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Abstract

NAWRATH, A., J. SKLADANKA, F. HRABE and J. EDISON ALBA MEJIA, 2013. Representation of plant
species in the stand in dependence on total precipitation amounts, temperature, intensity of fertilization and use in
the period 2007-2011. Bulg. J. Agric. Sci., 19: 1258-1267

Grasslands in central Europe came to existence as communities substitute to forests and fulfill both the production function
and other beneficial functions for the society. For the due fulfillment of these functions, the grass stands have to be managed so
that their biodiversity as well as quality and high yields can be maintained. The objective of our work was to compare changes
in the representation of plant species in dependence on total precipitation amounts, temperature, fertilization intensity and
intensity of use in the period 2007-2011.

Characteristics assessed included dry matter yields, proportions of individual agro-botanical groups, Shannon’s diversity
index and grass stand quality. It was demonstrated that high supply of nutrients shows in the increased (P<0.05) representation
of Alopecurus pratensis whose share increased from 6.3% to 36.4% after the application of 180 kg N. Its proportion however
depended on total precipitation amounts, too. In the years 2007 and 2009 when the precipitation in the month of April was
markedly below the long-term average, the species’ share was the lowest. Increased shares of Festuca rubra and Poa spp. com-
pensated the decreased representation of Alopecurus pratensis. The proportion of Trifolium repens was also depending on the
year (P<0.05). Higher average temperatures in the spring months (2007) reflected positively in its representation (4.8%). By
contrast, its representation was only 0.9% in 2010 when the temperatures were the lowest. High doses of nutrients showed to
be beneficial also for the quality and yield of grass stands. Fertilization had an adverse effect on the biological diversity, which
was decreasing with the increasing dosing of fertilizers. Higher intensity of exploitation appeared to be appropriate measure
to support biodiversity.
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Introduction

Grasslands are the most abundant cover of our planet right
after forests. In the Czech territory, they came into existence
as communities substitute to forests and play a non-substitut-
able role in the nutrition of farm animals today. Besides the
primary functions of production, they fulfill a range of other
beneficial functions, too, which are no less important for the
society. A multi-functional harmonious landscape formed by
grasslands provides economic benefits as well as ecological
and social functions such as protection of biodiversity, soils
and air (Kampmann et al., 2011). The other beneficial functions

depend primarily on the preservation of biodiversity. At pres-
ent, many parts of central Europe show a significant decrease
of species-rich grasslands caused either by land use intensifica-
tion or by neglected management (Schmiede et al., 2012).

As heterogeneous associations, grasslands feature consid-
erable species diversity, which reflects in phytomass quality
(Mrkvicka and Vesela, 2002). Decisive for yields and for-
age quality is floristic composition, which is given by site,
fertilization and management methods (Fiala et al., 2007).
Species composition can be influenced by thoughtful mea-
sures so that both species diversity and forage quality can be
preserved at economical inputs (Gaisler et al., 1998). On the
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other hand, inadequate management methods such as exces-
sive fertilization and high frequency of use may result in the
degradation of grasslands in terms of their species compo-
sition (Chapman, 2001). Superfluous fertilization may result
even in negative succession and related decreased production
of aboveground biomass (Hanze et al., 2004). Both agrono-
mists and environmentalists (Garnier et al., 1997) have tack-
led question whether the productivity of plant communities
really depends on the species abundance.

The objective of this work was to compare changes in
the individual species representation of a grass stand of San-
guisorba-Festucetum comutatae association in dependence
on total precipitation amounts, temperature, intensity of fer-
tilization and frequency of use in the period 2007-2011. An-
other goal was to ascertain how a high supply of nutrients
reflects in the species composition of the grass stand, forage
quality and yield, and to suggest an optimum method of use
that would maintain an optimum between the species diver-
sity and grass stand quality.

Material and Methods

Experimental site characteristics

Our experimental plot was established in the cadastre of
the village Kamenicky belonging in the Protected Landscape
Area (PLA) of Zdarské vrchy Hills. Experimental works
were launched there in 1992. The presented results include
the years from 2007-2011. The site has a SW aspect and is sit-
uated on a slope with the gradient of 3%. Mean annual tem-
perature (1951-2000) is 5.8°C and mean total annual precipi-
tation amounts to 758.4 mm. Soil type is acidic Luvic Stag-
nosol on the gneiss diluvium. Soil is loamy sand to loam. The
contents of available nutrients established by the Mehlich III
method are presented in Table 1.

