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ABSTRACT
Species-rich seed mixtures in a mountain environment at middle and high altitude, primarily
aiming at site-specific vegetation for nature protection rather than to the production of forage,
have gained significance in recent years. In a time of the relegation and destruction of exten-
sively used grassland, the areas suitable for restoration must also be seen as areas of potential
ecological balance. A prerequisite for the successful realisation of these aims is the produc-
tion and availability of seed of suitable site-specific species.
Four different leguminosae (Anthyllis vulneraria ssp. alpestris, Trifolium alpinum, Trifolium
badium and Trifolium pratense ssp. nivale), all naturally occurring in the middle and higher
zones of the Alps, were investigated during the last decade. The possibilities and conditions
of their successful seed production as well as their applicability for agricultural utilisation
were assessed. All four species proved to be suitable for restoration and agricultural utilisati-
on of areas in the middle and higher zones of the Austrian Alps. The seed production of
Trifolium alpinum and Trifolium badium is considered too expensive because of a very slow
juvenile growth, low competitiveness and seed yields clearly below 100 kg ha-1. The
seed production of Anthyllis vulneraria ssp. alpestris and Trifolium pratense ssp. nivale is
more realistic and can be recommended for site-specific seed mixtures in the sub-alpine and
alpine vegetation belt.
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INTRODUCTION
Due to the climatic and edaphic constraints at high altitudes of the Alpine area, the use of site-
specific seed mixtures has gained more and more significance in recent years. Above all in
restoration activities connected with large building projects (separation of wood and pasture,
revitalisation and improvement of sub-alpine and alpine grassland, ski lifts, ski runs, snow-
making facilities, reservoir power stations, roads and tourist infrastructure), this type of resto-
ration has become prominent (Krautzer et al. 2006). However, together with the standard
demands of rapid surface protection, restoration stability and forage quality, the function of
protecting biotopes is to be increasingly considered. In a time of the relegation and destruc-
tion of extensively used grassland, the areas suitable for restoration must also be seen as areas
of potential ecological balance. If these aims are to be met the production, the availability and
the use of seed of suitable site-specific species must be taken care of.
During the last fifteen years, research work was carried out in order to test the possibilities
and conditions of the successful use of site-specific species, occurring naturally in the middle
and higher zones, in landscape construction. Detailed instructions for the economic seed pro-
duction and use of four different sub-alpine and alpine leguminosae were assessed in Austria,
Italy and Germany.
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Table 2: Legume yield (%) as proportion of total annual DM yield (SE = 4.2)

2004 2005
species/system 3 cut 5 cut grazing 3 cut 5 cut grazing

WCG 35.9 a 39.1 a 34.4 a 32.4 b 53.3 a 29.0 b

RCG 63.7 *a 65.1 *a 45.5 b 41.1 b 61.8 a 46.1 *b

LGG 64.8 *a 73.9 *a 47.8 *b 44.9 b 59.7 a 42.1 *b

BTG 54.1 *a 50.6 *a 26.6 b 20.5 a 13.0 *a 8.5 *a

* significant different to WCG (P < 0.05) within system a,b significant differences between systems (P < 0.05)

within the different legume/grass-swards, no significant differences could be found for any
legume/grass-sward. An exception is WCG, which showed a higher N yield under grazing
(26.0 g N m-2) compared to the two cutting systems (3 cut with 18.6 g N m-2, and 5 cut with
21.9 g N m-2).
For the legume proportion of total annual DM yield, the interaction legume species*
system*year was significant. In 2004 all legumes had a higher proportion in the cutting sys-
tems compared to WCG. In the grazing system only LGG (48.8%) showed a higher legume
proportion compared to WCG (34.4%) (Table 2). Considering the cutting systems in 2005, no
significant differences could be found in comparison to WCG, except BTG in the 5 cut sys-
tem (13.0%). BTG had a lower legume proportion also under grazing (8.5%) compared to the
WCG (29.0%). Regarding the different management systems within legume species in 2004,
the grazing system decreased the legume proportion of all legume species significantly in
comparison to the cutting systems, except WCG (Table 2).

DISCUSSION
Differences in N yield between the different swards compared to WCG could be explained by
the variable legume proportions. As shown in Table 2, BTG reached low legume proportions,
especially in 2005, which resulted in significant lower N yields in the 5 cut system and the
grazing system compared to the WCG ones. On the other hand a higher DM yield of WCG
also resulted in a higher N yield. BTG is mentioned as a forage legume, which is not very easy
to establish and is adapted to moderate grazing (Sheaffer et al. 1992, Brummer and Moore
2000). The results show a good performance of BTG in the 3 cut system.

