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Influence of the Multi-Component

Mineral-Organic Concentrate on the

Bonitation Value of Turfgrass.

Agronomy 2023, 13, 855. https://

doi.org/10.3390/agronomy13030855

Academic Editor: Juan M. Ruiz

Received: 23 February 2023

Revised: 10 March 2023

Accepted: 13 March 2023

Published: 15 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

agronomy

Article

The Influence of the Multi-Component Mineral-Organic
Concentrate on the Bonitation Value of Turfgrass
Adam Radkowski 1,* , Iwona Radkowska 2, Karol Wolski 3, Henryk Bujak 4,5 and Łukasz Jeleń 6
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Abstract: Multi-component fertilization has been found to have effects on grass metabolism, such
as the stimulation of life processes and the reduction of adverse environmental conditions and
pathogens. The research aimed to determine the bonitation value (assessment of the value in use)
of turfgrass under the influence of using a multi-ingredient fertilizer. The experiment was carried
out at the Experimental Station of the University of Agriculture in Krakow (Poland). The solution
was applied through foliar application at three rates: 1.0, 2.0, and 3.0 L·ha−1. This fertilizer contains
essential minerals and growth stimulants. An increase in the concentration of the test fertilizer used
for spraying was associated with increased effectiveness. The plants with the highest dose of the
multi-component fertilizer (treatment III) were characterized by the highest aesthetic values. The
use of the concentrate reduced the occurrence of fungal plant diseases. Compared to control plants,
13% less snow mold infection and 25% fewer brown leaf spots were found. Satisfactory effects were
also obtained on objects where mineral-organic concentrate was applied at a dose of 2.0 L·ha−1

(treatment II). Plants that received Treatment II and III resulted in 9% less snow mold and 15% less
brown leaf spot compared to controls. In the object with the highest concentration dose (treatment III),
the green index (NDVI) was also higher by 8% and the leaf greenness index (SPAD) by 7% compared
to the plants from the control objects.

Keywords: bonitation value; turfgrass; multi-component fertilizer; growth stimulants; vegetation
indicators

1. Introduction

Sodded areas, including lawns, play an important role in aesthetics, landscapes and
recreation. By promoting various types of physical activity, lawns contribute to maintaining
the body and mind, thereby improving society’s health [1]. However, to fulfil these func-
tions, they need an appropriate quality. Heavy-duty grasses require special attention and
must be properly fertilized. Due to these high requirements and environmental concerns,
the use of growth stimulants can be a solution to reducing the use of agents that negatively
affect the natural environment and ensure adequate nutrition for plants. According to
the guidelines of the European Union [2], chemical and mineral plant protection products
should be replaced by natural preservatives. Consequently, biopreparations that enhance
the efficiency of the use of nutrients and support plant physiological processes are increas-
ingly popular [3]. The main purpose of biostimulators is to stimulate plant growth and/or
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reduce the adverse effects of stress factors such as salt, drought, temperature fluctuations,
and pathogens [4,5]. Due to their use, damage is quickly repaired [6]. Hormones and
biostimulators improve plant metabolic processes without directly altering their natural
pathways [3]. The most commonly used growth biostimulators include enzymes, proteins,
amino acids, microelements, and natural stimulants such as phenols, salicylic acids, humic
acids, fulvins, and protein hydrolases [7,8].

Recent studies and reviews in the literature have confirmed that non-protein structural
amino acids such as glutamate, histidine, proline, betaine, and glycine are used to protect
plants from environmental influences and activate metabolic pathways [9,10]. Several
nonprotein amino acids have also been shown to play an important role in plant defense
mechanisms [11]. Amination-based preparations in leaves and soils have been found to
increase nitrogen and iron metabolism, nutrient absorption [12–16] and the absorption of
water and macro and micronutrients [17,18].

Humic substances are natural components of organic matter derived from the decom-
position of plants, animals, microorganisms, and the activity of terrestrial organisms [5]. In
the soil, they form humic and fulvic acids and humins, humic acid was the most active [7].
Studies have shown positive effects on the appearance, cultivation, root systems, and
overall biomass of plants, so humic substances are currently used in many commercial
preparations for horticulture. Zhang et al. [15] and Mueller et al. [17] analyses of the impact
of commercial biostimulants on turf quality found that the evaluation of visual parameters
such as color and turf cover improved significantly, but they did not analyze the general
aspects. Beneficial effects on the quality characteristics of ryegrass prairie attribute the
effects of plant hormones related to the content of plant growth hormones [17].

Many researchers consider the use of biostimulators to be the most promising method
to support plant production and environmental protection [11,13,18]. The lack of complete
characteristics of plant processes and responses to certain biomaterials and their ingredients
has led scientists to investigate this problem. Therefore, the objective of the study was to
assess the effect of organic mineral concentrates on the aesthetics of well-used lawn flora.

