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Abstract: Study objective was the effect of increasing levels of nitrogen: 0, 50, 100, 150 and 200 mg N - dm >
in the soil on changes in the content of components in the soil, on grass yielding, water content in plant
aboveground parts and on ornamental values of turf. With the increase of nitrogen fertilization, with the doses
of 150-200 mg N - dm >, there followed a significant decrease in the content of calcium, magnesium, copper
and zinc in the soil, while the content of phosphorus and sulphates increased. With a high level of nitrogen
(150 mg N - dm™?), the salinity of soil was increasing. No effect of nitrogen fertilization was exerted on soil
pH reaction and on the contents of nitrogen, potassium, iron, manganese, chlorides and sodium. Nitrogen
fertilization exerted a significant effect on the growth of fresh and dry matter and on water content in the
aboveground parts of grasses. Nitrogen fertilization exerted also a significant effect on the ornamental values
of lawn, such as the general appearance, sodding and weeding. The general appearance determining visual
attractiveness and sodding (soil covered by grass leaf blades) were the most attractive when nitrogen content
was maintained within 150-200 mg N - dm*, while a significantly smallest number of weeds was shown by
the dose of 200 mg N - dm *. After soil analysis by the universal method (extract of 0.03 M CH;COOH), the
doses of 100-200 mg N - dm can be recommended as provisional standards of nitrogen content in soil being
the optimal ones for grasses grown in green belts.
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Lawns are regarded as the basic elements of green areas and their cultivation is
a testimony of the awareness that green areas exert a positive influence on human nature
[1]. Thanks to their specific biological properties, they can play the main role in the
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management of degraded soils causing a positive effect on soil improvement and on
anticorrosive soil-creating and decorative function [2]. Fertilization adjusted to the lawn
nutritional requirement contributes to a better grass propagation, it improves the
durability and density of turf and at the same time it prevents weeding. Furthermore, it
stimulates the development of the root zone, increases the activity of soil processes and
the number of microorganisms [3].

The objective of the presented studies was the optimization of lawn fertilization with
nitrogen through the determination of the effect of an increasing N nutrition on changes
in the soil resources, growth and development of turf, on lawn decorative values such as
general appearance, sodding, weeding and yielding (yield of fresh and dry matter and
water content in the plant aboveground parts).

Material and methods

Vegetation experiments were carried out in the years 2007-2008 in the area of the
Experimental Farm of the Horticultural Department ‘“Marcelin”, University of Life
Sciences in Poznan. Five increasing levels of nitrogen fertilization [mg N - dm™]: 0, 50,
100, 150, 200 corresponding to nitrogen doses of: 0, 10, 20, 30, 40 g N - m > were
studied. Contents of the remaining macroelements in all tested combinations were
supplemented to the standard levels [mg - dm]: P 100, K 200, Mg 180 (year 2007) and
300 (year 2008). In the period from April to July (in midmonth), on the basis of
chemical analyses, top dressing was applied using ammonium nitrate (34 % N), double
superphosphate (40 % P,0s), potassium sulphate (50 % K,0) and magnesium sulphate
(16 % MgO). Fertilization diagram and the applied doses of nutritive components are
shown in Table 1.

Experiment was established in a systematic design. Each level of N fertilization was
represented by four plots of 24 m? surface area (4 x 6 m). Studies were carried out on a
2-year old lawn, where a mixture of lawn grasses was sown in the amount of 25 g - m’
composed of: perennial ryegrass (Lolium perenne L.) ‘Grasslands Nui’ (45 %), tall
fescue (Festuca arundinacea Schreb) ‘Finelawn’ (25 %), red fescue (Festuca rubra
Hack.) ‘Olivia’ (10 %), red fescue (Festuca rubra Hack.) ‘Boreal’ (15 %), kentucky
bluegrass (Poa pratensis L.) ‘Balin’ (5 %).

During the vegetation experiment, according to the needs, the lawn was irrigated
with a dose of about 10 mm of water. The lawn was systematically mown in 10-12 day
intervals. Each time, the fresh matter of the aboveground plant parts defined as plant
fresh matter yield was weighed. After water content measurement, the dry matter
content was determined.

