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THE EFFECTIVENESS OF PERMANENT GRASSLAND RENOVATION
UNDER DIFFERENT SOIL AND CLIMATIC CONDITIONS

Summary

The aim of the study to evaluate selected methbgsrmanent grassland renovation under differenkcomatic condi-
tions in north-eastern Poland. Studies are carmed in three farms: in Dymnik (Rychliki commune ritd@sko-Mazurskie
Province), in Kty Milewskie (Jasiondwka commune, Podlaskie Pra)imnd in Kodé (Kodei commune, Lubelskie Prov-
ince) specialized in beef cattle breeding with Holltder from permanent grasslands. Renovation ohpaent grasslands
was performed in spring 2012. Depending on swagratiation, the method of undersowing or completévetion was
applied by sowing mixtures of grasses and legunitstiie consideration of soil-water conditions ath@ way of sward
utilization. Botanical composition of sward and lgliag are determined. Total protein and soluble li@rydrate content
are determined using NIRFlex N-500 apparatus wéthdy calibrations of the INGOT® firm. Results afdst presented in
the paper come from the years 2012 and 2013. Thiehament of species composition resulted in sigaiit increase of
biomass and of the yield of total protein and stdutarbohydrates. Utility value of the sward wasalmproved. Due to
direct undersowing with a slot seeder, the yieldotdl protein from permanent grasslands increabgd00 kg hd on av-
erage (by 250 kg haon pastures and by 400 kg han meadows) and the yield of soluble carbohydrateased by 150
kg ha' (by 100 and 200 kg Haon pastures and meadows, respectively).

Key words permanent grasslands, sward renovation methods;csguaality

EFEKTY RENOWACJI TRWALYCH U ZYTKOW ZIELONYCH
W ZROZNICOWANYCH WARUNKACH KLIMATYCZNO-GLEBOWYCH

Streszczenie

Celem pracy jest ocena efektéw wybranych metodaacjotrwatych uytkéw zielonych w emych warunkach klimatyczno-
glebowych na terenie pétnocno-wschodniej Polskacerbadawczegsprowadzone w trzech gospodarstwach rolnych: w
Dymniku, woj. warmisko-mazurskie, w dach w woj. podlaskim i w Kodniu, woj. lubelskipesgjalizujcych s¢ w pro-
dukcji bydta mgsnego, dla ktorych gitéwnyenddiem pasz objosciowych g trwate wytki zielone. RenowagjTUZ wyko-
nano wiosg 2012 r. W zal&nosci od stopnia degradacii runi, zastosowano metpddsiewu lub metedoeinej uprawy wy-
siewaj;c mieszanki nasion traw i fin motylkowatych z uwzgdnieniem warunkéw glebowo-wodnych oraz sposahti u
kowania runi. Wyniki badaprzedstawione w pracy pochadz lat 2012 i 2013. Kontrolowano zmiany sktadu batznego
runi oraz plonowanie - na podstawie prébnych ukosdezterech powtdrzeniach. Zzkago poletka pobierano préby ma-
teriatu roslinnego do analiz chemicznych i oceny wégtarzytkowej runi. W proébach runi oceniano zawattdiatka ogol-
nego i cukréw rozpuszczalnych metddlRS na aparacie NIRFlex N-500. Wzbogacenie sk¢gdunkowego runi spowo-
dowato istotny wzrost plonéw biomasy, a przede stkiry plonu biatka ogélnego i cukréw rozpuszczdinyodsiew bez-
pasredni wplyrgt na zwikszenie plonu biatka ogélnegrednio o 300 kg ha (o 250 kg hd na pastwiskach i 400 kg Hana
+qkiach) oraz wglowodanéw rozpuszczalnychirednio o 150 kg hia (na pastwiskach ikach odpowiednio o 100 i 200 kg
ha™).

Stowa kluczowetrwate wytki zielone (TUZ), metody renowacji runi, jakauni

1. Introduction hydrates, which may be associated with gustatoayufes
and with faster digestion of fodder in the rumehisTprop-

Grassland management is intended to provide asimeerty depends on plant growth and development, @méh

with valuable and healthy fodder which quality sldou
cover the demands arising from species and racigep-
ties, animal’s efficiency or age. Energetic value arotein
content are the most important criteria when edtimgathe
quality of fibre bulk fodder for ruminants.

