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Abstract

RAUS JOSEF, KNOT PAVEL, SKLADANKA JIRI, KVASNOVSKY MICHAL, SOCHOREC
MARTIN, ALBA ME]iA JHONNY EDISON, HRABE FRANTISEK. 2014. Effect of Cutting Pattern
and Fertilization Level on Species Diversity and Evaluation of Grassland Quality. Acta Universitatis
Agriculturae et Silviculturae Mendelianae Brunensis, 62(5): 1087-1093.

The effects of fertilization level and cutting pattern on the species diversity and quality of a meadow
stand were assessed in 2004-2012 in the small plot trial established in 2003 in Vatin, Vyso¢ina
Region, Czech Republic. Four levels of fertilization (none; N, + P, + K, kg-ha; N, + P, + K, kg-ha;
N,,, + P,, + K,, kg-ha) were combined with four treatments of exploitation intensity (4 cuts per year,
first cut on 15" May, every next after 45 days; 3 cuts per year, first cut on 30" May, every next after 60
days; 2 cuts per year, first cut on 15" June, next after 90 days; 2 cuts per year, first cut on 30" June,
next after 90 days). Numbers of species, Simpson’s diversity index and evaluation of grassland quality
according to Novak (2004) were evaluated. Numbers of species and Simpson’s diversity index were
significantly affected by both fertilization level and cutting pattern. Species richness decreased along
with increasing fertilization rates from 29.4 (no fertilization) to 27.8 (N180PK). When comparing
cutting pattern treatments the highest species richness was found in four-cut swards (29.6 in average
of fertilization levels) and it declines towards late double-cut regime (27.2). The Simpson’s index
generally increased from two-cut swards to four-cut and from fertilized treatments to control.
Grassland quality was significantly affected by cutting pattern. Values increased from four-cut swards
(38.1) to two-cut ones (43.8 and 44.0 in early and late harvest respectively).

Keywords: permanent meadow, Simpson’s index, grassland nutrition, cutting frequency, species
richness

INTRODUCTION

The distribution of grasslands and their floristic
composition is related to the climate at the largest
scale. Particular grassland is affected by bedrock,
soil, water regime, altitude, nutrient status,
local climate, disturbance etc (Gibson, 2009). As
the most of grasslands in the Czech Republic are
secondary communities developed as a result
of human activities (Rychnovska et al, 1985),
their maintenance and composition depend also
on system of cultivation and utilization (Klimes,
1999; Klimek et al., 2007). Grasslands provide not

only production functions but also large scale
of ecosystem services such as nutrient cycling,
sequestration of carbon dioxide, prevention of soil
loss and many others. Ability of grasslands to
afford both production and ecosystem functions
depends among others on the floristic composition
(Chytry, 2007). Semi-natural permanent meadows,
as a result of the concurrence of many factors,
represent a great reservoir of biodiversity. The aim
of this contribution is to asses the effect of intensity
of grassland management on its species diversity
and fodder quality.
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MATERIALS AND METHODS

A small plot trial was established in 2003
within the permanent meadow, which was set up
in the 1990s. Site is located near Vatin, Vyso¢ina
Region, Czech Republic, in the floodplain
of the Oslava River, at 535m above sea level. Annual
rainfall average is 618 mm; mean annual temperature
is 6.9 °C. Soil is gleyic fluvisol on the quaternary
fluvial deposits, bedrock is biotitic gneiss. The trial
was designed in the form of split blocks with four
replications. Area of the plot was 10 m? There
were four treatments of nutrition level combined
with four treatments of cutting intensity. Cutting
pattern is described in Tab. I. Nutrition levels are
described in Tab. II. Total amount of nitrogen was
dosed in a ratio of 1:1:1:0, 1:1:1 and 1:1 in four-cut,
three-cut and two-cut treatments respectively. Cover
of each species was assessed by cover estimation
method right before the first cut of the year. Average
values from years 2004-2012 are presented in this
paper. Results were processed through ANOVA
in the STATISTICA software. To quantify species
diversity Simpson’s diversity index was used. Tt
equals:

I: Description of cutting pattern treatments

where

p ....proportional cover of i-th species (Ricklefs
and Miller, 1999).

