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Abstract

The paper presents the effect of weather variables on performance and herbage quality of legume
monocultures and grass-legume mixtures. In a field experiment, the total dry matter yield and its
distribution during the growing period, content of crude protein and fibre of monocultures of Trifolium
pratense and Medicago sativa and grass-legume mixtures under the climatic conditions of hilly region in
Central Slovakia during two dry years was investigated. Medicago sativa cv. Kamila and Tereza grown as
monocultures or as mixtures with Festulolium braunii (cv. Achilles) outperformed Trifolium pratense
cv. 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 Medicago sativa
monocultures and mixtures when compared to T7ifolium pratense monocultures (2<0.05). Responses
of nutritive parameters of both legume species to weather variables were different. The crude protein
content in Trifolium pratense was independent of rainfall and temperature. In contrast, the fibre content
correlated with temperature; correlations were stronger for Medicago sativa monocultures (P<0.05) than
Trifolium pratense monocultures.
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Introduction

Forage legumes are considered to be the backbone of ley farming in southern regions of Slovakia (Jancovi¢
et al., 2005) and in upland and mountain areas with high proportions of natural habitats, where it is
necessary to produce high-quality conserved forage for winter. Whereas Medicago sativa has the greatest
productive potential in southern regions with a lower total rainfall, Trifolium pratense is cultivated mainly
in upland and mountain areas with total annual rainfall of more than 700 mm. Increasing variability in
the seasonal temperature and precipitation patterns influences not only productivity (Chaplin-Kramer
and George 2013), but affects the nutritive value and digestibility of forage grasses and legumes. The
objective of this study was to assess the impact of drought on the yield stability and quality of Trifolium
pratense, Medicago sativa and their mixtures with Festulolium braunii during two consecutive extremely
dry years.

Materials and methods

In 2010, the trial was established in Bansk4 Bystrica (48°74'N, 19°85 'E; altitude 369 m.a.s.l.). The site
is located in a moderately warm region and on soil classified as Leptic Cambisol Skeletic. The climate
variables (rainfall - R, maximum temperatures — Tmax) were recorded daily. The trial was arranged in a
randomized complete block design with two replications. The trial comprised the following 6 treatments:
Treatment 1 — 7. pratense ('TP) cv. Fresko; Treatment 2 — TP cv. Veles; Treatment 3 — mixture of TP
cv. Fresko with Festulolium braunii cv. Achilles; Treatment 4 — M. sativa (MS) cv. Kamila, Treatment
S — MS cv. Tereza; Treatment 6 — mixture of MS cv. Tereza with Festulolium braunii cv. Achilles. The
seeding rates of the monoculture were 20 kg ha'! for TP and 15 kg ha'! for MS and the seeding rates of
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the mixtures were 26 kg ha'l, of which 16 kg ha! was for Festulolium braunii and 10 kgha™! for TP or MS,
respectively. The fertiliser application included 30 kg N ha'l, 30 kgP ha'land 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 dry matter (DM) yield was determined by drying to a constant weight at
60 °C in an electric drier. The crude protein (CP) was determined by the Kjeldahl method (N x 6.25).
Fibre was determined by the Hennenberg-Stohmann method. DM yield, CP and fibre were subjected
to a multi-factor analysis of variance (ANOVA). Statistical analyses were performed using Statgraphics
software version 5.0.

Results and discussion

The DM yield of TP was below the range typically reported for this crop (Tucak ez a/., 2013) and varied
from 3.87 Mgha'! (cv. Veles) to 5.13 Mg ha'! (cv. Fresko) (Table 1). The mixture of TP with Festulolium
braunii overyielded TP cv. Fresko and TP cv. Veles by 25 and 45%, respectively.