2. Materials and Methods
2.1. Study Site

The experiment was conducted between the years 2020 and 2022 at the experimental
station of the University of Agriculture of Cracow (50◦07′ N, 20◦05′ E—moderate warm
transitional climate) on degraded chernozems (in Haplic Phaeozems (Siltic) soils) produced
from loess). The chemical properties of soils are shown in Table 1. These elements were
evaluated using the techniques described in [19].

Table 1. Chemical properties of soil in the study site.

Parameter/Element Amount Level/Range

pHKCl 7.6 alkaline
N (total nitrogen) 2.26 g·kg−1 soil –

P (available phosphorus) 62.35 mg·kg−1 soil medium
K (available potassium) 184.43 mg·kg−1 soil medium

Mg (magnesium) 40.24 mg·kg−1 soil high

2.2. Experiment Design and Pratotechnical Description

This experiment was conducted in accordance with agrotechnical recommendations
for the establishment of turf. The experiment was conducted using a combination of grasses
called Super Trawnik (Planta Sp.z.o.o., Tarnów, Poland) (Table 2).

In a 10 m2 area plot, the grass mixture was sown to 260.0 g m−2. The sowing date was
4 April 2020. The fertilizer used 65 kg N·ha−1, 33 kg P·ha−1, 124.5 kg K·ha−1 during the
sowing year, 190 kg N·ha−1, 34,9 kg P·ha−1, 124,5 kg K·ha−1 during the entire sowing year.
Nitrogen fertilizers are used in the form of 34 percent (N) ammonium nitrates (Ammonium
Nitrate, The Azoty Group “Puławy”, Poland), phosphate fertilizers—superphosphate
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enriched (17.4% P) (Superfosfat enriched, Fosfory Group Gdańsk, Poland) and potassium
fertilizers in the form of potassium salt (49.8% K) (Potassium chloride, Luvena, Poland).
During the growth period (April to September), the average mowing time is twice a month
to 4 cm. The plants are mowed after reaching 8 cm in height. The amount and height of
mowing were consistent with the standards of the COBORU (Research Centre for Cultivar
Testing) for “recreative” mixtures [20,21].

Table 2. Composition of evaluated grass mixture.

Grass Species Variety Share in Grass Mixture

Perennial Ryegrass (Lolium perenne L.) Stadion 12%
Perennial Ryegrass (Lolium perenne L.) Poppies 30%
Tall Fescue (Festuca arundinacea Shreb.) Fawn 20%

Red Fescue (Festuca rubra L.) Aniset 25%
Red Fescue (Festuca rubra L.) Reverant 13%

2.3. Experimental Factor

Experimental factors include spraying minerals and organic concentrates in the form
of QULTIVO fertilizers at three doses: 1, 2 and 3 Lha−1. The evaluated concentrates
include organic carbon, salt, amino acids, minerals, macroelements, and microelements.
The detailed composition is as follows: total nitrogen (N) content: 5.0%; total phosphorus,
expressed as phosphorus pentoxide (P2O5): 2.0%; total potassium, calculated as potassium
oxide (K2O): 3.5%; total calcium, expressed as calcium oxide (CaO): 0.22%, total magnesium,
expressed as magnesium oxide (MgO): 0.02%, total sulfur, calculated as sulfur trioxide
(SO3): 1.5%; total boron (B): 1.15%; total copper (Cu): 0.7%; total iron (Fe): 0.6%; total
manganese (Mn): 1.3%; total molybdenum (Mo): 0.05%; total zinc (Zn): 0.5%; total titanium
(Ti): 0.008%; dry matter (d.m.) content: 55.4%; organic matter: 53.0% d.m.; humic acids:
2.8%; fulvic acids: 1.2%; amino acid content: 2.2% d.m.

The evaluated mineral-organic concentrate is produced by QULTIVO sp. z o.o. in
Wielka Wieś (Poland: Szkolna 2 Street, 32-089 Wielka Wieś). During April, June and August,
fertilizer was applied three times during the growing season. Only water-sprayed plants
(which are also a solvent for biostimulants) serve as controls. Spray solutions are prepared
by dissolving sufficient amounts of biostimulants into water to create a spray liquid with a
volume of 0.3 m3·ha−1.

2.4. Weather Conditions

During the vegetation period (April-September), total precipitation in 2020 was
385.2 mm, 633.0 mm in 2021, and 299.6 mm in 2022 (Figure 1). During the study pe-
riod, average air temperatures were 16.5 ◦C (2020), 15.3 ◦C (2021) and 15.8 ◦C (2022). In
longer drought periods, irrigation (watering) was systematically applied at intervals of
three days in about 10 Lm−2 (10 mm rain) at a time.

