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Abstract

Our study was conducted in 2013-2017 on the main sports field of the Department of Physical
Education and Sport of the University of Warmia and Mazury in Olsztyn. The examined field was
established in the 1950s. The following sward characteristics were evaluated on a 9-point scale
in accordance with the methodology recommended by the Research Center for Cultivar Testing
(COBORU): overwintering success (spring), density, color and the overall quality of the sward (spring,
summer and fall). The species composition of the sward, plant health, functional characteristics of the
sward, and soil compaction were also determined.

An increase in soil compaction, a decrease in the sward’s functional characteristics and changes
in the species composition of grass were noted after five years of field use for various disciplines of
professional sports. The sward was characterized by varied overwintering success, high density
(particularly in summer), green and fresh green color, very low prevalence of fungal diseases,
and satisfactory or good visual merit. The proportion of Lolium perenne L. decreased, whereas the
proportions of the undesirable species Poa annua L. and dicotyledonous weeds increased in the
analyzed sward.

The condition of the evaluated sward was influenced by loading (field exploitation), increased
soil compaction, and deterioration in the physicochemical properties of soil, as well as the applied

maintenance treatments and weather conditions during the study.
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Introduction

Athletic fields should fulfill rigorous requirements.
Grass species that compose the sward should maintain
durability during intense use of various disciplines
of professional sports. Sport swards ought to be
short, dense, and flexible, have dark green color and
be resistant to trampling and to wear and tear, and —
the main requirement — it should ensure a harmless
environment for athletes, regardless of changing
weather conditions [1-7]. Many factors affect the quality
of a sport sward, including the type of soil material,
plant species and the variety of grasses used for seed
mixtures, intensity of usage, and applied cultivation
activities. For the establishment of sport swards, the
valuable plants are species and cultivars of lawn grasses
resistant to spring and autumn frosts as well as resistant
to drought periods in the summer. The occurrence of
the above-mentioned weather phenomena reduce the
vitality of plants and have a negative effects on field
appearance. Among grass species that are the most
frequently used for sport fields are Poa pratensis L.,
Lolium perenne L. and Festuca rubra L. The excessive
compaction of the upper layer of mineral soil is the main
reason behind sward degradation. This is concomitant
with the decrease of sward density and reduction of
share of lawn grasses and expansion of undesirable
plant species (weeds) [8-13]. Moreover, densification
of topsoil hampers the development of root systems,
and as a result grasses are susceptible to various
environmental stresses. The aim of this study was to
determine the changes of functional characteristics and
species during five years of exploitation of athletic fields
at the University of Warmia and Mazury in Olsztyn.

Materials and Methods

The study was conducted on the main sports field of
the Department of Physical Education and Sport of the
University of Warmia and Mazury in Olsztyn. The field
was established in the 1950s. The field was renovated
in fall 2002 by direct seeding. Grass was mowed to a
height of approximately 2 cm, and green matter was
removed. Before sowing, the field was fertilized with
Yara Mila Complex at 200 kg-ha'. A sports grass seed
mixture was cross-sown at 250 kg-ha! using a Vredo
disc seeder (the Netherlands). The seed mixture of lawn
grass species had the following composition:

— Lolium perenne cv. Niga — 20%
—  Lolium perenne cv. Nira — 20%
— Poa pratensis cv. Bila —20%

— Poa pratensis cv. Prima — 20%

— Festuca rubra cv. Nimba — 10%
— Festuca rubra cv. Leo — 10%

After sowing, the field was irrigated with sprinkles
every 2-3 days at 5 mm per day and daily during
drought. The field was mown twice to a height of
5-6 cm to eliminate weeds. Phosphorus (35 kg P,0,-ha")

and potassium (80 kg K,O-ha") fertilizers were applied
in early October.

