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Abstract

Skládanka, J.: Effects of the utilization term and additional sowing of Festuca arundinacea and 
Festulolium on the production of winter pasture. Acta univ. agric. et silvic. Mendel. Brun., 2006, LIV, 
No. 1, pp. 95–106

The work was carried out to study the influence of additional sowing and differentiated systems of use 
in the summer period on the production of grass sward in the autumn and winter period. An additional 
sowing of Festuca arundinacea and Festulolium was made into the grass stand with dominating Fes-
tuca rubra, Taraxacum officinale, Agropyron repens, Dactylis glomerata, Trisetum flavescens, Agrostis 
stolonifera and Phleum pratense. In summer (preparatory cut), the grass stand was utilized in June, July 
and August. In the autumn (main use), it was utilized in November, December and January. The addi-
tional sowing, the preparatory cut and the main use were monitored for their influence on the yield of 
dry matter. Another assessment was made of the share of Festuca arundinacea and Festulolium in the 
harvested herbage. In June 2001, the share of additionally sown herb species in the harvested herbage 
did not exceed 2%. However, their proportion increased to more than 20% in four years of the study. In 
the summer period, the additional sowing did not show any significant effect on dry matter yields. The 
additionally sown herb species exhibited a pronounced dominance in November. The shares of Festu-
ca arundinacea and Festulolium in the harvested herbage were 80.1% and 71.3%, respectively. Yields 
from the additionally sown grass stands were higher from the third year of the study (by 1.07–1.26 t.ha–

1) than those from the grass stand with no additional sowing (0.66–0.97 t.ha–1) the variance being in-
significant. In the autumn and in winter, a significant decrease (P < 0.05) was seen in yields from the 
grass stand utilized until the beginning of August and the yields further decreased with the proceeding 
winter.

dry matter yields, Festuca arundinacea, Festulolium, winter grazing

Apart from usual requirements for growth, enduran-
ce, root mat integrity, trampling hardiness, herbage yi-
eld and quality (Opitz von Boberfeld, 1994), 
a herb species suitable for winter grazing should be 
also cold resistant and capable of growing at low tem-
peratures (Wheeler, 1968). The species frequent-
ly advised for winter grazing is Festuca arundina-

cea (Klapp, 1971; Barholomew et al., 1997; 
Achilles et al., 2002). It is an upright-growing 
tolerant green stay species (Stählin & Tirta-
pradja, 1974). The upright growth enables an ac-
celerated desiccation of dying leaves, which slows 
down the process of rotting (Boeker, 1957) and the 
utilizability at snow cover is higher, too (Willms & 
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Rode, 1998). As compared with other grass species, 
the intake of Festuca arundinacea by the livestock is 
limited in summer and the summer produce herbage 
is therefore used for ensilaging (Alert & Bauer, 
1985). Less endangered by winter freezing injury are 
hybrids of the Festuca and Lolium genera. The hyb-
rids distinguish themselves by high production. The 
Felina intergeneric hybrid has a higher endurance and 
a lower production variability (Vorobel & Ha-
rakal, 2002). The paper discusses a possibility of 
using Festuca arundinacea and Festulolium for addi-
tional sowing in permanent grass stands. It attempting 
at answering a question of what will be the share of 
the studied herb species in the harvested herbage after 
the additional sowing, whether the additional sowing 
and differentiated systems of use in the summer peri-
od can affect yields from the grass stand utilized in the 
autumn and in winter and whether Festuca arundina-
cea and Festulolium are herb species suitable for ad-
ditional sowing in grass stands meant for an extended 
period of grazing.

Material and methods

Site description

The experiment was carried out in 2000 in the Bohe-
mian-Moravian Highlands (Czech Republic) at an alti-
tude of 553 m a.s.l. In the period from 1971–2000, the 
mean annual air temperature was 6.9 °C and the mean 
annual total precipitation amounted to 617.5  mm. 
Mean annual air temperatures in 2000, 2001, 2002, 
2003 and 2004 were 8.2  °C, 6.8  °C, 7.8  °C, 7.3  °C 
and 6.8 °C, respectively. Mean annual total precipita-
tion in 2000, 2001, 2002, 2003 and 2004 was 701 mm, 
728 mm, 683 mm, 562 mm and 658 mm, resp. Periods 
of soil temperature below 4 °C were December–March 