2.5. Bonitations Assessments of Turfgrass

The value of the grass was based on the evaluation methods of Domański [20] and
Turgeon (visual and functional methods) [22]. An improvement assessment consists of an
evaluation of the utility value of grasses, including an analysis of some selected charac-
teristics that allows it to classify its utility on a nine-point scale. The following properties
were used to calculate the value: overall aspect (OA), turf density (D), color (K), winter
hardiness (O), susceptibility to diseases (SD) and leaf structure (LS). Grass keys and visual
scales were used to determine grass disease (Table 3). The results of the observations are
characterized by a nine-point scale, with each number representing the typical intensity
of a specific activity in the first decade of May, July and October, and three times during
the growing season. Number 9 represents the largest, while number 1 represents the
worst [20]. For winter durability, number 9 means no plant infection, and number 1 means
total plant infection.
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Table 3. Scale grades used for bonitation assessment of turf quality.

Assesment Overall Aspect Turf Density Color Winter
Hardiness Susceptibility to Diseases Leaf Structure

1 bad (no plants) bad yellow-green very bad plants completely infestated very wide

2 bad to poor bad to poor olive green very bad to bad very large to large very wide to wide

3 weak weak bright-green bad large wide

4 weak to fair weak to fair green-gray bad to average large to medium wide to
intermediate

5 sufficient sufficient juicy green average medium intermediate

6 sufficient to
good

sufficient to
good green average to good medium to small intermediate to

slender

7 good good grass green good small slender

8 good to very
good

good to very
good dirty green good to very

good small to very small subtle to very
slender

9 very good very good emerald very good no symptoms of infestation very slender

Over the years of the experiment, the effect of multi-component mineral-organic con-
centration foliar fertilization on the content of plant indexes was examined. The plant index
is determined using the following devices: Minolta SPAD 502DL (leaf green index), Delta-
T’s Sunscan System (leaf area index—LAI), and N-tech’s GreenSeeker—NDVI (normalized
difference vegetation index).

The relative content of chlorophenol in the SPAD unit is calculated as follows [23]:

M = klog10
I0(650) I(940)

I650 I0(940)
(1)

where: k is a proportionality factor (40 for SPAD 502 DL); I0(650) and I0(940) are the amounts
of monochromatic light reaching the leaf at wavelengths of 650 and 940 nm, I(650) and I(940)
are the amounts of light transmission at the wavelengths of 650 and 940 nm.

NDVI was calculated according to Equation (2) below [24].

NDVI =
(NIR− R)
(NIR + R)

(2)
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where NIR is the amount of radiation reflection in the near-infrared range (780 nm for the
GreenSeeker device), and R is the amount of reflection of red light (670 nm). The NDVI index
for the areas covered with vegetation usually ranges between 0.1 and 0.7 (maximum 1).

The mineral content was determined by Weeden methods [19]. Table 4 shows the
individual standards of specific elements. The mass of plants above ground was analyzed.

Table 4. Methods to determine the content of specified elements in their phytomass.

Evaluated Elements Method Standard

Mineral Components, i.e., calcium,
magnesium, potassium, sodium.

Atomic Absorption spectrometry with
FAAS atomization (Varian AA240FS

Varian Inc., Palo Alto, CA, USA)
PN-EN 15505:2009 standard

Iron, Manganese, Zinc
Atomic Absorption spectrometry with
FAAS atomization (Varian AA240FS

Varian Inc., Palo Alto, CA, USA)
PN-EN 14084:2004 standard

Copper

Validated method of atomic absorption
spectrometry with electrothermal

atomization, using ET-AAS graphite
cuvette (Varian AA240Z Varian Inc., Palo

Alto, CA, USA)

PN-EN 14084: 2004 standard

Nitrogen Kjedahl method -

Phosphorus
UV-VIS spectrophotometry and staining
with ammonium monovanadate (V) and

ammonium heptomolybdate
PN–ISO 13730:1999 standard

2.6. Statistical Analysis

Firstly, the normal distribution was tested with the Shapiro-Wilk test. A one-way
variable analysis using Tukey’s posthoc test was performed for parameters that were
not statistically significantly different from normal distributions. Kruskal-Wallis ANOVA
was performed for parameters that show statistically significantly different values from
normal values. The test was performed at a mean level of p = 0.05 in Statista 13.0 Software
(Statsoft-DELL Software, Round Rock, TX, USA).

