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The content of mineral nitrogen in a 0-30 cm soil layer as an
indicator of ecosystem services: A case study of grasslands

Abstract. Nitrogen's role in agriculture lies in its mineral form, impacting plant availability
and potential losses, with soil nitrogen content in grassy areas playing a vital role in ecosystem
services like regulation and maintenance. The research aimed to evaluate these services using
the mineral nitrogen indicator in the 0-30 cm soil layer, and to establish the link between their
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biophysical and financial values. This was done considering usage type, soil type, and corn as an
alternative feed for ruminants. Services were assessed across 1,540 points in permanent green
areas (meadows, pastures, alternating), grass cultivation areas (short-term), and corn fields. The
study affirmed the significant contribution of grasslands to ecosystem services, evaluated through
the “content of N, in a 0-30 cm” soil layer, which exhibited variations based on usage, type, and
regional distinctions. The highest biophysical and monetary values of ecosystem services were
found in grasslands designated for meadow use, while the lowest accumulation of N_._in the
0-30 cm layer, thus impacting the scope of environmental services was observed in mineral soils
subjected to short-term alternating crop cultivation (55.2 kg-ha?) and corn cultivation (70.9 kg-ha™).
Across various usage methods and soil types, the region characterized by intensified livestock
production, the Podlaskie Province displayed the highest biophysical and monetary values for
grassland ecosystem services compared to the other provinces under study. In contrast, the
remaining provinces exhibited comparatively lower values in this regard. The provided monetary
value, based on current nitrogen fertilizer costs and grassland/corn extent, can universally gauge
ecosystem service worth from fodder plants across farms, regions, and nations

Keywords: meadows; ecological benefits; nutrients, category ‘regulation and maintenance”,

fodder crops

INTRODUCTION

The research on the function of green areas in
the valuation of ecosystem services and nitro-
gen management in agriculture is to present the
relationships between ecological and economic
indicators. Such an integration leads to a sus-
tainable and integrated management of natu-
ral resources. Green areas, which occupy about
20% of agricultural land in both Poland and Eu-
rope, are relatively poorly researched in terms
of the assessment and evaluation of ecosystem
services in the natural environment (Statis-
tics Polish, n.d; Burczyk et al, 2018). Therefore,
M. Villoslada et al. (2018) noted that recognizing
the role of these services and their quantifica-
tion can prove very useful in supporting a range
of decisions related to designing and preserving
them, as well as sustainable management of
grasslands.

Many research methods have been devel-
oped, which were often adapted to the research
area (Richter et al., 2021). However, there is little
research that uses the physical and chemical
properties of soils, including the management
of mineral nutrients, as indicators.

The European Union has become a pio-
neer in the identification and standardization
of ecosystem services, successively introduc-
ing legal regulations (including the European
Green Deal (n.d.), to help identify threats and
develop research programs, as well as proposals
for preventive actions against adverse changes
occurring in ecosystems and the entire natural
environment (Bongardt § Torres, 2022; Wielicz-
ko & Florianiczyk, 2022). Y. Yuan et al. (2023) con-
cluded that the demand for ecosystem services
is a key aspect of sustainable development and
environmental protection and is highly depend-
ent on the condition and integrity of ecosystems
capable of providing them. In the event of their
degradation, they can be limited or even lost,
which ultimately has negative consequences
for humans. However, according to T. Ding et
al. (2023) the demand for ecosystem services
has broad applications and significant impli-
cations for decision-making in environmental
protection, spatial planning, development of
ecosystem markets, and assessment of the ef-
fectiveness of environmental policies.
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Permanent green areas are the primary
source of fodder for animals, both domestic and
wild. They constitute an excellent geochemical
barrier in the path of biogen flow, which is an
important factor in preventing eutrophication
of surface waters. Thus, they are of particular
importance in the accumulation of nitrogen
compounds in the soil (Giraud et al, 2021). At
the same time, meadow vegetation can ab-
sorb significant amounts of nutrients (e.g., ni-
trates), often preventing their migration to wa-
ters. V. Vooren et al. (2018) and M. Ignatyeva et
al. (2022) claimed this positively influences their
retention in the environment, thus providing
specific ecosystem services.

Changes in the way green areas are used,
both in Poland and many other countries, from
a productive function to extensive or even un-
used, and a reduction in their area, lead to deg-
radation or even destruction of their resources
and loss of ecosystem services they provide, as
confirmed by various scientific sources (Bengts-
son et al,, 2019; Lipinska et al., 2021).

Therefore, the aim of the research carried
out was to evaluate the ecosystem services
of green areas depending on their use com-
pared to corn cultivation as a feed plant, for
which the index was the mineral nitrogen re-
sources in the topsoil layer (0-30 cm), under
various economic and natural conditions. The
research hypothesis assumes that green areas

perform important ecosystem functions, and
that the scope and value of these services are
greater than other fodder crops. In grasslands,
the scope of the services depends on both
their location and soil category, and the type
of their use.