Layout of the experiment

The experiment was laid out by using the method of split
compartments in four repetitions. Each plot is sized 15 m?
(1.5mx10m). We studied two factors. The first factor was fer-
tilization (no fertilization, PK fertilization, N90+PK fertil-
ization and N180+PK fertilization. The second studied factor
was the intensity of exploitation (2 cuts and 3 cuts).

Treatment of the experimental site

Nitrogen was supplied in the form of ammonium nitrate
with limestone (LAV 27%) at a total dose of 90 kg.ha' N,
resp. 180 kg.ha' N. In the mode of three cuts, the dose of
nitrogen was applied in three terms (1/3 in spring, 1/3 after
I*t cut and 1/3 after 2™ cut). In the mode of two cuts, the
dose was applied in two terms (2/3 in spring and 1/3 after
15t cut). Potassic and phosphoric fertilizers were applied in
spring. Phosphorus was applied in the form of Hyperkorn
(26%) at 30 kg.ha! P and potassium was applied in the form
of potassium salt (60%) at 60 kg.ha'! K. In the mode of
three cuts, the stands were harvested at three terms (early
June, early August and early October) and in the mode of
two cuts, they were harvested at two terms (mid-June and
early September). The grass was harvested by the mower
Model MF-70 with a cutting bar with engagement of 1.2
m. The harvested area was 12 m? and the stubble height
was 0.07 m.

Assessed characteristics

Characteristics assessed in our experiment included dry
matter yields in the respective cuts, the share of individual
agro-botanical groups in the 1** cut forage, Shannon’s di-
versity index (H), and grass stand quality ascertained ac-
cording to the feeding value of individual species (EGQ).
In order to establish the share of individual species or agro-
botanical groups in the harvested forage, samples were tak-
en of aboveground biomass from permanently staked plots
(0.5 m?). The samples of aboveground forage biomass were
divided into individual species and dried at 60°C. Subse-
quently, their weight was ascertained in dry state and the
proportions of individual species were expressed as percent-
ages from the total weight of dry forage. Total precipitation
amounts and average temperatures in individual months
were obtained from the CHMI meteorological station in
Svratouch. The acquired data are presented in diagrams
(Figures 1, 2, 3 and 4) and climadiagrams (Figures 5, 6, 7,
8,9 and 10).

=-2PInP,

where H is diversity index and P_ is the share of the i species
in the stand.

Table 1

Soil contents of available nutrients [mg.kg™']
Fertilizer intensity ‘ P ‘ K Ca Mg pH
No fertilizer 134 514 1253 943 4.2
PK 22.6 50.9 1440 90.9 44
N 90+ PK 31.6 55.9 13333 92.6 43
N 180 + PK 36.1 52.8 1386.7 79.1 44
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Grass stand quality (Novak, 2004) was calculated accord-
ing to the below formula:

E.,= Y(D*FV)/8,

where Eso is grass stand classification, D is the species pro-
portion (%) in the harvested forage and FV is feeding value
of the given species. Each plant species has its own feeding
value on the scale of 13 points (from -4 to 8). Highly valuable
species are classified with 8 and highly poisonous species are
classified with -4.

Statistical evaluation

Statistical evaluation was conducted with using the Sta-
tistica 6.0 CZ programme. The effect of fertilization on the
yields of dry forage and the proportion of individual species
in the stand were assessed by multi-factorial analysis of vari-
ance (ANOVA) and by Tukey test.