3. Results

The overall aspect, i.e., the appearance of the turfgrass and its attractiveness, de-
pending on the applied dose of fertilization and the year of research, ranged from 4.86
to 9.0 (Table 5). The applied fertilization significantly influenced the aesthetic value of
the turfgrass already in the first year of the study. In the first year of research, the values
were 5.1–8.5. In the second year of use, 4.9–9.0, and in the third, 5.1–9.0. In terms of the
seasons, the highest values were noted in autumn (7.4 on average for three years), slightly
lower in spring (7.0), and the lowest in summer (5.8). The applied fertilization treatments
significantly differentiated the overall aspect. The average value for three years of research
for the control object was 6.1, for the first treatment (1 L·ha−1) 6.0, for the second (2 L·ha−1)
6.7, and the third treatment was (3 L·ha−1) 8.0. Another analyzed feature was the sod
cover (turf density), which covered the substrate with leaf blades during the vegetation
period. The more leaf blades cover the soil, the higher the score. This feature ranged from
6.0 to 9.0. In the control sample, the average score for the study period was 6.7, in the first
treatment 6.4, in the second 6.9, and in the third 8.1.

Winter hardiness ranged from 5.7 to 9.0. The average score from the years of research
for the control object was 6.4, for the first treatment 5.8, for the second 6.2, and the third 9.0.
Leaf color, the highest value, was observed in treatment III; the three-year average was 7.7,
while the lowest value was 5.5 in the control object (Table 6). Another feature analyzed was
the structure of the leaf. In terms of this characteristic, values from 5.3 to 7.1 were observed,
the highest value was recorded in treatment III (3 L·ha−1). In terms of susceptibility to
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snow mold (Microdochium nivale), the objects varied from 6.7 to 9.0. A similar tendency
was revealed in susceptibility to brown leaf blotch caused by Drechslera siccans. Treatments
ranged from 6.6 to 9.0. The highest value in both cases was marked in treatment III.

Table 5. Overall aspect, turf density, and winter hardiness depending on the year and dose of
mineral-organic multi-component fertilizer application.

Dose Year
Overall Aspect Turf Density Winter

HardinessSpring Summer Autumn Spring Summer Autumn

Control

2020 6.44 ± 0.10 5.27 ± 0.10 6.83 ± 0.10 6.34 ± 0.10 6.73 ± 0.10 6.99 ± 0.15 –
2021 6.27 ± 0.10 5.05 ± 0.07 6.60 ± 0.07 6.18 ± 0.10 6.56 ± 0.10 6.81 ± 0.15 6.24 ± 0.05
2022 6.54 ± 0.10 5.35 ± 0.10 6.93 ± 0.10 6.44 ± 0.10 6.83 ± 0.10 7.10 ± 0.15 6.50 ± 0.06

Mean 6.41 a ± 0.14 5.22 ab ± 0.15 6.79 ab ± 0.16 6.32 ab ± 0.14 6.71 ab ± 0.15 6.97 b ± 0.18 6.37 bc ± 0.15

Treatment I: 1
L·ha−1

2020 6.62 ± 0.09 5.10 ± 0.09 6.62 ± 0.09 6.35 ± 0.09 6.53 ± 0.09 6.62 ± 0.09 –
2021 6.30 ± 0.09 4.86 ± 0.09 6.28 ± 0.06 6.05 ± 0.09 6.22 ± 0.09 6.30 ± 0.09 5.71 ± 0.09
2022 6.57 ± 0.09 5.06 ± 0.09 6.57 ± 0.09 6.30 ± 0.09 6.48 ± 0.09 6.57 ± 0.09 5.95 ± 0.09

Mean 6.50 ab ± 0.17 5.00 a ± 0.16 6.49 a ± 0.17 6.23 a ± 0.16 6.40 a ± 0.16 6.50 a ± 0.17 5.83 a ± 0.15

Treatment II: 2
L·ha−1

2020 6.94 ± 0.05 5.76 ± 0.09 7.06 ± 0.18 6.74 ± 0.09 6.74 ± 0.09 6.88 ± 0.05 –
2021 6.92 ± 0.05 5.74 ± 0.09 7.02 ± 0.15 6.71 ± 0.09 6.71 ± 0.09 6.86 ± 0.05 6.03 ± 0.05
2022 7.21 ± 0.05 5.98 ± 0.09 7.33 ± 0.19 6.99 ± 0.09 6.99 ± 0.09 7.15 ± 0.05 6.29 ± 0.05

Mean 7.02 bc ± 0.15 5.83 bc ± 0.14 7.14 bc ± 0.21 6.81 bc ± 0.16 6.81 bc ± 0.16 6.96 ab ± 0.15 6.16 ab ± 0.15

Treatment III: 3
L·ha−1

2020 7.39 ± 0.14 6.56 ± 0.09 8.47 ± 0.5 7.09 ± 0.09 7.18 ± 0.09 9.00 ± 0.00 –
2021 8.10 ± 0.15 7.19 ± 0.10 9.00 ± 0.00 7.77 ± 0.10 7.87 ± 0.10 9.00 ± 0.00 9.00 ± 0.00
2022 8.44 ± 0.15 7.49 ± 0.10 9.00 ± 0.00 8.10 ± 0.10 8.20 ± 0.10 9.00 ± 0.00 9.00 ± 0.00

Mean 7.97 c ± 0.48 7.08 c ± 0.42 8.82 c ± 0.37 7.66 c ± 0.45 7.75 c ± 0.46 9.00 c ± 0.00 9.00 c ± 0.00

Year effect (p-value) 0.2829 0.4284 0.4824 0.3284 0.2229 0.3721 -

Dose effect (p-value) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001

Standard deviation 0.68 0.85 0.94 0.63 0.57 0.99 1.29

Variation coefficient 9.78% 14.72% 12.93% 9.26% 8.23% 13.47% 18.93%

The same markings (a, b, c) mean no statistically significant changes (p ≥ 0.05).