Before experiment establishment, using the universal method, the content of macro-
and microelements in the soil was measured [mg - dm ] which showed the following
values: NH, trace; N-NO; 4.0; P 35.0; K 132.0; Ca 2756.0; Mg 143.0; S-SO,4 2.0; Fe
115.9; Zn 23.2; Mn 7.7; Cu 3.0; B 0.36; Na 15.0; Cl 22.0; pH 7.32 and EC 0.11
[mS - ecm']. Soil samples for analyses were taken three times in the year 2007 (on
25.04, 24.05 and 17.07) while in 2008 — 5 times (on 15.03, 15.04, 12.06, 08.07, 19.08).
Each time, from the given combination, 14—18 individual samples were taken from the
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layer of 0-20 cm, and after mixing, a representative mixed sample (0.4—-0.5 dm?) was
obtained. Available macroelement forms of sodium and chlorides were determined by
universal method in 0.03 M CH;COOH, while microelements were determined in
Lindsay solution [4, 5]. Determinations were made using the following methods:
N-NO;, N-NH, — by microdistillation method (according to Bremner in Starck’s
modification), P — was measured colorimetrically with ammonium vanadomolibdate, K,
Ca, Na — by flame photometry; Cl — nephelometrically with AgNO;; S-SO4 —
nephelometrically with BaCl, ; B — by colorimetry with curcumin; Mg, Fe, Mn, Zn, Cu
— by atomic absorption spectrometry (AAS — on Carl Zeiss-Jena apparatus), salinity [EC
units] — conductometrically, at soil:water relation = 1:2 (v/v); pH — by potentiometry at
soil:water relation = 1:2 (v/v).

Exact estimation of the ornamental values of turf was carried out in the midmonth of
July, August and September of each year of studies. The following parameters were
estimated: general appearance of the turf (in a 9-degree scale, where 1° denoted
a negative appearance devoid of any decorative values, while 9° — showed a very good
and attractive appearance [6, modified], sodding, ie soil covered by the aboveground
parts of grasses in a 9-degree evaluation scale, where 1° indicated surface cover [%]: 1°
- 0-5; 2° — 6-15; 3° — 16-25; 4° — 26-40; 5° — 41-60; 6° — 61-75; 7° — 76-85; 8° —
86-95; 9° — 96-100 and weeding of turf.

Changes in the component content in soil, yielding of plants, water content in the
aboveground parts of grasses and ornamental values of turf were subject to statistical
analysis using Duncan’s test (o = 0.05).

Results and discusion
Content of nutritive components in soil

No significant effect of nitrogen fertilization on the mean content in soil of
ammonium nitrogen, nitrate(V) nitrogen and potassium were found (Table 2). However,
a significant effect was shown by the levels of 50-200 mg N-NO; - dm * on the increase
of phosphorus in soil. In contrast to phosphorus, there was a significant effect of
nitrogen fertilization on the decrease of calcium and magnesium contents particularly
visible in the range of 150-200 mg N-NOj - dm ™ of soil. Content of sulphates increased
under the influence of nitrogen fertilization, whereby at the levels of N-50 and N-150,
the effect was significant.

Studies of microelements did not show any significant effect of increasing nitrogen
fertilization on the contents of iron, manganese and chlorides in soil, or of the ballast
ion represented by sodium (Table 3). On the other hand, it was found that the soil
became poorer in zinc and copper content.

Fertilization with nitrogen on the levels of 100-200 mg N-NOj - dm ™ increased soil
salinity, whereby, at the level of 150 mg N-NOs, it was statistically proven (Table 3).
Nitrogen fertilization did not cause any significant changes in the pH of soil. Soil
reaction in the studied levels of nitrogen fertilization was alkaline — pHpo) 7.19-7.37.
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Absence of any effect on the differentiation of reaction was probably the result of high
calcium content in soil (2437.8-3580.8 mg Ca - dm’3).

Summing up, one can conclude that nitrogen fertilization, with the maintained high
levels of 150-200 mg N-NOj - dm, significantly decreased the contents of calcium,
magnesium, zinc and copper and it increased the content of phosphorus and sulphur.
However, it did not exert any effect on the contents of nitrogen, potassium, iron and
manganese. Significant decrease of the contents of calcium, magnesium, zinc and
copper could have been caused by the removal of those components together with the
yield of plants which was intensified by the increasing nitrogen fertilization. Increase of
phosphorus content can be connected with the decrease of calcium, potassium and
magnesium contents and thereby with a smaller retardation of this component. On the
other hand, the increase of phosphates was the effect of potassium phosphate and
magnesium phosphate application in order to maintain the correct levels of potassium
and magnesium in the soil.

