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A COMPARISON OF THE NUMBER OF SELECTED GROUPS OF EPIPHYTIC

MICROORGANISMS IN MEADOW SWARD FERTILISED WITH VARI

OUS DOSES

OF NATURAL FERTILISERS AND NPK

Summary

Increasing interest in organic farming and consetlein the application of natural fertilisers pasa risk of modifying
qualitative and quantitative composition of micrganisms’ populations living on plants fertilisedthwvihese fertilisers.
Composition of epiphytic microflora on plant magiintended for ensilage affects fermentation psses and stability and
hygienic quality of obtained silage. Studies catr@it in the years 2009-2011 were aimed at assgs$heffect of fertilisa-
tion of permanent meadow with natural fertilisensafiure and liquid manure) and mineral fertiliseNPK) on the number
of selected groups of epiphytic microorganism&iivon meadow sward. Plant samples were taken thmess in vegetation

seasons (before thé' 12" and 3" cut). In total, 207 samples of vegetation werelgse for: total number of aerobic bac

teria, bacteria of the genus Enterobacteriacea@sy®and mould fungi. No differences in the nunabestudied groups of
microorganisms living on meadow plants fertiliseithvdifferent fertilisers applied at different desevere found. However,
the number of particular groups of microorganisnepended mainly on the time of sampling.

Key words epiphytic microflora, aerobic bacteria, yeastsuid fungi, enterobacteria

POROWNANIE LICZEBNO SCI WYBRANYCH GRUP EPIFITYCZNYCH
MIKROORGANIZMOW RUNI £ AKOWEJ NAWO ZONEJ ROZNYMI DAWKAMI
NAWOZOW NATURALNYCH | NPK

Streszczenie

Rosmce zainteresowanie rolnictwem ekologicznym orazkeygte z jego zasad stosowanie nawozéw naturalnyckerdes
soly niebezpieczestwo modyfikacji sktadu jakciowego i ilgciowego populacji mikroorganizmdw naturalnie bytyjch
na raslinnosci nawaonej tymi nawozami. Sktad mikroflory epifitycznefjdujgcej se w materiale rélinnym przeznaczo-
nym do zakiszania wplywa na przebieg procesow fangjnych, stabiln@ i jakasé higieniczy uzyskanej kiszonki.
Celem bada przeprowadzonych w latach 2009-2011 byta ocena/wuptnawdéenia ki trwalej nawozami naturalnymi
(obornikiem i gnojowd) i nawozami mineralnymi NPK na liczel¥davybranych grup epifitycznych mikroorganizméw by-
tujgcych na runiékowej. Probki rélin do badai pobierano trzykrotnie w trakcie sezonu wegetaggng@rzed I, Il i Ill po-
kosem). kcznie przebadano 207 probek zielonki. W ramach hadaniano: ogola liczebndé bakterii tlenowych, bakterii

z rodzaju Enterobacteriaceae oraz ¢hity i grzybéw pléniowych. W wyniku przeprowadzonych badée wykazano rhic

w liczebndci badanych grup drobnoustrojéw bydaych na rélinnosci tgkowej naweéonej r&nymi nawozami i ich daw-
kami. Stwierdzono jednake liczebnéé poszczegdlnych grup mikroorganizmow zale przede wszystkim od terminu po-

boru préby.

Stowa kluczowemikroflora epifityczna, bakterie tlenowe, ddée, grzyby pléniowe, enterobakterie

