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RENOVATION OF VARIABLY FERTILISED DRY MEADOWS AND |
ECONOMIC EFFECT

Summary

TS

Studies were carried out in a long-term experinsrdifferent fertilisation. The aim was to assdss ¢ffects of renovation
in terms of yielding, botanical composition and twmtent of proteins and soluble carbohydrates éadow sward at dif-
ferent fertilisation. Five experimental plots wdestilised with mineral fertilisers at a rate of 5020, 180, 180bis and 240
kg Nha, respectively and two plots were fertilised withtthmineral fertilisers and cattle liquid manure atcombined
rate of 180 and 240 kg-ha* (plots G1 and G2, respectively). Phosphorus an@g=ium were applied in doses propor-
tional to N fertilisation. In plot N-180bis fertlation with phosphorus was abandoned since 19%tirdtly worsening bo-
tanical composition of the sward with a great shafédow grasses (>60% in most plots), a lack olleg plants and a sub-
stantial weeding (from 14 to 28%) by stubborn weedsticularly on plots of higher fertilisation, dicated the need for
renovation. The renovation by direct undersowinthwi special turf-processing machine was made imgR012. In sub-
sequent years a distinct domination of tall grasaed decreased weeding was observed. The yieldfisagly increased
in 2013 compared with that in 2011 was noted onisphd180, N-240 and G2. In 2014 the yield was lageall plots re-
gardless of fertiliser doses. Total protein contensward was optimum in 2011 and markedly decreéadter undersow-
ing. Decreased protein content resulted from thimiektion of dandelion and other protein-rich digt#dons from the
sward and from the increased share of grasses (snaiat-grass) in 2014. Nevertheless, total protgigld was higher in
2013 and 2014 than in 2011.
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RENOWACJA £ AKI GR ADOWEJ W WARUNKACH ZRO ZNICOWANEGO NAWO ZENIA
I JEJ EFEKTY GOSPODARCZE

Streszczenie

Badania przeprowadzono na wieloletnimsg@dczeniuscistym w warunkach ztdicowanego nawania. Celem pracy
jest ocena skutkéw renowacji w zakresie plonowaskiadu botanicznego runikowej oraz zawartei w niej biatka i cu-
krow rozpuszczalnych na tle znicowanego nawienia. Badania przeprowadzono na nrgstigcych obiektach navgo-
nych mineralnie stosy¢ 60, 120, 180, 180bis i 240 kghld* oraz dwa naturalno-mineralnie na poziomie G1-1&pi-240,
tj. kg Nha' nawaonych gnojowk bydkcq. Fosfor i potas uzupetniono w odpowiednich projemh w zalénasci od po-
ziomu nawgenia azotem. Na obiekcie (N-180bis), od 1997 rierdvano nawgenia fosforem. Wyeaie pogarszajcy sk
sktad botaniczny runi, z dym udziatem traw niskich przekraczey na wikszaci obiektéw 60%, braku gtin motylkowa-
tych (bobowatych) oraz znacznym zachwaszczenid atb 28% z udzialem uporczywych chwastéw szczegdénbbiek-
tach o wyszych poziomach nawenia, wskazywaly na potrzeprzeprowadzenia renowacji. Renowanjetod podsiewu
bezpdredniego agregatem pasmowo grymyjm dar: przeprowadzono wiogn2012 r. W kolejnych latach po tym zabiegu
notowano wyrang dominacg traw wysokich oraz wygme zmniejszenie zachwaszczenia. Istotny wzroséwlon2013 r.
w poréwnaniu do 2011 r. odnotowano na obiektach8; N-240 oraz G2, a w 2014 r. na wszystkich oh@ktniezalénie
od poziomu nawenia. Zawartdci biatka ogélnego w runi w 2011 r. byly optymalpa, podsiewie ulegty one wyreemu
zmniejszeniu. Zmniejszenie zawsctdiatka spowodowato wyeliminowanie z runi mnispkapolitego i innych wdin dwu-
lisciennych o diej jego zawartéci, natomiast w 2014 r. wzrostem udzialu traw awgiée rajgrasu wyniostego. Mimo to
catkowity plon biatka byt wagzy w 2013 oraz 2014 r. w poréwnaniu do roku 2011.