The Leaf Area Index ranged from 2.27 to 2.40. Depending on the treatment and the
years of research, these differences were not statistically confirmed. However, Treatment
III was characterized by a larger assimilation area of the turfs. The green index (NDVI)
showed a slight differentiation within the examined objects and ranged from 0.631 to 0.750.
Treatment III was characterized by a significantly higher value of this index (than Treatment
I and control). The average values of the leaf greenness index (SPAD) in individual study
dates ranged from 30.23 to 35.6 (Table 7). In the object with the highest dose of fertilizer,
on average for the study period, a 7% higher value of this indicator was found compared
to the plants of the control object. No differences were found in the average values of this
indicator for treatments I and II.

Table 8 presents the effect of applied foliar fertilization on the content of macroele-
ments in plants. In the case of phosphorus (P), the content of this element in plants was in
the range of 1.98–2.35 g·kg−1 d.m. A statistically significant increase in the component’s
content was observed after applying treatment III fertilization. A similar situation was
observed in the case of potassium, the content of which was observed at the level of
29.53–32.77 g·kg−1 d.m., and magnesium (the content of 1.87–2.65 g·kg−1 d.m.), were
also the dose of 3 L·ha−1 caused a statistically significant increase in the content of these
elements. In turn, foliar fertilization with mineral-organic multicomponent fertilizer did
not have a statistically significant effect on the content of calcium (Ca) and sodium (Na),
the content of which was in the range: of 3.72–4.25 g·kg−1 d.m. and 0.07–0.12 g·kg−1d.m.,
respectively.
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Table 6. Leaf color, leaf structure, and susceptibility to diseases depending on the year and dose of
mineral-organic multi-component fertilizer application.

Dose Year Leaf Color in
Autumn

Leaf Structure
(Fineness)

Susceptibility to Diseases

Microdochium nivale Drechslera siccans

Control

2020 5.82 ± 0.15 5.88 ± 0.20 9.00 ± 0.00 7.25 ± 0.06
2021 5.22 ± 0.13 5.28 ± 0.18 6.68 ± 0.05 6.85 ± 0.25
2022 5.43 ± 0.14 5.49 ± 0.19 7.80 ± 0.05 7.07 ± 0.12

Mean 5.49 a ± 0.29 5.55 a ± 0.31 7.83 a ± 1.00 7.06 a ± 0.22

Treatment I: 1
L·ha−1

2020 6.43 ± 0.14 5.68 ± 0.05 9.00 ± 0.00 7.33 ± 0.05
2021 6.20 ± 0.13 5.48 ± 0.05 7.15 ± 0.05 7.07 ± 0.05
2022 6.45 ± 0.14 5.70 ± 0.05 8.77 ± 0.06 7.35 ± 0.05

Mean 6.36 b ± 0.17 5.62 a ± 0.12 8.31 a ± 0.87 7.25 ab ± 0.15

Treatment II: 2
L·ha−1

2020 7.04 ± 0.09 6.05 ± 0.05 9.00 ± 0.00 8.30 ± 0.05
2021 6.65 ± 0.09 5.72 ± 0.05 7.50 ± 0.05 7.93 ± 0.12
2022 6.94 ± 0.09 5.95 ± 0.05 9.00 ± 0.00 8.09 ± 0.02

Mean 6.87 c ± 0.19 5.91 ab ± 0.15 8.50 a ± 0.75 8.11 bc ± 0.18

Treatment III: 3
L·ha−1

2020 7.61 ± 0.15 6.87 ± 0.06 9.00 ± 0.00 9.00 ± 0.00
2021 7.54 ± 0.15 6.81 ± 0.05 8.43 ± 0.05 8.67 ± 0.29
2022 7.87 ± 0.13 7.09 ± 0.06 9.00 ± 0.00 8.83 ± 0.29

Mean 7.67 d ± 0.19 6.93 b ± 0.14 8.81 a ± 0.29 8.83 c ± 0.25

Year effect (p-value) 0.6102 0.1272 0.0000 0.3264

Dose effect (p-value) 0.0000 0.0000 0.1614 0.0000

Standard deviation 0.83 0.59 0.83 0.75

Variation coefficient 12.57% 9.80% 9.89% 9.54%

The same markings (a, b, c, d) mean no statistically significant changes (p ≥ 0.05).

