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Abstract

Permanent grassland is a valuable source of valuable natural raw material for production
of fodders. The fodder value of sward depends on the grass yield volume, agricultural value
(UVN), content of minerals, etc.

The present paper discusses the results of a study conducted in 2009-2011, on permanent
grassland situated in the valley of the Por River. Samples of the plant material were taken
before the first cut from selected, representative areas. They were used to assess, with basic
analytical and statistical methods, the yielding, agricultural value (UVN) and chemical compo-
sition of hay. The content of P, K, Ca and Mg was determined in the dry weight of the sward by
Flame Atomic Absorption Spectroscopy (FAAS), while the total content of N was established by
the Kjeldahl’s method. For easier interpretation of the results, the classified syntaxons (MaTusz-
KIEWICZ 2006) were ranked into higher syntaxonomic units.

The present research showed a fairly good content of P, Mg and Ca in the analyzed dry
weight of plants, enough to satisfy the nutritional demand of ruminants. However, the total
content of N and K in the plant samples was insufficient. The agricultural value (UVN) of the
dry weight of plants and the yield volume of the examined phytocenoses were varied, which was
statistically verified.

The high value of variability coefficients also testifies to the considerable differentiation
of all the analyzed features within particular syntaxonomic units.

Key words: total nitrogen, phosphorus, magnesium, calcium, yielding, agricultural value,
meadow sward.
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ZAWARTOSC WYBRANYCH MAKROELEMENTOW W SUCHEJ MASIE RUNI
TRWALYCH UZYTKOW ZIELONYCH ORAZ ICH PLONOWANIE
I WARTOSC ROLNICZA

Abstrakt

Trwale uzytki zielone stanowig cenne Zrédlo naturalnych pelnowarto$ciowych surowcéw
do produkcji pasz. Warto§¢ paszowa runi okresla sie m.in. pod wzgledem zawartosci sktadnikéw
mineralnych, wartosci rolniczej (LWU) oraz wysokoSci plonu.

W pracy przedstawiono wyniki badan przeprowadzonych w latach 2009-2011 na trwalych
uzytkach zielonych w dolinie rzeki Por. Na wytypowanych, reprezentatywnych powierzchniach,
przed zbiorem pierwszego pokosu, pobrano préby materialu roélinnego. Stanowily one materiat
do oceny plonowania, wartosci rolniczej (LWU) i sktadu chemicznego siana. W suchej masie runi
okreslono zawarto$é¢ P, K, Ca, Mg metoda plomieniowej atomowej spektrofotometrii absorpcyjne;j
(FAAS) oraz ogélng zawarto$¢ N metoda Kjeldahla. W celu tatwiejszej interpretacji wynikéw
sklasyfikowane syntaksony (MaTuszkiewicz 2006) uszeregowano w nadrzedne jednostki syntak-
sonomiczne.

Wykazano do§é dobra pod wzgledem potrzeb zywieniowych przezuwaczy zawarto$é P, Mg
oraz Ca w analizowanej suchej masie roslinnej, jednak ogélna zawartoé¢ N i K w badanych
prébach roslinnych byla niewystarczajaca. Warto§é rolnicza (LWU) suchej masy roslinnej oraz
wysoko$¢ plonéw badanych fitocenoz ksztaltowaly sie na zréznicowanym poziomie, co potwier-
dzily analizy statystyczne.

Wysoka warto§é wspdtezynnikéw zmiennosci $wiadezy réwniez o znacznym zrdznicowaniu
wszystkich analizowanych cech w obrebie poszczegdlnych jednostek syntaksonomicznych.

Stowa kluczowe: azot ogélny, fosfor, potas, magnez, wapn, plonowanie, warto§¢ rolnicza, run
lakowa.

INTRODUCTION

The chemical value of fodder obtained from meadows and pastures is
determined by the floristic composition of sward (Kozrowski 1996, Trzasko$
1998, KiryLUK 2005, SABINIARZ, Kozr.owskl 2009), the developmental stage and
parts of plants (FALKowsKI et al. 2000, MasTALERCZUK 2007), patterns of ad-
jacent plant groups, and even by individual species (WEsOLOWSKI et al. 2009,
WESoLOWSKI et al. 2011).

