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ABSTRACT

According to the common protocol of working group 3 within COST 852 two field experi-
ments have been carried out at HBLFA Raumberg-Gumpenstein, Austria. Comprehensive
recordings and analyses have been made during 3 years focussing on yield productivity, fo-
rage quality and botanical composition of the established mixtures. Special attention was
given to different legume species and on their function for grassland ecosystems. Conside-
rable differences between legume species concerning yield, competitiveness, forage quality
and energy yield were found.

INTRODUCTION

For most of the Austrian grassland and dairy farmers home-grown forage from meadows and
pastures is a substantial element of sustainable farming management. Different measures,
aiming at the improvement of forage quality, are therefore of great interest for practice and
research. Especially on extensive grassland farming systems, organic farms and integrated
farms, biological N-fixation plays an important role in terms of nutrient fluxes and nitrogen
budget. Regarding the importance of legumes for agriculture and the insufficiently explained
effects of climatic conditions, as the main topic of COST 852, field experiments have been
established at the Federal Research and Education Centre for Agriculture at Raumberg-Gum-
penstein located in the mountainous region of Austria.

MATERIAL AND METHODS

The field experiment design at Gumpenstein mainly followed the common protocol of wor-
king group 3 (Figure 1). Both unfertilised field trials were established in 2002, using the
below-mentioned seed amounts and kept for three vegetation periods from 2003 to 2005.
Besides phenological observations, the proportion of grasses, legumes and herbs have been
estimated and measured by separation for each growth. Yield data (fresh mass and dry mat-
ter), content of crude nutrients, digestibility of organic matter and energy content have been
analysed for all treatments.

The separated forage samples have been analysed for digestibility of organic matter by the
two-stage technique for in vitro digestion of forage crops (Tilley and Terry 1963). Energy
concentration was predicted on the basis of DOM by means of regression equations.

RESULTS AND DISCUSSION

There were significant differences between the treatments concerning dry matter production
within the two cutting systems (Figure 2). In the pure grass stands the average yield amoun-
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Figure 1: Botanical composition of the swards at Pleven and Troyan (av. 2004-2005) plotted
against sown percentage of legumes. G1 Ryegrass, G2 Cocksfoot, L1 Red clover, L2 White
clover
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(b) Troyan
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CONCLUSIONS

For the conditions of Pleven, red clover was the highest dry matter productive species and
dominated the yields of plots with clover. Mixtures did not outperform average monocultures
at either site. In both sites weed infestation was less in mixture than monoculture but the
overall level of unsown species was much greater in Troyan than Pleven.
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Figure 1: Design of the COST 852 field experiment at HBLFA Raumberg-Gumpenstein

Figure 2: Yield productivity during the observation period (left chart = 3 cut system, right
chart = 5 cut system)

ted to 47 resp. 49 dt dry matter per ha and year which represents the natural potential of the
site. The effect of legumes as an important companion plant for grasses is impressively de-
monstrated by much higher yields for the combination of ryegrass with white clover, red
clover and bird´s foot trefoil. The most productive and stable combination during the whole
period was ryegrass with white clover both in the 3 cut and in the 5 cut experiment. Bird´s
foot trefoil performed sufficiently in the 3 cut system, whereas lucerne showed a disappoin-
ting performance at all, mainly caused by a low pH-value (5.0) and by insufficient soil phos-
phorus content (4 mg P per 100 g fine soil). With the exception of ryegrass in combination
with red clover and bird´s foot trefoil, which are sensitive to higher utilisation frequency,
there were no significant differences in the yield production between the two cutting regimes.
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Table 2: Total annual yield (kg ha-1) at five levels of legumes in sown mixture for two sites

Legume % Pleven Troyan P value for comparisons Pleven Troyan

100 13027 6014 100 vs 0 0.000 0.152
80 11198 5652 100 vs 50 0.239 0.354
50 11370 5438 50 vs 0 0.000 0.417
20 11015 5877
0 5114 4935

Pleven, and three and two cuts for Troyan, respectively. Dry matter yields and botanical
composition data were recorded.