Table 7. Normalized Difference Vegetation Index, Soil Plant Analysis Development and Leaf Area
Index, depending on the year and dose of mineral-organic multi-component fertilizer application.

Dose Year NDVI SPAD LAI

Control

2020 0.631 ± 0.018 30.23 ± 0.10 2.27 ± 0.06
2021 0.652 ± 0.005 30.70 ± 0.60 2.27 ± 0.06
2022 0.686 ± 0.026 33.29 ± 0.06 2.30 ± 0.10

Mean 0.657 a ± 0.029 31.41 a ± 1.46 2.28 a ± 0.07

Treatment I: 1
L·ha−1

2020 0.636 ± 0.008 30.40 ± 1.01 2.30 ± 0.10
2021 0.663 ± 0.011 31.17 ± 0.59 2.27 ± 0.06
2022 0.690 ± 0.031 33.65 ± 0.06 2.33 ± 0.06

Mean 0.663 a ± 0.029 31.74 ab ± 1.58 2.30 a ± 0.07

Treatment II: 2
L·ha−1

2020 0.661 ± 0.004 31.70 ± 0.26 2.33 ± 0.06
2021 0.694 ± 0.020 31.94 ± 0.14 2.33 ± 0.06
2022 0.729 ± 0.003 34.63 ± 0.23 2.37 ± 0.06

Mean 0.695 ab ± 0.031 32.75 ab ± 1.42 2.34 a ± 0.05

Treatment III: 3
L·ha−1

2020 0.672 ± 0.002 32.33 ± 0.15 2.37 ± 0.06
2021 0.710 ± 0.002 32.97 ± 0.11 2.33 ± 0.06
2022 0.750 ± 0.015 35.60 ± 0.31 2.40 ± 0.10

Mean 0.711 b ± 0.035 33.64 b ± 1.51 2.37 a ± 0.07

Year effect (p-value) 0.0000 0.0000 0.2438

Dose effect (p-value) 0.0019 0.0139 0.0436

Standard deviation 0.04 1.68 0.07

Variation coefficient 5.48% 5.20% 3.11%
The same markings (a, b) mean no statistically significant changes (p ≥ 0.05).
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Table 9 presents the effect of applied foliar fertilization on plants’ microelements
content. In two cases, zinc and copper, it was observed that fertilization did not cause
a statistically significant effect on the content of these elements in plant biomass. The
content of these elements in plants ranged from 40.71 mg·kg−1 d.m. to 65.48 mg·kg−1 d.m.
and 6.99 mg·kg−1 d.m. to 12.48 mg·kg−1 d.m., respectively. In the case of manganese,
fertilization in the amount of 2 L·ha−1 and 3 L·ha−1 resulted in statistically higher amounts
of this element compared to the control. The range of this element was 203.92 mg·kg−1

d.m.—262.51 mg·kg−1 d.m. In turn, the amount of iron in plants increased from 108.47
mg·kg−1 d.m. to 149.64 mg·kg−1 d.m., increasing the fertilization dose to 3 L·ha−1 resulted
in a statistically significant increase in the content of this element.

Table 8. Effect of mineral-organic multi-component fertilizer application on the macroelement content
in plants (g·kg−1 d.m.).

Dose Year P K Ca Mg Na

Control

2020 1.98 ± 0.06 29.90 ± 2.02 3.72 ± 0.18 1.87 ± 0.21 0.07 ± 0.01
2021 2.10 ± 0.06 30.07 ± 1.62 4.25 ± 0.69 2.03 ± 0.35 0.09 ± 0.03
2022 2.07 ± 0.06 29.53 ± 1.99 4.09 ± 0.66 1.95 ± 0.34 0.09 ± 0.05

Mean 2.05 a ± 0.08 29.83 a ± 1.65 4.02 a ± 0.54 1.95 a ± 0.28 0.08 a ± 0.03

Treatment I: 1
L·ha−1

2020 2.05 ± 0.08 30.85 ± 0.70 3.81 ± 0.68 1.88 ± 0.06 0.08 ± 0.02
2021 2.18 ± 0.08 31.66 ± 0.69 3.90 ± 0.70 2.00 ± 0.16 0.10 ± 0.03
2022 2.15 ± 0.08 31.46 ± 0.32 3.76 ± 0.67 1.93 ± 0.15 0.10 ± 0.03

Mean 2.13 a ± 0.09 31.32 a ± 0.63 3.82 a ± 0.60 1.94 a ± 0.12 0.10 a ± 0.03

Treatment II: 2
L·ha−1

2020 2.04 ± 0.07 31.60 ± 0.95 3.98 ± 0.67 1.90 ± 0.07 0.10 ± 0.03
2021 2.17 ± 0.08 31.73 ± 0.30 4.09 ± 0.68 1.95 ± 0.07 0.12 ± 0.02
2022 2.14 ± 0.07 31.56 ± 0.04 3.94 ± 0.66 1.88 ± 0.06 0.11 ± 0.02