Stowa kluczowetgka grgdowa, renowacja, podsiew beZpedni, nawaenie

1. Introduction

Permanent grasslands are characterised by diffeteh
botanical composition of the sward, which deterrsitiee
amount and quality of so obtained fodder [1, 2].aklew
plants largely differ in yielding, fodder value anodemical
composition depending on species and variety [3amt]
reflect habitat conditions. From among many factdfect-
ing grassland productivity, the most important gield-
forming potential of the habitat, soil and climatienditions
and cultivation measures [5].

Productive possibilities of permanent grasslandsnat
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fully utilised in Poland. Grzegorczyk [6] indicatdsat at an
appropriate care, one may obtain yields of &i&'twhile at
present they vary between 3.3 and 6.0t Hapending on
site. Lower yielding is typical of degraded grassl& (more
than 50% in the country) of inappropriate botanaapo-
sition [7]. The sward from such grasslands haspnari-
ate botanical composition, poor quality, unfavoleab
chemical composition and is unsuitable for cond@ma
and cattle feeding [8]. Good quality bulk foddercdmses
the production costs and, therefore, the qualingtates
into productive effect [9]. An excellent way of ingving
low quality of bulk fodder from permanent grasslarid
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introducing the missing species to meadow swardutin
renovation [1, 10]. So introduced new species aarikties
of grasses and legumes of better parameters imcyaels-
ing but mainly provide appropriate content of origaand
inorganic components and their proper proportionghie
sward [7, 11].

2. Material and methods

Studies were carried out on permanent meadow ggwi

on mineral soil classified as black degraded eafthhe
grain size structure of medium loam to the deptB®tm
with loose sand beneath. The experiment was sigt 1987
with the random block method in four repetitions.11997
phosphorus fertilisation was abandoned on oneeptbts.
This paper presents results obtained in the yeatd 2-
2014. The factors included five levels of mineradtifisa-
tion and two organic-mineral fertilisations. Desp# great
share of grasses in the year 2011, meadow swatdined
few tall grass species and many stubborn weedshwihi

infrared spectroscopy using NIR Flex N 500 apparairy
weight vyields were statistically processed with the
STATISTICA software using analyses of variancedaid

by Tukey HSD test at=0.05.

3. Results

A great share of low grasses in meadow sward mangi
from 72 to 94.55 was found in 2011 (tab. 3). OnMNpéots,
grasses constituted 94.5% of vegetation but theestfatall
grasses amounted only to 4%. Legumes constitutég on
1% and herbs and weeds — 4.5% of vegetation ore thes
plots. The share of grasses on plots N-120 wasta#86%
including 4% of tall grasses (as on plots N-60)riddeand
weeds constituted 14% of vegetation. Plots N-180 @a
of the same level of fertilisation showed simildmage of
grasses (about 83%) including 16% of tall gras3d®
share of herbs and weeds was about 15%. The smalles
share of grasses (72%) including only 11% of tadlsges
was found on plots N-180bis. Weeding on these plots

dicated the need for renovation. In autumn 2011 theeached 28%. Grasses constituted 86.5% of planfsais
meadow was sprayed with selective herbicide aneédim N-240, 27.5% in this amount were tall grasses. blexd
Renovation was performed in spring 2012 througheund weeds contributed in 14% to botanical compositibthese

sowing a mixture of grasses and legumes (tab. t) thie
use of turf-processing machine.

Table 1. The composition of the mixture of seedsdufer
sowing
Tab. 1. Sklad mieszanki nasion zastosowanej dageds

Source: own work Zrodto: opracowanie wiasne

Mineral and organic-mineral fertilisation was apgl

plots. Plots G2 showed 81% share of grasses andighe
est per cent of tall grasses (40%). The share dfshand
weeds was estimated at 19% there.