Results and Discussion

Representation of grasses in the stand

The agro-botanical group with the highest percentage
share in the studied period of five years consisted of grass-
es with 57.4% and 52.4% in the 2-cut and 3-cut stand vari-
ants. As compared with the unfertilized variant and the vari-
ant with additional PK, the fertilization with nitrogen had a
statistically significant influence (P<0.05) on the increasing
representation of grasses in the stand. Camské and Skalova
(2012) reported the same finding, too. The proportion of
grasses in the stand was also influenced by the order of the
cut with their percentage share increasing with the increas-
ing order of the cut. On the other hand, the representation
of grasses at 3-cut use was lower than at 2-cut use when the
date of the first cut was delayed. Kramberger et al. (2005) ar-
rived at the same conclusion that a later date of the first cut
increases the proportion of grasses in the stand. In the 2-cut

Table 2

variant, a statistically significant difference (P<0.05) was
demonstrated in the percentage representation of grasses be-
tween the first (54.5%) and second (60.3%) cuts. In the 3-cut
variants, a statistically significant difference (P<0.05) was
found between the second (50.5%) and third (61.1%) cuts. The
results are presented in Table 2. The high percentage share
of grasses was most contributed to by Alopecurus pratensis,
which dominated, and by Festuca rubra and Poa spp., which
occurred in abundance, too. Phleum pratense, Antoxanthum
odoratum and other grass species occurred at much lower
percentage shares. The results (Table 3) indicate that fertil-
ization had a significant influence (P<0.05) on the dominance
of Alopecurus pratensis in the stand. While the species occu-
pied only 6.3% in the unfertilized variant, its representation
increased to 21.6% in the variant with the PK fertilization
and even to 41.1% in the variant fertilized with N90+PK. The
positive influence of N-fertilization on the increased propor-
tion of Alopecurus pratensis was demonstrated also by Smith
et al. (1996), Gaisler et al. (1998) and Mrkvicka and Vesela
(2002). The proportion of Alopecurus pratensis in the stand
was also affected by the year, i.e. by average temperatures
and total precipitation amounts in individual months (Table
3, Figure 1). The lowest share of Alopecurus pratensis in the
stand was detected in 2007 (17.3%) when the total precipita-
tion in the month of April amounted only to 5.58mm (Figure
5). The waning of Alopecurus pratensis was compensated
for by the increased shares of Poa spp. and namely Festuca
rubra whose representation was the highest in the studied
S-year period (Table 3). These species are of low build and
the smaller proportion of Alopecurus pratensis made it pos-
sible for them to win more ground in the stand. Moreover,
the resistance of Festuca rubra to the lack of rainfall is well
known (Ruemele et al., 1995; Bandurska et al., 2010). A lower
representation of Alopecurus pratensis (26.1%) was recorded
also in the year 2009 when the total precipitation amount in
the month of April was very low too — only 7.37 mm (Fig-

Shares [%] of agro-botanical groups in the individual experimental variants in the period 2007-2011

2-cut ‘ Grasses ‘ Herb species ‘ Clover crops | 3-cut Grasses ‘ Herb species ‘ Clover crops

No fertilizer 36.9 60.6* 1.9 No fertilizer 45.9° 52.0° 2.1°

PK 44.6° 45.9° 9.5° PK 387 47.22 14.1¢

90N+PK 74.2° 25.0° 0.8 90N 61.4° 31.7° 6.9°

180N+PK 74.0° 26.0¢ 0.0 180N 63.7° 35.6° 0.7

1% cut 54.5% 42.6 2.9¢ 1% cut 4578 49.5¢ 4.9

2m cut 60.3° 36.1° 3.3 2m cut 50.5° 41.5° 7.9°

Mean 5748 6.5° 35.9¢ 3 cut 61.1° 33.9¢ 5.0
Mean 52.42 8.6° 39.0¢

Average values in the same columns with different upper indices are statistically significant at a level of P<0.05
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ure 7). On the other hand, in 2011 when total precipitation
amounts were evenly distributed over the spring period (Fig-
ure 9), the representation of Alopecurus pratensis was the
highest (31.4%) and exhibited a statistically significant differ-
ence (P<0.05) when compared with the year 2007 (Figure 5).
Other authors (Lapinshiene, 1998; Gotze et al., 2010) mention
the dominance of Alopecurus pratensis especially on humid
sites also. The shares of Poa spp. and Festuca rubra were
decreasing proportionally with the increasing share of Alo-
pecurus pratensis, being the lowest in this year (2011) in the
studied 5-year period (Table 3). The ascertained results sug-
gest that Alopecurus pratensis reacts very sensitively to the
lack of precipitation in spring by decreasing its share namely
in the month of April when it shows an intensive overgrowth.
A fact supporting this statement is that this very early species
has a shallow root system. By contrast, the species that over-

Table 3

grow intensively later (Festuca rubra, Poa spp.) were capable
to respond to rainfall as late as May and to establish them-
selves against Alopecurus pratensis.