CONCLUSION
BTG should be considered very critically as an alternative forage legume for WCG, as it
showed a lower performance in the 5 cut and grazing systems compared to WCG. Because
of their comparable performances, RCG and LGG can be used as alternatives to WCG espe-
cially in cutting systems. WCG showed the highest performance in the grazing system. The
results suggest that different legume species can provide high yields in comparison to WCG
swards under cutting systems, while the lower yields of the different legume species in com-
parison to WCG may limit their utilization in grazing systems.
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vegetation belt                   parent rock            moisture
species montane subalpine alpine silicious calcareous dry wet

Anthyllis vulneraria ssp. alpestris + (+) - (-) + + -
Trifolium alpinum - (+) + + - (+) (+)
Trifolium badium (+) + + + + + +
Trifolium pratense ssp. nivale - + + + (+) (+) +

tolerance against nutritional sward
species fertilisation cutting trampling value density

Anthyllis vulneraria ssp. alpestris (+) (-) (+) (-) -
Trifolium alpinum + + + + -
Trifolium badium (+) + + + (-)
Trifolium pratense ssp. nivale (+) + + + (-)

+ = very good, (+) = good, (-) = poor, - = very poor

Table 2: Important characteristics and suitability for agricultural use

MATERIAL AND METHODS
Seeds of Anthyllis vulneraria ssp. alpestris (Alpine Kidney-vetch), Trifolium alpinum (Alpi-
ne clover), Trifolium badium (Brown clover) and Trifolium pratense ssp. nivale (Snow clo-
ver), all occurring naturally in the middle and higher zones of the Alps (Hegi 1975), were
collected from natural plant stands in the Alps and important characteristics for their general
suitability for agricultural use were assessed (Krautzer 1995). In order to develop and optimi-
se the seed propagation in lowland regions, different trials on small (trial range 3-15 m2) and
large scale (trial range 350-8 000 m2, see Table 1) were established at differing altitude in
Austria and Germany (Krautzer et al. 2003). Several observations and assessments were car-
ried out in order to get basic knowledge about seed properties, field preparation, mainten-
ance, fertilization, weed and disease control as well as harvesting methods, yield and product
quality (Peratoner 2003, Krautzer et al. 2004).

Table 1: Description of sites

Site Country Altitude pH CaCl2 Soil type Soil texture

Hochwurzen Styria, A 1.830 6.6 leptosol gravelly loamy sand
Gumpenstein Styria, A 710 5.2-6.4 cambisol loamy sand to silty sand
Hebenshausen Hessen, D 220 6.5-7.1 luvisol silt loam

RESULTS AND DISCUSSION

Suitability for agricultural use
Investigations on natural plant stands of all four assessed species showed different distributi-
on as well as different demands on soil properties and different tolerance against agricultural
utilisation (Table 2). In general, all four species can be considered suitable for the use in site-
specific seed mixtures at middle and high altitude in mountain environment.
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Table 1: Total annual DM yield (g DM m-²), (SE = 44.4) and N yield (g N m-²), (SE = 1.25) of
the different legume/grass swards

                     3 cut system                   5 cut system                     grazing
species/system DM yield N yield DM yield N yield DM yield N yield

WCG 805.5 b 18.6 b 718.2 b 21.9 b 1059.2 a 26.0 a

RCG 895.5 a 22.0 a 678.5 b 21.1 a 842.9 *a 24.8 a

LGG 877.6 a 23.8 a 712.6 b 25.0 a 882.1 *a 26.9 a

BTG 736.1 a 17.2 a 528.4 *b 14.1 *a 854.5 *a 15.7 *a

* significant different to WCG (P < 0.05) within system a,b significant differences between systems P < 0.05)

cerne/perennial ryegrass) and BTG (birdsfoot trefoil/perennial ryegrass). For the 3 cut system
the legume/grass-swards were harvested either 4 times (2004) or 3 times (2005), i.e. the first
cut in spring was at ear emergence of perennial ryegrass and afterwards at every 50±5 days,
as described in the common protocol of COST 852. For the 5 cut system the legume/grass
swards were harvested 5 times in 2004 as well as in 2005, i.e. the first cut was at detectable
node of the grass and subsequent cuts after 30±3 days. For the grazing system, the legume/
grass-swards were rotationally grazed 5 times/year in 2004 just as 2005, using „Limousin“
heifers.
To obtain the DM yield, the fresh forage was weighted, dried (58 °C) and corrected for resi-
dual water content (drying, 105 °C). A subsample was separated into the fractions legume
species, perennial ryegrass and weeds, afterwards dried and weighted to determine the bota-
nical composition. After drying and milling (1 mm) bulk samples were analysed for their N
content to calculate the annual N yield.
All data were submitted to analysis of variance and means were compared using LSD, while
the white clover/perennial ryegrass swards are used as control (SAS, proc mixed). The proba-
bilities were adjusted using the Bonferroni-Holm test.

RESULTS
For the annual DM yield and annual N yield the interaction species*system was significant.
The results of the different legume/grass-swards under the different management systems are
shown in Table 1.