1. Introduction

Plant surface is a complex system which enableslaje
ment of a large community of mutually interactingphytic
microorganisms. Epiphytes occupy a narrow ecolbgicae;
their functioning depends on plant properties aaoitht con-
ditions like moisture, temperature, wind speedarsmdiation
and land use [1, 2]. Soil and rain are the sounfesicroor-
ganisms on plants. Microorganisms are also sprgadsects
and wind [1, 3]. Their numbers are strongly affdcty an-
thropogenic factors including farming [4]. Epipleythicroor-
ganisms exert strong and variable effects on ptaetsinhabit
[1]. Bacteria and fungi may stimulate plant growttd repel
herbivores, protect from pathogens and increasgspltler-
ance to drought which translates into plant coowlitind the
amount and quality of yield. On the other hand,raticgan-
isms may infect plant tissues [5].
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Ensilage is more and more common method of meadow

sward conservation. Composition of epiphytic mikot
on plant material intended for ensilage affectsnfemtation
processes and stability and quality of obtaineapsil[1, 6].
Lactic acid bacteria are among epiphytic microflaf
meadow sward. These microorganisms favourably taffec
ensilage and constitute about 1% of epiphytes divim

meadow plants. Microorganisms undesired by silage p
ducers stem from bacilli of the genera Clostridiand Ba-

cillus, rod-shaped bacteria of the family Enterdbaaceae,

moulds and yeasts. Contamination of meadow sward by

pathogens may result in contamination of silagégs [7
Increasing interest in organic farming and assediat
application of natural fertilisers poses a risknoddifying
the composition (both quantitative and qualitatie¢)mi-
crobial communities living on plants fertilised tvithese
fertilisers [8]. Natural fertilisers are often htdis for vari-
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ous pathogens, parasites and microorganisms thdtaam-
ful for silage fermentation. For example, bactesfathe
genera Clostridium and Bacillus negatively affecitkm
quality and its usefulness for further processilg Fodder
contaminated by pathogenic microorganisms may [@ose
risk for human health due to a possibility of pafho trans-
fer through animals to animal products [9, 10].

This study was aimed at assessing the effect tligar
tion of permanent meadow with natural fertilisemsafure
and liquid manure) and with mineral NPK fertilisens the
number of selected groups of epiphytic microorgasi®n
meadow sward.

2. Materials and methods

Studies were carried out in the years 2009-201theat
Institute of Technology and Life Sciences (ITLS) in
Falenty. Study material consisted of samples of doea
sward from an experiment set up on permanent meadow
the Experimental Farm of the ITLS.

2.1. Methods of field experiment

Experiment was set up on meadow situated in Laszcz
on mineral, degraded black earth of grain sizaghttlsilty
loam. Nine experimental plots were selected of ea af
0.3 ha each and fertilised with cattle liquid manusolid
manure or mineral (NPK) fertilizers. Fertilisers rereap-
plied in three different doses corresponding t@e¢hlevels
of nitrogen fertilisation. At the first level of filisation (N-
60) annual doses of nutrients were: 60 kg N, 3@ lemd 60
kg K per ha, at the second level (N-90) - 90 kgdbl ,kg P
and 90 kg K per ha and at the third level (N-12QR0 kg
N, 60 kg P and 120 kg K per ha. The amount of appli
natural fertilisers differed from year to year degi&g on
nitrogen content in fertilisers. At the first ley®-60), from
24.0 to 30.0 t 4 of manure and from 24.0 to 28.C' e’
of liquid manure were applied in subsequent yedts.
higher levels of fertilisation (N-90 and N-120) égsof
natural fertilisers were increased by 50% and 10@¥pec-
tively. Solid manure after preliminary fermentati¢20%
dry mass) was applied once in autumn or spring With

for 72 h, 3M™ Petriflm™ EnterobacteriaceaeCount
Plates at 35°C for 24 h while 3M™ Petrifim™ Rapldast
and Mould Count Plates were incubated at 25 °@&oh.

2.3. Statistical analysis of results

Obtained data on the number of selected groupgpief e
phytic microorganisms were statistically assesssithgu
two-way analysis of variance with type of fertilisend its
dose as factors. The effect of study year and sagifime
(cuts) was also analysed. Significance of diffeesnavas
checked with the Tukey HSD test @0.05. Correlations
between the number of studied groups of organisrdsttze
sum of precipitation [mm] and mean daily tempemffi€]
were also calculated. All tests were made with uke of
Statistica ver. 6 (Statsoft, Poland), module ANOgAfac-
torial design.

