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Abstract

Present intensification of plant production rises a need to search for new solutions,
such as novel fertilization technologies which reduce environmental pollution.

The aim of this work has been to examine principles of rational fertilization of per-
manent meadows, including delivery of nitrogen doses applied in various forms. The inve-
stigations were led in the region of Siedlce in 1999-2001. Basic fertilization was applied
once during the growing season, in spring, and consisted of N–60 kg⋅ha-1, P–60 kg⋅ha-1,
K–60 kg⋅ha-1 applied to soil. The fertilizers were used in two forms: multiple (Polifoska
15) [P] and a mix of fertilizers (ammonium nitrate, superphosphate, potassium salt) [M].
Nitrogen fertilization of the second and third cuts was conduced as various foliar (20%,
30%, 40% urea solution) or soil (ammonium nitrate). The doses of nitrogen in respective
variants were 27.6 kg⋅ha-1 (N1), 41.4 kg⋅ha-1 (N2) and 55.2 kg⋅ha-1 (N3). Every year three
cuts for determination of potassium and sodium were collected.

Fertilization of the experimental objects with the multiple fertilizer resulted in incre-
asing plants’ potassium content whereas the mixture of fertilizers increased the quantity
of sodium in plants. Foliar fertilization with nitrogen in the form of urea solution gave
a higher increase in the plants’ content of potassium and sodium than fertilization to roots
with ammonium nitrate (independently on the basic fertilization).

By analysing the content of potassium in plants in dependence of the doses as well as
the kind of supplementary nitrogen fertilization, it has been verified that most of this
component was determined in plants treated with foliar fertilization consisting of 55.2 kg N⋅ha-1

(N3), the lowest potassium concentration occurred in plants receiving foliar fertilization with
dose 41.4 kg N⋅ha-1 (N2).
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The analysis of the sodium content in plants in dependence of the doses and type
of supplementary nitrogen fertilization showed that most potassium was in plants produ-
ced on the plots receiving foliar fertilization with a nitrogen dose of 27.6 kg⋅ha-1 (N1), and
the least potassium was determined in plants nourished with 41.4 kg N⋅ha-1 (N2) applied
to soil.

Key words: meadow sward, nitrogen dose, mineral fertilization, foliar fertilization, potas-
sium, sodium.

WP£YW FORMY NAWO¯ENIA AZOTEM NA ZAWARTOŒÆ MAKROELEMENTÓW
(K, NA) W RUNI Z £¥KI TRWA£EJ

Abstrakt

Celem pracy by³o porównanie wp³ywu nawo¿enia azotem u¿ytków zielonych na za-
wartoœæ makroelementów w runi ³¹kowej. Badania prowadzono w latach 1999-2001 na ³¹ce
trwa³ej. Ka¿dego roku po ruszeniu wegetacji stosowano nawo¿enie podstawowe pog³ównie,
wnosz¹c do gleby odpowiednio: N–60 kg⋅ha-1, P–60 kg⋅ha-1, K–60 kg⋅ha-1. Zastosowano
dwie formy nawozów: wielosk³adnikowy (Polifoska 15) [P] i mieszaninê nawozów jedno-
sk³adnikowych [M] (saletra amonowa, superfosfat pojedynczy, sól potasowa). W drugim
i trzecim odroœcie stosowano nawo¿enie azotem w formie dolistnej (20%, 30%, 40% roztwór
mocznika) i dokorzeniowej (saletra amonowa). Dawki azotu wynosi³y: 27,6 kg⋅ha-1 (N1),
41,4 kg⋅ha-1 (N2), 55,2 kg⋅ha-1 (N3). W ka¿dym roku badañ zebrano po trzy pokosy. W ru-
ni ³¹kowej okreœlono zawartoœæ potasu i sodu. Nawo¿enie nawozem wielosk³adnikowym
powodowa³o wzrost zawartoœci potasu w roœlinach, a nawo¿enie mieszanin¹ nawozów jed-
nosk³adnikowych przyczyni³o siê do wzrostu iloœci sodu. Dolistne dokarmianie roœlin  azo-
tem w formie roztworu mocznika spowodowa³o wiêkszy wzrost zawartoœci potasu i sodu
w porównaniu z nawo¿eniem dokorzeniowym saletr¹ amonow¹ (niezale¿nie od zastosowa-
nego rodzaju nawo¿enia podstawowego).

Analizuj¹c zawartoœæ potasu w roœlinach w zale¿noœci od dawek i rodzaju nawo¿enia
uzupe³niaj¹cego azotem, stwierdzono, ¿e najwiêcej tego sk³adnika by³o w roœlinach nawo-
¿onych dolistnie dawk¹ 55,2 kg⋅ha-1 azotu (N3), natomiast najmniej w przypadku zastoso-
wania dolistnie dawki 41,4 kg⋅ha-1 (N2).

