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DIVERSIFIED FERTILIZATION AND ITS EFFECT ON YIELDS AND THE CONTENT
OF MINERAL NITROGEN FORMS IN SOIL AND GROUND WATER

Summary

Studies were carried out in a field experimenthia years 2009-2012 on a permanent productive meaitaated on peat-
muck soil of the Biebrza Experimental Farm. The wias to identify the effect of various types artdrigities of fertilisa-
tion (with cattle manure and liquid manure) on batal composition of the sward and the content ofemal nitrogen
forms in soil. Mineral nitrogen was applied in terdoses (N/I — 60, N/II - 90 and N/l — 120 kg &"h The lowest N dose
was accompanied by fertilization with phosphorud potassium at a rate of 30 and 60 kg*heespectively. Nitrogen ferti-
lisations Il and 11l were supplemented with P (48da60 kg P h3, respectively) and with K (90 and 120 kg'haespec-
tively). Fertilization with cattle manure and lighimanure was also applied in amounts correspontiindnose used with
mineral fertilisation. Obtained results showed pregsing floristic changes resulting from differéotms of fertilisers and
increased moisture, which affected yield formingeptal in a range from 6 to 9 t dry mass halitrogen fertilisation (with
liquid manure or mineral N) at a rate of 90 kg N'hasulted in the increase in N-N@ soil layer below 20 cm depth in
2012. In the variant fertilised with 120 kg Nharrespective of its form, a distinct increaseniirate content was noted in
all soil layers below 20 cm depth, which indicathd leaching of nutrient. Concentrations of minei@ms of N (N-N@
and N-NH) in ground water tended to increase in plots feseéid with mineral nitrogen irrespective of its doe
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ZROZNICOWANE NAWO ZENIE | JEGO WPLYW NA PLONY ORAZ ZAWARTO SCI
W GLEBIE | WODZIE GRUNTOWEJ MINERALNYCH FORM AZOTU

Streszczenie

Badania prowadzono na slwiadczeniu fanowym w latach 2009-2012 w ZD Biehlvaavieloletniej 4ce produkcyjnej na
glebie torfowo-murszowej. Celem badayto rozpoznanie wplywu sdych rodzajow i pozioméw navemia (w tym oborni-
ka i gnojowicy bydicej) na sktad botaniczny runi, plonowanigitoraz zawartéci mineralnych form azotu w glebie Nawo-
zono azotem w trzech adych dawkach (N/I — 60, N/l - 90 i N/lll — 120 Kgha®), przy czym w najmniejszej dawce stoso-
wano naweenie fosforem (w ilizi 30 kg P-hd), a potasem (60 kg K-ffaw podanych dawkach, a wraz ze wzrostem azotu
odpowiednio nawimno fosforem w iléci od 45 i 60 kg P-ha, a potasem — 90 i 120 kg K-haStosowano tak nawdenie
obornikiem i gnojowig w ilosci odpowiadagcej nawadeniu mineralnemu. Uzyskane wyniki wskazywaty naepogce
zmiany florystyczne, wynikgaie z formy stosowanego nawnia oraz wzrostu uwilgotnienia, ksztaltcg potencjat plono-
tworczy stosowanego navemia — od ok. 6 do 9 t s.m.haNa skutek wzrostu navenia do 90 kg N-hanotowano wzrost
zawartoci N-NO3 w 2012 r. w warstwach gleby pmji20 cm na skutek nawenia gnojowica oraz forgnmineralnz. Na
poziomie 120 kg-haniezalenie od formy, stwierdzono wyiray wzrost zawartai azotu (N-NGQ) we wszystkich warstwach
gleby pondej 20 cm, cawiadczy o jego wymywaniu. Z przeprowadzonej ockaigismineralnych form azotu (N-NO N-
NH,;) w wodzie gruntowej wynika tendencja ich wzrosiuobiektach nawamnych nawozami mineralnymi niezalee od
poziomu nawtenia.

Stowa kluczowegleba torfowo-murszowa, gospodarka azoteika itrwata

1. Introduction and the aim of study [16, 17]. Processes of uncontrolled mineralizatidmitro-
gen as an effect of drying of organic soils areggaous
since they may release large amounts of NyN&1, 22,
23], which are later washed out of the root zone aneépen
trate to ground waters [6].

The aim of the study was to recognise the effésha-
ous forms and doses of fertilisation (particuladsganic
fertilisation) on botanical composition of the sdar
meadow yielding and the content of mineral formsitro-
gen in particular layers of peat-muck soil profile.

Together with increasing cattle stock, an incrdaise
terest is observed in fertilisation of permanerdsgtands
(including those on peat-muck soils) with natueatifisers
sometimes exceeding the demands. Many authors4e7g.
8, 12, 24] indicate some good points of theselifgets like
the improvement of botanical composition of the vand
yield-forming effects [1, 3].