Mean 2.12 a ± 0.09 31.63 ab ± 0.50 4.00 a ± 0.58 1.91 a ± 0.07 0.11 a ± 0.02

Treatment III: 3
L·ha−1

2020 2.21 ± 0.05 32.29 ± 0.56 3.94 ± 0.26 2.58 ± 0.39 0.12 ± 0.02
2021 2.35 ± 0.05 32.77 ± 0.04 4.04 ± 0.26 2.65 ± 0.41 0.07 ± 0.03
2022 2.32 ± 0.05 31.88 ± 0.38 3.89 ± 0.25 2.55 ± 0.39 0.12 ± 0.02

Mean 2.29 b ± 0.07 32.31 b ± 0.51 3.96 a ± 0.23 2.59 b ± 0.35 0.10 a ± 0.03

Year effect (p-value) 0.0000 0.4071 0.5852 0.5768 0.5967

Dose effect (p-value) 0.0000 0.0029 0.8416 0.0004 0.1648

Standard deviation 0.12 1.29 0.49 0.37 0.03

Variation coefficient 5.56% 4.14% 12.50% 12.43% 27.61%

The same markings (a, b) mean no statistically significant changes (p ≥ 0.05).

Table 9. Effect of mineral-organic multi-component fertilizer application on the microelement content
in plants (mg·kg−1 d.m.).

Dose Year Cu Mn Fe Zn

Control

2020 6.99 ± 0.97 206.37 ± 15.75 108.47 ± 12.10 55.42 ± 8.28
2021 7.45 ± 2.45 211.65 ± 16.15 123.49 ± 20.25 65.48 ± 28.99
2022 7.82 ± 3.22 203.82 ± 15.56 120.50 ± 24.41 40.71 ± 21.09

Mean 7.42 a ± 2.11 207.28 a ± 14.13 117.49 a ± 18.32 53.87 a ± 21.33

Treatment I: 1
dm3·ha−1

2020 8.79 ± 5.02 215.03 ± 6.51 115.34 ± 11.50 41.60 ± 5.28
2021 8.12 ± 3.34 220.53 ± 6.67 137.10 ± 7.43 42.66 ± 5.41
2022 8.68 ± 4.96 212.37 ± 6.43 126.22 ± 37.17 41.09 ± 5.21

Mean 8.53 a ± 3.91 215.98 ab ± 6.71 126.22 ab ± 21.93 41.78 a ± 4.64

Treatment II: 2
dm3·ha−1

2020 9.51 ± 3.66 223.56 ± 19.87 123.19 ± 3.87 44.46 ± 5.51
2021 8.81 ± 3.69 242.65 ± 16.76 133.18 ± 13.85 45.60 ± 5.65
2022 9.99 ± 3.47 252.79 ± 3.09 128.26 ± 10.82 52.73 ± 4.14

Mean 9.44 a ± 3.17 239.67 bc ± 18.35 128.21 ab ± 9.98 47.60 a ± 5.91
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Table 9. Cont.

Dose Year Cu Mn Fe Zn

Treatment III: 3
dm3·ha−1

2020 10.59 ± 1.02 255.95 ± 3.13 138.14 ± 1.79 46.41 ± 12.26
2021 9.27 ± 2.21 262.51 ± 3.21 149.64 ± 2.42 58.74 ± 16.93
2022 12.48 ± 1.74 233.67 ± 16.14 131.02 ± 5.27 43.92 ± 5.44

Mean 10.78 a ± 2.05 250.71 c ± 15.54 139.60 b ± 8.69 46.36 a ± 11.00

Year effect (p-value) 0.8948 0.3845 0.1032 0.6533

Dose effect (p-value) 0.1378 0.0002 0.0448 0.1724

Standard deviation 9.04 ± 3.05 228.41 ± 22.43 127.88 ± 17.04 47.40 ± 12.80

Variation coefficient 33.78% 9.82% 13.33% 26.99%

The same markings (a, b, c) mean no statistically significant changes (p ≥ 0.05).

4. Discussion

The experimental factor used is a multicomponent mineral-organic concentrate char-
acterized by the presence in its chemical composition of substances classified as growth
stimulants, such as titanium, humic acid, fulvic acid and amino acid.

In the experiment, it was observed that the application of a mineral-organic multi-
component fertilizer positively affects the assessment of parameters that make up the visual
and functional characteristics of turfs. However, statistically significant increases in the
values of the given parameters were recorded using the highest dose of the experimental
factor (3 L/ha). The positive effect of the fertilizer used may be due to its diverse and com-
prehensive composition. The formulation contains humic compounds, natural components
of soil organic matter formed by the decomposition of plant, animal, and microbiological
leftovers, and the metabolic activity of soil microbes using these resources [6] showing a
positive effect on plant growth.