An important factor affecting the amount of foddier
gested by ruminants includes its physical structuré pal-
atability. Both are closely associated with botah@mmpo-
sition of sward and is of special importance inzgrg. Pal-
atability increases with increasing content of bt#wcarbo-
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cal composition of plant cells and on fertilisatiohaste
preferences are species- or even race-specifiiinads.
Green fodder, fresh or preserved, being the b for
farm animals must have high yields and energy aanae
tion, optimum content and quality of fibre, goodektibil-
ity and palatability [1]. Good grasslands and migeobs of
grasses and legumes are best in view of harvestitig-
able energy for animals while fresh green fodddindely
predominates with respect to economic effectiversasse
the cost of feed unit is lowest there [2, 3]. There, grass-
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legume sward gathers more and more importancerfer a farm are located on brown outwash soil made oft Igjly

mal feeding in the present grassland managemetersygs
This is both an effect of sustainable grasslandagament
methods and of a possibility of obtaining fodderhigher
nutritive value [4, 5, 6].

Limitation of mineral fertilisation, particularlhat with
nitrogen fertilisers, facilitates the introductiai legume
plants to grassland systems [7, 8]. This perta@gionly to
grazing but also to the production of silage, hay ary
fodder. The enrichment of meadow sward, particylaith
clovers, is one of the ways of avoiding proteiniciefPas-
ture sward with white clover may completely fulfile nu-
tritive demands of beef cattle in the grazing sedsh

Rational fertilisation, application of appropriatare
and periodical renovation are the preconditionightpro-
ductivity of grasslands [10]. Unfortunately, duedecreas-
ing interest in the production of bulk fodder frqmarma-
nent grasslands in the 1990s, the sward of meadods
pastures became degraded. Hence, their re-usecdisadle
source of bulk fodder requires renovation methd@shno-
logical innovations are mainly directed to renowatiof
grasslands and to the enrichment of their botamioaipo-
sition with modern varieties of grasses and leguaidsgh
nutritive value and palatability. Direct undersowgimnd
complete cultivation are distinguished among thé&vac
methods of grassland renovation. The use of teticly-
brid mixtures ofLolium perennevarieties is a novelty in
renovation. Their creation was based on specifendbal
and biological properties of the varieties whicltedmine
yield and quality of the fodder. Particularly vabla in
these mixtures is the differentiation of ploidy apldenol-
ogy of ryegrass varieties which is decisive forezen fod-
der supply in the vegetation season [11]. Undensgwias-
tures with a mixture ofolium perennevarieties favourably
affects their contribution to the sward in both tfear of
undersowing and the first year of grazing [12]. Tihe
provement of chemical composition of sward, inchgdthe
increased content of protein and soluble carbohgdravas
the effect of undersowing. An actual trend in tleéestion
of grasses for undersowing is manifested by the afse
short-term species, the Italian ryegrass, hybrayrgss and
inter-species hybrids ofolium and Festucadespite the
need of more frequent sowing of these grassesisward
of permanent meadows. The benefits associated tivéh
improved vyielding and nutritive value of the swaade,
however, bigger than the costs. The method of waséng
enables also the enrichment of grassland sward legh
umes and special varieties of pasture grassed {13,

The aim of the study is to evaluate preliminatig ef-
fects of selected methods of permanent grasslamolvae
tion in diverse climatic and soil conditions of tieeastern
Poland.

2. Material and methods
2.1. Farm characteristics

Studies are carried out in three farms specialisdunbef
cattle production for which grasslands are the nsaiarce
of bulk fodder.

Farm in Dymnik is situated in Warmisko-Mazurskie
Province, in northern part of tawa Lakeland Mesgpioa

loams. In meadow classification the habitats acelfative,
so in the case of permanent mown-grazed use they ate
tributed to periodically drying proper dry grounds.

The whole study area of grasslands (40 ha) wadefivinto
quarters of an area of 3.5 — 4.5 ha. Part of thetgrs is
mown and the sward is ensilaged in bales wrappéallin
Grasslands are exclusively fertilised with mindeatilisers
at a rate of 146 kg N, 40 kg P and 60 kg K & in a form
of complex fertiliser (POLIFOSKA) and ammonium ni-
trate. Cows with calves are bred in Dymnik in theder
system. Each quarter is grazed for about 6 to 3.ddgrket
hybrids of beef cattle races are bred in the farm.

Farm in K aty Milewskie is situated in Podlaskie Province,
Monki County, commune Jasionéwka. The total farm area
is 62.1 ha. About 40 ha of ground are close to fauild-
ing, the rest is 11 km apart. Part of grounds diyec
neighbouring farm buildings is located on minewl built

of light loam. Grasslands remote from farm hougesle:
cated on soil made of medium loam aral 2 ha of mead-
ows — on peat-muck soils. Grasslands were cladsifie
proper dry-ground habitats and on some elevatiotasim-
poverished grounds.

Mineral and organic fertilisers were applied ommnent
grasslands. Nitrogen fertilisation (in a form oéa)y amounted
to 100 kg N hd and was applied under each cut. Fertilisation
with phosphorus and potassium amounted to 24 Kgdfa
POLIFOSKA in spring and two doses of 50 kg of psita®
salt in spring and after the first meadow cut @ skcond re-
growth on a pasture which in total made up 84 kdek.
Meadows fertilised with manure (15 t¥alid not receive the
spring doses of mineral nitrogen. The farm spesgaliin
breeding Limousin cattle. Pasture grazing is usedcbws
with calves during the vegetation season.

