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Lawns have a major impact on human life, add-
ing elegance to  environments, such as  private or 
public surfaces. Sport turfgrasses are composed 
of different grass species that could be found in ev-
ery lawn (Pooya et al. 2013). Because of  the differ-
ent characteristics of each species, mixtures of two 
or more grass species that  may complement each 
other to provide functional and aesthetic improve-
ments in  turf quality (Pooya et al. 2013) are used 
for  sport turfgrass. The  turfgrass quality affects 
the pitch presentation and playing conditions, which 
are important for professional football matches. Fol-
lowing the  Union of  European Football Associa-
tions (UEFA) guidelines, every pitch should be well 
drained, smooth and level, and safe for the players, 

allow for  optimal play and have a good visual ap-
pearance (Wilson 2018).

Turfgrasses are classified into two main groups 
based on their basic biology and climatic adaptation: 
cool-season grasses (C3) and warm-season grasses 
(C4). Cool-season grasses are adapted to  temper-
ate and subarctic climates. They are active primarily 
during spring and autumn, when the  average day-
time temperatures are cool, between 16 °C and 24 °C 
(Simmons et al. 2011; Romero, Dukes 2016; Wilson 
2018). When the temperature reaches 33 °C, the cool-
season grasses’ growth is impaired (Martiniello, 
D’Andrea 2006). Seed mixtures of perennial ryegrass 
(Lolium perenne L.), smooth-stalked meadow grass/
Kentucky bluegrass (Poa pratensis L.) and red fescue 
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(Festuca rubra L.) are widely used for  established 
football pitches in Central Europe (Barton, Colmer 
2006; Martiniello, D’Andrea 2006; Knot et al. 2017).

Cultivars of these species demonstrate large vari-
ability in  performance and different responses 
to weather conditions (Martiniello, D’Andrea 2006). 
Turfgrass selection is sometimes difficult because 
some cool-season grasses are poorly adapted to sum-
mer conditions (high temperatures or poor water 
availability), and drought or heat stress causes a se-
vere decline in the pitch quality. In addition to other 
necessary maintenance efforts, well-scheduled irri-
gation and fertilisation schemes are necessary for an 
acceptable turfgrass quality (Barton, Colmer 2006). 
Studies over the  last fifty years have focussed on 
the  grass selection that  would meet the  above re-
quirements (Simmons et al. 2011).

Fertilisers used for  maintaining sport turfgrass 
provide a range of  essential nutrients to  support 
growth, help the grass recover from damage and im-
prove the colour, uniformity and density of the grass 
for the pitch presentation. Nitrogen (N) fertilisation 
is essential for supporting and maintaining the turf 
qualities such as  the colour, vigour, root growth 
and disease resistance. The  quantity and timing 
of  fertiliser-N applications have a major impact on 
the  occurrence of  turfgrass diseases. A balanced 
fertilisation programme based on frequent light ap-
plications of  nitrogen during the  growing season 
should discourage disease infections and provide 
the energy needed for recovery from any disease in-
juries that occur. An adequately fertilised turfgrass 
tolerates moisture stress better than a nitrogen-
deficient turf, has better resistance to diseases and 
increases growth (roots and leaves) (Candogan et al. 
2015; Głąb et al. 2020).

Interest in  the use of  natural organic nitrogen 
sources in turfgrass management (Li et al. 2005) and 
vegetable growing (Bimova, Pokluda 2009) is increas-
ing because natural organic nitrogen sources pro-
vide a number of  benefits to  soil ecosystems. They 
improve the  soil’s physical, chemical and biological 
properties, as well as  reduce the environmental im-
pacts of applied pesticides and provide a certain de-
gree of disease control (Li et al. 2005). Natural organ-
ic fertilisers are materials of plant and animal origin, 
where the nitrogen release requires microbial activ-
ity. The nitrogen release from natural organic materi-
als at a rate that is beneficial to turfgrasses depends 
on degradation by  soil microorganisms. Compared 
with other nitrogen sources, the turf response can be 

significantly reduced (Peacock,  Daniel 1992). Several 
factors influence the nutrient release from fertilisers: 
soil pH, soil temperature, microbial activity, moisture 
content and granular size. In  the maintenance of  a 
sport turfgrass, various types of  fertilisers are used: 
quick-release inorganic N, slow-release inorganic N 
and organic N fertilisers (Bilgili, Açikgöz 2011).

Environmentally friendly fertilisers offer an effec-
tive way to  improve the  nutrient efficiency to  mi-
nimise the  leaching and volatilisation losses of  fer-
tilisers and to  reduce any environmental hazards. 
By  retarding or even controlling the  release of  the 
nutrients into the soil, they reduce the environmen-
tal pollution from nutrient losses. Nutrients are coat-
ed with environmentally friendly materials that can 
be degraded in  the soil and converted into carbon 
dioxide, water, methane, inorganic compounds or a 
microbial biomass (Chen et al. 2018).

The availability of  mineral nutrients can affect 
a plant’s susceptibility to  pathogens in  a variety 
of ways. Some nutrients, such as nitrogen and sulfur, 
are constituents of  organic compounds that  feed, 
attract or deter pathogens. Other materials, such 
as  calcium and silicon, determine the  mechanical 
properties of  the cell walls and influence physical 
barriers or the palatability (Davis et al. 2018).