MATERIALS AND METHODS

The research material used in this study com-
prised data collected as part of monitoring con-
ducted by chemical and agricultural stations on
farms located in the Lubelskie, Podlaskie, and
Opolskie Provinces. A total of 1,540 research
points were analysed, encompassing perma-
nent grasslands, short-term alternating arable
land, and arableland designated for grasses and
corn. The study took place over 4 years and met
all the standards specified in the Convention
on Biological Diversity (1992). The geographical
coordinates of each point were recorded using
a GPS locator, ensuring consistent sampling in
subsequent years. Soil samples, both mineral
and organic, were collected from fields with a
maximum area of 4 hectares.

Among the research points, 1,020 were se-
lected from grasslands managed consistently
throughout the study period (including mow-
ing, pasture, hay, and mixed pasture), while
520 points were situated in areas cultivated
with corn, exclusively on mineral soils (Ta-
ble 1, Fig. 1, 2).

Table 1. Number of soil material samples

Province
Soil category
Lubelskie Opolskie Podlaskie
very light and light 68 304
Mineral soils

medium and heavy 236 188 316
Organic soils 40 0 152
Total 512 256 772
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Use:

o cutting and grazing

& pastures

© meadows

e short-term grassland
maize

Figure 1. Location of objects according to their use

Note: L - Lubelskie, P - Podlaskie, O - Opolskie
Source: authors own elaboration

Soil category:

+ very light mineral
¢ light mineral

A medium mineral
0 heavy mineral

® organic

Figure 2. Location of objects according to soil type

Note: L - Lubelskie, P - Podlaskie, O - Opolskie
Source: authors’ own elaboration

The naturally humid soil samples, in which
the content of N_. was determined, were ex-
tracted with a 1% solution of potassium sulphate
at aratio of 1:10. The nitrate nitrogen and ammo-
nium nitrogen content in the extracts were de-
termined through spectrophotometry using the
Skalar San Plus System autoanalyser(Nether-
lands, PKN: PN-R-04028:1997..., 1997). Addition-
ally,thedrymattercontentofthe sampleswasde-
termined. The content of mineral nitrogen as the

)

sum of nitrate and ammonium nitrogen was ex-
pressed in mg-kg* of dry mass of the soil sample.

To further analyse and interpret the data, it
was converted the mineral nitrogen content into
kilograms per hectare using specific conver-
sion factors established for various agronomic
categories of mineral soils, as determined by
the Polish Committee for Standardization (PKN:
PN-R-04028:1997..,, 1997). It's important to note
that these conversion factors were not applied
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to organic soils. As a result, for organic soils, it
was utilized the results of N-NO, content deter-
minations and N-NH, content (in mgkg* dm)
in the assessed soil layers. It was calculated the
N_. content (in kg N - ha) as the product of the
sum of nitrate and ammonium nitrogen, the
bulk density of the soil (assumed to be 0.5), and
a conversion factor of 3 (representing a 30 cm
layer of soil).

In the evaluation of the value, both bio-
physical and economic, of ecosystem services
provided by grasslands, it was used the means

derived from the spring and autumn data col-
lection dates. It was considered the N . content
in the soil layer of 0-30 cm as the measure of the
value of this service. This content is viewed as a
resource of N available to plants, particularly
those with shallow root systems. The higher the
N_. content, the greater the ecosystem service
provided. To quantify this value, it was multi-
plied the calculated N . contents by the price of
1kg of N in mineral fertilizers and expressed it in
[EURkg?] (according to the average market price
of the pure ingredient - Table 2).

Table 2. Monetary values used to assess the studied indicator ecosystem services

Indicator . Lubelskie Opolskie Podlaskie Mean (calculated)

. . Economic

biophysical unit 7S S 7S 7S

q orn orn orn orn

quantity Grassland cultivation Grassland cultivation Grassland cultivation Grassland cultivation
N content in
0-30 cm layer [EUR-kg™] 0.88 0.88 1 1 0.93 0.93 0.94
[kg-ha™]

Source: authors’ own elaboration based on the data from the Statistics Polish (n.d.)

To confirm the research hypothesis, statisti-
cal analyses were performed to demonstrate the
impact of selected factors (3 location, 5 method
of use and 5 levels of type and category of soil)
on the quantity or value of the assessed indica-
tor of grassland ecosystem services compared to
corn cultivation. Due to their highly asymmetric
distribution, the physicochemical quantities
studied were transformed for statistical analy-
sis (the transforming function was log,, [x + 1]).
Thus, a normal distribution of the studied char-
acteristics was obtained, which is required in the
applied statistical methods and for the correct
inference of the conducted analyses. Because
of the logarithmic function used in the trans-
formations, the differences between the groups
should be understood as a comparison of the or-
ders of magnitude of the determined measure-
ments, and not the actual values.

The following factors were taken into ac-
count in the analyses: the province (3 levels
specifying the provinces from which the data
were collected: Lubelskie, Podlaskie, and Opol-
skie), the soils (5 levels: very light mineral soil
(up to 10% of particles with dimensions below
0.02 mm), light soil (11-20% of particles less than
0.02 mm), medium soil (21-35% of particles less
than 0.02 mm), heavy soil (above 35% of particles
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less than 0.02 mm) and organic soil (above 10%
of organic matter), as well as the method of use
(5 levels: meadows, pastures, hay and pastures,
short-term alternating land and corn).