After liming in autumn 2011 and renovation in sri
2012, the share of grasses increased to more 8%n Par-
allel increase in the contribution of tall grassess particu-

p—— Varey ETE—— larly visible on most fertilised plots. The progort of tall
Festuca pratensis Anturka 25 and low grasses varied markedly among study plots.
Phleum pratense Granolia 20 plots N-60 the share of tall grasses was about|8gtume
Lolium perenne Flinston (4n) 20 plants 2% and herbs and weeds — only 1%. Tall gsass
Arrhenatherum elatius Median 10 constituted 9.5%, legumes 1.5% and herbs and wé#ds
Poa pratensis Skiza 10 on plots N-120. Plots N-180 showed the participatibtall
Dactylis glomerata Amila 5 grasses at 31.5%, 1% of legumes and 2.5% of hartls a
Trifolium pratense Kvarta (4n) 10 weeds. The share of tall grasses on plots N-18Gkis

28%, that of legumes 1% and of herbs and weed$%.4.
Respective figures for plots N-240 were 41%, 0.5%b &%.
On plots G1, tall grasses constituted 23%, leguBdésand

during the study period (tab. 2). Ammonium saltpetr herhs and weeds 2% of the sward. The highest peotéall

(34.5% N), triple superphosphate (46%0F) and potas-

grasses (54.5%) was found on plots G2, the paatioip of

sium salt (57% KO) were used in mineral fertilisation. In jegumes was 0.5% and herbs and weeds 3.5% there.

organic-mineral fertilisation, cattle liquid manumom-
pletely covered plant demands for potassium bubgén
and phosphorus were supplemented in the inorganic fo

In the year 2013 the share of grasses exceededcafif%
weeding did not exceed 3% on all plots with theegtion
of N-60. As in the previous year, particular pldifered in

the full required dose. In autumn 2011 the meado@® W the proportion of tall and low grasses. Plots NefCthe

limed with calcium-magnesium carbonate at a rat¢ oiia
1

lowest share of grasses (about 93%) showed marked i
crease in the participation of tall grasses to 1a9d leg-

The meadow was mown three times a year. Botanicgmes to 5%. Similar increase in the share of tases (to

composition was determined with the Klapp’s metfiiz],

utility value of sward was assessed with the methgd
Filipek [13]. Dry weight yields were determined rincsam-
ple cuts and the content of proteins with the methionear

Table 2.Fertilization scheme on the experimental fields
Tab. 2. Schemat navenia na obiektach dwiadczalnych

19.5% and 36%) and legumes (to 2.5% and 2%) was als
noted on plots N-120 and N-180, respectively. Plts
180bis were characterised by a smaller participadibtall
grasses (33.5%).

Experimental Fertilizers dose (kBa)

fields N-60 | N-120 | N-180 | N-240 Gl | G2
Fertilization Mineral Organic-mineral

N 60 120 180 240 180 240
P 10,9 21,8 31,7 43,6 31,7 43,6
K 33,2 66,4 99,6 132,8 99,6 132,8

Source: own work Zrodlo: opracowanie wlasne
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Table 3. Share of dominant grass species in thedsaval legumes, herbs and weeds along with itisyuiélue
Tab. 3. Udziat dominggych gatunkéw traw w runi oraz grupstm bobowatych, ziét i chwastoéw wraz z jej wadia uzyt-
kowg (Lwu)

