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Abstract

Natural grasslands are significant resources for forage production, which is not exploited enough, mostly because of low
production, as a result of bad grasslands management. The research has been carried out on the association Danthonietum
calycinae to evaluate the effects of different nitrogen application rates (N2, Nso and Ni4) and lime (1 tha™) on the floristic
composition, soil microbes and dry matter yield. Botanic composition was strongly influenced by the treatments, especially by
N applications. Nitrogen fertilisation led to significant increase of grass species in the association (from 57% to 82%), while
higher rate of nitrogen caused a significant decrease of plants from other families (especially legumes). Application of low and
medium rate of nitrogen positively effect on microbial abundant in soil, but the highest dose (140 kg N) reduced all microbial
count, except fungi. Mineral nitrogen fertilisation had a favourable effect on dry matter yield in all treatments. The highest
increase in dry matter yield relative to the control was in Ny treatments (6.66 t ha'). Results indicated that optimal
applications of nutrients for this association is application of PK and lime and 80 kg of nitrogen which enable high yield (6.38 t

ha') in comparison with control (3.16 t ha') and preserving soil fertility and the environment at the same time.
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Introduction

Natural grasslands represent one of the major resources
in agriculture which are distributed in a wide range from
lowland to hilly mountain regions. Current management
practice, mainly related to extensive use and ina§equate
treatment, cause further decline of floristic diversity, as well
as additional degradation of grasslands, either related to
reduced yields or expansion of undesirable species.

Yield increases on grasslands are most effectively
achieved under mineral fertilisation (Honsova ez /., 2007).
Among nutrients, nitrogen is the most frequently applied
nutrient to grass dominated communities because of the
high N requirement of grasses for growth and faster and the
highest effect on yield (Le Bauer and Treseder, 2008).
Favourable effects of nitrogen fertilisation on grassland yield
in different grassland association were reported by Lazarevi¢
et al. (2009) and Hrevusova et al. (2015). However, the

nitrogen application at high rates increase dry matter yield,
but also can induce a number of negative economic and
environmental effects (Acosta-Martinez and Tabatabai,
2000).

Application of nitrogen cause great changes in plant
cover, resulting in an increased presence of Poaceae species
(Hejeman ez al,, 2007) and usually decreasing of plants from
other families (Cop et al, 2009). Mineral nitrogen has a
particularly negative effect on legumes, potentially resulting
in their disappearance (Velich, 1986; Honsova ez 4l., 2007)
Continuous mineral nitrogen inputs into the grassland
ecosystem cause a rapid decline in overall biodiversity
(Stosi¢ et al., 2004).

Mineral nitrogen fertilisation usually changes the
numbers of microorganisms as the most active biological
group in the soil. Therefore, soil microbial abundance can
serve as an indicator of environmental justification for the
rate and type of mineral fertilisers applied (Stark ez al.,
2007). Another negative effect of high nitrogen application
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rates is the growth of fungi which produce toxic substances,
particularly from the genus Penicilium (Pesakovic et al.,
2009).

Natural grasslands in hilly mountain areas mostly spread
on poor soil, with low pH value. Floristic composition and
soil microbial abundance are largely affected by soil acidity.
At low soil pH, the availability of carbon and other
nutrients is reduced (Kemmitt ez /., 2005). In acid soils, the
presence of legumes is decreased, while grasses which are
tolerant to low pH are dominant. At low pH, soil microbial
activity is reduced; at extremely low pH, the most of
microbiological processes in the soil are blocked (Rouck ez
al., 2009). Moreover, low pH has a strong inhibitory effect
on the biological nitrogen fixation. This is primarily due to
the decreased number or absence of Azotobacter, important
free-living nitrogen fixing bacterium (MiloSevi¢ ez al., 2007)
and also other groups of free-living nitrogen fixing bacteria,
such as Azospirillum, Bacillus and Klebsiella spp. As this
nitrogen fixing bacteria can fix up to 150 kg ha'! nitrogen
(Elgersma and Hassink, 1997), the reduction in their
number lead to yield declines. Because of all that, increasing
of soil pH value, usuaﬂy by lime applications, is one of the
important measures in grassland utilization.