Farm in Koden is situated in Lubelskie Province, Biala
Podlaska County, commune KddeThis is the smallest
farm participating in the Programme. lIts total aie&2.0
ha. About 90% of agricultural lands are in the eleginity
of farm buildings. Significant part of agriculturknds is
situated on sandy or loamy-sandy soils.

Grasslands occupy an area of 25 ha including 16f ipeer-
manent grasslands. Prevailing part of grasslandsclessi-
fied to proper dry-ground habitats and the rest #rpov-
erished grounds. On both permanent and alternatssgr
lands, land is used as mown meadows and pastures.

Grasslands are fertilised with mineral fertilisémnstwo
or three doses of 60 kg N, 30 kg P and 60 KaaK in a
form of POLIFOSKA under each regrowth. Manure is ap
plied once a year on an area of ca. 4 ha. The smewial-
ises in breeding Limousin cattle.

Due to low pH (<4.5) soils in all farms are lim&grass-
land renovation was performed in spring 2012. Depen
on sward degradation, the methods of completevertitin
or undersowing mixtures of grasses and legumes ayere
plied with the consideration of soil and water citinds
and the ways of sward utilisation.

2.2. Climatic conditions
The success of sprouting and growth of undersqen s

cies of grasses and legumes depends on ecologindl-c
tions in grassland habitats and on anthropogertgtoifa

(Elblag County, Rychliki commune). The farm is located inThe effectiveness of meadow and pasture renovatjouhi-

young-glacial areas built of boulder clay. Grasganf the
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rect undersowing is largely determined by soil moks
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[15]. Climatic conditions, particularly the amouwsmd dis- The number takes into account:

tribution of precipitation during sprouting and timtial - productivity,

growth period of plants undersown in studied famese - ability for regeneration and sward forming,
differentiated (table 1). Monthly sums of atmosphgre- - usefulness for mowing and pasture use,

cipitation in Katy in the years 2012 and 2013 were close to adaptation to habitat conditions,

the long-term mean and in August 2012 the monthdam - competitiveness,

was by 76% higher than the long-term one. Predipita - nutritive value and direct harmfulness.

lower than the long-term means, and thus impoftanthe Very good pasture plants obtained the numbers,10-9

success of undersowing, were noted for farms in @gm good: 8-7, mean: 6-4. Plants of small utility vaheve the
and Kodé. Because renovation in all farms was performediumbers from 3 to 1. Species of no pasture valoegath-
in April 2012, meteorological data (precipitationdatem- ered when mown or neglected by animals obtained the
perature) for this month are given in division irit®-day value of 0. Negative numbers of utility value fregto -1

long periods. were attributed to toxic plants depending on thgrele of
their toxicity. Nuisance clumpy weeds such as thesdck
3. Methods grass and tall sedges obtained smaller numberdila§ u

value if present in big amount. The same was touesdme
Plant cover was assessed with methods commonty usherbs. The numbers of utility value cover the rafigen -3
in meadow studies. Botanical composition was deterdh  to 10. Weighed mean number of utility value is aidted
acc. to Klapp [16], utility value of the sward —tlithe as a product of percentage share of a given spécit®e
method of Filipek [17]. The base for determinatminthe vyield and its number of utility value. So obtaingeducts
value was the number of utility value attributegtoticular are summed up and the sum is divided by 100 tattget
plant species. Meadow plants are divided into a4sgs. number of utility value of the sward.

Table 1. Meteorological conditions (monthly meamperatures and sums of precipitations) during swandvation and
observation period.

Tab. 1. Warunki meteorologiczne (méeginesrednie temperatury i sumy opadéw) podczas renowgmjowadzenia ob-
serwacji na TUZ w wybranych gospodarstwach