To detect statistically significant differenc-
es among individual subgroups of data, it was
utilized Tukey's post-hoc HSD test for unequal
subclasses, as proposed by Spjotvoll and Sto-
line in 1973. A significance level of o= 0.05 was
adopted for determining statistically significant
distinctions. The statistical analyses were per-
formed using Dell Statistica software version
13.1. Data from a total 1540 measurement points
were subjected to statistical analysis, includ-
ing 772 from the Podlaskie Province, where the
share of grassy ecosystems is the largest in Po-
land (32%). In the Lubelskie Province, where the
share of grasslands is 16%, the research covered
512 measurement points, while in the Opolskie
Province - only 256 points (corresponding to the
lowest share of - 10%).

RESULTS

Biophysical value. When evaluating the dif-
ferences in the content of N_, in the 0-30 cm
soil layer, it was found that in Lubelskie Prov-
ince, in light and very light mineral soils, these
contents were similar, depending on the type
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of land use (Table 3). On the other hand, in me-
dium and heavy mineral soils, the lowest con-
tentof N_,_was foundin alternating short-term
soils and the highest in corn cultivation, with
significant differences. Significantly higher
N_. content was also recorded in soil than in
alternate arable lands in objects used for pas-
ture and mowing (in all cases p < 0.001). In the
Opolskie Province, where only three types of

land use were assessed on very light and light
soils (Table 3), a significantly higher N_.con-
tent was found in soils under corn than in soils
under meadows, and even under alternating
arable land (cultivated similarly to corn on ar-
able land). However, the method of use did not
significantly differentiate the content of the
tested component in mineral soils of medium
and heavy categories.

Table 3. The biophysical value of the ecosystem services of grasslands
and corn crops based on the content of N_;_in the 0-30 cm soil layer [kg-ha]

Type of use
il ey cutting a nd pastures meadows alternating use Corn
pasturing

Lubelskie

mineral, very light and light 2548 *41.9 ®x41.4 *42.4

mineral, medium and heavy 29350 ®v54.8 ®v53.8 *25.0 ®v67.2
Organic *25.2 v83.3

Opolskie

mineral, very light and light M 67.8 x50.1 ©109.5

mineral, medium and heavy bc57.8 73,1 €98.3 ®©83.5
Organic —_ - — — -

Podlaskie

mineral, very light and light 84,5 992.8 *V82.8 56.5 x58.7

mineral, medium and heavy 73,1 4v111.0 bx72.5 5x60.3 64.5
Organic 94.6 doxv113.4 %123.6

Note: abcd - homogeneous groups within a column (for the specific province and soil category); xy —
homogeneous groups within a verse (for the adopted use type), lack of letter markings: no significant differences

Source: authors’ own elaboration

In the Podlaskie Province, in the 0-30 cm
layer of very light and light soils, significantly
higher content was found on hay-pasture, pas-
ture and meadow grasslands than in soils un-
der alternating arable land and corn crops. The
highest N_. contents in the soil under pasture,
and the lowest in the soils under alternating
arable land and corn were also recorded in ob-
jects with medium and heavy soils. On the other
hand, in organic soils, significantly higher con-
tent of this nutrient was found in objects used
as meadows and pastures than, alternatively, in
hay and pasture.

Using multiple comparison tests, the N_
content in the 0-30 cm soil layer was analysed
for specific land uses across different soil types
and provinces. Significant differences were
found in various scenarios. Under hay and pas-
ture use, differences were observed between

medium and heavy soils in Lubelskie Province
and the examined mineral and organic soils
in the Podlaskie Province (p = 0.014). However,
no significant differences were found among
different soil types in the Podlaskie Province.
For pasture use, no significant differences in
N_. content were found between different soil
types within provinces. In Lubelskie Province,
N_. content in very light and light mineral soils
(p=0.035) and organic soils (p < 0.001) was lower
compared to the Podlaskie Province. The lowest
values were observed in pastures on organic
soils in Lubelskie Province.

In the case of meadow use, significantly
higher N_. contents were obtained in organ-
ic soils compared to mineral soils. In Lubelskie
Province, N_, content was significantly lower in
organic soils compared to the Podlaskie Prov-
ince (p < 0.001) and very light and light mineral

Plant and Soil Science (14)4
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soils (p < 0.001), with no differences in medium
and heavy mineral soils (p=0.774). No significant
differences were found between the same soil
types in Opolskie and Lubelskie provinces.
When assessing N_, content on alternat-
ing lands (arable land), no significant differ-
ences were found between different soil types
within the Lubelskie and Podlaskie provinces.
In the Opolskie province, a significantly higher
N_. content was found in medium and heavy
mineral soils compared to very light and light
ones. In Lubelskie Province, Nmin content in
medium and heavy mineral soils was signifi-
cantly lower than in the same soil types in the
other two provinces (p < 0.001 in both cases),
with the highest content observed in Opolsk-

ie Province. No significant differences were
observed for objects located on very light and
light mineral soils between provinces. For corn
crops, no significant differences in N_, content
were found between different soil types within
provinces. However, nitrogen content in very
light and light mineral soils in Lubelskie Prov-
ince was significantly lower compared to Opol-
skie Province (p<0.001).