Year Group of plants Research trgatment
N-60 N-120 N-180 N-180bis N-240 | G1 G2
Grass 94,5 86,0 83,0 72,0 86,5 83,5 81,0
High 4,0 4,5 16,5 11,0 27,5 15,0 40,0
dominant| Dactylis glomerata L. | 1,8 2,3 6,8 5,8 13,8 11,3 27,5
species | Arrhenatherum elatius | - - - - - - -
Lwu 90,5 81,5 66,5 61,0 59,0 68,5 41,0
2011 dominant| Festuca pratensisluds | 42,3 24,3 2,8 3,0 - 3,5 -
species | Poa pratensid. 43,8 50,5 55,5 51,8 55,0 52,8 34,0
legumes 1,0 - - - - - -
herbs and weeds 4,5 14,0 17,0 28,0 14,0 16,b 19,
totally 100 100 100 100 100 100 100
The number of utility value 6,1 6,3 6,9 6,4 6,9 6,9 |71
Grass 95,5 95,5 97,0 94,5 97,0 96,5 96,5
High 8,5 9,5 31,5 28,0 41,0 23,0 54,5
dominant| Dactylis g. 2,5 3,5 9,0 7,5 10,5 11,5 13,0
species | Arrhenatherum 1,0 0,5 1,0 2,0 4,0 3,0 5,0
Low 87,0 81,0 65,5 66,5 56,0 73,5 42,0
2012 dominant| Festuca p. 36,5 23,5 2,5 4,0 - 4,0 -
species | Poa p. 39,5 46,5 50,5 50,5 49,0 50,5 55
legumes 2,0 1,5 0,5 1,0 0,5 1,5 0,5
herbs and weeds 1,5 4,0 2,5 4.5 0,5 2,0 3,5
totally 100 100 100 100 100 100 100
the number of utility value 6,3 7,0 7,6 8,5 8,0 8,7 | 6,8
Grass 93,5 96,5 96,0 96,0 95,5 95,5 97,5
High 14,0 19,5 36,0 33,5 30,5 28,0 56,0
dominant| Dactylis g. 3,0 5,0 10,0 8,0 7.5 10,5 26,0
species | Arrhenatherum 4,0 5,0 5,5 8,0 7,0 4.5 7,0
Low 79,5 77,0 60,0 62,5 65,0 67,5 41,5
2013 dominant| Festuca p. 32,9 20,0 15 2,5 3,0 3,0 -
species | Poa p. 40,5 46,0 48,0 48,0 50,0 48,5 31,0
legumes 50 2,5 2,0 2,0 1,5 3,0 1,0
herbs and weeds 1,5 1,0 2,0 2,0 3,0 1,5 1,5
totally 100 100 100 100 100 100 100
the number of utility value 6,9 7,3 7,8 7,9 7,7 79 | 8,1
Grass 95,5 97,0 97,5 96,5 95,5 96,0 96,5
High 29,5 41,0 59,0 56,5 64,5 49,0 70,5
dominant| Dactylis g. 5,0 7,5 15,5 12,5 16,5 12,0 26,0
species | Arrhenatherum 15,0 18,5 22,0 25,5 19,5 22,5 21,5
Low 66,0 56,0 38,5 40,0 31,0 47,0 26,0
2014 dominant| Festuca p. 21,5 11,0 1,0 2,0 - 1,0 -
species | Poa p. 36,5 35,0 27,5 26,5 24,0 32,0 19,0
legumes 3,5 2,0 1,0 2,5 1,0 2,0 1,5
herbs and weeds 1,0 1,0 1,5 1,0 3,5 2,0 2,0
totality 100 100 100 100 100 100 100
the number of utility value 7,5 8,0 8,4 8,4 8,2 8,4 | 84

Source: own work Zrodlo: opracowanie wlasne

Legumes constituted 2% of the sward there. Theeshaparticipated in 59% and 56.5% in the sward, respelgt
of tall grasses was estimated at 30.5% and of leguat The share of tall grasses reached 64.5% on pl@&4N-On
1.5% on plots N-240. Substantial increase of tadkges to the objects fertilized naturally - mineral of highass was
28% and legumes to 3% was recorded on plots GheAs 49% for G1 and 70% for G2.
fore, the highest per cent of tall grasses (56% fwand on
plots G2, legumes constituted 1% of the sward. The number of utility value of meadow sward in 201

