetric procedure showed that the VWC at FC on unamende control plots
was 18 % (v/v).

Photo 3. Experimental site after removal of 3 cm thick red fescue sod and leveling out the surface. A wooden
frame helped to separate subplots before when adding substrates. Photo: Trygve S. Aamlid.

Photo 4. Matrix or Stor-it were mixed at 10% (v/v) ratio into substrates using a peat/soil mixer before adding
the substrates to the top 5 cm of the rootzone on subplots separated by the wooden frame.
Photo: Trygve S. Aamlid.
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Photo 5. The substrate in the control treatment with no amendment (except for the 10 % Sphagnum peat) had
the lightest color; the substrates containing Matrix the darkest color, and the substrate amended with Stor-it
was intermediate in color (e.g. plot in the closest corner). Photo: Trygve S. Aamlid.

Photo 6. After removal of of the wooden frame, the drenches were filled with the same substrate as in the
control treatment before adding chicken manure and seeding the green. Photo: Trygve S. Aamlid.
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Turfgrass grow-in

On 8 June 2016, Marihgne Pluss (dried chicken manure) preplant fertilizer was raked into the seedbed
at a rate 6.25 kg/m2 and the green irrigated to field capacity. On 9 June, creeping bentgrass
‘Independence’ was seeded at a rate of 7 g/m?2 using a drop seeder and raked gently into the seedbed.
The experiment was covered with tarp until 21 June (Photo 7). the cover being removed temporarily
for fertilization on 17 June. In this period the sprinkler irrigation system was adjusted to four start-ups
per day, each irrigation giving 2 mm water. After 21 June irrigation was reduced to approximately 5
mm per day except on days with natural rainfall.

Fertilizer applications during grow-in comprised weekly applications of either Wallco 5-1-4 complete
liquid fertilizer (Orkla Care AB, Solna, Sweden) or Anderson 13-2-13 granular fertilizer (The
Andersons, Maumee, OH, USA), supplemented with two applications of Melgreen Mn (Melspring
Olmix Group) (Table 5). The first mowing to 15 mm height was performed on 24 June, after which the
mowing height was gradually reduced to 4 mm on at the start of the fertilization and irrigation
treatments on 5 August. A light topdressing of the entire trial area with 0.23 mm pure sand (no
amendments) was conducted on 6 July 2016.

Photo 7. The experiment area was covered with white permeable tarp for 12 days after seeding.

Photo: Trygve S. Aamlid.
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Table 5. Fertilizer application to all plots during grow-in in 2016.

kg per 100 m?

Date Fertilizer type Product N P K Mg S Ca Fe Mn
8 June Marihgne Pluss 6.25 050 031 025 0.00 0.00 0.38 0.000 0.000
17 June Wallco liquid 5-1-4 4.90 0.25 0.05 021 002 0.02 0.02 0.001 0.001
17 June Melgreen Mn 0.03 0.00 0.00 000 000 0.01 0.00 0.000 0.018
21 June Andersons 13-2-13 1.92 0.25 0.02 021 000 035 0.00 0.038 0.002
28 June Wallco liquid 5-1-4 5.88 0.30 0.06 025 002 0.02 0.02 0.001 0.001
07 July Wallco liquid 5-1-4 5.88 0.30 006 025 002 0.02 0.02 0.001 0.001
12 July Melgreen Mn 0.03 0.00 000 000 000 0.01 0.00 0.000 0.018
12 July Andersons 13-2-13 231 0.30 0.02 025 0.00 042 0.00 0.046 0.002
19 July Wallco liquid 5-1-4 4.90 0.25 0.05 021 002 0.02 0.02 0.001 0.001
26 July Wallco liquid 5-1-4 3.00 0.15 0.03 0.13 001 0.01 0.01 0.001 0.001
SUM 230 060 176 0.10 0.90 0.47 0.089 0.046
Relative to N 100 26 77 4 39 21 4 2

Implementation of the fertilizer treatments.

Once grow-in had been completed on 5 Aug. 2016, the experimental fertilizers were applied as shown
in Table 6. Because Wallco and Marathon were applied every two and four weeks, respectively, the
basic principle was that one application of Marathon should provide the same amount of nitrogen as
two applications of Wallco. This was followed from the start of the trial until 13 Sep. in 2016 and from
the first spring application on 7 Apr. until 17 July in 2017. In fall 2016 there was a mistake as the
application of Wallco around 15 Oct. was left out, but later compensated, partly by the same amount of
nitrogen as in Marathon on 27 Oct. and partly by a very late application on 21 Nov. (Table 6). In 2017,
Melspring requested that applications of Marathon later than 25 Sep. should be omitted and
compensated by higher nitrogen rates on 31 July and 28 Aug. (T. Terlouw, pers. comm., April 2017).

As for other nutrients, the input of phosphorus (P) was 55-60 % lower in the Marathon than in the
Wallco treatment in both years, whilst the input of K was 61 and 21 % higher in Marathon during the
experimental periods in 2016 and 2017, respectively. Other major differences were that Marathon
supplied six times more S and 23 times more Fe than Wallco. On the other hand, only Wallco supplied
Mn and other micronutrients.

Wallco and Marathon were applied using experimental spreaders for liquid and granular fertilizer,
respectively, both with booms adjusted to 1.0 m application width (Photo 8). Wallco was applied in a
water volume corresponding to 800 L/ha. Fertilizer applications during the periods with manual
irrigation always took place on the same day as all plots were irrigated, and 5 mm of the total irrigation
volume was then applied after fertilizer inputs. Outside the periods with irrigation treatments, the
entire green received 5 mm of sprinkler irrigation after each fertilizer application except on days with
natural rainfall.
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Table 6. Fertilizer applications in the Wallco and Marathon fertilizer treatments in 2016 and 2017

kg per 100 m2

Date Fertilizer type Product N P K Mg S Ca Fe Mn

05 Aug. 2016  Wallco liquid 5-1-4 3.53 0.18 004 015 0.01 001 0.01 0.0006 0.0007
19 Aug. 2016  Wallco liquid 5-1-4 3.53 0.18 004 015 0.01 001 0.01 0.0006 0.0007
05 Sep. 2016  Wallco liquid 5-1-4 3.92 0.20 0.04 0.17 0.02 0.02 0.02 0.0007 0.0008
13 Sep. 2016  Wallco liquid 5-1-4 3.92 0.20 0.04 0.17 0.02 0.02 0.02 0.0007 0.0008
03 Oct. 2016  Wallco liquid 5-1-4 1.23 0.06 001 005 000 0.00 0.00 0.0002 0.0002
27 Oct. 2016 Wallco liquid 5-1-4 2.21 0.11 002 0.09 0.01 001 0.01 0.0004 0.0004
21 Nov.2016  Wallco liquid 5-1-4 0.98 005 001 0.04 000 000 0.00 0.0002 0.0002
SUM Wallco 2016 099 019 083 008 0.08 0.08 0.003 0.004
Relative to N 100 20 84 8 8 8 0.3 0.4

05 Aug. 2016  Marathon 16-4-18 2.25 036 004 015 0.03 015 0.01 0.0113 0.0000
05 Sep. 2016  Marathon 16-4-18 2.50 040 004 017 0.03 016 0.02 0.0125 0.0000
03 Oct. 2016  Marathon 5-0-27 2.50 0.13 000 056 003 006 0.02 0.0250 0.0000
27 Oct. 2016  Marathon 5-0-27 2.00 0.10 000 045 0.02 0.05 0.01 0.0200 0.0000
SUM Marathon 2016 099 008 133 011 041 0.06 0.0690 0.0000
Relative to N 100 8 135 11 42 6 7.0 0.0