The potentral of huge grassland areas of the hilly
mountainous region of Serbia is not sufficiently exploited.
Effect on agricultural measures on grasslands depends first
of all on floristic components and potential productivity of
any associations. One of the ten economically most
important communities in hilly mountains vegetation in
Serbia is Danthonietum calycinae.

In central parts of the Balkans, the association
Danthonietum calycinae occurs on gentle slopes with
different exposures, mostly at altitudes between 600 and
1,100 m. The plant species Danthonia calycina has a very
wide range, its natural habitat spanning Europe, North
Africa and East Asia (Valdés ez al, 2009). Association
Danthonietum calycinae belongs to class Festuco-Brometea,
order - Brometalia ervecti, alliance - Chrysopogoni-
Danthonion  calycinae. I's a very stable association,
dominated by perennial grass species with numerous plants
species (Mrfat Vukeli¢ ez al, 1991). From 79 plant species,
which could be part of association, 22 species is common as:
Danthonia  calycina, Filipendula  hexapetala, Achillea
millefolium, Agrostis vulgaris, Trifolium montanum, Galium
verum (Koji¢ ez al., 2004). The most plant species (79.7 %)
belongs to hemicry tophyte, and others are terophyta
(10.1%), geophyta 6.4%) and hemiphyta (3.8%). Dry
matter yrelds of this type of grassland under unfertilised
conditions vary from 1.5 to 2.85 t ha' (Vuckovié, 2004).

Application of adequate management practice could
both prevent further degradation OF grasslands and related
biodiversity loss and improve grassland quality and
productivity. A detailed knowledge of community may
provide the scientific basis for designing management plants
that would be proper for maintaining the biodiversity of

particular association. Determination of optimum nitrogen
rates, with or without liming, to achieve good yields while
preserving the biodiversity of natural grasslands and soil
microbiological activity is an important task of agricultural
practice. T%}e objective of this study was to investigated
effect of different rates of mineral nitrogen fertiliser and
liming on the floristic composition, soil microbes (total
microbial, fungal, actinomycetes, Klebsiella planticola and
Azotobacter), and dry matter yield of Danthonietum
calycinae association.

Materials and Methods

Locations and weather conditions

The research was conducted on the association classified
as Danthonietum calycinae (Cincovi¢ and Koji¢, 1955). The

assland was located in Central Serbia, at Mitrovo Polje
43°30'N, 20°52'E; 684 m altitude). Weather conditions
during investigation, according to Republic hydro
meteorological service of Serbia, was characterised by
rr;oderate air temperature and precipitation values (Table
1).

The parameters of soil fertility showed that grassland
growth on shallow soil, which was extremely acid (pHKq
4.09), poor in phosphorus (2.65 mg kg') and potassium
(7.96 mgkg"), with high level of organic matter (8.96%).

Experimental design

The experrment was laid out in a split plot design. Plot
size was 10 m’, in 4 replications of each treatment. Each plot
was separated with protection borders of 0.5 m within
blocks and 1 m between blocks.

The main investigation factors were application of
different nitrogen rates (No, Nao, Nso and N -subscripts
after N denote the rate of pure nrtrogen per hectare) and
lime (without lime Loand with I t ha" lime L;), providing 8
experimental treatments as follow: NoLo, NaoLo, NsoLo,
Nis0Lo,NoL1, N2oL1, NsoLi, NigoLi.

Liming was performed as surface treatment, at the
beginning of the experiment in autumn 2012, with
hydrated lime (Ca (OH).). All treatments were fertilised in
autumn 2012 and 2013 with phosphorus and potassium at
60 kg ha'. Phosphorus was incorporated as single
superphosphate (P20s, 18.5 % phosphorus), and potassium
as potassium chloride (KCl, 60 % potassium). Nitrogen was
applied in spring 2013 and 2014 i.c. in mid-March, in the
form of ammonium nitrate (NHsNO; 33%).

