
lis glomerata L. is a versatile grass utilized for grazing, 
hay, or silage production on a global scale due to its 
high forage quality (i.e., sugar and protein contents), 
shade tolerance, and persistence (Lindner et al., 2004). 
This forage grass has a high economic value due to its 
high productivity and disease resistance under alternat-
ing weather conditions (Míka et al., 2002). In view of 
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Abstract
This study was carried out to determine the chemical composition, silage quality and ensilability of ten cocksfoot cultivars using 
biological and chemical silage additives. The plant material was harvested from the first and second cut, cultivated at the Research 
Station of Fodder Crops in Vatín, Czech Republic. Wilted forage was chopped and ensiled in mini-silos with 3 replicates per treat-
ment. The treatments were: 1) without additives, used as a control; 2) with bacterial inoculants; and 3) with chemical preservatives. 
The results indicated that the year factor (2012-2013) influenced significantly the chemical composition of the silage in both cuts. 
The use of biological inoculants reduced the content of crude fibre and acid detergent fibre; but it did not influence the content of 
neutral detergent fibre, in comparison with the control silage in both cuts. Furthermore, the application of biological inoculants 
reduced the concentration of lactic acid (LA) and acetic acid (AA) in contrast to the control silage in the first cut. Moreover, in the 
second cut the same values tended to be the opposite. Interestingly, ‘Amera’ was the unique variety that presented a high concentra-
tion of butyric acid (0.2%) in comparison with other varieties in the first cut. In conclusion, the biological inoculants had a favour-
able effect on silage fermentation. Notably, only ‘Greenly’ and ‘Starly’ varieties from the first cut; and ‘Greenly’, ‘Sw-Luxor’, and 
‘Otello’ varieties from the second cut were appropriate for ensiling because their pH-values; LA and AA concentrations were ideal 
according to the parameters of the fermentation process.
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Introduction
Cocksfoot (orchard grass, Dactylis glomerata L.) is 

a long-lived, perennial grass with excellent regrowth 
characteristics and adaptability to various environmen-
tal conditions (Sanada et al., 2010). It is commonly 
recommended for pastures, owing to drought resistance 
and winter-hardiness (Sanderson et al., 2002). Dacty-
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station can be characterized by an annual average 
precipitation of 632 mm, 658 mm, 705 mm, and 819 
mm; with a mean annual temperature of 7.4°C, 6.8°C, 
7.3°C, and 8.7°C in the years 2011, 2012, 2013, and 
2014, respectively. The soil type is a Cambisol as 
sandy-loam on a diluvium of biotic orthogenesis. A 
split-plot design was used with plots of 1.5 × 10 m. The 
plots were harvested using a self-propelled mowing 
machine (HEGE 212 harvester, Wintersteiger, Ried im 
Innkreis, Austria) with a mowing width of 1.25 m. The 
harvested area was 12.5 m2, and the remaining stubble 
height was 7 cm. The experiment was carried out with 
three replicates. 

Plant materials

Ten varieties of Dactylis glomerata L. from different 
countries were used in this investigation: ‘Greenly’ and 
‘Starly’ from France; ‘Sw-Luxor’ from Sweden; ‘Otel-
lo’ from Italy; ‘Husar’ from Germany; ‘Amera’, ‘Dika’, 
and ‘Bepro’ from Poland; and ‘Dana’ and ‘Vega’ from 
the Czech Republic. Each variety was sown with 20 
kg/ha of seeds. The trial was established on 14thApril 
2011, and the assessment took place in 2012 and 2013. 
The experimental plots were fertilized with 60 kg/ha 
N per year. The first and second growth were har-
vested according to the heading phase (vegetation stage 
when inflorescence is emerging, but before shedding 
pollen). The herbage was wilted on the plot for 14 
hours in order to reduce the water content after mow-
ing. Afterwards, the grass material was transported to 
the laboratory of the Department of Animal Nutrition 
and Forage Production, Faculty of Agronomy (Mendel 
University in Brno). Samples, each of 10 kg per treat-
ment, were taken and chopped with a conventional 
forage harvester under laboratory conditions to a par-
ticle length of 40-60 mm. 

Treatment of grass materials

Representative forage samples (6 kg) were filled into 
mini-silos of polyvinyl chloride, and compacted with 
a pressure of 600 kg/m3. The filled silos (three repeti-
tions per treatment) were sealed with a lid and stored 
in a room without direct light exposure at room tem-
perature of 28°C for 90 days. The following treatments 
were applied to the forage samples: 1) silage without 
inoculants, used as control; 2) silage containing bio-
logical inoculants [i.e., Lactobacillus plantarum 
(DSMZ 16568) 5·1010 CFU/g, Lactobacillus buchneri 
(DSMZ 22501/CCM 1819, DSZM: German collection 
of microorganisms and cell cultures; CCM: Czech col-

climate conditions, silage is the best method to preserve 
fresh forage material with minimal losses of nutritive 
value by fermentation of soluble carbohydrates in an 
anaerobic environment. During the ensiling procedure, 
silage quality and nutritional value are affected by 
numerous biological and technological factors 
(Sariçiçek & Kiliç, 2009). Some of these are the crop 
species, stage of maturity and dry matter (DM), content 
at green forage, chop length, type of silo, rate of filling, 
forage density after packing, sealing technique, weath-
er conditions at harvest, and additive use (Pozdíšek et 
al., 2003). 