07 Apr. 2017 Wallco liquid 5-1-4 1.18 0.06 001 005 001 0.01 001 0.0002 0.0002
18 Apr. 2017 Wallco liquid 5-1-4 1.76 0.09 002 008 001 0.01 0.01 0.0003 0.0004
04 May 2017 Wallco liquid 5-1-4 2.35 0.12 002 010 001 0.01 0.01 0.0004 0.0005
18 May 2017 Wallco liquid 5-1-4 2.94 0.15 003 013 001 0.01 0.01 0.0005 0.0006
30 May 2017 Wallco liquid 5-1-4 3.24 0.17 003 014 001 0.01 0.01 0.0006 0.0006
19 Jun. 2017 Wallco liquid 5-1-4 3.24 0.16 003 0214 001 0.01 0.01 0.0006 0.0006
02 Jul. 2017  Wallco liquid 5-1-4 3.24 0.17 003 014 001 0.01 0.01 0.0006 0.0006
17 Jul. 2017  Wallco liquid 5-1-4 3.24 0.16 003 014 001 0.01 0.01 0.0006 0.0006
31Jul. 2017  Wallco liquid 5-1-4 2.35 0.12 002 010 001 0.01 0.01 0.0004 0.0005
14 Aug. 2017 Wallco liquid 5-1-4 2.35 0.12 002 010 001 0.01 001 0.0004 0.0005
28 Aug. 2017 Wallco liquid 5-1-4 2.35 0.12 002 010 001 0.01 0.01 0.0004 0.0005
11 Sep. 2017 Wallco liquid 5-1-4 2.35 0.12 002 010 001 0.01 0.01 0.0004 0.0005
25 Sep. 2017 Wallco liquid 5-1-4 1.76 0.09 002 008 001 0.01 0.01 0.0003 0.0004
09 Oct. 2017 Wallco liquid 5-1-4 1.18 0.06 001 005 001 0.01 001 0.0002 0.0002
25 Oct. 2017  Wallco liquid 5-1-4 1.18 0.06 001 005 001 0.01 001 0.0002 0.0002
31 Oct. 2017 Wallco liquid 5-1-4 0.59 0.03 001 003 000 0.00 000 0.0001 0.0001
SUM Wallco 2017 1.80 035 152 014 014 0.14 0.006 0.007
Relative to N 100 20 84 8 8 8 0.3 0.4

7 Apr. 2017 Marathon 16-4-8 0.94 0.15 002 0.06 001 0.06 0.006 0.0047 0.0000
4 May 2017  Marathon 16-4-8 1.69 0.27 003 011 002 0.11 0.010 0.0084 0.0000
30 May 2017 Marathon 16-4-8 2.06 033 004 014 003 0.13 0.012 0.0103 0.0000
2 Jul. 2017 Marathon 16-4-8 2.06 033 004 014 003 0.13 0.012 0.0103 0.0000
31Jul. 2017  Marathon 10-0-15 3.00 030 002 038 005 0.28 0.018 0.0150 0.0000
28 Aug. 2017 Marathon 10-0-15 2.70 0.27 002 034 003 0.25 0.016 0.0135 0.0000
25 Sep. 2017 Marathon 5-0-27 3.00 0.15 002 068 004 0.07 0.021 0.0300 0.0000
SUM Marathon 2017 1.80 0.17 183 0.22 104 0.096 0.092 0.0000
Relative to N 100 9 102 12 58 5 5.1 0.0
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Photo 8. Experimental spreaders used for application of Wallco liquid fertilizer (left) and
Marathon granular fertilizer (right). Photo: Trygve S. Aamlid.

Information about rainout shelter and implementation of irrigation
treatments

The mobile rainout shelter was activated from 5 Aug. to 2 Sep. 2016 and from 5 June to 31 July 2017,
in the following referred to as the ‘shelter periods’. During these periods, the shelter covered the trial
automatically on rain occasions only. The plastic roof was 3-5 m above the green, thus allowing good

air circulation and little temperature increase (Photos 3-7).

During the shelter periods, irrigation was applied onto main plots using a mobile, 3m wide, custom-
built irrigation boom with flat fan nozzles situated 20 cm above the green surface and spaced 5 cm
apart. (Photo 9). The irrigation boom was moved manually back and forth over each plot to ensure
infiltration. Irrigation was monitored with a flow meter which ensured the exact amount of water to
each plot. Irrigation amounts beyond 8 mm were split into two or more applications to ensure
infiltration and avoid water from puddling on the surface.

70 TN

Photo 9. Equipment used to ensure uniform irrigation of main plots. Photo: Trygve S. Aamlid
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The amount of irrigation water to to be applied on 3 m x 2m main plots was calculated from the
difference between FC (18 % v/v) and the average of nine measurements, three per subplot, using the
Field Scout TDR 300 with 20 cm probes.

The total amount of irrigation water applied to FC1 and EX2 treatments during the four week shelter
period in Aug. 2016 was on average 56 and 137 mm (14 mm and 17 mm on average per irrigation),
respectively. The corresponding figures during the eight week period in 2017 were, in turn, 170 and
395 mm (24 mm and 26 mm on average per irrigation).

Green maintenance

Mowing

The green was mowed three times a week (Mon., Wed., Fri.) with a (walk behind) reel mower, John
Deere 220 e-Cut Hybrid without groomer. In 2016 the mowing height was 4 mm from the start of the
shelter period on 5 Aug. until 15 Aug. and 3.5 mm after that; the last seasonal mowing was conducted
on 28 Oct. In 2017, mowing started at 5 mm on 3 April and was gradually reduced to 3 mm on 8 May;
the last seasonal mowing to 3 mm was conducted on 20 Oct. The mower is grinded and back lapped
when needed. Operators were experienced greenkeepers. No turf brush was used in front of the greens
mower.

Photo 10. John Deere 220 e-Cut Hybrid, walk behind reel mower without groomer or brush in front of cutting
unit, used in trials at Landvik. Photo taken in a different trial by Bert Sandell.

Wear treatment

Starting 5 Aug. 2016, the trial was subjected to wear from a friction drum (Photo 11) with golf spikes
three times per week. The total exposure corresponded to 20000 rounds of golf per year. In 2017 the
first treatment was on 5 May and the last treatment on 22 Sep. In the shelter periods wear had to be
suspended on rainy days due to obstructions from the fundaments of the shelter, but this only
happened three times.
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Photo 11. A friction drum especially designed for small research plots were used for wear treatment.
Photo: Bert Sandell.

Aeration and Topdressing

In 2016, the green was considered too immature to be aereated with solid tines. Slicing using a star
slitter with 2 mm blades at 40 mm distance (Photo 12) was conducted on 5 Aug., 5 Sep. 30 Sep. and 28
Oct. The green was dressed lightly with 0.22 mm pure sand to all plots on 6 July, 22 July, 19 Aug., 16
Sep. and 14 Oct. using a centrifugal spreader (Photo 13). Heavy topdressing with 0.88 mm of either
pure sand or pure sand mixed with Matrix or Stor-it was conducted by hand of individual subplots
after on slicing on 5 Aug., 5 Sep., 30 Sep. and 28 Sep. (Photo 14). After the heavy topdressings, the
plots were brushed manually (Photo 15). The amendments differed in bulk density from sand and had
to be a little moist when mixed; otherwise, they easily separated from sand and were difficult to apply
evenly.

Photo 12a,b. Star slitter used for slicing of surface. Photo: Bert Sandell.
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Photo 13. Centrifugal spreader used for light, uniform topdressing
Photo taken in a different trial by Trygve S. Aamlid.

Photo 14. First selective dressing treatment with sand + amemdments on 5 Aug. 2016. Photo: Trygve S. Aamlid
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Photo 15. After heavy dressing with amendment, the surface had to be brushed. Photo: Bert Sandell.

In 2017 the green was aerated with 8 mm solid tines using a John Deere Aerocore 800, 8 mm spikes,
on 3 May, 2 June, 3 July, 1 Aug, 29 Aug., 25 Sep. and 28 Oct. (Photo 16). The aeration pattern was 32
X 40 mm at 60 mm depth. After these spikings, individual subplots received 0.88 mm heavy
topdressing with amendments according to the experimental plan. Intermittent between these
spiking plus heavy topdressing, the entire green was subject to slicing as in 2016 and given a light
topdressing of 0.22 mm pure sand to all plots on 19 May, 19 June, 17 July, 14 Aug. 11 Sep. and 10 Oct.

Summarized over the two-year experimental period, the green received 12.8 mm topdressing, of which
10.6 mm was applied to individual subplots as part of the experimental treatments.

Photo 16. John Deere Aerocore 800 used for aeration Photo: Bert Sandell.