Under grazing the WCG produced a significant higher DM yield (1059.2 g DM m-2) compa-
red to all other legume/grass-swards (RCG 842.9 g DM m-2, LGG 882.1 g DM m-2, BTG
854.5 g DM m-2). No significant differences between WCG and any other legume/grass-
sward could be found for the 3 cut system. Considering the DM yields in the 5 cut system,
BTG were the only legume species, which had a significant lower DM yield compared to
WCG. Comparing the management systems within legume species, all legume/grass-swards
produced a significant higher DM yield under grazing compared to the 5 cut system. No
significant differences could be found when the 3 cut system and the grazing system were
compared. An exception was WCG, which produced a lower DM yield in the 3 cut system
compared to grazing. Regarding the N yield, BTG was the only sward, which had a lower N
yield in the 5 cut (14.1 g N m-2) and under grazing (15.7 g N m-2) compared to WCG, with
21.9 g N m-2 and 26.0 g N m-2 respectively. Comparing the different management systems
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fertilisation
seed rate row spacing N P2O5 K2O

specie kg ha-1 cm kg ha-1 notes

Anthyllis vulneraria ssp. alpestris 7 - 10 20 - 45 30* 70 120 no potassium cloride
Trifolium alpinum 10 - 14 12 - 24 or 45 30* 40 70 nematode-free soils,

pH < 5,5 recommended
Trifolium badium 8 - 10 15 - 20 30* 40 70 low growth rate

no potassium cloride
Trifolium pratense ssp. nivale 6 - 8 20 - 25 30* 70 120 cut in spring recommended

no potassium cloride

* at sowing in pure stands

Table 3: Characteristics for cultivation and fertilization

Cultivation and fertilisation
Alpine leguminosae are generally susceptible to pests and diseases. Soils are preferred that
are intermediate to medium heavy, deep, rich in humus, not too acid, and easily warmed.
With the exception of Anthyllis vulneraria ssp. alpestris, arable land that tends to drought
should be avoided for seed production.
The optimal seed rate for the species assessed mainly depends on the dimension and „Thou-
sand Seed Weight“ (TSW) of the seeds. Table 3 gives an overall view on seed rate and recom-
mended row spacing.
Effects of different cover crops on Alpine kidney-vetch, brown clover and snow clover were
assessed in several trials. The effect on the different species (positive or negative) mainly
depended on the type of cover crop. In general, winter cereals were not suitable as cover crop.
Spring cereals, especially durum wheat and spring barley, were most promising. However,
there is a wide range of suitable alternatives for the use of cover crops. In practice, the choice
must depend on the effect on agricultural production and farm management. Seeding in pure
stand would also be a successful method, especially for Trifolium pratense ssp. nivale, that
can be seeded up to the end of August, after crop harvest. Such an approach always requires
more efforts for successful weed control.

Three assessed leguminosae showed best results on soils with a pH around 6, medium to high
contents of nutrients and semi-intensive fertilization. For Trifolium alpinum, soils with limes-
tone should be avoided. Inoculation with soil from the site stimulates the growth rate, as
experimentally shown (Peratoner 2003).
Leguminosae need adequate amounts of phosphorous and potassium (Table 3). If sown in
pure stands, 30 kg ha-1 nitrogen after sowing speeds up the development of the seedlings.
Compared to cultivated species and varieties, all assessed species showed the common cha-
racteristic of an early slow development and less resistance to competition. Measures for
plant protection must be undertaken as early as possible to avoid large deficiencies in yield.
Thus, populations with low weed infestation are only possible if there is a mechanical weed
control (weeding combined with brushing and hoeing between the rows) optimally combined
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ABSTRACT
The objective of this study was to compare the performance of different forage legume spe-
cies submitted to three different management systems, i.e. grazing, 3 cut and 5 cut system.
Depending of the different legume species and management system differences in agronomic
performance are expected. White clover, red clover, lucerne and birdsfoot trefoil were estab-
lished as binary swards with perennial ryegrass. Results of DM yield, N yield and botanical
composition of the different legume/grass-swards in 2004 and 2005 are presented. The white
clover/grass-swards showed a significant higher performance regarding the DM yield
(1059 g DM m-2) under grazing in comparison to all other legume/grass-swards (red clover:
843 g DM m-2, lucerne: 882 g DM m-2, birdsfoot trefoil: 854 g DM m-2). Comparing the DM
yield within the two cutting systems, no significant differences were observed, except for
birdsfoot trefoil/grass-swards, which had a significant lower DM yield compared to white
clover. These results suggest that different legume species can provide high yields in compa-
rison to white clover under cutting systems, while the lower yields of the different legume
species in comparison to white clover may limit their utilization in grazing systems.