A significant effect on the level of mineral elements in plants is exerted
by environmental factors such as the weather during the plant growing se-
ason (Wisniowska-KIELIAN, KasPERCzZYK 1999), plant available elements in the
soil (NiepZwiecki et al. 2009), habitat humidity and the groundwater level
(STEPIEN, PAwLUCZUK 2011).

Numerous studies have shown strong relationships between the occur-
rence of mineral elements in the meadow soil and herbage and the use of a
given habitat (WisNniowska-KIELIAN, KasPERczZYK 1999, KASPERCZYK, SZEWCZYK
2007, MASTALERCZUK 2007, KoLcZAREK et al. 2008, BarvrA et al. 2009).

Grassland productivity is affected by the climatic and soil conditions, the
type of a plant community as well as the mineral and organic fertilization
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(KasPERCZYK, SzeEwczYK 2007). Significant impact on the agricultural value
(UVN) of grassland sward is produced by the quantitative and qualitative
differences in the floristic composition during the plant growing season in
the successive years of meadow use (FALKOWSKI et al. 1996).

The content of nutrients, especially macroelements like N, P, K, Ca and
Mg, affects the biological value of grassland sward, which makes good raw
material for hay production (KuLik 2009, SABINIARZ, Kozrowski 2009).

The purpose of the present paper is to assess the content of total ni-
trogen, phosphorus, potassium, magnesium and calcium in the dry weight
of selected grassland sward syntaxonomic units and the agricultural value
(UVN) as well as the yield volume.

MATERIAL AND METHODS

In 2009-2011, a study was conducted on permanent grassland in the
valley of the Por River (south-eastern Poland). Based on phytosociological
records taken by the BrRAUN-BLANQUET method, plant communities and asso-
ciations were distinguished, which were then classified using the syntaxono-
mic system by Martuszriewicz (2006). Plant samples (150) were taken, each
from an area of 1 m?, in order to determine the fodder value of the analyzed
meadows and pastures before the first cut of hay. They were cut from plant
patches characteristic for particular phytocenoses. The samples were dried
and then used to estimate the yielding, make botanical and gravimetric
analyses and determine the chemical composition of hay.

Botanical and gravimetric analyses were the basis for calculations of
the utility value number according to FiLipEk (1973). In the dry weight of
the sward, the content of P, K, C and Mg was determined by Flame Atomic
Absorption Spectroscopy (FAAS) while the total content of N was assayed by
the Kjeldahl’s method.

In order to facilitate the interpretation of the results, the distinguished
plant communities and associations were ordered into superior syntaxonomic
units, namely associations Phragmition and Magnocaricion, orders Molinie-
talia and Arrhenatheretalia, class Scheuchzerio-Caricetea nigrae and order
Trifolio fragiferae-Agrostietalia stoloniferae. For the distinguished taxons, the
analyses determined the content of P, K, Ca, Mg and total nitrogen as well
as the utility value (V) and size of the yield in the dry weight of the sward.

The results were analyzed statistically using SAS 9.2 Enterprise Guide
4.2. The following methods of statistical analyses were applied: analysis of
variance - Anova, the Tukey’s HSD test, the Levene’s Test for Homogeneity
of Variances, the Welch’s Anova and the Pearson’s correlation coefficients
with the analysis of statistical significance by Student’s ¢-tests.
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RESULTS AND DISCUSSION

Our comparative analysis of the means from different environments of
the examined variables was based on a one-factor analysis of variance at the
level of significance a = 0.05.

Because certain traits presented considerable variability, deviations were
suspected from the assumptions derived from Anova regarding the variance
homogeneity of the compared groups. That was confirmed by analyses of
the Levene’s tests on variance homogeneity, which is why parallel calcula-
tions were done using the Welch’s method to perform Anova, which does not
require assuming variance homogeneity (Table 1).