Fungicides, growth regulators, biostimulants or soil surfactants treatment

The maintenance program did not include any use of fungicides, growth regulators, biostimulants or
soil surfactants (wetting agents).
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Weather conditions

The mean monthly temperatures during the experimental period 1 June 2016 — 31 March 2018 were
mostly higher than the 30 year normal values (official reference period 1961-90, Table 7, Figure 2).
The largest deviations were observed in September 2016 and from December 2016 to May 2017. In
contrast, the shelter periods (Aug. 2016 and June-July 2017) had temperatures close to the normal.
The annual maximum temperatures in 2016 and 2017, 27.3 and 26.8 °C, were recorded on 3 June
(shortly before seeding the trial) and 17 June, respectively.

The autumn and early winter months in 2016-17 were drier than the 30 year normal except for
November during which the record-high daily precipitation of 148 mm was recorded on 5 November,
partly as rain and partly as snow on an unfrozen green. Once this snow had melted on 12 November,
there was no snow cover except for 7-22 Feb. and 5-14 March, both on a frozen green. During the latter
period, the seasonal mean temperature of -12.1 °C was recorded on 8 March. The precipitation in June
and July 2017 was higher than the 30 year normal, but there was a period with only 6 mm rainfall
from 26 June to 20 July, thus requiring little coverage by the shelter during these weeks (Figure 3).

Towards the end of the experiment, rainfall was more than two times higher than the normal in
September and October 2017. During the winter 2017-18, there was no lasting snow cover until the
first week of February, but unstable weather and high precipitation in December and notably January
resulted in ice formation of on the green. The ice was cracked during a mild spell in the first week of
February, but came back after a few days. From 14 Feb. to 20 March the green was covered by snow
with a (mostly porous) ice cover underneath. The seasonal mean temperature of -13.0 °C was recorded
on 18 March. On 20 March 2018, the snow was removed and the ice cracked to allow grass diffusion,
but the green did not thaw up until 10 April.

Table 7. Mean monthly temperature and precipitation during the experimental period 1 June 2016 — 31 March
2018.

Temperature, °C Precipitation, mm
2016 2017 2018 1961-90 2016 2017 2018 1961-90

Jan 1.7 0.9 -1.6 65 222 113
Feb 0.4 -2.0 -1.9 139 143 73
Mar 3.4 -1.2 1.0 118 49 85
Apr 6.5 5.1 67 58
May 11.9 10.4 61 82
June 15.8 15.5 14.7 110 118 71
July 16.4 16.1 16.2 101 100 92
Aug. 15.5 15.1 154 123 125 113
Sep. 15.1 13.0 11.8 37 291 136
Oct. 7.6 9.4 7.9 117 346 162
Nov. 2.7 3.5 3.2 256 157 143
Dec. 3.7 1.7 0.2 44 116 102
Annual mean /

sum 8.2 6.9 1703 1230
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Registrations

The following charters were recorded:

The substrates (unamended or amended with 10% of either Matrix or Stor-it) were sampled
and analysed for for Cation Exchange Capacity (CEC) and pH (water solution) in the
laboratory at the Norwegian University of Life Science, As, Norway, before seeding the trial.

Turfgrass coverage, color intensity, tiller density and (overall) turfgrass quality
were recorded on two occasions during the grow-in period from 9 June to 5 Aug. 2016.
Turfgrass coverage was assessed as percentage of plot area. The other characters were
assessed on a scale from 1 to 9 where 9 was the most intensely green color, highest tiller
density and highest turfgrass quality.

Root depth was determined by the ‘hanging cylinder method’ on all plots before and after
the shelter period in both years. One cylinder, 5 cm in diameter, was extracted from each plot
green and the length of the intact hanging core measured (Photo 17).

Thatch thickness was measured, and samples from the 0-2 ¢cm top player in each subplot
analysed for ignition loss and concentration of totalt carbon and total nitrogen at the
start of the the first shelter period in one 5 Aug. 2016 and at the end of the second shelter
period on 31 July 2017. The chemical analyses were conduced in the laboratory at the
Norwegian University of Life Science, As, Norway.

Photo 18. A Field Scout TDR 300 instrument was

Photo 17. Root development was determined as | .
used to measure volumetric watercontent (VWC,

length of intact, hanging core after extraction . . .
. . o %). The instrument was calibrated for either 38 og
with a cylinder, 5 cm in diameter. .
. 200 mm long rods. Photo: Trygve S. Aamlid
Photo: Trygve S. Aamlid
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e  During the shelter periods, Volumetric Water Content (VWC) at 0-3.8 cm and 0-20 cm
soil layers were measured using a Field Scout TDR 300 (Spectrum Technologies Inc., Illinois,
USA) instrument with 3.8 or 20 cm long rods, respectively (Photo 18). A new calibration of
the instrument in May 2017 (before the shelter period) suggested that values recorded 0-20
cm depth had been 0.5-1.0 per cent units too high in 2016. In both years, five measurements
were taken per subplot at 0-3.8 cm depth and three measurements at 0-200 mm depth. The
mean value for the five or three measurements were calculated, and for the 0-38 mm depth we
also calculated the horizontal coefficient of variation (CV) among the five measurements. The
mean value of the nine measurements taken at 0-200 mm depth (three per subplot) were used
to calculate the amount of irrigation water to be applied at each main plot.

e Visual color intensity, tiller density and (overall) turfgrass quality were assessed at two week
intervals during the shelter periods, otherwise at four week intervals, as described earlier.
The last observation or color was shortly after soil thaw-up in spring 2018. At the end of the
shelter period in 2017, many plots had a patchy appearance with light green and dark green
areas; at this point we took photos of all plots and scored the percentage of plot area with
light green color.

o Turfgrass diseases were assessed as percentage of plot area whenever occurring. The only
disease observed was a severe attack by Microdochium nivale (pink snow mold) in spring 2017
and 2018.

e To get an impression of playing quality, turfgrass ball roll distance and surface
firmness were recorded at two week intervals during the shelter periods in both years and at
four week intervals outside the shelter period in 2017. Green speed was always measured 24
hours after the last mowing and in both directions using a half-length stimpmeter (Photo 19).
Firmness was measured using a 2.25 kg Clegg hammer with flat head (Photo 20). Four strokes
were taken at different positions per plot. Measurements of firmness coincided with moisture
measurements on Monday morning (before irrigation).

Photo 19. Trond Pettersen measuring tufgrass ball roll distance with a half-length stimpmeter. These
measurements were always conducted 24 h after mowing. Photo: Trygve S. Aamlid
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¢ Clipping yields were collected, dried and
weighed four weeks into the shelter period in
2016 and 4 and 8 weeks into the shelter period
in 2017 (Photo 21). These collections were
always conducted two weeks after the last
application of Wallco fertilizer, four weeks
after the last application of Marathon
fertilizer, and two weeks after last (light)
topdressing treatment. The clippings were
analyzed for percentage of N in dry matter
and N uptake calculated as the product of
clipping yield and N percentage.

Photo 20. Trond Pettersen measuring surface firmess with
a Clegg hammer, 2.25 kg load. Photo: Trygve S. Aamlid

Photo 21. Grass clippings were collected, dried, weighted and analysed for total N. Photo: Trygve S. Aamlid

Statistical analyses

All parameters were analysed using the SAS procedure PROC ANOVA for the split-plot design.
Significant differences among treatments were identified using the Fisher’s least significant difference
(LSD) at the 5% probability level.
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3. Results

pH and Cation Exchange Capacity (CEC) of the three substrates

Analysis of the pooled sample taken from each substrate at construction in June 2016 indicated a 3.0
unit increase in soil pH after adding Matrix, and a 1.5 unit increase in soil pH after adding Stor-it, to
the substrate otherwise composed of USGA-spec. sand and Sphagnum peat (Table 8). The
corresponding increases in CEC were forty-nine and eleven times, respectively. Amendment with
Matrix had its strongest impact on the concentration of calcium in the substrate, but the
concentrations of potassium and magnesium were also higher than after amendment with Stor-it.

