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Bonitation assessment 
of intensively used football turf 
depending on the date and area 
of observation
Karol Wolski 1, Łukasz Sobol 2* & Henryk Bujak 3,4

This article aimed to evaluate the visual and functional characteristics of intensively used football 
turf over 10 years, depending on the different areas of the game. The research was conducted on the 
football turf of the AZS Environmental Club in Wrocław (N: 51° 7′ 31′′ E:17° 4′ 14′′). High variability 
of the evaluated parameters was observed regarding seasonality, year of observation, and the area 
of play. It has been shown that the goal area and penalty box areas have the lowest functional value, 
which are vital areas of the game from the point of view of gaining an advantage in the game. Also, 
these places are more susceptible to creating sites without plants (requiring additional overseeding) 
due to the potential of hollowing and goalkeeper interventions ending with the body landing on 
the ground. The middle area was characterized by the highest overall aspect, color, and turf density 
values. In the vast majority of cases, there was a downward trend in the turfs’ functional value with 
the turf’s age, which is an essential finding in the context of the use of intensively used, athletic 
natural grass surfaces.

The development of physical culture in the modern world is a civilization, cultural and social  value1–3. Physi-
cal activity improves the quality of social and economic life and constitutes the foundation for human capital 
 development4,5,6. Sports infrastructure is one of the most dynamically developing markets in Poland and the 
 world7,8. However, the relationship between the frequency of use of sports infrastructure and its wear and tear 
over long periods is still an unsolved problem.

The proper condition of the natural grass surface ensures safety and quality of  use9–11, and increases the 
spectacularity and viewership of sports  struggles12–15. The grass turf is a natural barrier between the player and 
the ground, it absorbs the turns and falls of the players during the  game14,16–18. A firm, dense, durable grass 
surface is an even surface that creates total turf and a dark green  color19,20. Pratotechnical treatments carried out 
correctly and on time ensure the high usable quality of the  turf21–23. The overall aspect (Ao), turf density (D), 
and color (C) of the football turf depend on the selection of grass species and varieties with appropriate com-
positional homogeneity in turfgrass  mixtures22,24,25. Meadow grass Poa pratensis L., perennial ryegrass Lolium 
perenne L., and red fescue Festuca rubra L. play a key role in creating natural grass  surfaces14,22,25–30. Specialized 
varieties allow you to achieve the best  results31,32. P. pratensis creates a permanent branch- loose structure, dense 
turf, emerald green, and high turf-forming  capacity30. It is resistant to intensive exploitation, low and frequent 
defoliation (mowing) and nutrient  deficiencies33–35. On the other hand, L. perenne has a loose structure, has a 
high tolerance to intensive use, and is characterized by quick self-reconstruction36. F. rubra creates the follow-
ing forms: creeping—ssp. genuina Hack. and semi-runners—ssp. trichophylla Gaud., which are used for sports 
athletic  grounds26,37.

In the United States and Europe, football turfs are assessed according to the National Turfgrass Evalua-
tion Program (NTEP)38, while in Poland, according to the system of the Research Centre for Cultivar Testing 
(COBORU)39. These systems are based on the classification and assessment of appropriate parameters (i.e. overall 
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aspect of turf, turf density, turf color), allowing to obtain turf with proper aesthetic and functional values (use-
fulness in the game).

One of the critical factors shaping the visual and functional aspects of football turf is the intensity of its use. 
To maintain the high-quality natural grass sports field already at the construction stage, base grading, material 
selection, subsurface drainage, irrigation installation, sand type, and appropriate species of grass mixture should 
be  selected40. This is particularly important since natural grass surfaces used in open stadiums and sports and 
recreation complexes are strongly influenced by seasonal and daily weather changes, intensive prato-and agro-
technical maintenance (renovation, prevention of damage), dewatering, and wear  response41–45. Compared to 
artificial grass turf, which allows for relatively greater intensity of use (up to 50 hours a week) and durability in 
all weather  conditions46, a natural grass surface is more susceptible to damage (assuming the same time of use of 
the turf). Our team’s previous research has shown that after ten years of using intensively exploited natural sports 
surfaces, turfs are partially degraded. Mainly it is related to the reduction of the leaf surface, which in turn leads 
to the inhibition of grass growth—especially the root system, the range of which reduces up to 6 cm on  average47. 
It is worth emphasizing, however, that the changes in the functional and visual characteristics of the football 
ground do not run uniformly over the entire playing field  area47. This is because footballers strategically select 
game zones in which the turf is used more intensively, e.g. to perform attacks in which an advantage is obtained, 
leading to the creation of a chance to  score48 or search for a zone a free  space49 into which the introduction of 
the ball will be associated with gaining an advantage or an advantageous position for the pass or shot. In other 
words, there is significant wear and tear on the sports surface in some areas due to heavy traffic near the goal. 
The surface hardness observation conducted by  Miller50 also showed that within football fields, there are spatial 
relations on units built of native soil or sand-based substrate. Admittedly, the earlier mentioned  experiment50 
was not designed to determine what factors might have influenced the surface hardness of football pitch, but it 
did identify some characteristic points that could indicate essential areas of the playing field where the surface 
changes have occurred.

However, in the current literature, there is very little information about changes in the turf ’s characteristics 
and visual- functional characteristics in the football field’s various playing zones. Additionally, most research 
focuses on determining short-term (up to three seasons) or long-term effects, showing only differences between 
the first and last year of observation.

In this case, it is challenging to determine what changes took place between years of use and determine the 
turf ’s rate of degradation or regeneration. In addition, prolonged observation of intensively used turfgrass broken 
down by specific game areas may help to understand the wear of athletic grass surfaces and other ecosystems 
that require many prato- and agrotechnical treatments. Studies conducted over a more extended period may 
identify hot spots susceptible to a decrease in functional and visual value and indicate the period followed by a 
rapid decline in turf quality. This information may be necessary to efficiently manage the turfgrass system and 
adequately protect critical areas of the turf, avoiding the risk of replacing it.

The purpose of this study is to analyze the visual and functional features (general aspect, density, color, and 
turf functional value) of football turf over ten years of use, de-pending on the typical zones of the football field.

Materials and methods
Study site. Prolonged observation of the turf was conducted on a natural, grassy turf belonging to the AZS 
Environmental Club in Wroclaw, Poland, in the GEM sport complex, which is a residential complex of the Polish 
women’s national football team. The location details of the turf are included in Table 1.

Turf characteristics. The football turf was established in 2002, consisting of 3 turf types of grass in the fol-
lowing proportion: Lolium perenne 40%; Poa pratensis 40%; Festuca rubra 20%. Turf parameters are included in 
Table 2.

Frequency of use of football turf. About 15–16 football matches were played on the field during a spring/
autumn round (about 30–32 matches on average per whole season). There were 2 training units per week directly 
before the matches. During training units, the pitch was used evenly across the entire section, without avoiding 
the involvement of specific sectors of the game.