Table 1
The one-factor variance analysis, Levene’s tests and Welch’s variance analysis
of the N, P, K, Ca and Mg, hay yield and the agricultural value between
the studied syntaxonomic units

Numbef“ i)ésamples ?)?ij:f;ﬁi:gﬂgj;s Levene’s test Welch’s Anova

Dependent variable F Pr>F | p=0.05 F Pr>F F Pr>F
Total N 1.120 0.352 > 3.630 0.004 2.730 0.041
P 1.340 0.252 > 1.070 0.381 1.640 0.189
K 2.090 0.071 > 1.000 0.418 2.940 0.034
Mg 1.480 0.201 > 0.610 0.691 1.470 0.237
Ca 1.050 0.391 > 0.600 0.702 0.740 0.602
UVN 52.30 <.0001 < 2.640 0.027 65.41 <.0001
Hay yield 6.770 <.0001 < 3.050 0.013 12.38 <.0001

Variance analysis is fairly resistant to deviations from variance homo-
geneity, which was confirmed by the results of both methods (very close to
the value of test functions F and the corresponding calculated probabilities).

Although Anova can establish whether groups differ significantly, it can-
not state which groups (objects) differ in a statistically significant manner
due to the mean values. That is the reason why T-Tukey’s tests (HSD) were
carried out at the previously adopted level of significance p = 0.05 so as to
determine homogeneous groups (statistically homogeneous ones). The me-
ans followed by the same letter constitute a so-called group of homogenous
means, which are the ones that do not significantly differ from each other.
The absolute value of the difference of the means from the samples is higher
than the so-called least significant difference LSD. Therefore, it can be sta-
ted that they are statistically significant (Table 2). The mean total nitrogen
concentration in the studied meadow hay ranged from 15.6 g kg'lof to 18.4 g
kg'dry weight (DW). The smallest amount of this element was found in the
plant dry weight of the communities from the order Trifolio fragiferae-Agro-
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Table 2
Descriptive statistics concerning the content and differentiation of the analyzed
macroelements, hay yield and agricultural value of the syntaxonomic units
Syntaxonomic unit of slilrillg})eesr(n) Means coe?;ie::li‘ei;l‘zﬂ\atcy(%) gl"rolill;‘?l};g
Total N (g kg? DW)
Phragmition* 9 15.9 9.6 A
Magnocaricion® 26 18.4 17.4 A
Trifolio fragiferae-Agrostietalia stoloniferae** 8 15.6 16.0 A
Molinietalia caeruleae** 45 18.4 24.6 A
Arrhenatheretalia Pawe.** 49 18.2 19.1 A
Scheuchzerio-Caricetea nigrae*** 13 18.1 12.0 A
LSD - 0.441
P (g kg' DW)
Phragmition® 9 2.40 27.8 A
Magnocaricion® 26 2.22 30.6 A
Trifolio fragiferae-Agrostietalia stoloniferae** 8 2.26 41.8 A
Molinietalia caeruleae®* 45 2.55 46.5 A
Arrhenatheretalia** 49 2.09 40.6 A
Scheuchzerio-Caricetea nigrae*** 13 2.65 20.8 A
LSD - 0.113
K (g kg' DW)
Phragmition® 9 18.3 25.4 A
Magnocaricion*® 26 14.8 31.6 AB
Trifolio fragiferae-Agrostietalia stoloniferae** 8 16.4 18.1 AB
Molinietalia caeruleae®* 45 15.3 25.1 AB
Arrhenatheretalia®* 49 15.1 27.5 AB
Scheuchzerio-Caricetea nigra™** 13 12.0 23.4 B
SD - 0.491
Mg (g kg' DW)
Phragmition*® 9 2.14 17.0 A
Magnocaricion*® 26 2.13 32.8 A
Trifolio fragiferae-Agrostietalia stoloniferae** 8 1.91 56.6 A
Molinietalia caeruleae** 45 2.47 31.9 A
Arrhenatheretalia** 49 2.53 30.5 A
Scheuchzerio-Caricetea nigrae*** 13 2.45 29.4 A
LSD - 0.094
Ca (g kg' DW)
Phragmition® 9 9.48 38.5 A
Magnocaricion*® 26 8.12 36.2 A
Trifolio fragiferae-Agrostietalia stoloniferae** 8 7.60 50.9 A
Molinietalia caeruleae™* 45 8.01 41.8 A
Arrhenatheretalia** 49 7.70 37.7 A
Scheuchzerio-Caricetea nigrae*** 13 9.83 39.7 A
LSD - 0.393