In 2013-2017, the following sward characteristics
were evaluated at 15 representative sampling sites
on a 9-point scale (I — unacceptable, 5 — satisfactory,
9 — highly desirable) in accordance with the
methodology recommended by the Research Center for
Cultivar Testing (COBORU) [1]: overwintering success
(spring), density, color and the overall quality of the
sward (spring, summer and fall). This sward valorization
is based on the method developed in COBORU [1] as
well as based on the visual and functional method by
Turgeon [5], and it is similar and comparable to the
methods of sward assessment applied by UEFA and
FIFA, where visual and functional assessment of sward
is carried out according to an 8-10-point scale (usually
9-point scale) [14]. The functional characteristics of the
sward were determined with the following formula [1]:

FC=2%(0.34 x VM + 0.33 x D+ 0.33 x C)

...where:

FC — functional characteristics of the sward
VM - visual merit

D — sward density

C — sward color

Additionally, plant health and soil compaction were
determined with a penetrometer. In the spring of every
experimental year, 100 g samples of green matter were
collected at five points across the field (along a diagonal
line) for a detailed botanical analysis. Lawn grass
species, other grasses and weeds were identified in the
collected material. The proportions of different plant
species in the collected samples were determined on a
dry weight basis.

Samples of topsoil were collected in spring 2013
and analyzed to determine the following parameters:
granulometric composition of soil (by the method
proposed by Bouyoucos and modified by Casagrande
and Proszynski) [15], organic matter content [16],
hydrolytic acidity (by Kappen’s method) [15], organic
carbon content (by colorimetry) [15], content of plant-
available macronutrients and micronutrients (P, K,
Mg, Cu, Mn, Fe and Zn) in 0.5 mol HCl-dm?, calcium
content by complexometric titration, and sodium content
by flame photometry [16].

Mineral fertilizer (Yara Mila Complex, compound
fertilizer) was applied twice: in early spring (250 kg-ha™')
and in fall (150 kg-ha'). Nitrogen fertilizer was applied
at the beginning of the growing season and then after
every third mowing at 20-30 kg N - ha™'.

The sward was mowed at least once a week in May
and June, and then every two weeks to a height of
3.0-3.5 cm. Annual treatments were limited to dragging
and rolling in spring. Sprinkling irrigation was applied
during drought.

Weather conditions during the study are presented
in Table 1. In 2013-2017, weather conditions were
generally favorable for the growth and development of
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Table 1. Mean air temperature and sum of precipitation according to the meteorological station in Tomaszkowo, near Olsztyn.

Years Months Mean for period | Yearly mean
I ||| Iv| v | VvI|vi|vi| X | X | X | X1 IV-IX X1
t |-46|-1.1]-35]|59 (148|175 180 (174 | 11.3 | 89 | 50 | 2.3 14.2 7.7
200 p |44.1(22.6|18.1 |28.5|545|61.2(121.9|37.6|101.1| 16.0 | 18.0 | 27.7 404.8 551.3
t |40 121 51|88 |13.0]144 204 (17.1| 13.6 | 87 | 3.7 | -04 14.6 8.5
201 p |484 | 8.1 | 57.7(26.0|32.7|50.8|37.3|86.1| 259 | 15.1 [34.0]61.8 258.8 483.9
t | 04)05] 42|67 |11.8]155( 175|198 135 | 6.1 | 48 | 3.4 14.1 8.7
201 p |46.8| 6.8 | 45.1 |38.2129.7]129.5| 819 [ 143 | 63.8 | 194 | 84.5| 56.6 257.4 516.6
t |-40|23 |30 |74 |13.7[17.1| 181 [17.1| 13.6 | 6.1 24 1 0.8 14.5 8.1
2010 p |247[57.1|21.6 288|569 |69.3 (1304|704 | 21.1 |104.3|84.8 | 41.1 376.9 710.5
t |-34)-141] 40 |57 |121]157| 168 174 | 128 | 87 | 39 | 1.8 13.4 7.8
2017 p [202(47.6| 453 |59.1|25.1|745|107.6|63.1 | 168.1|114.9|42.4|35.2 497.5 803.1
Mean t | -28|-20( 1.7 |77 (129|160 | 187 (17.8| 133 | 7.7 | 3.7 | 0.3 14.4 7.9
(2004-2018) | 1, | 42.7 [27.9| 32.8 [31.5[55.6 | 73.7|100.2 | 683 | 542 | 50.4 | 47.8 | 41.0 383.5 626.1
t — temperature, °C p — precipitation, mm
lawn grass. The average annual temperature exceeded The results were processed statistically with

the long-term average (2004-2018) in 2014, 2015 and
2016, and the average temperature during the growing
season approximated the long-term average in all
experimental years, excluding 2017. Total precipitation
in the experimental years (January to December) and
growing seasons (April to September) was highest in
2017, whereas 2014 and 2015 were the driest years.