Month
Year | 'V| 'Ifecaf'ﬁls v o v v v | x iveix
Dymnik — data from Elbig
Temperature’C]
2012+ 33 | %’% [ 141] 155 | 153] 180 180 144 1477
2013* 53 14,1 16,4 17,2 17,5 12,4 13,85
1971-2000** 7,2 12,6 155 17,3 17,1 12,9 13,17
Precipitation [mm]
2012 13.7 | 375‘0 [ 1190 154 | s26| 882 381 274 288p
2013 26,8 40,9 37,8 957 34,1 147 249,5
1971-2000 40,0 49,0 80,0 81)0 770 74,0 401,0
K aty Milewskie — data from Biatystok
Temperature’C]
2012 19 | 17455 [ 185 137 | 152| 108 168 131 1433
2013 6,4 15,3 17,7 18,1 17,4 12,0 14,48
1971-2000 6,8 12,8 15,7 17,2 16,5 11,9 13,48
Precipitation [mm]
2012 11,3 | 4249'72| 4.2 51,8 88,9| 87,4 111,3 24.6 4087
2013 61,0 92,5 75,7 75,2 64,5 166,1 534,5
1971-2000 39,0 52,0 71,0 86/0 63,0 57,0 368,0
Koden —data from Terespol
Temperature’C]
2012 3.5 | %’?é | 14,7 14,9 16,9 21,0 18,2 14,7 15,73
2013 8,1 16,1 18,4 18,9 18,4 12,4 15,48
1971-2000 7,8 13,7 16,4 178 17,3 12,6 14,27
Precipitation [mm]
2012 12.8 | §§'§| 0.0 30,2 48,8 37,9 109, 19,8 279,2
2013 63,0 102,99 80,5 33,8 13,0 103,0 395,7
1971-2000 37,0 52,0 65,0 71)0 62,0 53,0 340,0

*Source /Zrédto: http://lwww.tutiempo.net/en/Climate/ TERESPOL/04-2023990.htm
** http://www.stc.pl/dhttp.php?c0=2010_02_20_swieki.pdf
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Yielding was determined based on sampling cufeun
replications (each plot — 203ntaken from selected frag-
ments (0.5 ha) of each grassland. Plant mateniattHemi-
cal analyses was taken from each plot. In all svgardples
total protein and soluble carbohydrates were deteh

cent. From among legumes, two basic clover spexers
present: white cloverT¢ifolium repend.) — 12.0% and red
clover (Trifolium pratensd..) — 8.0%.

In total 18 species were determined in the pastward
of this farm including 9 grass species, 2 specfdegume

with the NIRS method using NIRFlex N-500 apparatugplants and 7 species of herbs and weeds. Compaite the

with ready calibration by the INGOT® firm. Yieldd$ total
protein and soluble carbohydrates from meadowscand
trol pastures in the study farms subjected to ration with
undersowing or complete cultivation were calculat©t-
tained results on yielding and some quality paransebf
fodder were statistically processed with F-Snedéestrand
Newman-Keuls procedure.

4. Results
4.1. Vegetation cover

botanical composition of the control object, passuin
Dymnik were slightly diversified with respect toapt
cover. Plant communities were classified as gressg
herbal with the dominating role of perennial ryesgrg o-
lium perenngand cock’s footactylis glomerata
Grasses dominated in grasslands of the farnaty &nd
constituted 65.7% (from 40 to 85) and 62.5% (frobnté
65) of the yield from meadows and pastures, respdygt
The greatest share in meadow sward had: cock’s(ifat-
tylis glomeratal.), red fescue Kestuca rubral.) and
meadow grassPpa pratensisL.). Most common among

In the assessment of grasslands (meadows and ggstutherbs were: dandelionTéraxacum officinaleF.H.Wigg.)

of three analysed farms, the floristic compositafrsward

in the years 2012 and 2013 was compared with tioan f
before renovation (2011). Floristic compositionneéadow
and pasture sward and their utility value is présgtin ta-

ble 2. Part of grasslands served as a control bljging

this study.

Table 2. Share of plant groups [%] in meadow arstyra
swards and their utility value [Lwu] in 2011 year
Tab. 2. Udziat grup rdin [%] w runi tgkowej i pastwisko-
wej oraz ich wart&¢ uzytkowa [Lwu] w 2011 roku

Group of plant - Farm in:
Dymnik | Katy | Koden
Meadow sward
Grasses 65,7* 77,5
i 40-85 70-85
Legumes 6,7 7,5
i 2-15 5-10
Herbs and weeds 27,4 15,0
i 10-45 5-25
Sedges, rushes, horse- 0,2 0
tails j 0-2 0
Number of species - 27 19
Lwu - 7,2 8,2
Pasture sward
Grasses 57,5 62,5 70,0
57-58 60-65 70
Legumes 20,0 12,5 5,0
20 10-15 5
Herbs and weeds 22,5 25,0 25,0
22-23 25 25
Sedges, rushes, horse- 0 0 0
tails 0 0 0
Number of species 18 17 11
Lwu 7,7 7,8 7,4

* above the line — mean values, below — ,from-to”