A unique role in this process could probably be played by the humic acids present in
the fertilizer, the application of which on turfgrass results in an increase in the chlorophyll
content, an improvement in photochemical efficiency, an improvement in oxidant and
hormones, and an increase in plant tolerance to abiotic stresses [15,25–28].

It is essential to use this agent in grasslands because it significantly reduces chemicals
and intensive fertilizer usage [29]. Consequently, plant biostimulators are increasingly used
to improve the use of grassland [30–32].

It is necessary to emphasize that amino acids (in general), present in multicomponent
mineral organ fertilizer, affect several physiological processes, such as plant growth and
development, regulation of intracellular pH, production of metabolic energy, and increas-
ing plant resistance to abiotic and biotic stress [33–35]. The research confirmed that the
application of amino acids to turfgrasses, at the appropriate dose, allows for obtaining a
shaped turf with a higher functional value, darker color, better overall appearance, denser
turf compaction, and better spring greenup [36]. Since this effect is independent of the
method of application of fertilizers (to soil or foliar) containing amino acids, after their
application, it is possible to increase the metabolism of various elements, enhance the
uptake of macro- and microelements and the efficiency of their use [37–40], which was also
confirmed in this experiment.

Additionally, it was highly probable to obtain a synergistic effect by combining bio-
logically active ingredients with macro and microelements in fertilizer. For example, the
combination of iron application with humic acids could result in increased chlorophyll
biosynthesis, resulting in a more attractive turf color, as it correlates with a darker turf color,
as indicated by statistically significant higher SPAD and NDVI [41–44]. Colla et al. [45]
observed a similar observation of an increase in chlorophyll concentration (the SPAD index)
after the use of a biostimulator [45]. Foliar application of humic acids generally has a highly
beneficial effect on plants and turfgrasses. In the past, it has been reported that supporting
plants with this type of compound can improve the efficiency of photosynthesis, positively



Agronomy 2023, 13, 855 10 of 12

affect root morphology, or improve seed germination ability and characteristics of seed
germination [32,37,46].

According to De Pascale et al. [7], plant biostimulators, including humic substances
and seaweed extracts, can improve the absorption of nutrients uptake by plants. Kumar
et al. [47], reported that biostimulants improved the uptake of Ca, Mg, and K, thus reducing
soil pH, soil electrical conductivity, and soil Na availability. Ali et al. [48] showed that the
foliar application of the moringa leaf extracts significantly improved the content of N, P,
K and Mg in geranium leaves (Pelargonium graveolens L.). In some studies, the use of a
mixture of biostimulants as an alternative or partial replacement for chemical fertilizers
is recommended [49] Consequently, in addition to the biostimulator used in this study,
biofertilizers are composed of minerals (macro and micronutrients in chelated form) and
have a positive effect on plant content.

Rouphael and Colla [50] in their research strongly demonstrated the synergistic effect
of biostimulating. They believe that research on the potential synergistic effects of bios-
timulation can be the basis of future research to address global food security issues and
complement sustainable and optimal use of nutrients by designing the next generation of
plant biostimulants for sustainable agriculture.

5. Conclusions

Using a mineral-organic compound fertilizer allowed for maximizing the functional
and visual characteristics of the turfgrass. However, in most cases (evaluated parameters),
statistically significant differences from the control were obtained for the highest dose of
fertilizer. Plants treated with treatment III fertilization (the highest dose) were not only
characterized by the highest aesthetic values but also less susceptible to fungal diseases.
Compared to the control plots, there was 13% less snow mold infestation and 25% fewer
brown spots on the leaves. For some parameters (especially turf density, overall aspect),
satisfactory results were also obtained on objects where mineral-organic concentrate was
applied at a dose of 2.0 L·ha−1 (treatment II).

It is also worth noting that in plants, as a result of the use of a multicomponent
biostimulator on the object with the highest concentration dose (treatment III), NDVI
was also higher by 8% and SPAD by 7% compared to plants from the control objects. It
was also noted that foliar application of the concentrate allows for a higher concentration
of macroelements and microelements in plants. According to research conducted, the
application of biostimulators in lawn fertilization in the form of minerals in chelated
form has had measurable effects in the form of higher quality and visual characteristics.
Therefore, it is recommended that biofertilizers containing organic and mineral components
are applied at higher concentrations for agricultural practice. A significant limitation in
the work was the possibility of examining only the synergistic effect of mineral-organic
compounds; hence future work should focus on examining the effect of specific compounds
on turfgrass systems or evaluating the combined effect of a smaller number of isolated
compounds.
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