Red thread disease is caused by the fungus Laeti-
saria fuciformis (Berk.) Burds. 1979. In recent years, 
this fungus has  become more common and wide-
spread in Europe (Berestetski et al. 2002). The turf-
grass species most susceptible to  red thread dis-
ease are the  perennial ryegrass (Cagaš et al. 2010; 
Curk et al. 2017), Kentucky bluegrass and red fes-
cue (Berestetski et al. 2002). According to  known 
data, the  fungus most commonly occurs on old-
er and poorly maintained turfgrass (Cagaš et al. 
2010). The  development of  the disease is favoured 
by mild temperatures (15–25 °C) and high humidity. 
The  disease severely injures turfgrass leaves, re-
sulting in  patches with characteristic symptoms 
of  coral-red mycelium tendrils. Red thread disease 
can spread over the pitch very quickly with the use 
of  cutting machines and other mechanical actions 
(Berestetski et al. 2002).

Few studies report the  use of  different varieties 
of  sport turfgrass species (Lolium perenne L. and 
Poa pratensis L.) for the pitch preparation. The aim 
of this study was to determine the suitability of the 
varieties included in the tested mixtures for cultiva-
tion on football pitches in central Slovenia. Previous 
studies have not focussed on the study of different 
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grass varieties as the main component of each grass 
mixture intended for  a sport turfgrass. Therefore, 
testing the impact of the fertiliser types on the herb-
age mass and health of  different grass mixtures 
for  sport pitches and how both factors depend on 
the weather was undertaken.

MATERIAL AND METHODS

Site and experimental design. On September 11, 
2018, a field experiment was carried out in the pre-Al-
pine region of Slovenia on the laboratory field (46°03’N, 
14°28’E, 300 m a.s.l.) of the Biotechnical Faculty in Lju-
bljana. The climate at the site is characterised by a typi-
cal temperate continental climate. The response of five 
different sport grass mixtures to three different fertili-
sation schemes was studied. The block covered 180 m2 

and was arranged in a split-plot design with three rep-
lications. Within each block, five treatments were ar-
ranged randomly, and different sport grass mixtures 
were sown. The seeds of the grasses were sown manu-
ally on each block at a rate of 50 g/m2 and fertilised 
with DCM Vivifos® 4-30-0 (DCM Ltd. (Grobbendonk-
mesto, Belgium) at a rate of 25 g/m2.

The Stagnic Eutric Cambisol (Drainic, Humic, Silt-
ic) (WRB, 2015) at the field experimental site is ap-
proximately 110 cm deep with a moderately gleyed 
layer between 30 cm and 70 cm below the surface. 
The  soil profile consists of  a silty loam in  the up-
per 30 cm and a silty clay loam in the lower 80 cm. 
The parent material is carbonated deposits of sand 
and gravel. In  the upper 6 cm soil layer, the  initial 
pH (CaCl2) and the available P and K contents (ex-
tracted in ammonium lactate), % of soil organic mat-
ter and % of carbon are given in Table 1. The soil is 
artificially drained by subsurface drains.

The sport grass (SG) mixtures used in the experi-
ment were as follows: ‘SG1’ consisting of 50% Loli-
um perenne L. ‘Silverdollar’, 30% Lolium perenne L. 
‘Vantage’, and 30% Lolium perenne L. ‘Carleve’; ‘SG2’ 
consisting of 4% Lolium perenne L. ‘Fabian’, 40% Loli-
um perenne L. ‘Tetrastar’, and 20% Lolium perenne L. 
‘Mercitwo’; ‘SG3’ consisting of 25% Lolium perenne 
L. ‘Greenway’, 20% Lolium perenne L. ‘Tetragreen’, 

40% Lolium perenne L. ‘Greensky’, and 15% Poa pra-
tensis L. ‘SR2100’; ‘SG 4’ consisting of 100% Lolium 
perenne L. RPR; and ‘SG5’ consisting of 30% Lolium 
perenne L. ‘Barminton’, 10% Poa pratensis L. ‘‘Baron’’, 
25% Festuca arundinacea L. ‘Barlexas  II’, 10% Fes-
tuca rubra L. ‘Bardiva’, and 25% Festuca rubra ru-
bra L. ‘Barustic’. The mixture ‘SG1’ originated from 
Tempoverde Ltd. (Italy), ‘‘SG2’ and ‘SG3’’ originated 
from DLF Trifolium Ltd. (Denmark) and ‘SG4’ and 
‘SG5’ originated from Barenbrug Ltd. (Netherlands).

Turfgrass management. In the field experiment, 
fertilisers in  three different schemes were used. 
The composition of the first scheme (A) was an in-
organic fertiliser with two soil improvers, the  sec-
ond scheme (B) consisted of  an organic fertiliser 
with two soil improvers, and the  third scheme (C) 
was  an inorganic fertiliser without soil improvers. 
The rate of application of each fertiliser and soil im-
prover was 25 g/m2. Table 2 presents the dates of the 
fertilisation in the three schemes with the fertiliser 
and soil improvement descriptions. All the materials 
for the fertilisation were obtained from Vitalis Crop 
Care Ltd. (Samobor, Croatia).