Explanations: * — association, ** — order, *** -

class
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stietalia stoloniferae and the association Phragmition. It is assumed that the
dry weight of sward should contain about 20 g kg! of total nitrogen (FALKOW-
SKI et al. 2000). The concentration of total nitrogen reported herein is below
the values considered as optimal ones.

Our comparative analyses demonstrated no statistical differences be-
tween the arithmetic means. Quite low variability coefficients also indicate
little differences in the total nitrogen concentration within particular synta-
xonomic units (Tables 1, 2), except for communities of humid habitats from
the order of Molinietalia caeruleae, where statistically significant variability
was observed (variation coefficient = 24.6%).

The scientific literature finds considerable differences in the content of
total nitrogen in plants’ dry weight depending on the floristic composition
of sward and the conditions within the habitat in which a given plant com-
munities grows (Kozrowski 1996, Baryra, KuLik 2006, MASTALERCZUK 2007,
WEsorowskI et al. 2009, STEPIEN, PawLuczuk 2011, WESOLOWSKI et al. 2011).

The chemical analyses on the availability of phosphorus in fodders from
the examined grassland, from the distinguished syntaxonomic units of the
Por River Valley, imply slight deficiency of this element in the plant’s dry
weight. According to FaLkowski et al. (2000), the content of phosphorus in
dry hay which is optimum for animals should range from 2.8 to 3.6 g kg
Out of all the studied plant samples, the highest concentration of phospho-
rus was determined for the fodder from sedge-moss peat bogs from the class
Scheuchzerio-Caricetea nigrae (2.65 g kg DW), whereas the lowest one was
found for fresh habitats from the order Arrhenatheretalia (2.09 g kg’ DW).

The one-factor analysis of variance (Table 1) and Tukey grouping (Ta-
ble 2) did not show any statistically significant differences in the content
of phosphorus in the plant dry weight of the examined syntaxonomic units.
On the other hand, the highest statistical variability within the syntaxon
was observed in the communities of humid habitats, especially Molinietalia
caeruleae, while the lowest in Scheuchzerio-Caricetea nigrae (Table 3).

Previous studies showed that environmental factors such as soil mois-
ture (Barvta, Kunik 2006) and unstable atmospheric conditions including
long droughts (FaLkowsk et al. 2000), have a considerable effect on phospho-
rus accumulation in plants. The analyzed plant communities of the Por River
Valley were characterized by distinctly different hydrological conditions.
However, the results of statistical analyses did not confirm the observations
reported elsewehere,

The mean concentration of potassium ranged from 12.0 to 18.3 g kg
DW. For animal nutrition, the right concentration of this element in hay
is 17 g K kg DW. (FaLkowskr et al. 2000). The lowest K concentration was
found in the phytocenoses from the class Scheuchzerio-Caricetea nigrae,
while the highest one was in the associations of Phragmition. Comparative
analyses confirmed that the potassium content in the other syntaxons did
not show any statistically significant differences (Tables 1, 2). In addition, a
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Table 3
Descriptive statistics concerning hay yield and agricultural value of the syntaxonomic units
‘ . Number Variab'ﬂity Tukey’s
Syntaxonomic unit of samples Means coefficient !
o) Ve (%) grouping
UVN
Phragmition® 9 2.90 35.7 CD
Magnocaricion® 26 1.63 77.3 D
Trifolio fragiferae-Agrostietalia stoloniferae™* 8 5.16 10.1 B
Molinietalia caeruleae™* 45 4.16 41.7 BC
Arrhenatheretalia®* 49 6.83 13.7 A
Scheuchzerio-Caricetea nigrae*** 13 2.98 44.7 CD
LSD - 1.594
Hay yield (t ha')
Phragmition® 9 3.38 24.2 A
Magnocaricion® 26 2.47 33.3 AB
Trifolio fragiferae-Agrostietalia stoloniferae** 8 1.69 66.5 BC
Molinietalia caeruleae®* 45 2.20 42.3 B
Arrhenatheretalia®* 49 2.25 27.9 B
Scheuchzerio-Caricetea nigrae*** 13 1.22 33.8 C
LSD - 0.962