Floristic composition

Species composition was determinate on herbage
samples, which were taken from 0.7 m x 0.7 m area, which
was randomly selected within every plot. Cutting was
performed at beginning of heading of main grassland
component on 4 cm height by scissors, before harvesting all

plots.

Table 1. Mean monthly precipitation (mm) and mean temperatures during experiment

Month I II I v v VI VI VIII IX X XI XII
T°C 31 47 55 7.6 109 14.9 17.0 17.0 12.7 8.8 62 0.7
Precip. 137 164 152 257.3 256.9 148.1 136.2 1375 1703 787 51.4 118.2
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Plant species were determined and classified on 5
functional plant group according to their traits (tall grasses,
short grasses, tall herbs, short herbs and legumes), for easier
observing influence of nitrogen and lime on vertical plant
distribution in association (Camska and Skalova, 2012).
According to results about plant height, which was
measured in this association, Festuca rubra is classified as tall
grass. Weight of every functional group was measured and
the percentages of every functional plant groups were
calculated on a fresh biomass.

Soil microbes

The soil samples collected from the rhizosphere at a
depth of 0 to 20 cm were used for microbiological analyses.
Sampling was performed by a soil sampler, at the beginning
of June 2014, just after cutting of all plots. Soil samples were
taken from each treatment, in three replications.

Microbial numbers were determined by the agar plate
count method on appropriate selective culture media (Jarak
et al., 2006). The microbial estimation involved testing for
the presence and number of the following systematic and
physiological groups of microorganisms:

Total microbes were determined on a soil agar, after
inoculation of 0.5 ml of a 10° dilution of soil
suspension;

2. Actinomycetes were determined on Krasilnikov’s
synthetic agar, after inoculation of 0.5 ml of a 104
dilution of soil suspension;

3. Fungi were determined on Chapek’s agar, after
inoculation of 0.5 ml of a 10* dilution of soil
suspension;

4. Klepsiella planticola in the rhizosphere were
determined by the method of Emstev ez /. (2000)
at a 10? dilution of soil suspension;

S. Azotobacter was determined by the “fertile drops”
method on Fedorov’s medium, after inoculation of
0.2 ml of a 10" dilution of soil suspension.

Concentrations of colony-forming units were expressed
using logarithmic notation and calculated per gram of

absolutely dry soil.

Dry matter yield

Forage yield was determined by harvesting the first cut at
the beginning of June. Samples of 1 kg herbage were
collected from each treatment, dried at 60 °C to a constant

weight and then recalculated as dry matter yield (t ha').

Statistical analyses

Differences between plants functional groups and
differences in average dry matter yield were tested by LSD
post-hoc test following main effects ANOVA. Differences
in the soil microbial count were analysed with a two-way
factorial ANOVA and Fisher LSD test considering fertilizer
and lime as factors. Pearson’s partial correlation coefficient
was calculated among percentage proportions of the
functional groups and soil microbes count. Principal
component analysis (PCA) was further applied to help to
explain relationships between fertilizer rate, liming regime,
proportion of functional groups and soil microbe’s count.

The statistical analyses were performed using the

program STATISTICA 8 (StatSoft, Inc., Tulsa, OK, USA).
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Results

Floristic composition

According to results of floristic analysis, investigated
association Danthonictum  calycinae  was consist of
numerous plant species. All species were determined and
according to their main traits, were classifiedin five
functional groups as follow:

Tall grasses: Chrysopogon gryllus, Festuca rubra, Holcus
lanatus

Short grasses: Agrostis  vulgaris, Anthoxanthum
odoratum, Briza media, Cynosurus cristatus, Danthonia
calycina

Tall herbs: Betonica officinalis, Filipendula hexapetala,
Hieracium bauhinii, Rumex acetosella,

Short herbs: Achillea millefolium aggregatum, Allium
sp,  Carex sp, Centaurea jacea, Cerastium holosteoides,
Dianthus  deltoides, Euphrasia stricta, Galinm verum,
Genista tinctoria, Luzula sp., Myosotis arvensis, P[antago
lanceolata, Ranunculus acer, Stellaria graminea, Veronica sp.

