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This study highlights the effect of drought and ambient 
temperature on performance and herbage quality of le-
gume monocultures and grass–legume mixtures. In a field 
experiment, the total dry matter yield, seasonal pattern 
of dry matter yield distribution, content of crude protein 
and crude fibre of monocultures of red clover and alfal-
fa and grass–legume mixtures were investigated during 
two consecutive dry years (2011‒2012). Alfalfa cultivars 
Kamila and Tereza grown as monocultures or as mixtures 
with Festulolium braunii (cultivar Achilles) outperformed 
the red clover cultivars Fresko and Veles and provided a 
well-balanced total and seasonal dry matter yield during 

both years. Across all experimental years, crude protein 
content was significantly higher at alfalfa monocultures 
and mixture when compared with clover monocultures  
(P < 0.05). However, considerable lower content of cru-
de fibre at clover monocultures in comparison with alfal-
fa ones was found. Responses of nutritive parameters of 
both legume species to weather variables were different. 
Crude protein content in red clover was independent of ra-
infall and temperature. In contrast, the crude fibre content 
correlated with temperature whereby the alfalfa mono- 
cultures showed stronger correlations (P < 0.05) than red 
clover monocultures.

Forage legumes play an invaluable role in the 
nitrogen balance and in sustainability grassland 
agriculture encompassing cold to warm climes 
(Søegaard et al. 2007). In comparison with grass-
es, forage legumes generally have higher content 
of protein, pectin, lignin, carotene and vitamins 
(Frame 2005), and therefore growing grasses and 
legumes in mixtures can improve herbage nutri-
tive value compared with grass monocultures. 

White clover (Trifolium repens L.), red clover 
(Trifolium pratense L.) and alfalfa (Medicago sa-
tiva L.) are the most widely cultivated perennial 
legumes. However, each of these legume species 
has limitations in terms of its requirements as 

regards specific soils, climate and management 
practices, and also in terms of agronomic per-
formance and nutritional features (Sturludóttir et 
al. 2013). Therefore, the choice of forage legume 
species is based on its adaptation to these fac-
tors or to their combination. In the temperate and 
maritime zones of northern and western Europe, 
white clover is the most important crop for graz-
ing, while red clover is the most important clo-
ver crop of temporary and permanent grasslands 
on moist, less fertile and acidic soils (Hejduk & 
Knot 2010). In the continental lowlands of cen-
tral and eastern Europe and in the northern coastal 
zone of the Mediterranean basin, alfalfa is widely 
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sown, and used for both grazing and as forage. 
The widespread use of alfalfa in Mediterranean 
area is particularly due to its high adaptability to 
arid climate conditions and potential yield and its 
high nutritional value (Annicchiarico et al. 2013).

Forage legumes are considered the backbone 
of the ley farming in southern regions of Slovakia 
(Jančovič et al. 2005) or in upland and mountain 
areas with high proportion of natural habitats, 
where it is necessary to produce high-quality con-
served forage for winter. Alfalfa and red clover 
are the most widespread legume species used in 
ley farming in Slovakia. Whereas alfalfa has the 
greatest productive potential in south regions with 
lower total sum of rainfall, red clover is cultivated 
mainly in upland and mountain areas with a total 
annual rainfall of more than 700 mm. 

There is increasing evidence that the climate 
has changed in central Europe during the last sev-
eral decades. The aridisation trends and shifts in 
climate zoning during the last decades were also 
reported in Slovakia (Melo et al. 2007; Takáč 
2013). The impact of drought events on yields and 
suitability of grassland and/or forage crop pro-
duction can be found in a number of studies (e.g. 
Brázdil et al. 2009; Vozár et al. 2012; Lang & 
Vejražka 2012). Increasing variability in season-
al temperature and precipitation patterns influ-
ence not only productivity, but also the growing 
season length and phenology of forage crops in 
grasslands (Chaplin-Kramer & George 2013). The 
increased temperature over growing seasons de-
crease the soluble carbohydrate content of plants, 
resulting in increased fibre content, decreased 
nutritive value and digestibility of forage grasses 
and legumes. 

Despite the environmental advantages of le-
gume forage crops (Peeters et al. 2006) and their 
beneficial effects on animal production, there 
have been only few studies in Slovakia devoted 
to yield production of forage legumes (Tóth et al. 
2002; Drobná 2009) or their nutritive value.

The objective of this study was to assess the 
impact of drought on the yield stability and qual-
ity on red clover, alfalfa and their mixtures with 
Festulolium braunii during two consecutive ex-
tremely dry years.

MATERIAL AND METHODS

In 2010, the research trial was established at 
the site of Grassland and Mountain Agriculture 
Research Institute in Banská Bystrica (48°74´N, 
19°85´E) altitude 369 m a.s.l. The site is located in 
a moderately warm region (Lapin et al. 2002). The 
climate variables (rainfall, maximum temperatures 
– Tmax and minimum temperature ‒ Tmin) were re-
corded daily and reported as mean monthly data. For 
the analysis of drought for 2011 and 2012, Koncek´s 
moisture index was used, which was calculated by 
the formula (Konček 1955):

IZ = 0.5 R + ∆r – 10T – (30 + v2)
where
R [mm] – total rainfall during the growing season 
(April‒September),
∆r [mm] – positive deviation from 105 mm of total 
rainfall for winter months (December–February),
T [°C] – mean temperature during the growing sea-
son (April‒September),
v [m/s] – mean wind speed measured at 14 h during 
the growing season (April–September). 