Source: own work Zrodto: opracowanie wiasne

Before renovation the dominating grass specigsast
ture sward in Dymnik were: perennial ryegra&slium
perennel.) — 18.5% cock’s foot Dactylis glomeratd..) —
16.0%, timothy grassPhleum pratensé.) and tall fescue
(Festuca arundinace&chreb.) — 7.0% (table 2erbs and
weeds were represented by curly doBkihex crispus.),
and broad-leaved doclRgmex obtusifoliuk.) which con-
stituted as much as 17% of botanical compositiorthef
sward. The share of other species did not exceestaleer
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and common yarrowAchillea millefoliumL.) and among
legumes — white cloverT(ifolium repensL.) with a small
participation of red cloverT{ifolium pratensel.) (tab. 2).
Before renovation the pasture sward imt as the
meadow sward, was dominated by meadow gr&m (
pratensisL.), cock’s foot Dactylis glomeratd.), perennial
ryegrassl(olium perennd..), red fescueRestuca rubra..)
and by patches of couch gra&&ymus repengL.). Herbs
and weeds consisted mainly of dandelidaréxacum offi-
cinale F.H.Wigg.) and common yarrowA¢hillea mille-
folium L.). A large per cent (12.5%) of white cloveFric
folium repend..) was noted from legume plants (table 2).

Ten grass species, 2 species of legumes and tispe
of herbs and weeds were found in meadow sward isf th
farm. Sedges were represented by 2 species. Theme w
however, only 7 grasses, 1 species of legumes arspé-
cies of herbs and weeds in the pasture sward.

Based on botanical composition of the sward, meado
communities in Kty were classified to the cock’s foot -
fescue — meadow grass communiBa¢tylis glomerata -
Festuca rubra - Poa pratengisvhile pasture communities
— to the meadow grass - cock’s foot communRgd prat-
ensis - Dactylis glomeraja

Table 3. Mixtures for direct undersowing and corteleul-
tivation in Dymnik

Tab. 3. Sklad mieszanek do podsiewu i renowacijoanet
petnej uprawy w gospodarstwie w Dymniku

Direct undersowingg Complete cultivation
Species . Share . Share
Variety [%] Variety [%]
Meadow fescue PASJA 15 PASJA 20
Meadow timothy KABA 15 - -
Cock’s foot BERTA 5 BERTA 5
Meadow-grass SKIZ 10 SKIZ 15
Festulolium(4n) SULINO 15 - -
Perennial ryegrass BAJKA 10 BAJKA 15
('Z?]r)‘e””'a' YEQrass jaraN | 10 JARAN 15
Red clover ROZETA 10 - -
White clover ROMENA 10 ROMENA 20
Hybrid ryegrass i i NADZIEJA 5
(4n)
Italian ryegrass ) ) TURTETRA 5
(4n)

Source: own work Zrodio: opracowanie wiasne
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Table 4. Mixtures for meadow and pasture swardsvation in Katy and Kodé
Tab. 4. Sklad mieszanek zastosowanych do renomacina pastwisku igce w gospodarstwach wgkach oraz Kodniu

. Pasture Meadow
Species - -
Variety Share [%)] Variety Share [%)]

Cock’s foot AMERA 10 - -
Meadow fescue PASJA 10 PASJA 15
Meadow-grass SKIZ 25 SKIzZ 5
Perennial ryegrass BAJKA 10 BAJKA 10
Perennial ryegrass (4n) JARAN 15 JARAN 10
Italian ryegrass (4n) TURTERA 10 - -
Meadow timothy - - SKALA 15
Hybrid ryegrass - - GOSIA 5
Festulolium (4n) - - FELOPA 10
Tall oat-grass - - 10
Red clover - - BONA 15
White clover ROMENA 20 ROMENA 5

Source: own work Zrodto: opracowanie wasne

Table 5. Share of groups of plant [%] in sward @sditility value (Lwu) in Dymnik
Tab. 5. Udziat [%] grup rélin w runi oraz jej warté¢ uzytkowa (Lwu)w Dymniku

G Control Undersowing Complete cultivatign
roups of plant

2012 2013 2012 2013 2012 2013
Grasses 60,00 59,00 64,00 66,00 82,00 46,00
Legumes 10,00 5,00 15,00 4,00 16,00 45,00
Herbs and weeds 30,00 33,00 21,00 26,00 2,00 3,00
Ground without plants - 3,00 - 4,00 - 6,00
Together 100,00 100,00 100,00 100,00 100,00 100,00
Lwu 7,16 6,48 8,07 7,15 9,60 9,14

Source: own work Zrodlo: opracowanie wiasne

Table 6. Share of groups of plant [%] in sward @sditility value (Lwu) in Katy
Tab. 6. Udziat [%] grup rélin w runi oraz jej warté¢ uzytkowa (Lwu) w lgtach

Meadow Pasture
Groups of plant control undersown control undersown
2012 2013 2012 2013 2012 2018 2012 20113

Grasses 58,00 6500 63,00 66,00 5500 61,00 60,06,006
Legumes 5,00 6,00 18,00 22,00 20,00 14,00 25,00 0023,
Herbs and weeds 37,00 29,0 19,00 12J00 25,00 25,0(%5,00 11,00
Together 100,00 100,00 100,00 100,00 100,00 100,000,00| 100,00
Lwu 7,40 7,47 8,47 8,42 7,85 7,43 8,67 8,64