The granulated solid inorganic fertilisers NPK 
NovaTec® Classic 12-8-16(+3+TE), NovaTec® Trip-
lo 15-9-15(+2+TE) and NovaTec® Suprem 21-5-
10(+3+TE) are produced by  Compo Expert (Mün-
ster/Westphalia, Germany). The  fertilisers contain 
potassium sulfate (SOP) and the nitrification inhibi-
tor DMPP (3,4-dimethylpyrazole phosphate), which 
allow a greater efficiency and prolonged action 
of nitrogen in the plant nutrition (Vitalis crop care, 
2020). DMPP reduces the nitrogen (N) loss and in-
creases the N efficiency (Xu et al. 2019).

The organomineral granular fertilisers NPK, DCM 
Vital-Green 14-4-8+3MgO+Fe and DCM Grass-
Care 6-3-20+3MgO+Fe and the soil improvers DCM 
Vivisol® Minigran® and DCM Antagon are produced 
by DCM Ltd. (Grobbendonkmesto, Belgium). DCM 
Vital-Green 14-4-8+3MgO+Fe with iron chelate 
(0.05% Fe – EDTA) and magnesium (3% MgO) 
has a long-lasting effect for good (re)growth of the 
grass in spring (starter) and growth during the sea-
son. DCM Grass-Care 6-3-20+3MgO+Fe contains 
a high amount of long-lasting potassium, iron che-
late (0.1 % Fe – EDTA) and magnesium (3% MgO). 
This fertiliser is ideal for fall and winter periods and 
summers with extremely high temperatures (Vitalis 
crop care, 2020). DCM antagonist contains 50% or-
ganic substance, 4% organic N, 3% P2O5, 2% K2O and 
antagonistic fungi Trichoderma spp. DCM Vivisol® 

Table 1. Soil analysis

Depth  
(cm)

pH
in CaCl2

P2O5
(mg/100 g)

K2O
(mg/100 g)

Organic 
matter

(%)

C
(%)

0–6 6.8 16.1 16.9 5.3 3.1
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Minigran® contains 60% organic substances, 85% 
dry substances and Bacillus amyloliquefaciens bac-
teria, which colonise the soil and take up phospho-
rus that is unavailable to plants via the roots (Vitalis 
crop care 2020).

Cutting was performed with a rotary mower (mod-
el: Husqvarna LC 153S Push Lawnmower Mulching, 
Driving Wheels Coupe 53 cm, producer: Husqvar-
na, Sweden; supplier: Rotar, Slovenia). In  2019, 
the cutting with herbage mass weighing occurred on 

the 16th April, 3rd June, 5th July, 19th September and 
23rd October, while in 2020, the cutting occurred on 
the 4th May, 22nd May, 12th June, 13th July, 6th August, 
27th August and 16th September. The cutting height 
was from 2 to 3 cm. The herbage mass was weighed 
with a JKH-4000 portable scale (producer: Xiamen 
Jadever Scale Co., Fujian, China).

Colour determination in 2019. The colour visual 
determination was  assessed according to  a slightly 
modified methodology described by  the National 

Table 2. Description of the fertilisation schemes, with specific dates of fertilisation in the experimental years of 2019 
and 2020.

Date Fertilization scheme

28th March, 2019
A: NovaTec® Suprem 21-5-10(+3+TE) + DCM Vivisol® Minigran® + DCM Antagon
B: DCM Vital-Green 14-4-8+3MgO+Fe + DCM Vivisol® Minigran® + DCM Antagon
C: NovaTec® Suprem 21-5-10(+3+TE)

17th May, 2019
A: NovaTec® Suprem 21-5-10(+3+TE) + DCM Vivisol® Minigran® + DCM Antagon
B: DCM Vital-Green 14-4-8+3MgO+Fe + DCM Vivisol® Minigran® + DCM Antagon
C: NovaTec® Suprem 21-5-10(+3+TE)

20th June, 2019
A: NovaTec® Triplo 15-9-15(+2+TE) + DCM Vivisol® Minigran® + DCM Antagon
B: DCM Vital-Green 14-4-8+3MgO+Fe + DCM Vivisol® Minigran® + DCM Antagon
C: NovaTec® Triplo 15-9-15(+2+TE)

23rd July, 2019
A: NovaTec® Classic 12-8-16(+3+TE) + DCM Vivisol® Minigran® + DCM Antagon
B: DCM Grass-Care 6-3-20+3MgO+Fe + DCM Vivisol® Minigran® + DCM Antagon
C: NovaTec® Classic 12-8-16(+3+TE)

28th August, 2019
A: NovaTec® Classic 12-8-16(+3+TE) + DCM Vivisol® Minigran® + DCM Antagon
B: DCM Grass-Care 6-3-20+3MgO+Fe + DCM Vivisol® Minigran® + DCM Antagon
C: NovaTec® Classic 12-8-16(+3+TE)

3rd October, 2019
A: NovaTec® Classic 12-8-16(+3+TE) + DCM Vivisol® Minigran® + DCM Antagon
B: DCM Grass-Care 6-3-20+3MgO+Fe + DCM Vivisol® Minigran® + DCM Antagon
C: NovaTec® Classic 12-8-16(+3+TE)