Fertilisation with natural fertilisers, especiallyth ma-
nure, of meadows on peat-muck soils, which are Ilysua
deficient in phosphorus and potassium [13], maypkip .
ment these deficits and increase yields 529, 10, 13]. 2. Material and methods
Both mineral and organic fertilisers when delivegngi- Studies were realised in the years 2009-2012 et th
cant amounts of nitrogen not used by plants [19,22y Biebrza Experimental Farm, ITP in field experimear-
increase the content of their mineral forms notyanlthe  formed on permanent meadow growing on peat-mudk soi
upper soil layers but also in deeper ones duedohiag The effects of fertilisation with mineral NPK fdigiers, cat-
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tle manure and liquid manure were compared. Appied
tilisation variants included: NPK/I — 60 kg N, 3@ P and
60 kg K-ha'; NPK/Il — 90 kg N, 45 kg P and 90 kg K-ha
NPK/IIl — 120 kg N, 60 kg P and 120 kg K-havariants
with manure included: O/l — 15-20 t manure*h®/Il —
22.5-30.0 t manure-Hand O/Ill — 32.0-40.0 t manure-ha
(nutrients introduced in amounts comparable withKNP
NPK/II, NPK/III, respectively). Liquid manure wapjalied
in doses: G/I — 25-35hha’; G/Il — 37.5-52.5 rhha" and
G/lll - 54.0-60.0 mha'
Mineral fertilisation was applied in a form of amniem
saltpetre, 1/3 of annual dose under each cut, [loogp

lar soil layers down to the depth of 110 cm waslysesal
colorimetrically [19] and results were expressedrig N
dm® or in kg h& in 10 cm soil layer [15]. Water for analy-
ses was taken four times a year: in spring and aéteh cut
and concentrations of inorganic forms of nitrogesravana-
lysed spectrophotometrically with through-flow auiatic
analyser.

Comparison of vegetation seasons showed significan
differentiation of the total sums and distributiohprecipi-

(amounts of nutrients as above). tation in particular months. In the beginning oé thtudy

(year 2009) the distribution of precipitation wasdurable
at the lowest sum of rainfall. In the years 2010 2011

powder in spring and potassium sulphate in thregaleq sums of precipitation were much higher and thestriiu-

doses in spring and after the first and second Mature

tion was unfavourable, which markedly affected gheund

was applied once in autumn with the use of manurevater level. Despite clearly lower sum of precifiitas in

spreader. Liquid manure was applied with a splasher
three equal doses in spring and after the first sewbnd
cut. Doses of manure and liquid manure were deterthi
based on their nitrogen content assuming the ebpnvaf
N utilisation as 0.5 in manure and 0.7 in liquidmaee. The
equivalent of P utilisation in both fertilisers whsand that
of potassium was 0.7 in manure and 0.8 in liquichune.
Phosphorus deficits in liquid manure were suppldsgn
with phosphorite powder.

Plots of an area of 0.3 ha were selected on meadthw
five subplots of an area of 25°misplaced in fixed sites of
each plot to assess yields and to collect samglgdaats,
soil and ground water. Wells for measuring grourater
table were installed on each plot. Meadow was mthwee
times and samples of sward were mineralized inhsulp
acid and hydrogen peroxide. Analyses were perforwitd
the use of through-flow analyser. Botanical composi

the vegetation season of 2012, their unfavouralsiilou-
tion from June till August resulted (as in 2011)the in-
crease of ground water table and soil moisture.

3. Results

In the experimental variant N/I, the share of geasin
sward markedly decreased from 70% in 2009 to abo¥i
in 2011 and 2012 (tab. 1). Dominating (more thandbfAre
in meadow sward) grass species were: the cockiaut-
tylis glomeratal.), common meadow grasBda pratensis
L.), rough meadow gras$¢a trivialis L.), oat grassAr-
rhenatherum elatiugL.) P. Beauv. ex J. Presl & C. Pres)
and red fescueFgstuca rubral. s. s.). Remarkable in-
crease in the share of grasses was, however, @uosanv
both variants with organic fertilisation. Legumaesail vari-
ants and study years showed small variability ameirt
share in meadow sward did not exceed 5%. The gifare

was assessed with the Klapp’s method [11]. Dry masseeds significantly increased from 21-25% in 200@ver

yields and the contents of nitrogen in meadow swesck
statistically processed with the Statistica sofever calcu-
late least significant differencesat= 0.05. The content of
inorganic forms of nitrogen (N-N{£and N-NH) in particu-

40% in 2012 due to periodical increase of grountewta-
ble and soil moisture and the dominant weed species
such conditions were: the creeping buttercBanunculus
repensl.), dandelion Taraxacum officinalé&.H. Wigg.).
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Fig. 1. Distribution of atmospheric precipitationdachanges in ground water levels in experimentatispn particular

months of compared vegetation seasons

Rys. 1. Rozklad opadéw atmosferycznych oraz pggimeioméw wody gruntowej na sdvadczeniu w poszczegdlnych

miesizcach poréwnywanych sezonéw wegetacyjnych
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In experimental variant N/Il the share of grassesk-
edly decreased, especially in the years 2011 ad@.2d
variant G/l there were less dominating species thavari-
ant G/I. The share of legumes varied from 1 to B%ar-
ticular variants. Similarly to the lower fertilisan variants,

Table 1. Species composition of plants in particakperimental variants in the years 2009-20124]n
Tab. 1. Skiad gatunkowy na poszczego6inych obiektdatach 2009-2012 [%0]

an increase in weeding up to 40% was observedihdhe
years 2011 and 2012 as an effect of dynamic dexedop
of two plant populations of the creeping butter¢Ranun-
culus repend..) and dandelionTaraxacum officinald-.H.