The value Iz > 120 indicates very moist region, Iz 

ranging from 60 to 120 characterises moist region, Iz 

from 0 to 60 is typical for moderately moist region, 
Iz from ‒20 to 0 was set for moderately dry region, 
Iz from ‒40 to ‒20 to dry region and Iz less than ‒40 
corresponds to very dry region. 

The trial was arranged in a randomised com-
plete block design with two replications on the Lep-
tic Cambisol Skeletic (IUSS Working Group WRB 
2006). The trial comprised the following six treat-
ments: Treatment 1 – monoculture of red clover cul-
tivar Fresko, Treatment 2 ‒ monoculture of red clo-
ver cultivar Veles, Treatment 3 ‒ red clover–grass 
mixture cultivar Fresko with Festulolium braunii 
cultivar Achilles, Treatment 4 ‒ monoculture of al-
falfa cultivar Kamila, Treatment 5 ‒ monoculture 
of alfalfa cutivar Tereza and Treatment 6 ‒ alfal-
fa–grass mixture alfalfa cultivar Tereza with Fes-
tulolium braunii cultivar Achilles (Table 1). Each 
plot was 7 m long and 1.5 m wide. The trial was 
established in spring 2010 without crop cover. Irri-
gation and weed/pest/diseases protection were not 
applied after sowing. The seeding rates of the mono- 
culture were 20 kg/ha for red clover and 15 kg/ha 
for alfalfa, and the seeding rates of the mixtures 
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were 26 kg/ha, where 16 kg/ha was for Festuloli-
um braunii and 10 kg/ha for red clover or alfalfa, 
respectively. The fertiliser application included 30 
kg N/ha, 30 kg P/ha and 60 kg K/ha applied before 
seeding in spring 2010; 30 kg P/ha and 60 kg K/ha 
were applied in spring 2011 and 2012. The stands 
were cut three times a year: the 1st cut was at the 
early budding stage for red clover monocultures or 
at the early flowering stage for alfalfa monocultures; 
the 2nd cut approximately 6–7 weeks later; and the 
3rd cut at the beginning of September. The cover of 
plant functional groups and plant species was visu- 
ally estimated directly in percentages in each plot 
before each cut. The dry matter (DM) yield was 
determined by drying to a constant weight at 60°C 
in an oven. The crude protein (CP) was determined 
by the Kjeldahl method (N × 6.25). The crude fibre 
(CF) was determined by the Hennenberg–Stohmann 
method (1860). DM yield, CP and CF were subject-
ed to a multifactor analysis of variance. The Pearson 
correlation was used to determine the relationship 
between two variables. Statistical analyses were 
performed using Statgraphics software version 5.0.

RESULTS AND DISCUSSION

Climatic conditions
At the Banská Bystrica site, the long-term mean 

annual rainfall is 795.5 mm, the sum of rainfall 
over growing season 431.5 mm, mean annual tem-
perature 8.1°C and mean temperature over growing 
season 14.6°C (data recorded by the Department of 
Meteorological Service in Banská Bystrica). Com-

pared with long-term averages, the sum of rainfall 
over growing season in 2011 (158.8 mm) and 2012 
(117 mm) were lower by 63% and 73%, respectively 
(Figure 1). To the contrary, mean temperatures over 
growing seasons 2011 and 2012 increased by 1.9°C 
and 1.7°C, respectively. Very low total rainfall and 
increased mean temperature over growing seasons 
in 2011 and 2012 resulted in Iz values of ‒111.20 
and ‒71.82, respectively. According to Koncek´s 
moisture index classification, both the years could 
be classified as very dry. 

DM yield
The mean total DM production of cultivars of red 

clover ranged from 3.87 t/ha (cv. Veles) to 5.13 t/ha 
(cv. Fresko). In general, the DM yield of the red clo-
ver was below the range typically reported for this 
crop. A study conducted with several populations 
and cultivars of red clover under natural conditions 
without irrigation, fertilisation and pest/disease pro-
tection in Croatia showed that the average DM yield 
ranged from 13.6 to 24.4 t/ha, respectively (Tucak 
et al. 2013). Low DM and green matter yield of 
cultivars of red clover in this study are consistent 
with the findings of Drobná (2009) who observed 
that green matter yield of three Slovak cultivars of 
red clover was 12.69, 13.8 and 13.5 t/ha. The com-
parisons of DM yield at the treatments with red clo-
ver showed differences between monocultures and 
grass–clover mixture. Table 2 provides evidence of 
the positive effects of grass–clover mixtures for DM 
yield particularly in 2011. On average, the mixture 
of red clover with Festulolium braunii overyielded 
monocultures of red clover cv. Fresko and cv. Ve-

T  a  b  l  e   1

Composition and seeding rates of legume monocultures and grass–legume mixtures

Treatment Species
Seeding rate [kg/ha]

Legume Grass Total
1 Red clover cv. Fresko 20 ‒ 20
2 Red clover cv. Veles 20 ‒ 20
3 Red clover cv. Fresko + Festulolium braunii cv. Achilles 10 16 26
4 Alfalfa cv. Kamila 15 ‒ 15
5 Alfalfa cv. Tereza 15 ‒ 15
6 Alfalfa cv. Tereza + Festulolium braunii cv. Achilles 10 16 26
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les by 25% and 45%, respectively. Similar studies 
conducted with 15 different monocultures and bina-
ry mixtures, consisting of Phleum pratense L., Poa 
pratensis L., Trifolium pratense L. and Trifolium 
repens L., showed that the mixtures were 9%, 15% 
and 7% more productive in the first, second and 
third years, respectively (Sturludóttir et al. 2013). 