in 2000/2001, November–March in 2001/2002, De-
cember–March in 2002/2003 and December–March in 
2004/2005. Soil profile: Ap – EN – BM – B/C – C. Partic-
le-size Class: loamy to silt loam. Soil unit: Dystric Pla-
nosol. The species composition of the grass stand under 
study in 2000, expressed as the proportions of domi-
nant herb species in dry matter was as follows: Festu-
ca rubra (21.4%), Taraxacum officinale (19.0%), Ag-
ropyron repens (14.8%), Dactylis glomerata (12.4%), 
Trisetum flavescens (9.0%), Poa ssp. (7.2%), Agrostis 
stolonifera (6.9%), Phleum pratense (6.4%). On 16 
June 2000, the existing grass stand was treated with an 
additional sowing of Festuca arundinacea (var. Kora) 
and Festulolium (var. Felina). The amount additionally 
sown was 35 kg.ha–1. The additional sowing was made 
by the sowing machine Model Hege 80. The width 
and depth of tilled furrows were 20 cm and 15 cm, re-
spectively. Each trial plot had two tilled furrows. In 
spring, the grass stand was fertilized with 50 kg.ha–1 N, 
30 kg.ha–1 P and 80 kg.ha–1 K. Management of the tri-
al plots between the last preparatory cut and the main 
use included a fertilization treatment with 50 kg.ha–1 N. 
The fertilization was given to all plots. The plots were 
not grazed during the experimental period.

Experimental design

The experiment was established by a method of di-
vided sampling plots in three replications. The size of 
the experimental plots was 1.4 × 8.0 m. In the course 
of three years, the individual plots were used in the 
same way. 

Evaluated factors and factor degrees are presented 
in Tab.  I. If the stand was completely covered with 
snow in the given month, the herbage was harvested 
immediately after the thaw. Harvest dates are listed 
in Tab. II.

I: Experimental factors evaluated and factor degrees

Additional sowing
Any kind of additional sowing
Additional sowing of Festuca arundinacea
Additional sowing of Festulolium

Date of preparatory cut
(summer utilization)

June
June + July
June + August

Date of main use
(winter utilization)

November
December
January
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II: Harvest dates in the three years of the experiment
Year of 
observation Summer utilization Winter utilization

2001/2002 5 June 11 July 6 August 5 Nov. 30 Jan. 19 Feb.
2002/2003 3 June 9 July 6 August 4 Nov. 2 Dec. 8 Jan.
2003/2004 10 June 8 July 5 August 3 Nov. 1 Dec. 1 April
2004/2005 10 June 8 July 5 August 2 Nov. 1 Dec. 5 Jan.

Measurements

The plots were harvested with a finger cut machine 
Model MF 120 (working width 1.2 m) with the har-
vested area being 9.6 m2. Stubble height was 7 cm. 
All harvested biomass was weighed. The sample 
(1  kg) was taken immediately after the harvest and 
dried at 103 °C. The stand up yield of DM was deter-
mined from the sample dried at 103 °C.

The above-ground part of the herbage was sampled 
from the permanently laid out plots (0.5 m2) before 
the harvest in June and November. The samples were 
sorted out to individual herb species whose biomass 
was then determined by weighing in dry condition af-
ter desiccation at 60 °C. The proportion of the respe-
ctive species was expressed in per cent from the total 
mass of dry fodder (Rychnovská, 1987).

Statistic analysis

The results were statistically analyzed by ANOVA 
and Tukey HSD test operated under Statistika 6.0.

Results and discussion

Dry matter yields in Year 1 following after the addi-
tional sowing (2001/2002) were balanced in summer 
(Tab.  III). Average yields from the grass stand with 
no additional sowing, grass stand with the additional 
sowing of Festuca arundinacea, and grass stand with 
the additional sowing of Festulolium were 4.94 t.ha–1 
DM, 4.81 t.ha–1 DM, and 4.99 t.ha–1 DM, respective-
ly. The additional sowing did not show any significant 
effect on the dry matter yields (Tab. V). As expected, 
the only very highly significant effect (P < 0.001) was 
that of the intensity of use in the summer period. The 
grass stand utilized in June and August exhibited sig-
nificantly (P < 0.05) higher yields than the grass stand 
utilized in June and July or only in June (Tab. VI).