Wigg.).

r

Dose Group of plants
Object| Year . . Herbs Dominant weed species ove
N (kg/ha) Grass| Dominant grass species over |[5%egumes and weeds 506
Dactylis glomeratd.. — 14%
Poa pratensid.. - 20% Ranunculus reperls — 8%
2009 71 | Phleum pretensk. — 6% 4 25 Taraxacum officinalé.H.
Poa trivialisL. — 11% Wigg. — 7%
Alopecurus pratensik. - 8%
i — 80,
Dactylis glor_nerata_. 8% Ranunculus reperis — 7%
Poa pratensid.. - 16% L
2010 66 L 3 31 Taraxacum officinalé.H.
(0] Poa trivialisL. — 10% Wida. — 8%
Alopecurus pratensis. - 11% 99- 0
Poa pratensid.. - 12% Ranunculus reperls — 16 %
2011 57 | PoatrivialisL. — 14% 5 40 Taraxacum officinalé.H.
Alopecurus pratensis. - 14% Wigg. — 8%
Poa pratensid.. - 10% Ranunculus reperls — 21%
2012 52 |PoatrivialisL. — 16% 5 43 Taraxacum officinalé.H.
Alopecurus pratensis. - 13% Wigg. — 12%
Festuca rubrd.. s. s. — 14%
i — 0,
Dactylis glomerata_. 12% Ranunculus reperis — 6%
Poa pratensid.. - 18% L
2009 76 3 21 Taraxacum officinalé.H.
Phleum pretenske. — 7% Wiaa. — 8%
Poa trivialisL. — 6% 99- 0
Alopecurus pratensik. - 8%
Festuca rubra.. s. s. — 10%
i — Ao
Dactylis glomerata_. 6% Ranunculus reperis — 8%
Poa pratensid.. - 16% b
2010 77 0 2 28 Taraxacum officinalé.H.
NI Phleum.pr.etensb. - 8% Wigg. — 7%
G Poa trivialisL. — 12% ’
Alopecurus pratensis. - 12%
Dactylis glomeratd_. — 6%
Poa pratensid.. - 12% Ranunculus reperls — 20%
2011 59 | Phleum pretensk. — 6% 5 39 Taraxacum officinalé.H.
Poa trivialisL. — 14% Wigg. — 6%
Alopecurus pratensis. - 14%
i — 0,
Eggtylrlztglr?srinf r?tga% 14% Ranunculus reperls — 24%
2012 54 prater ) 4 42 Taraxacum officinalé.H.
Poa trivialisL. — 8% .
. Wigg. — 10%
Alopecurus pratensik. - 11%
i —_ 0,
Eggtylr'ztglrfsr?frétg(‘)% 14% Ranunculus reperls — 7%
2009 70 pratensis.. 3 27 Taraxacum officinalé&.H.
Poa trivialisL. — 8% Wiad. — 10%
Alopecurus pratensis. - 11% 99.
i — 0,
Dactylis glor_nerata_. 11% Ranunculus reperts — 8%
Poa pratensid.. - 19% S
2010 76 S 4 27 Taraxacum officinalé.H.
NPK Poa trivialisL. — 12% Wiaa. — 7%
Alopecurus pratensis. - 12% 99- 0
Poa pratensid.. - 17% Ranunculus reperls — 16%
2011 58 | Poa trivialisL. — 8% 5 33 Taraxacum officinalé.H.
Alopecurus pratensis. - 8% Wigg. — 6%
Poa pratensid.. - 17% Ranunculus reperls — 21%
2012 53 | Poa trivialisL. — 10% 3 46 Taraxacum officinalé.H.
Alopecurus pratensis. - 9% Wigg. — 8%
Festuca rubrd_. s. s. — 8%
Dactylis glomeratd.. - 6%
Elymus repenk. — 10% Taraxacum officinalé.H.
NI © 2009 4 Phleum pratensk. — 6% L 25 Wigg. — 9%
Poa pratensid.. - 21%
Alopecurus pratensis. - 19%
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Festuca rubrd.. s. s. — 6%
Elymus repenk. — 7% Taraxacum officinalé.H.
2010 68 Poa pratensid.. - 18% 28 Wigg. — 7%
Alopecurus pratensis. - 20%
Poa pratensid.. - 13% Ranunculus reperls — 20%
2011 63 | Poa trivialisL. — 7% 40 Taraxacum officinalé.H.
Alopecurus pratensis. - 25% Wigg. — 6%
Poa pratensid.. - 8% Ranunculus reperls — 25%
2012 55 | Poa trivialisL. — 8% 42 Taraxacum officinalé.H.
Alopecurus pratensis. - 25% Wigg. — 9%
Phleum pratense. — 8% Ranunculus reperls — 8%
Poa pratensis.. - '200/ Taraxacum officinalé.H.
2009 | 70 pratensis.. 0 25 Wigg. — 9%
Poa trivialisL. — 6% Rori hobidl) B
Alopecurus pratensis. - 16% orippa amphobigl.) Besser
) — 6%
Phleum pratensk. — 7%
) Ranunculus reperls — 7%
- 0,
2010 73 Egg Frg\?iﬁ?ssll_i.— 7%2 & 23 Taraxacum officinalé.H.
- I — 70,
G Alopecurus pratensis. - 18% Wigg. — 7%
— 70
Eg/;nu;trsﬁseig_h._ 1;0/2 Ranunculus reperls — 16%
2011 66 Poa FrivialisL " 7% 32 Taraxacum officinalé.H.
- I — Q0
Alopecurus pratensis. - 22% Wigg. — 9%
Poa pratensid.. - 12%
Ranunculus reperls — 22%
)
2012 59 E(r;laetfjr?/iglrigtl_e n_s%% 6% 38 Taraxacum officinalé.H.
. o0
Alopecurus pratensis. - 20% Wigg. — 12%
Festuca rubra_. - 14%
Elymus repenk. — 12% )
2009 80 Poa pratensid.. - 17% 16
Alopecurus pratensis. — 17%
Festuca rubral. - 8%
Elymus repenk. — 6%
20101 74\ pog pratensis.. - 16% 24 i
NPK Alopecurus pratensis. — 17%
i — 70,
Eg;tylrlztglr?srinf r"fuiiz'o/ % Ranunculus reperis — 15%
2011 59 Poa tprivialisL " 7% 0 35 Taraxacum officinalé.H.
- I — A9
Alopecurus pratensis. — 18% Wigg. - 6%
. Ranunculus reperis — 25%
- 0,
2012 53 ilc;a géitrigswréte?\iis _ 18% 42 Taraxacum officinalé.H.
P P ' 0 Wigg. — 10%
Festuca rubrel. s. s. — 8%
Dactylis glomeratd.. — 6%
Elymus repenk. — 10% Taraxacum officinalé.H.
N/l 2009 4 Phleum pratené. — 6% 25 Wigg. — 9%
Poa pratensid.. - 21%
Alopecurus pratensis. - 19%
Ranunculus reperls — 6%
Elymus repenk. — 7% e
2010 68 |Poa pratensid.. - 17% 31 ;I/’\zraxa_cl;g officinalé.H.
o Alopecurus pratensis. - 23% 99 0
Dactylis glomeratd.. — 6%
— A0
Em;ﬁ; rergfgfé _6£/ Ranunculus reperis — 17%
2011 59 Poa pratznsii ” 14%0 36 Taraxacum officinalé.H.
. R
Poa trivialisL. — 6% Wigg. - 5%
Alopecurus pratensis. - 17%
Elymus repenk. — 10% Ranunculus reperls — 25%
2012 50 |Poa pratensid.. - 10% 48 Taraxacum officinalé.H.
Alopecurus pratensis. - 15% Wigg. — 10%
Phalaris arundinacea L-6% Ranunculus reperls — 8%
Phleum pratené. — 8% Taraxacum officinalé.H.
G 2009 70 |Poa pratensid.. - 20% 25 Wigg. — 9%
Poa trivialisL. — 6% Rorippa amphobidlL.) Besser
Alopecurus pratensis. - 16% — 6%
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Elymus repenk. — 6%
Phleum pratené. — 6% Taraxacum officinalé.H.
2010 68 | Poa pratensid.. - 16% 3 26 Wigg. — 8%

