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Summary: Effects of different soil N, P and K supply levels and their combinations were examined on
the species composition of a grass sward between 2006 and 2015 in a field experiment. The grass was es-
tablished in autumn of 2000 with seed mixture of eight grass species. The calcareous chernozem loamy
soil of the growing site contained around 3% humus, 3-5% CaCO,, 20-22% clay in the ploughed layer
and was originally moderately supplied with available N and K, and relatively poorly supplied with
P and Zn. The trial included 4Nx4Px4K=64 treatments in 2 replications, giving a total of 128 plots.
The cover of grass species was surveyed every year at the end of May before the first cut. Perennial rye-
grass (Lolium perenne), timothy (Phleum pratense), meadow fescue (Festuca pratensis) and red fescue
(Festuca rubra) disappeared from the experiment in the first few years. Crested wheatgrass (Agropyron
cristatum) expanded through the years and required higher N and P supply to thrive. Smooth brome
grass (Bromus inermis) was not a sown species, but established and expanded through the years. It
benefited from N and K fertilization up to the highest supply, whereas a moderate P supply level was
already satisfactory. Tall fescue (Festuca arundinacea) was the dominant species in the first years, but
was continuously supressed. It required moderate N fertilization, since higher doses reduced the cover
below the level of N control. P control treatment was the most favourable, whereas K had a slightly
positive effect. The cover of cocksfoot (Dactylis glomerata) also showed a decreasing trend. Moderate
N supply was the most effective, whereas P and K had only a slight effect. Reed canarygrass (Phalaris
arundinacea) could not really spread, but remained present sporadically during the studied period. It
preferred fertilized plots over control plots. Cover of other plant species, primarily herbs, increased
continuously from 2% to 30-37% through the years mainly on control, especially on N control plots.
The species composition was considerably modified by N, P and K supply of the soil.

Introduction

Different effects of fertilization on grasslands has been studied for a long
time. LAWES et al. (1882) made comprehensive observations about the effect of
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fertilization on the species composition of grass in the Rothamsted experiment.
Properly and scientifically established plant nutrition creates the possibility for
forage yield increment of grasses. The extent of fertilizer effects may widely vary
depending on many factors, e.g. the composition of fertilizer, soil characteristics,
climatic conditions and species composition of the grass. Fertilization have dif-
ferent effects on each component of the lawn, i.e. on grasses, on leguminous plants
and on other herbaceous plants. It can promote or maintain some species, but sup-
press others (BERENDSE et al. 1992, JACOBSEN et al. 1996). However, in spite of
changes at species level, the functional groups of the lawn may remain unchanged,
thus its functions, i.e. carbon uptake can be constant (CZ6BEL et al. 2013).

The nutrient-status of the soil influences biomass production. Optimum nu-
trient supply creates condition to reach higher production, but species richness
can be reduced at higher nutrient levels, or at least the species composition of
a grassland can be modified (JANSSENS et al. 1998, ISBELL et al. 2013). In the
French Alps at 2000 m altitude, 15-years residual effect of high dose liming as
well as P and K fertilization had significantly changed the species composition,
but not species richness or yield. However, some typical plant species were re-
placed by more common species (SPIELBERGER et al. 2010).

Among management practices, increasing nutrient supply due to fertiliza-
tion has the greatest effect on species composition by promoting some species
and suppressing others. On heavy clay soil near Wageningen, the Netherlands,
on a nutrient-poor field the common grass species Holcus lanatus, Anthoxanthum
odoratum, Festuca rubra and Agrostis spp. were replaced by Alopecurus pratensis,
Dactylis glomerata, Lolium perenne and Poa trivialis on NPK treated hay plots
within ten years (ELBERSE et al. 1983).

N and P fertilization can increase water-use efficiency of grasses, thus ferti-
lization might help to mitigate adverse effects of climate change (BRUECK 2008,
ErI1cksoN and KENWORTHY 2011). Considering the long-term effects, probably
fertilizers can modify the composition of the grasslands in the most effective way
and with the smallest investment. MCLEOD (1965) examined the effect of differ-
ent N and K fertilizer doses on the species composition of a mixed leguminous
and grass sward in a pot experiment. The ratio of the yield of the species alone
and in mixture was considered as the “competition index”. In Hungary, SZEMAN
(2009) found that fertilizer application had no negative effect on the species
number of grass species, but overall it reduced the diversity of the flora, whereas
farmyard manure improved it on a rangeland.