January was the coldest year in all experimental
years, excluding 2015. Ambient temperatures in
February and March were generally higher than the
long-term average. Higher temperatures led to rapid
melting of snow cover, and below-zero temperatures
were noted in early March. The growing season began
in April, when the average temperature exceeded +5°C.
Ambient temperature ranged from 11.8°C to 17.5°C in
May and June. The highest temperatures were noted
in July and August, and ambient temperature began to
decrease gradually in September. Low temperatures in
November and December inhibited plant growth.

Precipitation deficiency was low in January 2016
and 2017, in February 2014 and 2015, and in March
2013 and 2016 (Table 1). In April, precipitation levels
approximated the long-term average, excluding in
2017 when rainfall was nearly twice higher than the
long-term average. Precipitation was relatively low in
May 2014, 2015 and 2017, in June 2015, in July 2014, in
August 2013 and 2015, and in September 2014 and 2016.
September was also characterized by high precipitation,
which exceeded the monthly average (54.2 mm) by
2- to 3-fold. High precipitation was also noted in
October 2016 and 2017, November 2015 and 2016,
and December 2014 and 2015. In fall, weather
conditions were generally favorable for the growth and
development of lawn grass.

Statistica 13.1, a statistics and analytics software
package developed by StatSoft (2018) [17].

Results and Discussion

According to the classification of soil granulometric
groups [18], the topsoil layer of the analyzed sports field
was composed of loamy sand (Table 2). In topsoil, the
content of skeleton particles was estimated at 3-13%
(sand fraction 78-83%, silt fraction 14-20%, clay
fraction 2-4%). The proportion of fractions with particle
size below 0.02 mm ranged from 7% to 12% and
exceeded the 8% content recommended by the standard
[2] for sports fields. According to Pawluczuk and
Grabowski [3], high contents of silt and clay fractions
can obstruct the removal of excess rainwater from soil.
Based on its granulometric composition, the analyzed
substrate was classified as light soil.

The concentrations of plant-available nutrients in
the substrate are presented in Table 3. The topsoil had
a neutral pH, which exceeded the optimal values for
grass. Grasses thrive in habitats with a weakly acidic pH
(5.5 to 6.5). According to Scheffer and Schachtschabel
[19], an increase in soil pH to 7.5 decreases the
content of plant-available iron, manganese and zinc.
The average C:N ratio of topsoil was determined at
11.98:1, which is indicative of satisfactory microbial
activity.

Soil salinity was within the norm (<1 g-dm?), and
it did not limit the growth of grass. In a study by Zhu
and Li [20], the application of humus in a sports field
reduced soil salinity, increased microbial biomass and
improved sward quality.
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Table 2. Granulometric composition of field lawn subsoil.

Fraction content (%) Skeletal
Clay fraction | Silt fraction Sand fraction fraction
R?:iirtCh Clay Silt Very fine Fine sand Medium Coarse sand | Gravel Soil textural classes
number sand sand acc. PTG*
Particle diameter (mm)
<0.002 0.002-0.05 | 0.05-0.10 | 0.10-0.25 | 0.25-0.50 0.50-2.00 >2.00
1 3 15 15 18 18 31 13 Loamy sand
3 2 20 15 21 19 23 8 Loamy sand
8 4 15 14 19 22 26 11 Loamy sand
13 3 14 12 13 27 31 6 Loamy sand
15 3 14 21 23 21 18 3 Loamy sand
Mean 3 15.6 15.4 18.8 214 25.8 8.2 -

* Particle size distribution and textural classes of soils and mineral materials — Classification of Polish Society of Soil Science 2008.

Rocz. Glebozn. — Soil Sc. Ann., 2009.

The organic matter content of soil ranged from
3.43% to 6.55% and exceeded the norm for sports
fields according to DIN 18035-4 criteria (Table 3). The
organic matter content of soil should range from 1%
to 3% to increase the soil’s water-holding capacity.
According to Kim [21], organic matter improves
soil structure, aeration, moisture content, nutrient
availability and ecosystem longevity. Adams and

Table 3. Chemical properties of field lawn subsoil.

Saxon [22] observed that excessive organic matter
content in the root zone leads to macropore blockage
and deterioration in the physical properties of soil,
including drainage, aeration and water retention, which
can restrict root formation and increase susceptibility
to disease. According to Carrow [10], the organic matter
content of topsoil in sports fields should not exceed
3-4%.