3. Results and discussion

It is commonly known that growing agricultural plan
decreases the diversity of epiphytic microorganisns
alters their species composition. This is importainice
these microorganisms may be beneficial or harmful f
plants. For example, it was found that a great remudf
bacteria on winter wheat increased yielding andtdichthe
intensity of symptoms of Septoria disease [10, 12].
Some sources indicate that contamination of sdilpen-
manent grasslands with faecal bacteria translatescon-
tamination of meadow sward and has in turn negative
pact on silage quality [13, 14, 15].

Performed studies did not show significant diffees
in the number of aerobic bacteria among the type$ a
doses of applied fertiliser (Table 1).

Table 1. The total aerobic bacteria count (log gchy-in
subsequent sampling terms depending on the typelesel
of fertilization (means from three years of study)

Tab. 1. Liczebn@ ogdlnej liczby bakterii tlenowych (log jtk)g
w kolejnych terminach poboru prob w Zaleci od rodzaju
i dawki nawaenia §rednie z trzech lat badi

use of manure spreader. Liquid manure was applredtty
to soil with special injectors in two equal dosem-spring
and after the first cut. Phosphorus deficits imiigmanure

were supplemented with phosphorite powder. Minéread
tilisers were used in the form of ammonium salgephos-

phorite powder and potassium sulphate. They wepdiezh
in spring (1/3 of annual dose of N and K and theol&h
dose of P) and after the first and second cut rgheaining

two doses of N and K).

2.2. Methods of microbiological analyses

Samples of meadow sward for microbiological anadyse

were taken three times in vegetation season, dthmgrst,

second and third cut. Three samples of plants waen

from each plot. In fresh plant samples the totahber of

aerobic bacteria, bacteria of the famiipterobacteriaceae
and the number of yeasts and mould fungi were ohied

using cultures on PetriflmTM 3M plates. All saraplwere

Fertilizer Fertili- Sampling term Mean from
type | 5790 yeur | mcut |mcur| reesam-
se plings

N-60 7.50 7.56 | 8.19 7.75

NPK N-90 6.95 8.11 | 8.26 7.77
N-120 | 7.51 7.97 | 8.67 8.05

N-60 6.45 7.42 | 7.94 7.27

Manure | N-90 6.74 7.84 | 8.22 7.60
N-120 | 6.83 7.52 | 8.46 7.60

Liquide N-60 6.60 7.62 | 8.09 7.44
manure N-90 6.41 7.79 | 7.67 7.29
N-120 | 6.38 7.82 | 7.96 7.39

Mean
NPK 7,37 7.88 | 8.37 7.87b
Manure 6,64 7.55 | 8.18 7.46ab
Liquide manure 6,47 7.73 | 7.94 7.38a
Mean

N-60 6,73 7.52 | 8.05 7.43
N-90 6,70 7.91 | 8.05 7.55
N-120 6.84 7.74 | 8.32 7.63

shaken in a buffer. Then 1 ml of subsequent dihgiovas
taken and inoculated on PetriflmTM 3M plates. 3M™
Petriflm™ Aerobic Count Plates were incubated at8
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means in columns followed by the same letter atesigmificantly
different at 5% level of probability (Tukey’s tepik0.05)

Source: own work Zrédto: opracowanie wiasne
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The number of bacteria varied from 6.38 log cfu-g manure (5.83 logfu-g*). When averaged across all cuts,

(meadow sward from the first cut fertilised witlyuid ma-
nure at a dose of 120 kg N/ha) to 8.46 log cfuthe third
cut of sward fertilised with manure at a dose 00 K2

the greatest number &nterobacteriaceasvas also found
on plants from plots fertilised with mineral feidérs (5.86
logcfu-gY). The level of nitrogen fertilisation did not mark

N/ha). Values averaged over three times of samplingdly affect the number of analysed microorganidingar-

showed the greatest number of aerobic bacteriéb (B€
cfu-g*) on plants grown in soil fertilised with minerairfil-
iser at nitrogen dose of 120 kg N/ha and the lowastber