Both cultivars of red clover and its mixture with 
Festulolium braunii showed higher total DM yield 
in 2011 (Table 2). In 2012 (the second harvest year), 
the highest decrease (67%) in DM production was 
observed at red clover cv. Veles. Similar to our study, 
Lang and Vejražka (2012) reported decrease in DM 
production at red clover cv. Vesna by 25% and 62% 
in 2010 (the second harvest year) and 2011 (the 
third harvest year), respectively. Frankow-Lindberg 
et al. (2009) observed a decrease of DM yield of red 
clover with time at two sites in Sweden. However, a 
decline was more rapid at the Rådde site with silty 
soils compared with Uppsala site where the soils 
were dominated by clay. The low DM yield at red 
clover observed in our study was associated with de-
cline of its proportion in the stands (Table 3). Both 
cultivars of red clover showed a remarkably higher 
cover in 2011 than in 2012 (P < 0.05). These results 
are consistent with findings of Frame (2005) who 

reported that progressive decline in annual DM pro-
duction with age is typical of clover swards due to a 
natural decline in plant population. 

Contrary to treatments with red clover, alfalfa 
plots showed significant increase in the DM yield in 
2012 (Table 2) when compared with 2011. Gherbin 
et al. (2007) observed that alfalfa grown under Med-
iterranean environments with high temperatures 
and low rainfall provided similar DM yields over a 
4-year experimental period. Monocultures of alfalfa 
outperformed the mixture of alfalfa with Festuloli-
um braunii in both years. Nevertheless, the differ-
ences were not significant. On average, the total DM 
yield ranged from 8.4 t/ha for the mixture of alfalfa 
cv. Tereza with Festulolium braunii to 9.8 t/ha for 
the alfalfa cv. Kamila. 

Seasonal pattern of DM yield distribution
Seasonal pattern of DM production is determined 

by several factors related to weather, plant biologi-
cal properties, soil characteristics and ley manage-
ment. In 2011, all of the treatments had the high-
est DM yields in the 2nd cut (Table 4). In 2012, the 
monocultures of red clover demonstrated the same 
pattern with the highest DM yields in the 2nd cut. 
To the contrary, Skinner et al. (2004) reported that 

Figure 1. Monthly mean of maximum and minimum temperatures [°C], total monthly rainfall [mm] for 2011 and 
2012, along with the long-term mean rainfall at Banská Bystrica, Slovakia
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long-term period of drought had no effect on growth 
rate of grass–clover mixtures in the 1st cut but re-
duced growth by 33% and 43% in the 2nd and the 3rd 
ones. The low values of correlation coefficients in-
dicated that neither rainfall quantity nor Tmax during 
regrowth period directly affected the DM yield at 
monocultures of red clover. The lack of correlations 
between rainfall and DM yield of red clover may 
be attributed to soil moisture retention. Queen et al. 
(2009) argue that red clover DM yield was positive-
ly correlated with soil moisture, where variation in 
soil moisture was largely determined by location 
and year. Contrary to monocultures of red clover, 
its mixture with Festulolium braunii was found 
to be positively correlated with rainfall (r = 0.67,  
P < 0.05). Higher correlation with rainfall may be 
related to higher proportion of Festulolium braunii 
in mixtures (not shown), which as a shallow-rooted 
plant is more sensitive to water availability during 
growing season than legumes. Similarly, Gutmane 
and Adamovich (2008) reported that DM yield of 
Festulolium hybrids was strongly dependent on the 
climatic conditions in the year of yield and particu-
lar period of regrowth.

In alfalfa treatments, seasonal pattern of DM 
yield distribution in 2012 differed from red clover 
treatments with the highest yield in the 1st cut and the 
lowest in the 3rd one (Table 4). On average, mono- 
cultures of alfalfa overyielded monocultures of red 

clover by 4-, 3- and 6-fold in the 1st, 2nd and 3rd cuts in 
2012, respectively. The positive influence of alfalfa 
on DM yield and its annual distribution in our study 
are consistent with the findings of Albayrak and 
Türk (2013) who noted that alfalfa grown in mono-
culture had the least yield decrease over the course 
of growing season compared with the red clover and 
the alfalfa–orchardgrass mixture. High DM produc-
tion of alfalfa monocultures was likely caused by 
its remarkably higher cover in stands (from 82% 
to 98%) during the whole growing season in 2012. 
Similar to monocultures of red clover, no relation 
between DM yield and rainfall was found at alfalfa 
monocultures (Table 4). By contrast, cover of alfalfa 
in monocultures showed negative correlation with 
rainfall (r = –0.43, P < 0.05) though not significant. 
Our findings agree with the view that alfalfa has a 
reputation of being a drought-enduring species due 
to its ability to extract water from depth in the soil if 
available (Annicchiarico et al. 2013).