It is evident that the additives based on lactic acid 
(LA) bacteria can significantly enhance the fermenta-
tion quality of silages (Filya et al., 2007). In recent 
years, it was found that improvement of both the ef-
ficiency of the anaerobic fermentation and the aerobic 
stability of silage forage could be achieved through the 
use of several recently found types of dual purpose 
inoculants (Mohammadzadeh et al., 2012). The spec-
trum of bacteria contains, on the one hand, homo-fer-
mentative species merely producing lactic acid; and on 
the other hand, hetero-fermentative species producing 
a compound of lactic and acetic acids as well as other 
by-products (e.g., ethanol and carbon dioxide, among 
others) (Vlková et al., 2012). The varieties of homo- or 
hetero-fermentative inoculants are dependent on the 
aim of inoculation. Thus, while hetero-fermentative 
inoculants are more efficient in the maintenance of the 
aerobic stability of silages, homo-fermentative inocu-
lants are stronger in the improvement of the fermenta-
tion features (Kung et al., 2003). 

Up to now, silage research has placed special em-
phasis on filling the gap between the feeding value of 
the original crop and that of the resulting silage 
(Charmley, 2001). For this reason, the assessment of 
silage quality can be considered as a management tool 
of high importance on the farm (Huhtanen et al., 2007). 

The objectives of this study were to determine the 
ensilability of ten varieties of Dactylis glomerata L., 
and to evaluate whether the treatment with bacterial 
inoculants and chemical additives would improve the 
quality of the fermentation process and/or the chemical 
composition of the silages.

Material and methods

Experimental site 

A field experiment was conducted at the Research 
Station of Fodder Crops in Vatín, Czech Republic 
(49°31′N, 15°58′E), and established in 2011 at the al-
titude of 560 m.a.s.l. The climate conditions at the 
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eters of interest, OMD was detected in vitro by the 
pepsin-cellulose method (Doležal, 2002). 

Furthermore, forage samples were analysed for: pH-
value; lactic acid (LA); volatile fatty acids (VFAs) such 
as acetic acid (AA), butyric acid (BA), and propionic 
acid (PA); and acidity of water extract (AWE) 90 days 
after ensiling (AOAC, 1980). The analytical procedures 
including the preparation of water extracts were de-
scribed previously by Doležal (2002). 

Statistical analyses 

The data were processed using the statistical soft-
ware STATISTICA.CZ Version 12 (Prague, Czech 
Republic). The results are expressed as a mean ± stand-
ard error of the mean (SEM). Differences with p<0.05 
were considered significant and determined using 
multifactorial ANOVA, in particular, Scheffé’s test, 
which was applied for comparing mean values. Cluster 
analysis was performed to create table representations.

Results

Chemical composition of green matter

The nutritive composition of the green forages from 
the first and second cut was determined in the experi-
ments prior to ensiling (Tables 1 and 2). In terms of 
DM, CP, CF, ADF, NDF, and OMD values, the results 
did not show any significant differences – neither be-
tween varieties nor between the cuts. 

lection of microorganisms) 1.25·1010 CFU/g, and En-
terococcus faecium (DSMZ 22502/NCIMB, NCIMB: 
Scotland national collection of industrial and marine 
bacteria) 6.25 × 1010 CFU/g]; and 3) silage containing 
chemical additives [i.e., formic acid, propionic acid, 
benzoic acid, ammonium formate, E150d-sulfite am-
monia, caramel (manufacturer BIOFERM CZ, spol. s 
r.o., Czech Republic), and water]. Biological inoculants 
were applied at a rate of 2 g/t, and chemical additives 
at 4 L/t, according to the official manufacturer’s recom-
mendation. At the end of the ensiling period (90 days) 
the silos were opened and samples were taken for the 
respective chemical analysis.

Biomass chemical analysis

Dry matter was analysed after drying the biomass at 
103°C. Meanwhile, the pre-drying of subsamples (green 
matter and silage) was performed in a specific drying 
oven at 60°C for 48 hours to determine the nutritive 
composition. Subsequently, the forage samples for 
analysis of nutritive value were ground in a mill and 
then filtered through a 1 mm sieve. The green matter 
and silage samples were analysed for dry matter (DM), 
crude protein (CP), crude fibre (CF), acid detergent 
fibre (ADF), neutral detergent fibre (NDF), and or-
ganic matter digestibility (OMD). The content of nu-
trients was determined according to ČSN 467092 
standards (1997). The CP content was determined by 
using Kjeltec 2300 equipment (Foss, Denmark), and 
the CF content was determined by using the Fibre 
analyser (ANKOM 220, USA). As to individual param-

Table 1. Chemical composition (%) of forage before ensiling - First cut 2012-2013.

Factor DM CP CF ADF NDF OMD

Varieties (V)
Greenly 38.2 ± 1.7  8.3 ± 0.7 29.8 ± 3.6 32.7 ± 4.4 58.0 ± 5.8 85.9 ± 2.6
Starly 39.9 ± 2.2  8.1 ± 0.8 29.3 ± 3.7 31.8 ± 3.7 56.4 ± 5.8 88.2 ± 4.5
Sw-Luxor 39.6 ± 6.9  8.8 ± 0.6 29.2 ± 3.1 31.4 ± 3.1 56.2 ± 4.6 88.6 ± 3.1
Otello 39.7 ± 8.8  9.6 ± 0.3 28.7 ± 2.0 31.2 ± 1.6 56.1 ± 2.9 87.3 ± 5.7
Husar 34.3 ± 7.3  8.9 ± 0.2 29.4 ± 2.9 32.2 ± 3.3 56.5 ± 4.6 83.7 ± 4.9
Amera 30.8 ± 0.1 10.4 ± 0.0 29.5 ± 2.6 32.4 ± 2.7 56.9 ± 3.9 87.1 ± 2.2
Dika 39.8 ± 6.4  9.2 ± 0.2 28.6 ± 2.5 31.2 ± 1.6 55.4 ± 3.3 86.5 ± 3.1
Bepro 41.0 ± 9.2  8.6 ± 1.2 29.8 ± 3.2 32.7 ± 3.5 58.4 ± 4.4 86.9 ± 4.7
Dana 38.0 ± 6.7  9.1 ± 0.1 29.4 ± 1.9 32.2 ± 1.7 57.3 ± 2.2 85.1 ± 4.2
Vega 39.8 ± 6.0  8.7 ± 1.2 30.0 ± 4.1 32.9 ± 4.1 57.4 ± 6.0 87.5 ± 5.2