Legumes: Lotus corniculatus, Ononis spinosa, Trifolium
campestre,  Trifolium  montanum, Trifolium  pratense,
Trifolium repens, Trifolium retusum, Vicia sp., Lathyrus
pratensis

The floristic composition in the unfertilised control
showed that grasses were dominant species. Short grasses,
represented with 5 species, were dominant species with over
35% in the total biomass. Tall grasses had 3 species, with
about 15% of total mass; numerous short herbs (15 species)
participate in the yield with over of 25%. Tall herbs (4
species})) and legumes (6 species) achieved in yield about 10%
each.

Species composition was strongly influenced by the
treatments, especially by N applications. A statistically
significant increase of tall grasses relative to the control was
observed in all treatments involving nitrogen fertilization
(Table 2). The proportion of this functional group ranged
from 18.55% (control) to 30.18% (N treatments). Short
grasses, as dominant plant functional group, positively
reflected on N application, with increasing N rate, the
amount of short grasses is also increased.

Nitrogen application had quite opposite effect on other

lant group on investigated association. The percentage of
tall herbs in harvested biomass was lower in nitrogen
fertilisation treatments than in the control (6.92%) and
decreased with increasing of application rate. A similar
influence was recorded on the short herbs. With an increase
of nitrogen rate, there was a continuous decline in the
proportion of short herbs in harvested biomass. The highest
percent contribution of the short herbs to harvested
biomass was in control treatments (25.27), and the lowest in
N treatments (15.43). A rapid decline for both groups was
recorded at higher nitrogen rate, while low nitrogen
application (Nao) did not cause significant differences.

The application of mineral nitrogen discouraged the
legume development, as evidenced by the significant%y lower
percentage of this functional group in all nitrogen
treatments. Treatments with Ngo and N4 gave a markedly
low proportion of legumes, amounting to 0.03 and 0.13,
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respectively. A significant decline in the number of species
was found only in Ni4 treatments. Liming had a depressive
effect on tall grasses, while other plant groups reacted
positively on lime application, but observed differences were
not significant.

The results in the PCA plot (Fig. 1), showing the
proportions of particular functional groups, indicate that
89.8% of the total variance was explained by the two axes
presented ieby the first two components. The first axis
accounted for 69.7% of the total variance. The first
component was strongly positively correlated with the
proportions of tall and short grasses, and negatively
correlated with the percentage of legumes in harvested
biomass. The second main component explained 20.1 % of
the total variance, and was positively correlated with the
proportion of short herbs proportions, but negatively
correlated with tall herbs. The N4 treatments with and
without lime and Ngo+lime treatment were favourable for
grass development. The proportion of short hetbs increased
in No, Ny and Ngo treatments combined with liming,
whereas tall herbs were favoured in Np treatments.
Nitrogen-free treatments supported legume development.

Soil microbes

Mineral nitrogen fertilisation led to a significant increase
in total microbiaf counts in all treatments (Table 3). Total
microbial counts ranged from 7.52 to 8.38, and were the
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Fig. 1. Component loadings of the first two principal
components of PCA of functional plants groups. TG = Tall
grasses, SG - Short grasses, TH = Tall herbs, SH = Short herbs,

Leg = Legumes

highest at Nao. Liming had a significantly positive effect on
total microbial counts, resulting in their significant increase
in control, N2y and Ny treatments, whereas no effect was
produced under Nuo (Fig 2a). The fertiliser x lime
interaction was statistically significant.

The numbers of actinomycetes in the soil were
significantly stimulated by mineral nitrogen fertilisation and
liming (Table 3). The highest actinomycetes counts were
obtained in Ny treatment (3.89). Liming had a significant
stimulatory effect on the counts of actinomycetes in all
treatments, except control (Fig. 2b). The fertiliser x lime
interaction was statistically significant.