Nutritive value
On average, the monocultures of red clover and 

alfalfa exhibited significantly higher CP values  
(P < 0.05) than their mixtures with Festulolium 
braunii (Table 6). Our findings are in agreement 
with Albayrak and Türk (2013) who noted that al-
falfa and clover monocultures had higher CP con-
tents than legume binary mixtures. For red clover 

T  a  b  l  e   2

Total dry mater yield [t/ha] in monocultures of red clover, alfalfa and their mixtures with Festulolium braunii

Treatment
Year

Mean
2011 2012

1 Red clover cv. Fresko 6.48 3.78 5.13B
2 Red clover cv. Veles 5.62 2.12 3.87A
3 Red clover cv. Fresko + Festulolium braunii cv. Achilles 9.03 4.58 6.81C

Mean  7.04b  3.49a ‒
4 Alfalfa cv. Kamila 7.63 12.02 9.83A
5 Alfalfa cv. Tereza 7.85 11.27 9.56A
6 Alfalfa cv. Tereza + Festulolium braunii cv. Achilles 5.83 11.31 8.47A

Mean 7.10a     11.53b ‒

Treatments means in the same rows with different lower-case letters, and treatment means with different upper-
case (in bold face) in the same columns are significantly different at P < 0.05 level according to LSD multiple 
range test
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treatments, the CP concentration ranged from 112.5 
g/kg at the 1st cut to 150.3 g/kg at the 2nd cut. Alfalfa 
treatments similar to red clover showed the highest 
CP content in the 2nd cut. Significantly higher CP 
concentration in the 2nd cut compared with the 1st 
and the 3rd ones in our study was connected with 
the highest proportion of legumes in stands in the 
2nd cuts. For red clover, monocultures and monocul-
ture of alfalfa cv. Tereza, CP content did not decline 

significantly with time in the 3rd cut, and followed 
typical patterns described by Whitehead (2000) who 
reported that the CP concentration in herbage of leg-
umes declines with increasing maturity less marked-
ly than in herbage of grasses. For grass–legume mix-
tures, the lowest CP content occurred in the 1st cut 
(94.10 g/kg, 106.82 g/kg) and the highest in the 3rd 
cut (147.61 g/kg, 146.83 g/kg). Similarly, Eriksen et 
al. (2013) found that CP concentration significantly 

T  a  b  l  e   3

Legume proportion [%] in monocultures of red clover, alfalfa and their mixtures with Festulolium braunii

T  a  b  l  e   4

Dry mater (DM) yield [t/ha] at the monocultures of red clover, alfalfa and their mixtures with Festulolium 
braunii in the 1st, 2nd and 3rd cuts [t/ha]

Treatment
Year

2011 2012
1 Red clover cv. Fresko 79.0 27.0
2 Red clover cv. Veles 82.0 26.3
3 Red clover cv. Fresko + Festulolium braunii cv. Achilles 39.7 29.0

Mean 66.9b 27.4a

4 Alfalfa cv. Kamila 77.7 97.7
5 Alfalfa cv. Tereza 72.3 97.3
6 Alfalfa cv. Tereza + Festulolium braunii cv. Achilles 39.0 81.0

Mean 63.1a 91.6b

Treatments means in the same rows with different lower-case letters are significantly different at P < 0.05 level 
according to LSD multiple range test

Tmax –  mean of maximum temperatures per cut, R – sum of rainfall per cut 1, 2, 3, 4, 5, 6 – treatments,  
r  Tmax – Pearson correlation coefficient for relationship between the DM yield and Tmax, r R – Pearson correlation 
coefficient for relationship between the DM yield and sum of rainfall per cut, + – significantly different at 95% 
level

Year Cut 
number Tmax[°C] R [mm]

Treatment
1 2 3 4 5 6

2011
1st 19.1 59.0 1.22 0.73 2.38 1.09 1.41 1.00
2nd 23.4 51.4 3.65 3.71 4.12 3.58 3.13 3.18
3rd 25.1 48.2 1.61 1.18 2.53 3.02 3.31 1.45

2012
1st 18.4 69.4 1.34 0.82 2.32 4.51 4.89 4.43
2nd 25.5 33.6 1.74 1.00 1.68 4.14 3.29 3.37
3rd 26.4 0.0 0.70 0.30 0.59 3.38 3.09 3.51

r Tmax 0.05 0.05 ‒0.32 0.23 0.04 0.03
r R 0.33 0.29    0.67+   ‒0.09 0.14   ‒0.15
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increased from 121 g/kg in the 1st cut to 223 g/kg in 
the 3rd cut. The patterns of CP content in the herbage 
of red clover–grass mixture revealed that herbage 
cut in May contained less CP than the 110 g/kg re-
quired for dairy cows (NRC 2001). The correlation 
coefficients for the relationship among CP concen-
trations and weather variables, legume proportion 
and cutting time are presented in Table 8. For red 

clover mixture, there was a positive relationship be-
tween CP and cut number, between CP and Tmax, and 
negative correlation between CP content and sum 
of rainfall. Jensen et al. (2003) observed increased 
CP concentration with water stress at the late-sea-
son harvest for ryegrass and orchardgrass cultivars. 
They explained an increase in CP content by shorter 
and cooler days during the late-season. However, 

T  a  b  l  e   6

Content of crude protein [g/kg] in monocultures of red clover, alfalfa and their mixtures  
with Festulolium braunii 