It might seem based on the above facts that the share of
Poa spp. increases in dry years but the statement would be
misleading because it is necessary to take into account not
only the total precipitation amounts in April but also the
whole spring period. A statistically significant difference
(P<0.05) was found between the representation of Poa spp.
in 2010 (7.5%) and in 2011 (3.9%). The explanation appears
to be total precipitation amounts the sum of which in 2010
(January-May) was 360.12 mm while in 2011 they dropped to
not even a half — 163.03 mm (Figure 2). The fact consequently
showed in the percentage share of Poa spp. The results sug-
gest that total precipitation amount in spring months is an
important factor for Poa spp.

Shares of dominant grass and clover species in dependence on fertilization and intensity of exploitation in the first

cut (2007-2011)

Phleum Festuca Alopecurus | Antoxanthum| Lathyrus Trifolium
Factor pratense rubra Poa ssp. pratensis odoratum pratensis repens
No fertilizer 1.3 10.42 1.9 6.3* 6.1 0.2 0.8
PK 2.9%® 3.5° 4.2 21.6° 3.6% 2.6° 6.6°
90N-+PK 5.2 1.6° 6.2° 41.1° 2.0 0.0° 3.5%
180N+PK 0.9? 3.5% 11.9¢ 36.4¢ 0.3¢ 0.0? 0.4*
2007 2.8 8.9 6.9 17.3 2.5 0 4.8
2008 2.2 44 5.4® 29.6%® 4.3 1.2 3.4
2009 4.2 3.7 6.4%® 26.1® 3.6 0.9 1.8%
2010 2.5 3.6 7.5° 27.3® 34 1 0.9°
2011 1.1 3.1 3.9 31.4° 1.2 0.4 3.3
2-cut 34 2.8 5.2 31.8 37 1.2 1.3
3-cut 1.8 6.7° 7.0° 20.8° 2.3 0.2 4.3°

Average values in the same columns with different upper indices are statistically significant at a level of P<0.05
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A similar trend as Alopecurus pratensis with N-fertil-
ization was shown also by Phleum pratense and Poa spp.
in which a statistically significant difference (P<0.05) was
found between the percentage representation in the unfer-
tilized variant and in the variant with N90+PK (Table 3).
Busey (2003) demonstrated the increased representation of

both species with nitrogen fertilizers, too. The two species
exhibited a statistically significant (P<0.05) difference also
between the variant with N90+PK (6.2%) and the N180+PK
variant (11.9%). However, the percentage share of Poa spp.
increased with the increasing nitrogen supply from 6.2%
in the variant with N90+PK to 11.9% in the variant with
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NI180+PK while in Phleum pratense it was decreasing from
5.2% to 0.9%, probably due to the heavy competition of other
species. Alopecurus pratensis showed a similarly decreasing
trend between the variants N90+PK (41.1%) and N180+PK
(36.4%); however, the difference was not statistically signifi-
cant. Antoxynthum odoratum and Festuca rubra exhibited an
opposite trend (Table 3); unlike in the above species, their
representation was decreasing with the increasing supply of
nutrients, probably due to the severe competitive capacity of
tall grasses, which can better use doping with nitrogen for
their growth and thus suppress the lower grass species such
as Antoxanthum odoratum and Festura rubra. The greatest
difference was recorded in Antoxanthum odoratum, in which
statistical differences between the unfertilized variant (6.1%)
and the variant fertilized with N90+PK (2%), and between
the variant with additional PK (3.6%) and the variant with
NI180+PK (0.3%) were significant (P<0.05). In Festuca ru-