Effect of fertilization on grass yield and element composition of this long-
term grass experiment was published earlier. In the first year of the experiment,
NPK fertilization increased the yearly air-dry hay yield from 3 to 13 t/ha mostly
due to nitrogen and phosphorus fertilization. The element concentration of the
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grass alternated in a wide range due to the synergisms and antagonisms caused
by the element content of the fertilizers, as well as the dilution effect as a result of
yieldincrease (RAGALYI and KADAR 2006). The trends of the effect of fertilization
on grass yield was similar in the subsequent years, affected also by the amount and
distribution of precipitation (KADAR et al. 2014, RAGALYI et al. 2014). SZEMAN
et al. (2010) found that NxP supply had a major influence on the coverage of the
dominant grass species in this experiment between 2007 and 2009. Yearly results
of the experiment between 2001 and 2012 was published by KADAR (2013a).

The aim of this present study was to determine the effect of different N, P
and K nutrient supply levels of soil on the species composition and succession
dynamics of a grass sward established with seed mixture of eight grass species.

Materials and methods

The grass experiment was set up in 2000 at Nagyhorcs6k Research Station of
the Institute for Soil Science and Agricultural Chemistry, Centre for Agricultural
Research, Hungarian Academy of Sciences which is located near to Sarbogard,
Hungary (N 46° 51’ 56.84”; E 18° 31’ 10.17”; alt. 140 m a.s.l.). The calcareous
chernozem soil of the site contained originally about 3% humus, 3-5% CaCO3,
20-22% clay, 60-80 mg kg™ AL (ammonuim-lactate soluble)-P O,, 140-160 AL-
K,O0 mg kg™, 150-180 mg kg™' KCl-soluble Mg in the ploughed layer according
to EGNER et al. (1960). The soil was originally moderately well supplied with
available K, Mg, Mn, Cu and poor in P and Zn according to the Hungarian advi-
sory system (BuzAs et al. 1979). The area was drought sensitive with the ground-
water table at a depth of 13-15 m and had an average yearly precipitation of 537
mm (1967-2015).

Plots were set up with the total combinations of four different N, P and K
levels. The 0, 100, 200, 300 kg ha™' N doses were applied yearly divided into two
halves, one was applied in autumn and the other in spring. P and K fertilizations
were performed with 0, 500, 1000, 1500 kg PO, and K,0 load in 1999 autumn.
The applied fertilizers were Ca-ammonium nitrate, superphosphate and potas-
sium chloride. The trial included 4Nx4Px4K= 64 treatments in 2 replications,
giving a total of 128 plots, sized 6 m by 6 m each, arranged in full factorial design
within four stripes (96 m long each) divided by unsurveyed and unfertilized ho-
mogenous buffer stripes. Soil analyses were made in autumn 2010. The main goal
of the experiment was not only to study the effect of different applied fertilizer
doses, but rather to create different N, P and K nutrient supply levels in the soil.
The experimental variants represent low, moderate, high and very high supply
levels and all of their combinations. Treatments and the P and K contents of the
ploughed layer of the soil are shown in Table 1.
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Table 1. Fertilizer treatments (a—c) and their effects on the AL-soluble P and K contents (d-e) in
the ploughed layer of the soil in 2010.
1. tablazat. Miitragya kezelések (a—c) és hatdsuk a talaj szantott rétegének AL-oldhat6 P és K
elemkészletére (d—e) 2010-ben. (1) kijuttatott miitragya vagy talaj analizis; (2) kisérleti kezelés
vagy mutragyazas dozisa.

Fertilization and Treatments or fertilization levels (2)
soil analysis (1) 0 1 2 3
(a) Nkgha™ yr! 0 100 200 300
(b) PO, kg ha™ In 1999 0 500 1000 1500
(c) K,0 kgha™! In 1999 0 500 1000 1500
(d)AL*P,O_mgkg”  In2010 82 201 374 601
(e) AL*-K,O mg kg™ In 2010 131 174 240 301

*Ammoniumlactate soluble

Prior to the grass experiment, between 1973 and 2000, on these quadrats
the same treatments were applied to study the effects on yearly varying crops
(KADAR 2000, 2013b; KADAR and FOLDEsI 2001). The long-term grass experi-
ment was initiated by sowing a mixture of 8 grass species, on 20th September
2000. The relatively large number of components was intended to give adequate
coverage and to indicate the species which are suitable for growing in this area.
The dose of the applied grass seed mixture was 60 kg ha™'. Based on the kernel
weight of the sown grasses, the grass species rate was also calculated. Seed weight
differences is often considered when multi-species experiments are established
(NEMETH et al. 2017). The species composition of the sown grass, the seed ap-
plication doses, seed weight rates and grass species rate is shown in Table 2.