Years (Y)
2012 42.8 ± 1.9a 9.5 ± 0.2a 26.4 ± 0.2a 29.1 ± 0.2a 52.5 ± 0.4a 90.7 ± 0.6a

2013 33.3 ± 1.4b 8.5 ± 0.3b 32.3 ± 0.3b 35.0 ± 0.5b 61.2 ± 0.6b 82.7 ± 0.6b

DM: dry matter; CP: crude protein; CF: crude fibre; ADF: acidic detergent fibre; NDF: neutral detergent fibre; OMD: organic matter 
digestibility. a,b superscripts within a row indicate statistical significance (p<0.05).
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Treated silage (biological and chemical) of the first 
cut showed a higher OMD with 87.0% and 87.9%, 
respectively, in comparison with the untreated silage 
(85.3%). In the second cut, no significant differences 
in OMD between the silage treatments occurred. 

In our experiment the year factor significantly af-
fected the chemical composition in both cuts. Concern-
ing the first cut, the contents of CF, ADF, and NDF 
fractions were lower in 2012 (27.7%, 29.7%, and 
50.6%, respectively) than in 2013 (33.6%, 40.2%, and 
60.4%, respectively). The contents of DM, CP, and 
OMD were higher in 2012 (40.9%, 9.5%, and 91.8%, 
respectively) than in 2013 (31.2%, 8.5%, and 81.6%, 
respectively). Concerning the results of the second cut, 
DM content was also higher in 2012 (47.5%) than in 
2013 (46.9%). Furthermore, the contents of CP, CF, 
and ADF were lower in 2012 (8.2%, 29.9%, and 34.3%, 
respectively) than in 2013 (9.5%, 31.0%, and 36.1%, 
respectively). The NDF fraction and OMD value did 
not significantly differ between the years 2012 and 
2013.

Effects of additives on fermentation 
parameters of grass silage

The application of different silage additives (SA) 
considerably influenced the quality of silages (Table 5 
and 6). The treatment with biological and chemical 
additives had a favourable effect on pH-values com-
pared with control silages in both cuts. The pH-values 
of silage with additives were lower (4.0 and 4.2 com-
pared to 4.5 in the first cut, and 4.2 and 4.6 compared 
to 4.8 in the second cut) after 90 days of ensiling com-

Concerning the first cut, the analysis demonstrated 
a higher content of DM, CP, and OMD; and a lower 
content of CF, ADF, and NDF in 2012 than in 2013 
(Table 1). On the other hand, in the second cut, there 
was a lower content of CP, a higher content of CF and 
OMD, and no significant differences in the content of 
DM, ADF, and NDF in 2012, compared to the year 
2013 (Table 2). 

Effects of additives on chemical composition 
of grass silage

After 90 days of ensiling, the chemical values of the 
tested cultivars were significantly affected by the treat-
ment (Tables 3 and 4). The results showed that treated 
silages with biological inoculants and chemical addi-
tives had a significantly higher content of DM in con-
trast with the control in both cuts. In the first cut, the 
DM content was 36.1%, 36.8%, and 35.3%, respec-
tively; and in the second cut, it was 47.2%, 47.4%, and 
47.0%, respectively. 

The contents of CF and ADF fractions for the variants 
treated with BSA and CSA were lower in comparison 
with the control in the first and second cut. Moreover, 
the NDF fraction was not affected by the biological 
inoculants in the first and second cut, compared with the 
control. On the other hand, the NDF fraction in the CSA-
group showed significantly lower values in comparison 
with the control in the first and second cut. 

While in the first cut, the concentration of CP of 
BSA-group was higher in comparison with the CSA-
group, no significant differences were observed in the 
second cut. 

Table 2. Chemical composition (%) of forage before ensiling - Second cut 2012-2013.

Factor DM CP CF ADF NDF OMD 

Varieties (V)
Greenly 46.2 ± 1.5  9.0 ± 0.7 28.7 ± 0.0 33.7 ± 0.4 58.3 ± 0.0 79.1 ± 0.7

Starly 46.7 ± 2.7  8.5 ± 1.2 29.2 ± 0.4 34.5 ± 0.4 58.0 ± 0.3 80.5 ± 0.4
Sw-Luxor 46.9 ± 0.1  9.0 ± 0.3 30.2 ± 1.0 36.0 ± 0.9 60.5 ± 2.0 81.1 ± 1.9

Otello 50.1 ± 0.4  9.9 ± 0.1 29.4 ± 0.2 35.3 ± 0.1 59.3 ± 0.1 84.1 ± 3.9
Husar 50.2 ± 1.0  8.9 ± 0.2 28.6 ± 0.4 34.6 ± 0.2 57.3 ± 0.0 84.0 ± 4.1