Pratotechnical and agrotechnical treatments on football turf. From April to September (2005–
2014), the football turf was irrigated, depending on the weather, with a dose of 7–10  dm3  m−2 (daily). The first 
mowing was made when turf height reached 7 cm, the grass was mowed to 5 cm. During the league season, turf 
was mowed 1–2 times a week to a height of 2.8 cm. During the growing season, NPK mineral fertilization was 

Table 1.  Localization parameters of observed turf.

Parameter Description

Object coordinates N: 51° 7′ 31′′ E: 17° 4′ 14′′

Climate Temperate climate zone

Watercourses On the banks of Odra River

Landscape location In the Szczytnicki nature and landscape complex
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applied in the proportions of 6:2:4 with a nitrogen dose of N: 180 kg  ha−1;  P2O5: 60 kg  ha−1; K: 120 kg  ha−1, using 
the spring and summer fertilizer NPK 17–6–11 + MgO + S + B and autumn NPK 5–0–25 + S + Ca + Fe + B.

Bonitation assesment. The research was carried out in 2005–2014, in four replications, taking into 
account three factors (A) the time of observation, spring and autumn round  (A1–2), place on the football field 
 (B0–4) and years of research  (C1–10). The COBORU valuation method assessed the football turf (visual observa-
tion of the turf). The evaluation with the bonitation method included: general aspect (Ao), density (D), and 
color (C). The grading scale takes points from 1 to 9. The higher the number, the more desirable the value of the 
assessed feature. In each year, after the completion of the research, the football turf functional value (Wum) was 
calculated according to the following  formula51:

where: Wum—turf functional value,  Ao—overall aspect of turf, D—turf density, C—turf color.

Climate and weather conditions at the observation site. Table 3 presents the climate for the city of 
Wroclaw (Poland), where prolonged observations of the football pitch were carried out. The data is an average of 
1991–2021, excluding the hours of sunshine (1999–2019)52.

Statistical analysis. Three-way analysis of variance (ANNOVA) was performed to determine the role of 
factors and their interactions in shaping the utility value of football turf. Because all factors showed a very strong 
statistical significance (p < 0.001), in order to determine the role of the area of observation, a one-way analysis 
of variance was performed, divided into individual years and dates of observation (autumn, spring)53. Post-hoc 
test performed with Tukey’s HSD test. In order to determine the correlation between the examined visual and 
functional features of the turf, the correlation coefficient r was determined. Statistical analyzes were performed 
at the significance level of p = 0.05 in the Statistica 13.0 (StatSoft—DELL Software, TX, USA) program.

In order to determine the downward or upward trend of visual-functional features as a function of age, the 
 R2 coefficient of determination was calculated for the football turf in Microsoft Excel. The  R2 coefficient has been 
determined separately for specific regions of the football pitch (penalty box, goal area, etc.).

Results
Main results of statistical analysis. Table 4 shows the probability value (p-value) of three-way ANNOVA 
for the parameters evaluated in the experiments (overall aspect, density, color, and turf functional value Wum). 
The analysis shows that all effects (year, season, place of the game) have a statistically significant influence on 

(1)Wum = 0.34 · AO + 0.33 · D+ 0.33 · C

Table 2.  Technical parameters of observed turf.

Parameter Value/description

Vegetation layer Made of loose, slightly loamy sand

Floatable parts content 9.5%

pH of soil 6.8

Permeability 60  dm3  h−1

Density 0.75 MPa

Organic carbon content 1.9%

Table 3.  Climate and weather conditions in  Wroclaw52.

Mean temp. (°C) Min. temp. (°C) Max. temp (°C) Precipitation (mm) Humidity (%) Rainy days (days)
Sunshine hours 
(h)

January − 0.4 − 3 2.1 49 81 8 3.3

February 0.8 − 2.3 3.9 40 79 8 4.2

March 4.3 0.3 8.4 54 75 9 5.7

April 9.9 4.8 14.7 46 67 7 8.7

May 14.7 9.7 19.2 64 67 8 10.2

June 18.2 13.3 22.4 76 66 9 11.1

July 20.1 15.5 24.3 98 67 9 11.2

August 19.9 15.2 24.3 67 66 8 10.5

September 15.3 11.2 19.5 64 71 7 7.6

October 10.4 7 14 48 77 7 5.2

November 5.6 3.1 8.4 46 83 7 3.9

December 1.4 − 0.8 3.7 48 81 8 3.3
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the parameters evaluated (p < 0.05). However, concerning the interaction of effects, their impact is no longer as 
strong as that of single effects. Admittedly, in the case of the interaction of two parameters, a strong influence on 
individual parameters can be observed in some cases (e.g. the influence of the interaction of Year and Place on 
Overall Aspect and turf functional value Wum). However, in the case of the interaction of three parameters, the 
influence was not statistically significant.

Overall aspect. Figure 1 shows changes in the overall aspect of the turf, depending on the area of observa-
tion and the year of the observation in the spring. It can be seen that the highest values were found in the middle 
area, which over ten years, with slight fluctuations, remained around 8. It was basically the only area of observa-
tion that did not change its value relatively much, along with the age of the turf. A decreasing trend of the overall 
aspect was reported for the remaining observation areas, along with the turf age. However, in two cases—this 
trend was much milder. On average, for the controls, the overall aspect decreased from 7.93 ± 0.64 to 6.50 ± 0.58, 
while the playing area decreased from 7.98 ± 0.67 to 6.75 ± 0.50. For the penalty box and goal area, the decrease 
was much more drastic as corresponding decreases from 7.15 ± 0.78 to 3.75 ± 0.50 and 7.68 ± 0.51 to 4.50 ± 0.58 
respectively, were observed. It is also worth noting that for these observation sites, an apparent decrease was 
reported between the second and third years of observation (2006/2007), which was not observed on such a large 
scale for the other game areas.

Similar downward trends were recorded in the autumn season (Fig. 2). However, the overall aspect was char-
acterized by a lower value than spring. On average, over the 10 years of observation, the middle area (6.90 ± 0.60) 
was characterized by the highest overall aspect, decreasing from 7.78 ± 0.53 in the first year of observation to 
6.75 ± 0.50 for the last year of observation. During the research period, the average overall aspect control and 
playing area level were similar and amounted to 6.26 ± 0.84 and 6.20 ± 0.81, respectively. Similarly to the spring 
season, the lowest overall aspect control values were found for the penalty box, which was 3.98 ± 1.18 over 
10 years (with a decrease from 6.55 ± 0.66 to 3.50 ± 0.58 between the first and last years of use). The goal area, 
which on average was at the 4.69 ± 1.32 level, showed a slightly higher parameter value, recording a decrease 
from 7.15 ± 0.79 to 4.50 ± 0.58 between the first and last years of observation.

Table 5 shows the statistically significant changes in overall aspect during the first and last year of observa-
tion and, on average, at the turn of the decade. It can be seen that both in the spring season and in the autumn 

Table 4.  The probability value (p value) of the three-way ANNOVA for the parameters evaluated.