Species composition was surveyed in every year by visual estimation of per-
centage cover values of the species on each plot at the end of May, before the first
harvest. In each quadrat, aboveground vegetation was harvested yearly in late
May or early June from 2001 to 2015. Hay was harvested once in dry years and
twice in wet years.

Estimation of the average cover of species concerning the whole experiment
was made from the first year. However, deeper plot by plot survey was carried out
yearly from 2006. Thus, in this paper the dataset of a decade from 2006 until 2015
is presented.

Precipitation was measured by Hellmann rain gauge at the experimental
station 400 m away from the quadrats. The solid snow, sleet, freezing rain and
hail were measured after melting. Two years were relatively wet (2010, 2014),
two years were near to average (2007, 2013), while in the remaining six years the
yearly precipitation remained below the 537 mm average of the measured rainfall
on the experimental site in the last 55 years.
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Factorial ANOVA statistical analyses were carried out using Statistica 13
software (DELL INcC. 2015) with Tukey’s HSD posthoc test (p < 0.05).

Results

Species in the whole experiment

Figure 1 gives an overview of the changes in average cover values of the sown
grass species, the colonizer smooth brome, as well as all other plant species be-
tween 2006 and 2015 as an average of all the treated plots of the experiment.

The composition of the grass has been considerably changed throughout
the years. Despite of their relatively high seeding rate, Lolium perenne disap-
peared from the whole experiment by 2006, and the same happened to Phleum
pratense, Festuca pratensis and Festuca rubra by 2008 (Table 2). Thus, the effect of
fertilization on these species are not evaluated in this paper.

Agropyron cristatum definitely expanded through the years almost constant-
ly. Compared to its 6% seeding rate, its cover increased by 67% by the year 2006.
By 2015 it covered over four times more area compared to its sown seed ratio.
According to the trends (Fig. 1), it became the dominant species from the year
2012 taking the place of Festuca arundinacea.

The colonizer Bromus inermis was not a sown species, but became estab-
lished and expanded through the years. In 2006 its cover was 10%, and in the
following years this value varied in the range of 12—-15%. Festuca arundinacea
was sown with 12% seed rate. It spread and thrived especially between 2006 and
2008 reaching 35-32% cover, but was gradually supressed to 5% by the year 2015.
Seeding rate of Dactylis glomerata was 9%, which remained stable until 2006 when

Table 2. Seed mixture of the eight grass species sown in autumn 2000.
2. tablazat. A 2000 8szén elvetett nyolcfajos flimagkeverék osszetétele. (1) a keveréket alkotd fa-
jok; (2) vetett magmennyiség; (3) szdzalékos részesedés magtomeg alapjan; (4) fufajok szdzalé-
kos részesedése.

Components (1) Sown seed Seed weight  Grass species
kg ha™' (2) rate % (3) rate % (4)

Meadow fescue (Festuca pratensis) 15.0 25 18
Tall fescue (Festuca arundinacea) 12.6 21 12
Perennial ryegrass (Lolium perenne) 12.6 21 13
Crested wheatgrass (Agropyron cristatum) 5.4 9 6
Red fescue (Festuca rubra) 3.6 6 8
Timothy (Phleum pratense) 3.6 6 19
Reed canarygrass (Phalaris arundinacea) 3.6 6 15
Cocksfoot (Dactylis glomerata) 3.6 6 9
Total 60 100 100
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its cover was 8%, but by 2015 it decreased to 1.5%. Phalaris arundinacea could not
really establish, but remained present in traces during the studied period.

Cover of other plant species increased from 2% to 30-37% due to the thin-
ning and aging of sown grass species. The major species of this category concern-
ing the whole experiment are: chickweed (Cerastium sp.), hawksbeard (Crepis
rhoeadifolia), black medick (Medicago lupulina), field bindweed (Convolvulus
arvensis) and drooping brome (Bromus tectorum). Total plant cover fluctuated
between 64 and 85%.