Source: own work Zrodto: opracowanie wiasne

Table 7. Share of groups of plant [%] in sward @sditility value (Lwu) in Kodé
Tab. 7. Udziat [%] grup rélin w runi oraz jej warté¢ uzytkowa (Lwu) w Kodniu

Meadow Pasture
Groups of plant control undersown control undersown
2012 2013 2012 2013 2012 2018 201 2p13

Grasses 60,00 59,0( 65,00 73,00 85,00 70,00 YC,OOO
Legumes 20,00 16,00 20,00 7,00 3,00 5,00 5002
Herbs and weeds 20,00 25,00 15,00 20/00 12,00 2%,0P5,00 2
Together 100,00 100,00 100,00 100,00 100,00 100,a0®0,00 %_

Lwu 7,90 7,40 8,20 8,23 7,60 7,04 8,10

Source: own work Zrodio: opracowanie wasne

Before renovation the sward of meadows in Kodas meadow and red fescuBgstuca pratensis. and Festuca
dominated by grasses whose share was 77.5% ongaveraubra L.). Dandelion Taraxacum officinaleF.H.Wigg.)
(from 70 to 85%) (tab. 2). The share of legumes Wds was the most common herb and legumes were chiefily r
10% and that of herbs and weeds 15.0% (from 5 #6)25 resented by red clovefifolium pratenselL.) and white
No sedges were found. Most common grasses in meadabover (Trifolium repend..).
sward were: meadow grasBoa pratensid..), cock’s foot Pasture sward in the farm in Kadéable 2) was domi-
(Dactylis glomeratal..), rye fescue Kestulolium brauni  nated by meadow grasBda pratensid..), red fescueKes-
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tuca rubra L.) and cock’s foot Dactylis glomeratal). ing the highest yields significantly higher thamsk from un-
Herbs and weeds were mainly represented by damdeliglersowing and control.
(Taraxacum officinaleF.H.Wigg.). White clover Trifolium Renovation by complete cultivation provided goadeldr
repensL.) constituted a small (5.0%) part of the sward. ing already in the year of sowing. Apart from thetfiregrowth
Based on botanical composition of the sward, meadowmown and intended for ensilage), other regrowths viesteio
communities in Kty were classified to the cock’s foot - fescue cows with calvesThe height of sward grazed by animals
— meadow grass communitpgctylis glomerata - Festuca ru- markedly exceeded that recommended at the begirofing
bra - Poa pratensjs while pasture communities — to the grazing permanent pastures (20-30 cm).

meadow grass - cock’s foot communiBog@ pratensis - Dac-
tylis glomeratd.

Before renovation the sward of meadows in Kodes
dominated by grasses which share was 77.5% on avera
(from 70 to 85%) (tab. 2). The share of legumes Bvés 10%
and that of herbs and weeds 15.0% (from 5 to 25%sddiges
were found. Most common grasses in meadow sward wer
meadow grassPa pratensid..), cock’s foot Dactylis glom-
erata L.), rye fescue Kestulolium brauni, meadow and red
fescue Festuca pratensik. andFestuca rubra_.). Dandelion
(Taraxacum officinald-.H.Wigg.) was the most common herb
and legumes were chiefly represented by red cloméio(ium
pratense..) and white cloverTrifolium repend..).

Pasture sward in the farm in Kadé@&able 2) was domi-
nated by meadow gras8da pratensid..), red fescueHestuca
rubra L.) and cock’s foot Dactylis glomeratal). Herbs and
weeds were mainly represented by dandelicargxacum offi-
cinale F.H.Wigg.). White clover Trifolium repensL.) consti-
tuted a small (5.0%) part of the sward.

Meadow sward of this farm was composed of 8 grass sp
cies, 2 species of legumes and 9 species of hewbsvaeds.
Only 4 species of grasses were found, however, inugast
sward accompanied by 1 species of legumes and Gespafc
herbs and weeds.

Described meadow community in Kadeas attributed to
the meadow grass — fescue - cock’s fdtag pratensis - Fes-
tuca pratensis - Dactylis glomergtsype with a large share of
herbs and weeds while pasture vegetation — to thedove
grass - fescudPpa pratensis - Festuca rubraommunity.

Grassland sward in analysed farms assessed withuthe n
ber of utility value (table 2) was in general goouadahe
meadow sward in Kodebefore renovation was even of very
good utility value (8.2 points).

Mixtures of special grass and legume varietieptedato
habitat conditions and land use were prepared ppoowve and en-
rich floristic composition of grasslands in studiadns. Composi-
tion of these mixtures is given in tables 3 and 4.