(7.27 log cfu-g) in that fertilised with manure at a dose

equivalent to 60 kg N/ha. Considering the sourceaitrb-
gen, aerobic bacteria were, on average, more nwsen
plant samples from plots fertilised with minerattilesers
and with manure (7.87 and 7.46 log cfl-gespectively)
than on plants fertilised with liquid manure (718§ cfu-g
1. No significant differences in the number of asad mi-
croorganisms were found among the intensities &drli-
sation. Mean number of bacteria on plants fromsplettil-
ised with 120 kg N/ha was 7.63 log cfi-gnd that from
plots fertilised with 60 kg N/ha was 7.43 log cfl}g

The greatest number of bacteria of the fankilytero-

ied from 5.84 logfu-g*on sward fertilised with manure to
5.55 logcfu-g* for sward fertilised with mineral fertilisers
on average.

The effect of epiphytic yeasts on plants may v8ome
species of the genuBpetoria[4, 11] cause plant diseases,
other may inhibit the development of pathogens doyet-
ing for habitat (for example fungi of the gensiporobolo-
myce$ or by inducing protection mechanisms in plant tis
sues (for exampl€ryptococcusandRhodotorula [11]. For
the production of silage, yeasts are probably tlostnm-
portant aerobic microorganisms that determine itality.
Development of yeasts is not inhibited by pH sitleey are
able to grow and reproduce at pH from 3 to 8 [4, $6me
species may develop in anaerobic conditions antbimer
fermentation of sugars to ethanol. Silages withigh lton-

bacteriaceaavere found in our study in plant samples fromtent of ethanol may be quite variable with respeaixygen

the third cut fertilised with manure at a dose esponding
to 90 kg N/ha (6.82 logfu-g*), while the lowest number
(4.33 logcfu-g?) - in samples from the first cut fertilised
with liquid manure at the same nitrogen dose (Taple

Table 2.Enterobacteriaceaeount (log cfu-g) in subse-

stability [1, 17].

The number of yeasts in our study was variablesige
nificant effect of analysed factors was, howeveuynd on
the number of these microorganisms (Table 3).

Table 3. Yeasts count (log cfthgin subsequent sampling

guent sampling terms depending on the type and dbse terms depending on the type and dose of fertitizati

fertilization (means from three years of study)

(means from three years of study)

Tab. 2. Liczebni bakteri z rodzaju Enterobacteriaceae Tab. 3. Liczebn@ drazdzy (log jtk-g*) w kolejnych termi-

(log jtk-g*) w kolejnych terminach poboru préb w zalesci od
rodzaju i dawki nawgenia §rednie z trzech lat bad

nach poboru préb w zataasci od rodzaju i dawki nawe-
nia (srednie z trzech lat bad

Fertilizer | Fertiliser Sampling term Mean from three Fertilizser | Fertilizer Sampling term Mean from
type dose ! . 11l cut samplings type dose : . I threg sam-
cut | cut cut | cut | cut plings
N-60 |4.93]6.06|6.29ah 5.76 N-60 0.80| 1.72 | 2.05 1.52
NPK N-90 [4.98| 6.05|6.54ab 5.86 NPK N-90 0.67| 1.04 | 0.93 0.88
N-120 |5.04| 6.25|6.64ab 5.98 N-120 | 0.48| 1.83 | 1.68 1.33
N-60 |4.79(5.69]|6.26ah 5.58 N-60 0.54|1.78| 1.43 1.25
Manure N-90 |5.97|6.13] 6.82b 6.12 Manure N-90 0.00| 3.51| 0.94 1.48
N-120 |4.73|5.98|6.28ab 5.66 N-120 | 0.26| 2.17| 1.15 1.19
Liquide N-60 |4.88|5.72| 5.53a 5.38 Liquide N-60 011 1.13]| 1.42 0.89
manure N-90 |4.33|5.92|5.88ah 5.38 manure N-90 0.38| 0.98 | 1.02 0.79
N-120 |4.56|5.84|6.09ah 5.50 N-120 | 0.61| 1.35| 1.77 1.24
Mean Mean
NPK 4.98/6.12| 6.49b 5.86 NPK 0.65| 1.53 | 1.55 1.24
Manure 5.03] 5.89| 6.40b 5.77 Manure 0.32] 2.29| 1.23 1.28
Liquide manure 4.62|5.81| 5.83a 5.42 Liquide manure 0.37| 1.17 | 1.45 1.00
Mean Mean
N-60 4.85|5.78| 6.03 5.55 N-60 0.45| 1.55| 1.57 1.19
N-90 5.09/6.03| 6.41 5.84 N-90 0.35| 1.84 | 0.96 1.05
N-120 4.7416.00] 6.30 5.68 N-120 0.45| 1.77 | 1.52 1.25