RESULTS AND DISCUSSION

There was no significant increase in dry matter yield between monoculture and mixtures of
either medium or high evenness at either Pleven or Troyan (Table 1).  Monoculture yield was
not significantly different from average mixture yield at either site. There was no effect of
density at either site nor was there an evenness x density interaction.

Table 1: Total annual yield (kg ha-1) at three levels of evenness and two densities for Pleven
and Troyan sites averaged over harvest years 2004 and 2005. The levels of evenness are
L: monoculture, M: mixtures dominated (70%) by one species and H: mixtures dominated by
two species. (40% of each and a mixture with each species equally represented). Densities are
High: local recommended sowing rate and Low: 60% of the local recommended sowing rate.

LvM L v H M v H Mono vs Mixed
Evenness L M H p value p value p value p value

Pleven 9071 11260 11207 0.173 0.135 0.97 0.109
Troyan 5474 6075 5354 0.222 0.779 0.102 0.723

Density Low High p value
Pleven 10384 10919 0.643
Troyan 5859 5298 0.122

Total yields in plots with legumes exceeded the yield of monoculture grass plots for Pleven
(p<0.001) but not Troyan (Table 2). Most of the yield in plots with legumes was from red
clover in Pleven (Figure 1a) but this was not as marked in Troyan (Figure 1b). For plots with
legumes the yield was not related to legume content for either site. There was no legume
content x density interaction at either site.

In Pleven red clover dominated in all mixed swards, with white clover contributing only a
small amount and grasses only about 25% across mixtures (Figure 1a). The proportion of
unsown species was about twice as high in grass and legume monocultures as in mixtures. In
Troyan, legumes contributed somewhat less than grasses across mixtures and neither red nor
white clover dominated the legume component (Figure 1b). Unsown species contributed about
50% in grass and legume monocultures and about half that across mixtures (Figure 1b).
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These results indicate the limitation of yield production by the site conditions, which in practice
lead to a typical 3 cut system with possibly one additional grazing activity in favourable
years.

Figure 3 is showing the proportion of grasses, legumes and herbs within the different treat-
ments of the 3 cut regime during the whole observation period. Generally the proportion of
herbs decreased in all treatments, whereas grasses and legumes developed variably. In the
unfertilised pure grass stand there was an increasing invasion of white clover over the years,
which certainly has positively influenced yield production. The treatment with ryegrass and
white clover showed a very stable botanical situation during the years, whereas red clover and
bird´s foot trefoil declined. The proportion of lucerne increased but there was also a stronger
invasion of white clover. Generally the proportion of legumes in the observed treatments has
been reflected in the yield productivity of the different mixtures.

Figure 3: Proportion of grass, legumes and herbs during the observation period from 2003-2005

Table 1 and 2 include the results of the different legumes and of ryegrass (both from the blank
seed and from the mixtures) for the years 2003 and 2004.

In both years the digestibility of organic matter of the forage samples was low but with the
exception of white clover within the range of the data given in the German feeding value table
(DLG-Futterwerttabelle 1997), which is also used in Austria for feeding calculations. This is
mainly caused by the relatively long growth period, which leads to higher contents of hardly
digestible or indigestible substances in plants. Bird´s foot trefoil showed significantly lower
digestibility values than all other legumes, which might have been caused by a higher concen-
tration of condensed tannins. There was a significant impact of the companion legumes on the
quality of ryegrass, which once more underlines the importance of legumes for agriculture.

Table 1: Digestibility of Organic Matter (DOM %) - average of three cuts/year

bird´s foot ryegrass ryegrass
white clover red clover trefoil lucerne (blank seed) (from mixtures)

2003 71.4 68.6 57.8 65.0 70.5 71.5
2004 72.4 66.0 57.4 62.8 72.4 74.0
DLG 80-81 61-79 n.a. 57-75 68-83 n.a.
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COST 852 - Results of Common experiment
under contrasting conditions in Bulgaria
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ABSTRACT

A field trial was carried out according to the common methods of COST 852 (www.
cost852.com) to determine the advantages of grass-legume mixtures in two different regions
of Bulgaria. There was no significant mixture advantage at either site. In Pleven red clover
was the most productive species but this was not observed in Troyan. Mixtures had lower
infestation of unsown species at both sites but the levels of infestation were much higher in
Troyan.

