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Abstract

The yield of autumn regrowth of grasses and the content of macronutrients are af-
fected by environmental and agronomic factors as well as genetic traits of species and va-
rieties. Biomass yield and the concentration of mineral elements determine their uptake
by plants. The aim of this study was to evaluate dry matter yield as well as the content
and uptake of N, P, K, Ca and Mg in the autumn regrowth of three varieties of red fescue
in the first two production years depending on different sowing time and methods. This
study was based on a strict field experiment conducted in 2004-2007, located in the Provin-
ce of Kujawy and Pomorze (województwo kujawsko-pomorskie) (53°09′N, 17°35′E). The first
factor was the time/method of sowing (spring: pure or with spring barley, and summer: in
mid- and late July and in mid-August), while the second factor was the variety (chewings,
slender creeping and strong creeping fescue cultivars). An average of 3.5 t ha–1 and 3.9 t
ha–1 of regrowth of dry matter was obtained in the first and second production years,
respectively. A delay of the sowing date until summer caused an increase in yield during
the first production year in comparison with the spring sowing. In both years, the cre-
eping variety gave the highest yield. The yield of the chewings variety was higher than
that of the slender creeping one in the second production year. The concentration of N in
the strong creeping variety was lower than that of the chewings one in the first year, and
also in relation to the slender creeping variety in the second production year. The che-
wings and slender creeping varieties were characterized by a higher concentration of P
than the strong creeping cultivar. The K and N uptake in the average regrowth yield from
the first and second production years was the highest (106.3 kg ha–1 K and 62.7 kg N);
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the P and Ca uptake was low (12.5 and 11.3 kg ha–1) and that of Mg was the lowest (6.6
kg ha–1). A rise in the regrowth yield caused an increase in the N, P, K, Ca and Mg upta-
ke in summer sowing crops compared with spring ones in the first year and a high uptake
of these elements by the strong creeping variety in both production years.  In the first
year, owing to the high N and P concentration, the uptake of these elements by the che-
wings and strong creeping fescue was similar. In the second year, the uptake of N, P, K,
Ca by the slender creeping variety was the smallest due to a strong reduction in yield. In
the first year, with no differences in the regrowth yield and K, Ca and Mg content, the
uptake of these nutrients by the chewings and slender creeping varieties was similar.

Key words: macroelements, autumn regrowth, red fescue, sowing time/method, variety.

WP£YW TERMINU/SPOSOBU SIEWU NA PLON ORAZ POBRANIE
MAKROSK£ADNIKÓW W ODROŒCIE JESIENNYM

GENOTYPÓW KOSTRZEWY CZERWONEJ

Abstrakt

Na wielkoœæ plonu biomasy odrostu jesiennego traw oraz zawartoœæ makrosk³adników
maj¹ wp³yw czynniki siedliskowe, agrotechniczne oraz genetyczne w³aœciwoœci gatunków
i odmian.  Plon biomasy  oraz koncentracja sk³adników mineralnych okreœlaj¹ wielkoœæ ich
pobrania  z plonem. Celem badañ by³a ocena wielkoœci plonu suchej masy, zawartoœci i po-
brania N, P, K, Ca i Mg w odroœcie jesiennym trzech odmian kostrzewy czerwonej w dwóch
latach pe³nego u¿ytkowania, w warunkach ró¿nych terminów i sposobów zak³adania plan-
tacji nasiennych. Podstaw¹ badañ by³o œcis³e doœwiadczenie polowe prowadzone w latach
2004-2007, w rejonie kujawsko-pomorskim (53°09′N; 17°35′E). Pierwszym czynnikiem by³
termin/sposób siewu (wiosenny: czysty lub z jêczmieniem jarym oraz letni: po³owa i koniec
lipca oraz po³owa sierpnia), drugim – odmiana (kêpowa, pó³roz³ogowa oraz roz³ogowa). Uzy-
skano 3,5 t ha–1 suchej masy odrostu w pierwszym roku pe³nego u¿ytkowania i 3,9 t ha–1