Treatments means in the same rows with different lower-case letters, and treatment means with different upper-
case (in bold face) in the same columns are significantly different at P < 0.05 level according to LSD multiple 
range test

Treatment
Cut number

Mean
1st 2nd 3rd

1 Red clover cv. Fresko 122.5 169.5 144.0 145.3B
2 Red clover cv. Veles 121.1 149.9 138.5 136.5B
3 Red clover cv. Fresko + Festulolium braunii cv. Achilles 94.1 131.6 147.6 124.4A

Mean 112.5a  150.3b  143.4b ‒
4 Alfalfa cv. Kamila 191.5 170.2 143.9 168.5C
5 Alfalfa cv. Tereza 118.1 163.6 141.7 141.1B
6 Alfalfa cv. Tereza + Festulolium braunii cv. Achilles 106.8 117.6 146.8 123.7A

Mean 138.8a  150.5b  144.1a ‒

T  a  b  l  e   5

Legume proportion [%] in monocultures of red clover, alfalfa and their mixtures with Festulolium braunii  
in the 1st, 2nd and 3rd cuts [%]

Tmax –  mean of maximum temperatures per cut, R – sum of rainfall per cut, 1, 2, 3, 4, 5, 6 – treatments,  
r  Tmax – Pearson correlation coefficient for relationship between the legume proportion and Tmax,  
r R – Pearson correlation coefficient for relationship between the legume proportion and sum of rainfall per cut,  
+ – significantly different at 95% level

Year Cut 
number Tmax[°C] R [mm]

Treatment
1 2 3 4 5 6

2011
1st 19.1 59.0 78 86 28 60 50 36
2nd 23.4 51.4 94 92 48 89 85 44
3rd 25.1 48.2 65 68 43 84 82 37

2012
1st 18.4 69.4 30 26 24 95 96 70
2nd 25.5 33.6 32 28 33 98 98 88
3rd 26.4 0.0 19 25 30 97 98 85

r Tmax ‒0.23 ‒0.24 0.49 0.51 0.50 0.36
r R   0.50   0.45   ‒0.01   ‒0.43   ‒0.43   ‒0.58+



the mean of maximum temperatures in our study did 
not significantly differ from the 2nd cut to the end of 
September. For alfalfa mixture, there were similar 
correlations between CP content and weather vari-
ables and cutting time. Contrary to red clover–grass 
mixture, there was a significant positive correlation 
between alfalfa proportion in stand and CP concen-
tration (r = 0.69, P < 0.05). This situation was due 
to the fact that alfalfa proportion was significantly 

higher (not shown) in comparison with proportion 
of red clover in grass–clover mixture. 

As would be expected, the monocultures of red 
clover had lower concentration of CF than monocul-
tures of alfalfa and mixtures (Table 7). In our study, 
there was a strong negative relationship for the 
CF concentration and clover proportion in mono- 
culture of cv. Fresko (r = –0.74, P < 0.05) and mono- 
culture cv. Veles (r = –0.78, P < 0.05). To the con-

T  a  b  l  e   7

Content of crude fibre [g/kg] in monocultures of red clover, alfalfa and their mixtures  
with Festulolium braunii 

T  a  b  l  e   8

Pearson correlation coefficients between nutritive parameters (content of CP [g/kg], CF [g/kg]) and legume 
proportion [%], cut number, sum of rainfall per cut [mm] and mean of maximum temperature [°C]

Treatment
Cut number

Mean
1st 2nd 3rd

1 Red clover cv. Fresko 198.4 256.2 268.7 241.1A
2 Red clover cv. Veles 222.2 254.5 255.2 243.1A
3 Red clover cv. Fresko + Festulolium braunii cv. Achilles 251.3 267.9 325.4 281.6B

Mean  224.0a  259.6b  283.1c ‒
4 Alfalfa cv. Kamila 186.3 295.4 328.5 270.0A
5 Alfalfa cv. Tereza 248.0 284.9 365.9 299.6C
6 Alfalfa cv. Tereza + Festulolium braunii cv. Achilles 249.2 305.9 290.8 281.9B

Mean  227.8a  295.4b  328.4c ‒

Treatments means in the same rows with different lower-case letters, and treatment means with different upper-
case (in bold face) in the same columns are significantly different at P < 0.05 level according to LSD multiple 
range test

CP – crude protein, CF – crude fibre, Tmax –  mean of maximum temperatures per cut, R – sum of rainfall per cut
+ – significantly different at 95% level

Parameter Variable
Treatment

1 2 3 4 5 6

CP [g/kg]

Legume proportion [%] 0.11 0.34 0.28 0.74+ 0.72+ 0.69+

Cut number 0.28 0.29 0.79+ 0.77+ 0.40 0.55
R [mm] 0.07 0.08 ‒0.59+ 0.55 ‒0.31 ‒0.49
Tmax [°C] 0.29 0.31 0.81+ 0.72+ 0.52 0.51

CF [g/kg]