8th April, 2020
A: NovaTec® Classic 12-8-16(+3+TE) + DCM Vivisol® Minigran® + DCM Antagon
B: DCM Vital-Green 14-4-8+3MgO+Fe + DCM Vivisol® Minigran® + DCM Antagon
C: NovaTec® Classic 12-8-16(+3+TE)

25th May, 2020

A: NovaTec® Classic 12-8-16(+3+TE) + DCM Vivisol® Minigran® + DCM Antagon
B: DCM Vital-Green 14-4-8+3MgO+Fe + DCM Vivisol® Minigran® + DCM Antagon
C: NovaTec® Classic 12-8-16(+3+TE)

24th June, 2020
A: NovaTec® Classic 12-8-16(+3+TE) + DCM Vivisol® Minigran® + DCM Antagon
B: DCM Vital-Green 14-4-8+3MgO+Fe + DCM Vivisol® Minigran® + DCM Antagon
C: NovaTec® Classic 12-8-16(+3+TE)

9th August, 2020
A: NovaTec® Classic 12-8-16(+3+TE) + DCM Vivisol® Minigran® + DCM Antagon
B: DCM Vital-Green 14-4-8+3MgO+Fe + DCM Vivisol® Minigran® + DCM Antagon
C: NovaTec® Classic 12-8-16(+3+TE)
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Turfgrass Evaluation Program (NTEP) (Morris 
2019), where a visual scale from 1 (worst/yellow) to 9 
(best/dark green) was  used (Karcher, Richardson 
2003). The evaluation was performed on three dif-
ferent dates: 16th April, 3rd June and 5th July. The de-
termination of  the colour was  performed an  hour 
before cutting and an hour after cutting.

Weather parameters. The  parameters that  were 
measured by the “IoT system for environmental pa-
rameter measurements (Slovenian Forestry Institute: 
Laboratory for Electronic Devices)” are the soil water 
content, soil temperature, air temperature and rela-
tive humidity (RH). Data regarding the average pre-
cipitation (mm) of the rain, sum of the rain (mm) and 
number of  precipitation days were collected at  the 
Slovenian Environmental Agency (MeteoSlo 2020).

Average % of infection of red thread (Laetisaria 
fuciformis). The average % infection by red thread 
(Laetisaria fuciformis) was  evaluated per specific 
treatment as the % of infected natural grass area per 
plot (Berestetski et al. 2002). According to the NTEP 
recommendation, we used a 1 to 9 rating scale with 
1 = 100 % injury and 9 = no injury, resulting in a % 
(Morris 2019). The occurrence of the disease in the 
first year of the experiment was noticed on the 17th 

June and 5th July 2019 and in  the second year on 
the 11th February and 23rd June 2020.

Data analysis. An analysis of variance (ANOVA) 
was  conducted to  establish the  differences among 

the  sport grass mixtures within the  fertilisation 
schemes. The differences in the average mass of the 
herbage, colour before/after cutting, and average 
% of  infection by  Laetisaria fuciformis were anal-
ysed via ANOVA. Before the analysis, each variable 
was  tested for  homogeneity of  variance, and any 
nonhomogeneous data were log(Y) transformed pri-
or to the ANOVA. Significant differences (P ≤ 0.05) 
between the  mean values were identified using 
the Student-Neuman Keuls honestly significant dif-
ference multiple range test. All the statistical analy-
ses were performed using Statgraphics Centurion 
XVI software (Statgraphics Technologies Inc., USA), 
and the results are presented as the untransformed 
mean ± the standard error (SE).

RESULTS AND DISCUSSION

Soil and weather conditions. The  parameters 
that  were measured in  our research are presented 
in Table 3. The soil parameters were measured at two 
different depths (5 cm and 10 cm), the air tempera-
ture was measured at 50 cm and 2 m, and the RH 
was measured at 50 cm.

Mass of herbage in the year 2019. According to the 
general statistical analysis, we confirmed that the herb-
age mass had a significant impact on the cutting date 
(F = 262.32, Df = 5; P < 0.0001) and fertilising scheme 
(F  =  7.86, Df  =  2; P  =  0.0005). We detected no im-

Table 3. Parameters that were measured by the “IoT System for Environmental Parameter Measurements (Slovenian 
Forestry Institute: Laboratory for Electronic Devices)”

 
Soil water  content 

(m3/m3)(10–2)
Soil temperature  

(°C)
Air temperature 

(°C) RH  
(50 cm) (%)