Poa annuda.. — 6%
Alopecurus pratensis. - 18%

Ranunculus reperls — 20%
Taraxacum officinalé.H.
Wigg. — 7%

Poa pratensid.. - 14%
2011 66 | Poa trivialisL. — 8% 2 33
Alopecurus pratensis. - 19%

Elymus repenk. — 8%

Poa pratensis.. - 12% Ranunculus reperis — 30%

2012 56 L 0 44 Taraxacum officinalé.H.
Poa trivialisL. — 8% .
. Wigg. — 10%
Alopecurus pratensis. - 15%
Festuca rubrd.. s. s. — 14%
Elymus repenk. — 12%
2009 80 Poa pratensid.. - 17% 4 16
Alopecurus pratensis. - 17%
Festuca rubrd.. s. s. — 6%
Phalaris arundinacea L=10% Ranunculus reperis — 5%
2010 67 |Poa pratensid. - 12% 6 28 Taraxacum officinalé.H.
Poa trivialisL. — 8% Wigg. — 6%

NPK Alopecurus pratensis. - 14%

Poa pratensid.. - 10%
. . Ranunculus reperis — 14%
_70,
2011 47 Pha'af's. arundlnacea L=7% 5 40 Taraxacum officinalé.H.
Poa trivialisL. — 7% Wiaa. — 7%
Alopecurus pratensis. - 10% 99.