Legume proportion [%] ‒0.74+ ‒0.78+ 0.11 0.88+ 0.69+ 0.74+

Cut number 0.45 0.27 0.75+ 0.64+ 0.70+ 0.39
R [mm] ‒0.41 ‒0.35 ‒0.43 ‒0.53 ‒0.56 ‒0.38
Tmax [°C] 0.56 0.33 0.61+ 0.70+ 0.67+ 0.57
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trary, the CF content in forage from alfalfa–grass 
mixtures was positively affected by alfalfa propor-
tion in stand. The explanation for this was that clo-
vers have generally lower fibre content than grass-
es (Sturludóttir et al. 2013) and alfalfa as well. For 
monocultures of alfalfa, the fibre concentration also 
displayed a strong positive correlation with cut-
ting time (Table 8). Our findings agree with Frame 
(2005) who reported that fibre content at alfalfa de-
creased with increasing number of cuts in a season 
by cutting at earlier stages of growth. This situation 
can be explained by alfalfa morphology mainly by 
greater leaf-to-stem ratio in comparison with clover 
and by different intensities of cell wall lignification 
of stems and leaves. Marković et al. (2012) noted 
that proportion of lignified tissue continues to in-
crease over time as the stem of alfalfa develops in 
size while leaf lignification and digestibility change 
only a little. Schönbach et al. (2012) observed that 
drought caused by water stress results in rapid plant 
maturation, fibrous and less digestible herbage. 
Similarly, Ge et al. (2011) showed that elevated am-
bient temperature induced earlier plant senescence. 
Moreover, Sanz-Sáez et al. (2012) reported that el-
evated CO2 in combination with high temperature 
reduced CP content and enhanced fibre content. In 
a study performed by Thornwaldsson et al. (2007), 
it has been shown that temperature is the climate 
factor with the strongest influence on the grass di-
gestibility. In our study, there was a non-significant 
negative correlation between CF concentration and 
sum of rainfall available to the cut. The CF content 
was positively correlated with Tmax whereby alfal-
fa monocultures showed stronger correlations with 
Tmax than clover monocultures. This difference can 
be explained by higher proportion of more fibrous 
alfalfa stems in DM yield in comparison with clover 
stands.

Within the context of impact of climate change 
on grassland management and animal nutrition, red 
clover monocultures under 3–cut system provided 
herbage of higher quality than alfalfa monocul-
tures and grass–legume mixtures. However, water 
stress in combination with higher ambient temper-
ature negatively affected persistency of red clover 
in stands. In contrast, alfalfa performed significant-
ly better, nevertheless with lower herbage quality. 
This study agrees with Sobocká et al. (2005) who 

noted that changes in plant species productivity in-
duced by climate change will lead to marked shifts 
in agro-climatic zoning, cropping patterns and intro-
duction of new crop varieties in Slovakia.

CONCLUSIONS

Our results showed the negative impact of water 
stress on red clover persistence in stands and con-
sequently on DM production and seasonal pattern 
of DM yield. To the contrary, alfalfa displayed high 
yield potential and stability during two consecutive 
dry years. As would be expected, the monocultures 
of red clover and alfalfa exhibited significantly 
higher CP content than mixtures with Festulolium 
braunii. Nevertheless, alfalfa monocultures and al-
falfa–grass mixture had higher CF concentration in 
comparison with red clover monocultures. Out of 
the weather variables, ambient temperature was the 
factor that predominantly affected concentration of 
CP and CF, especially in alfalfa monocultures. This 
study has shown the advantages of including alfalfa 
in the temporary grassland in moderately warm re-
gions. Nevertheless, the adaptation of a more suit-
able cutting management to increase the nutritive 
value of alfalfa herbage must be employed. 

Acknowledgments. This research work was fund-
ed by the research programme of the Ministry of Ag-
riculture of the Slovak Republic No. 357/2012-510 
MPRV SR “New Model of Science and Research in 
the Ministry of Agriculture of the Slovak Republic 
– Sustainable and effective grasslands management 
systems“ and by the EU Operational Programme 
“Research and Development”, ITMS 26220220042, 
“Grassland Management Handbook – Ungulate 
Game and Favourable Welfare Conditions for Black 
Grouse in Alpine Areas”, co-financed by the Euro-
pean Regional Development Fund.

REFERENCES

ALBAYRAK, S. – TÜRK, M. 2013. Changes in the forage 
yield and quality of legume-grass mixtures throughout 
a vegetation period. In Turkish Journal of Agricul-
ture and Forestry, vol. 37, no. 2, pp. 139‒147. DOI: 
10.3906/tar-1202-73.



ANNICCHIARICO, P. – PECETTI, L. – TAVA, A. 2013. 
Physiological and morphological traits associated 
with the adaptation of lucerne (Medicago sativa) to 
severely drought-stressed and to irrigated environ-
ments. In Annals of Applied Biology, vol. 162, no. 1, 
pp. 27‒40. DOI: 10.1111/j.1744-7348.2012.00576.x.

BRÁZDIL, R. – TRNKA, M. – DOBROVOLNÝ, P. – 
CHROMÁ, K. – HLAVINKA, P. – ŽALUD, Z. 2009. 
Variability of droughts in the Czech Republic, 1881–
2006. In Theoretical and Applied Climatology, vol. 
97, no. 3‒4, pp. 297‒315. DOI 10.1007/s00704-008-
0065-x.

CHAPLIN-KRAMER, R. – GEORGE, M. R. 2013. Effects 
of climate change on range forage production in the 
San Francisco Bay Area. In PLoS ONE, vol. 8, no. 3: 
e57723. DOI:10.1371/journal.pone.0057723.