Effect Overall aspect Density Color Wum

Year 0.000 0.000 0.000 0.000

Place 0.000 0.000 0.000 0.000

Season 0.000 0.000 0.000 0.000

Year∙place 0.000 0.233 0.535 0.000

Year∙season 0.409 0.057 0.050 0.000

Place∙season 0.409 0.051 0.771 0.022

Year∙place∙season 0.978 0.921 0.967 0.349

Figure 1.  Changes in the overall aspect in spring in individual parts of the football turf field during 10 years of 
research (2005–2014).
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season, for the first year of observation, the game sites did not show statistically significant differences. They 
began to be classified later, along with turf age. Hence, it can be noticed that both in the last season of the game 
and on average over 10 years, the places of the game were statistically different in terms of the overall aspect of 
the turfs, both for the spring and autumn seasons.

Density. Figure 3 shows the changes in turf density over the 10 years of the study, depending on the area of 
observation in the spring. In most cases, parameter fluctuations were noted without a clear downward/upward 
trend with increasing turf age. As in the case of the overall aspect, over the years, the middle area was the 
place with the most attractive density (7.27 ± 0.72). Similar characteristics of changes were also observed for 
the control and playing area, for which the average density was slightly less attractive compared to the middle 
area—6.60 ± 0.68 and 6.38 ± 0.70, respectively. For the two areas with the lowest turf density (penalty box and 
goal area), it was observed that in the later years of turf use, the density is weaker, but in the case of the overall 
aspect. On average, during the observation, these areas were characterized by a density at the 3.78 ± 0.73 and 
4.58 ± 0.78 levels—for the penalty box and goal area, respectively.

In autumn, turf density was slightly lower than in spring (Fig. 4). However, the characteristics of the differ-
ences were similarly preserved as in the case of spring. On average, turf density over the years concerning the 

Figure 2.  Changes in the overall aspect in autumn in individual parts of the football turf field during 10 years 
of research (2005–2014).

Table 5.  Statistically significant changes in the overall aspect during the first year of play, last year of play, and 
decade of play. The same marking in column (a, b, c, d, e) indicate no statistical differences (p = 0.05) according 
to Tukey HSD test (in season).

Part of field First year of play (2005) Last year of play (2014) Decade of play (2005–2014)

Spring

Control 7.93a ± 0.64 6.50b ± 0.58 7.10a ± 0.70

Penalty box 7.15a ± 0.78 3.75a ± 0.50 4.71b ± 1.40

Goal area 7.68a ± 0.51 4.50a ± 0.58 5.44c ± 1.24

Playing area 7.98a ± 0.67 6.75bc ± 0.50 7.07a ± 0.76

Middle area 8.18a ± 0.79 8.08c ± 0.83 7.98d ± 0.75

Autumn

Control 7.43a ± 0.44 5.50bc ± 0.58 6.26a ± 0.84

Penalty box 6.55a ± 0.66 3.50a ± 0.58 3.98b ± 1.18

Goal area 7.15a ± 0.79 4.50ab ± 0.58 4.69c ± 1.32

Playing area 7.70a ± 0.51 6.25 cd ± 0.50 6.20a ± 0.81

Middle area 7.78a ± 0.53 6.75d ± 0.50 6.90d ± 0.60

F value
Spring 1.324 34.884 70.178

Autumn 2.737 26.917 61.468

p value
Spring 0.306 0.000 0.000

Autumn 0.061 0.000 0.000
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classification observation areas was as follows: middle area (6.37 ± 0.70) > control (5.66 ± 0.75) > playing area 
(5.58 ± 0.85) > goal area (3.95 ± 0.81) > penalty box (3.35 ± 0.70). It was only observed that compared to spring, 
in the autumn seasons 2012–2014, the goal area and penalty box penalties increased, not consistently decreas-
ing with turf age.

Table 6 shows the statistically significant changes between the game field areas in the first and last years of the 
game and over 10 years. It can be noticed that statistically significant differences between some cases (control—
penalty box/goal area) occurred already in the first year of observation, both for the fall and spring seasons. In 
the last year of observation, the same classification of homogeneous groups was observed for both seasons. It is 
worth emphasizing that there is a statistical difference between the middle area and other areas over the 10 years 
of observation, which proves that this area was dominated by turfing, among other areas of observation.

Color. Figure 5 shows the color of turfs with a division into observation areas during 10 years of their use in 
the spring. The most attractive color was that of the middle area, which on average over 10 years had the value 
of the parameter C = 6.90 ± 0.76. This area’s most attractive color was noted for 2010–2014 (6.83–7.83). A slightly 
less attractive color was observed for the control (average 6.35 ± 0.62) and playing area (5.85 ± 0.83). The areas 
with the least attractive color were the penalty box and goal area, which on average during the experiment, were 

Figure 3.  Changes in the density in spring in individual parts of the football turf field during 10 years of 
research (2005–2014).

Figure 4.  Changes in the density in autumn in individual parts of the football turf field during 10 years of 
research (2005–2014).
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characterized by the parameters C = 3.63 ± 0.59 and 4.48 ± 0.64. In-terestingly, the least attractive color for these 
two areas was observed in 2007–2008 (3.25–3.50 for the penalty box, 3.75–4.00 for the goal area).

The color of the turfs for the autumn season was much less attractive than for the spring season (Fig. 6). 
The middle area over the 10 years of observation was characterized by the most attractive color (6.08 ± 0.73). 
Slightly lower values were noted for control (5.50 ± 0.68) and the playing area (5.15 ± 0.74), and the lowest for 
the goal area (3.78 ± 0.62) and penalty box (3.00 ± 0.68). Compared to the spring season, most observed areas 
were characterized by the most attractive color in 2006 and 2014. There were also no clear downward/upward 
trends in the turf color and the increase in the turf age.

Table 7 shows the statistically significant changes in turf color between the areas of the game in the first and 
last years of the game and over 10 years. It can be seen that both in the first year, the last year, and the entire study 
period, there were statistically significant differences between the observation sites. It should be emphasized that 
Penalty Box had the worst least attractive color (statistically significantly) in the spring and autumn season).

Turf functional value (Wum). Figure 7 shows the changes in the functional value of the turfs depending 
on the year and area of observation over 10 years in spring. On average, the middle area was characterized by the 
most significant visual value (7.39 ± 0.43). Along with the increasing turf age (subsequent years of observation), 
a slightly increasing trend was observed in turf visual value in this area  (R2 = 0.1179). Slightly lower values of 
the Wum parameter were obtained for the playing area (6.44 ± 0.48) and control (6.69 ± 0.41). For these areas, a 

Table 6.  Statistically significant changes in the density during the first year of play, last year of play, and 
decade of play. The same marking in column (a, b, c, d, e) indicate no statistical differences (p = 0.05) according 
to Tukey HSD test (in season).