w drugim. OpóŸnienie zasiewów letnich spowodowa³o zwiêkszenie plonu w pierwszym roku
w stosunku do zasiewów wiosennych. W obu latach odmiana roz³ogowa da³a najwiêkszy
plon. W drugim roku plon odmiany kêpowej by³ wiêkszy ni¿ pó³roz³ogowej. Koncentracja N
w przypadku odmiany roz³ogowej by³a mniejsza ni¿ w przypadku kêpowej w pierwszym
roku u¿ytkowania i najmniejsza w drugim. U odmiany kêpowej i pó³roz³ogowej stwierdzo-
no wiêksz¹ koncentracjê P ni¿ u roz³ogowej. Pobranie K i N z plonem odrostu, œrednio
z dwóch lat u¿ytkowania, by³o najwiêksze (106,3 kg ha–1 K i 62,7 kg N), P i Ca niewielkie
(12,5 i 11,3 kg ha–1), a Mg najmniejsze (6,6 kg ha–1). Zwiêkszona produkcja suchej masy
spowodowa³a wzrost pobrania N, P, K, Ca i Mg w zasiewach letnich w porównaniu z wio-
sennymi w pierwszym roku, a tak¿e wysokie pobranie tych sk³adników u odmiany roz³o-
gowej w obu latach u¿ytkowania. W pierwszym roku, wskutek wysokiej koncentracji N
i P, pobranie tych sk³adników u odmiany kêpowej by³o podobne jak u roz³ogowej. Z silnej
redukcji plonu wynika³o najmniejsze pobranie N, P, K, Ca u odmiany pó³roz³ogowej w dru-
gim roku u¿ytkowania. W pierwszym roku, przy braku ró¿nic w plonie odrostu oraz za-
wartoœci K, Ca i Mg, pobranie tych sk³adników u odmiany kêpowej i pó³roz³ogowej by³o
podobne.

S³owa kluczowe : makrosk³adniki, odrost jesienny, kostrzewa czerwona, termin/sposób
siewu, odmiana.
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INTRODUCTION

Seed plantations of grasses can be a valuable source of bulky feeds in
the form of autumn regrowth (ROGALSKI, £YDUCH 1981). Additional sources of
cheap fodder must be found if an area of permanent grassland is insufficient
to sustain a given cattle stock (WILCZEWSKI et al. 2008). The size of the au-
tumn regrowth yield of grasses and its phytochemical composition are af-
fected by the species and even cultivars of plants (KOZ£OWSKI, GOLIÑSKI 1997,
ROGALSKI, £YDUCH 1981, GOLINSKI et al. 2004). Yield and the content of miner-
al elements in grass green forage are also determined by fertilization, par-
ticularly with nitrogen (KOZ£OWSKI, GOLIÑSKI 1997, GOLIÑSKI 2003, KOLCZA-
REK et al. 2008, KACZOR, BRODOWSKA 2009, SKINDER et al. 2011), and by row
spacing as well as the sowing time and method (SZCZEPANEK, SKINDER 2006).
The content of mineral elements in the biomass determines its usefulness
in animal feeding (ROGALSKI, £YDUCH 1983, RADKOWSKI et al. 2005). Together
with the yield, it also determines the uptake of minerals, the fact which
should be taken into consideration when making a fertilization balance.

The aim of this study was to assess the size of dry weight yield as well
as the content and uptake of N, P, K, Ca and Mg in the autumn regrowth
of three different genotypes of red fescue in the first and second year of
production under conditions of different season and methods of establishing
seed plantations.

MATERIAL AND METHODS

The study was based on a strict field experiment, located in the region
of Kujawy and Pomorze (53°09’ N; 17°35’ E), on lessive soil developed from
heavy loamy silty sands deposited on loose sands. The soil had a very high
content of phosphorus (104 mg P kg–1) and potassium (212 mg K kg–1). Its
reaction was neutral (pH in KCl 6.75).

The experiment was conducted in two series, each including one estab-
lishment year (2004 in series I and 2005 in series  II) and two successive
years of production (2005 and 2006 in series I, 2006 and 2007 in series II).
The quantity and chemical composition of autumn regrowth of red fescue
harvested in each production year on the last ten days of September (three
months after seed harvesting). A split plot design with four replications was
used. The area of a plot was 15 m2. The first factor was the time/method of
sowing and the second one was the cultivar. Fescue was sown in spring (the
middle of April) in a pure stand or as a crop undersown into spring barley.
The grass was also sown in summer: in the middle and end of July and in
the middle of September. Spring barley was sown prior to sowing red fes-
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cue, at a row spacing of 12 cm, depth of 3 cm and amount of seeds equal
125 kg ha–1. Red fescue was sown at a row spacing of 24 cm, depth of 1 cm
an amount of 8 kg ha–1. Three lawn cultivars of red fescue (Festuca
rubra L.) were investigated: chewings (ssp. commutata Gaud.) cv. Mirena,
slender creeping (ssp. trichophylla Gaud.) cv. Womira and strong creeping
(ssp. rubra = genuina Hack.) cv. Nista.