Rain (mm) Precipitation 
days

5 cm 10 cm 5 cm 10 cm 50 cm 2 m average sum

In 2019

27th March–16th April 2.6 2.6 10.5 10.2 8.9 9.6 83.00 2.5 49.7 6

17th May–3rd June 2.9 2.9 17.2 16.6 14.9 15.2 89.00 7.4 133.8 10

20th June–5th July 2.6 2.4 24.7 24.3 22.4 22.7 80.20 4.6 72.9 5

23rd July–12th Aug 2.5 2.3 24.8 24.5 22.7 23.0 85.30 6.0 125.2 6

28th Aug–19th Sept 2.5 2.3 20.3 20.3 17.3 17.6 92.00 3.8 86.7 6

3rd Oct–23rd Oct 2.8 2.6 14.7 14.9 12.6 13.2 92.50 3.0 62.5 5

In 2020

8th April–4th May 4.2 4.2 13.2 12.9 12.4 13.0 69.24 1.62 43.8 5

25th May–12th June 4.2 4.2 17.28 17.16 15.27 15.53 85.38 6.11 116.2 7

24th June–13th July 4.3 4.3 20.77 20.77 19.86 20.17 81.76 5.66 113.3 6
9th August–27th Sept 4.3 4.4 22.46 22.42 21.42 21.72 85.60 1.65 31.3 2

RH – relative humidity
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pact of  the sport grass mixture on the herbage mass 
(F = 0.75, Df = 4, P = 0.55). We determined connec-
tions between the cutting date and fertilising scheme 
(F = 6.89, Df = 10; P<0.0001) and the cutting date and 
sport grass mixture (F = 2.38, Df = 20, P = 0.0014).

The average herbage mass was  significant-
ly higher on the  first cut (2  368.88  ±  88.03  g/m2) 
and significantly lower on the  19th  September 
(498.93 ± 32.75 g/m2) (Figure 1). Based on the sta-
tistical analysis, the herbage mass of the sport grass 
mixtures was  1  153.34  ±  100.49  g/m2 with ‘SG1’, 
1 072.7 ± 89.03 g/m2 with ‘SG2’, 989.19 ± 97.41 g/m2 
with ‘SG3’, 1 097.46 ± 105.55 g/m2 with ‘SG4’ and 
1 074.71 ± 107.57 g/m2 with ‘SG5’, but no signifi-
cant difference between the  sport grass mixtures 
‘SG1’ and ‘SG3’ was detected (Figure 2).

In the  first cutting, we detected the  lowest av-
erage herbage mass fertilised with scheme C 
(2  138.0  ±  126.64  g/m2), but the  highest with 
scheme B (2 705.73 ± 166.22 g/m2). In all the other 
cuts, the highest yield was determined where fer-
tilisation scheme C (Figure 3) was used.

The herbage mass was significantly higher in the first 
cutting term with ‘SG1’ (2 535.11 ± 181.46 g/m2). In the 
second cutting term, the highest yield was with ‘SG5’ 
(1 627.56 ± 117.01) (Figure 4).

Regarding the  individual treatments, the  mean 
mass of  the grass yield after the  first cut ranged 
from 1  849.00  ±  416.29  g/m2 with ‘SG5’ (fertilised 
with scheme A) to 3 041.67 ± 151.94 g/m2 with ‘SG4’ 
(fertilised with scheme B). Based on the mean mass 
of  the grass yield, on the  3rd June 2019, the  mix-
ture ‘SG5’ fertilised with scheme C stands out. On 
the  5th  July 2019, the  highest yield was  detected 
again for  mixture ‘SG5’ fertilised with scheme C. 
At the last cut, the highest yield was detected for all 
the  sport grass mixtures fertilised with scheme C. 
All the other values are presented in Figure 5.

Mean mass of herbage in 2020. According to the 
general statistical analysis in  2020, we confirmed 
the impact on the mass of the grass yield in the fertil-
ising scheme (F = 432.24, Df = 2, P < 0.0001), cutting 
date (F = 428.85, Df = 3, P < 0.0001) and the interac-
tion between the  fertilising scheme and cutting date 
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Figure 1. Mean mass of the grass yield on the day of cutting (±SE) in 2019 
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Figure 2. Mean mass of the grass yield per sport grass mixture (±SE) in 2019  
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(F = 89.51, Df = 12, P < 0.0001). We detected no impact 
of the grass mixture (F = 1.34, Df = 4, P = 0.51480.3790) 
on the yield. If we consider seven cutting terms in 2020 
(Figure 6), significantly higher grass yields were at the 
third (1 031.53 ± 26.97 g/m2), fourth (983.83 ± 47.0 g/m2) 
and sixth (1 024.42 ± 19.97 g/m2) cuts. Significantly 
higher grass yields were obtained with fertilising 
scheme C (963.67 ± 27.39 g/m2). Based on the gen-
eral statistics (Figure 7) in  2020, we did not notice 
any differences in  the yield between the  individual  
grass mixtures.

In five of  the seven cuts in  2020, a signifi-
cantly higher grass yield for  fertilising scheme 
C was  detected. In  scheme C, the  mean mass 

of  the grass yield was  699.73  ±  14.49  g/m2 
at  the first cut, 1  031.00  ±  26.78  g/m2 at  the sec-
ond cut, 1  242.27  ±  13.53  g/m2 at  the third 
cut, 1  415.47  ±  20.67  g/m2 at  the fourth cut, 
1  179.67  ±  21.40  g/m2 at  the sixth cut and 
800.40 ± 5.95 g/m2 at the seventh cut. All the values 
are presented in Figure 8.