Table 8. Effects of soil amendments on root and soil characteristics at the start of the fertilizer and irrigation
treatments, 5 Aug. 2016.

pH cmol cmol cmol cmol cmol Total CEC

(H20) (1/2Mg+)/kg  (1/2Ca+)/ke Na+/kg K+/kg H+/ke  cmol+/kg
Unamended 4.9 0.14 0.39 <LD? <LD? <LD? 0.53
Matrix 7.9 1.2 22 0.74 1.8 <LD? 25.7
Store-it 6.4 0.56 3.4 0.31 1.4 <LD? 5.7

I Lower than detection limit.

Turfgrass grow-in, 9 June — 5 Aug. 2016

The first assessment on 5 July, one month after seeding, showed a significant increase in turfgrass
coverage, color intensity and (overall) visual quality after amending the substrate with either Matrix or
Stor-it compared with the unamended control (Table 9, Photo 22). At the start of the first shelter
period on 5 Aug. 2016, all plots had approximately 100 % coverage, and there was no longer any
significant improvement in turfgrass quality due to Matrix or Stor-it, although Matrix continued to
give better color than Stor-it or no amendment. On the contrary, the quality of plots amended with
Stor-it was significantly lower than of unamended control plots.

Table 9. Effects of the soil amendments Matrix and Stor-it on turfgrass coverage, color intensity, tiller density
and overall turfgrass quality during the grow-in period, 9 June — 5 Aug. 2016.

Turfgrass Color Tiller Turfgrass
coverage, intensity density quality
% of plot area (1-9) (2-9) (1-9)
5 July 5 Aug. 5 July 5 Aug. 5 Aug. 5 July 5 Aug.
Unamended 67 bt 99 53b 5.0b 5.2 34b 6.1 a
Matrix 89a 100 7.0a 6.0a 5.0 6.2a 5.9 ab
Store-it 87 a 99 6.6 a 53b 4.8 5.8a 54 b
P-value <0.001 >0.10 <0.001 <0.001 >0.10 <0.001 <0.05
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Plot 110 Plot 111 Plot 112
Stor-it Matrix Control

Plot 304 Plot 305 Plot 306
Stor-it Matrix Control

Photo 22a,b. Visual effect of soil amendments on turfgrass coverage on 5 July, four weeks after seeding.
Photos: Trygve S. Aamlid

Root depth, ignition loss and C and N concentration at 0-2 cm depth
at the start of fertilizer and irrigation treatments (first shelter period)
on 5 Aug. 2016

Measurement of root depth as length of intact hanging cylinder two months after seeding indicated
better root development on unamended plots than on plots amended with Matrix (Table 10). No
distinct thatch layer was visible on any plot at this early stage, but a higher ignition loss in the top 2 cm
confirmed faster grow-in on plots amended with either Matrix or Stor-it than on unamended control
plots. The concentration of carbon was, nonethess, lower on plots amended with Stor-it than in the
unamended control, while there was no significant difference for nitrogen or C/N ratio.

Table 10. Effects of soil amendments on root development and on ignition loss and concentation of total C and
total N in the top 0-2 cm layer at the start of the fertilizer and irrigation treatments (first shelter period), 5 Aug.
2016.

Root depth Ignition loss C, % in dry N, % in dry C/N?
cm % matter matter ratio
Unamended 16.2 a 2.52b 0.60 b 0.035 17
Matrix 144 b 2.80a 0.80 a 0.029 28
Store-it 15.6 ab 2.85a 0.52¢ 0.026 20
P-value <0.05 <0.05 <0.001 >0.10 -

I1Calcuated from mean values, not subjected to ANOVA.
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Volumetric water content (VWC) during the shelter period in 2016

On average for soil amendments, fertilizers and eight observations from 8 Aug. to 2 Sep. 2016, the
volumetric water content ( VWC) at 0-20 cm depth was 12.7 % on plots with EX2 irrigation vs. 12.0 %
on plots with FC1 irrigation (P<0.001). The corresponding VWC in the top 0-38 mm layer were 16.5
and 15.1 %, respectively (P<0.001) (data not shown). Not unexpectedly, the most significant
differences in VWC where found four days after irrigation in the EX2 treatment corresponding to
seven days after irrigation of the FC1 treatment (Figure 4). Difference was less apparent three days
after irrigation in both treatments, despite the higher irrigation volumes given to EX2 plots.

On average for the eight observations, the horizontal within-plot variation in VWC at 0-38 mm depth
was significantly (P<0.01) higher with FC1 irrigation (CV = 8.7 %) than with EX2 irrigation
(CV=7.4 %) (data not shown in table or figure).
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Figure 4. Time course of volumetric soil water content at two depths as affected by irrigation treatments during
the first shelter period. Symbols above and below lines indicate P-values for comparison of treatments for VWC
at 0-38 mm and 0-200 mm depth, respectively: NS: P>0.10 (*): P<0.10, *:P<0.05, **:P<0.01, ***:P<0.001.
Mean of fertilizers and soil amendments.

As a main effect, the VWC was never significantly influenced by Wallco vs. Marathon fertilizer at either
depth. As for soil amendments, Matrix resulted in significantly higher VWC at both depths compared
with control plots and plots amended with Stor-it (Table 11, Figure 5). The horizontal variation in VWC
at 0-38 mm depth was not significantly affected by amendments.
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Table 11. Main effects of soil amendments on Volumetric Water Content (VWC) at two depth on average for
eight observations, 8 Aug. — 2 Sep. The average horizontal variation among the five measurements of VWC at
0-38 mm depth within each plot has also been also indicated.

0-38 mm 0-200 mm
Mean Horizontal Mean
VWC, % CV, % VWC, %
Control 153b 8.2 12.2b
Matrix 17.0a 8.2 12.8a
Store-it 15.1b 7.8 12.1b
P-value <0.001 >0.10 <0.01
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Figure 5. Time course of volumetric soil water content at two depths as affected by soil amendments during
the first shelter period in 2016. Symbols above and below lines indicate P-values for comparison of treatments
for VWC at 0-38 mm and 0-200 mm depth, respectively: (*): P<0.10, *:P<0.05, **:P<0.01, ***:P<0.001.
Mean of two irrigation treatments and two fertilizer treatments.

Visual quality characteristics during the first shelter period and in fall
2016

Significant or almost significant main effects of irrigation, fertilizer and soil amendment on turfgrass
color intensity and (overall) turfgrass quality were observed by the end of the shelter period on 2 Sep.
2016 (Table 12). Higher scores were obtained with EX2 vs. FC1 irrigation, Wallco vs. Marathon
fertilizer and Matrix vs. no amendment or Stor-it (Photo 23). Only the main effect of irrigation was
significant for tiller density (Table 12).

NIBIO COMMISSIONED REPORT, ARCHIVE NO 17/00352 28



Plot 206 Plot 205 Plot 204 Plot 203 Plot 202 Plot 201
EX2 EX2 EX2 EX2 EX2 EX2

Wallco Wallco Wallco Marathon Marathon Marathon

Control Matrix Stor-it Control Matrix Stor-it

Plot 101
EX2,
Wallco
Stor-it

Plot 104
FC1,
Marathon
Matrix

Plot 102
EX2,
Wallco
Matrix

Plot 105
FC1,
Marathon
Control

Plot 103
EX2,
Wallco
Control

Stor-it

Photo 23. Trial by end of shelter period on 2 Sep. 2016. Photo: Trygve S. Aamlid.

The positive effect of Matrix on turfgrass color intensity and turgrass quality continued at the last
seasonal observations on 29 Sep. and 27 Oct. 2016 (Table 12). The turfgrass quality on Stor-it-
amended plots was significantly lower than on control plots on 29 Sep., but not significantly different
from the control treatment on 27 Oct. There was no after-effect of the shelter period 5 Aug. — 2 Sep.
on any of these dates. A strong positive effect of Marathon vs. Wallco fertilizer on 27 Oct. can be
attributed to the fact that the application of Wallco in mid-October had been omitted by mistake.

Results for tiller density in late September and late October 2016 are not shown in Table 12 since there
was no significant effect of any of the treatments.

Table 12. Main effects of irrigation, fertilizer and soil amendment on color intensity, tiller density and turfgrass
(overall) quality at the end of the shelter period on 2 Sep. and on color intensity and turgrass quality on 29 Sep.
and 27 Oct. 2016.