Ranunculus reperis — 30%
2 58 Taraxacum officinalé.H.
Wigg. — 12%

Source: own work Zrodlo: opracowanie wlasne

Poa pratensid.. - 10%

2012 40 Alopecurus pratensik. - 12%

In plots fertilised with the highest doses of maidertilis-  was found in variants G/l and O/III.
ers (N/Ill), the dominating grasses (above 5% share)e As before, the lowest yield noted in the year 201§ that
composed of: oat grasArghenatherum elatiug¢L.) P. Beauv. from variant NPK/I. Marked tendency of increasinglgiiwas
ex J. Pres| & C. Pres), common meadow grBem (pratensis recorded in most variants irrespective of the lefelertilisa-
L.), red fescueHestuca rubral. s. s.) and coach grasBly- tion (O/I, G/I, O/ll, NPK/II, G/lll and NPK/III) and sigfi-
mus repend..). Species composition of dominating grassesantly higher yield was found in variants G/1l andIO/I
was richer in both variants fertilised with manurel(p/and In 2012 the obtained dry mass yields were siritilaspective
liquid manure (G/1l1). In all variants, irrespectiwd the form  of the amount and type of fertilisers being atghme time mark-
of fertilisers, the share of grasses in meadow swamleased edly lower than before. Decreased yields were maalsed by
in the years 2011 and 2012. The share of lequmewand did  significant increase in the share of the creepirttelcup Ranun-
not exceed 5%. The share of weeds increased iretims Y011  culus repens.) in meadow sward at higher ground water levels i
and 2012 due to periodically high ground water Igvel the years 2011 and 2012.

Annual dry mass yields from particular variantsfetiéd The contents of nitrate-nitrogen in particulardesy of soil
markedly in 2009 (tab. 2). The lowest yields wereeddh the profile were largely variable in the first study ye@009)
least fertilised variants O/l and NPK/I but were siigaintly  (tab. 3). In both upper soil layers (0-20 and 20cB9) of most
higher in variant G/I. Compared to the lowest yielttlgse  subplots, irrespective of the form and dose oflfeets, nitrate
from variant NPK/Il and from all most fertilised vants contents were higher than in the deeper (50-80 @rbil8 cm)
O/, G/MI, NPK/I) were significantly higher. Comgred  soil layers.
with the latter, significantly higher yields were faliin vari- Similarly, four years later (in 2012) significanthigher
ants O/Il and G/II. contents of N-N@were found in both upper soil layers in fer-

In 2010 the lowest yields were found in variantkiRand a tilisation variant N/I irrespective of the form opglied fertil-
distinct increasing trend was noted in many vasid@longing to  iser compared with layers 50-80 and 80-110 cm. At kel
the common homogenous group (O/1, O/ll, G/ll, NRPKA/lll and  of fertilisation, no increase in nitrate content viasnd in soil
NPK/I1I). Significantly higher yield compared withat from NPK/l  layer below 20 cm in 2012.

Table 2. Dry mass yields in the study period [t]ha
Tab. 2. Zestawienie plonéw suchej masy w okresierbf-ha]

Years of study N/I N/ N/
O G NPK 0] G NPK ©) G NPK
2009 6,12a 8,04b 5,753 9,32¢ 9,24¢ 7,62b 8,08b 8,05b 1b7,8
2010 7,75ab 8,93b 6,664 7,89ab 8,53ab  7,8lab 9/[14b ¥,798,08ab
2011 7,12ab | 6,55ab| 6,008 7,54db 8,10b 7,31ab 791b 1¥,15d,34ab
2012 6,62a 5,98a 5,96&* 6,363 6,10a 6,1%a 6,80a 6,,2a 6a 6|3

*Homogenous groups: Statistica, Tukey HSD té&rlupy jednorodne: Statistica, Test HSD Tukeya

Source: own work Zrodio: opracowanie washe
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At the second level of fertilisation (N/Il) sigié&ntly
higher contents of nitrates were found in the tvepar soil
layers in plots fertilised with organic fertilisdosth in the be-
ginning and at the end of experiment. This indeatdack of
leaching of nitrates down the soil profile. Minefattilisation
at this intensity resulted in an increase in NaNOntent in
20-50 cm soil layer compared to the top 0-20 cnerand
significantly higher than in deeper soil layers-(8® cm).
However, in comparison with the year 2009 both deapil
layers were enriched in nitrate-nitrogen by abduitkg-hd,
which suggests washing out of nitrates down thepsofiles
at this level of mineral fertilisation.