Part of field First year of play (2005) Last year of play (2014) Decade of play (2005–2014)

Spring

Control 6.75a ± 0.50 6.00a ± 0.82 6.60a ± 0.68

Penalty box 4.50b ± 0.58 3.25b ± 0.50 3.78b ± 0.73

Goal area 5.00bc ± 0.82 4.00b ± 0.82 4.58c ± 0.78

Playing area 6.50ac ± 0.58 6.25a ± 0.96 6.38a ± 0.70

Middle area 6.75a ± 0.96 7.00a ± 0.82 7.27d ± 0.72

Autumn

Control 6.28a ± 0.55 5.50a ± 0.58 5.66a ± 0.75

Penalty box 4.00b ± 0.00 3.50b ± 0.58 3.35b ± 0.70

Goal area 4.75b ± 0.50 4.00b ± 0.82 3.95c ± 0.81

Playing area 6.25a ± 0.50 5.50a ± 0.58 5.58a ± 0.75

Middle area 6.98a ± 0.78 6.50a ± 0.58 6.37d ± 0.70

F-value
Spring 9.15 20.66 166.92

Autumn 21.49 19.50 116.11

p-value
Spring 0.001 0.000 0.000

Autumn 0.000 0.000 0.000

Figure 5.  Changes in the color in spring in individual parts of the football turf field during 10 years of research 
(2005–2014).
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slight downward trend was observed over the years  (R2 = 0.0395 and 0.2126, respectively). On the other hand, 
for the areas characterized by the lowest values of the Wum parameter—goal area (4.84 ± 0.64) and penalty box 
(4.04 ± 0.66), the downward trends were much more pronounced  (R2 = 0.4503 and 0.6140 respectively).

Figure 8 shows the changes in the functional value of the turfs (Wum) depending on the year and area 
of observation over 10 years in autumn. The functional value of the turfs in the fall was lower than in the 
spring. Nevertheless, the same classification was kept as in the case of spring: middle area (6.45 ± 0.50) > control 
(5.81 ± 0.55) > playing area (5.65 ± 0.58) > goal area (3.78 ± 0.62) > penalty box (3.45 ± 0.66). However, it is worth 
noting the impact of the turf age on the development of the functional value of the turf at individual observation 
sites. In the case of the middle area and playing area—slight downward trends were observed  (R2 = 0.0385 and 
0.1213, respectively), which may indicate that over the years, this place was characterized by a turf with constant 
visual parameters. A different situation was observed for the other observation sites for which the value of the 
Wum parameter showed a downward trend in the subsequent years of observation  (R2 = 0.3059 for goal area, 
 R2 = 0.3908 for penalty box and  R2 = 0.6859 for control).

It can be observed that both at the beginning and the end of the observation, the observation sites showed 
statistically significant differences (Table 8). During the 10 years of observation, both in the spring and autumn, 

Figure 6.  Changes in the color in autumn in individual parts of the football turf field during 10 years of 
research (2005–2014).

Table 7.  Statistically significant changes in the color during the first year of play, last year of play, and decade 
of play. The same marking in column (a, b, c, d, e) indicate no statistical differences (p = 0.05) according to 
Tukey HSD test (in season).

Part of field First year of play (2005) Last year of play (2014) Decade of play (2005–2014)

Spring

Control 6.00ac ± 0.82 6.75a ± 0.50 6.35d ± 0.62

Penalty box 3.50b ± 0.50 3.75b ± 0.50 3.63a ± 0.59

Goal area 4.75bc ± 0.50 4.50b ± 0.58 4.48b ± 0.64

Playing area 6.25a ± 0.50 6.25a ± 0.96 5.85c ± 0.83

Middle area 6.75a ± 0.50 7.00a ± 0.82 6.90e ± 0.76

Autumn

Control 5.50a ± 0.58 5.75ab ± 0.96 5.50a ± 0.68

Penalty box 2.75b ± 0.50 3.75c ± 0.96 3.00b ± 0.68

Goal area 4.00b ± 0.82 4.50ac ± 0.58 3.78c ± 0.62

Playing area 5.50a ± 0.58 5.50ab ± 0.56 5.15a ± 0.74

Middle area 6.25a ± 0.50 6.50b ± 0.58 6.08d ± 0.73

F value
Spring 19.79 22.33 147.67

Autumn 21.61 10.72 129.22

p value
Spring 0.000 0.000 0.000

Autumn 0.000 0.000 0.000
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most of the observation sites differed statistically from each other. The exceptions were control and playing area, 
which the same homogeneous group characterized.

Relationship between parameters. Figure 9 shows the values of the correlation coefficients between the 
parameters included in the turf evaluation. It can be observed that for the evaluated parameters, the obtained 
coefficients are relatively high (0.706–0.946). The highest values of the coefficients were obtained for the Wum 
parameter, but it is a component of  AO, D,and C. Nevertheless, the obtained high rates between  AO, D and C 
(0.706–0.814) suggest a high possibility of predicting other parameters with the knowledge of one key factor 
(Overall Aspect).

Discussion
The aim of this research was to examine the appearance and performance characteristics of football turf over a 
period of ten years, focusing on different zones of a football field. The overall perception by players of the quality 
of the pitch, i.e. its overall appearance (aesthetics often correlated with the actual condition of the field), which has 
an influence on the comfort of the game, playability, and the risk of  injury54–56. From the technical point of view, 
according to  Grabowski57, based on own and others  observations58–67, natural turf grass sports fields may vary 

Figure 7.  Changes in the turf functional value (Wum) in spring in individual parts of the football turf field 
during 10 years of research (2005–2014).

Figure 8.  Changes in the turf functional value (Wum) in autumn in individual parts of the football turf field 
during 10 years of research (2005–2014).



10

Vol:.(1234567890)

Scientific Reports |        (2023) 13:15580  | https://doi.org/10.1038/s41598-023-42562-8

www.nature.com/scientificreports/

within the pitch due to diversified player movement, pitch type and its structure, pitch management (irrigation, 
fertilization, pest and disease control), weather and climatic conditions, grass species, substrate type, fertility, 
granulometric composition, physicochemical properties, the intensity of  use57–67. As expected, it was confirmed 
that the bonitation value of the football turf is highly variable, depending on the year of observation and the 
examination area. Prolonged observation of the turf can therefore be an exciting tool in determining the period 
after which there is a rapid decline in the quality of the turf, to select the appropriate date for its renovation. Pri-
marily, it has been observed that the areas with the lowest visual and functional values are the goal area and the 
penalty box, which is also similar to the results obtained in the previous  work47 and the experiment conducted 
by Grabowski et al.57. This phenomenon may be related to the fact that these places are mainly exploited because 
they are critical areas associated with gaining an advantage in the game (increased probability of scoring a goal)68.