Key — cf. Table 2

high variability coefficient (Ve =31.6%) was observed, which points to a wide
range of variability in the concentration of potassium in plant samples of
Magnocaricion KocH 1926. Results of studies presented by researchers (WE-
SOLOWSKI et al. 2009, STEPIEN, PAwLUczUK 2011, WESOLOWSKI et al. 2011) on the
content of macroelements in rush vegetation confirm considerable differenti-
ation in the content of potassium in sward from excessively humid habitats.
It is believed that the potassium content in permanent grassland sward is a
species-specific genetic trait (FALKowskI et al. 2000).

The magnesium concentration in the dry weight of the analyzed plant
samples, in respect of the aforementioned syntaxonomic units of permanent
grassland of the Por River Valley ranged from 1.9 to 2.5 g kg'! DW. FAaLKOWSKI
et al. (2000) suggest that from the point of view of animal feeding, the dry
weight of plants should contain 2 g of magnesium. Thus, the analyzed hay in
most cases meets the requirements set for good quality fodders.

The one-factor analysis of variance Anova did not show any statistically
significant differences in the concentration of magnesium in the plant dry
weight among the distinguished syntaxonomic units of the Por River Valley.
While considering variability coefficients within selected syntaxonomic units,
it was observed that the biggest differences appeared in plant patches from
the order of Trifolio fragiferae-Agrostietalia stoloniferae (Ve = 56.6%), while
the smallest ones were typical of Phragmition (Vc = 17.0%).
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In general, hay produced in Poland contains an insufficient amount of
magnesium (FaLkowskl et al. 2000). Deficiency of this element in hay from
excessively humid habitats was shown for example by Wyrupek (2006), WE-
SorowskI et al. (2009), STEPIEN, PAwLuczuk (2011), WESOrowsKI et al. (2011).
On the other hand, Niepzwiecki et al. (2009), who studied the chemical com-
position of grassland vegetation of Western Pomerania, and SABINIARZ and
Kozrowskr (2009), who analyzed Czersk grasslands in the aspect of fodders,
found out magnesium concentrations in grassland hay close to the optimum.

According to MASTALERCZUK (2007), more cuts in a season significantly
decrease the amount of magnesium ion in the fodder. Hence, it can be sup-
posed that extensive grassland management dominating in the Por Valley
positively affected the content of magnesium in the analyzed plants.

The mean content of Ca in all samples of the analyzed aerial biomass ex-
ceeded the optimum value of 7 g kg DW (FaLkowskl et al. 2000). The highest
concentration of this element was observed in the dry weight of grassland
sward of phytocenoses of the class Scheuchzerio-Caricetea nigrae (9.8 g kg'!
DW), whereas the lowest one was in the dry weight of samples from plant
communities of the order Trifolio fragiferae-Agrostietalia stoloniferae (7.6 g kg
DW). Results of chemical analyses testify to considerable bio-availability of cal-
cium ions to plants. In other regions of Lublin Province, the availability of this
element to plants is insufficient (Borowitc, UrRBAN 1992, UrBAN et al. 2003).

Lack of statistically significant differences in the content of calcium in the
plant dry weight between syntaxonomic units can be observed on the basis of
grouping the arithmetic means using the post-hoc tests. On the other hand,
the analysis of variability coefficients within the distinguished syntaxonomic
units found out quite remarkable dispersion of results. The broadest spectrum
of variability was observed in the dry weight of phytocenoses of the order 7ri-
folio fragiferae-Agrostietalia stoloniferae (Ve = 50.9%), while the smallest one
appeared in high-sedge rushes Magnocaricion (Vc = 36.2%) — Table 2.