Effect of precipitation on sown species

Effect of monthly and seasonal sums of precipitation prior to botanical sur-
vey on the cover of each grass species was evaluated, but no significant correla-
tions were found in the period between 2006 and 2015. A relatively higher, about
0.4 Pearson correlation coefficient was found between Bromus inermis and sum
of precipitation from March till May, whereas about —0.4 was found between the
cover of Festuca arundinacea and sum of precipitation in March and April. This
might indicate that these two species might be more sensitive to the amount of
precipitation in the spring months, Bromus inermis might prefer more rainfall,
whereas Festuca arundinacea can take more advantage form drier spring months,
but this trend could not be validated.

40

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

—1i— Festuca pratensis —&— Festuca arundinacea —®— Agropyron cristatum
---fl--- Festuca rubra -4 Phleum pratense ----@--- Phalaris arundinacea

— M — Dactylis glomerata — & — Bromus inermis o — Other species

Fig. 1. Average cover percentages of the sown grass species, the Bromus inermis and all other spon-
taneously established species between 2006 and 2015 at Nagyhorcesok, Hungary.
1. dbra. A vetett flifajok, a Bromus inermis és az egyéb betelepiilt fajok atlagos boritdsdnak alakula-
sa 2006 és 2015 kozott a nagyhoresoki tartamkisérletben.
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Effect of fertilization on the sown species

Generally, the upward tendency of Agropyron cristatum was mainly due to N
fertilization (Fig. 2). Already the N1 treatment, i.e. 100 kg ha™' year™ fertilization
rate resulted in significantly larger cover from the year 2010, but in fact 200-300
kg N fertilization could provide a clear competitive advantage. There was no justi-
fiable difference between the latter two doses. As a result of increasing P doses, the
cover also increased significantly to the highest P3 supply level. The PO level was
significantly exceeded by even the P1 level, which was further enhanced by the
increasing supply. K showed no meaningful effect, a slight downward trend could
be observed. Similarly to Agropyron cristatum, Bromus inermis also benefited from
fertilization, which helped its competition against other species. Within the over-
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Fig. 2. Effect of increasing N, P and K supply levels on the yearly cover of Agropyron cristatum and
Bromus inermis. Significant differences (p < 0.05, Tukey’s HSD) are indicated by lower case letters
between treatments within each year. The absence of letters indicates no significant difference.
2. abra. N6vekvd N, P és K ellatottsag hatasa az Agropyron cristatum és a Bromus inermis évenkénti
boritottsdgara. Az egyes éveken belill kialakult szignifikdns eltéréseket (p < 0.05, Tukey’s HSD) az
eltéré betiik jelzik. Betilik hidnydban a kiilonbségek statisztikailag nem igazolhaték.
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all experiment, its cover was relatively stable, only slightly fluctuating. N2 and N3
treatments resulted in significantly greater coverage than NO treatment, but also
N1 treatment had the same effect in most of the years. Unlike Agropyron cristatum,
Bromus inermis was able to utilize even the highest N3 dose since in some years
the cover of this treatment was veritable higher compared to that of N2 treatment.
Increasing P supply also had a beneficial effect on the cover, but above P1 sup-
ply level only moderated effects were observed. K also had a significant effect on
cover, moreover, the highest K supply resulted the highest cover every year.
Festuca arundinacea showed a downward trend during the studied years.
Contrary to the two species discussed above, it had much moderate fertilizer
demand. Though N1 treatment significantly increased its cover in almost all of
the years, the higher doses reduced the cover below the level of NO (Fig. 3). In
the case of phosphorus, PO treatment was the most favourable, whereas K had
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Fig. 3. Effect of increasing N, P and K supply levels on the yearly cover of Festuca arundinacea and
Dactylis glomerata. Explanation of the results of statistical tests are indicated in Figure 2.
3.4abra. Novekvé N, P és K ellatottsag hatasa a Festuca arundinacea és a Dactylis glomerata évenkén-
ti boritottsagara. A statisztikai eredmények magyardzata megegyezik a 2. abranal leirtakkal.

20



Effect of fertilization on an established grass sward

a fluctuating but overall slightly positive effect. The cover of Dactylis glomerata
was primarily characterized by a year-to-year decline. Especially in the first few
studied years, N has clearly increased cover, and N1 was the most effective. Both
P and K had only a slight effect. P1 level, as well as K2-K3 levels seemed to be
optimal, but the differences were not considerable and rarely significant. Phalaris
arundinacea remained only in traces, but according to the surveys, it reached the
highest cover on N2-N3, P1-P3 and K1-K3 treated plots, depending on the year,
and disappeared from control plots (data not shown).