2 Sep. 2016 29 Sep. 2016 27 Oct. 2016
Color Tiller Turfgrass Color Turfgrass Color Turfgrass
intensity  density quality intensity  quality intensity  quality

(1-9) (1-9) (1-9) (1-9) (1-9) (1-9) (1-9)
FC1 irrigation 5.0 5.4 5.4 6.4 7.0 6.2 6.8
EX2 irrigation 5.8 5.9 5.6 6.4 7.0 6.0 6.9
P-value 0.06 <0.01 0.07 >0.10 >0.10 >0.10 >0.10
Wallco every 2 wk 5.9 5.8 5.7 6.3 7.0 5.2 6.6
Marathon every 4 wk 4.9 5.6 5.3 6.5 7.0 6.9 7.1
P-value <0.05 >0.10 <0.05 >0.10 >0.10 >0.001 >0.10
Unamended 53b 5.9 5.6 6.2b 7.0b 5.8b 6.8
Matrix 6.1a 5.5 5.7 7.0a 7.3a 6.62a 7.0
Stor-it 49c 5.5 5.2 6.0b 6.7c 59b 6.8
P-value <0.001 >0.10 0.08 <0.001 <0.001 <0.001 >0.10

Significant interactions between irrigation and soil amendments were observed for turfgrass color on
two dates during or shortly after the shelter period in 2016 (Figure 6). Unlike unamended plots and
plots amended with Matrix, plots amended with Stor-it showed a drop in turfgrass color after two
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weeks with FC1 irrigation. However, while FC1 x Stor-it plots also had the lowest turfgrass color by the
end of the shelter period, they were also the fastest to recover after exposure to natural rainfall and
more frequent irrigation from 2 Sep.

9
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==B=-FC1 - Matrix FC1 - Stor-it

Figure 6. Turfgrass color intensity for various combinations of irrigation and soil amendment during and shortly
after the shelter period in 2016. P-values for the interaction irrigation x soil amendement have been indicated
as follows: NS: P>0.10, *: P<0.05, ***:P<0.001

Playing quality during the shelter period in 2016

Irrigation or fertilizer had no effect on surface firmness (always measured on Mondays, three days
after the last irrigaton in the EX2 treatment) or or turfgrass ball roll (always measure on Tuesdays, 24
h after the last mowing) (Table 13). With regard to soil amendments, the playing surface was
significantly firmer after amendment with Matrix and Stor-it, while Matrix reduced ball roll. The latter
was probably a result of more shoot growth compared with plots unamended or amended with Stor-it.
Interactions for playing quality were either insignificant or unmeaningful.

Table 13. Main effects of irrigation, fertilizer and soil amendment on surface firmness and ball roll (green
speed). Mean of two obervations during the shelter period 5 Aug. — 2 Sep. 2016.

Surface Turfgrass ball
firmness (g) roll, cm
FC1 irrigation 67 100
EX2 irrigation 66 99
P-value >0.10 >0.10
Wallco every 2 wk 66 99
Marathon every 4 wk 66 100
P-value >0.10 >0.10
Unamended 64 b 100 a
Matrix 68 a 97 b
Stor-it 67 b 101 a
P-value <0.05 <0.05
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Root depth at the end of the shelter period in 2016

Measurement of root depth on 2 Sep. 2016 indicated a significant interaction in that excessive
irrigation reduced root development strongly on rootzones amended with Matrix, but had less negative
impact on plots amended with Stor-it and stimulated root development on unamended control plots
(Table 14). As a main effect the roots were significantly deeper in the unamended treatment than with
Stor-it, which again had deeper roots than in the treatment with Matrix.

Table 14. Main effects of irrigation and soil amendment and their interaction on turfgrass root depth measured
as length of intact hanging cylinders by the end of the first shelter period on 2 Sep. 2016. Mean of two fertilizer
treatments. Different letters for mean values indicate significant difference according to LSD (P<0.05).

Unamended

Matrix Stor-it Mean P-value, irrigation
control
FC1 irrigation 17.8 15.6 16.8 16.7 0.08
EX2 irrigation 19.2 12.1 15.1 15.4 ’
Mean 18.5a 13.8c 15.9b 16.1 P-value,
P-value, amendement <0.001 interaction: <0.05

Clipping yields and clipping N concentration four weeks into the
shelter period in 2016

Collection of clipping yields on 2 Sep. 2016 (green unmowed since 29 Aug.) showed no significant
effect of any of the experimental factors on turfgrass dry matter (DM) production (Table 15). The
nitrogen concentration in clippings was higher on plots fertilized with Wallco than with Marathon, and
higher on plots amended with Matrix than with Stor-it, which again was higher than on unamended
control plots.

Table 15. Main effects of irrigation, fertilizer and soil amendment on clipping yield, N-concentratio in clippings
and total N removal in clippings on 2 Sep. 2016. The green had been left unmowed since 29 Aug.

Clipping yield, N concentration in N removed in clippings

g DM/m?/day clippings, % per week, g N/ m?2
FC1 irrigation 0.91 3.07 0.19
EX2 irrigation 1.02 3.06 0.21
P-value >0.10 >0.10 >0.10
Wallco every 2 wk 0.93 3.30 0.21
Marathon every 4 wk 1.00 2.83 0.19
P-value >0.10 <0.05 >0.10
Unamended 1.00 2.81c 0.19
Matrix 0.97 3.28a 0.22
Stor-it 0.92 3.10b 0.20
P-value >0.10 <0.05 >0.10
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Winter survival and microdochium patch in spring 2017

There were no abiotic winter damages, but distinct patches caused by Microdochium nivale at snow
melt in March 2017 (Photo 24). The patches were not affected by irrigation treatments or by Marathon
vs. Wallco fertilizer (data not shown) but they were significantly more severe on plots amended with
Matrix than on unamended control plots and plots amended with Stor-it (Table 16, Photo 25).
However, the Matrix-amended plots recovered rapidly from disease, and the difference was no longer
significant on 27 April (Table 16). The patches were completedly healed by the start of the shelter
period on 5 June 2017 (data not shown).

Table 16. Per cent of plot areal affected by microdochium patch caused by Microdochoum nivale at three
observations in spring 2017.

23 Mar. 3 Apr. 27 Apr.
Uamended control 56b 6.0 b 4.2
Matrix 174 a 16.0 a 8.3
Stor-it 7.4b 73b 5.1
P-value <0.001 <0.01 <0.10

Photo 24. Trial overview on 23 March 2017, shortly after snow melt. Photo: Trygve S. Aamlid
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Photo 25. Effect of soil amendments on microdochium patch in March 2017 on a main plot that hat been
fertilized with Wallco and irrigated to field capacity (FC1 irrigation) in 2017. Photo: Trygve S. Aamlid

Volumetric water content during the shelter period in 2017

On average for sixteen observations (two observations per week, excluding the observation shortly
after irrigation to FC on 5 June), the VWC was 3.7 and 2.9 per cent units higher with EX2 than with
FCiirrigation at 0-30 mm and 0-200 mm depth, respectively (Table 17). The difference in horizontal
variation in VWC between the two irrigation treatments at 0-38 mm depth was not significant.

Fertilizer treatments had no significant effect on either mean values or horizontal variation in VWC.

The main effect of soil amendment was significant in that Matrix increased the VWC at both 0-38 mm
and 0-200 mm depth, whilst Stor-it decreased VWC at 0-38 mm but gave the same VWC at 0-200
mm as the unamended control. The VWC in the 0-38 mm top layer tended (P<0.10) to be less uniform
on plots amended with Stor-it than on unamended plot sor plots amended with Matrix.

Table 17. Main effects of irrigation and soil amendment on volumetric water content at 0-38 mm and 0-200mm
depth. Mean of 16 observations 9 June — 31 July 2017. The average horizontal variation among the five
measurements of VWC at 0-38 mm depth within each plot has also been also indicated.