Amera 52.6 ± 1.7 10.0 ± 0.2 29.1 ± 0.2 35.6 ± 0.1 57.3 ± 0.6 85.3 ± 4.6
Dika 48.4 ± 1.3  8.9 ± 0.7 30.0 ± 0.5 35.8 ± 0.1 58.7 ± 0.4 84.5 ± 2.6

Bepro 49.9 ± 3.1  9.5 ± 0.5 28.7 ± 0.6 34.5 ± 0.2 58.0 ± 0.3 83.2 ± 3.3
Dana 49.1 ± 0.3  9.1 ± 0.6 30.1 ± 0.7 35.6 ± 0.4 58.1 ± 0.4 83.7 ± 0.5
Vega 48.6 ± 1.6  9.0 ± 0.6 30.5 ± 0.9 36.0 ± 0.1 59.8 ± 0.2 83.8 ± 2.5

Years (Y)
2012 48.8 ± 1.0 8.7 ± 0.3a 29.9 ± 0.3a 35.3 ± 0.3 58.8 ± 0.5 85.3 ± 1.1a

2013 48.9 ± 0.5 9.6 ± 0.1b 29.0 ± 0.2b 35.0 ± 0.2 58.2 ± 0.2 80.5 ± 0.4b

See legend of Table 1.
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a peculiar variety regarding its higher concentration of 
BA (0.2%) in the first cut. 

The use of additives significantly influenced in the 
concentration of AWE in both cuts. The BSA-group 
had the highest concentration of AWE in comparison 
with the CSA-group, as well as the untreated silages 
(1,636.7 mg KOH/100 g, 1,439.7 mg KOH/100 g, and 
1,366.0 mg KOH/100 g, respectively for the first cut; 
and 1,590.9 mg KOH/100 g, 1,272.1 mg KOH/100 g, 
and 1,194.3 mg KOH/100 g, respectively for the second 
cut). 

Concerning the year factor, there were significant 
differences, with lower pH-values for 2013 in both cuts 
compared with 2012; this was more visible in the second 
cut. Therefore, there was a substantially lower concen-
tration of LA in the second cut compared to the first cut. 
Furthermore, the year factor effect was more evident 
for the first cut, where in 2012 the LA concentration 
was 9.6%; it was 17.5% in 2013. In general, the year 
2012 accounted for lower concentrations of LA in both 

pared with untreated silage. Overall, the pH-values in 
the first cut were lower. 

In the first cut, SA treatments improved the LA con-
centration, where 12.8% was found in the BSA-group, 
and 9.2% in the CSA-group compared to a 18.6% in 
the untreated silage. In the second cut, they were 
10.0%, 3.9%, and 8.5%, respectively. Nevertheless, the 
SA treatments concerning LA concentration showed 
improvement compared with the untreated silage, with 
the exception of the BSA treatment in the second cut.

The treated silages of the first cut showed lower 
concentrations of AA in the BSA-group and the CSA-
group compared with the untreated silage. On the other 
hand, the silages treated with biological and chemical 
additives in the second cut showed higher concentration 
of AA in comparison with the untreated silage. 

In the untreated silage from the first cut, a high con-
centration of BA was detected (0.1%) in comparison 
with the treated silages (biological and chemical). In-
terestingly, concerning varieties, ‘Amera’ proved to be 

Table 3. Chemical composition (%) of cocksfoot silages - First cut 2012-2013.

Factor DM CP CF ADF NDF OMD 

Varieties (V)
Greenly 36.9 ± 0.5a  8.0 ± 0.4a 30.3 ± 1.2ab 34.9 ± 1.8abc 56.3 ± 2.1ac 85.4 ± 2.3ab

Starly 37.4 ± 0.4ab  8.1 ± 0.3a 29.5 ± 1.2a 33.8 ± 2.1b 52.9 ± 2.2b 88.8 ± 2.2a

Sw-Luxor 37.9 ± 1.5b  8.4 ± 0.1ab 31.0 ± 1.1ab 34.6 ± 1.7ab 56.8 ± 2.0a 85.1 ± 2.3b

Otello 38.9 ± 1.9c  9.4 ± 0.2c 30.9 ± 1.0ab 35.5 ± 1.6ac 56.2 ± 1.2ac 87.1 ± 1.3ab

Husar 33.1 ± 1.4d  9.1 ± 0.1cd 30.3 ± 1.0ab 34.8 ± 1.6ab 55.5 ± 1.6ac 87.1 ± 1.9ab

Amera 29.2 ± 0.2e 10.5 ± 0.2e 31.9 ± 0.7b 36.4 ± 1.2c 57.0 ± 1.1a 88.7 ± 2.1a

Dika 36.8 ± 1.4a  9.3 ± 0.1cd 30.3 ± 0.7ab 34.5 ± 1.4ab 53.2 ± 1.1b 88.6 ± 1.4a

Bepro 39.3 ± 2.0c  8.8 ± 0.3bd 30.5 ± 1.1ab 34.4 ± 1.8ab 56.1 ± 1.7ac 85.9 ± 1.5ab

Dana 35.7 ± 1.4f  9.3 ± 0.1cd 29.8 ± 0.6a 34.6 ± 1.2ab 54.6 ± 0.9bc 85.7 ± 0.8ab

Vega 35.7 ± 1.5f  8.8 ± 0.2bd 31.8 ± 1.0b 35.9 ± 1.7ac 56.4 ± 1.7ac 84.9 ± 1.4b

p value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Silage additives (SA)
US 35.3 ± 0.8a 9.0 ± 0.2ab 31.5 ± 0.6a 35.7 ± 1.0a 56.3 ± 1.0a 85.3 ± 1.1a