The cover of all other species was growing over the years. However, Figure 4
shows clearly that especially on N fertilized plots the presence and cover of this pre-
dominantly dicotyledonous group decreased significantly. This phenomenon can
be observed primarily in year 2010 and later when the cover reached a remarkably
higher value. The suppressive effect of P and K fertilization was lower, but it was
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Fig. 4. Effect of increasing N, P and K supply levels on the yearly cover of all other species and total
plant cover. Explanation of the results of statistical tests are indicated in Figure 2.
4. dbra. Novekvé N, P és K ellatottsdg hatdsa az egyéb novényfajok és az 6sszes novényi boritds
évenkénti értékeire. A statisztikai eredmények magyardzata megegyezik a 2. abranal leirtakkal.
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significant between 2013 and 2015. Total plant cover has not changed remarkably
over the years. In this case also N has a decisive role, for the majority of the years
the cover of N-treated plots was significantly higher than NO control. P and K treat-
ments slightly, in most cases non-significantly increased the total plant cover.

Discussion

When evaluating data, it is important to note that the results of this experi-
ment do not necessarily show the absolute nutritional requirements of the species
but rather their competitiveness with other specified species in the case of different
nutrient supplies within the present experimental and natural conditions. The main
reason for the disappearance of Lolium perenne, Phleum pratense, Festuca pratensis
and Festuca rubra by 2008 might be their lower drought tolerance compared to the
other survivor species. LAWES et al. (1882) also found that Festuca pratensis dimin-
ished very fast, after a few years, from the Rothamsted experiment since it has less
sturdy habit, less branched root and did not resist drought so well. Generally, water
demand of the decreaser and the increaser group of grass species is contrasting.
Decreasers had a WB > 5, while increasers (Agropyron cristatum and Bromus iner-
mis) had WB < 4 values on an expert knowledge based empirical scale ranging from
1 to 12 (HORVATH et al. 1995). Water shortage, due to a low-lying groundwater
table, can be one of the overall directing forces in succession at this area.

As the results showed, both Agropyron cristatum and Bromus inermis required
higher doses of N, P and in the latter case K in order to successfully compete with
other species. Dactylis glomerata benefited from N fertilization, while Festuca
arundinacea required only moderate N supply, but liked control plots as well.
According to ELLENBERG and LEUSCHNER (2010), Bromus inermis and Festuca
arundinacea prefer habitats with moderate N or nutrient supply (5 on a scale of
10), whereas Dactylis glomerata and Agropyron species rather occur on better sup-
plied sites (6 on a scale of 10). Hungarian classification scales placed 4. cristatum
among the least N demanding species (HORVATH et al. 1995), which contradicts
the strong vigour and cover increment due to N fertilization in our experiment.

FALKENGREN-GRERUP (1998) reported a twofold biomass increase of
Dactylis glomerata treated with 250 pM nitrogen (in a 7.5 x 7.5 x 5.0 cm pot)
versus 50 uM, however 1250 uM treatment did not result in further increase or
decrease compared to 250 uM. This is consistent with our results, i.e. D. glomerata
benefits form even moderate N supply, but it is not depressed by higher rates of
N fertilizer. In the Rothamsted experiment, D. glomerata thrived on plots with
complex high dose fertilization (LAWES et al. 1882).

In a field experiment, existing bermuda grass (Cynodon dactylon) sharply
decreased in favour of overseeded tall fescue (Festuca arundinacea) due to yearly
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270 kg ha™' N fertilization, especially on unharvested, but also on hayed plots
during a seven years observation period (FRANZLUEBBERS et al. 2013).

All other species, predominantly dicotyledonous, were primarily found in
control, especially on N control plots, while they were most remarkably retrieved
from plots N2 and N3, i.e. due to 200 and 300 kg ha™' year™' N fertilization. It is
likely that grass species are better able to utilize N, so the cover of all other spe-
cies was indirectly disadvantaged by fertilization (CZOBEL et al. 2013). Based on
13 monocotyledonous and 15 dicotyledonous species, FALKENGREN-GRERUP
(1998) also found that N primarily increases the biomass of monocots compared
to dicotyledons. In the Park Grass Experiments at Rothamsted, WiLL1AMS (1978)
reported decreasing biomass of grasses parallel with increasing contribution of
other species on unfertilized plots, which are also in accordance with our results.