Research point number
Specification Mean
1 3 8 13 15
pH 7.20 7.30 7.25 7.20 7.20 7.23
pH 7.46 7.68 7.50 7.52 7.47 7.53
N-total (g-kg™) 2.1 2.4 1.9 2.4 1.6 2.1
C-org. (g-kg™") 23.8 22.8 20.2 38.0 19.9 24.9
Organic matter (%) 4.10 3.93 3.48 6.55 343 4.30
C:N 11.4 9.5 10.6 16.0 124 11.98
Salinity (g-dm™) 0.22 0.20 0.23 0.24 0.25 0.23
Content of available nutrients
P (mgkg™) 79.8 77.1 77.1 66.3 77.1 75.5
K (mgkg™") 78.8 74.1 83.0 62.3 74.7 74.6
Ca (mgdm™) 801.0 740.0 730.0 710.0 860.0 768
Mg (mgkg™) 61.0 74.0 67.0 60.0 61.0 64.6
Na (mgdm™) 23.0 20.0 26.0 31.0 27.0 25.4
Cu (mgkg") 3.5 3.7 3.1 5.8 4.7 42
Mn (mgkg™) 132 146 121 166 132 139
Fe (mgkg™) 1000 1160 850 1200 950 1032
Zn (mgkg™) 12.1 17.2 18.8 18.9 13.1 16.0




Functional Characteristics of a Grass Sward...

3593

In addition to humus content, soil fertility is
also determined by the content of plant-available
macronutrients and micronutrients [23]. In the analyzed
samples, phosphorus content ranged from moderate
(66.3 mg P-kg'!, sampling site 13) to high (79.8 mg
P-kg!, sampling sites 1, 3, 8 and 15). Potassium content
ranged from low (62.3 mg Kkg', sampling sites 3, 13
and 15) to moderate (83.0 mg Kkg', sampling sites 1
and 8). Calcium content was determined in the optimal
range [23] at 710.0 to 860.0 mg Ca-dm?. Magnesium
content was high to very high (60.0-74.0 mg Mg-'kg™).
Sodium content was relatively low (20-31 mg Na-dm?),
and it did not exert a toxic effect on the growth and
development of lawn grass species. Copper and zinc
content was high, whereas manganese and iron levels
were moderate in soil samples collected from all sites
(Table 3).

The results of the study conducted in the Olsztyn
Lakeland revealed considerable variations in the
overwintering success, density, color and overall quality
of the sward in the analyzed sports field. The examined
sward differed in terms of overwintering success
(4.1-6.2 points on the 9-point scale). This parameter was
average to high in 2013-2014, average in 2015, and low
to average in the remaining years of the experiment
(Table 4). Overwintering success is difficult to
determine in grasses due to considerable variations in
the duration of the growing season. These variations can
be attributed to low temperature, snow cover and the
prevalence of winter diseases. According to Huang et
al. [12], various abiotic stressors (drought, salinity, high
and low temperatures) can compromise the appearance
and functional characteristics of lawn grass. Therefore,

the maintenance of grass sports fields in good condition
poses a considerable challenge [24].

Sward density in the investigated sports field varied
across the experimental years and seasons (Table 4).
This parameter was high (average of 6.9 points on the
9-point scale) in the summer, and satisfactory to high
in spring and fall. According to Anderson et al. [25],
natural grass surfaces in sports fields are susceptible
to mechanical damage caused by sports (such as rugby
and soccer). Straw et al. [8] observed that variations
in natural grass cover, resistance to mowing, surface
hardness and uniformity affect playability and increase
the risk of injury. Sward density influences the
general appearance of sports fields, and it determines
the persistence and adaptability of grass species to
the local habitat conditions [26-28]. In sports fields,
sward density is determined by substrate preparation,
irrigation, fertilization, mowing frequency, intensity
of use, maintenance treatments and weather conditions
[5-7, 13]. According to Laudanski et al. [29], visual
merit is 70% determined by sward density, whereas
color (20%) and leaf fitness (10%) are less important
parameters.

Ford and Twomey [9] reported that natural grass
cover decreases soil hardness in sports fields, even
during drought. Athletic fields should be sown with
grass species that ensure full grass cover throughout
the growing season, in particular species and varieties
that create resilient and dense swards: Lolium perenne
L., Poa pratensis L. and Festuca rubra L. Grass
also creates a softer surface for running in all sports
disciplines [8].