BSA 36.1 ± 0.8b 9.1 ± 0.2a 30.4 ± 0.5b 34.7 ± 0.8b 55.9 ± 0.8a 87.0 ± 0.9b

CSA 36.8 ± 0.7c 8.9 ± 0.2b 30.1 ± 0.5b 34.4 ± 0.8b 54.3 ± 0.8b 87.9 ± 0.9b

p value <0.0001 0.0033 <0.0001 <0.0001 <0.0001 <0.0001

Years (Y)
2012 40.9 ± 0.5a 9.5 ± 0.1a 27.7 ± 0.2a 29.7 ± 0.2a 50.6 ± 0.3a 91.8 ± 0.5a

2013 31.2 ± 0.4b 8.5 ± 0.1b 33.6 ± 0.2b 40.2 ± 0.2b 60.4 ± 0.3b 81.6 ± 0.4b

p value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
V × SA <0.0001 0.0016 0.1807 0.0116 0.0468 0.1037
V × Y <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
SA × Y <0.0001 0.3999 0.0009 <0.0001 <0.0001 0.0003
V × SA × Y <0.0001 0.0011 0.7892 0.7527 0.3955 0.2402

DM: dry matter; CP: crude protein; CF: crude fibre; ADF: acidic detergent fibre; NDF: neutral detergent fibre; OMD: organic matter 
digestibility. US: untreated silage; BSA: biological silage additives; CSA: chemical silage additives. a,b,c,d,e indicate significant differ-
ences between values within rows (p<0.05).
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influence of the factor year on the content of DM, CP, 
CF, ADF, NDF, and OMD in the first cut; and also on 
the content of CP, CF, and OMD in the second cut. Our 
results are in concordance with the chemical composi-
tion results in different fresh grasses cultivars obtained 
by Skládanka et al. (2012). 

In our results, more notably in the first cut, it was 
shown that the year factor had an important effect re-
garding the chemical composition. Thus, with lately 
increasing climatic changes, it is natural that risk man-
agement has become the central axis of many climate 
change assessments, especially due to projected in-
creases in extreme weather events (Kalaugher et al., 
2013). Importantly, risk management should weigh not 
only current, but anticipated changes, for the evaluation 
of frequency of potential major losses (Yakushev, 2009).

Effects of additives on chemical composition 
of grass silage

The DM losses in the first cut compared with the 
second cut were probably caused by higher fermenta-

cuts. Nevertheless, in 2012, in both cuts, a signifi-
cantly lower AA concentration occurred, compared to 
2013. In the first cut, the concentration of BA 0.1% was 
significantly higher in 2012 than in 2013; however, in 
the second cut, this acid was not observed at all. Con-
cerning the first cut, the concentration of AWE in 2012 
(1,615.3 mg KOH/100 g) was higher in comparison with 
2013 (1,346.2 mg KOH/100 g); but in the second cut, 
this relationship was inverted (1,146.9 mg KOH/100 g 
for 2012, and 1,558.0 mg KOH/100 g for 2013).

Discussion 

Chemical composition of green forage 

The chemical composition of green forage is an 
important starting point for analyses as forage quality 
is, in part, altered by in situ growth conditions and 
different genotypes seem to respond differently to 
changing global climate (DaMatta et al., 2010). The 
results of chemical composition of analysed fresh 
cocksfoot forages proved that there was a significant 

Table 4. Chemical composition (%) of cocksfoot silages - Second cut 2012-2013.

Factor DM CP CF ADF NDF OMD 
Varieties (V)
Greenly 44.2 ± 0.3a 8.8 ± 0.2abd 30.2 ± 0.4a 35.3 ± 0.3abc 56.2 ± 0.3ac 83.7 ± 0.7
Starly 42.7 ± 0.3b 8.7 ± 0.2abc 30.0 ± 0.4a 35.8 ± 0.5ab 55.0 ± 0.4ab 83.8 ± 0.6
Sw-Luxor 47.1 ± 0.4c 8.6 ± 0.2ac 30.3 ± 0.2ab 36.7 ± 0.4b 56.3 ± 0.2ac 82.5 ± 0.9
Otello 47.3 ± 0.2c 8.9 ± 0.3abd 31.2 ± 0.3bc 36.2 ± 0.5ab 56.6 ± 0.3c 84.5 ± 0.7
Husar 47.3 ± 0.1c 8.4 ± 0.2c 30.3 ± 0.5ab 34.9 ± 0.5abc 54.5 ± 0.3b 85.4 ± 0.4
Amera 49.6 ± 0.3d 9.4 ± 0.2e 29.6 ± 0.3a 34.8 ± 0.5abc 54.2 ± 0.4b 85.6 ± 0.8
Dika 48.0 ± 0.4e 9.0 ± 0.2abd 29.9 ± 0.1a 35.0 ± 0.5abc 54.5 ± 0.2b 85.2 ± 1.1
Bepro 48.3 ± 0.7e 9.1 ± 0.2de 29.6 ± 0.2a 33.8 ± 0.5c 55.1 ± 0.3ab 84.0 ± 0.7
Dana 49.5 ± 0.2d 8.8 ± 0.3abcd 31.3 ± 0.2c 34.3 ± 0.3ac 56.5 ± 0.3c 83.8 ± 0.5
Vega 47.7 ± 0.1ce 9.1 ± 0.3bde 31.7 ± 0.1c 35.1 ± 0.4abc 57.1 ± 0.2c 83.8 ± 0.7
p value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.1346