In November, the yields of dry matter from the ad-
ditionally sown grass stands were on average lower 
than those from the grass stand with no additional 
sowing (Tab. IV). The grass stand with no additional 
sowing had yields ranging from 0.37–2.35 t.ha–1 DM 
in dependence on the term of preparatory cut. In con-
trast, the grass stands with the additionally sown Fes-
tuca arundinacea and Festulolium exhibited yields of 

dry matter from 0.33–1.41 t.ha–1 DM and from 0.27–
1.56 t.ha–1 DM, respectively. The yield decrease was 
not significant according to results from the analysis 
of variance (Tab. VII). The autumn and winter yields 
were very highly significantly (P < 0.001) affected by 
the term of preparatory cut with a significant variance 
(P < 0.05) existing between all terms of preparatory 
cut (Tab. VIII). The higher yields with the preparato-
ry cut in June than those with the preparatory cut in 
August correspond well with the conclusions of Ar-
cher and Decker (1977), Collins and Balasko (1981) 
or Gerrish et al. (1994) according to which the early 
saving of the stand in the growing period results in in-
creased autumn and winter yields. A very highly sig-
nificant effect on the yields was also that of the term 
of main use. A significant variance (P < 0.05) existed 
between the yields in November and December, and 
between the yields in November and January. No sig-
nificant variance was observed between the yields in 
December and January (Tab. IX).

Similarly as in the preceding year, no significant va-
riance was found in summer 2002 (Tab. III) between 
the grass stands with and without the additional 
sowing. Once again, the only highly significant effect 
(P < 0.01) on yields was that of the intensity of use in 
the summer period.

As compared with 2001/2002, the produce from 
the additionally unsown grass stand and from the 
grass stands with the additional sowing was balan-
ced in the autumn and in winter 2002/2003. Average 
yields of dry matter (Tab. IV) in the grass stand with 
no additional sowing, in the grass stand with additi-
onally sown Festuca arundinacea and in the grass 
stand with additionally sown Festulolium amoun-
ted to 1.51 t.ha–1 DM, 1.57 t.ha–1 DM, and 1.59 t.ha–1 
DM, respectively. This could have been a reflection 
of a higher stand closure of disturbed areas arisen in 
connexion with the additional sowing as well as an 
increased share of Festuca arundinacea and Festu-
lolium. While the share of Festuca arundinacea in 
the harvested herbage ranged between 19.0–51.8% in 
November 2001, the figure increased to 28.9–61.8% 
in November 2002 (Fig. 1). The share of Festulolium 
in herbage ranged between 13.0–52.5% in November 
2001, and the figure increased to 35.8–60.2% in No-
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vember 2002 (Fig. 2). Similarly as in 2001/2002, the 
yields of dry matter in 2002/2003 were very highly 
significantly affected (P < 0.001) by the term of pre-
paratory cut (Tab.  VII). A significant variance (P  < 
0.05) was observed between all terms of preparatory 
cut (Tab. VIII). Also, the term of main use was found 
to have a very highly significant effect (P < 0.001) on 
the yields. A significant variance (P < 0.05) was found 
between all terms of the main use (Tab. IX).

In summer 2003 (Tab. III), average yields from the 
additionally unsown grass stand and from the grass 
stand with the additionally sown Festuca arundi-
nacea were 4.95  t.ha–1 DM and 5.04  t.ha–1 DM, re-
spectively. Although the grass stand with additio-
nally sown Festulolium exhibited lower yields (av. 
4.2 t.ha–1 DM), the difference between the yields was 
insignificant. A similarly balanced production of the 
grass stands with- and without the additional sowing 
(5.40 t.ha–1 DM, 5.35 t.ha–1 DM and 5.87 t.ha–1 DM, 
resp.) was observed in summer 2004. However, the 
share of additionally sown herb species in the harves-
ted herbage changed in the course of the four years 
(Fig. 1 and Fig. 2). In June 2004, the share of Festuca 
arundinacea and Festulolium in herbage was 24.9% 
and 23.1%, resp. In 2001, the share of these species 
was up to 2%. This indicates that the share of additi-
onally sown herb species increased in four years by 
more than 20%. Results of other authors claim that 
the share of additionally sown Felina was not higher 
than 3% in long-term experiments in June (Uhlia-
rova, 2002; Vorobel & Harakal, 2002). In 
our experiments, the share of additionally sown herb 
species in the harvested forage was increasing since 
2001 but did not markedly show in summer yields. 
The only very highly significant effect (P < 0.001) on 
the yields was that of the intensity of use (Tab. V). It 
is also possible to make a statement that the late utili-
zation of the grass stand (in December and in Janua-
ry) did not reflect in the subsequent summer produce 
in either years under study.