means in columns followed by the same letter atesigmificantly
different at 5% level of probability (Tukey’s tegi0.05)
Source: own work Zrédto: opracowanie wlasne

No significant differences were found among the aum

bers of bacteria in various plots for both thetfasd second
cut. Significant effect of applied fertilisation ¢ime number
of microorganisms was noted in sward sampled frbe t
third cut (Table 2). On average, irrespective & lgvel of
fertilisation, significantly higher numbers Bhterobacteri-
aceaewere found in samples from plots fertilised witinm
eral fertilisers and manure (6.49 and 6.40 dagg*, re-
spectively) compared with the sward fertilised wiituid
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means in columns followed by the same letter atesigmificantly
different at 5% level of probability (Tukey’s tegi0.05)
Source: own work Zrédio: opracowanie wtasne

In samples taken during the first cut from platifised
with manure at a dose corresponding to 90 kg Nfeset
organisms were not found at all and their higheshiver
(3.51 logcfu-g* ) was noted on plants from the same plot
during the second cut. On average, yeasts were most
merous on plants from plot fertilised with manutealose
corresponding to 90 kg N/ha (1.48 log cf)-qnd least
numerous in meadow sward fertilised with liquid manat
the same dose (0.79 lofy-g*). When compared among the
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types of fertilisers, the number of yeasts wassiichigher for
variants with manure (1.28 lagu-g* ) and mineral fertilisa-
tion (1.24 logcfu-g?) than for those fertilised with liquid ma-
nure (1.00 logfu-g%). With respect to fertilisation level, the
number of yeasts varied from 0.35 &ig-g* in samples from
the first cut at N fertilisation level of 90 kg/l@a1.84 log:fu-g

! in meadow sward of the second cut on the same@toav-
erage, yeasts were most numerous on meadow swilisieie
with nitrogen at a dose of 120 kg/ha (1.25dagg") and least
numerous on sward fertilised with N dose of 90 képaN
(1.05 logefu-g).

Moulds are filamentous fungi common on plants. Thei
populations, although able to grow on various alest are
seldom numerous enough to affect parameters ofjesila
produced and stored in proper conditions [4, 6]uMs de-
velop when silage quality get worse as a resweasts and
other aerobic bacteria activity. Moulds may devetoglu-
sively in aerobic conditions; hence their visiblegence in
silage is an evidence of excess oxygen in a sjleftl bad
quality of silage [4]. Moreover, moulds produce roigx-
ins, which are harmful for the health of animals dmu-
mans. Mycotoxins are usually produced under steasli-
tions for moulds and environmental stressors ftiitiptheir
production vary largely depending on species. Atrapri-
ate ensilage, concentrations of mycotoxins in silage
similar to those in green plant biomass.

The number of moulds in analysed samples of meado
sward was quite variable and ranged from 3.99cfagg*
on plants from the first cut on plot fertilised imanure at
a dose corresponding to 90 kg N/ha to 5.90cfogg’ on
plants of the first cut fertilised with mineral féisers at a
dose of 90 kg N kg/ha (Table 4).