Additionally, research by Ruiz-Ruiz et al.69 showed that entering the penalty area can be considered an indica-
tor of performance, differentiating between winning and losing teams. Hence, the high inrun frequency of both 
defending and attacking players could cause trampled grass to lose quality, resulting in a deterioration in the 
density and overall aspect of the turf. These areas (penalty box, goal area) are classified as particularly susceptible 
to wear and excessive surface  damage70. In addition, these areas are particularly at risk of creating plantless spots 
due to goalkeeper interventions (Fig. 10), which result in the body falling to the  ground71,72 and damaging the 
surface (requiring overseeding, which is not always possible due to the ongoing league season). As can be seen 
from the obtained results, it had a lower tendency to deteriorate quality, along with turf age in areas character-
ized by a higher functional value (middle area, playing area) in the first evaluation periods. It is, therefore, likely 
that the penalty box and goal area, which tended to deteriorate in their functional value with the intensity of 
use, may have been damaged (i.e. due to too frequent massive trampling) in the first years of use. The high level 
of damage could make the grass unable to regenerate and fill the gaps in turf, or due to continued intensive use 
(league matches, training, tournaments through the year), the grass mixture was not allowed to be torn quickly 
to fill in spots and damaged marks. However, to confirm this thesis in the future, observations throughout the 
league season and continuous monitoring of the quality of the turf in every match/training unit are necessary.

Our research also showed high variability of the evaluated parameters (overall aspect, density, color, func-
tional value) in seasonality and years of observation. In general, all parameters tested had a higher value in spring 

Table 8.  Statistically significant changes in the color during the first year of play, last year of play, and decade 
of play. The same marking in column (a, b, c, d, e) indicate no statistical differences (p = 0.05) according to 
Tukey HSD test (in season).

Part of field First year of play (2005) Last year of play (2014) Decade of play (2005–2014)

Spring

Control 6.90a ± 0.28 6.42b ± 0.50 6.69a ± 0.41

Penalty box 5.07b ± 0.19 3.59a ± 0.17 4.04b ± 0.66

Goal area 5.83c ± 0.26 4.34a ± 0.27 4.84c ± 0.64

Playing area 6.92a ± 0.20 6.42b ± 0.56 6.44a ± 0.48

Middle area 7.23a ± 0.51 7.37d ± 0.05 7.39d ± 0.43

Autumn

Control 6.41a ± 0.29 5.58a ± 0.42 5.81a ± 0.55

Penalty box 4.45b ± 0.34 3.58b ± 0.69 3.45b ± 0.66

Goal area 5.32c ± 0.49 4.34b ± 0.61 4.14c ± 0.79

Playing area 6.50a ± 0.33 5.76a ± 0.16 5.65a ± 0.58

Middle area 7.01a ± 0.35 6.59a ± 0.42 6.45d ± 0.50

F value
Spring 34.10 172.54 262.76

Autumn 31.65 26.52 155.93

p value
Spring 0.000 0.000 0.000

Autumn 0.000 0.000 0.000

Figure 9.  Heatmap for correlation coefficients (r) for evaluated parameters.
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than in autumn, which was also con-firmed in the experiments conducted by Salman et al. and Kir et al.73,74. 
In the context of long-term evaluation of specific turf areas, two cases can be observed: either the functional 
value of the areas does not change significantly with the aging of the turf, or there is a clear downward trend in 
the functional value of the turf with the aging of the turf. The first case concerns the middle area and playing 
area, which were probably areas that were less degraded by the players, which made the grass regenerate more 
quickly, and the surface could be renovated in a more straightforward way, which allowed for the continuity of 
similar visual and functional characteristics of the turf. The second case, which occurs mainly for the penalty 
box and goal area as one of the potential explanations, can probably be explained by the continuing degradation 
of these areas over the years due to their high importance in the game. Additionally, depending on the composi-
tion of grasses, the density of shoots changes significantly over the years. Other research has shown that with 
age in complex cenoses the density of shoots increases, and in monotypes, it  decreases75. It is true that initially, 
a diversified mixture of grasses of various compositions was sown on the evaluated football field (three-species 
mix). However, previous experiments allowed to conclude that over the years, the share of individual compo-
nents of lawn mixtures undergoes significant changes compared to the original  composition47, the maintenance 
of which is almost impossible. This phenomenon could be especially true for Lolium perenne, which had the 
highest share in the initial mixture and showed an unfavorable reaction to temperature fluctuations and summer 
 drought47,76,77. Hence, the percentage of species that develop less dense shoots may have increased on the  turf75. 
The decreasing shoot density, especially in the penalty box and playing area areas, significantly contributed to the 
deterioration of the functional value of the turf as it correlates with visual turf  quality75,78. However, to confirm 
this statement, subsequent research should focus on observing the species composition of the turfs and their 
changes over many years of examination.

Conclusion
Main conclusion of performed observations. The conducted assessment showed that, based on long-
term observation (10 years), the visual and functional characteristics of intensively used natural grass turf differ 
significantly in terms of seasonality, year of observation, and playing field area. The turf with better aesthetic 
values was noted in the spring seasons.

The penalty box and goal area had the most negligible favorable functional value. They differed significantly 
in this respect from the middle area and playing field (which showed relatively high values of visual-functional 
parameters). Such a phenomenon is most likely dictated by the fact that these areas are critical areas in terms of 
gaining an advantage in the game (frequent runs, tackles, interventions) and have the potential to create areas 
without plants that require additional overseeding (which is often impossible during the season), due to the 
possibility of cavities and frequent interventions by the goalkeeper, ending with the body falling onto the turf 
and damaging the grass surface.

Additionally, in most cases, a downward trend in functional value was observed with the age of the turf. It is 
an essential find in the context of the use of intensively used natural grass turf in the context of estimating the 
timing of the field renovation and financial outlays related to maintaining the turf properly.

Limitations of the research. Despite the standard methodology and parameterization of the results, sev-
eral factors could have disturbed the long-term observations of the turf proposed in the manuscript. In addition 
to the complexity of the visual statement of the aesthetics of the turf, it is worth mentioning, among others, the 
possibility of changing the percentage of grass species and their varieties, which could significantly change over 
the entire field during a long observation period. In addition, observations of all football matches and training 
units conducted on the turf were not performed, so the damage could have occurred in other ways than those 
mentioned in the conclusions and discussion. It is also worth noting that despite the training sessions being 
conducted across the entire turf, some areas could have been exploited more heavily, making it easier for them 
to degrade in the match.

Figure 10.  Typical turf damage within the penalty box/goal area due to goalkeeper interventions (own photo).
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Future recommendations. The manuscript also creates a space for further research in the context of 
observing long-term changes in the functional and visual characteristics of the natural turfs with a shorter 
observation interval and determining the changes in the percentage share of grass species and varieties in turf 
and its impact on the visual and functional characteristics in a specified period. In addition, it is recommended 
to carefully observe the turf before and after training/match units to determine the degree of improvement in 
the quality of the turf through standard agro and pratotechnical treatments. Future research should also focus 
on combining two scientific disciplines (sports and agronomy) to determine the possibility of obtaining and 
practical use of the correlation between the analysis of the football game and the bonitation value of the turf.

Data availability
All data generated or analysed during this study are included in this published article [and its supplementary 
information files].

Received: 5 April 2023; Accepted: 12 September 2023

References
 1. Calhoun, R., Sorochan, L., Sorochan, J., Rogers III, J. & Crum, J. Optimizing cultural practices to improve athletic field performance. 