Economic value. When assessing the esti-
mated value of the services of the studied grass-
land ecosystems based on the nitrogen content
index in the 0-30 cm soil layer in the Lubelsk-
ie Province, the highest nitrogen values were
found in meadows on organic soil and were val-
ued at approximately EUR 74 per ha (Table 4).

Table 4. Economic value of the ecosystem services of grasslands and corn crops based
on the mineral nitrogen content index in the 0-30 cm soil layer [EUR - ha]

Type of use
Province Soil category cutting and .
. pastures meadows alternating use corn
pasturing
Lubelskie
mineral, very light and light ®48.6 2373 ®36.8 237.7
mineral, medium and heavy av31.1 abey 48,7 ®Y47.9 ax22.2 ®y 597
Organic *22.4 v74.1
Opolskie
mineral, very light and light b 67.8 2 50.1 ©109.5
mineral, medium and heavy b 57.8 €731 €98.2 ©83.5
Organic — — — — —
Podlaskie
mineral, very light and light by 76.8 v 86.6 v77.3 b 52.7 548
mineral, medium and heavy > 68.3 v 103.6 bx 67.6 56.3 5 60.2
Organic *88.3 v 105.8 %115.4

Note: abcd - homogeneous groups within a column (for the specific province and soil category); xy —
homogeneous groups within a verse (for the adopted use type), lack of letter markings: no significant differences

Source: authors’ own elaboration

The ecosystem services of pastures, also
on organic soils, were valued the lowest (EUR
22.4-ha’). Grassy ecosystems in the above-men-
tioned province, on very light and light mineral
soils, generated the highest value of services
when they were used for pasture. The level of
services provided by ecosystems used for mow-
ing (meadows) and as short-term alternating
land, was at a level similar to that of corn cul-
tivation. Grasslands used for pasture, located
on medium and heavy soils, also generated the
highest values of ecosystem services compared

Plant and Soil Science (14)4

to other types of use, but these values were low-
er than for corn cultivation. From a statistical
point of view, differences in the amount of nitro-
gen accumulated in the 0-30 cm soil layer were
observed only between short-term alternating
land and corn cultivation (both on arable land).
In the Opolskie Province, the highest val-
ues of this indicator (nitrogen in the 0-30 cm
soil layer) were observed in objects with corn
cultivation, on very light and light soils (EUR
109.5-ha”), and the lowest - in objects used as
short-term alternating land, also on very light
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and light soils (EUR 50.1-ha?). Hay and pasture
ecosystems, as well as pastures, were not an-
alysed in this province. In medium and heavy
soils, the highest amount, and thus highest value
of N_. , was recorded on short-term alternating
arable land. On the other hand, the lowest value
of services was generated by pastures. On me-
dium and heavy mineral soils, the values of the
assessed indicator were higher than on objects
with a comparable type of use, but on very light
and light soils, however, statistical differences
were not confirmed.

In the Podlaskie Province, the highest ni-
trogen content in the 0-30 cm soil layer was ob-
served in areas designated for meadows on or-
ganic soils, amounting to EUR 115.4 per hectare.
Conversely, the lowest content, at EUR 52.7 per
hectare, was recorded on short-term alternating
fields with verylight and light soils. Notably, pas-
tures and areas used for mowing and pasture
yielded the highest ecosystem service values
on these soils, exceeding the values generated
by short-term alternating arable land and corn
crops by approximately EUR 22.2 per hectare.
Similar patterns were observed on heavier soils
(medium and heavy mineral soils). Organic soils,
on the other hand, primarily provided substan-
tial ecosystem services through meadows, fol-
lowed by pastures, with no grass crops on arable
land and no corn crops on these soil types.

When evaluating the N, value accumulat-
ed in the 0-30 cm soil layer across the studied

140
120
100

Cutting and grazing M Pastures B Meadows

0

0

0

0 Lubelskie Opolskie Podlaskie
Mineral soils

provinces, the highest values were consistently
found in the Podlaskie Province, irrespective of
soil type and land use methods. When compar-
ing this indicator between provinces with simi-
lar land use methods and soil types, significantly
lower values were observed in meadows on me-
dium and heavy soils in Lubelskie and Opolsk-
ie Provinces (p = 0.010) compared to Podlaskie
Province. The same trend was noted for corn
crops in this soil category, but with higher values
in the Opolskie Province compared to Lubelskie
(p = 0.001). Furthermore, mineral nitrogen ac-
cumulation in meadows on medium and heavy
soils in Lubelskie Province received higher valu-
ation than nitrogen in meadows on light soils in
Podlaskie Province. Significant differences were
also detected for short-term alternating agricul-
tural lands in Lubelskie Province with very light
and light soils, compared to those in Podlaskie
Province with medium and heavy soils.