Four years of manure application at the highetst o&
fertilisation (N/III), the content of N-N@in both upper soil
layers was significantly higher than at a depth 86F
110 cm. Fertilisation with liquid manure resultedsignifi-

mineral forms of fertilisers at this rate endedwith a high
content of nitrates in both upper and lower sojela thus
indicating their accumulation and leaching belowd tén of
soil profiles.

After four years of most intensive fertilisatio®mark-
able enrichment of soil layers below 20 cm depthitrate-
nitrogen (by about 12 to 75 kg-Hawas observed irrespec-
tive of the form of applied fertilisers.

The content of ammonium ions was similar in sajj-I
ers in 2009. Significantly higher content was fouimd
0-20 cm soil layer in variant O/ll and in 80-110 il
layer in variant NPK/IIl. After four years of expaent,
distinct but equalized increase in ammonium-nitrogen-
tent in soil was noted. This was also an evidemcettie
leaching of this nitrogen form out of the soil siiop com-

cantly higher N-N@ content in both upper soil layers com- plex. Significant translocation of ammonium-nitroggown

pared with 50-80 cm and 80-110 cm layers. Apploatf

the soil profile was found exclusively in variantliG

Table 3. The content of inorganic forms of nitrog@NO; and N-NH) in particular soil layers [mg-dfor kg-hd

in 10-cm soil layer]

Tab. 3. Zawartéci mineralnych form azotu (N-NQ N-NH,) w poszczegélnych warstwach gleby [mgidob kg-hd

w 10 cm warstwy gleby]

. I } Soil layers
Form Variant | Rate of fertilisation  Yeat 020em] 2050 ol 50-80 o 80-120 dm
o 2009 | 31,53b 14,05a 3,71a 1,3a
2012 | 13,20bc 15,55¢ 3,48a 3,514
N/I G 2009 27,53c 21,45bc 11,06h 2,824
2012 | 21,61b 18,22b 5,8a 1,04a
NPK 2009 14,22b 16,00b 10,09ab 5,204
2012 | 12,66ab 14,82b 9,63al 2,964
o 2009 | 25,67b 21,82b 7,73a 1,69a
2012 | 20,89b 16,25b 4,38a 1,85a
2009 15,71b 3,77a 1,96a 1,11a
N-NGs | NI G 2012 | 18,75b| 20,03b 6,75a 2,76a
NPK 2009 25,43c 13,7b 3,2a 0,64a
2012 | 18,89ab 23,75b 15,75a 11,62a
o 2009 17,65b 11,10b 3,22a 1,52a
2012 | 17,57bc 26,75¢c 10,82ap 4,644
N G 2009 | 25,16b 19,33b 4,98a 1,30a
2012 | 21,83b 20,16b 7,53a 1,82a
NPK 2009 | 13,57bc 15,90c 6,02al 1,394
2012 12,47 19,98 14,17 12,47
o 2009 1,02 1,22 0,97 0,93
2012 3,53 4,29 3,44 2,90
N/I G 2009 0,97 1,54 1,26 0,91
2012 3,77 3,65 4,49 4,72
NPK 2009 1,40 1,15 0,99 1,20
2012 3,51 4,58 4,13 3,65
o 2009 3,88b 1,47a 1,04a 1,76ah
2012 6,25 6,45 7,37 6,54
2009 2,58 2,15 1,12 0,74
N-NH, | NI G 2012 | 3,02 2,95 5,47 5,72
NPK 2009 0,94 1,12 1,02 0,86
2012 3,18 2,97 2,34 3,08
o 2009 0,91 0,68 0,53 0,65
2012 3,68 3,66 4,18 6,35
N/ G 2009 1,15 1,38 0,64 0,87
2012 3,39a 3,66a 10,57h 10,134
NPK 2009 | 0,73ab 0,58a 0,76ah 2,14b
2012 3,04 3,57 3,59 3,03
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Source: own work Zrodio: opracowanie wiasne
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Source: own work Zrédio: opracowanie wlasne

Fig. 2. Mean concentrations of inorganic nitrogemds during the study period [mg-dn
Rys. 2 Srednie s¢zenia mineralnych form azotu za okres bégtag-dn’]

A small increase in nitrate-nitrogen concentraiovas
found in ground water during the study period coraga
with the year 2009 (fig. 2a), irrespective of tteeni and
intensity of fertilisation. Concentrations of niia were
near the lower border of the first class of growaater
quality [18].

In 2009 concentrations of ammonium-nitrogen
ground water were similar in all variants and feithin the
first class of water quality (fig. 2b). During thstudy pe-
riod, the quality of ground water in particular fganark-
edly worsened, irrespective of the type and intgrdH fer-
tilisation, and was ascribed to the second clasguality.
Ground water in all variants fertilised with minkfartilis-
ers, irrespective of the dose, and in both varifetidised
with organic fertilisers at the highest rate showtes high-
est increase in the ammonium-nitrogen concentrgtidhis
was an evidence of nutrient translocation from doil
ground waters.