0-38 mm 0-200mm
Mean VWC, % Horizontal CV, % Mean VWC, %

FC1 irrigation 15.0 10.3 6.7
EX2 irrigation 18.7 8.5 9.6
P-value <0.05 >0.10 <0.01
Wallco every 2 wk 17.1 9.2 8.4
Marathon every 4 wk 16.6 9.6 7.9
P-value >0.10 >0.10 >0.10
Unamended 16.4b 8.5 79b
Matrix 19.0a 8.7 9.2a
Stor-it 15.2 ¢ 10.9 7.3b
P-value <0.001 <0.10 <0.001
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A significant (P<0.05) interaction irrigation x amendment reflected that the impact of Matrix and
Stor-it on VWC at 0-38 mm depth was more pronounced with EX2 than with FC1 irrigation (Figure
7). The corresponding interaction at 0-200 mm depth was not significant.

The main effect of soil amendments on VWC at two depths is further illustrated in Figure 8. The figure
shows a consistent effect on Matrix on VWC in both layers throughout the shelter period.
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Figure 7. Interaction irrigation x amendment on volumetric water content at 0-38 mm.
Mean of 16 observations 9 June — 31 July 2017.
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Figure 8. Time course of volumetric soil water content at two depths as affected by soil amendments during
the shelter period 5 June — 31 July 2018. The first measurement was taken shortly after irrigation to FCon 5
June. Other measurements were taken 3, 4 or 7 days after the last irrigation.
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Visual quality characteristics 2017

During the shelter period in 2017, turfgrass color was significantly more intense, and tiller density and
overall turfgrass quality were significantly higher on main plots receiving EX2 irrigation than on plots
receiving FC1 irrigation (Table 18). In contrast, there was no significant effect of the irrigation
treatments on any of these parameters either before or after the irrigation period, thus indicating a fast
recovery of the driest plots once they received natural rainfall and/or frequent irrigation.

Marathon fertilizer resulted in better turfgrass color than Wallco fertilizer at snow melt and at the
following assessments until the start of the shelter period, but later on, the mean values showed no
significant differences between the two fertilizers for either color intensity, tiller density or overall
turfgrass quality. The color intensity did, however, fluctuate more among assessments to the next on
main plots fertilized with Marathon (temporal CV among eleven assessments: 15.3 %) than on main
plots fertilized with Wallco (CV=11.3 %). As an example, the color was better on Marathon plots than
on Wallco plots at the NIBIO turfgrass field day on 21 June (Photo 26) while the situation was opposite
one month later (not shown).

Matrix improved turfgrass color intensity throughout the growing season 2017. Turfgrass (overall)
quality in spring was nonetheless lower than in the unamended control treatment because of the
aforementioned attack of microdochium patch, and the two treatments were not significantly different
during the shelter period. It was not until after the shelter period that the higher color intensity on
Matrix-amended plots was accompanied by significant improvements for tiller density and turfgrass

quality.

Except for tiller density before the shelter period, the visual scores for color intensity, tiller density and
turfgrass quality were always lower on plots amended with Stor-it than on unamended control plots
(Table 18).

Table 18. Main effects of irrigation, fertilizer and soil amendment on turfgrass color intensity (1-9, where 9 is
the most intensely green color), turfgrass density (1-9, where 9 is the densest turf) and (overall) turfgrass
quality (1-9, 9 is highest) before, during and after the shelter period 5 June — 31 July 2017.

Before shelter period During shelter period After shelter period
(mean of 3 obs.) (mean of 4 obs.) (mean of 3 obs.)

Color  Density Quality Color  Density Quality Color Denity  Quality
Irrigation
FC1 6.5 7.2 5.8 5.7 7.1 5.3 5.8 6.4 6.0
EX2 6.5 7.3 6.1 6.6 7.4 6.3 5.9 6.6 6.2
P-value >0.10 >0.10 >0.10 <0.001 <0.05 <0.01 >0.10 >0.10 >0.10
Fertilizer/interval
Wallco/2 wk 6.4 7.2 6.0 6.2 7.2 5.8 5.9 6.7 6.3
Marathon/4wk 6.6 7.2 5.9 6.1 7.2 5.8 5.8 6.4 5.9
P-value <0.05 >0.10 >0.10 >0.10 >0.10 >0.10 >0.10 >0.10 >0.10
Amendment
Unamended 6.6b 7.4 6.4a 6.3a 7.3a 6.0a 5.9b 6.5b 6.1b
Matrix 7.0a 7.1 5.7b 6.6a 7.4a 6.3a 6.5a 6.9a 6.6a
Stor-it 6.0c 7.2 5.7b 5.6b 6.9b 5.2b 5.1c 6.2c 5.5¢
P-value <0.001 >0.10 <0.01 <0.01 <0.01 <0.01 <0.001 <0.001 <0.001
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Photo 26. Plots labeled for NIBIO Turfgrass Field Day on 21 June 2017. On this date, main plots fertilized with
Marathon had significantly higher color intensity than main plots fertilized with Wallco. Differences between
soil amendments were less apparent. Photo: Trygve S. Aamlid

None of the two- or three factor interactions for turfgrass color intensity, tiller density or (overall)
turfgrass quality were significant during the shelter period. Despite this, we include on the next page
a collage of photos taken by the end of the shelter period on 31 July, and these observations are also
reflected in Figure 9. The photos show a patchy and uneven appearance of most plots after eight
weeks of withheld irrigation and exclusion of natural rainfall. As expected, the light-colored, poorly
growing part of the plots was most apparent on plots irrigated to field capacity only once a week, but it
also occurred on plots receiving excessive irrigation twice per week. The condition was significantly
alleviated by the inclusion of Matrix, but significantly exacerbated by Stor-it compared with
unamended control plots. Except on plots amended with Matrix, there was often an (insignificant)
tendency for the light and poorly growing part of the plot to be larger on plots fertilized with Maraton
granular fertilizer than on plots fertilized with Wallco liquid fertilizer.

Compared with the year before, turfgrass recovery after the shelter period was slower in 2017. Despite
abundant rainfall in August and September, Photo 28 shows that especially Stor-it amended plot
continued to be rather uneven and poor-looking on 20 Sep., i.e. almost two months after the shelter
period.
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Irrigation to Field Capacity 1x per Week

Excessive Irrigation 2x per Week

Wallco every 2 weeks
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Photo 27. Photos of all plots at the end the shelter period, 31 July 2017. Photos: Trygve S. Aamlid.
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Figure 9. Per cent of plot area with light green color and poor growth by the end of the
shelter period on 31 July 2018. Error bars indicate + 1 Standard Error (SE, n=4).

Photo 28. The poor quality of subplots amended with Stor-it was still apparent almost two months after the
shelter period. This photo was taken on 20 Sep. 2017. Photo: Trygve S. Aamlid.

Surface firmness and turfgrass ball roll before, during and after the
shelter period in 2017

Surface firmness and turfgrass ball roll were unaffected by fertilizer treatments, and there was also no
significant after-effect of irrigation treatments outside the shelter period (Table 19). During the shelter
period, the greens were softer, while turfgrass ball roll was shorter, with EX2 than with FC1 irrigation.
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Both Matrix and Stor-it improved surface firmness compared with the unamended control and there
was also a significant (P<0.01) interaction as Matrix gave the firmest greens on mail plots receiving
FCi irrigation, while Stor-it gave the firmest greens on plots receiving EX2 irrigation (Figure 10).
Longer ball roll before the shelter period on plots amended with Stor-it and and shorter ball roll
during the shelter period on plots amended with Matrix were probably reflections of turfgrass growth
rates on the respective plots.

Table 19. Main effects of irrigation, fertilizer and soil amendment on surface firmness (using a 2.25 kg Clegg
impact hammer) and turfgrass ball roll (using a half-length stimpmeter) before, during av after the shelter
period 5 June — 31 July 2017.