Keywords: grass/legume mixtures, dry matter yield, sowing density

INTRODUCTION

To obtain a higher yield of dry matter with better quality, as well as to decrease infestation of
unsown species, grasses are grown in mixture with legumes. Legume/grass mixtures are more
resistant to invasion and often perform better than pure swards (Mannetje 2006). The choice
of proper combinations of grasses and legumes and their varieties is important to ensure a
persistent and balanced mixture (Peeters et al. 2006). Legume based systems are known to
contribute to sustainable, environmentally friendly agriculture (Porqueddu et al. 2003). The
aim of this study was to assess legume based mixture swards in the environmental conditions
in Central North Bulgaria.

MATERIALS AND METHODS

Experiments with 30 plots, within the common protocol of COST Action 852, were establis-
hed in 2003 at Pleven and Troyan in Central North Bulgaria. Pleven is situated in a plain
region at 168 m altitude (leached chernozem soil type), and Troyan is situated at the foot of
the Balkan Mountains at 362 m altitude (gray forest soil type). Pure swards and eleven mix-
tures of two grass (Lolium perenne L. and Dactylis glomerata L.), and two legume (Trifolium
pratense L. and Trifolium repens L.) species were sown under high (local recommended
sowing rate) and low (60% of the local recommended sowing rate) densities. The eleven
mixtures consisted of four dominated (70%) by each species in turn, six dominated by each
pair of species (40% of each) and one in which all species were equally represented (25% of
each) at sowing. The plots were arranged in two parallel lines, each with 15 plots, for the high
and the low density, respectively. The plot size was 2 x 3 m, and before each cut a strip, 0.5 m
wide, of each edge of the plot was cut to avoid the border effect. Samples for botanical com-
position were taken from a fixed quadrate (0.5 x 0.5 m) situated at the centre of each plot. The
swards were cut at 5 cm height. One cut in the first year (2003) was obtained for the conditi-
ons in Pleven and Troyan (data not shown). Four cuts in 2004 and 2005 were obtained for
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Table 2: Energy concentration (MJ Net Energy Lactation/kg DM) - average of three cuts/year

bird´s foot ryegrass ryegrass
white clover red clover trefoil lucerne (blank seed) (from mixtures)

2003 5.8 5.5 4.3 5.1 5.8 5.9
2004 6.0 5.2 4.3 4.9 6.0 6.3
DLG 6.5-7.1 5.0-6.9 n.a. 5.1-6.3 5.5-7.1 n.a.

The energy concentrations for the analysed samples are low compared with DLG data and
show great differences within the legumes (Table 2). Again the positive impact of legumes on the
quality of the companioned grass is visible by higher energy concentration especially in 2004.

The product of dry matter yield and energy concentration results in the energy yield (MJ
NEL/ha), which is presented in Figure 4. The pure, unfertilised grass stand amounted to app.
15,000 MJ NEL/ha and year, which is comparable with the data of extensively managed
alpine and mountainous grassland in Austria. The highest energy yield resulted from the
mixture of ryegrass and red clover in 2003 with more than 55,000 MJ NEL/ha, which is
within the range of ley farming areas and intensively used grassland. Mixtures with ryegrass
and white clover or red clover showed the best overall productivity for the two years period
followed by mixtures with ryegrass and bird´s foot trefoil or lucerne.

Figure 4: Quality yield (MJ NEL/ha) during the observation period from 2003-2004

CONCLUSIONS

The results of the Austrian field experiment within COST 852 clearly demonstrate the func-
tion and importance of legumes for grassland ecosystems. There were considerable diffe-
rences between legume species concerning dry matter yield, competitiveness, forage quality
and energy yield production. All these aspects have to be considered for the selection of
legumes and for their usage in seed mixtures. Concerning the relatively low digestibility and
energy concentration, grass and legume cultivars have to be chosen, which are well adapted
to the site conditions.
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