Table 4. Utilizable values of sport field sward (mean+standard error).

Season Year Overwintering Compactness Color Healthiness General aspect
2013 6.2+0.3 6.6+0.2 4.3+0.3 7.2+0.2 6.4+0.1
2014 6.0+0.3 6.5+0.3 5.2+0.4 6.5+0.3 5.9+0.2
) 2015 5.3+0.3 5.4+0.4 5.1+0.4 6.7+0.1 5.3+£0.3
Spring 2016 4.5+0.4 5.1+0.3 2.7+0.6 7.4+0.1 4.5+0.4
2017 4.1+0.2 4.5+0.2 3.3+0.4 7.3£0.1 3.7+0.2
Mean 5.2+0.2 5.6+0.2 4.1+0.2 7.0+0.1 5.2+0.2
2013 7.1+0.2 6.3+0.2 6.3+0.2
2014 7.7£0.2 6.9+0.3 7.3+0.2
Summer 2015 - 7.5+0.4 5.240.6 - 5.9+0.2
2016 6.1+0.2 5.0+0.5 5.7+£0.2
2017 6.3+£0.3 5.1£0.3 4.9+0.2
Mean 6.9+0.1 5.7+0.2 6.0+0.1
2013 6.3+£0.3 5.5+0.3 6.1+0.2
2014 - 7.1£0.2 6.1+0.4 - 6.8+0.2
Autumn 2015 6.5+0.3 5.3+£0.5 5.8+0.2
2016 6.1+0.2 3.7+0.5 4.8+0.2
2017 5.8+0.3 5.6+£0.4 5.1£0.3
Mean 6.4+0.1 5.3+0.2 5.7+0.1
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In spring, the analyzed sward was grayish-green
in color (average of 4.1 points on the 9-point scale)
(Table 4). Fresh green color was observed in summer
(average of 5.7 points on the 9-point scale) and fall
(average of 5.3 points on the 9-point scale). In sports
fields, dark green (emerald) grass is more visually
appealing than light green grass [3, 30]. According
to the literature, color stability during the growing
season and the resistance of grass species (varieties) to
environmental stressors that induce changes in color
are the main determinants of visual merit. Turgeon [5]
argued that grass color is affected primarily by species
composition, mowing frequency, rate of fertilization,
irrigation, and pest and disease control.

Sward health was evaluated based on the prevalence
of plant diseases in 2013-2017. A phytopathological
analysis revealed a low prevalence of disease (7.0 points
on the 9-point scale) (Table 4).

The visual merit of sports fields is determined by
numerous factors, including grass species and varieties,
soil type, soil fertility, granulometric composition of
soil, physicochemical properties of soil, intensity of
use, maintenance treatments (irrigation, fertilization,
mowing, pest and disease control), and weather
conditions. The appearance of the sports field was
evaluated as average (average of 5.2 points on the
9-point scale) in spring, and satisfactory to good in
summer (average of 6.0 points on the 9-point scale)
and fall (average of 5.7 points on the 9-point scale)
(Table 4). During the study, the visual merit of the
sports field was affected by variable weather conditions
— in particular extreme temperatures and drought.

Visual merit is a synthetic measurement that
accounts for genotype X environment interactions and
reflects the species composition of grass (Table 4).
According to Russi et al. [6], turf quality improved over
time, whereas Brede [31] demonstrated that the aesthetic
value of grass deteriorated in successive seasons and
years of the experiment. Diesburg et al. [32] found that
the visual merit of lawns is not a critical parameter in
intensively used fields. The above author concluded that
the functional characteristics of the examined field are
determined by the persistence of the grass stand, which
should uniformly cover the surface of the field, stabilize
soil, reduce dust and mud, and eliminate weeds.

Sward density, color and general appearance are
indicative of plant health, and they determine the visual
merit of the lawn. The functional characteristics (FC)
of a sward are determined based on the average values
of three quality parameters: visual merit, density and
color. In the analyzed sports field, the highest values
of FC (5.8-6.6) were noted in the first years of the
study (2013-2015), whereas significantly lower values
(4.8-4.9) were observed towards the end of the experiment
(Fig. 1). Similar results were reported by Wolski et al.
[30].