In 2014, as in the previous years following rermrg  (tab. 5) indicated good value and varied betwednafd
the share of grasses was more than 95% and thagof 7.1. After renovation in 2012 the value was assksse
umes, herbs and weeds was 1 — 3.5% on all plots. Tlvery good for plots N-180bis, N-240 and G1 and asdg
greatest differences among the plots were fourttiérpro-  for plots N-60, N120 and N-180. In the year 2018 vhlue
portion of tall and low grasses. The former marikeidt  was good for N-60 and N-120 and very good for G&. F
creased to 29.5% on plots N-60 while the sharegfiihes other plots the number remained near the uppet fioni
decreased to 3.5%. Plots N-120 showed the shatallof good value. In the year 2014 the value was goodNf60
grasses at 41%. On plots N-180 and N-180bis takggs and N-120 and very good for other plots.
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Table 4. Annual yield of the dry mass (t%én the years 2011-2014
Tab. 4.Poréwnanieplonéw suchej masy runikowej z poszczegélnych obiektéw w (Hha latach 2011-2014

Year Research t.reatment

N-60 N-120 N-180 N-180bis N-240 G1(180) G2(240)
2011 5,33a 7,80ab 8,35b 8,00ab 8,41b 9,05b 8,73b
2012 2,96a 4,93b 6,42bcd 5,90bc 7,60d 5,22b 7,33cd
2013 6,15a 8,46abc 10,31bc 8,02ab 11,05c 9,46bg 64410,
2014 6,99a 9,95ab 11,53bc 11,00bg 13,50c 10,98Hc ,39d3

a, b, c —values in rows with defferent letters agn#icantly different =0,05)
(Gy) — fertilized with liquid manure (N-180 kix?);
(G,) — fertilized with liquid manure (N-240 kig?);

Table 5.Annual mean content of total protein in meadow siar gkg™)
Tab. 5.Srednie roczne zawario biatka ogélnego w runigkowej (w giig?)

Source: own work Zrodio: opracowanie wasne

Year Research fapilities

N-60 N-120 N-180 N-180bis| N-240 G1(180) G2(240)
2011 | 115,2a| 127,6ah 147,2cd 143,4be 163,3d 137,8t460,0d
2012 | 112,9a| 113,6a 145,0bc 136,5abc  156,2c 130,244h9,8bc
2013 | 119,7a| 125,5ah 136,6bg 138,1cd 152,1d 132,4884,7bc
2014 | 88,7a 91,0ab 101,8hc| 105,7cd 114,2cd 93,7pbB8,1labc

Explanations as in Table. 4

Source: own work Zrodlo: opracowanie wiasne

In the year 2011 plots N-180, N-240, G1 and GZ2egav4. Discussion and summary

significantly bigger yields than plots N-60. Aftemovation
in spring 2012 the yields of meadow sward from ¢hglets
were diverse and smaller than in the previous y&ae
smallest yields were obtained from plots N-60 ahd t
yields from other plots of higher intensity of fésation
were significantly bigger. The yields from N-190;240
and G2 were significantly bigger than those froml20
and the yields from N-240 were significantly biggem-
pared with those from N-180 and N-180bis. In tharye
2013 all plots gave big yields, which confirmed #féec-
tiveness of undersowing. Plots N-180, N-240, G1 &
yielded significantly more than N-60. Plot N-240vgasig-
nificantly bigger yields compared with N-180bis. réfuer
increase in yielding from all plots was noted inl20Plots
N-180, N-180bis, N-240, G1 and G2 yielded signifiita
more than N-60 and the yields from plots N-240 &l
were also significantly bigger than those from N3-12