In 2012, the largest decrease (67%) in DM production was observed in TP cv. Veles (Treatment 2). In
contrast to TP, treatments with MS showed a significant increase in DM yield in 2012 (Table 1) when
compared to 2011. In 2011, in all treatments the highest DM yields were obtained in the 27 cue. In
2012, TP demonstrated the same pattern with the highest DM yields in the 214 cut. The low values for
the correlation coefficients indicated that neither rainfall amount nor T during the regrowth period
directly affected the DM yield of TP (Table 2). In contrast to the TP monocultures, the mixture of TP
with Festulolium braunii was positively correlated with rainfall (r=0.67, P<0.05). The higher correlation
with rainfall may be related to higher sensitivity of Festulolium braunii to water availability during
growing scason, compared with that of legumes. Similarly, Gutmane and Adamovich (2008) reported
that the DM vyield of Festulolium hybrids was strongly dependent on the weather conditions in the year
of assessment, and particularly the period of regrowth. Similar to TP, no relation between DM yield and
rainfall was found for MS (Table 1). On average, TP and MS exhibited significantly higher CP values
(P<0.05) than their mixtures with Festulolium braunii (Table 2). MS and TP monocultures had the
highest CP content in the 20d eyt

Table 1. Dry matter yield (Mg ha™") of the monocultures of Trifolium pratense (TP), Medicago sativa (MS) and of their mixtures with Festulolium
braunii (FB) in the 15t, 21 and 3" cut, and Pearson correlation coefficients between the dry matter yield and sum of rainfall per cut (mm; rp)
and mean of maximum temperature (°C; rTmax).

Year Cut number T R Treatment!
1 2 3 4 5 6
201 18 19.1 59.0 1.22 0.73 238 1.09 141 1.00
2 234 51.4 3.65 3.7 4.12 3.58 3.13 3.18
3 25.1 48.2 1.61 1.18 2.53 3.02 331 1.45
Total DM yield 6.48 5.62 9.03 7.63 7.85 5.83
2012 1 18.4 69.4 1.34 0.82 232 451 4.89 443
2 255 33.6 1.74 1.00 1.68 4.14 3.29 337
3 26.4 0.0 0.70 0.30 0.59 3.38 3.09 3.51
Total DM yield 3.78 212 4.58 12.02 11.27 11.31
- 005 005 032 0B 04 003
rR2 0.33 0.29 0.67* -0.09 0.14 -0.15

TTreatment 1: TP cv. Fresko; Treatment 2: TP cv. Veles; Treatment 3: TP cv. Fresko with Festulolium braunii cv. Achilles; Treatment 4: MS cv. Kamila, Treatment 5: MS cv. Tereza; Treatment
6: MS cv. Tereza with Festulolium braunii cv. Achilles.
2* Positive correlation with rainfall (P<0.05).
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Table 2. Mean content of crude protein (g kg'1), fibre (g kg‘1) and Pearson correlation coefficients between the content of crude protein (g kg'1),
fibre (g kg'1), sum of rainfall per cut (mm; rp) and mean of maximum temperature (°G; rTmax)

Cut Crude protein Fibre

Treatment! Treatment!

1 2 3 4 5 6 1 2 3 4 5 6
1ot 123 121 94 192 118 107 1984 2222 2513 1863 2480 2492
2 170 150 132 170 164 118 2562 2545 2679 2954 2849 3059
3 144 139 148 144 142 147 2687 2552 3254 3285 3659  290.8
Mean 2 143b 1370 124 169¢ 1410 1242 24100 24370 2816 27000 2996 2819
(- 0.07 0.08 0.59% 055 <031  -049 041 -035  -043 053  -056  -038
= 0.29 031 0.81 072¢ 052 051 0.56 033 061%  070%  067% 057

TTreatment 1: TP cv. Fresko; Treatment 2: TP cv. Veles; Treatment 3: TP cv. Fresko with Festulolium braunii cv. Achilles; Treatment 4: MS cv. Kamila, Treatment 5: MS cv. Tereza; Treatment
6: MS cv. Tereza with Festulolium braunii cv. Achilles.

2The values in the same row with different superscript letters are significantly different at <0.05.

3 * Significantly different at the 95% level.

For grass-legume mixtures, there was a positive relationship between CP contentand T, and a negative
correlation between CP content and total rainfall. The TP monocultures had a lower concentration
of fibre than both MS monocultures and legume mixtures (Table 2). In our study, there was a non-
significant negative correlation between fibre concentration and T __ . The fibre content was positively
correlated with sum of rainfall available for the cut.

Conclusions

The results showed significant impact of water stress on DM production of Trifolium pratense and seasonal
pattern of DM yield. In contrast, Medicago sativa displayed high yield potential and stability during two
consecutive dry years. As would be expected, legume monocultures exhibited significantly higher CP
content than mixtures with Festulolium braunii. Ambient temperature was the weather variable that
predominantly affected the concentration of CP and fibre, especially of Medicago sativa monocultures.
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