During the  first cut in  2020, the  highest grass 
yield was detected with mixture ‘SG1’ fertilised with 
scheme C (730.68  ±  19.37  g/m2). The  mean mass 
of the grass yield was the highest between the second 
and third cuts, and the yield for all the SG mixtures 
was the highest when we fertilised with scheme C. 
All the values are presented in Figure 9.
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Figure 3. Mean mass of the herbage per fertilisation scheme according to the different dates in 2019 

Letters represent the differences between the schemes within cutting dates  
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Figure 4. Mean mass of the herbage per sport grass mixture according to the different dates of cutting in 2019  

Letters represent the differences between the turf mixtures within cutting dates  
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Colour determination in 2019. According to the 
general statistical analysis, the turfgrass colour before 
cutting was  significantly influenced by  the fertilisa-
tion scheme (F = 42.46, Df = 2, P < 0.0001), sport grass 
mixture (F = 5.20, Df = 4, P = 0.0007), date of evalua-
tion (F = 63.40, Df = 2, P < 0.0001) and interaction be-
tween the fertilisation scheme and date of evaluation 
(F = 16.88, Df = 63.40, P < 0.0001). Additionally, after 
cutting, the colour of  the turfgrass was significantly 
influenced by  the fertilisation scheme (F  =  34.65, 
Df = 2, P < 0.0001), turfgrass mixture (F = 5.56, Df = 4, 
P  =  0.0004), date of  evaluation (F  =  54.20, Df  =  2, 
P  <  0.0001), and interaction between the  fertilisa-

tion scheme and date of evaluation (F = 14.35, Df = 4, 
P < 0.0001). On the 16th April, the average colour in-
dex before cutting was the highest in schemes A and B  
(a significant difference), while on two other evalua-
tion dates, the colour index was the highest in scheme 
C. All the values are presented in Figure 10. The low-
est colour index was detected at the beginning of June.

According to  Figure  11, when the  turfgrass 
was evaluated on the 3rd June and 5th July, the low-
est colour indices were detected when the turfgrass 
was  fertilised with schemes A and B. On the  first 
evaluation date, there was  no difference detected 
between the different fertilisation schemes.
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Figure 6. Mean mass of the grass yield per the cutting date in 2020  

Letters represent the differences between the cutting dates 
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Average % of  infection caused by  red thread 
(Laetisaria fuciformis). According to  the general 
statistical analysis, the average infection by the red 
thread was  significantly influenced by  the sport 
grass mixture (F = 6.29, Df = 4, P< 0.0001), fertilisa-
tion scheme (F = 52.00, Df = 2, P < 0.0001) and year 
of assessment (F = 15.47, Df = 3, P < 0.0001). In gen-
eral, a 32.47 ± 3.88% infection was detected when 
fertilisation scheme B was used. However, an 11% 
infection by the red thread was detected with fer-
tilisation scheme A, and a 4% infection was  re-
corded with the turfgrass fertilised with scheme C. 
On the turfgrass, noticeable patches of dead plants 
with symptoms of  coral-red mycelium tendrils 
were observed.

In the  first year of  the experiment, the  aver-
age % of  infection was  influenced by  the evalua-
tion date (F = 4.29, Df = 1, P = 0.04), ranging from 
23.22 ± 2.49% on the 17th June to 16.00 ± 2.43% on 
the  5th July. In  the second year of  the experiment, 
the  average % of  the infection was  also influenced 
by the evaluation day (F = 15.76, Df = 1, P < 0.0001), 
ranging from 2.68  ±  1.33% on the  11th February 
to 21.62 ± 4.57% on the 23rd June 2020.

Regarding 2019, the  highest (F  =  47.54, Df  =  2, 
P < 0.0001) average % of infection was recorded where 
fertilisation scheme B was  used (38.67  ±  2.95%). 
Where fertilisation scheme C was  implemented, 
an  average infection rate of  5.83  ±  1.81% was  de-
tected, and where fertilisation scheme A was used, 
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Figure 8. Mean mass of the sport grass yield between the fertilisation schemes within the cutting dates in 2020 

Letters represent the differences between the fertilisation schemes within the cutting dates 
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an average infection rate of 14.33 ± 2.51% was de-
tected (Figure  12). There was  also a difference de-
tected between the sport grass mixtures (F = 2.93, 
Df = 4, P = 0.0223). In 2020, the average % of infec-
tion was  also influenced by  fertilisation scheme B 
(F = 9.46, Df = 2, P = 0.0002)

In both experimental years, statistically signifi-
cant differences between the average % of infection 
between the sport grass mixtures in 2019 (F = 2.93, 
Df  =  4, P  =  0.0223) and 2020 (F  =  1.68, DF  =  4, 
P = 0.0424) was confirmed. The lowest % of infection 
was  detected where ‘SG2’’ (4.33±2.56%) and ‘SG5’ 
(4.05±2.29%) were used (Figure 13).

The use of different varieties of grass species in the 
seed mixtures for  sport turfgrasses has  already been 
studied by Pooya et al. (2013), who established that a 
mixture of several grass species and varieties is more re-
sistant to weather conditions and diseases than a mono-

culture. In our study, we also wanted to test the suit-
ability of different cultivars of grass species to extend 
their use to larger sports areas covered with turf. In the 
first two cutting terms, the grass yield was significantly 
the highest. The average air temperatures in the periods 
before the first two cuts did not exceed 16  °C, which 
enabled the ideal grass development that thrived bet-
ter in the colder part of the year (Simmons et al. 2011). 
The grass yield then increased again in October, when 
the average daily temperatures fell again.