4. Discussion

Performed studies confirmed the findings of many a

thors [3, 7, 8, 13, 24] indicating an increasehia share of
grasses in plots fertilised with organic fertiliseDespite
small share of tall grasses (important in mown roea in

sward, application of liquid manure (as in [4]) ligo of ma-
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nure resulted in a favourable slight increaselirgtasses. An

important factor modifying the botanical compositiof

meadow sward manifested by increased share of daelow

foxtail (Alopecurus pratensid.) and creeping buttercup

(Ranunculus repens.) and by decline of the common

meadow gras$pa pratensid..) was an increase in soil mois-
inture accompanying the elevated ground water tapbsicu-
larly in the years 2011 and 2012 (compare [10]).

Slight increase in yields following increasingeraff fer-
tilisation, despite limited nitrogen release atimpim or
excessive soil moisture, confirm results given 9 10],
which indicated the optimum fertilisation rate of N60
kg-ha'. Irrespective of the rate of fertilisation, orgarér-
tilisers showed higher efficiency expressed indire as it
was also demonstrated in [2, 4, 7, 8, 12, 23].

Decreased content of N-N@ both upper soil layers in
2012 in all least fertilised variants and in th@®-<m soil
layer in all variants fertilised at higher rate icated limited
mineralisation and nitrogen release at high leeélground
water as shown by [21] and [10].

Remarkable increase in N-N©ontent in particular soil
layers in 2012, especially in variant G/Il and ayérs be-
low 20 cm in variants fertilised with NPK indicafmor
utilisation of nitrogen [see 19, 22]. Similarly louptake of
nitrates by sward and the increase in their corite2012,
especially in 20-110 cm layers of all variantsifised at a
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level of N/l and in some fertilised at a rate Mfll sug-
gests nitrate leaching [16, 17], which pose a thitea
ground water quality [6].

Observed in 2012 distinct increase in N-Ntdntent in
particular soil layers was a result of nitrate m&tthn at
oxygen deficits [23] caused by high ground watesrls.
After ground water table decline, due to soil aeratthis
form of nitrogen may be oxidised to nitrates, whinhy be
then translocated to ground waters.

Despite increased soil content of both forms trfogen
in some variants of N/II fertilisation and in aknants fer-
tilised at the highest rate in 2012, the increaseitrate
concentrations in ground water was relatively sraad did
not result in substantial decrease in water qué#li8} as it
was also shown in [22].

Concentrations of ammonium nitrogen in ground watepg)

(markedly smaller then in peat soil [22]) decreasedent
standards of ground water quality [18] in variafeidilised
with NPK and in all variants fertilised with the ghiest
doses.

5. Conclusions

1. Beneficial changes in the botanical composition 0f[11]

meadow sward consisting in the increased sharalafble
(tall) grasses were clearly affected by the usergénic fer-
tilisers, irrespective of applied doses.

2. Increasing share of weeds, mainly of the creepimty b
tercup, due to high ground water levels and pecaldi
flooding decreased both the amount and qualityieldy,
particularly in 2012.

3. Fairly high dry mass yields on peat-muck soilsilisgd
with mineral fertilisers at the lowest rate andithmarked
increase on soils fertilised with organic fertiliseevidence
better utilisation of nitrogen from the latter fmDis-
tinctly slower growth increments at higher levelsyneral
fertilisation indicate poorer utilisation of nitreg and its
leaching down the soil profile.

4. Distinct translocation of both forms of nitrogensnil,
particularly at higher rates of fertilisation amiespective
of the form of fertiliser, resulted in substantiatrease in
their concentrations in ground water (particuladfy N-
NH,4) and in the decrease in water quality.

6. References
[1] Barszczewski J., Grzelak M.: The effect of variawsy/s of fer-
tilization on yields and potassium and magnesiumterd in
meadow sward on peat-muck soil. Journal of ReseardhAp-
plications in Agricultural Engineering, 2016, V6L (3), 21-24.
Barszczewski J., Szatytowicz M.: Gospodarka azotemaw
runkach zranicowanego nawienia hki na glebie torfowo-
murszowej. WodaSrodowisko Obszary Wiejskie, 2011,
T.11, Z. 3 (35), 7-19.

Burs W., Barszczewski J.: Wplyw zmdicowanego nawige-
nia fki trwalej torfowo-murszowej na zasohigo gleby
w cynk i jego zawart@& w runi takowej. Journal of Research
and Applications in Agricultural Engineering, 20Mgol. 59
(3), 22-26.

Burs W., Jankowska-Huflejt H., Wrébel B., Zastawny J.
Uzytkowanie kdne wytkéw zielonych. Radom, Krajowe

(2]

(3]

[4]

Centrum Rolnictwa Ekologicznego — Regionalne Centruni24] Wesotowski

Doradztwa Rozwoju Rolnictwa i Obszaréw Wiejskich, 200
Gotkiewicz J.: Wplyw zrénicowanego nawienia hki na
glebie torfowej na wysokd i jakos¢ plondéw siana. W:

[5]

Jerzy BARSZCZEWSKI

20

Wplyw nawazenia na jaké plonéw. Mater. Symp. Olsztyn,
24-25 czerwca 1986 r. Komitet Gleboznawstwa i Chemii
Rolnej Polskiej Akademii Nauk w Putawach. IUNG, Akad
mia Rolniczo-Techniczna w Olsztynie, 1986.