Silage additives (SA)
US 47.0 ± 0.3a 8.9 ± 0.1 30.9 ± 0.2a 35.8 ± 0.3a 55.8 ± 0.2a 84.0 ± 0.4
BSA 47.2 ± 0.3b 8.9 ± 0.1 30.2 ± 0.2b 34.9 ± 0.3b 55.8 ± 0.2a 83.9 ± 0.5
CSA 47.4 ± 0.3b 8.8 ± 0.1 30.1 ± 0.2b 34.9 ± 0.3b 55.3 ± 0.2b 84.8 ± 0.3
p value <0.0001 0.1331 <0.0001 0.0003 0.0139 0.2881

Years (Y)
2012 47.5 ± 0.3a 8.2 ± 0.1a 29.9 ± 0.1a 34.3 ± 0.2a 55.6 ± 0.2 84.0 ± 0.3
2013 46.9 ± 0.2b 9.5 ± 0.0b 31.0 ± 0.1b 36.1 ± 0.2b 55.6 ± 0.2 84.4 ± 0.4
p value <0.0001 <0.0001 <0.0001 <0.0001 0.7905 0.3883
V × SA <0.0001 0.0062 0.0006 0.2122 0.9115 0.8514
V × Y <0.0001 <0.0001 <0.0001 0.0072 0.1178 0.0844
SA × Y 0.0042 0.7900 0.2886 0.4445 0.0153 0.8259
V × SA × Y <0.0001 0.0001 0.0001 0.4561 0.0143 0.7689

See legend of Table 3.
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Our results showed that ADF content was affected 
by biological silage additives in comparison with un-
treated silage in both cuts. We assume that the reduction 
of ADF in the inoculated silages was due to partial 
hydrolysis of cellulose. Hence, our findings are consist-
ent with the previous reports on the nutritional qualities 
of different grasses and their mixtures presented by 
Skládanka et al. (2012), where biological inoculants 
and chemical preservatives were used in some grass 
silages such as Lolium perenne, Festulolium pabulare, 
Festulolium braunii; and the mixtures of these with 
Festuca rubra and Poa pratensis. Nevertheless, our 
results differ from the studies reporting a lack of effect 
of inoculated treatments on fibre degradability in 
analyses realized on frost corn silages, reported by 
Mohammadzadeh et al. (2012).

The content of NDF in our study was not affected 
by biological inoculants during fermentation in com-
parison with the control in both cuts. These findings 
are consistent with the study realized by Jalč et al. 
(2009), where the content of NDF in cocksfoot silage 

tion activity associated with catabolism of cellulose 
and hemicellulose in inoculated forage grasses. In ac-
cordance with different findings, the DM losses of up 
to 12% are considered a reliable indicator of inoculant 
activity in silages forage (Driehuis et al., 2001).

In our work, the CSA-group showed significantly 
higher contents of DM compared to both the control 
and the BSA-group in the first cut. Moreover, the CSA-
group and the BSA-group exhibited a significantly 
higher content of DM than the untreated silage in the 
second cut.

In the first cut, the CP content of BSA-group in-
creased in comparison with the control silage. Nev-
ertheless, in the second cut, no statistical differences 
were observed. Kleinschmit & Kung (2006a) noted 
that the inoculation with Lactobacillus buchneri and 
Pediococcus pentosaceus did not affect the CP value. 
Moreover, the optimal mean concentration of CP in 
grass silage is approximately 16.0% of DM, although 
it can range from 3.9% to 28.2% of DM (Merry et al., 
2000). 

Table 5. Fermentation characteristics of cocksfoot silages - First cut 2012-2013.

Factor pH LA % AA % BA % AWE (KOH)
mg/100 g

Varieties (V)
Greenly 4.2 ± 0.0abd  7.6 ± 0.7a 1.2 ± 0.1a ND 1,239.4 ± 57.2a

Starly 4.3 ± 0.0abd  8.4 ± 0.8a 1.3 ± 0.1ab ND 1,294.1 ± 57.0a

Sw-Luxor 4.1 ± 0.1c 13.1 ± 1.6b 1.2 ± 0.1a ND 1,623.6 ± 96.4bd

Otello 4.2 ± 0.0ac 14.2 ± 1.9bc 0.9 ± 0.1c ND 1,545.6 ± 59.6bc

Husar 4.2 ± 0.0abcd 14.8 ± 1.3cd 1.3 ± 0.1ab ND 1,456.4 ± 70.8c

Amera 4.3 ± 0.1bd 14.4 ± 1.3bc 1.2 ± 0.0a 0.2 ± 0.1 1,253.0 ± 48.3a

Dika 4.2 ± 0.0ac 17.2 ± 1.8e 1.2 ± 0.1ab ND 1,687.3 ± 45.2de

Bepro 4.1 ± 0.1c 13.1 ± 1.2b 1.5 ± 0.1de ND 1,739.9 ± 112.2e

Dana 4.3 ± 0.1d 16.0 ± 1.8de 1.4 ± 0.1bd ND 1,448.2 ± 73.7c

Vega 4.2 ± 0.1abc 16.5 ± 1.6e 1.6 ± 0.1e ND 1,520.2 ± 77.0bc

p value <0.0001 <0.0001 <0.0001 <0.0001

Silage additives (SA)
US 4.5 ± 0.0a 18.6 ± 1.1a 1.5 ± 0.1a 0.1 ± 0.0 1,366.0 ± 50.5a