Grassland quality was evaluated according to Novék

(2004):

E - DD, xFV)
GQ 8 ’

where

E,--evaluation of grassland quality,

D......cover of i-th species,

FV ....forage value of i-th species.

RESULTS AND DISCUSSION

The effects of both fertilization level and cutting
pattern on species richness were highly significant
(Tab. TII). When averaging cutting pattern
treatments, the total number of species decreased
along with increasing fertilization rates from 29.4

Cutting pattern 1%t cut 2nd cut 3 cut 4t cut
4 cuts (C4) May 15 June 30 Aug. 15 Sept. 30
3 cuts (C3) May 30 July 30 Sept. 30 -
2 cuts early (C2E) June 15 Sept. 15 - -
2 cuts late (C2L) June 30 Sept. 30 - -
IL: Description of fertilization level treatments
Fertilization level kg-ha”year™
Nitrogen Phosphorus Potassium
0 0 0 0
PK 0 30 60
N9OPK 90 30 60
N180PK 180 30 60

TI1: Mean values of evaluated parameters (s = number of species; S (D > = 1) = number of species with cover > =1%; S (D > 1) = number
of species with cover > 1%; Sim. = Simpson's diversity index; E,, = evaluation of grassland quality)

Factor Level S S(D>=1) S(D>1) Sim. E.,
0 29.4 26.3 18.5 13.7 40.7
PK 28.7 25.8 17.5 13.0 43.8
A —fertilization level N9OPK 28.0 24.7 17.4 12.5 41.0
N180PK 27.8 24.4 17.0 11.8 42.5
p-value <0.01 <0.01 <0.01 <0.01 0.15
C4 29.6 26.7 18.6 13.8 38.1
C3 29.1 26.2 17.9 13.5 42.2
B - cutting pattern C2E 28.0 24.8 17.3 12.2 43.8
(@® 27.2 23.6 16.7 11.5 44.0
p-value <0.01 <0.01 <0.01 <0.01 <0.01
AxB p-value 0.16 0.07 0.44 0.14 0.36
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(no fertilization) to 27.8 (N180PK). As well numbers
of species with cover of 1% and more — S (D > 1)
andS (D> 1)-showedthisrelation. When concerning
the interaction, there were maximal counts detected
in non-fertilized plots within each treatment
of cutting pattern. Just one exception occurred:
four-cut control swards had only 28.7 species, which

is lower than any other fertilization level within
this cutting pattern (Fig. 1). The absolutely highest
species richness was observed in three-cut non-
fertilized plots (31.0), whilst the lowest was in two-
late-cut swards receiving highest fertilization rates
(26.1). Trends in the group S (D > 1) were very similar
(Fig. 2). After separating accessory taxa, numbers
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of species were highest in control plots in every
cutting pattern. Numbers of species reaching more
than 1% of cover ranged from 153 in two-late-
cut swards receiving N180PK to 19.0 in four-cut
non-fertilized ones. Decrease of species richness
due to the nitrogen fertilization was described by
Mrkvicka and Vesela (2002), yet the decrease was

detected in accessory species, whereas the group
S (D > 1) was more or less equal across fertilization
treatments. Socher et al. (2013) assumed that lower
species richness on fertilized plots was possibly
caused by a competitive advantage of tall grasses
over smaller species. Also Hejeman et al. (2007)
reported on higher species richness in swards
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without nitrogen and phosphorus fertilization
and pointed out that there was a clear trend towards
a decrease of species richness with increased
actual sward height. Data from the long-term Park
Grass experiment clearly showed a negative effect
of biomass yields on species richness (Silvertown
etal., 20006).