In different regions of Poland, the content of Ca in the dry weight of
plant communities remains within fairly broad limits. Researchers observe
both excess and deficiency of calcium in the plant dry weight referring to the
feeding needs of animals (Kozrowskil 1996, Trzasko$ 1998, BArvra et al. 2009,
KuLik 2009, SABINIARZ, Kozr.owskl 2009, WEsorowsKI et al. 2009, WESOLOWSKI
et al. 2011).

The statistical analyses find out that the hay of phytocenoses of the Por
River Valley was characterized by different agricultural values (UVN). The
applied Tukey’s procedure made it possible to group the studied syntaxonom-
ic units into four homogenous groups (A, B, C, D). As these group “overlap”,
it was observed that the highest nutritive value is found for the fodder from
plant communities of fresh habitats of the order Arrhenatheretalia, slightly
lower for hay from the order Trifolio fragiferae-Agrostietalia stoloniferae,
while the lowest one was for the dry weight of plant samples of plant com-
munities of humid habitats of the association Magnocaricion. The dry weight
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of plants of the other syntaxonomic units was characterized by an average
level of the agricultural value (Table 3).

The grassland was characterized by considerably differentiated yielding,
which was confirmed statistically by variance analysis. According to the es-
tablished homogenous groups, the highest yields of dry weight were from the
phytocenoses of the association Phragmition, whereas the lowest ones were
achieved from the communities of the class Scheuchzerio-Caricetea nigrae
(Tables 1, 3).

Our analysis of the Pearson’s linear correlation coefficient pointed to
relationships between certain analyzed features of plant communities from
the Por River Valley. Weak (r < 0.5) and directly proportional correlations (a
positive coefficient of correlation) were found between the content of N total
and P (r = 0.240), Mg and N total (r = 0.268), Mg and P (r = 0.260), Mg and
Ca (r = 0.308). A positive relationship occurs between the hay yield of the 1
cut and its agricultural value (UVN) — Table 4.

Table 4
Pearson’s correlation coefficient r with the analysis of significance using ¢-Student
tests p between the selected features
. . Hay
Specification Total N p K Mg Ca UVN .
yield
Total N r = 1.000 0.240%* 0.067 0.268%* -0.086 -0.014 -0.081
Calculated probability = - 0.007 0.461 0.003 0.347 0.875 0.375
Pr= - 1.000 -0.092 0.260%* -0.036 -0.076 -0.131
p= - - 0.313 0.004 0.693 0.402 0.147
Kr= - - 1.000 -0.027 0.118 0.032 0.100
p= - - - 0.764 0.192 0.725 0.272
Mg r= - - - 1.000 0.308** 0.115 0.011
p= - - - - 0.001 0.204 0.907
Car= - - - - 1.000 -0.145 0.038
p= - - - - - 0.109 0.680
UVN r = - - - - - 1.000 0.188*
p= - - - - - - 0.038
Hay yield r = - - - - - - 1.000
p=

* Significant when <0.01,
** Significant when p < 0.05
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CONCLUSIONS

The above results of chemical and statistical studies of the dry weight
of permanent grassland of the Por River Valley justify the conclusion that
the content of the basic mineral elements in the analyzed plant samples was
fairly differentiated.

The dry weight of the examined plant samples was characterized by
quite good availability of phosphorus, magnesium and calcium, which ensu-
res adequate nutritional effects. On the other hand, the availability level of
total nitrogen and potassium in fodder implied small N deficiency in the dry
weight of plants.

Variability coefficients are characterized by a high value, which testifies
to considerable differentiation of the availability of phosphorus, potassium,
magnesium and calcium in the dry weight of particular plant patches of the
analyzed syntaxonomic units. In contras, the content of total nitrogen in the
plant dry weight should be considered as moderately stable.

The agricultural value (UVN) of fodder from different plant communities
of the Por River Valley and the volume of obtained yields were characterized
by considerable statistical variability, inluding differences within particular
syntaxons and mutual comparisons of the arithmetic means.
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