Changes in utility value of meadow and pasture swael
to its enrichment with the direct undersowing metbodom-
plete cultivation in analysed farms are presentethbles 5, 6
and 7. As a result of undersowing meadows and pasture
Katy and in Kod@, the utility value increased from good to
very good. In Dymnik, however, due to precipitatideficits
and droughts in 2012 and 2013, undersowing did rninglex-
pected results. Utility value of the sward remaineddyfor the
whole study period. Complete cultivation markedlypioved
the utility value of pasture sward which was assessedery
good (9.14 to 9.60 per 10.0 maximally possible).

4.2. Yielding
Grasslands in Dymnik

The improvement and enrichment of floristic conipos
of the sward in Dymnik was performed with direct urstev-
ing and complete cultivation methods. Statisticalalgsis
showed significant differences between the ways ofsigad
sward renovation (fig. 1). Three basic groups werstirdi
guished. Group ,a" consisted of yields obtained fritia con-
trol object, significantly smaller compared with tyields from
grassland subjected to renovation by direct undérgp
(group “b”). Complete cultivation (group “c”) enanl obtain-
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LSD-30,05 2,17
LSD-20,05

full cultivation

2013

sod seeding
control
LSD-30,05
LSD-20,05

full cultivation 11,22 [c]

2012

sod seeding

control 6,93 [a]

Source: own work Zrédlo: opracowanie wlasne

Fig. 1. Yielding of sward after sod seeding and ¢ultivation
in Dymnik [t DM ha']

LSD-20,05

sod seeding

Pasture

6,2 [b]
control
LSD-20,05

2013

sod seeding 8,3 [b]

Meadow

control
LSD-20,05
sod seeding

Pasture

7,3 [b]
control
LSD-20,05

sod seeding

2012

53

Meadow

control

Source: own work Zrodio: opracowanie wiasne

Fig. 2. Yielding of sward after sod seeding igty<[t DM -ha’]

LSD-20,05

sod seeding

0,0

Pasture

control 6,6

2013

LSD-20,05

sod seeding

5,7
5,6

Meadow

control
LSD-20,05 0,2
sod seeding 4,2

Pasture

control 4,4
LSD-20,05 1,2
sod seeding 6,2

2012

eadow

1}

control 6,1

Source: own work Zrodio: opracowanie wiasne

Fig. 3. Yielding of sward after sod seeding in KieDM - ha’]

LSD-30,05 302

LsD-20,05 247

full cultivation 1342

2013

sod seeding 1315

control 1081
LSD-30,05 219
LSD-20,05 179

full cultivation 1808 [c]

2012

sod seeding 1331 [b]

control 760 [a]

Source: own work Zrédlo: opracowanie wlasne

Fig. 4. Yield of crude protein in Dymnik [kdnal]
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LSD-30,05 209

LSD-20,05 171

full cultivation 884 [b]

2013

sod seeding 739 [ab]
control
LSD-30,05 238
LSD-20,05 194

full cultivation 1193 [b]

2012

sod seeding 1063 [b]

control 854 [al

Source: own work Zrodto: opracowanie wiasne

Fig. 5. Yield of carbohydrates in Dymnik [kba?]

LSD-20,05

Pasture

sod seeding 1150,0

control 909

2013

LSD-20,05

sod seeding 1178 Ibl

Meadow

control 710 [a]

LSD-20,05 281

sod seeding

Pasture

control

2012

LsD-20,05 262,0

sod seeding

Meadow

control
Source: own work Zrodto: opracowanie wiasne

Fig. 6. Yield of crude protein in#ty [kg - ha’]

LSD-20,05

sod seeding 637

Pasture

control

2013

LSD-20,05

sod seeding 1002

Meadow

control

LSD-20,05

Pasture

sod seeding 558

control 552

2012

LSD-20,05

sod seeding 500

Meadow

control 465
Source: own work Zrodio: opracowanie wiasne

Fig. 7. Yield of soluble carbohydrates it [kg - ha’]

Nevertheless, grazing was accurate and leftovées gifaz-

of undersowing was obtained imty thanks to favourable
weather conditions (table 1).

Grasslands in Kode

Dry mass yields of both meadows and pastures afid n
differ significantly between the control and undevs
sward (fig. 3). Poor effects of yielding after unstawing
were caused by long periods of drought and by téteitol-
tion of precipitation unfavourable for biomass ments in
vegetation seasons (table 1).

4.3. Assessment of meadow and pasture sward quality

The yields of total protein and soluble carbohjeka
were assessed in the sward of meadows and pastues
vated with undersowing or complete cultivation todsed
farms.