The positive effect of N on total plant cover was particularly evident in ear-
lier years, from 2006 to 2012. However, during the years from 2012 to 2015, these
differences were considerably mitigated. One of the reasons for this may be that
the heavily fertilized lawn often became patchy, i.e. it did not produce a continu-
ous cover, but rather tussocks. The other reason might be the increasing cover in
control plots by plant species that could well tolerate nutritional deficiencies. In
years with different weather conditions, the increased number and the more var-
ied ecological tolerance of the not-sown species could be responsible for main-
taining the homogeneity of total plant cover.

TiLMAN and WEDIN (1991) tested the effect of different seed ratios and N
doses on pairwise competition of grass species in pot experiments. Agrostis scabra
was seeded together with either Agropyron repens or Schizachyrium scoparium or
Andropogon gerardi with 20-80%, 80-20% and 50-50% initial seed abundance.
Agrostis was competitively suppressed by Schizachyrium and Andropogon on low
N soils, and by all the other three species on high N soils. Generally, different N
doses had significant effect, however, different seed ratios had little or no effect
on the biomass of each species in pairwise comparison three years after sowing.
This finding is also consistent with our results, and clarifies that in the long run
species composition of established grasslands are primarily determined by the
environmental conditions rather than the ratio of the sown seeds.

References

BERENDSE F., ELBERSE W. TH., GEERTS R. H. M. E. 1992: Competition and nitrogen loss from
plants in grassland ecosystems. Ecology 73(1): 46—53. https://doi.org/10.2307/1938719

BRrRUECK H. 2008: Effects of nitrogen supply on water-use efficiency of higher plants. Journal of
Plant Nutrition and Soil Science 171(2): 210-219. https://doi.org/10.1002/jpln.200700080

BuzAs I, FEKETE A., BuzAs INE, CSENGERI PNE, KovAcs ANE: 1979. Mitragyazasi irdnyelvek és
tizemi szdmitasi médszer. MEM NAK. Budapest, 47 pp.

23



Ragalyi P. et al.

CZzOBEL Sz., NEMETH Z., SZIRMAI O., GYURICZA Cs., TOTH A., HAz1]., VIKAR D., PENKSZA K.
2013: Short-term effects of extensive fertilization on community composition and carbon
uptake in a Pannonian loess grassland. Photosynthetica 51(4): 490-496.
https://doi.org/10.1007/s11099-013-0052-z

DELL INC. 2015: Dell Statistica (data analysis software system), version 13. software.dell.com.

EGNER H., RIEEM H., DoMINGO W. R. 1960: Untersuchungen iiber die chemische Bodenanalyse
als Grundlage fiir die Beurteilung des Nahrstoffzustandes der Boden II. Kungliga Lantbruks-
hégskolans Annaler 26: 199-215.

ELBERSE W. TH., BERGH VAN DEN J. P.,, DIRVEN J. G. P. 1983: Effects of use and mineral supply on
the botanical composition and yield of old grassland on heavy-clay soil. Netherlands Journal
of Agricultural Science 31: 63-88.

ELLENBERG H., LEUSCHNER C. 2010: Vegetation Mitteleuropas mit den Alpen in 6kologischer,
dynamischer und historischer Sicht. 6th ed. Eugen Ulmer UTB Verlag, Stuttgart, 1334 pp.

ErIcksON J. E. and KENWORTHY K. E. 2011: Nitrogen and light affect water use and water use ef-
ficiency of zoysiagrass genotypes differing in canopy structure. HortScience 46(4): 643-647.

FALKENGREN-GRERUP U. 1998: Nitrogen response of herbs and graminoids in experiments with
simulated acid soil solution. Environmental Pollution 102(1): 93-99.
https://doi.org/10.1016/s0269-7491(98)80020-1

FRANZLUEBBERS A. J., SEMAN D. H., STUEDEMANN J. A. 2013: Forage dynamics in mixed tall
fescue-bermudagrass pastures of the Southern Piedmont USA. Agriculture, Ecosystems and
Environment 168: 37-45. https://doi.org/10.1016/j.agee.2013.02.004

HORVATH F., DoBOLYI Z. K., MORSCHHAUSER T., L6X0s L., KARAS L., SZERDAHELYI T. 1995:
Fléra adatbazis 1.2. Taxonlista és attribitum-allomany. MTA OBKI - MTM Névénytar,
Vécratét—-Budapest, 267 pp.