Soil fungi number significantly increased at all mineral
nitrogen application rates (Table 3), and ranged from
4.51(control) to 5.69 (Ni). A decline in fungal numbers
was observed in treatments involving liming (Fig. 2c). The
numbers of Klebsiella planticola were significantly affected
by nitrogen fertilisation, liming and the fertiliser x lime
interaction (Table 3). Klebsiella planticola were encouraged
by treatments with 20 kg N ha', but discouraged by
increased rates of this nutrient. Liming had a stimulatory
effect on Klebsiella planticola in all nitrogen treatments.

As shown in the PCA plot of microbial counts, the first
main component accounted for 53.8% of the total variance.
The first component was strongly negatively correlated with
total microbes, actinomycetes and Klebsiella planticola
number. The second component explained 38.1 % of the
total variance, and was negatively correlated with the count
of fungj in the soil. Treatments with Nso and N favoured
fungal growth. The rate of nitrogen most favourable for the

owth of actinomycetes was 80 kg ha combined with lime,
while the low nitrogen rate (20 kg ha) was suitable for the
growth of Klebsiella planticola (Fig. 3).

A positive and significant correlation was determined
between soil fungal number and the proportions of tall and
short grasses, while fungi was in negative correlation with
other plant functional groups (Table 4). The counts of
Klebsiella planticola were positively correlated with the
proportion of short herbs. Negative correlations were
noticed between grasses and Klebsiella planticola, and effect
of tall herbs and legumes on investigated soil microbial
group were also negative, but differences were no significant.

Dry matter yield

Application of mineral nitrogen had a strongly effect on
dry matter yield in all treatments. Even small amounts of
nitrogen (20 kg ha") significantly increased dry matter yield,
from 3.41 t0 4.81 tha’ (Table 5).

Table 2. Effect of nitrogen and lime application on functional plant groups presence (%)

Plant group X
Tall grasses Short grasses Tall herbs Short herbs Legumes
Number of species
(%) (%) (%) (%) (%)
Treatments

No 18.55b 38.45¢ 6.92a 25.27a 10.81a 30.50a
°§o N2o 26.53a 42.97bc 613 24.11a 0.26b 30.00a
=}
% Nso 27.09a 50.17ab 251b 20.20ab 0.03b 26.50ab

Nido 30.18a 51.97a 2.29b 15.43b 0.13b 18.50b
é Lo 26.81A 44.42A 5.45A 20.82A 2.50A 25.50A
a Li 22.20B 46.36A 4.25A 23.61A 3.58A 27.25A

Note: Columns followed by same letter(s) do not differ significantly (p<0.05)



Increasing nitrogen rates led to a significant increase in
dry matter yield and the highest dry matter yield relative to
the control was observed in N4 treatments (6.66 t ha').
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Application of lime had lower, but not less important,

Table 3. Effect of treatments on investigated microbial groups abundance (means + standard deviations)

1059

positive influence on grassland production. The significant
effect of lime was observed at all nitrogen application rates,
except in Ny treatments.

Total microbes (10°) Actinomycetes (10°) Fungi (107 K planticola (107)
No 7.52+0.30 ¢ 3.03+0.15 ¢ 4514023 d 4.18+0.18 b
g Nao 8.38+0.28 a 3.88+ 044 a 489£035 ¢ 4341019 a
é Nso 8.02+0.25 b 3.84+025 a 526+021 b 395+0.15 ¢
Ni4o 7.87+£023 b 337019 b 5.69+0.07 a 381+034d
2 Lo 7.81+£0.38 B 336+0298B 524+ 045A 3.89+027B
A Li 8.09+0.39A 370+ 052A 494+052B 425+020A
- Nitrogen “ - - -
5 Lime - - T -
<Z: Nitrogen x lime * * NS *

Note: Values followed by different letters are significandy different (p<0.05) according to the LSD test; F test significant at P<0.05; F test significant at P<0.01, Ns - no

significant

Table 4. The partial correlation coefficients between the soil microbes and the plant functional groups