Keywords: DM yield, forage legumes, grazing, cutting

INTRODUCTION
White clover (Trifolium repens L.) is the most important forage legume in legume based
swards, because of its persistence under grazing and its high feeding value. However, longer
summer droughts and lower DM yield compared to other forage legumes may be disadvan-
tageous. Although several studies investigated possible alternative forage legumes to white
clover, there is a lack of studies, which examined simultaneously different forage legumes
submitted to different management systems. For this reason the objective of this study was to
compare the performance of different forage legume species submitted to three different
management systems (grazing, 3 cut system, and 5 cut system). Depending of the different
legume species and management system differences in DM yield, N yield and botanical com-
position are expected.

MATERIAL AND METHODS
White clover, red clover (Trifolium pratense L.), lucerne (Medicago sativa L., grazing type)
and birdsfoot trefoil (Lotus corniculatus L.) were established in the late summer of 2003 as
well as 2004 as binary swards with perennial ryegrass (Lolium perenne L.) as a randomized
split-plot design with three replicates. The experiment was carried out at the experimental
farm „Lindhof“ of the University of Kiel (Germany). The four mixtures will be abbreviated
as WCG (white clover/perennial ryegrass), RCG (red clover/perennial ryegrass), LGG (lu-
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with a chemical control. Trifolium pratense ssp. nivale showed relatively high competitive-
ness and can be treated like normal red clover. The risk of crossbreeding with the lowland
Trifolium pratense ssp. pratense can though cause problems. However, it can be used suc-
cessfully for restoration at high altitudes for three to four generations.

Harvest, yield and seed quality
Under normal conditions, the first harvest takes place during the second growing season.
Only Trifolium pratense ssp. nivale was able to produce ripe seeds during the first growing
season, having been sown in pure stand in early April. Seed ripened from the end of July to
August, with the exception of Trifolium badium, showing a harvesting period from the end of
June to the beginning of July (Table 4). For Anthyllis vulneraria ssp. alpestris, the genetic
characteristics of the propagated ecotype were decisive for the possibility of a second harves-
ting year. The plants of some ecotypes wilted after harvest  like Trifolium badium, but most of
the assessed provenances had enough surviving plants for a second harvest. For Trifolium
badium and Trifolium alpinum, low competitiveness and slow plant development were re-
flected in poor yields. For these species, successful seed production is not yet possible.
According to the rules of the „International Seed Testing Association“ (ISTA 2004), the ave-
rage seed quality, characterised by thousand seed weight (TSW in g), purity (% of weight)
and germination capacity (GC in %) was assessed (Table 4). With the exception of Trifolium
alpinum, results of our trials showed that seed germination is positively correlated with the
seed weight. Higher germination rates were found for seed propagated at low altitudes com-
pared to seeds from natural plant stands (Krautzer 1995). In general, the assessed species
achieved a seed quality comparable to commercially produced varieties of forage leguminosae.
External quality such as purity and germinating capacity are mostly within the producers
sphere of influence. Time and technique of harvesting as well as the quality of the drying
equipment can decisively influence the quality of the product.

average yield average yield
period number of 1st harvest 2nd harvest yield TSW* GC** purity

specie of harvest  harvesting years kg ha-1 kg ha-1 kg ha-1 g  % %

Anthyllis vulneraria ssp. alpestris 01.08. - 10.08. 1 - 2 300 260 100 - 250 3,28 94 97
Trifolium alpinum 01.07. - 12.07. 1 - 2 10 20 0 - 40 5 98,5*** 98
Trifolium badium 23.06. - 04 07. 1 70 0 21 - 80 0,98 78 98
Trifolium pratense ssp. nivale 25.07. - 30.08. 2 - 3 100 120 120 - 380 1,1 86 97

* thousand seed weight   ** germination capacity   *** with scarification

Table 4: Harvest, yield and seed quality of the investigated species

CONCLUSIONS
Seed production of site-specific leguminosae is difficult and risky. In view of low competi-
tiveness and yields, the seed production of Trifolium alpinum and Trifolium badium is not
reasonable. On the other hand, Anthyllis vulneraria ssp. alpestris and Trifolium pratense ssp.
nivale can be recommended for seed production.
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Figure 3: Dry matter yield of sown species (kg ha-1) of each mixture type in each year of trial
(2003-2006)

the observed vs predicted values. This suggests the need to further test the models by repla-
cing 'sown proportions' with other 'species proportions' taken at a different point in time.

CONCLUSIONS
In Mediterranean conditions, grass-legume mixtures of species belonging to different func-
tional groups, compared to pure stands proved to: increase productivity and unsown species
control, improve seasonal distribution of biomass and soil covering rates. Perennial species in
association with annuals play a fundamental role in Mediterranean rainfed low input farming
systems. The asynchrony of the growth cycles of Fast/Slow establishing species and Grasses/
Legumes reduces between-year and within-year biomass variations.
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