Michigan State University Extension, Bulletin E18TURF. Accessed 17 Sep 2023. Available online: https:// www. canr. msu. edu/ uploa 
ds/ resou rces/ pdfs/ optim izing_ cultu ral_ pract ices_ to_ impro ve_ athle tic_ field_ perfo rmance_ (e0018). pdf (2002).

 2. Godlewski, P. Global and local dimension of contemporary sport. Zesz. Nauk. Uniw. Szczec. Ekon. Probl. Usł. 78, 9–22 (2011).
 3. Mathew, S., Seetharamu, G. K., Dileepkumar, M. & Satish, D. Grasses for sports grounds and its influence on playing quality: A 

review. J. Pharmacogn. Phytochem. 10, 17–26 (2021).
 4. Waśkowski, Z. Integrative role of sport in the contemporary world. Zesz. Nauk. Uniw. Szczec. Ekon. Probl. Usł. 78, 25–34 (2011).
 5. Walczak, M. & Tomczak, M. The quality of life as an effect of psychological need fulfillment and diversification of motivation to 

sports activity. Zesz. Nauk. Uniw. Szczec. Ekon. Probl. Usł. 78, 219–240 (2011).
 6. Strategia Rozwoju Kapitału Ludzkiego 2030 (SRKL2030). Accessed 17 Sep 2023. Available online: https:// www. gov. pl/ web/ ia/ strat 

egia- rozwo ju- kapit alu- ludzk iego- 2030- srkl2 030.
 7. Borge, S., Smith, M. & Bruun Vaage, M. The aesthetics of football. Sport Ethics Philos. 9, 93–96 (2015).
 8. Hadzik, A. & Grabara, M. Investments in recreational and sports infrastructure as a basis for the development of sports tourism 

on the example of spa municipalities. Pol. J. Sport Tour. 21, 97–101 (2014).
 9. FIFA quality programme for natural playing surfaces (2021). Edition 1.0. Accessed 17 Sep 2023. Available online: https:// digit 

alhub. fifa. com/m/ 4901b 0f4f3 0f534f/ origi nal/ FIFA- Quali ty- Progr amme- for- natur al- playi ng- surfa ces- Octob er- 2021- Editi on-V- 1. 
pdf (2021).

 10. Panfil, R. Sportowe i rekreacyjne nawierzchnie trawiaste w polsce - Stan i perspektywy. Przegląd Nauk. Inżynieria Kształtowanie 
Środowiska Sci. Rev. Eng. Environ. Sci. 1, 350–356 (2002).

 11. Samaranayake, H., Lawson, T. J. & Murphy, J. A. Traffic stress effects on bentgrass putting green and fairway turf. Crop Sci. 48, 
1193 (2008).

 12. Brosnan, J. T. & Deputy, J. Managing bermudagrass athletic fields. UH–CTAHR, TM-6. Accessed 17 Sep 2023. Available online: 
https:// www. ctahr. hawaii. edu/ oc/ freep ubs/ pdf/ TM-6. pdf (2007).

 13. McNitt, A. S., Landschoot, P. J. & Waddington, D. V. Effects of turfgrass, cutting height and soil conditions on traction. Acta Hortic. 
https:// doi. org/ 10. 17660/ ActaH ortic. 2004. 661.2 (2004).

 14. Wolski, K. Analiza wybranych elementów gry w piłkę nożną na murawie przed i po renowacji. Przegląd Naukowy Inżynieria 
Kształtowanie Środowiska Sci. Rev. Eng. Environ. Sci. 1, 210–213 (2002).

 15. Wolski, K. et al. The influence of the grass mixture composition on the quality and suitability for football pitches. Sci. Rep. 11, 
20592 (2021).

 16. Chivers, I. Turfgrass sports surfaces and their relationship to player injuries. Acta Hortic. https:// doi. org/ 10. 17660/ ActaH ortic. 
2008. 783. 11 (2008).

 17. Orchard, J. W. Rye grass is associated with fewer non-contact anterior cruciate ligament injuries than bermuda grass. Br. J. Sports 
Med. 39, 704–709 (2005).

 18. Ekstrand, J., Timpka, T., Hagglund, M. & Karlsson, J. Risk of injury in elite football played on artificial turf versus natural grass: 
A prospective two-cohort study * Commentary. Br. J. Sports Med. 40, 975–980 (2006).

 19. Wolski, K., Czarnecki, J., Brennensthul, M. & Ptak, W. Color assessment of selected lawn grass mixtures. Grassl. Sci. 67, 198–206 
(2021).

 20. Caturegli, L. et al. Normalized difference vegetation index versus dark green colour index to estimate nitrogen status on bermu-
dagrass hybrid and tall fescue. Int. J. Remote Sens. 41, 455–470 (2020).

 21. Richards, C. W. & Baker, S. W. The effect of sward height on ball roll properties for association football. J. Sports Turf. Res. Inst. 68, 
124–127 (1992).

 22. Wolski, K., Gawęcki, J., Bartmański, A., Sokulska, D. & Baranowski, M. Suitability of turfgrass species, varieties and mixtures for 
turfing football grounds. Sci. J. Wroc. Univ. Environ. Life Sci. Ser. Agron. LXXXVIII 545, 285–290 (2006).

 23. Mooney, S. J. & Baker, S. W. The effects of grass cuttings height and pre-match rolling and watering on fotball pitch ground cover 
and playing quality. J. Turfgrass Sci. 76, 70–77 (2000).

 24. Lamp, C. A., Forbes, S. J. & Cade, J. W. Grasses of Temperate Australia: A Field Guide (CH Jerram Sc. Publ, 2001).
 25. Radkowski, A., Radkowska, I., Bocianowski, J., Wolski, K. & Bujak, H. Effect of amino acid and titanium foliar application on 

smooth-stalked meadow grass (Poa pratensis L.) macronutrient content. Appl. Sci. 11, 11421 (2021).
 26. Domański, P. Gatunki i odmiany traw w miesaznkach na trawniki i boiska sportowe. Przegląd Naukowy Inżynieria i Kształtowanie 

Środowiska Sci Rev. Eng. Environ. Sci. 1, 83–105 (2002).
 27. Mańkowski, D., Laudański, Z., Martyniak, D. & Flaszka, M. The structure of multivariable cultivar variation of Poa pratensis L.. 