BSA 4.0 ± 0.0b 12.8 ± 0.3b 1.2 ± 0.1b ND 1,636.7 ± 14.7b

CSA 4.2 ± 0.0c  9.2 ± 0.5c 1.1 ± 0.1b ND 1,439.7 ± 49.1c

p value <0.0001 <0.0001 <0.0001 <0.0001

Years (Y)
2012 4.2 ± 0.0a  9.6 ± 0.3a 1.1 ± 0.0a 0.1 ± 0.0 1,615.3 ± 37.5a

2013 4.2 ± 0.0b 17.5 ± 0.8b 1.5 ± 0.0b ND 1,346.2 ± 28.3b

p value 0.0047 <0.0001 <0.0001 <0.0001
V × SA <0.0001 <0.0001 <0.0001 <0.0001
V × Y <0.0001 <0.0001 <0.0001 <0.0001
SA × Y <0.0001 <0.0001 <0.0001 <0.0001
V × SA × Y <0.0001 <0.0001 <0.0001 <0.0001

LA: lactic acid; AA: acetic acid; BA: butyric acid; AWE: acid water extracted.  US: untreated silage; BSA: biological silage additives; 
CSA: chemical silage additives.  Indices (a,b,c,d,e,f) indicate significant differences (p<0.05) using Scheffé’s test.  ND: no detected.
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sugars) from hay resulting in DM loss, increased fiber 
content, and decreased energy in the forage. Similarly, 
it is expected that DM losses for the cocksfoot will be 
low (< 2%) if rainfall occurs when the forage moisture 
content is high; but DM losses will increase substan-
tially if rainfall occurs when the forage is dry. There-
fore, silage producers have to weigh the consequences 
of delaying conservation, and the risks of damage by 
rainfall events that can occur before the wilting forage 
is harvested (Coblentz & Muck, 2012).

On the other hand, the CF and ADF fraction were 
affected in both cuts in 2013, increasing their contents 
compared to 2012. Hence, our findings are in good 
agreement with the study presented by Scarbrough et 
al. (2005) which explained that the rain damage in-
creased all fiber components excluding hemicelluloses 
in cocksfoot and bermudagrass. 

In general, based on expected vegetation changes 
and known environmental effects on forage protein, 
carbohydrate, and fibre contents, both positive and 
negative changes in forage quality are possible as a 
result of atmospheric and climatic changes (Hatfield 

did not significantly differ from untreated silage when 
the silage was treated separately with Enterocococcus 
faecium and with Lactobacillus fermentum; however, 
the treatment with Lactobacillus plantarum presented 
significant differences in comparison with the control 
(Jalč et al., 2009).

In terms of years, it is important to mention that in 
the year 2012 there was less mean annual precipitation 
and less mean annual temperature compared to 2013. 
Nevertheless, the weather change condition, character-
ized by the co-occurrence of co-varying environmental 
variables, often affects plant chemical composition 
differently, as when applied separately (Xu & Zhou, 
2006). In our experiments, the weather change condi-
tion seems to have altered the DM content in 2012 in 
both cuts. The CP content was affected in the first cut 
in 2012 compared to 2013; in the second, the results 
showed an opposite trend. There is evidence on the 
decreasing CP and increasing NDF contents induced 
by seasonal drought presented by Murillo et al. (2012). 
However, Jennings (2010) described opposite results 
when the rain will leach soluble nutrients (primarily 

Table 6. Fermentation characteristics of cocksfoot silages - Second cut 2012-2013.

Factor pH LA % AA % BA % AWE (KOH)
mg/100 g

Varieties (V)
Greenly 4.5 ± 0.1ae 8.1 ± 0.7a 0.9 ± 0.1a ND 1,301.4 ± 59.2a

Starly 4.6 ± 0.1ab 7.9 ± 0.9ab 1.0 ± 0.0bdf ND 1,265.0 ± 70.1 a

Sw-Luxor 4.3 ± 0.0c 8.4 ± 0.5a 1.1 ± 0.0c ND 1,483.9 ± 49.7b

Otello 4.5 ± 0.1de 8.2 ± 0.5a 1.1 ± 0.1cd ND 1,429.8 ± 48.1b

Husar 4.4 ± 0.0cd 7.0 ± 0.4cd 1.1 ± 0.1ce ND 1,443.3 ± 34.4b

Amera 4.5 ± 0.0de 6.5 ± 0.6d 1.2 ± 0.1e ND 1,449.5 ± 44.7b

Dika 4.6 ± 0.1ab 7.2 ± 0.8bc 1.0 ± 0.1b ND 1,317.3 ± 89.6a

Bepro 4.7 ± 0.1b 7.0 ± 0.8cd 1.0 ± 0.1bf ND 1,274.7 ± 87.0a

Dana 4.6 ± 0.1ab 7.3 ± 0.7bc 1.0 ± 0.1bdf ND 1,311.9 ± 98.8a

Vega 4.7 ± 0.1b 7.0 ± 0.7cd 1.1 ± 0.1cdf ND 1,247.8 ± 85.2a

p value <0.0001 <0.0001 <0.0001 <0.0001

Silage additives (SA)
US 4.8 ± 0.0a  8.5 ± 0.3a 1.0 ± 0.0a ND 1,194.3 ± 40.1a

BS 4.2 ± 0.0b 10.0 ± 0.2b 1.0 ± 0.0b ND 1,590.9 ± 15.5b

CSA 4.6 ± 0.0c  3.9 ± 0.3c 1.1 ± 0.0c ND 1,272.1 ± 39.8c

p value <0.0001 <0.0001 <0.0001 <0.0001

Years (Y)
2012 4.6 ± 0.0a 6.6 ± 0.3a 0.8 ± 0.0a ND 1,146.9 ± 30.0a

2013 4.4 ± 0.0b 8.3 ± 0.2b 1.2 ± 0.0b ND 1,558.0 ± 20.2b

p value <0.0001 <0.0001 <0.0001 <0.0001
V × SA <0.0001 <0.0001 <0.0001 <0.0001
V × Y <0.0001 <0.0001 <0.0001 <0.0001
SA × Y <0.0001 <0.0001 <0.0001 <0.0001
V × SA × Y <0.0001 <0.0001 <0.0001 <0.0001

See legend of Table 5.
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higher concentrations of fermentation acids, LA in par-
ticular, represent an important stress factor in the rumi-
nal digestion, leading to the accumulation of this acid 
which is known as lactic acidosis (Xu & Ding, 2011).