Total microbes Actinomycetes Fungi Klebsiella
(10 (10%) (10%) planticola (107)
Tall grasses (%) 0.40 0.36 0.86 ™ -0.53
Shore grasses (%) 0.09 0.33 0.92™ -0.55
“Tall hetbs (%) 057 054 2049 0.02
Short herbs (%) 0.32 0.21 -0.84* 0.82*
Legumes (%) -0.55 -0.67 -0.75* 0.30
Note: Correlations are significant ("p<0.05. ®p<0.01)
Table 5. Production of grassland influenced by N fertilising and liming (t ha DM)
No N2o Nso Nido Average
Lo 3.16f 4.76d 5.66¢ 6.34b 4.98B
L, 3.66¢ 4.86d 6.38b 6.98a S.47A
Average 341D 4.81C 6.02B 6.66A

Note: Columns followed by same letter(s) do not differ significandly (p<0.05)

a) a b)
85 b T )
a0 b
(1 B é i
3 i £ c | |
2 1 £ T L I‘
7ob [ 30 i i ‘ | I 1 ‘
| 1] |
65 254 I | = ]
ool | J sal L1 L] 1]
Nao o NO N8O N140
- Fertilizer Fertilizer
Sl nolime [T] lime S nolime [E] lime
c) d)
60 . a
a { { 45 b %
] b
55 b } b ) P { .{c. cd cd
Jooooode g i i i
% i | |
H d o' s | i 1
40 1 |
ool Ll 11 11 I | I
0.0 -
0.0
NO N20 N&o N140 NO N20 NEO Ni4D
Fertilizer Fertilizer
[E] nolime [T lime [E] nolime [E] lime

Fig. 2. Abundance of total microbes (a), actinomycetes (b) fungi (c) and Klebsiella planticolae (d) affected by nitrogen and lime

application. Error bars show 95% confidence interval. (Same letter(s) do not differ significantly (p<0.05))
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Discussion

The management of permanent grasslands, primarily
fertilisation, has a great influence on pgnt biodiversity, soil
microbial activity and first of all on dry matter yield. An
effect of a fertiliser on grassland productivity and botanic
composition depends on productive potential of
association, soil quality, weather condition, and also on the
rate and the period of application.

An application of mineral nitrogen strongly enhances
changes in species composition and increase biomass
production on grasslands, but also could have same negative
effects such as a decline in biodiversity, as a consequence of
increased competition for light and nutrients. Even the
lowest nitrogen application rate (Nao) led to a significant
increase in the proportion of forage grasses which had a
positive effect on both dry matter yield and a quality of
forages. Hrevusova ez al. (2015) also reported that a small
amount of nitrogen could increase the presence of tall
grasses in associations. Grasses are very competitive species,
due to their excellent utilization of nitrogen and tolerance
of low soil pH, they grow fast and suppress plants from
other families. The increase in the proportion of tall grasses
was accompanied by a strong decrease in a proportion of
legumes in the grassland. Except legumes, plant species from
other families are not desirable on grasslands, because of a
decrease forage quality and, in some cases, could have a
negative effect on animal’s health. An evident decrease in
the proportion of plants species frgm other families on
higher application rates, reported by Cop ez al. (2009).

The highest nitrogen application rate (Nu), had a
negative effect on the number of plant species (decreased
from 30 at 18), while biodiversity was preserved on a lower
rate of applied nitrogen. Stosi¢ ez al. (2004) found that the
number of species on heavily fertilised grasslands decreased
from 20 to fewer. In the last several decades, this type of
biodiversity disturbance has been observed in intensively
fertilised grasslands in Western and Central Europe,
whereas a high level of diversity has been found only in
marginal grasslands where no heavy fertilisation is used
(Spiegelberger ez al., 2006; Smith ez al., 2008). The ultimate
effect of the long-term use of high nitrogen rates is the

disappearance of some species from grasslands, primarily
those of legumes (Honsova ez 4/., 2007). On the contrary of
that liming could reduce the proportion of tall grasses, while
having no significant effect on other groups of plants. Long-
term application of phosphorus, potassium and lime had an
effect on floristic composition, specially increasing legumes
and indirectly increasing yield and directly improving the
forage quality. Similar results were reported by Hejcman et
al. (2010).