Analiza zawartoœci sodu w roœlinach w zale¿noœci od dawek i rodzaju nawo¿enia uzu-
pe³niaj¹cego azotem wykaza³a, ¿e najwiêcej tego sk³adnika by³o w roœlinach z poletek na-
wo¿onych dolistnie dawk¹ azotu 27,6 kg⋅ha-1 (N1), natomiast najmniej w przypadku dawki
41,4 kg⋅ha-1 (N2) zastosowanej dokorzeniowo.

S ³ o w a  k l u c z o w e : ruñ ³¹kowa, dawka azotu, forma azotu, dokarmianie dolistne,
nawo¿enie mineralne, potas, sód.

INTRODUCTION

According to many authors (DOBOSZYÑSKI 1994, WINNICKA, BOBRECKA-JAMRO

1996, WASILEWSKI, SUTKOWSKA 2001), mineral fertilization is one of the basic
treatments influencing the botanical composition of meadow sward. Mineral
fertilization influences the height and quality of crops. In order to obtain
high yields of crops, it is necessary to apply a suitable mineral fertilization
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regime (CZUBA 1996, WASILEWSKI 1999, JODE£KA et. al. 2000). However, for
mineral fertilization to be an economically profitable practice, one must es-
tablish optimum doses of fertilizers to be applied on grasslands.

Fertilization of grasses most often consists of traditional fertilizers ap-
plied in the solid form as top-dressing. However, in a period of drought such
fertilizers stay on the surface of soil for a long time and their effect be-
comes delayed. In contrast, during excessive precipitations the fertilizers
can be washed out to deeper layers of soil, where they are inaccessible to
shallow roots of grasses. Present intensification of plant production rise
a need to search for various solutions, such as new fertilization technologies
which reduce environmental pollution. Such technologies allow combination
of fertilizing components and improved utilization of nitrogen by plants. It
has been empirically confirmed that foliar fertilization of meadow sward is
beneficial (JANKOWSKI et. al. 1999, JODE£KA et. al. 1999, 2000, JODE£KA,
JANKOWSKI 2001), which has encouraged us to study the reaction of fodder
grasses to this fertilization method in terms of their content of mineral
compounds. Thus, the aim of this work has been to examine the influence
of nitrogen fertilization applied in different forms on the content of potassi-
um and sodium in meadow sward.

MATERIAL AND METHODS

A three-year experiment was established in spring 1999 on permanent
meadow in the region of Siedlce.

The trial plots were set out on gley proper soil created from light loamy
sand on medium silt clay. The soil was slightly alkaline in reaction, both in
KCl solution and in H2O (pH in 1 n KCl 7.15); it had a high content of total
nitrogen (0.45%), manganese (450 mg⋅kg-1) and iron (1700 mg⋅kg-1), an av-
erage content of magnesium (0.31 mg⋅kg-1) and a very low content of phos-
phorus (0.15 mg⋅kg-1) and potassium (0.25 mg⋅kg-1).

The meteorological measurements (temperature and precipitations) used
for this report were obtained from the meteorological station in Siedlce.
The meteorological conditions in the particular years of the investigations
were different (Table 1). The average air temperature in the growing period
(April – September) in the successive years was higher than the long-term
average (4.1, 3.9 and 3.8oC, respectively). Also the total precipitation in the
growing seasons analyzed exceeded the long-term average (about 87.3 mm
in 1999, about 74.5 mm in 2000 and about 46 mm in 2001).

Two forms of fertilizer were used for basic fertilization: multiple (Poli-
foska 15) [P] and a mixture of single-element fertilizers (ammonium nitrate,
superphosphate, potassium salt) [M]. Both introduced to the soil 60 kg N⋅ha-1,
60 kg P⋅ha-1 and 60 kg K⋅ha-1. Additionally, the second and third cut were
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fertilized with nitrogen applied as foliar treatments (20%, 30%, 40% urea
solution) or in the solid form (ammonium nitrate) to soil. Both fertilization
treatments introduced identical amounts of nitrogen: N1– 27.6 kg⋅ha-1,
N2– 41.4 kg⋅ha-1 and N3– 55.2 kg⋅ha-1.

Three cuts were harvested in the vegetation period. The chemical anal-
ysis of the plant material was performed by absorption atomic spectropho-
tometry (ACE) for the following macronutrients: K and Na.

Mathematical models proposed for this type of experiments by TRÊTOWSKI

and WÓJCIK (1991) were applied. Significance of differences between means
of the experimental factors was determined with Tukey’s test at the level of
significance P<0.05.