Considering the ecosystem services provid-
ed by grass communities based on mineral ni-
trogen content in the 0-30 cm soil layer, it's ev-
ident that the contents vary depending on land
use and province, particularly on mineral soils.
In the Lubelskie Province, in all the assessed
sites, both the biophysical quantity (Fig. 3) and
monetary value (Fig. 4) of this indicator were
lower than in similar objects in the Opolskie and
Podlaskie Provinces, despite only slightly higher
doses of mineral nitrogen in fertilizers used in
these areas (Fig. 5).

Short-term grassland M Maize

80
6
4
-1l |

Lubelskie Podlaskie
Organic soils

Figure 3. Biophysical quantity [kg-ha] of ecosystem services based on the studied indicator

(N

min

in the 0-30 cm soil layer) depending on the method of use on mineral

and organic soils in the surveyed province (as mean for the category)

Source: authors’ own elaboration
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Figure 4. Economic value [EUR-ha] of ecosystem services based on the studied indicator
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in the 0-30 cm soil layer) depending on the method of use on mineral and organic soils

in the surveyed province (as mean for the category)

Source: authors’ own elaboration

250 Cutting and grazing [ Pastures
200
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100
50 I
0
Lubelskie Opolskie Podlaskie
Mineral soils

W Meadows

Short-term grassland W Maize

Lubelskie Podlaskie

Organic soils

Figure 5. The amount of nitrogen dose [kg-ha] applied depending on the method of use on mineral
soils (average for the category), as well as on organic soils in the surveyed provinces

Source: authors own elaboration

In the Lubelskie Province, the highest val-
ues of this indicator were recorded for objects
with corn, and then for pastures. In the Opolsk-
ie Province, the highest content of mineral ni-
trogen in the layer up to 30 cm was found also
in the soil under corn, and the lowest in the soil
under pastures. In the latter case, it could also be
related to lower fertilizer doses used in pastures,
which are of marginal importance in intensive-
ly managed farms. This is contrary to the Pod-
laskie Province, where the highest values of the
studied indicator were found in objects used for
pasture. A similar, yet slightly lower content of
mineral nitrogen was recorded in objects used
for mowing and for mowing and pasture. In ob-
jects where cultivation was carried out on arable

Plant and Soil Science (14)4

land, both short-term alternating land and corn
cultivation, the lowest content of mineral nitro-
gen in the soil was found and the correspond-
ing (lowest) monetary values. When examining
the indicator on organic soils, it is evident that
even in Lubelskie Province, these values were
lower compared to those in Podlaskie Province.
However, in both provinces, meadow areas con-
sistently exhibited the highest values, while pas-
tures consistently had the lowest values.
Analysing the computed values of ecosys-
tem services in grasslands across provinces, ir-
respective of land use and soil type, the highest
values were observed in the Opolskie Province,
followed closely by the Podlaskie Province. In
contrast, Lubelskie Province exhibited values
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approximately half as high, corresponding to
the mineral nitrogen content in the soil root lay-
er. Within Lubelskie Province, the lowest values
for this service were observed across all studied
land use forms, encompassing both grassland
ecosystems and corn cultivation. In contrast,
the Podlaskie Province showcased the highest
service values for pasture areas, followed by
meadows. For short-term alternating land use
and corn cultivation, the Opolskie Province reg-
istered the highest service values. Interesting-
ly, in this province, slightly greater values were
recorded for areas under corn cultivation com-
pared to short-term alternating arable land.
Comparative analyses were conducted us-
ing logarithmically transformed mean values
to ensure consistency in the distribution of
values and achieve a normal distribution. The
biophysical values of ecosystem services were
grouped together without differentiation based
on soil types (Table 5). In the group of grassland
ecosystems, the values for different types of
use (mowing, hay and pasture, pastures, short-

term alternating land) were averaged. Bio-
physical values were also used to calculate the
economic value of individual services. In terms
of the content of N__. in the 0-30 cm soil lay-
er, grassy ecosystems retain 69.62 [kg-ha] on
average and are slightly higher to corn crops
68.10 [kg-ha]. The highest biophysical values
of this indicator in the assessed areas were
observed in corn crops, 90.27 [kg-hal] in the
Opolskie Province, while the lowest - among
grassy ecosystems in Lubelskie Province -
4816 [kg-ha]. The obtained biophysical val-
ue of ecosystem services is reflected in their
monetary value (63.7 and 65.0 euro, respective-
ly). However, taking into account the amount
of nitrogen dose per hectare of the studied
ecosystems (Fig. 5), even a slight advantage
of grassy ecosystems in this respect can be
indicated. Significantly higher values of the
above-mentioned indicator were calculated
for grassy ecosystems than for corn cultivation,
applicable to objects located in the Podlask-
ie Voivodship (respectively 76.1 and 57.9 euro).