Fresh matter yield of the aboveground grass parts

Significant effect of nitrogen fertilization was found to be exerted on the fresh matter
of aboveground grass parts (Table 4). Yielding dynamics in the successive years of
studies is shown in Figure 1. The presented data indicate a strong yield-creating
influence of top dressing with nitrogen on the yield of the aboveground parts of plants.
Data available in literature show higher yielding of grasses with smaller doses of
nitrogen in case of top dressing. It is reported the best yielding of perennial ryegrass
(Lolium perenne L.), being the basic species in the studied mixture of grasses, in
a peat-mursh soil with nitrogen fertilization by the dose of 120 kg N - ha™' (cor-
responding to 60 mg N - dm™) [7]. The most intensive fertilization of perennial ryegrass
in the first year after seeding improved the aesthetical values of plants [8]. It is reported
that best yielding of red fescue (Festuca rubra L.) was obtained by them also with the
dose of 120 kg N - ha™' [9]. Those authors showed that nitrogen fertilization exerted
a favourable influence on the morphological features of grasses, among others on the
height and length of inflorescences. Earlier studies reported that for some species and
cultivars of grasses (among others the Festulolium hybrids originating from the

a) Year 2007 - b) Year 2008
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Fig. 1. Yield dynamics of aboveground grass parts, depending on nitrogen fertilization
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cross-breeding of species from Festuca and Lolium), the most effective was the nitrogen
dose of 150 kg N - ha™' (75 mg N - dm™) [10].

A significant effect of nitrogen fertilization on the increase of water content was
found in the aboveground parts (Table 4). The smallest amount of water content was
determined in the combinations N — 0; N — 50 and N — 100 (70.0; 67.8 and 69.8 %,
respectively), while the significantly highest water content was found in combinations
N — 150 and N — 200 (73.3 and 74.5 %, respectively)

Decorative values

A positive tendency in the improvement of the general appearance (including the
colour of leaves) and the degree of turf sodding were found with the increasing nitrogen
fertilization (Table 5). In the second year of studies (2008), there was a distinct
improvement in the lawn condition, in comparison with the previous state (in 2007).
The most favourable decorative values were shown by lawns in the combinations N-150
and N-200; less good results were shown by the combinations N-100 and the worst
effect was found after the application of combinations N — 0 and N — 50. Together with
the duration of the vegetation period, there appeared a tendency, typical of lawns, to a
decrease of the decorative values, which was confirmed by the studies [11]. Those
authors mentioned that among the factors exerting an effect on lawn attractiveness
(including sodding), the species composition of grass mixtures also plays an important
role. In spring, the best sodding was shown by mixtures containing 3540 % of
perennial ryegrass, 40-55 % of Kentucky bluegrass and 10-20 % of red fescue. In
summer, the degree of soil cover did not depend on the composition of grass mixtures.
In autumn, the worst sodding was shown by the turf containing over 50 % of perennial
ryegrass. It was showed that a good quality of lawns can be obtained by the adequate
selection of species and cultivars [12]. The most aesthetic appearance was represented
in the spring period by mixtures containing at least 50 % of perennial ryegrass.
Different conclusions than those obtained in our studies referring to the effect of
nitrogen fertilization were formulated [13]. In the opinion of the mentioned author, in
case of a renovation of a turf, very effective were low nitrogen doses 50 kg N - ha' (25
mg N - dm ™ of soil) which exerted a positive effect on the attractiveness of turf and on
sodding.

One can recommend as a provisional standard the following contents of nutritive
components in soil for lawns [mg - dm]: N 100-200; P 100; K 200; Mg 180-300. The
conventional maximum single application of slow release N is 73 kg N - ha ' (36.5 mg
N - dm?®) — but some fertilizer manufacturers recommend a single season long
application rate of 146 kg N ha (73 mg N - dm ) [14]. The same authors confirmed our
observations that in case of the absence of N fertilization, the appearance of lawns
significantly deteriorated. The best turf density is obtained with the use of an annual
dose of 300 kg N - ha! (corresponding to 150 mg N - dm™ of soil) [15].