IsBeLL F., REICH P. B., TILMAN D., HOBBIE S. H,, POLASKY S., BINDER S. 2013: Nutrient enrich-
ment, biodiversity loss, and consequent declines in ecosystem productivity. Proceedings of
the National Academy of Sciences of the USA 110(29): 11911-11916.
https://doi.org/10.1073/pnas.1310880110

JACOBSEN]. S, LORBEER S. H.,, HOULTON H. A. R., CARLSON G. R. 1996: Nitrogen fertilization of
dryland grasses in the Northern Great Plains. Journal of Range Management 49(4): 340-345.
https://doi.org/10.2307/4002594

JANSSENS F., PEETERS A., TALLOWIN J. R. B.,, BAKKER J. P.,, BEKKER R. M., FILLAT F., OOMES M.
J. M. 1998: Relationship between soil chemical factors and grassland diversity. Plant and Soil
202: 69-78. https://doi.org/10.1023/a:1004389614865

KADAR I. 2000: Az 8szi arpa (Hordeum vulgare L.) mutragyazasa karbondtos vélyog csernozjom
talajon. N6vénytermelés 49: 661-675. (In Hungarian with English summary)

KADAR I. 2013a: A gyepek miitragyazasarol. MTA ATK TAKI, Budapest, 289 pp. (In Hungarian
with English summary)

KADAR I. 2013b: A mez6f6ldi miitragyazasi tartamkisérlet tanulsagai 1984-2000. MTA ATK
TAKI, Budapest, 356 pp. (In Hungarian with English summary)

KADARIL., FOLDESI D. 2001: A mék (Papaver somniferum L.) mitragyazdsa karbonatos valyog cser-
nozjom talajon. I. Névénytermelés 50: 453-465. (In Hungarian with English summary)

KADAR I., RAGALYI P.,, SZEMAN L., CsoNTOS P. 2014: Tapanyagelldtds hatdsa 13 éves telepitett
gyep fejlédésére és botanikai 6sszetételére a Mez6£61don. Botanikai K6zlemények. 101(1-2):
95-104. (In Hungarian with English summary)

LAWES J. B., GILBERT J. H., MASTERS M. T. 1882: Agricultural, botanical, and chemical results of
experiments on the mixed herbage of permanent meadow, conducted for more than twenty
years in succession on the same land. Part II. The botanical results. Philosophical Transactions
of the Royal Society of London 173: 1181-1413. https://doi.org/10.1098/rstl.1882.0029

24



Effect of fertilization on an established grass sward

McLEoD L. B. 1965: Effect of nitrogen and potassium fertilization on the yield, regrowth, and
carbohydrate content of the storage organ of alfalfa and grasses. Agronomy Journal 57(4):
345-350. https://doi.org/10.2134/agronj1965.0002196200570004001 1x

NEMETH Z., FALVAI D., SZIRMAI O., CZ6BEL Sz. 2017: Archeofiton és neofiton gyomfajok fito-
massza vizsgalata. Tajokoldgiai Lapok 15(1): 21-29.

RAGALYI P., KADAR I. 2006: Effect of NPK fertilization on yield and mineral element content
of an established all-grass. Agrokémia és Talajtan 55(1): 155—164. https://doi.org/10.1556/
agrokem.55.2006.1.17

RAGALYI P, KADAR ., CsoNTOS P. 2014: Effect of precipitation on the yield of hay meadows with
contrasting nutrient supply. Bulgarian Journal of Agricultural Science 20(4): 779-785.

SPIELBERGER T., DELEGLISE C., DEDANIELI S., BERNARD-BRUNET C. 2010: Resilience of acid
subalpine grassland to short-term liming and fertilization. Agriculture, Ecosystems and
Environment 137(1-2): 158-162. https://doi.org/10.1016/j.agee.2010.01.017

SZEMAN L. 2009: Stress effect of fertilization and precipitation on the biodiversity of rangeland.
Cereal Research Communications 37: 357-360.