Table 5. Biophysical [kg-ha?] and monetary [eur-ha?] values of ecosystem services
for grassland communities and corn crops per hectare based on nmin content
inthe 0-30 cm soil layer in the studied provinces

Study area — provinces
Lubelskie ‘ Opolskie ‘ Podlaskie ‘ Medium
Type of use
Grasslands \ Corn crops \ Grasslands \ Corn crops \ Grasslands \ Corn crops \ Grasslands \ Corn crops
[kg-ha"]
°48.06 | 5277 | 7209 | <9027 | <8158 | ‘6206 | 6962 | 68.10
[EUR-ha™]
°428 | 469 [ 721 | 9903 | <761 | *579 | 637 | 650

Note: abcd - homogeneous groups of means in a verse, according to province and form of use (if statistically
significant differences at p=0.05 were found); xy - homogeneous groups of means in a verse, regardless of province,

for general means (if statistically significant differences at p=0.05 were found)

Source: authors’ own elaboration

The conditions for the growth and devel-
opment of plants fundamentally depend on the
presence of absorbable forms of mineral com-
ponents in the soil, not only because of their
structural or nutritive effect. According to H. Li-
pinska et al. (2020) absorbable minerals are re-
sponsible, among others, for maintaining ionic
balance in the soil and thus impact the amount
of crops and their quality. One of the most impor-
tantnutrients for plantsis nitrogen. Its contentin

=)

the soil is variable and depends on many factors.
Nitrogen is often depleted as a result of uptake
by plants and soil microorganisms, but also due
toleaching. Therefore, M Giraud et al. (2021) con-
sidered the constant supply of this element to
the trophic chain is decisive in plant production.

In the search for solutions to optimize ni-
trogen management, it is necessary to take into
account the significant diversity of soils (in
natural conditions of agricultural production).
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Previous research in this area was conducted
primarily on arable land (Kopiniski, 2018; Tk-
aczyk et al., 2020). However, the amount of min-
eral nitrogen in the 0-30 cm layer of soil (min-
eral and organic) under grassland turf has not
been studied as an important ecosystem service
(especially compared to arable land soils). Also,
while comprehensive mapping of ecosystem
services of various crops on arable land is quite
advanced, comprehensive analyses and meth-
ods of measuring indexes of these services in
grassland ecosystems, which are an important
element of many landscapes around the world
(Richter et al., 2021), are lacking.

M. Zisenis et al (2020), H. Lipinska et
al. (2020) believe that the results of research on
ecosystem services can play a key role in imple-
menting sustainable agricultural practices. By
evaluating, for example, the contribution of eco-
systems to agricultural productivity or soil fertil-
ity (which was the subject of research), they help
promote nature-based agriculture, especially
practices such as organic farming or precision
agriculture. They also support the reduction of
fertilizer consumption, including nitrogenous
fertilizers. H. Lipinska et al. (2021), A. Bongardt
& F. Torres (2022) described that this limits their
dispersion in the environment and increases
their efficiency, which raises the level of farm
management, and reduces the harmful impact
of agriculture on the environment. Therefore,
they can be a very useful tool to support a variety
of decisions related to the natural environment.

In the natural environment, grassland com-
munities play an exceptional role. Their location
and area are conditioned physiographically,
which prevents arbitrary changes and promotes
significant spatial stabilization. J. Bengtsson et
al. (2019) summarized that these ecosystems
have a significant share in the structure of land
use and perform a variety of functions, from
fodder, through environmental and landscape,
to cultural). Used as meadows or pastures, less
often variably (as mowing-pasture land) or as
short-term alternate fodder (cultivation on ar-
able lands), they occupy different land percent-
ages, depending on animal stocking (according
to data of Statistics Polish (n.d.)), corn for silage
is growing increasingly in dominance as rumi-
nant fodder). These ecosystems differ in terms
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of the management and species composition
of plants, so they probably also differ in the size
of ecosystem services. The attempt made in the
work to value ecosystem services of differently
used grassland communities against other fod-
der crops for ruminants fits into very few (still)
studies in this area. Very few studies, both in
Poland (Golinski & Foltynowicz, 2018; Lipins-
ka et al., 2020; Lipifiska et al., 2021) and in Europe
address the identification, assessment, and val-
uation of grassland ecosystem services (Honig-
ova et al., 2012; Bengtsson et al., 2019).

Valuation of natural resources involves as-
signing monetary values to both their products
and the benefits they offer through ecosystem
services. This is commonly defined as “the val-
ue of ecosystem services”. Valuation of individ-
ual and comprehensive economic services of
grassland ecosystems is difficult due to the dif-
ferent methods and scope of research (Zisenis et
al.,2020). The first global valuation of ecosystem
services for different types of land use was made
by R. Costanza et al. (1997). This study showed an
estimated value of grassland ecosystem servic-
es (based on 1994 prices) at USD 232 per hectare
per year. In the studies carried out, the highest
value of ecosystem services, at EUR 1154 per
hectare, was that of grassland communities
in organic soils used for mowing. On the other
hand, the lowest value was that of ecosystems
on arable land (mineral soil), i.e., short-term al-
ternate uses (EUR 22 per hectare).

The capacity of the studied services varied
depending on land use, soil type, and area size,
as indicated by previous research conducted by
H. Lipinska et al (2021). These studies focused
on ecosystem services provided by grassland
communities, using the mineral nitrogen losses
index as a metric. On mineral soils, the services
with the highest values (indicating the smallest
losses of Nmin) were found in areas designated
as pastures, while the lowest values were ob-
served in areas used for corn cultivation.