Intensive fertilisation with nitrogen resultedtime mass
appearance of nitrophilous weeds on plots with déightes
of N application similarly to the studies by Duckad
Barszczewski [14] and Wesotowski [15]. Renovatioh o
meadow after application of selective herbicide hming
markedly modified botanical composition of the ssvand
increased yielding in subsequent years, which wae a
demonstrated by Baryla, Janicka, Wolski and Grakbws
[1, 16, 17, 18]. Increasing share of tall grasses @imina-
tion of weeds resulted in the increase of yieldibgder-
sowing meadow with valuable fodder grasses sigpnitiy
improved utility value of the sward [13]. The rat&fertili-
sation significantly affected meadow yielding, whicon-
firms earlier results obtained by Barszczewski [48H by
Grzegorczyk and Olszewska [20]. Despite the lackeof
tilisation with phosphorus, the yields from plots1R0bis

Annual mean content of total protein in meadowrsia did not decrease, which is in accordance with easliudies
from plots N-180, N-180bis, N-240, G1 and G2 in 201 by Sapek and Sapek [21].

(tab. 5) was significantly higher than that fronotpN-60.
Moreover, the sward from plots N-180, N-240 andd®8-
tained significantly more proteins than that from1RD.
Total protein content in the sward from N-240 arl i&as
significantly higher than that from N-180bis and.@d&ter
renovation of meadow sward in 2012 the sward frdatsp
N-180, N-240 and G2 contained significantly moretpins

compared with the sward from N-60 and N-120. Protei

content in the sward from N-240 was higher thar fizan
G1. In the year 2013 mean content of total proteim N-
180, N-180bis, N-240 and G2 was significantly higtiean
that from N-60. Total protein content in the swéam N-
180bis and N-240 was significantly higher than tfiatn

In spite of a great variability among plots botkfdre
(2011) and after (2012 and 2013) renovation, pnotein-
tent in the sward was mainly within the optimum gan
[22]. The decline of protein content in meadow siaoted
in 2014 was a result of less intensive developrésbme
undersown species [16, 18, 23] and of a dynamiwtjyrof
oat grass.

5. Conclusions
1. Ten per cent of seeds of legume plants in uoders

mixture did not bring expected increase in the fslamare
in meadow sward, even at the lowest nitrogen featibn.

N-120 and the sward from N-240 contained more jmote This is an evidence for the need for increasingr ther-

than that from G1 and G2. Marked decrease of fotakin
content in the sward from all plots was noted iA420This
was caused by a large increase of tall grassescuydarly
of oat grass, in the sward.
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centage in seed mixtures.

2. Distinct increase in the share of tall grasseslbplots re-
gardless of the rate of fertilisation improved gieg and util-
ity value of sward expressed by the numbers afyutialue.
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cally growing grass species that dominated meadeavds nych. takarstwo w Polsce, 1998, 1, 17-29.
in the year 2014. [11] Jankowska-Huflejt H., Wrébel B. Evaluation of usefss of

4. The reason for marked decrease in the proteitenb of
the sward in 2014 was an unfavourable ratio of l#afles
to stems resulting from the domination of oat grasta-

forages from grasslands In livestock productiorexamined
organic farms. Journal of Research and Applicationsgri-
cultural Engineering, 2008, Vol. 53(3), 103-108.

[12] Klapp E.: Grinlandvegetation Und Standort. Berlitdam-

vourable dry meadow conditions and from the presegic burg: P. Parey, 1965.
cock’s foot of high competitive advantages. [13] Filipek J.:  Projekt Kklasyfikacji rdin  takowych

(1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]
9]

i pastwiskowych na podstawie liczb waitd uzytkowej.
Post. Nauk Roln., 1973, z. 4, 51-68.