In the autumn and in winter of 2003/2004 and 2004/
2005 (tab. IV), the yields from additionally sown Fes-
tuca arundinacea (1.15 t.ha–1 DM and 1.11 t.ha–1 DM) 
and Festulolium (1.26 t.ha–1 DM and 1.07 t.ha–1 DM) 
were higher than in the control (0.97  t.ha–1 DM and 
0.66  t.ha–1 DM). The year of 2003/2004 witnessed a 
repeatedly increased dominance of the additionally 
sown herb species. The share of Festuca arundina-
cea (Fig.  1) in herbage harvested in November ran-
ged from 47.7%–71.1% and the share of Festulolium 
(Fig.  2) was 58.2–61.4%. The increased dominance 
of additionally sown herb species reflected in yields 
especially in the June-July and June-August systems 
of preparatory cuts. The share of Festuca arundina-
cea was further increasing in November 2004/2005 
from 72.8–80.2% in dependence on the intensity of 

use. On the other hand, the share of Festulolium was 
increased only in the June–August system of prepa-
ratory cuts (71.3%). In the system of one preparatory 
cut in June and in the system of two preparatory cuts 
in July–August, the share of Festulolium began to de-
crease from Year 4. The dominance of Festuca arun-
dinacea and Festulolium was in the course of the four 
years under study more supported by the utilization in 
June and then in August than by the utilization in June 
and than in July, or only in June. It is also possible to 
claim that Festuca arundinacea and Festulolium exhi-
bited a greater dominance in November than in June. 
Considering the fact that the intake of Festuca arun-
dinacea by animals is limited in the summer period 
(Wacker, 1983; Alert & Bauer, 1985) but the 
species is important in the extension of the grazing pe-
riod thanks to its cold hardiness (Bartholomew 
et al., 1997; Opitz von Boberfeld, 2001) makes 
its application desirable in the autumn. Although the 
yields of additionally sown grass stands were in most 
variants higher than those of grass stands with no addi-
tional sowing from Year 3, the increase was statistically 
insignificant. In 2003/2004 and 2004/2005, the term of 
preparatory cut had a very highly significant effect (P < 
0.001) on dry matter yields (Tab. VII). A significant va-
riance (P < 0.05) was observed between all terms of 
preparatory cut (Tab. VIII). The term of main use was 
observed to have a significant effect (P < 0.05) on the 
yields of dry matter in 2003/2004 and 2004/2005. The 
yield drop from November to January that was clear-
ly obvious already in 2002/2003 corresponds with the 
findings of Wolf (2001) and Wöhler (2003). Dry 
matter losses with the proceeding winter can be deri-
ved from a higher rate of dying and decomposing lea-
ves and from the restricted growth of leaves (Archer 
& Decker, 1977; Achilles et al., 2002). As com-
pared with the grass stands with no additional sowing, 
higher yields from the additionally sown grass stands 
can also relate to the fact that the leaves of both Fes-
tuca arundinacea and Festulolium are harder and their 
decomposition is therefore slower.

Considerable production variances were recorded 
between the years of study. November yields (one pre-
paratory cut in June) from the grass stand with no ad-
ditional sowing were 0.68 t.ha–1, 2.30 t.ha–1, 1.63 t.ha– 1 
and 1.06 t.ha–1. The same system of utilization in the 
grass stand with additionally sown Festuca arundina-
cea gave yields of 0.40  t.ha–1, 2.06  t.ha–1, 2.35  t.ha–1 
and 2.33 t.ha–1. The inter-annual fluctuation of yields 
could have resulted from different weather conditions 
in the respective years. According to Prigge et al. 
(1999), the yield difference of individual years results 
from the influence of winter freezing injury with this 
injury occurring at the stage of growth and develop-
ment prior to the winter use and also in winter, being 
most likely of decisive importance.
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VI: Effect of the term of preparatory cut on summer yields of dry matter

2001/2002 2002/2003 2003/2004 2004/2005
June 3.81a 4.24a 4.26a 4.35a

June + July 4.87b 5.17a 4.87a 5.8b

June + August 6.05c 6.29b 5.05a 6.5c

The letters a, b and c implies in a column followed by the same letter are not 
significantly different (P>0.05)

VIII: Effect of the term of preparatory cut on winter yields of dry matter

2001/2002 2002/2003 2003/2004 2004/2005
June 1.02a 2.28a 1.91a 2.04a

June + July 0.4b 1.45b 1.02b 0.53b

Juni + August 0.23c 0.93c 0.45c 0.27c

The letters a, b and c implies in a column followed by the same letter are not 
significantly different (P>0.05)

IX: Effect of the term of main use on dry matter yields in the autumn and in winter