Applications of nutrients, especially nitrogen, could have
disbalansed microbial activity in soil, as important indicator
of soil fertility. The highest total microbial counts and
abundance of actinomyces and Klebsiella planticola were
determined in treatments with lower nitrogen application
rates (N2 and Nso), as the mineralisation ofg organic matter
is most pronounced under such conditions. Higher rate of
nitrogen have negative effect on microbial activity in soil
due to changes in soil physical and chemical properties
(Stark er 4l., 2007). Another reason was a decline in the
biodiversity of plant species. Plants establish a positive
feedback relationship with rhizosphere microorganisms
through root-specific secondary metabolites; therefore, any
loss of plant species consequently causes disappearance of
some species of microorganisms which have entered into the
mutual relationship. The highest rate of nitrogen (Ni4)
decreased number of all soil microbes, except for fungi. An
increase in fungal counts can be considered as a useful
process, given the important role of fungi in the cycle of
nutrients, proteolysis, phosphorus dissolution and
mobilisation, and other processes in grassland ecosystems.
The incorporation of nitrogen has a favourable effect on soil
fungi (Stanojkovi¢ ez al, 2014), while liming led to a
decrease in fungal counts (Rouck ez 4/, 2009). Mandi¢ ez /.
(2012) also found that the numbers of actinomycetes in a
vertisol, induced by increasing nitrogen application rates
(90, 120, 150). Jagnow (1983) found that the activity of
Klebsiella and Enterobacter spp. was significantly higher at
No and Ngo than at Nio. In this research, no presence of
Azotobacter was determined, given that the initial soil was
not suitable for the development of this bacterium, due to
its extremely acid chemical reaction and low phosphorus
content.

A significant  positive  correlation  between  the
proportions of grasses and fungi was a result of a high degree
of  mycorrhizal  colonisation ~ of  grass  roots
(Vandenkoornhuyse ez a/., 2003; Kennedy ez al., 2005). The
negative correlation between fungi and legumes was
attributed to the production of fungal cell wall degrading
enzymes by some nitrogen fixing bacteria, symbiotic or free-
living (Waler ez 4l., 2002).

The application of mineral nitrogen had a favourable
effect on dry matter yield in all treatments. The highest
increase in dry matter yield relative to the control was in
N4 treatments (6.66 t ha™), but differences between N4
and Ny is not so high. This significant increase was
associated with high PK fertiliser application rates (60 kg ha
") on the one hand, and with the increased amount of
precipitation during the study year, particularly in April and
May, on the other. Lazarevi¢ ez al. (2009) reported an
increase in dry matter yield with increasing rates of nitrogen
60, 80 and 100 kg ha", with no significance found for the
increase from 80 to 100 kg ha'.
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Conclusions

Production of grasslands can be increased in a very short
time with no disruption of established natural balance and
unfavourable impact on environment. It is very important
to apply optimal rate of nutrients which could increase dry
matter yield, but at the same time to preserve soil fertility
and biodiversity. The results showed that floristic
composition, abundance of different groups of soil
microorganisms and hay yield of the Danthonietum
calycinae grassland were strongly influenced by the
application of different nitrogen rates and lime. Nitrogen
fertilisers increase the presence of grass species and decrease
legumes and plants from other families in harvested
biomass. The application of nitrogen increased dry matter
yield in all treatments, but the hzifEest rate of nitrogen had
adversely influence on microbial activity in soil. Liming
changed the soil pH, and indirectly had a positive effect on
biodiversity, dry matter yield and soil microbes, except for
fungi.

%here were no significant  differences  between
treatments LoNis and LiNg in dry matter yield, but
microbial soil activity and plant biodiversity were much
better preserved in the treatment with lime and lower dose
(Nso) of nitrogen. Results indicated that optimal
applications of nutrients for this association is application of
PK and lime and 80 kg of nitrogen which enable high yield
(6.38 tha') in comparison with control (3.16 tha')
preserving soil fertility and the environment. Long term
effect on ap lied measures, especially lime, could be
determined afE;er few years, and it is a reason why it is
necessary to continue the research in further period.
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