4.3.1. Assessment of the yields of total protein drsolu-
ble carbohydrates in Dymnik

Based on chemical analysis of sward and on oldaine

dry mass yields, the yields of total protein antisle car-
bohydrates were calculated for undersown swardthat
renovated by complete cultivation (tables 4 and Bx)th

methods significantly increased total protein aadoohy-
drate yields compared with the control object. iealarly

high yield increment was obtained after renovabgrtom-

plete cultivation. However, due to unfavourable weatlvedi-

tions, the yields of total protein in sward renodatey com-
plete cultivation varied greatly compared with tfratn under-
sown sward. The yield of soluble carbohydrates inuhéer-
sown sward and in the sward after complete cultivatias
significantly higher than that from the control etj. This was
a result of the introduction - by both renovatioethods — of
special grass varieties richer in soluble carboduysr.

4.3.2. Assessment of the yields of total protein argbluble
carbohydrates in Katy Milewskie

No significant improvement in the yield of totalopgin
was observed after undersowing sward in relation ¢octin-
trol object in the year 2012. Next year, significartrement of
total protein yield was obtained only after undersgvthe
meadow. No significant effect of undersowing eitheadmv
or pasture on the yield of soluble carbohydrates ots®rved.
Noteworthy, meteorological conditions imtg were most fa-

ing the quarter were about 5-10%. Hence, one may gourable for the growth and development of underssward

clear advantage in yielding of the renovation bynptete
cultivation over the renovation by direct undersogvi
(fig. 1), which is more risky and brings positiviéeets with
a time delay. However, the use of special grassegume
varieties in undersowing permanent meadows andisst
may contribute to the improvement of yielding arreb t
quality of produced bulk fodder in favourable metdogi-
cal conditions.

In the year 2013 long summer drought limited yiredd
on both control and renovated objects.

Grasslands in Katy

Yielding of meadow and pasture in 2012 is pregkirte
fig. 2. Undersown meadow yielded 5.3 t D™ while the
control object 4.8 t DM ha (fig. 2). The yield from under-
sown pasture was 7.3 t per ha. Direct undersowngjfs
cantly increased vyields. In pasture, positive effgas ob-
tained already in the year of undersowing. In thetryear
(2013) significantly higher yields were obtainednr un-
dersowing both meadow and pasture (fig. 2). Pasiffect

Jerzy TERLIKOWSKI, Jerzy BARSZCZEWSKI

118

among all studied farms.

4.3.3. Assessment of the yields of total protein argbluble

carbohydrates in Koden
Obtained yields of total

(fig. 8 and 9) were lowest in comparison with othentfa

LSD-20,05

0,0

sod seeding | 0,0 [plowed object]

Pasture

control
LSD-20,05

sod seeding

836

2013

816
810

Meadow

control

LSD-20,05

sod seeding 443

Pasture

control

LSD-20,05

2012

sod seeding

Meadow

control 590

Source: own work Zrodlo: opracowanie wlasne

o]

Fig. 6. Yield of crude protein in Koddkg ha?]
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0,0
0,0

LSD-20,05

[ploughed object]
sod seeding

Pasture

control 646

2013

LSD-20,05

sod seeding 628

623

Meadow

control

LSD-20,05

sod seeding 580 [b]

Pasture

control

LSD-20,05

234 [a)

2012

sod seeding

Meadow

control 590

Source: own work Zrodio: opracowanie wiasne
Fig. 9. Yield of soluble carbohydrates in Kadeg - ha']

Apart from rather random significantly higher yiedfl soluble
carbohydrates obtained after undersowing pastugd2, no
significant impact of undersowing on protein or cdrnpdrate
yield was noted. Noteworthy, grasslands in the farela-
cated on mineral light soils which in combination twitnfa-
vourable meteorological conditions (long-lastingoutyhts)
may pose a risk of failure in meadow and pasture cwear
richment by undersowing.

5. Conclusions

Grasslands in farms selected for programme remlizat
were situated on mineral soils. In every farm, cowth walves
before separation were fed by pasture grazing. Butlie fed
in stalls.

In the year of grassland renovation the best ¥igldvas
achieved in Dymnik after complete cultivation. Bg#tlding
of both meadow and pasture due to undersowing wilota
seeder were obtained in the farm iat)K The worst effects of
sward improvement by undersowing were obtained in Kode
Long summer droughts and light, permeable soileugdass-
lands of this farm were the reason.

total protein yield — by 300 kifia* (on average)

from pastures by 250 kfja'

from meadows by 400 kfa"

soluble carbohydrate yield — by 150[&g" (on average)
from pastures by 100 kg (ha-1

from meadows by 200 kg (ha-1.

Assuming that the sward of meadows and pastures is

enriched by undersowing with special grass and negu
mixtures on 20% of Polish grasslands (0.7 milli@) An-
nually, the yields of total protein would incredsg about
210 thousand tons and the yields of soluble carth@gs —
by about 105 thousand tons.
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