DROBNÁ, J. 2009. Yield and forage quality of Romani-
an red clover (Trifolium pratense L.) varieties studied 
in Slovakia. In Notulae Botanicae Horti Agrobotanici 
Cluj-Napoca, vol. 37,  no. 1, pp. 204‒208.

ERIKSEN, J. – ASKEGAARD, M. – SØEGAARD, K. 
2013. Complementary effects of red clover inclusion 
in ryegrass-white clover swards for grazing and cut-
ting. In Grass and Forage Science, http://onlineli-
b r a r y. w i l e y. c o m / d o i / 1 0 . 1111 / g f s . 1 2 0 2 5 / a b s t r a c t . 
DOI: 10.1111/gfs.12025.

FRAME, J. 2005. Forage legumes for temperate 
grasslands. Rome : FAO, 309 pp. ISBN 92-5-105043-
0.

FRANKOW-LINDBERG, B.E. – HALLING, M. – HÖG-
LIND, M. – FORKMAN, J. 2009. Yield and stabil-
ity of yield of single- and multi-clover grass-clover 
swards in two contrasting temperate environments. In 
Grass and Forage Science, vol. 64, no. 3, pp. 236‒245. 
DOI: 10.1111/j.1365-2494.2009.00689.x.

GE, Z.M. – ZHOU, X. – KELLOMÄKI, S. – ZHANG, C. 
– PELTOLA, H. – MARTIKAINENM P.J. – WANG, 
K.Y. 2012. Acclimation of photosynthesis in a boreal 
grass (Phalaris arundinacea L.) under different tem-
perature, CO2, and soil water regimes. In Photosyn-
thetica, vol. 50, pp. 141‒151. DOI: 10.1007/s11099-
012-0014-x.

GHERBIN, P. – DE FRANCHI, A.S. – MONTELEONE, 
M. – RIVELLI, A.R. 2007. Adaptability and pro-
ductivity of some warm-season pasture species in a 
Mediterranean environment. In Grass and Forage Sci-
ence, vol. 62, no. 1, pp. 78‒86. DOI: 10.1111/j.1365-
2494.2007.00566.x.

GUTMANE, I. – ADAMOVICH, A. 2008. Analysis of 
sward management factors influencing Festuloli-
um and Lolium x boucheanum yield formation. In 
Agonomijas Vēstis (Latvian Journal of Agronomy),  
no. 10, pp.117‒122.

HEJDUK, S. – KNOT, P. 2010. Effect of provenance and 
ploidity of red clover varieties on productivity, per-
sistence and growth pattern in mixture with grass-
es. In Plant, Soil and Environment, vol. 56, no. 3.  
pp. 111‒119.

HENNEBERG, W. – STOHMANN, F. 1860. Begründung 
einer rationellen Futterung der Wiedekäuer. Vol. 1. 
Schwetschke u. Sohn, Braunschweik. Germany.

IUSS Working Group WRB. 2006. World Reference Base 
for Soil Resources 2006. World Soil Resources Reports 
No. 103. Rome : FAO, 145 pp. ISBN 9.2-5-105511-4.

JANČOVIČ, J. – ĎURKOVÁ, E. – VOZÁR, Ľ. 2005. Kr-
moviny I. Pestovanie poľných krmovín [Forage crops 
I. Field forage crop production.]. Nitra : ÚVTIP, 100 
pp. ISBN 80-89088-40-6.

JENSEN, K.B. – WALDRON, B.L. – ASAY, K.H. – JOHN-
SON, D.A. – MONACO, T.A. 2003. Forage nutritional 
characteristics of orchardgrass and perennial ryegrass 
at five irrigation levels. In Agronomy Journal, vol. 95, 
no. 3, pp. 668‒675. DOI:10.2134/agronj2003.6680.

KONČEK, M. 1955. Index zavlaženia [Moisture index]. 
In Meteorologické zprávy [Meteorological reports], 
vol. 8, no. 4, pp. 96‒99.

LAPIN, M. – FAŠKO, P. – MELO, M. – ŠŤASTNÝ, P. 
– TOMLAIN, J. 2002. Klimatické oblasti [Climatic 
regions]. In HRNČIAROVÁ, T. (Ed.) Atlas krajiny 
Slovenskej republiky [Landscape Atlas of the Slovak 
Republic]. MŽP SR, Bratislava, SAŽP SR, Banská 
Bystrica. 344 pp. ISBN 80-88833-27-2.

LANG, J. – VEJRAŽKA, K. 2012. Yields and quality of 
forage legumes under imbalanced year precipitation 
conditions on South Moravia. In Acta Universitatis 
Agriculturae et Silviculturae Mendelianae Brunensis, 
vol. 60, no. 6, pp. 217‒223.

MARKOVIĆ, J.P. – ŠTRBANOVIĆ, R.T. – TERZIĆ, 
D.V. – DJOKIĆ, D.J. – SIMIĆ, A.S. – VRVIĆ, M.M. 
– ŽIVKOVIĆ, S.P. 2012. Changes in lignin structure 
with maturation of alfalfa leaf and stem in relation to 
ruminants nutrition. In African Journal of Agricultur-
al Research, vol. 7, no. 2, pp. 257‒264. DOI:10.5897/
AJAR11.1485.