bra, a statistically significant difference (P<0.05) was found
between the unfertilized variant and the PK variant when its
representation decreased from 10.4% to 3.5%. The species
forms a more branched root system under wanting nitrogen
rather than under its surplus; however, this competitive ad-
vantage fades away with a higher nitrogen supply (Gastal et
al., 2010). As compared with fertilized stands, the higher pro-
portion of Festuca rubra in unfertilized stands, which wins
ground in them at the expense of Alopecurus pratensis was
confirmed also by Mrkvicka and Vesela (1997) and Hejeman
et al. (2012). Differences were also in the representation of
the respective species between the 2-cut and 3-cut use of the
stand (Table 3). While the share of the high-growing Alope-
curus pratensis exhibited a statistically significant decrease
(P<0.05) at higher intensity of use from 31.8% to 20.8%, the
species of lower built Festuca rubra could make advantage
of the fact in the stand and increased its share from 2.8% to
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6.7%. The representation of Phleum pratense in the stand was
also dependent on the intensity of use with 3.4% in the 2-cut
stand and 1.8% in the 3-cut stand. This finding corresponds
with results reported by Nissinen et al. (1995) who recorded
a decreasing share of Phleum pratense with higher intensity
of stand exploitation.

Representation of other herb species in the stand

The representation of other herb species in the stand was
decreasing proportionally with the increasing share of grasses
after the application of fertilizers, on av. from 35.9% in 2-cut
stands to 39.0% in 3-cut stands. In both variants of stand use, a
statistically significant difference (P<0.05) was demonstrated
in the decrease of other herb species between the unfertilized
and fertilized variants (Table 2). Thus, herbs were represented
mainly in the unfertilized grass stands. Gaisler et al. (1998)
arrived at the same conclusion. As to the intensity of exploi-
tation, other herbs exhibited an opposite trend than grasses,
i.e. increased representation at higher intensity of use. On the
other hand, their share was decreasing with the increasing or-
der of the cut. While the proportion of other herbs in the 2-cut
stands was 42.6% in the first cut, in the second cut the share
significantly (P<0.05) decreased to 36.1%. The 3-cut stands
showed the same trend when the share decreased from 49.5%
in the first cut through 41.5% in the second cut to final 33.9% in
the third cut. Differences between the individual cuts were sta-
tistically significant (P<0.05). The results (Table 4) show that
a dominant species in the group of other herbs was Polygo-
num bistorta whose proportion in the stand was more or less
stable regardless of the intensity of fertilization and exploita-
tion. Observed was only a negligible increase of this species
with the increasing level of fertilization, which was however

statistically non-significant. The second most represented spe-
cies was Sanguisorba officinalis whose percentage share was
however markedly affected by fertilization with its proportion
decreased significantly from 8.5% in the unfertilized variant
to 0.9% in the variant fertilized with N180+PK. Its occurrence
was also statistically significantly (P<0.05) influenced by the
year, similarly as that of Lychnis flos-cuculi. More abundant
other herb species were Lychnis flos-cuculi, Carex spp. and
Ranunculus acris, in which a decreasing share could be ob-
served with the increasing doses of nutrients (Table 4). The
decrease was statistically significant (P<0.05) between the
variants unfertilized and fertilized with nitrogen. Mrkvicka
and Vesela (1997) arrived at the same conclusion. The repre-
sentation of Ranunculus acer was affected also by the inten-
sity of exploitation and was more abundant (5.9%) in the 3-cut
use than in the 2-cut use (3.7%) the difference being statisti-
cally significant (P<0.05). The results suggest that Ranunculus
acer can resist disturbance and do better at a higher intensity
of use. The resistance of Ranunculus acer to disturbance is
documented in literature, too (Baattrup and Riis, 2004). The
related species Ranunculus auricomus showed a similar trend
being more abundant in the 3-cut mode with 6.8% while its
share in the 2-cut stand was only 1.6%. This significant dif-
ference subsequently showed in the quality of the grass stand.
The application of nutrients also led to changes in the repre-
sentation of Taraxacum officinale and Rumex acetosa with
their shares increasing with the growing supply of nutrients
(Table 4). The difference was statistically significant (P<0.05)
in Taraxacum officinale. The growing abundance of Rumex
acetosa with the increasing intensity of fertilization is well
known from literature (Niggli et al., 1993). These two species
showed an increasing abundance with the increasing intensity