Surface firmness, gravities Turfgrass ball roll, cm
Before During After Before During After
(2 obs.) (3 obs.) (3 obs.) (2 obs.) (3 obs.) (3 obs.)
Irrigation
FC1 58 80 70 107 102 97
EX2 59 73 72 107 99 103
P-value >0.10 <0.001 >0.10 >0.10 <0.05 >0.10
Fertilizer/interval
Wallco/2 wk 58 76 71 106 100 97
Marathon/4wk 59 77 71 108 101 103
P-value >0.10 >0.10 >0.10 >0.10 >0.10 >0.10
Amendment
Unamended 58b 71c 68b 106b 101a 106
Matrix 60a 81a 72a 106b 99b 96
Stor-it 58b 78b 73a 109a 102a 99
P-value <0.01 <0.001 <0.001 <0.05 <0.01 >0.10
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Figure 10. Surface firmness as affected by various combinations of soil amendments and irrigation treatments.
Mean of three observations during the shelter period in 2017.
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Root depth before and after the shelter period in 2017

On 31 May, shortly before the start of the shelter period in 2017, the average length of hanging
cylinders was 19.8 ¢cm (Figure 11), i.e. an improvement of 3.7 cm compared with the measurement on 2
Sep. 2016. There was no significant difference in root depth among treatments on this date.

At the end of the shelter period on 31 July, there was a tendency (P<0.10) to more shallow roots on
main plots that had received FC1 irrigation (15.7 cm) than on main plots that had received EX2
irrigation (16.8 cm). The negative effect of Matrix on root depth observed after the shelter period in
2016 was confirmed, whilst Stor-it only had a small and insignificant effect compared with the
unamended control (Figure 11). Unlike in 2016, there was no significant interaction between irrigation
treatments and soil amendments on root development.

31 May 31 July

0
£
(8]
[
5 -5
(8]
oo
£
g .10
(1]
-
[T
o
£ 15
S B

-20 3

a
a
-25

B Unamended control B Matrix & Stor-it

Figure 11. Effect of soil amendments on root depth, measured as length of hanging cylinder, before and after
the shelter period in 2017. Different letters within each observation date
indicate significant difference at P<0.05.

Turfgrass clipping yield and nitrogen concentration in 2017

At the first collection of clippings four weeks into the shelter period, there was a tendency to higher
clipping yields and higher N concentration with EX2 than with FC1 irrigation. Four weeks later, these
differences were far from significant, as was the difference in mean weekly N removal during the entire
shelter period (Table 20).

Substitution of Wallco every 2 weeks with Marathon every four weeks had no significant impact on
clipping yields, but the N concentration in clippings decreased significantly at both collections. As a
result, the average weekly N removal in clippings was 25% lower on plots fertilized with Marathon
than on plots fertilized with Wallco.

No effect of clipping yields or clipping N concentration was observed after adding Matrix to the sand-
based rootzone. In contrast, Stor-it reduced yields at the second collection of clippings and the N
concentration at both collections. Thus, the average N removal in clippings was 18 % lower on plots
amended with Stor-it than on unamended control plots.
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As many of the two and three-factor interactions were significant for clipping yield and N
concentration during the period 28 — 31 July, the results for each of the twelve treatment
combinations have been illustrated in Figure 12. The most striking features of this figure are (1) that
clipping yields were up to 50% higher in unamended and Matrix-amended plots receiving FC1
irrigation and Wallco fertilizer than with the other treatment combinations, and (2) that the N
concentration in clippings was more stable across fertilizer and irrigation treatments on plots
amended with Matrix than on unamended plots or plots amended with Stor-it. The combination of
FCiirrigaton, Marathon and Stor-it and proved to be particularly negative for N uptake during the
latter part of the shelter period.

Table 20 . Main effects of irrigation, fertilizer and soil amendment on clipping yields and N-concentration in
clippings during two periods four and eight weeks into the shelter period and on N removal in clippings
(weighed mean for the entire shelter period) in 2017.

Clipping Yzlelﬂ, !\l-c.oncentratlon in N removed in
gbDMm~“d clipping dry matter, % clippings
30 June — 28 July-31 30 June - 28 July - gN m? wll<'1
3 July July 3 July 31 July
Irrigation
FC1 1.07 1.60 3.03 3.18 0.29
EX2 1.26 1.61 3.20 3.38 0.33
P-value <0.10 >0.10 <0.10 >0.10 >0.10
Fertilizer/interval
Wallco/2 wk 1.21 1.76 3.26 3.49 0.36
Marathon/4wk 1.13 1.44 2.96 3.07 0.27
P-value >0.10 >0.10 <0.05 <0.05 <0.05
Amendment
Unamended 1.23 1.66a 3.11ab 331a 0.33a
Matrix 1.21 1.71a 3.21 a 3.36a 0.34a
Stor-it 1.06 1.42b 3.02 b 3.16 b 0.27 b
P-value >0.10 <0.01 <0.05 <0.01 <.001
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Figure 18. Combined effect of irrigation, fertilizer and soil amendment on turfgrass clipping yield og nitrogen
concentration in clipping dry matter, 28 -31 July 2017.
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Thatch thickness, ignition loss and concentration of Cand N in the
top 2 cm layer at the end of the shelter period in 2017.

Sampling of all plots at the end of the shelter period in 2017 showed not difference in thatch thickness,
but the ignition loss was significantly higher with FC1 irrigation than with EX2 irrigation and
significantly higher with Matrix and Stor-it than on unamended control plots (Table 21). Except that
Stor-it did not result in a higher carbon concentration than the unamended control treatment, these
differences in ignition loss were confirmed by the chemical analysis for total carbon in the same layer.
As for nitrogen, the concentration was significantly higher on subplots amended with Matrix than on
unamended plots and plots amended with Stor-it, and these subplots also had the lowest C/N ratio.

None of the two og three factor interactions were significant for thatch thickness, ignition loss or
concentration of carbon or nitrogen in the 0-2 cm top layer.

Table 21 . Main effects of irrigation, fertilizer and soil amendment on thatch thickness and ignition loss,
concentration of total C, concentration of total N and C/N ratio in clippings at the end of the shelter period, 31
July 2017.

Thatch 0-2 cm soil depth
thickness, Ignition Cindry N indry C/N-
mm loss, matter, matter, ratio?
% % %

Irrigation
FC1 15 3.62 1.12 0.032 35
EX2 15 3.29 0.97 0.028 35
P-value >0.20 <0.05 <0.05 >0.10
Fertilizer/interval
Wallco/2 wk 15 3.35 1.05 0.030 34
Marathon/4wk 15 3.56 1.04 0.030 35
P-value >0.20 >0.10 >0.10 >0.10
Amendment
Unamended 15 3.16b 093b 0.020b 47
Matrix 15 3.59a 1.26a 0.044 a 29
Stor-it 15 3.60 a 0.95b 0.027 b 35
P-value >0.20 <0.05 <0.01 <0.01 -

ICalculated from mean values, not subjected to ANOVA.

Winter survival, microdochium patch and spring start in 2018.

While the winter 2017-2018 was tough with significant damage in most of the green trials at Landvik,
there was little abiotic winter damage on the experimental area used for this trial. The first
assessments on 9 April showed no after-effect of last year’s irrigation treatments (data not shown), but
turfgrass greenness was more intense on plots fertilized with Marathon and on the substrate amended
with Matrix than in the other treatments (Table 22) As in spring 2017, Matrix tresulted in the most
severe attack by Microdochium nivale, while the effect of Marathon vs. Wallco fertilizer on plant
disease was not significant (P=0.16).
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Table 22 . Main effects of fertilizer and soil amendment on turfgrass color (1-9, 9 is most intensely green) and

microdopchium patch on 11 April 2018.

Color Microdochium patch,
(1-9) % of plot area
Fertilizer/interval
Wallco/2 wk 4.1 3.2
Marathon/4wk 5.5 6.2
P-value <0.01 >0.10
Amendment
Unamended 43b 3.2b
Matrix 59a 8.7a
Stor-it 42b 2.2b
P-value <0.001

Wallco
¢ m

Marathon
c

P

Wallco
si

Marathon

m

Marathon
c m si
Wallco

m

Marathon
c

Photo 29a,b. On 11 April 2018, plots fertilized with Marathon and/ or amended with Matrix had better color,
but also more distinct patches caused by Micordochium nivale, than the other treatments
(subplot designation: c= unamended, si = Stor-it, m = matrix). Photos: Trygve S. Aamlid
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3 Discussion and recommendations

Soil amendments

This experiment was located on a low-fertility and drought-susceptible green with limited microbial
activity and an initial ignition loss of only 0.8 %. The green’s ten year history with repeated sod
removal, change of grass species and reestablishment after winter damage had not given it much
chance to build up organic matter content in the rootzone, and the growth rate and quality
characteristics of the creeping bentgrass turf was therefore limited by the substrates’ capacity to retain
water and nutrients. On this background, it is not surprising that turfgrass performance, both during
the grow-in phase and later on the young and still immature green, was greatly enhanced by the
incorporation of Matrix, especially in the top 5 cm of of the rootzone, but also into the sand used for
monthly topdressing.