MELO, M. – LAPIN, M. – DAMBORSKÁ, I. 2007. 
Konček´s moisture index as a possible indicator of 
the aridization trends in the land. In Acta Hydrologica 
Slovaca, vol. 8, no. 2, pp. 224‒230.

NATIONAL RESEARCH COUNCIL. 2001. Nutrient Re-
quirements of Dairy Cattle. Seventh Revised  Edition. 
National Academy Press : Washington DC, 381 pp. 

PEETERS, A. – PARENTE, G. – LE GALL, A. 2006. Tem-
perate legumes: key-species for sustainable tempera-
te mixtures. In Grassland Science in Europe, vol. 11,  
pp. 205‒220.

QUEEN, A. – EARL, H. – DEEN, W. 2009. Light and 
moisture competition effects on biomass of red clo-
ver underseeded to winter wheat. In Agronomy Jour-
nal, vol. 101, no. 6, pp. 1511‒1521. DOI:10.2134/ag-
ronj2008.0163.

SANZ-SÁEZ, A. – ERICE, G. –AGUIRREOLEA, J. – 
MUNOZ, F. – SÁNCHEZ-DÍAZ, M. –IRIGOYEN, J. 
J. 2012. Alfalfa forage digestibility, quality and yield 
under future climate change scenarios vary with Si-
norhizobium meliloti strain. In Journal of Plant Phys-
iology, vol. 169, no. 8, pp. 782‒788. DOI: 10.1016/j.
plph.2012.01.010.

SCHÖNBACH, P. – WAN, H. – GIERUS, M. – LOGES, 
R. – MÜLLER, K. – LIN, L. – SUSENBETH, A. – 
TAUBE, F. 2012.Effects of grazing and precipitation 
on herbage production, herbage nutritive value and 
performance of sheep in continental steppe. In Grass 

176

Agriculture (Poľnohospodárstvo), 59, 2013 (4): 167−177



177

Agriculture (Poľnohospodárstvo), 59, 2013 (4): 167−177

and Forage Science, vol. 67, no. 4, pp. 535‒545. 
DOI: 10.1111/j.1365-2494.2012.00874.x. 

SKINNER, R.H. – GUSTINE, D.L. – SANDERSON, M.A. 
2004. Growth, water relations and nutritive value of 
pasture species mixtures under moisture stress. In 
Crop Science, vol. 44, no. 4, pp. 1361‒1369. 

SOBOCKÁ, J. – ŠURINA, B. – TORMA, S. – DODOK, R. 
2005. Klimatická zmena a jej možné dopady na pôdny 
fond Slovenska  [Climate change and its possible im-
pacts on soil fund of Slovakia.]. Bratislava : VUPOP, 
46 pp. ISBN 80-89128-15-7.

SØEGAARD, K. – GIERUS, M. – HOPKINS, A. – HAL-
LING, M. 2007. Temporary grassland – challenges in 
the future. In Grassland Science in Europe, vol. 12,  
pp. 27–38.

STURLUDÓTTIR, E. – BROBHY, C. – BÉLANGER, 
G. – GUVSTANSSON, A.M. – JØRGENSEN, M. – 
LUNNAN, T. – HELGADÓTTIR, Á. 2013. Benefits 
of mixing grasses and legumes for herbage yield and 
nutritive value in Northern Europe and Canada. In 
Grass and Forage Science, http://onlinelibrary.wiley.
com/doi/10.1111/gfs.12037/abstract. DOI: 10.1111/
gfs.12037.

TAKÁČ, J. 2013. Assessment of drought in agricultural 
regions of Slovakia using soil water dynamic simula-
tion. In Agriculture (Poľnohospodárstvo), vol. 59, no. 
2, pp. 74‒87. DOI: 10.2478/agri-2013-0007.

THORNVALDSSON, G. – TREMBLAY, G.F. – 
KUNELIUS, H.T. 2007. The effects of growth temper-
ature on digestibility and fibre concentration of seven 
temperate grass species. In Acta Agriculturae Scandi-
navica Section B – Soil and Plant Science, vol. 57, no. 
4, pp. 322‒328. DOI: 10.1080/09064710600984221.

TÓTH, Š. – PORVAZ, P. – KOTOROVÁ, D. 2002. The 
influence of selected soil physical parameters on 
the alfalfa hay production. In Agriculture (Poľno-
hospodárstvo), vol. 48, 2002, no. 9, pp. 464‒471.

TUCAK, M. – POPOVIĆ, S. – ČUPIĆ, T. – ŠPANIĆ, V. 
– MEGLIČ, V. 2013. Variation in yield, forage qual-
ity and morphological traits of red clover (Trifolium 
pratense L.) breeding populations and cultivars. In 
Zemdirbyste-Agriculture, vol. 100, no. 1, pp. 63‒70. 
DOI: 10.13080/z-a.2013.100.009.

VOZÁR, Ľ. – JANČOVIČ, J. – KOVÁR, P. – BAČOVÁ, 
S. 2012. Adaptability of permanent grassland to 
drought. In Journal of Life Sciences, vol. 6, no. 9,  
pp. 1057‒1060.

WHITEHEAD, D.C. 2000. Nutrient elements in grass-
land: soil-plant-animal relationships. Wallingford : 
CABI Publishing, 369 pp. ISBN 0-85199-437-7.

Received: September 13, 2013