Table 4
Shares of dominant herb species in dependence on fertilization and intensity of exploitation in the first cut (2007-2011)
Lychnis |Sanguisorba Ranunculus | Ranunculus | Polygonum | Taraxacum | Rumex

Factor floscuculi | officinalis Carex ssp. acris auricomus blystorta officinale acetosa
No fertilizer 4.8 8.5 12.92 9.0 47 11.9 0.0? 1
PK 3.6° 13.22 4.4° 7.0° 34 9 0.28 0.7
90N+PK 0.5° 5.7% 0.4° 2.0 35 134 1.4° 2
180N+PK 0.7° 0.9¢ 0.8° 1.2° 54 15.5 1.8 2.5
2007 4.8 10.12 33 4.3 4 10.8 1.2 1.7
2008 1.I° 10.32 3 4.4 2.8 9.9 1.4 1.7
2009 0.7° 8.8 2.6 4.5 33 18.5 1.4 2.6
2010 2.6% 3.3b 5.4 6.1 5.9 11.9 04 1.5
2011 2.9% 3.0 8.8 4.6 53 11.2 0.1 04
2-cut 2.5 79 5.6 37 1.6% 12.8 0.7 1
3-cut 2.3 6.3 3.6 5.9° 6.8° 12.1 1.1 2.2

Average values in the same columns with different upper indices are statistically significant at a level of P<0.05
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of stand exploitation, too, which was however non-significant.
Klimes et al. (2003) recorded the increased share of Tarax-
acum officinale at a higher intensity of use as well.

Representation of clover crops in the stand

The least represented group in the grass stand was that of
clover crops with the share of 6.5% in 2-cut stands and 8.6%
in 3-cut stands. The clover crops were represented by 7rifo-
lium repens and Lathyrus pratensis. Both species showed a
positive response to PK fertilization on their abundance (Ta-
ble 3), which is confirmed by results of Jankovic¢ et al. (1999)
and Mrkvicka and Vesela (2002). Trifolium repens increased
from 0.6% in the unfertilized stand to 6.6% in the stand with
added PK. Lathyrus pratensis increased from 0.2% to 2.6%,
resp. The differences were statistically significant (P<0.05).
The representation of 7rifolium repens in the stand was also
significantly affected (P<0.05) by the intensity of stand ex-
ploitation where the species cover increased with the increas-
ing intensity of use from 1.3% at two cuts to 4.3% at three
cuts. The higher intensity of exploitation resulted in increased
light treat, which is an important growth factor for clovers
(Staley and Belesky, 2004). The representation of Trifolium
repens was significantly affected by the year, too.

A statistically significant difference in its share was found
between the years 2007 (4.8%) and 2010 (0.9%). While the
2007 sum of average monthly temperatures (January-May)
was the highest in the studied period (27.4°C), in 2010 it was
the lowest (6.8°C) and this distinctive difference subsequent-
ly reflected also in the species’ percentage share (Table 3,
Figure 4). We can also observe rising trends in the increasing
Trifolium repens cover in warm years and decreasing cover in
colder years, which are however statistically non-significant.
Sheppard et al. (2012) who studied the influence of increased
temperatures in Trifolium repens similarly concluded that
high temperatures exhibit a boosting effect on its growth.

Species diversity of grass stands

The highest Shannon’s diversity index (Table 5) was found
in unfertilized stands where it reached 2.50 in the 2-cut mode
and 3.02 in the 3-cut mode. This shows that the unfertilized

Table 5

stands exhibited low to moderate biodiversity. The diversity
index was decreasing with the increasing fertilization (Table
5, Figure 11) in both variants of exploitation to 1.74 in the
2-cut variant and 2.26 in the 3-cut variant at N180+PK, i.e.
low biodiversity. The statement is supported by research re-
sults reported by Grevilliot et al. (2002) and Schadler et al.
(2008). Vozar and Jankovi¢ (2004) inform, too, that the num-
ber of species in the stand is influenced by the annual dose of
nitrogen. A general trend was that the 3-cut stands exhibited
higher biodiversity at the same supply of nutrients as com-
pared with the 2-cut stands. Rysher et al. (1995) similarly re-
ported a gradual increase of the number of species with the
increasing frequency of exploitation.