In the period between the fertilisation and cutting 
from 17th May to 3rd June 2019, the highest number 
of  precipitation days, also the  highest sum of  the 
rain (mm), was  detected. The  high sum of  rain 
during this period had an  impact on the  largest 
grass yield in the season. According to Bastug and 
Buyuktas  (2003) and Kim et al. (2016), the  grass 
growth and yield can be influenced by  the water 

Figure 9. Mean mass (g/m2) of the turf grass yield per fertilisation scheme according to the different sport grass mixtures 
in 2020
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Figure 10. Average colour index according to the different fertilisation schemes in 2019 

Letters represent the differences within the fertilisation schemes within one date 
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from regular irrigation, while the  water typically 
came from precipitation in this study. The soil tem-
perature was also an important factor in the growth 
of the grass species. Regarding the data in our re-
search, similar to  that  established by  Pote et al. 
(2006), at 23 °C, the growth of cool-season grasses 
(C3) stopped, and the  high temperatures affected 
the lower physiological activity of the plants. In the 
second year of  the experiment (2020), the  water 
content in  the soil was  significantly higher than 
the water content of the soil in the first year of the 
experiment (2019), which affected the  yield of  all 
the grass mixtures, independent of the fertilisation. 
The soil water content and root growth are known 
to be negatively related (Sainju et al. 2017).

With the  combination of  more different turf-
grass species in mixtures for the sport pitch in this 
study, it has been determined that plants comple-
ment/combine with each other with their prop-
erties (Pooya et al. 2013). The  lowest grass yield 
was detected for mixture ‘SG3’’ consisting of 25% 
Lolium perenne L. ‘Greenway’, 20% Lolium perenne 
L. ‘Tetragreen’, 40% Lolium perenne L. ‘Greensky’, 
and 15% Poa pratensis L. ‘SR2100’, which can re-
late to  the sensitivity of  the sport grass mixture 
to the occurrence of disease and the slow recovery 
of damaged plants.

The composition of  the ‘Greensky’ variety in  the 
mixture is the  highest, and ‘Greensky’ is a vari-
ety with low secondary growth and slow regrowth. 
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Figure 11. Average colour index according to the different fertilisation schemes within the sport grass mixtures 

Letters represent the differences within the fertilisation schemes between the evaluations before/after cutting 
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Figure 12. Average % of the infected area by the treatment with Laetisaria fuciformis (letters represent the differences between the fertilisation 

schemes within the evaluation year). 
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‘Tetragreen’ is a tetraploid variety with the  main 
benefits of quicker germination, establishment un-
der cool conditions and increased seedling vigour. 
‘Tetragreen’ tends to maintain growth longer than 
diploid cultivars as  temperatures fall in  the win-
ter and then it replaces the lost grass cover during 
the  winter wear. ‘SR2100’ has  aggressive growth 
and wear tolerance, but the  mixture contains 
the  lowest amount of  ‘‘SR2100’. ‘Greenway’ also 
has  slow recovery and high summer wear toler-
ance. Regarding reports about cultivar testing 
of all the major turfgrass species, all the varieties 
mentioned in mixture ‘SG3’ have low scores for re-
sistance to red thread (Turfgrass seed 2018; Morris 
2019; DLF 2020). The results confirm that mixture 
‘SG3’ is not suitable for use in sport pitches with 
these climate conditions.

Plant growth is an  important factor that  regu-
lates the  seasonal biomass fluctuations and soil 
activity. In June, July and August 2019, the highest 
grass yield was  in scheme C (inorganic fertiliser), 
and the  lowest was  in scheme B (organic fertilis-
er). For that period, warm conditions without pre-
cipitation, but high humidity, were characteristic. 
The  air temperature and humidity are important 
environmental factors that affect the microbial ac-
tivity and activity in  the soil. There is an  optimal 
level at which the growth and activity of microbes 
is greatest, and below that  level, the  growth and 
activity decline. Seasonal changes in the soil tem-
perature and moisture directly control the  time 
fluctuations of  the soil microbial biomass and ac-
tivity in some ecosystems (Yao et al. 2011). There-
fore, organic fertilisers are slowly released and 
work better when there is more precipitation or 
regular irrigation. The inorganic fertilisers that we 

used were influenced by  the weather conditions; 
at high humidity, the  inorganic fertilisers released 
nutrients. The content of  the new nitrification in-
hibitor DMPP in  the mentioned fertilisers, which 
is effective at  much lower doses and less harmful 
to  yield growth, improves the  efficiency of  N fer-
tilisers or reduces the loss of N in the environment 
(Xu et al. 2019), which results in faster growth and 
higher grass yields.