The rates of fertilizing nutrients were N 40, P 26 and K 66 kg ha–1.
They were applied in the establishment year in August, after harvesting
barley from mixed sowing plots, and on fescue green forage plots from the
spring pure sowing as well as presowing on summer sown fescue plots. Iden-
tical rates of these elements were applied immediately after harvesting fes-
cue seeds (the beginning of July) in the years of production. Before the
plants began to grow, at the end of March and at the beginning of April in
the first and second year of production, the rate of mineral nitrogen reached
60 kg ha–1.

At harvest, the fresh weight yield of the autumn regrowth from each
plot was weighed and 1 kg samples were collected for determination of dry
weight content and performance of chemical analyses. Dry weight was de-
termined with the drying method at 105oC. Chemical analyses of plant ma-
terial involved determination of the content of total N (with Kjeldahl meth-
od), P (vanadium-molybdenum method), K and Ca (flame photometry
method) and Mg (colorimetrically with titan yellow). The uptake of macro-
elements was calculated as a product of their content and the size of dry
weight yield. The results were subjected to an analysis of variance for mul-
ti-factorial experiments and a synthesis of the data was made according to
the model of combined inaccuracies for the first and second year of produc-
tion. Significance of differences between means was verified with Tukey’s
test. With no directional interactions, the results are presented as means
for the tested factors and years.

RESULTS AND DISCUSSION

Red fescue can be established as a catch crop in a cover crop or in pure
sowing from spring till late summer. The sowing time/method determines
the amount of green biomass produced in the first half of the next growing
season (the first production year) (BOELT 1997a, b, FAIREY, LEFKOVICH 2001). In
the present study, it was proven that the sowing time/method had a signifi-
cant effect on the amount of vegetative biomass produced (autumn regrowth)
in the second half of the growing season (Table 1). In the first production
year, the dry matter yield of regrowth was significantly higher from swards
sown in summer than in spring. Red fescue sown in spring produced 22%
more of threshed straw biomass in the first half of growth than if sown in
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July and August (data not presented). This could have been caused by drier
soil and lower quantities of available nutrients in soil later on in the plant
growing season, particularly in the early regrowth of the sward. Hence, a
decrease in the production of autumn regrowth biomass from spring sowing
of grass. The availability of nutrients and water is a major determinant of
grass yield (GOLIÑSKI  2003, KACZOR, BRODOWSKA 2009, SKINDER et al. 2011).

No effect of the time/method of sowing on the content of macroele-
ments in the autumn regrowth of red fescue was found, either in the first
or in the second production year (Table 2). According to MCCARTNEY et al.
(2004), the chemical composition of red fescue green forage is dependent on
the duration of its regrowing period. New sward (at 3-4 cuts in the growing
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season) contained more N than older one (cut twice in the season). In the
present study, the duration of sward regrowing in all the variants of fescue
sowing times/methods was identical, hence a similar chemical composition
of the regrowth. The K content in the autumn fescue regrowth determined
in the present study can be claimed to almost reach the highest amount in
this grass species, as implied by the literature data (GOLIÑSKI et al. 2004,
RADKOWSKI et al. 2005, SKINDER, SZCZEPANEK 2011). The high content of this
element in soil and regular application of mineral fertilizers favoured high
accumulation of K in the regrowth. The optimal concentrations of nutrients
for dairy cows are claimed to be 0.4-0.5% P, 0.6-0.9% Ca, 0.2-0.3% Mg (KRZY-
WIECKI 1985), hence the concentrations of these elements, particularly Ca, in
the regrowth of the tested cultivars seem deficient. Similar conclusions are
presented also in other studies concerning the fodder value of the autumn
regrowth of grasses (ROGALSKI, £YDUCH 1981, KOZ£OWSKI, GOLIÑSKI 1997,
GOLIÑSKI et al. 2004, SKINDER et al. 2011).

The uptake of macroelements by the red fescue regrowth in the first
and second year of production was similar (Table 3). The grass took up most
K and N: on average, 106.3 kg K and 62.7 kg N ha–1 in the two-year utiliza-
tion period. The P and Ca uptake was considerably lower and similar for
both macroelements (12.5 and 11.3 kg ha–1). The smallest uptake was found
in the case of Mg (6.6 kg ha–1).
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A significant effect of the time/method of sowing on the uptake of N, P,
K, Ca and Mg by the autumn regrowth occurred. In the first year of produc-
tion, the uptake of macronutrients was larger in summer sowings than in
spring ones (the said difference in the uptake of Ca by the grass undersown
into barley was not significant). Having confirmed no differences in concen-
trations of these elements between the compared times/methods of sowing
(Table 2), it was concluded that the uptake corresponded most closely to the
volume of dry weight yield (Table 1). In the second year of production, a
smaller uptake of P and Ca in the spring pure sowing was observed. Re-
garding P, the difference was significant only in comparison with the sowing
at the end of July. With respect of Ca, it was significant in relation to all
the other times/methods of sowing. The limited uptake of those elements
grasses from the spring pure sowing resulted from both a reduction in yield
and a lower content of these elements in biomass (Tables 1 and 2).