When comparing cutting pattern treatments,
species richness increased together with harvest
intensity from 27.2 species (C2L) to 29.6 (C4).
Maximal numbers of species were always found
in four-cut plots except the case mentioned
above. Low numbers were detected within two-
cut management, especially in late date of harvest
in combination with high rates of fertilization.
Species diversity expressed by Simpson’s diversity
index was significantly affected by the fertilization
level as well as the cutting pattern (Tab. I). Generally,
the index showed increasing trend of from two-
cut levels towards four-cut levels of cutting
management and the same trend was observed
from fertilized to control conditions. Maximum
and minimum of the index were 14.55 and 9.46
(Fig. 4). These values were obtained in the most
and the least species-rich treatments, respectively:.
The grassland quality was significantly affected
by cutting pattern, while the fertilization had no
significant impact. Values increased from four-cut
swards (38.1 on average throughout all fertilization
levels) to two-cut ones (43.8 and 44.0). Quality
of four-cut swards was evaluated as the worst here,
what is in contradiction with outcomes of chemical
analyses. Formerly published results of this trial
(Hrab& and Knot, 2011) as well as parallel trial
in Jevitko (Nerusil et al., 2008) reported better values

of qualitative parameters (e. g. crude protein, fibre,
NEL) of forage from four- and three-cut swards
and summarized that number of cuts had a crucial
effect on fodder quality. The explanation of this
could be simple. Evaluation of grassland quality
according to Novik (2004) is estimation based
on fodder value of each species. Extensive harvest
pattern supports the dominance of valuable species,
yet at the same time the herbage is harvested too late
in its inappropriate phenological phase. Raus et al.
(2012) reported that higher number of mowings
per year caused expansion of grasses at the expense
of non-leguminous forbs which are generally found
less valuable. There were also detected some shifts
within the group of grasses. For example Phleum
pratense which is considered to be one of the most
valuable grass species tripled its abundance under
C2L management compared to C4. At the same time
the proportion of less valuable Festuca rubraretrieted.
Sklddanka and Hrabé& (2008) stated that grassland
quality according to Novik was lower at three-cut
utilization compared to two-cut, especially because
of enhancement of unvalued Ranunculus species
and other forbs.

CONCLUSIONS

Cutting pattern significantly affected species
diversity of the meadow stand. Numbers of species as
well as values of Simpson index increased together
with harvest intensity. On the contrary grassland
quality was higher in double-cut swards compared
to more intensive cutting patterns. It suggests that
there were growing more valuable plants within
double-cut swards. Fertilization level also caused
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significant differences in both species richness
and the Simpson index. The highest values of all
diversity indices were detected in non-fertilized

plots, while the lowest were in plots receiving
N180PK. The significant impact of fertilization level
on grassland quality was not proved.

SUMMARY

The effects of fertilization level and cutting pattern on the species diversity and quality of a meadow
stand were assessed in years 2004-2012. The small plot trial was established in 2003 in Vatin, Vyso¢ina
Region, Czech Republic. Four treatments of nutrition level and four treatments of cutting pattern
were combined. Cutting pattern: C4 - four cuts per year, first cut on 15" May, every next after 45 days;
C3 - three cuts per year, first cut on 30" May, every next after 60 days; C2E - two cuts per year, first
cut on 15" June, next after 90 days; C2L - two cuts per year, first cut on 30" June, next after 90 days.
Nutrition levels: no fertilization; N, + P, + K kg-ha; N, + P,  + K, kg-ha; N, + P, + K kg-ha
Numbers of species, Simpson’s diversity index and grassland quality according to Novik were
evaluated. Numbers of species and Simpson’s diversity index were significantly affected by both
fertilization level and cutting pattern. Species richness decreased along with increasing fertilization
rates from 29.4 (no fertilization) to 27.8 (N180PK). Numbers of species after separating accessory taxa
showed very similar trends. When comparing cutting pattern treatments the highest species richness
was found in four-cut swards (29.6 on average of fertilization levels) and it declines towards late
double-cut regime (27.2). Concerning the interaction, absolutely highest species richness was found
in three-cut non-fertilized plots (31.0), whilst the lowest was in late double-cut swards receiving
highest doses of fertilization (26.1). The Simpson’s index generally increased from two-cut swards
to four-cut and from fertilized treatments to control. Grassland quality was significantly affected
by cutting pattern, while the fertilization had no significant effect. Values increased from four-cut
swards (38.1 on average of fertilization levels) to two-cut ones (43.8 and 44.0 in early and late harvest
respectively).
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