Table 4. Moulds count (log cfu*yin subsequent sampling
terms depending on the type and dose of fertiizati
(means from three years of study)

Tab. 4. Liczebn@ grzybéw pléniowych (log jtk-g) w ko-
lejnych terminach poboru préb w zamesci od rodzaju
i dawki nawdenia (rednie z trzech lat badd

Fertilizer | Fertilizer ISamﬁalllng term Mean from threg
type dose cut | cut 1l cut samplings
N-60 4,54/ 5.90| 5.80 5.41
NPK N-90 4,13|5.43| 5.14 4.90
N-120 |5.37|5.84| 5.22 5.48
N-60 4,40/ 5.44| 5.50 5.11
Manure N-90 3.99|5.26| 5.17 4.81
N-120 |4.67|5.43| 5.61 5.24
Liquide N-60 5.09| 5.71| 5.61 5.47
manure N-90 4,16/ 5.27| 5.10 4.84
N-120 |4.30/5.51| 5.19 5.00
Mean
NPK 4.68|5.72| 5.38 5.26
Manure 4.40(5.39| 5.46 5.08
Liquide manure 4.56|5.53| 5.33 5.14
Mean
N-60 4.66| 5.63| 5.60b 5.30b
N-90 4.09|5.32| 5.14a 4.85a
N-120 4,71|5.56|5.35ab 5.21b

means in columns followed by the same letter atesigmificantly
different at 5% level of probability (Tukey’s tepik0.05)
Source: own work Zrodto: opracowanie wiasne

No significant effect of analysed factors on thenbers
of this group of microorganisms was, however, fauBd

Anna KILISZCZYK, Barbara WROBEL, Krystyna J. ZIELINSKA, Agata U. FABISZEWSKA

112

average, the number of moulds varied from 4.81cfagg*
on sward fertilised with manure at a dose equivalerd0
kg N/ha to 5.41 logfu-g*on plots with mineral fertilisation
at a dose of 60 kg N/ha. The type of fertilisath@d no sig-
nificant effect on the number of moulds, which raddrom
4.40 logefu-g* (third cut of plots fertilised with manure) to
5.72 logcfu-g* (second cut of plots fertilised with NPK).
The only significant effect was found of the leeélnitro-
gen fertilisation (Table 4). The number of mouldasvsig-
nificantly higher at N doses of 60 and 120 kg/ha@5and
5.21 logcfu-g*, respectively) than at a dose of 90 kg/ha
(4.85 logefu-gh).

There were statistically significant positive ctations be-
tween the numbers of particular groups of microoisTas
(Table 5). The numbers of aerobic bacteria stroogtyelated
with those of Enterobacteriaceae(r=0.71) and moulds
(r=0.54). Moreover, there was significant relatlipbetween
the numbers of enterobacteria and yeasts (r=0.47).

Table 5. Spearman's Rank Correlation Coefficient
Tab. 5. Korelacja poradku rang Spearmana

Aerobllc EnFerobac- Yeasts | Moulds
bacteria | teriaceae
Aerobic bacteria |1.00 0.71% 0.43* | 0.54**
Enterobacteri- | 29 | 1.00 0.47* |0.35
aceae
Yeasts 0.43* | 0.47* 1.00 0.30**
Moulds 0.54* | 0.35** 0.30** |1.00

** correlations significant at p <0,01
Source: own work Zrédto: opracowanie wiasne

As in other studies [4, 18, 19], the numbers ofaibied
groups of microorganisms depended significanthttentime
of sampling (cuts) and year (Table 6). On avertigehighest
numbers of aerobic bacteria (8.65 &ig-g*) were noted in
plant samples from the third cut in 2010 and theekt
(5.56 logefu-gY) in plants from the first cut of 200&ntero-
bacteriaceaeachieved the highest numbers in the third cut of
2010 and the lowest number of these microorganisas
noted in sward from the first cut of 2011. Both steaand
moulds were most numerous on plants from the secoindf
2010 (3.44 and 5.88 lafu-g", respectively) and least numer-
ous in samples from the first cut of 2009.