2001/2002 2002/2003 2003/2004 2004/2005
November 0.9a 2.2a 1.51a 1.31a

December 0.35b 1.35b 1.18a 0.79b

Januar 0.4b 1.11c 0.76b 0.74b

The letters a, b and c implies in a column followed by the same letter are not 
significantly different (P>0.05)

Conclusions

The share of Festuca arundinacea and Festuloli-
um was increasing from 2001. Four years after ad-
ditional sowing the shares of the two herb species in 
herbage harvested in June were over 20%. In spite of 
these facts, the increasing dominance of the species in 
summer did not reflect in yields. The shares of Festu-
ca arundinacea and Festulolium in herbage harvested 
in November were increasing until Year 4 and Year 
3 after the additional sowing, respectively. The sha-
res of Festuca arundinacea and Festulolium in her-
bage harvested in November reached up to 80.1% and 
71.3%, resp. The yields of additionally sown grass 
stands were higher from Year 3 after the additional 

sowing than those from the grass stand with no addi-
tional sowing but the difference was statistically in-
significant. The grass stands used in June at the latest 
were observed to provide higher yields in the autumn 
and in winter than the grass stands with the latest uti-
lization in August. The production was observed to 
decrease from November to January due to the dying 
and decomposition of plant biomass. It is possible to 
conclude on the basis of the above results that Festu-
ca arundinacea and Festulolium are herb species su-
itable for additional sowing in grass stands meant for 
an extended period of grazing.

The research work was funded from Grant No. 
NAZV QF 3018.



	 Effects of the utilization term and additional sowing of Festuca arundinacea and Festulolium� 103

1: The share of Festuca arundinacea in herbage harvested in June and in November 2001–2004

2: The share of Festulolium in gerbage harvested in June and in November 2001–2004
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Souhrn

Vliv termínu využití a přísevu Festuca arundinacea a Festulolium na produkci zimní 
pastviny

Tato práce se zabývá vlivem přísevu a diferencovaného systému využití v letním období na produkci 
píce z polopřirozeného travního porostu využívaného pozdě na podzim a v zimě. Do travního porostu s 
dominací Festuca rubra, Taraxacum officinale, Agropyron repens, Dactylis glomerata, Trisetum flaves-
cens, Agrostis stolonifera a Phleum pratense byl proveden přísev Festuca arundinacea a Festulolium. 
V létě (přípravná seč) byl travní porost využíván v červnu, červenci a srpnu. Na podzim (hlavní využi-
tí) byl travní porost využíván v listopadu, prosinci a lednu. Sledován byl vliv přísevu, přípravné seče a 
hlavního využití na výnosy sušiny. Vyhodnocen byl také podíl Festuca arundinacea a Festulolium ve 
sklizené píci. V červnu 2001 nepřekročil podíl přisetých druhů ve sklizené píci 2 %, ale v průběhu čtyř 
let se zvýšil na víc než 20 %. V letním období neměl přísev statisticky průkazný vliv na výnosy sušiny. 
Přiseté druhy výrazně dominovaly v listopadu. Podíl Festuca arundinacea ve sklizené píci dosáhl hod-
noty 80,1 % a podíl Festulolium 71,3 %. Výnosy přisévaných travních porostů byly od třetího sledova-
ného roku vyšší (od 1,07 t.ha–1 do 1,26 t.ha–1) než u nepřisévaného travního porostu (od 0,66 t.ha–1 do 
0,97 t.ha–1), ale tento rozdíl nebyl statisticky průkazný. Statisticky průkazný (P < 0,05) vliv na výnosy 
v podzimních a zimních měsících měl termín přípravné seče. Při systému jedné přípravné seče v červ-
nu byly výnosy sušiny od 1,02 do 2,28 t.ha–1. Při systému dvou přípravných sečí v červnu a srpnu byly 
od 0,23 do 0,93 t.ha–1. Statisticky průkazný (P < 0,05) byl také pokles výnosů od listopadu do ledna. 
Zatímco v listopadu byly výnosy od 0,9 do 2,2 t.ha–1, v prosinci klesly na 0,35 až 1,35 t.ha–1 a v lednu 
na 0,4 až 1,11 t.ha–1. Na základě dosažených výsledků je možné konstatovat, že Festuca arundinacea 
a Festulolium jsou vhodné druhy pro přísev do travních porostů určených pro prodlužování pastevní-
ho období.

výnosy sušiny, Festuca arundinacea, Festulolium, zimní pastva
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