In organic soils (excluding corn cultivation),
the highest value of ecosystem services was
identified in meadow areas, whereas the lowest
values were noted in pastures. These findings
suggest that organic soils generally exhibited
lower values of ecosystem services compared
to mineral soils. Additionally, when assessing
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grassland ecosystems, the Opolskie Province
had the lowest value of ecosystem services, fol-
lowed by the Podlaskie Province, and the highest
values were recorded in the Lubelskie Province.
The highest biophysical values of the studied
ecosystem services and areas were observed in
corn crops: 90.27 [kg-ha™] in the Opolskie Prov-
ince, while the lowest - in grassland ecosystems
in the Lubelskie Province: 48.16 [kg-ha]. The bio-
physical values obtained for ecosystem services
are reflected in their monetary value (EUR 637
and 650, respectively). However, considering
the size of the nitrogen dose per hectare of the
studied ecosystems (Fig. 4), a slight advantage
of grassland ecosystems can be observed in this
respect. Significantly higher values of the index
were calculated in objects with grassland eco-
systems than with corn cultivation located in
the Podlasie province (EUR 76.1 and 579, respec-
tively). Upon analysing the calculated values of
ecosystem services of grassland communities in
individual provinces, regardless of the way of use
and type of soil, the highest values were found
in the Opole province and only slightly lower
in the Podlaskie Province. Half-lower values of
the mineral nitrogen content in the root layer
of the soil were recorded in the Lubelskie Prov-
ince. Assessing the monetary value of ecosystem
services or natural resources promotes their
conservation and rational use. (Arias-Arévalo et
al, 2018). The research results showed that the
applied index of “content of mineral nitrogen in
soil layer 0-30 cm” can be universal in the con-
text of the farm, region, and country in assessing
ecosystem services of fodder plants of great eco-
nomic and natural significance. It is also an index
available in many European countries, asitis fre-
quently used in the assessment of actions result-
ing from the nitrate directive (Giraud et al, 2021).
Studying the potential and capabilities of
various ecosystems to provide services is neces-
sary to preserve and protect these ecosystems,
as well as biodiversity in general. They are relat-
ed to soil-regulating treatments, as well as the
quality of water and air (Valujeva et al, 2022).
The results of these studies can be successfully
adapted and used not only for the analysis of the
potential of ecosystem services, but also for re-
search on the self-sufficiency of administrative
units in the context of agricultural production

%)

and activities related to environmental protec-
tion (Yang et al., 2022). The spatial aspect of this
issue is also important, as it is a foundation for
making many decisions regarding spatial plan-
ning (Gonzalez-Garcia et al,, 2022). Meanwhile,
approximate valuations and mapping of eco-
system services can be a solid tool to assess the
impact of erroneous decision-making and ex-
cessive exploitation of natural resources (Sann-
igrahi et al., 2019).

In summary, the research demonstrates
that the “content of mineral nitrogen in the soil
layer 0-30 cm” can serve as a universal indica-
tor for assessing ecosystem services across var-
ious types of ecosystems, reflecting both their
economic and natural value. These findings not
only underscore the importance of conserving
ecosystems but also provide a tool to evaluate
agricultural production and environmental pro-
tection measures. The research broad its scope
by incorporating additional indicators of grass-
land ecosystem services, specifically focusing
on phosphorus content and soil organic carbon
sequestration. Additionally, the study seeks to
encompass new geographical locations, includ-
ing those in Ukraine.

CONCLUSIONS

The research confirmed the significant role of
grasslands in ecosystem services, assessed by
the content of N, in a 0-30 cm layer of soil,
which was differentiated by the use, type, and
regionalization. The highest biophysical and
monetary value of ecosystem services was ob-
served in grasslands used for meadows. The
lowestaccumulationof N inthe 0-30 cmlayer,
and thus the scope of environmental services,
was observed in mineral soils with short-term
alternating crop cultivation (55.2 kg-ha?) and
corn (70.9 kg-ha™).

Irrespective of the method of use and type of
soil, the highest biophysical and monetary val-
ues of grassland ecosystem services were found
in the region with the most intensified livestock
production (Podlaskie Province), while in the
remaining provinces covered by the research
it was lower. It is important to note that while
grasslands consistently boast higher biophysi-
cal values than corn, the statistical significance
of these differences was not confirmed in this
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study. This suggests that further investigation is
warranted to comprehensively elucidate the in-
tricate interplay between land use choices, soil
attributes, and the resulting ecosystem services.

The introduced monetary value, calibrated
against prevailing nitrogen fertilizer costs and
the extent of grassland and corn cultivation,
stands out as a versatile and adaptable indica-
tor. It offers an instrument for assessing ecosys-
tem service worth across different scales-rang-
ing from individual farms to broader regions
and entire countries. This monetary frame-
work encapsulates the intricate blend of eco-
nomic and environmental significance attrib-
uted to fodder plant-based ecosystem services.