Nitrogen, phosphorus and potassium belong to  the 
group of important elements for turfgrass growth (Var-
gas et al. 2005). Nitrogen fertilisers are used to maintain 
the growth and visual quality of turfgrass sports. The fer-
tilisation programme of the N fertiliser application coin-
cides with the demand for cool-season turfgrass growth 
in early spring and autumn (Yao et al. 2011). Radhakrish-
nan et al. (2017) reported positive effects of the bacteria 
of the genus Bacillus spp. that make it easier for plants 
to  adapt to  stressful conditions (higher temperatures, 
drought, etc.). In  our research, with the  combination 
of  natural fertilisers (biobased) and additional soil im-
provers (DCM Vivisol® Minigran®/DCM Antagon), we 
proved that high grass yields can be achieved even with-
out mineral fertilisers. Regarding the  usage of  mineral 
fertilisers on sports turfgrasses, past studies have shown 
that  turfgrasses with the smallest possible labour input 
are more appreciated. The  problem also arises when 
the  source of  excavation of  mineral fertilisers becomes 
limited, and it is necessary to look for alternative sources 
(Chojnacka et al. 2020) or fertilisers. The  soil improv-
ers used in  scheme B with the content of Trichoderma 
spp. allows plants to make more use of phosphorus from 
the  soil. The  secondary metabolites secreted by  Trich-
oderma spp. have proven their role in  suppressing 
the growth of pathogenic microorganisms and stimulat-
ing plant growth (Vinci et al. 2018).
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Figure 13. Average % of area infected by Laetisaria fuciformis  

Letters represent the differences between the sport grass mixtures within the evaluation year 
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Acikgoz et al. (2016) reported that  fertilisation 
with organic fertilisers with the addition of Bacillus 
subtilis and Bacillus megaterium has a positive im-
pact on the sport grass yield and produces a darker 
colour. In our study, we detected a higher grass yield 
in treatments where we used supplements based on 
Bacillus spp. and Trichoderma spp., but no darker 
colour was established. The use of turfgrass mixtures 
for sport pitches is also important for its health and 
care, and this was also confirmed in our study. Red 
thread disease caused by the fungus Laetisaria fuci-
formis occurs on turfgrasses under favourable con-
ditions of  mild temperatures (15–25  °C) and high 
humidity (Berestetski et al. 2002). During the  pe-
riod of occurrence in our experiment in both years, 
the  weather conditions (air temperature of  24  °C 
and RH 85%) were favourable for the spread of red 
thread disease.

Turfgrass fertilisers can be “good” or “bad” in con-
nection with the  spread of  the disease. Vargas  et al. 
(2005) reported that  nitrogen fertilisation inhibits 
the infection extent with the fungus Laetisaria fucifor-
mis. As confirmed in this study, the fungus was more 
pronounced when the  turfgrass was  fertilised with 
organic fertilisers (scheme B). By using scheme B, re-
placement of  conventional fertilisation was  studied, 
but unfortunately, the  appropriate conditions for  the 
operation of  organic fertilisers were not achieved. 
The organic fertilisers used in our research contained 
microorganisms characterised that  needed the  soil 
moisture to  function (Melentev et al. 2000). During 
the period of occurrence of the disease, a dry period 
with low precipitation and higher humidity was  re-
corded. According to this study, high humidity is not 
effective in  the action of  organic fertilisers, which 
has already been established by Wei et al. (2011). Un-
der controlled conditions, organic fertilisers have a 
more efficient action because, with regular irrigation, 
they release nutrients accessible to  the plants, and 
microorganisms have more activity (Yao et al. 2011). 
Fertilisers containing Bacillus spp. need more nitrogen 
in the soil to function (Sun et al. 2020), so, in our ex-
periment, a higher impact on the grass yield when we 
added fertilisers with high nitrogen or used fertilisa-
tion scheme A was confirmed.

A turfgrass composed of only one variety of grass 
species is more susceptible to  disease occurrence 
(Vargas  et al. 2005); in  our example, that  mixture 
was  ‘SG4’ (100% Lolium perenne L. RPR). Vargas et 
al. (2005) established that grasses from the genus Fes-
tuca L. have good resistance to the fungus Laetisaria 

fuciformis, which we detected in our research for the 
mixture ‘‘SG5’’, with Festuca spp. (30% Lolium perenne 
L. ‘Barminton’, 10% Poa pratensis L. ‘Baron’, 25% Fes-
tuca arundinacea L. ‘Barlexas II’’, 10% Festuca rubra L. 
‘Bardiva’, 25% Festuca rubra rubra L. ‘‘Barustic’). Mix-
ture ‘SG2’’, composed of the new tetraploid perennial 
ryegrass varieties ‘‘Fabian’, ‘‘Tetrastar’’ and ‘Mercitwo’, 
which have high resistance to the mentioned disease, 
had the  lowest sensitivity to  the fungus Laetisaria 
fuciformis (Turfgrass seed 2018; DLF 2020).

CONCLUSIONS

Comparing the  same time period in  both years 
of  the experiment, we found that  the average % 
of the fungal infection was higher in the second year 
of the experiment. This is evidence that the fungus 
occurs more extensively on an older turfgrass. We 
also established that the choice of cultivar is an im-
portant factor for  the aesthetics and functionality 
of a sports lawn. We proved that the appropriate (vi-
sual) condition of the lawn can be achieved by be-
ing careful in choosing the grass composition of the 
mixture and the type of fertiliser.
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