Red fescue cultivars (Festuca rubra L.) from three subspecies (ssp. com-
mutata – chewings , trichophylla – slender creeping and rubra – strong
creeping) show different physiologicaland  morphological traits as well as
different commercial value (DELEURAN, BOELT 1997, HUYLENBROECK, BOCKSTAELE

1999, MARTINIELLO, D’ANDREA 2006, SZCZEPANEK, OLSZEWSKI 2009, CHASTAIN et al.
2011). In the present study, differences in dry matter yields of autumn re-
growths of red fescue cultivars/subspecies were found both in the first and
second production year (Table 4). The strong creeping cultivar Nista was
characterized by the highest yield in both years. In the first production year,
the yields of the chewings cultivar Mirena and slender creeping Womira
were similar, while in the second the chewings cultivar gave better yields.
Similarly, GOLIÑSKI et al. (2004) showed that strong creeping cultivars of red
fescue yielded better than chewings and slender creeping ones.
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Significant variability of the chemical composition of the studied geno-
types was observed (Table 5). The strong creeper Nista usually contained
less N and P than the chewings and slender creeping varieties. Similarly,
GOLIÑSKI et al. (2004) proved a significant difference between cultivars in the
content of nitrogen (total protein) and phosphorus in the red fescue regrowth.
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The authors reported that the protein content in strong creeping cultivars was
usually smaller than in chewings and slender creeping ones. KOZ£OWSKI and
GOLIÑSKI (1997) reported that ecotypes of red fescue rich in protein can accumu-
late twice as much of this element as compared ones with little protein.

The uptake of nutrients by the autumn regrowth was different between
the cultivars, both in the first and second year of production (Table 6). In
the first year, the chewings cv. Mirena and the strong creeping cv. Nista
took up more N than the slender creeping cv. Womira. In the chewings
cultivar, an increased uptake of N resulted from a high concentration of
this element in the biomass, and in the strong creeping cultivar the same
effect was achieved owing to a high dry weight yield of the regrowth (Tables
4 and 5). Also in the case of P, its increased concentration in the cultivar
Mirena resulted from a higher uptake of this element than by the cultivar
Womira.

The rate of K, Ca and Mg uptake, in the absence of differences in the
concentration of these elements in the biomass, was most strongly deter-
mined by the volume of yield, and was higher  in the strong creeping culti-
var Nista than in the other cultivars.

In the second year of production, the uptake of N, P K and Ca was the
highest in the strong creeping cultivar, significantly smaller in the chewings
one, and the smallest in the slender creeping one. An increase in the dry
weight yield of the autumn regrowth of the strong creeping cultivar Nista
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(by 15.5% and 29.3% versus the cultivars Mirena and Womira) (Table 4)
indicates its crucial effect on the values of uptake in the second year. Con-
cerning Mg, its uptake was also the largest in the strong creeping cultivar,
but an increased concentration in the slender creeping cultivar resulted in
an increase in the uptake of this element to the level found in the chewings
cultivar.

CONCLUSIONS

1. In the first production year of red fescue, a significant increase in the
autumn regrowth yield from summer sowings (from the middle and end of
July and from the middle of August) in comparison with spring sowings
(pure and with barley) was noticed (by 1.08 t ha–1 dry weight), This in turn
resulted in an increase in the N, P, K, Ca and Mg uptake by 23.9; 3.1; 36.6;
3.7; 2.1 kg ha–1, respectively.

2. The N and P content in the autumn regrowth of the strong creeping
cultivar was less than that of the chewings and slender creeping ones, but
the uptake of these elements along with the highest dry weight yield was
as high as in the chewings cultivar in the first year of production and  high-
er than both compared cultivars in the second production season.
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3. The K, Ca and Mg uptake by the autumn regrowth biomass of red
fescue, in the absence of differences between the cultivars in the concentra-
tion of these nutrients, was determined mainly by the amount of dry weight
yield; it was the largest in the creepings cultivar, both in the first and sec-
ond production years.
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