In essence, this research provides crucial
insights into the multifaceted connections be-
tween land use, nitrogen dynamics, and eco-
system service provisioning. By highlighting
the varied impacts of different practices on

grasslands and cropping systems, the study
contributes to the broader understanding of
sustainable land management and under-
scores the imperative of safeguarding grass-
land ecosystems for their profound ecological
and economic contributions. Future research
could focus on how other factors, such as cli-
matic conditions, soil types, pasture manage-
ment and land ownership, affect the biophysi-
cal and economic values of ecosystem services.
This can help determine more accurate values
and the factors that influence these values.
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BMicT MiHepanbHOro a3oty B Wapi FpyHTy 0-30 cm
fIK iHAMKaATOpP €KOCUCTEMHMX NOC/YTr: NPUKIaa NacoBuLla

AHoTauig. Poib a30Ty B CibCBKOMY TOCIIOJAPCTBi ITOJIfirae B YMOro MiHepasibHiN ¢opMi, siKa
BIUIMBAE Ha IOCTYIIHICTh POCJIMH i [IOTEHLiMHi BTPaTH, IPUYOMY BMiCT @30Ty BI'PYHTI B TPaB THUCTUX
parioHax Bifirpae >XUTTEBO BaJKJIUBY pPOJIb Y €KOCHUCTEMHUX IIOCIyrax, TAKUX SIK PeryaloBaHHA
Ta HigTpUMKa. JOCHifAyKeHHS MaJlo Ha MeTi OL[HWTU Iii IIOCJIyTW 3a LOIIOMOTrOI0 ITOKa3HMKa
MiHepaJIbHOTO a30Ty B Irapi rpyHTy 0-30 cM, a TAKOK BCTAHOBUTH 3B'I30K MiX iX 6iodisnuHrMu Ta
dbinancoBuMuU LiHHOCTAMU. Lle 6y710 3p0o6IIeHO 3 ypaxyBaHHAM TUITY BUKOPUCTAHHSA, TUIY IPYHTY
Ta KYKypyZ3U SK aJIBTepHATUBHOTO KOpMy IJIf JKYMHUX TBapuH. [lociayru oLiHioBanu 3a 1540
TOYKAMU Ha MOCTIMHUX 3€JIEHUX HacafKeHHaX (JyKu, TacOBUIIA, 10 YEPIYIOThCA), HA TPAB SHUX
IinaHKax (KOPOTKOCTPOKOBI) i HA KYKypyA3SHMX MOMAX. HOCIifKeHHs MiATBEPAMIIO 3HAYHUM
BHECOK JIYKIiB Y €KOCUCTEMHI ITOCJIYTH, OLIHEHUH 3a «BMicTOM Ny mapi rpyHTy 0-30 CM», KU
JIeMOHCTpPYBaB Bapiallil 3aJIe)XHO Bif, BUKOPUCTAHHS, TUITY Ta PerioHaJbHUX BigMiHHOCTEN. CIIift
3a3HaYUTH, 10 HaWBUII 6i0i3nyHi Ta IpoloBi 3HaYEHHS €KOCUCTEMHUX MTOCIYT 6y/IM BUABJIEHI
Ha JlyKax, IpU3HaYeHUX JJI KOPUCTYBaHHA JIyKaMH, TOJi AK HalMeHIIe HaKOMW4YeHHA N .
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The content of mineral nitrogen...

y mapi 0-30 cM, 1110 BIIMBAE Ha 06CAT €KOJOTIUHUX MOCYT, CIIoCTepirasocs B MiHepaabHUX
I'PYHTaX, AKi Miganyicsa KOpOTKOYaCHOMY BIUIMBY UepryBaHHSA CiTbCbKOTOCIIOAAPCHRUX KYJIBTYD
(55,2 krra) Ta BUpoUyBaHHA KyKypya3u (70,9 kr-ra’). 3a pisHUMU METOAaMU BUKOPUCTAHHS Ta
TUIIAaMU I'PYHTIB DerioH, L0 XapaKTepu3yeTbcs iHTeHcUiKallielo TBApMHHUIITBA, [IimisacbKe
BOEBOJICTBO IIPOJIEMOHCTPYBAJIO HaWBUINY 6i00i3nyYHy Ta I'pOIIOBY LiHHICTH €KOCUCTEMHUX
TIOCHYT IyKiB IIOPiBHAHO 3 iHIMMMU LOCIII)KyBaHUMU IPOBiHIiAMU. Ha BiIMiHY Bif 1IbOTO, pelITa
MIPOBIHIIIY ITOKAa3ajau MOPiBHAHO HUJKUi ITOKA3HUKU B I[bOMY BiZHOIIeHHi. HajmaHa rpouioa
BapTiCTh, 3aCHOBAHA Ha [TOTOYHUX BUTPaTaxX Ha a30THi 06pUBa Ta IUIOIL| [TaCOBUILIL/KYKYPYA3H,
MOJKe YHiBepCaJIbHO OL[iHUTHU I[iHHICTb eKOCUCTEMHUX IIOCIYT BiZi KOpPMOBUX POCIUH y depMax,
perioHax i KpaiHax

KniouoBi cnosa: JIyKY; €KOJIOriYHa KOPUCTD; ITOKUBHI pEYOBUHY; KaTeropis «perynoBaHHs Ta
yTPUMaHHS»; KOpPMOBI KyJIBTypU
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