The decrease of concentrations of LA and AA in 
silages from the first cut observed in our study was in 
agreement with the study by Váradyová et al. (2013), 
where similar effects were reported from microbial 
inoculants compared to untreated silage of cocksfoot. 
Nevertheless, in the second cut, increased concentra-
tions of these acids were observed; hence, our findings 
are consistent with studies reported by Jalč et al. (2009) 
once more on cocksfoot.

Concerning our results on butyric acid, no BA was 
found in well-fermented silages (pH of 4.0-4.2) treated 
with biological and chemical preservatives, while un-
treated silages contained a detectable concentration of 
this acid only in the first cut. These findings are con-
sistent with the study of Ohmomo et al. (2002), who 
presented similar data in untreated grass silages with 
pH of 4.1-4.2. The occurrence of BA usually is not 
desired in silage (Danner et al., 2003) because it is 
responsible of metabolic disorder in dairy cows, world 
renowned as ketosis (Oetzel, 2007). The development 
of this acid can be prevented by inhibiting the detri-
mental effect of oxygen penetration into the silage via 
the addition of Lactobacillus buchneri (inhibitor of 
aerobic deterioration) or by wilting the forage before 
ensiling (Martínez-Fernández et al., 2010); it can also 
be controlled with a quick and strong acidification 
(Kramer, 2002). Usually, very high contents of BA in 
untreated silages are the result of clostridial metabo-
lism, resulting from contamination with soil or slurry 
(Danner et al., 2003). Furthermore, the absence of BA 
implies that the silage had not been subdued to clostrid-
ial fermentation (Krizsan et al., 2012). Hence, we as-
sume that all the silage materials had a minimum or no 
clostridial contamination, and such contamination could 
likely explain that in the first cut of untreated silage, a 
higher concentration of BA (0.1%) was detected.

The acid water extract (AWE) is an indispensable 
indicator of acidity in the ensiling crops. The compli-
ance of the titration acidity of the water extract with the 
fermentation acid concentration can be considered as 
an important indicator of the quality of the fermentation 
process (Doležal et al., 2008). Concerning the titration 
acidity in our silages, both the total content of acids and 
the content of LA were in concordance with Doležal et 
al. (2012), who reported concentrations of AWE of 
1,000–1,300 mg KOH/100 g as ideal for grass silages. 

The overall weather conditions by means of annual 
precipitation and mean annual temperature may have 
induced part of the year factor result. Undoubtedly, our 
results showed principal differences between the two 

et al., 2008). Regarding the NDF fraction, in the first 
cut, it was notably affected in the year 2013 in com-
parison to the year 2012; while in the second cut the 
NDF content did not show significant year differences. 
These facts can be due to a different rainfall patterns 
during the year, where for example, due to precipitation 
on relatively dry forage, the rain damage on forage is 
high but the fibre content components (ADF and NDF), 
which are not water soluble, increase (Jennings, 2010). 
On the other hand, usually, when linked with the dates 
harvested, with greater precipitation, there is lower 
NDF (cell wall) content in the grass (Ramirez, 2015). 

Effects of additives on fermentation 
parameters of grass silage

The exceptional activities of the biological inocu-
lants include: rapid production of LA, improvement of 
the aerobic stability of silage due to production of 
acetic acid (Kleinschmit & Kung, 2006b), detoxifica-
tion of mycotoxins, as well as inhibition of patho-
genic bacteria or fungi undesirable in silage (Li & 
Nishino, 2011), which also prevent probiotic action 
(Weinberg et al., 2004). 

In agreement with the studies reported by Kung & 
Ranjit (2001), the application of biological inoculants 
accelerated the post-ensiling decline in pH, increased 
the LA concentration, and reduced the concentrations 
of AA and BA. As soon as a low pH is achieved after 
ensiling, the aerobic microorganisms and plant enzymes 
are inhibited more rapidly, which results in reduced 
proteolysis (Zahiroddini et al., 2004). Undoubtedly, 
the process of fermentation was positively influenced 
by the use of biological inoculants. Unlike chemical 
additives, the biological inoculants increased the con-
centration of LA, and reduced the pH-value to appropri-
ate values for ensiling.

The post-ensiling drop in pH-value in both cuts in 
comparison with untreated silage, corresponds to the 
studies presented by Cherney et al. (2006) where the 
pH of silage tended to be under 4.7, which is consid-
ered acceptable for grass silages.

Lactic acid production is essential to obtain high 
quality silage. Being the most efficient fermentation 
acid, it decreases the silage pH-value more efficiently 
than other fermentation products (McDonald et al., 
2002). Compared to other fermentation acids (i.e., ace-
tic, propionic, and butyric) in silages, LA is stronger 
(Khaing et al., 2014). Furthermore, it prevents the in-
crease of undesirable bacteria (Vandenbergh, 1993). 
Thus, its concentration in silages should be at least 
65-70% of the total silage acids (Váradyová et al., 
2013). Moreover, Doležal et al. (2012) reported that 
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