Quality of grass stands

Species diversity closely relates to grass stand quality, which
however showed an opposite trend as it was increasing with the
growing doses of fertilizers up to N90+PK (Table 5). This phe-
nomenon can be explained by the increased representation of
cultural grasses in the stand whose feeding value is high. The
explanation is supported also by Skladanka et al. (2008) who
claim that the higher quality of grass stand is contributed to
namely by cultural grass species such as Alopecurus pratensis,
Poa spp. and Festuca pratensis whose occurrence in the stands
was demonstrated. Furthermore, the 2-cut stands exhibited
higher quality than the 3-cut stands (Figure 12) particularly due
to the higher proportion of Alopecurus pratensis. In addition,
as compared with the 2-cut stands, the 3-cut stands exhibited a
significant (P<0.05) increase of cover by Ranunculus acer and
Ranunculus auricomus, which are poisonous and thus lower-
ing the feeding value. The fertilization level of N180+PK did
not further improve the stand quality, which was by contrast
slightly impaired due to the increased share of Rumex acetosa.
Hejeman et al. (2012) confirm the trend by stating that the su-
perfluous doping with nutrients may facilitate spreading of un-
desirable flora reducing the grass stand quality.

Forage yields of grass stands
Yields represented the last studied factor. In both variants
of stand use, they exhibited a statistically significant produc-

Shannon’s diversity index (H), grass stand quality (E ) and yields in 2007-2011

Shannon’s diversity index Grass stand quality Yields
Factor 2-cut ‘ 3-cut 2-cut 3-cut 2-cut 3-cut
No fertilizer 2.5 3 373 284 4.2* 4.2¢
PK 2.3 2.6 51.5 49.9 6.6° 7.3
90N 1.9 2.2 69.6 63.4 7.4° 8.1
180N 1.7 23 69.3 52.3 8.4 8.8¢

Average values in the same columns with different upper indices are statistically significant at a level of P<0.05
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tion increase between the respective variants of fertilization
(Table 5). The unfertilized stands featured the lowest produc-
tion (4.1 t.ha') and the highest production was recorded in
the stands fertilized with N180+PK (8.7 t.ha™'). Honsov4 et al.
(2007) demonstrated the low yields in the unfertilized vari-
ants as compared with the fertilized variants, too. The great-
est difference in the increase of yields was recorded between
the unfertilized variant and the variant with additional PK
fertilization — from 4.2 tha' to 7.1 t.ha’'. This increase was
likely caused by the increased abundance of clover crops in
the stand, which are capable of fixing atmospheric nitrogen
not only for their own needs but also for other plants in the
community (Adamovicz and Kladena, 2003). Kuchenmeister
et al. (2012) demonstrated the relation between the increased
share of clovers and yields also.

Conclusion

The high supply of nutrients showed in the increased
share of Alopecurus pratensis; it was however considerably
contributed to also by total precipitation amounts. In the
studied period, we repeatedly observed falls in total precipi-
tation amounts occurring in the month of April when the val-
ues whose long-term average had been 53.7 mm fell to mere
5.58 mm (2007) and 7.37 mm (2009). The drop subsequently
reflected in the species representation. The decreased share
of Alopecurus pratensis was compensated by increased Poa
spp. and Festuca rubra, in which the overgrowth starts later
and which are therefore capable of responding to rainfall in
later months. Higher doses of nutrients were improving grass
stand quality up to the intensity 90 kg.ha'N. At reaching the
value of 180 kg.ha'N, a reversed stand quality trend occurred
due to the spreading of undesirable herb species. The yields
were growing with the increasing intensity of fertilization,
too, with the highest biomass increase recorded at PK fertil-
ization. The increasing doses of nutrients adversely affected
biodiversity. In respect of the ascertained facts and weather
fluctuations, which markedly differed from the long-term av-
erage, in spring months in particular, we can recommend as
an optimal dose 90 kg.ha'N combined with 2-cut exploita-
tion for achieving high quality of the grass stand over a long-
term period. The 3-cut mode appears as the most suitable for
the biodiversity preservation. The additional supply of other
deficient nutrients, namely phosphorus, which is wanting on
local acidic soils, should be a matter of course.
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