Performed comparisons showed that the study yehr ha
significant effect on the numbers of studied micgam-
isms. From the analysis of meteorological condgion
growing season in the study period (Fig. 1, 2)pipeared
that the most favourable conditions for microorgams
were those in 2010, when the vegetation seasorthasac-
terised by the highest rainfalls and mean temperatu
(15.5°C). Moreover, there were significant positbarela-
tions between the sum of precipitation in the vatienh
season and the total number of aerobic bacterid.Z63,
Enterobacteriaceadr=0.30) and yeasts (r=0.27) and be-
tween mean air temperature in the vegetation seasdn
the number ofEnterobacteriaceae(r=0.15) and yeasts
(r=0.23) The strongest correlation was found for the total
number of bacteria, whose average numbers werel8gl0
cfu-g* in 2010 and 6.88 logfu-g* and 7.5 logcfu-g in
2009 and 2011, respectively. Equally distinct effetcthe
study year was noted for yeasts. The number oktias
croorganisms in 2010 was 1.98 lofy-g* while in 2009
and 2011 the numbers were 0.41 tdg-g* and 0.97 log
cfu-g*, respectively. All studied epiphytic microorgansm
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were least numerous in the year 2009, which wasachex-
ised by the lowest precipitations and mean air rafpres

during the vegetation season.

Table 6. The count of selected epiphytic groupmimfoor-

Apart from the study year, the time of sampling was
also an important factor. The numbers of all micgan-
isms on meadow sward were significantly lower ie finst
cut and the highest in the third cut. The numbeyezsts
most numerous on plants from the second cut wagxhe

ganisms (log cfu’§) depending on the year and term ofception.
sampling
Tab. 6. Liczebn@ wybranych grup epifitycznych mikroor- 4. Conclusions

ganizméw runi dkowej (log jtk-d) w zalenasci od roku

badai i terminu poboru prébek

Year| Cut Aerobl_c Ent_erobacte- Yeasts | Moulds
bacteria riaceae

| 5.56a 4.19a 0.04a 3.97a

2009( 1l 7.47b 5.40b 0.87ab| 5.05b

11l 7.61bc 5.84b 0.33a 5.04b

| 7.59bc 6.08bc 0.80ab| 4.32a

2010 1l 8.05¢ 6.54c 3.44d 5.88d

1] 8.65d 6.61c 1.71bc| 5.78cd

| 7.12b 4.00a 0.36a | 5.59cd

2011 1l 7.47bc 5.69b 0.21a | 5.63cd

11l 8.10cd 6.16bc 2.33cd 5.29¢
Mean

2009 6,88a 5.14a 0.41a 4.69a

2010 8,10c 6.41b 1.98c 5.32b

2011 7,56b 5.29a 0.97b 5.51b
Mean

| cut 6,76a 4.88a 0.42a 4.53a

Il cut 7,70b 5.92b 1.70b 5.53b

Il cut 8.14c 6.22b 1.39b 5.40b

means in columns followed by the same letter atesigmificantly

different at 5% level of probability (Tukey’s tepik0.05)

Source: own work Zrédto: opracowanie wiasne

Natural fertilisation applied in the study did raffect
the numbers of aerobic bacterterobacteriacegeyeasts
and moulds present on meadow sward compared wéth th
numbers of these microorganisms on plants fertiliséth
mineral fertilisers.

Nitrogen doses applied in fertilisers (60, 90 and
120 kg/ha) did not differentiate the numbers obaéar bac-
teria, Enterobacteriacea@nd yeasts but had a significant
effect on the number of moulds.

The strongest effect on the numbers of studiedauarer
ganisms was exerted by the time of plant sampliy.
studied epiphytes were most numerous during tind thit.

As expected, increased numbers of studied microerga
isms were noted in the year of higher daily meanptrature
and higher sum of precipitation in the vegetatiesssn.
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