SzZEMAN L., KADAR I, RAGALYI P. 2010: Miitradgyazas hatdsa a telepitett pillangés nélkiili gyep
botanikai osszetételére. Novénytermelés 59(1): 85-105. (In Hungarian with English sum-
mary) https://doi.org/10.1556/novenyterm.59.2010.1.5

TILMAN D., WEDIN D. 1991: Dynamics of nitrogen competition between successional grasses.
Ecology 72(3): 1038—1049. https://doi.org/10.2307/1940604

WiLriams E. D. 1978: Botanical composition of the park grass plots. Rothamsted Experimental
Station Report for 1977 Part 2, pp. 31-36.

N, P és K miitragyazas hatasa telepitett gyep fajainak szukcesszidjara
tiz év soran

RAGALYI Péter!, KADAR Imre!, SZEMAN Laszlé?, CSATHO Péter! és
CSONTOS Péter'*

'Magyar Tudoményos Akadémia, Agrartudomanyi Kutatékézpont, Talajtani és
Agrokémiai Intézet, 1022 Budapest, Herman Otté ut 15.
*Szent Istvan Egyetem, Novénytermesztési Intézet, 2100 G6dolls, Pater Karoly utca 1.

Elfogadva: 2018. aprilis 16.

Kulcsszavak: hosszi tava szukcesszid, mészlepedékes csernozjom, miitragya hatdsok,
szabadfoldi kisérlet, telepitett gyep.

Kiilonb6z6 N, P és K ellatottsagi szintek, és azok kombindcioéi hatasat vizs-
galtuk egy mesterséges gyep fajosszetételére 2006 és 2015 kozott szabadfoldi ki-
sérletben. A gyepet 2000 6szén telepitettiik nyolc komponensbél allé fiimag ke-

*  levelezd szerzé: cspeter@rissac.hu
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verékkel. A kisérleti teriilet mészlepedékes csernozjom talaja a széntott rétegben
mintegy 3% humuszt, 3-5% CaCO,-ot és 20-22% agyagot tartalmazott. A keze-
letlen talaj N és K elemekben kézepesen, P és Zn elemekben gyengén ellatottnak
mindsiilt. A kisérlet 4N x4Px4K = 64 kezelést tartalmazott 2 ismétléssel, igy 6sz-
szesen 128 parcellat foglalt magéban. A gyepfajok szazalékos boritasat évente fel-
vételeztitk majus végén, az els6 kaszalas elott.

Az angolperje (Lolium perenne), a réti komdesin (Phleum pratense), a réti
csenkesz (Festuca pratensis) és a voros csenkesz (Festuca rubra) mér a kisérlet elsé
éveiben eltlint a teriiletr8l. A taréjos buzafli (Agropyron cristatum) az évek soran
noévelte a boritasat és meghalalta a nagyobb N és P ellatottsagot. Az arva rozsno-
kot (Bromus inermis) nem vetettiik, &m spontan megtelepedett a teriileten, és fo-
lyamatosan terjeszkedett. A N és K adagok a legmagasabb szintig novelték a bo-
ritasat, mig a P esetében mérsékeltebb volt az igénye. A kisérlet elsé éveiben a
nadképli csenkesz (Festuca arundinacea) volt a legmeghatarozébb faj, de borita-
sa folyamatosan cs6kkent. Mérsékelt N mitragydzast igényelt, a nagyobb ada-
gok mar a kontroll szintje ala csokkentették a tomegességét. Foszforbdl a kont-
roll volt a legkedvez6bb, mig a K tragyazas enyhe pozitiv hatassal volt ra. A cso-
mOs ebir (Dactylis glomerata) boritasa csokkené tendencidt mutatott az évek so-
ran. Mérsékelt N ellatottsag bizonyult szamara a legkedvezébbnek, mig a kiilon-
b6z6 P és K ellatottsagoknak nem volt szamottevé hatasuk. A zold pantlikafii
(Phalaris arundinacea) nem tudott elterjedni, de szérvanyosan megtalalhaté volt
végig a vizsgalt idészak alatt. A kezelt parcellakon fordult el8, mig a kontroll par-
cellakon nem volt megtalalhaté. Az egyéb novényfajok, tobbnyire kétszikiek,
boritasa elsésorban a kontroll, azon beliil is f6leg a N kontroll parcellakon folya-
matosan nétt az évek soran 2%-r6l 30-37%-ra. A gyep fajosszetételét jelentésen
befolyasolta a talaj N, P és K ellatottsaga.
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