Biul IHAR 254, 189–202 (2009).
 28. Prończuk, S. & Żurek, G. The effect of different environmental conditions on visual merit of turf grasses. Plant Breed Seed Sci. 57, 

35–44 (2008).
 29. Stier, J. C., Koeritz, E. J. & Garrison, M. Timing the establishment of kentucky bluegrass: Perennial ryegrass mixtures for football 

fields. HortScience 43, 240–244 (2008).
 30. Żurek, G., Prończuk, S. & Żyłka, D. Ocena przydatności ekotypów wiechliny łąkowej (Poa pratensis L.) do warunków intensywnego 

użytkowania traw-nikowego. Zeszyty Problemowe Postępów Nauk Rolniczych 474, 141–145 (2001).
 31. Fry, J. D. & Huang, B. Applied Turfgrass Science and Physiology (Wiley, UK, 2004).

https://www.canr.msu.edu/uploads/resources/pdfs/optimizing_cultural_practices_to_improve_athletic_field_performance_(e0018).pdf
https://www.canr.msu.edu/uploads/resources/pdfs/optimizing_cultural_practices_to_improve_athletic_field_performance_(e0018).pdf
https://www.gov.pl/web/ia/strategia-rozwoju-kapitalu-ludzkiego-2030-srkl2030
https://www.gov.pl/web/ia/strategia-rozwoju-kapitalu-ludzkiego-2030-srkl2030
https://digitalhub.fifa.com/m/4901b0f4f30f534f/original/FIFA-Quality-Programme-for-natural-playing-surfaces-October-2021-Edition-V-1.pdf
https://digitalhub.fifa.com/m/4901b0f4f30f534f/original/FIFA-Quality-Programme-for-natural-playing-surfaces-October-2021-Edition-V-1.pdf
https://digitalhub.fifa.com/m/4901b0f4f30f534f/original/FIFA-Quality-Programme-for-natural-playing-surfaces-October-2021-Edition-V-1.pdf
https://www.ctahr.hawaii.edu/oc/freepubs/pdf/TM-6.pdf
https://doi.org/10.17660/ActaHortic.2004.661.2
https://doi.org/10.17660/ActaHortic.2008.783.11
https://doi.org/10.17660/ActaHortic.2008.783.11


13

Vol.:(0123456789)

Scientific Reports |        (2023) 13:15580  | https://doi.org/10.1038/s41598-023-42562-8

www.nature.com/scientificreports/

 32. Pląskowska, E., Wolski, K., Moszczyńsk, E. & Kaczmarek, J. Badania zdrowotności gatunków i odmian traw gazonowych oraz ich 
mieszanek przeznaczonych do zakładania muraw piłkarskich. Zesz. Nauk. Uniw. Przyr. We Wrocławiu Rol 545, 211–219 (2006).

 33. Brede, A. D. Blending kentucky bluegrass cultivars of different quality performance levels. Crop Sci. 44, 561–566 (2004).
 34. Brede, A. D. Multi-way kentucky bluegrass blends and their effect on turfgrass quality. Acta Hortic. https:// doi. org/ 10. 17660/ ActaH 

ortic. 2008. 783.1 (2008).
 35. Martyniak, D. Cechy biologiczne warunkujące wartość gazonową i nasienną wiechliny łąkowej (Poa pratensis L.) w świetle litera-

tury. Biul IHAR 228, 335–344 (2003).
 36. Minner, D. D., Valverde, F. J. & Pirtle, R. M. Seeding rates that maximize turf cover when sown during traffic. Acta Hortic. https:// 

doi. org/ 10. 17660/ ActaH ortic. 2008. 783.5 (2008).
 37. Żyłka, D., Prończuk, S. & Prończuk, M. Porównanie kępowych i rozłogowych podgatunków kostrzewy czerwonej (Festuca rubra 

L.) pod względem przydatności na użytkowanie trawnikowe i nasienne. Zesz. Probl. Postępów Nauk Rol. 474, 103–112 (2001).
 38. Parsons, L. & Griffin, J. 2019 national turfgrass evaluation program bermudagrass test: 2019–2020 data. Kans. Agric. Exp. Stn. Res. 

Rep. 7, 5 (2021).
 39. Domański, P. System of research and evaluation of varieties of lawn grasses in Poland. Biul IHAR 183, 251–263 (1992).
 40. Kowalewski, A., Stahnke, G., Cook, T. & Goss, R. Best management practices for construction of sand-based natural grass athletic 

fields for football and soccer. Pac. Northwest Ext. Publ. PNW 675, 1–13 (2015).
 41. Stiles, V. H., James, I. T., Dixon, S. J. & Guisasola, I. N. Natural turf surfaces: The case for continued research. Sports Med. 39, 65–84 

(2009).
 42. Nigg, B. M. & Yeadon, M. R. Biomechanical aspects of playing surfaces. J. Sports Sci. 5, 117–145 (1987).
 43. Baker, S. Temporal variation of selected mechanical properties of natural turf football pitches. J. Sports Turf Res. Inst. 67, 83–92 

(1991).
 44. James, I. T., Blackburn, D. W. K. & Godwin, R. J. Mole drainage as an alternative to sand slitting in natural turf sports surfaces on 

clays. Soil Use Manag. 23, 28–35 (2007).
 45. James, I. T., Hann, M. J. & Godwin, R. J. Design and operational considerations for the use of mole ploughing in the drainage of 

sports pitches. Biosyst. Eng. 97, 99–107 (2007).
 46. Md. Masud-All-Kamal. Natural grass vs synthetic surfaces for recreation and sports: An evidence review. (2019). University of 

Adelaide. https:// doi. org/ 10. 13140/ RG.2. 2. 20840. 08969
 47. Wolski, K. et al. Visual and functional evaluation of football turf. EJPAU 19(01) (2016).
 48. Ramos, J., Lopes, R. J., Marques, P. & Araújo, D. Hypernetworks reveal compound variables that capture cooperative and competi-

tive interactions in a soccer match. Front. Psychol. 8, 1379 (2017).
 49. Fernández, J. & Bornn, L. Wide open spaces: A statistical technique for measuring space creation in professional soccer (2018). 

MIT Sloan Sports Analytics Conference.
 50. Miller, G. L. Analysis of soccer field surface hardness. Acta Hortic. https:// doi. org/ 10. 17660/ ActaH ortic. 2004. 661. 36 (2004).
 51. Wolski, K. et al. The assessment of usable features of football pitch turfon the example of KS AZS Wrocław. Łąkarstwo W Polsce 

Grassl. Sci. Pol. 18, 241–254 (2015).
 52. Klimat Wroclaw. Accessed 29 July 2023. Available online: https:// pl. clima te- data. org/ europa/ polska/ lower- siles ian- voivo deship/ 

wrocław- 4531/.
 53. Radkowski, A., Radkowska, I., Bocianowski, J., Sladkovska, T. & Wolski, K. The effect of foliar application of an amino acid-based 

biostimulant on lawn functional value. Agronomy 10, 1656 (2020).
 54. Harper, J. C., Moorehouse, C. A., Waddington, D. V. & Buckley, W. E. Turf management, athletic field conditions, and injuries in 

high school football. Prog. Rep. 384 (1984).
 55. Corlan, C. E., Sărăţeanu, V., Cotuna, O. & Durău, C. C. Analysis of the seasonal evolution of a sport turf surface from motru (Gorj 