Sward density, expressed as soil compaction,
measured exceeded the norm for sports fields 1.3- to
2.0-fold (1.5-fold on average) (Table 5), and it was
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2013 2014 2015 2016 2017

$_mean and standard error

Fig. 1. Functional characteristics of sports grass (9-point scale).

highest in 2016. According to the literature, high topsoil
compaction decreases permeability, inhibits healthy
root development (by preventing roots from penetrating
deeper soil horizons), and disrupts gas exchange and
nutrient uptake. The management of high-quality
swards in sports fields poses a considerable challenge
[5, 7, 13].

Sports fields are established on a layer of sand to
minimize soil compaction [12]. According to Dixon [11]
and Anderson et al. [25], sand improves drainage, but it
lacks cohesive properties, and the stability of substrates
exposed to load depends on frictional forces between
particles. Another study [33] revealed that grass-
covered surfaces are more resistant to compaction than
bare land due to the unique properties of the soil fauna
and the shock-absorbing effects of plant roots.

In the present study, the results of a detailed botanical
analysis revealed that grass species were accompanied
by monocotyledonous and dicotyledonous weeds

Table 5. Soil compaction (bar) (mean+standard error).

Year Mean Minimum | Maximum | CV (%)*
2013 18.5£1.2 11 25 25.8
2014 19.1+0.8 14 25 15.9
2015 20.5+0.6 18 25 10.6
2016 28.6+1.7 20 40 225
2017 20.7+0.8 14 25 14.8
Mean 21.540.6 11 40 25.5

*CV - coefficient of variation
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Fig. 2. Percentage share of grasses in the sward (% DM).

(Fig. 2). Poa pratensis L. was the predominant species
at the end of the five-year experiment. The proportion
of Festuca rubra L. was close to the recommended
seeding rate, whereas the proportion of Lolium perenne
L. decreased at the end of the study. The proportion of
the undesirable species Poa annua L. exceeded the level
recommended by DIN 18035-4 (1%). The prevalence of
dicotyledonous weeds, including Trifolium repens L.
Medicago lupulina L., Plantago lanceolata L., Plantago
media L., Bellis perennis L., Taraxacum officinale F.H.
Wigg, Achillea millefolium L., Potentilla anserina L.
and others, was low in the analyzed sward.

The high and stable proportion of Poa pratensis
L. in the examined sward indicates that this species
is particularly useful for establishing grass fields for
various disciplines of professional sports [31]. The
species is characterized by high persistence and high
sward density, considerable overwintering success
and high resistance to adverse habitat conditions,
including variable water levels and temperatures [26,
27, 31, 34].

Lolium perenne L. is also widely used in sports
fields and recreational areas [26]. In the current study,
the decrease in the proportion of Lolium perenne L.
in the analyzed sward could be attributed to drought
and thermal stress (cold winters, spring frost, summer
drought). The species is not highly resistant to low
temperature, which decreases its persistence in northern
regions [28, 35, 36].

The high proportion of Poa annua L. in the
examined sward could be explained by its high
competitiveness in ecological succession. The plant
reproduces by self-pollination, and it easily adapts to
variable habitat conditions [37]. Poa annua L. is one of
the most common weed species in high-quality sports
fields in the USA [38].

In intensively exploited sports pitches, the decline
in sward quality is a natural and widely observed
phenomenon [25, 39-41]. Bare patches in lawns are
colonized by seedlings that develop from seeds from
the soil seed bank, wind-dispersed seeds (seed rain)
and seeds from vegetatively reproducing plants [42].
Previous research [12, 31, 43] shows that the rate of plant
growth and development is influenced by genotype,

but it is also modified by changes in habitat conditions
during the growing season. The presence of undesirable
plant species in the sward can testify to intensive field
use, excessive soil compaction and deterioration in the
physical properties of the substrate.

Conclusions

1. An increase in soil compaction, a decrease in the
sward’s functional characteristics and changes in
the species composition of grass were noted after
five years of field use for various disciplines of
professional sports.

2. The examined sward was characterized by varied
overwintering success, high density (particularly
in summer), green and fresh green color, very low
prevalence of fungal diseases, and satisfactory or
good visual merit.

3. The proportion of Lolium perenne L. decreased,
whereas the proportion of the undesirable species
Poa annua L. and dicotyledonous weeds increased
in the analyzed sward.

4. The condition of the evaluated sward was influenced
by loading (field exploitation), increased soil
compaction, deterioration in the physicochemical
properties of soil, as well as the applied maintenance
treatments and weather conditions during the study.
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