Gotkiewicz J., Gotkiewicz M.: Gospodarowanie azotaa

glebach torfowych. Gospodarowanie na glebach torébmv

swietle 40-letniej dziatalnéci Zaktadu Ddwiadczalnego

Biebrza. Biblioteczka Wiadondoi IMUZ, 1991, 77, 59-77.

Grynia M.: Development of root mass of simple giass

mixtures as affected by cattle slurry and nitrodertilizer

application. In: The role of nitrogen in intensigeassland
production. Proceedings of an International Sympusbf

the European Grassland Federation, 25-29 Augu$t. 198-

geningen, Pudoc.

Jankowska-Huflejt H.: Ocena wieloletniego naawia obor-

nikiem na stan i produkcyjié taki. Rozprawa doktorska. Fa-

lenty. IMUZ, 1998.

Kaminski J.: Wptyw zrGgnicowanego wieloletniego nave-

nia mineralnego na zbiorowiskakbwe na glebie torfowo-

murszowej. Wod&rodowisko Obszary Wiejskie, 2003, T. 3,

Z.1(7), 54-66.

[10] Kaminski J., Szymanowski M.: Wptyw nawenia mineral-

nego na plonowanie, sktad florystyczny i walory ypani-

cze bk na glebie torfowo-murszowej $wietle wynikow wie-
loletniego déwiadczenia. Woda&rodowisko Obszary Wiej-

skie, 2007, T. 7, 2a (20), 191-208.

Klapp E.: taki i pastwiska. Warszawa: PWRIL, 1962.

[12] Niczyporuk A.: Nawaenie organiczno-mineralne jako czyn-
nik ulepszania sktadu botanicznego i zadarniegka Wia-
domaici Melioracyjne, 1979, 10, 268-270.

[13] Niczyporuk A:. Wptyw naw@enia mineralnego, organiczne-
go i zmiennego (mineralno-organicznego) na plonaevéki
trwatej. Zesz. Nauk. AR w Szczecinie, Konferencjaulla
1992, 1, 60-66.

[14] Okruszko H., Gotkiewicz J., Szuniewicz J.: Zmiamarto-
$ci mineralnych sktadnikéw gleby torfowej pod wptyme
wieloletniego uytkowania hkowego. Wiadoméri IMUZ,
1993, T. XVII, 3, 139-151.

[15] Patent nr 190846. 2005.

[16] Pawluczuk J.: Mineralizacja azotu w glebach torfoewo
murszowych strefy morenowej Pojezierza Mazurskiego.
Annales Universitatis Mariae Curie-Sklodowska, 2004|.
LIX, 2, sect. E, 559-567.

[17] Pawluczuk J., Gotkiewicz J.: Ocena procesu mireaaji
azotu w glebach wybranych ekosystemoéw torfowiskdwyc
Polski Pdtnocno-Wschodniej w aspekcie ochrony zésob
glebowych. Acta Agrophysica, 2003, 1, 721-728.

[18] Rozporadzenie MinistraSrodowiska z dn. 21 grudnia 2015 .
w sprawie kryteriow i sposobow oceny stanu jedpokitcz-
$ci wod podziemnych. Dz.U. 2016 poz. 85.

[19] Ryden J.C.: The flow of nitrogen in grassland. 1P8dceedings
229. The Fertilizer Society London. W: Korevaar tten Boer
D.J. Measures to reduce nutrient losses from gragsystems.
Proceedings 301. The Fertilizer Society London1199

[20] Sapek A., Sapek B.: Metody analizy chemicznej glefanicz-
nych. Materiaty Instrukta Nr 115. Wydaw. IMUZ, Falenty,
1997. ISBN 83-85735-66-6.

[21] Sapek A., Sapek B., Gawlik J.: Rozpoznanie nasileminerali-
zacji azotu w glebach torfowych w zggil leja depresyjnego ko-
palni Befchatéw. Wiad. IMUZ, 1991, T. 16. Z. 3, 865.

[22] Sapek B.: Wymywanie azotandw oraz zakwaszenie gleby
i wod gruntowych w aspekcie dziatakworolniczej. Materia-
ty Informacyjne 30. Falenty. Wydaw. IMUZ 1995.

[23] [23] Sapek B.: Jaka gleby i wody w gospodarstwach de-
monstracyjnych. W: Zeszyty Edukacyjne. Nr 7/2002y-W
daw. IMUZ, Falenty, 2002, 57-71. ISSN 1428-3786.

P.. Naweenie hk nawozami naturalnymi

w $wietle dédwiadczeér Zachodniopomorskiego $&bdka Ba-

dawczego IMUZ w Szczecinie. Oprac. Mon. Falenty —

Szczecin: Wydaw. IMUZ, 2008.

(6]

(7]

(8]

,Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(3)