County) – Case study. Res. J. Agric. Sci. 51, 206–212 (2019).
 56. Roberts, J., Osei-Owusu, P., Harland, A., Owen, A. & Smith, A. Elite football players’ perceptions of football turf and natural grass 

surface properties. Procedia Eng. 72, 907–912 (2014).
 57. Grabowski, K., Pawluczuk, J., Grzegorczyk, S., Łachacz, A. & Grabowski, K. Physicochemical properties of the substrate and the 

functional quality of football turf. J. Elem. https:// doi. org/ 10. 5601/ jelem. 2021. 26.2. 2150 (2021).
 58. Anderson, F. D., Fleming, P. R., Sherratt, P. J. & Severn, K. Novel field equipment for assessing the stability of natural and hybrid 

turfs. Sports Eng. 21, 321–331 (2018).
 59. Grabowski, K., Grzegorczyk, S., Łachacz, A. & Olszewska, M. Functional characteristics of a grass swardas per an athletic field at 

the Universityof Warmia and Mazury in Olsztyn. Pol. J. Environ. Stud. 29, 3589–3596 (2020).
 60. Laudański, Z., Prończuk, S. & Prończuk, M. A proposed synthesis of turf characteristics for assessment of the value of Festuca ssp. 

cultivars. Biul IHAR 233, 181–194 (2004).
 61. Domański, P. Methods of studying economical value of cultivars of field crops. Agricultural plants. Turf (lawn) Grasses (1998).
 62. Huang, B., DaCosta, M. & Jiang, Y. Research advances in mechanisms of turfgrass tolerance to abiotic stresses: From physiology 

to molecular biology. Crit. Rev. Plant Sci. 33, 141–189 (2014).
 63. Canaway, P. M. A comparison of different methods of establishment using seed and sod on the cover and playing quality of turf 

for football. J. Sports Turf Res. Inst. 66, 9–28 (1990).
 64. Kosmala, G. Modern methods of establishment sport field grass. Przegląd Komunal. 8, 43–46 (2004).
 65. Russi, L. et al. Turf quality of cool season grasses at low inputs: Reliability across years, seasons and sites of evaluation. Acta Hortic. 

https:// doi. org/ 10. 17660/ ActaH ortic. 2004. 661. 53 (2004).
 66. Turgeon, A. J. Turfgrass Management (Pearson/Prentice Hall, 2005).
 67. Thanheiser, S. Y., Grashey-Jansen, S. & Armbruster, G. Hardness measurement of natural and hybrid turf soccer fields. Sports Eng. 

21, 367–377 (2018).
 68. Njororai, W. W. S. Analysis of goals scored in the 2010 world cup soccer tournament held in South Africa. J. Phys. Educ. Sport JPES 

13, 6–13 (2013).
 69. Ruiz-Ruiz, C., Fradua, L., Fernández-GarcÍa, Á. & Zubillaga, A. Analysis of entries into the penalty area as a performance indicator 

in soccer. Eur. J. Sport Sci. 13, 241–248 (2013).
 70. Football Victoria (Melbourne, Australia). Construction & Management. Natural Turf Pitches Guide. Accessed 17 Sep 2023.  online: 

https:// footb allvi ctori afaci lities. com. au/ wp- conte nt/ uploa ds/ 2019/ 03/ FV- NATUR AL- TURF- PITCH ES- GUIDE. pdf.
 71. Muracki, J., Klich, S., Kawczyński, A. & Boudreau, S. A. Injuries and pain associated with goalkeeping in football—Review of the 

literature. Appl. Sci. 11, 4669 (2021).
 72. Di Paolo, S., Santillozzi, F., Zinno, R., Barone, G. & Bragonzoni, L. On-field biomechanical assessment of high and low dive in 

competitive 16-year-old goalkeepers through wearable sensors and principal component analysis. Sensors 22, 7519 (2022).
 73. Salman, A., Kir, B. & Avcioglu, R. Effect of cutting heights on the turf and playing quality traits of some turf alternatives in a 

mediterranean environment. Turk. J. Field Crop 24, 261–267 (2019).
 74. Kir, B., Avcioglu, R., Salman, A. & Ozkan, S. S. Turf and playing quality traits of some new turfgrass alternatives in a mediterranean 

environment. Turk. J. Field Crops https:// doi. org/ 10. 17557/ tjfc. 562628 (2019).
 75. Khussainova, I. Age-related changes in lawn phytocenoses of various species. BIO Web Conf. 24, 00036 (2020).
 76. Prończuk, S. Technological Conditioning in the Cultivation and the Evaluation of Lawns. Sci. Rev. Eng. Environ. Sci. 24, 70–78 

(2002).

https://doi.org/10.17660/ActaHortic.2008.783.1
https://doi.org/10.17660/ActaHortic.2008.783.1
https://doi.org/10.17660/ActaHortic.2008.783.5
https://doi.org/10.17660/ActaHortic.2008.783.5
https://doi.org/10.13140/RG.2.2.20840.08969
https://doi.org/10.17660/ActaHortic.2004.661.36
https://pl.climate-data.org/europa/polska/lower-silesian-voivodeship/wrocław-4531/
https://pl.climate-data.org/europa/polska/lower-silesian-voivodeship/wrocław-4531/
https://doi.org/10.5601/jelem.2021.26.2.2150
https://doi.org/10.17660/ActaHortic.2004.661.53
https://footballvictoriafacilities.com.au/wp-content/uploads/2019/03/FV-NATURAL-TURF-PITCHES-GUIDE.pdf
https://doi.org/10.17557/tjfc.562628


14

Vol:.(1234567890)

Scientific Reports |        (2023) 13:15580  | https://doi.org/10.1038/s41598-023-42562-8

www.nature.com/scientificreports/

 77. Jankowski, K., Jodełka, J., Ciepiela, G. A. & Kolczarek, R. Assesment of lawn grasses in extensive lawn utilization. Biul IHAR 225, 
259–265 (2003).

 78. Bruneau, A. H., Newell, A. J. & Crossley, F. M. E. Comparative performance of bentgrass species and cultivars in close mown turf. 
J. Turfgrass Sci. 76, 63–69 (2000).

Author contributions
Conceptualization, K.W.; methodology, K.W.; software, L.S. validation, H.B., K.W.; formal analysis, H.B., L.S., 
K.W.; investigation, K.W.; resources, K.W.; data curation, L.S., K.W., writing original draft preparation, H.B., 
L.S., K.W.; writing—review and editing, H.B., L.S. and K.W. supervision, K.W.; project administration, L.S. and 
K.W, funding, H.B.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Ł.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Bonitation assessment of intensively used football turf depending on the date and area of observation
	Materials and methods
	Study site. 
	Turf characteristics. 
	Frequency of use of football turf. 
	Pratotechnical and agrotechnical treatments on football turf. 
	Bonitation assesment. 
	Climate and weather conditions at the observation site. 
	Statistical analysis. 

	Results
	Main results of statistical analysis. 
	Overall aspect. 
	Density. 
	Color. 
	Turf functional value (Wum). 
	Relationship between parameters. 

	Discussion
	Conclusion
	Main conclusion of performed observations. 
	Limitations of the research. 
	Future recommendations. 

	References