RESULTS AND DISCUSSION

The results confirmed that spring application of two fertilization (Ta-
ble 2) significantly differentiated the content of potassium in plants. Signifi-
cantly more potassium was found in meadow sward from plots fertilized
with the multiple fertilizer. However, these contents were lower than an
optimum potassium concentration suggested by other authors, for example
17 g⋅kg-1 K of d.m (FALKOWSKI et. al. 1990), about 20 g⋅kg-1 d.m. (Nowak
1992), and from 10 to 30 g⋅kg-1 d.m. (PREŒ 1984).
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The content of potassium determined in our study was also variable
depending on the type of basic fertilization, supplementary nitrogen fertili-
zation method and doses of nitrogen (Table 2). The highest content of potas-
sium, between 16.2 and 16.0 g⋅kg-1 of d.m., appeared in plants which had
received foliar fertilization with urea solution in the fertilizer variants N1
and N3 with the multiple fertilizer for basic fertiliztaion. This potassium
level was significantly higher in comparison with the variants of identical
additional fertilization and basic fertilization consisting of a mixture of sin-
gle-component fertilizers.

The present experiment has demonstrated (Figure 1) that most potassi-
um was in plants from the first re-growth. Other authors, e.g. BARRY£A (1992)
and JODE£KA (1998), also reported higher potassium content in the first re-
growth on meadows. Our comparison of the results produced by additional
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Fig. 1. Content of K and Na in plants (g⋅kg-1) depending on basic fertilization type,
additional fertilization to soil or foliar and nitrogen dose and cuts

(means for the years of the experiment)

fertilization showed that, against the background of the multiple fertilizer
basic nutrition, a significantly higher content of potassium in the second re-
growth occurred in the sward which had received foliar fertilization. Howev-
er, when a mixture of single-component fertilizers had been used, the re-
sults were contrary – most potassium was found in the sward fertilized to
the soil. When analyzing the content of potassium in plants in dependence
of the nitrogen doses and method of supplementary nitrogen fertilization
(Table 2), it was found out that most potassium was in plants from the plots
receiving 55 kg⋅ha-1 of nitrogen in foliar fertilization (N3). The smallest po-
tassium concentration occurred in plants which had received 41.4 kg N⋅ha-1

applied as foliar fertilization (N2).

Polifoska (P)

Polifoska (P)
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Sodium is another important component animal nutrition, which is often
deficient in grasses according to nutritional needs of animals. FALKOWSKI et.
al. (1990) claim that animal fodder should contain 1.5 – 2.5 g⋅kg-1 Na in d.m.
However, NOWAK (1981) suggests that sodium in fodder above 1.8 g⋅kg-1 d.m.
fully satisfies the alimentary needs of animals.

In our investigations (Table 2), a slightly higher content of sodium in
plants (average 2.4 g⋅kg-1 d.m.) occurred in plots fertilized with a mixture
of single-component fertilizers in the comparison with plots fertilized with
the multiple fertilizer (2.3 g⋅kg -1 d.m.).

The content of sodium was also differentiated by the nitrogen doses as
well as the form of nitrogen fertilization and the type of basic fertilization
(Table 2). The highest content of sodium (2.7 g⋅kg-1 d.m.) was determined
in sward harvested from plots receiving foliar fertilization with the lowest
nitrogen dose 27.6 kg⋅ha-1 (variant N1) against the background of a mixture
of single-component fertilizers. It was significantly higher than its concen-
tration in the fodder fertilized with the same dose of nitrogen but applied to
the soil (2.0 g⋅kg-1 d.m.).

The statistical analysis of the interaction between the type of basic fer-
tilization and the way supplementary nitrogen fertilization was applied on
the successive cuts (Figure 1) showed that significantly more sodium was
present only in the fodder from second and third re-growths which had re-
ceived foliar fertilization in the comparison with nitrogen fertilization ap-
plied to the soil.

The analysis of sodium in plants in dependence of the doses and meth-
ods of supplementary nitrogen fertilization (Table 2) showed that most sodi-
um was in plants taken from plots where 27.6 kg N⋅ha-1 was introduced in
foliar applications (N1), whereas the lowest sodium concentration occurred
in plants which had received 41.4 kg N⋅ha-1 applied to the soil (N2). In this
experiment, no statistically significant differences were revealed in sodium
content in plants depending on the nitrogen doses irrespective of the basic
and supplementary fertilization regimes.

CONCLUSIONS

1. The form of fertilizers significantly differentiated the content of min-
eral components in meadow sward. Fertilization with a multiple fertilizer
resulted in an increase in the potassium content, whereas application of
a mixture of single- component fertilizers increased the quantity of sodium.

2. More potassium was contained in meadow sward fertilized with
a multiple fertilizer and additionally top-dressing fertilized as well as in grass-
es fertilized with a mixture of single-component fertilizers but receiving ad-
ditional nitrogen fertilization to the soil.
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3. The highest sodium content was determined in meadow sward addi-
tionally fertilized with nitrogen in the form of foliar application; the lowest
sodium concentration was found in plants receiving the lowest nitrogen dose
under a fertilization regime consisting of a mixture of single-component fer-
tilizers.
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