6. References [14] Ducka M., Barszczewski J.: Degradacja rugiolvej w wa-
runkach optymalnego uwilgotnienia i zricowanego nawo-

Baryta R.: Renowacja trwatychk i pastwisk w siedliskach zenia. WodaSrodowisko Obszary Wiejskie, 2012, T. 12, z. 3
gradowych ze szczego6lnym uwzghieniem podsiewu. Zesz. (39), 39-51.
Probl. Post. Nauk Roln. 1996, 442, 23-30. [15] Wesotowski  P.: Nawienie hk nawozami mineralnymi
Kostuch R.: Synteza krajowych badaraz osignie¢ w go- w $wietle ddwiadczé Zachodniopomorskiego $&bdka Ba-
spodarce pastwiskowej XX wieku. Zesz. Nauk. AR Krako dawczego IMUZ w Szczecinie. Falenty Wydaw. IMUZ,
Sesja Naukowa 73, 2000, 159-173. 2008, 56.
Domaiski P.: Odmiany uprawne traw pastewnych i motyl-[16] Janicka M.: Uwarunkowania wzrostu i rozwojuzngch go-
kowatych drobnonasiennych. Trawy isliay motylkowate. spodarczo gatunkéw traw pastewnycfriforium pratense..
Agro Serwis IHAR, 2005, 27-46. po renowacjidk gradowych metod podsiewu. 2012.
Golinska B., Koziowski S.:Zmienngé¢ w wyskpowaniu  [17] Wolski K.: Mozliwosci poprawy sktadu botanicznego i plo-
sktadnikéw organicznych i mineralnych Rhalaris arundi- nowania runi 4kowej metod siewu bezpgredniego w wa-
naceaAnnales UMCS, 2006, Sectio E, 61, 353-360. runkach klimatyczno-glebowych Dolne§taska. 1997, Zesz.
Golinski P.: Maliwosci zwigkszenia efektywnii ekono-  [18] Grabowski K., Grzegorczyk S., Bandycki S.: Wptywznmgch
micznej pasz z aytkdw zielonych wzywieniu bydta mlecz- technologii podsiewu na zmiany skfadu florystyczmegni
nego. Ferma Bydta, 2010. takowej. Annals UMCS, SectioE, 1995, 50, Suppl., 160-1
Grzegorczyk S., Olszewska M.: Wpltyw nasenia azotowe- [19] Barszczewski J., Dynamika plonowania wieloletnich- do
go na plon i sktad botaniczny runi mieszakkstuca Praten- $wiadczer takowych. WodaSrodowisko Obszary Wiejskie,
sis/Lotus Corniculats. Mat. Sem 38 IMUZ, 1997, 131-136. 2006, T. 6, Z. spec. (17), 119-131.
Terlikowski J.: The effect of permanent grasslamdrsl en-  [20] Grzegorczyk S., Olszewska M.: Wplyw nasnia azotowe-
richment witch special varieties of grasses andifezs on go na plon i sktad botaniczny runi mieszaRkistuca Praten-
the quality of produced bulk fodder. Journal of Resk and sis/Lotus CorniculatusMat. Sem 38 IMUZ, 1997, 131-136.
Applications in Agricultural Engineering, 2014, V&@9(4),.  [21] Sapek B., Sapek A.: Zmiany zawito fosforu w glebie i ro-
107-109. slinnosci takowej w siedem lat po zaniechaniu na@wia tym
Falkowski M., Kukutka I., Koztowski S.: Wkaiwosci che- sktadnikiem. Woda&rodowisko Obszary Wiejskie, 2006, t. 6,
miczne rdlin takowej. Wyd 2. Pozna 2000. z. spec. (17), 83-91.
Kapturowska A., Zieliska k., Stecka K.: Ocena jadad mle-  [22] Kuczaj M., Pré J.: Wybrane elementyywienia a problemy
ka surowego w powraniu z jakécia kiszonych pasz objo- zdrowotne kréw mlecznych. Cz. ll, MedPharm, 201%.17
sciowych w wybranych gospodarstwach ekologicznych.[23] Grzegorczyk S., Grabowski K., Alberski Nitrogen accu-
Journal of Research and Applications in AgricultuEaigi- mulation by selected species of grassland legumésarbs.
neering, 2012, Vol. 57(3), 194-197. Ecol. Chem. Eng., 2011, 18(4): 531-536.

Michat MENDRA, Jerzy BARSZCZEWSKI 40 ,Journal of Research and Applications in Agricultural Engineering” 2015, Vol. 60(4)