A significant effect of nitrogen fetrtilization was found to be exerted on lawn
weeding (Table 5). The greatest weeding was found in the control combination (N — 0),
while the least number of weeds was recorded in the combinations: N — 150 and N —
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200. With the nitrogen fertilization increase, the weed species composition was
changed. In the control combination, there occurred: common dandelion (7araxacum
officinale F.H. Wigg.); ribwort plantain (Plantago lanceolata); white clover (Trifolium
repens L.). In the N-50 and N-100 combinations, there occurred: common dandelion,
ribwort plantain, while in the combination N-150 and N-200, only common dandelion
was found. It is reported that the factor which prevents weeding is the adjustment of
mineral fertilization to the nutritive requirements of plants which contributes to a better
propagation of grasses, improves the durability and density of turf [3]. Significant effect
on lawn degradation is exerted by water deficit and too rare lawn grass mowing [16].

On the basis of our studies, one can conclude that one of the factors causing
a degradation and deterioration of lawn appearance in the green belts can be the fact that
mineral fertilization of plants is not properly adjusted to the nutritional requirements of
plants. In order to optimize the cultivation and to improve the appearance of lawns,
a controlled fertilization based on chemical soil analyses is recommended.

Conclusions

1. A significant effect of increasing nitrogen fertilization on the levels of 150-200
mg N-NO; - dm > was found to be exerted on the increase of phosphorus and sulphur
content in soil. On the other hand, the contents of calcium, magnesium, zinc and copper
decreased. No significant changes were found in the contents of nitrogen, potassium,
iron and manganese.

2. Nitrogen fertilization exerted a significant effect on the increase of fresh and dry
matter yield and on water content in the aboveground parts of grasses.

3. The most favourable appearance and the highest sodding of turf was obtained
when the nitrogen content was maintained in the range of 150-200 mg N-NOy - dm> of
soil. The least weeding was found at N content of 200 mg N-NO; - dm™.

4. Doses of 100-200 mg N - dm > can be recommended as provisional standards of
nitrogen content in the soills for lawns.
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OPTYMALIZACJA NAWOZENIA TRAWNIKOW AZOTEM.
CZ. 1. ZASOBNOSC GLEBY, PLON I WALORY DEKORACYJNE MURAWY

Katedra Nawozenia Roslin Ogrodniczych, Katedra Mikrobiologii Rolnej
Uniwersytet Przyrodniczy w Poznaniu

Abstrakt: Badano wplyw wzrastajacych pozioméw azotu: 0, 50, 100, 150 i 200 mg N - dm* gleby na zmiany
zawartosci sktadnikéw w glebie, plonowanie traw, zawarto$¢ wody w czg$ciach nadziemnych roslin i walory
dekoracyjne murawy. Wraz ze wzrostem nawozenia azotem, przy poziomach 150-200 mg N - dm,
znacznemu obnizeniu ulegata zawarto$¢ wapnia, magnezu, miedzi i cynku w glebie, a wzrastata zawartosé
fosforu i siarczanéw. Przy wysokim poziomie azotu (150 mg N - dm®) wzrastalo zasolenie gleby. Nie
stwierdzono wplywu nawozenia azotem na odczyn pH gleby oraz zawartos¢ azotu, potasu, zelaza, manganu,
chlorkéw i sodu. Stwierdzono istotny wptyw nawozenia azotem na wzrost plonu $wiezej i suchej masy oraz
zawarto$¢ wody w czgsciach nadziemnych traw. Stwierdzono istotny wplyw nawozenia azotem na walory
dekoracyjne trawnika, takie jak: aspekt ogdlny, zadarnienie oraz zachwaszczenie. Aspekt ogdlny, okreslajacy
jego atrakcyjnos¢ wizualng oraz zadarnienie (pokrycie gleby blaszkami lisciowymi) byly najlepsze przy
utrzymywaniu zawartosci azotu na poziomach 150-200 mg N - dm, natomiast najmniejsze zachwaszczenie
byto przy zawartosci 200 mg N - dm . Jako tymczasowe standardowe zawarto$ci azotu w glebie, optymalne
dla wzrostu traw na terenach zieleni, mozna zaleca¢ 100-200 mg N - dm ™ gleby, przy analizie gleby metoda
uniwersalng (wyciag 0,03 M CH;COOH).

Stowa kluczowe: trawnik, nawozenie azotem, wartos¢ dekoracyjna, plonowanie