At least three reasons can be given for the improvement in turf quality due to Matrix. Firstly, the
amendment lead to an almost fifty-fold increase in the cation exchange capacity (CEC), thus providing
better retention of NH4+, K+, Mg2+ and other cations. Secondly, Matrix’ content of clinoptilolite and
diatomaceous earth increased the volumetric water content (VWC) in the top 20 cm of the rootzone
from 12.2 to 12.8 % during the first shelter period (2016) and from 7.9 to 9.2 % during the second
shelter period (2017). The latter was probably especially important as Aamlid et al. (2012), in an
earlier trial on the same green, documented that a VWC <9 % was critical for the development of soil
water repellency. Although there were few typical dry spots, the non-uniform appearance of most plots
at the end end of the shelter period in 2017 can probably be taken as an indication that soil water
repellency was developing,

The third reason that was probably most important, at least during the grow-in phase, was that Matix
contained 1.1 % N, 0.09 % P, 1.3 % K, 0.5 % Mg and 1.0 % Fe. Although these nutrient concentrations
are low compared with conventional fertilizers, it can be calculated that incorporation of 10% Matrix
by volume in the top 5 cm of the rootzone provided as much as 33 g N/m2. Moreover, this extra ‘start
fertilizer’ was later supplemented with topdressings providing 2.3 and 4.1 g N/ m2 in 2016 and 2017,
respectively. These N inputs compare with 5.1 g N/ m2 applied i fertilizers during the entire
experiment. To a certain extent, it may therefore be argued that the overall positive effect of Matrix
was due to nitrogen and could have been achieved in an easier and cheaper way by applying more
fertilizer to the unamended rootzone. Advantages such as faster grow-in, higher color intensity,
improved tiller density, better visual quality, and higher leaf N concentration, but also disadvantages
such as higher clipping yields, reduced ball roll and more microdochium patch in spring, are some of
the responses that were probably more influenced by more nitrogen than by higher CEC or VWC on
plots amended with Matrix. In order to distinguish among the different effects of Matrix, it was
therefore unfortunate that the protocol did not include a treatment that compensated for the soil
amendment by adding more N to the unamended control. This is something to think about should
Melspring decide to continue the project. The additional input of iron on Matrix-amended plots may
probably also had a direct impact on turfgrass color.

Unlike Matrix, Stor-it did not contain N, iron or other macro- or micronutrients. The product may
therefore be considered a pure inorganic amendment, and this is evident also from the fact that Stor-it
is often recommended in combination with Vitalbase 4-3-2+1MgO + 9 CaO + 67 OM, an organic soil
improver claimed to promote soil fertility and bacterial life (https://www.olmix.com/plant-
care/vitalbase-long-lasting-organic-soil-improver). While this website refers to trials showing Stor-it +
Vitalbase to enhance turfgrass grow-in, our experiment showed a positive effect of Stor-it on turfgrass
coverage one month after seeding even in the absence of Vitalbase. One possible reason for this may be
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that Stor-it, during this early stage with several irrigations per day, created a better balance of air-filled
and water-filled pores that were more conducive both to seedling growth and microbial activity. The
effect was, however, transitory as the advantage compared with the control treatment had disappeared
two months after seeding already. During the rest of the experiment, Stor-it lowered the VWC of the
rootzone, and this also resulted in quality reductions compared with the unamended control,
especially in 2017. The facts that the variation in VWC in the top 38 mm became higher, and that the
light-green color made up a larger part of plot area on Stor-it amended plots than on unamended
plots, also suggest that subcritical soil water repellency became more of a problem after mixing Stor-it
into the substrate. Two of the plots amended with Stor-it, also showed typical dry spots at the end of
the shelter period in 2017 (Photo 27). All in all, our results therefore speak against the use of Stor-it on
young, sand-based greens with a low content of organic matter and a low water-holding capacity. This
situation may well be different on old greens with a thicker and more compact thatch layer and
imperfect drainage.

From a golfer’s perspective, an important effect on both Matrix and Stor-it was their effect on surface
firmness. Firmer green after amendment with zeolite, as also reported by Hejduk et al. (2012), may
perceived as either positive or negative depending on golf course architecture, playing style and the
handicap of the players. For Matrix it is encourageing that firmer surfaces occurred in spite of a higher
VWC in the top layer, as earlier research has mostly shown an inverse relationship between surface
firmness and VWC (e.g. O'Brien et al. 2017).

Shallower roots on plots amended with Matrix than on unamended control plots was not surprising
given the fact that the amendments were only incorporated in the top 5 cm of the rootzone. The simple
explanation is that more nitrogen and a higher VWC in the top layer made it unnecessary for the grass
plants to invezst in deep roots, especially on plots that also received excessive irrigatin. The -mostly
insignificant - negative effect of Stor-it on root depthe is harder to explain, although there seems to be
threshold at which sand-based profiles become so dry that nnot only shoot growth, but even root
growth is inhibited.

Irrigation

During the shelter periods, turfgrass color and visual quality were significantly improved by switching
from FC1 to EX2 irrigation and thus increasing the total irrigation volume by 145% in 2016 and 132 %
in 2017. In agreement with Aamlid et al. (2016) who reported better turfgrass quality on creeping
bentgrass greens with deficit irrigation to approximately 70 % of FC two or six times per week than
with irrigation to FC once per week, there is little doubt that these improvements were primarily due
to irrigation frequency and to a lesser extent to the amount of water per irrigation. We had anticipated
that excessive irrigaton would lead to lighter color and quality reductions due to nutrient leakage, but
such effects could not be verified, and there were also few differnces in turfgrass growth rate or N
updake between the two irrigation treatments. On the other hand, it is an interesting observation that
EX2 irrigation resulted in lower ignition loss and concentration of organic carbon in the thatch layer.
Since the production of clippings (and most likely other parts of the plants) was unaffected, this
suggests that microbial activity thus thatch degradation was more limted by by lack of water than by
lack of nitrogen or low production of clippings. A similar explanation may be offered for why the
ignition loss (although not the concentation of organic C) by the end of the shelter period in 2017 was
on the same level on the dry plots amended with Stor-it as on the more fertile plots amended with
Matrix.
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Marathon vs. Wallco fertilizers

The differences in turfgrass color and overall quality between the two fertilizer treatments were mostly
small during the shelter periods, but Marathon resulted in greener plots in spring. In 2018,
significantly more microdochium patch in spring may also be taken an indication of a stronger after-
effect of Marathon than of Wallco, despite the fact that the last application of the former was
conducted five weeks earlier (25 Sep. vs. 31 Oct.). These observations confirm the slow-release
properties of the organomineral fertilizer, and an interesting topic for further studies could therefore
be the implications of a shift from Wallco to Marathon fertilizer for nitrogen losses during the late fall
and winter seasons.

During the shelter periods, clipping yields and N concentration in clippings were always determined
two weeks after application of Wallco but four weeks after application of the double N rate in
Marathon. Under these applications regimes, the N concentration in clippings was signifficntly lower
on plots fertilized with Marathon than on plots fertilized with Wallco. Poor performance of Marathon
fertilizer on young greens has been attributed to temporary sequestration of nutrients by soil microbes
(Kanina et al. 2007), but at least in 2017, a more likely explanation is that mineralization of the
organic components in Marathon was limited by the low VWC during the shelter period. It also seems
that the utilization of a granular formulation such as Marathon may be more influenced by soil water
water repellency and preferential finger flow than the utilization of a liquid formulation such as
Wallco. Allin all, our results therefor suggests that Marathon fertilizer have more benefits on on
substrates with a higher water holding capacity and higher microcial activity than on low-fertility
greens like the one used in our experiment.
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