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Abstract

Red clover has played an important role as a supplier of reactive nitrogen to cropping sys-
tems in European agriculture for hundreds of years. Today, it is mostly valued for its good
nutritional properties for ruminants, and for reducing the need for nitrogen fertilizer in-
puts. Red clover is a short-lived perennial capable of producing dry matter yields in the
range of 9-18 t/ha/year, but the yield declines sharply after the first 2 harvest years. It
forms an efficient symbiosis with rhizobium and can fix in excess of 350 kg/ha of nitrogen,
most of which is transferred to the harvested biomass. Red clover is rich in protein and
minerals, and contains unique compounds that improve nitrogen use efficiency at farm
level and that improve the quality of animal products for human consumption with re-
spect to fatty acid profiles, compared with white clover or lucerne (alfalfa). Red clover is
usually grown mixed with grasses. It should be sown in the first half of the growing season
and is easy to establish. It thrives in most soils but does not tolerate very acid or wet soils.
Systematic breeding has been carried out for more than 100 years, and the main focus of
breeding programmes is to increase crop persistence through improved disease resistance
and winter hardiness.

Introduction

Worldwide, red clover (Trifolium pratense L.) is the second most important sown
forage legume after lucerne (alfalfa; Medicago sativa L.) in terms of seed sales and
in the number of cultivars available (Boller et al., 2010). As indicated by seed
sales (Table 10.1), it is an important component of short-term leys, particularly
in northern and Eastern Europe and North America. Red clover is indigenous to
Europe, the Near East, North Africa and central Asia (Boller et al., 2010), and
has a long history of cultivation in Europe. It was domesticated and cultivated in

*bodil.frankowlindberg@gmail.com

© CAB International 2017. Legumes in Cropping Systems (eds D. Murphy-Bokern,
F.L. Stoddard and C.A. Watson) 157



158

Bodil Frankow-Lindberg

Table 10.1. Certified red clover seed sales in Europe in 2010. (Data from European
Seed Certification Agencies Association, 2014.)

Country Quantities (t) Country Quantities (t)
Austria 74 Lithuania 0
Belgium 4 Luxembourg 0
Croatia 7 The Netherlands 0
Czech Republic 456 Poland 0
Denmark 349 Romania 6
Estonia 66 Serbia 67
Finland 49 Slovakia 13
France 2,342 Spain 7
Germany 797 Sweden 388
Hungary 20 Switzerland 60
Italy 199 UK 3
Latvia 60

southern Spain in the 3rd and 4th centuries. By the middle of the 16th century
red clover was grown in the Netherlands and by the 17th century across most of
Europe (Kjeergaard, 1995). The species played an important role in transforming
the increasingly unsustainable production systems that prevailed in Europe in
the 16th and 17th centuries and provided the basis for a substantial increase in
agricultural production as it became part of new cropping systems (Kjaergaard,
1995). The major system change was the extension of the crop rotation from a
3-to a 4-year system, and the replacement of the fallow year with the cultivation of
red clover, which improved soil fertility. As a result of this system change, wheat
yields in Europe more than doubled (Grigg, 1992).

Red clover is a diploid and out-crossing species that is pollinated by bumble-
bees (Bombus spp.) and honeybees (Apis mellifera L.). The ease of establishment,
high seedling vigour, rapid growth, high forage quality and excellent soil improve-
ment characteristics are important advantages. It is a temperate crop adapted to
a wide range of soil and environmental conditions (Frame et al., 1998). Another
important feature of red clover is the reduced rate of decline in digestibility with
advancing maturity in comparison with grasses. Thus, mixing red clover with
grasses increases the time span within which a highly digestible crop suitable for
feeding high-yielding dairy cows can be harvested (Rinne and Nykénen, 2000;
Dewhurst et al., 2009).

Red clover is most commonly used as silage for winter feeding of rumin-
ants. It can be included in grazed swards, but this will decrease its production
potential (Frankow-Lindberg, 1985) and it is not as well suited to grazing as
white clover. In addition to forage use, red clover can be cultivated for green
manuring. It can either be sown on its own when the nitrogen fertilization ef-
fect is utilized by the non-N, fixing plant growing after clover, or undersown
in a non-N, fixing plant. Globally, the use of red clover has decreased since the
1950s due to the access to cheap nitrogen fertilizers, but increasing prices of
these and a stronger emphasis on home-grown protein in recent years have
rekindled interest in this legume.
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Botany
Morphology

Red clover is a short-lived perennial species with peak production during the 2—3
first harvest years (Frame et al., 1998). It has an upright growth habit that makes
it most useful for mowing. The plant forms a rosette, and the regrowth after the
first cut is produced from axillary buds formed at the base of the plant. It has a
deep taproot and is moderately tolerant of drought conditions.

Red clover is a quantitative long-day species, but the response differs between
populations. There are early, medium and late types depending on its flowering
response to the day length. Early red clover types (i.e. those least responsive to
day length) produce more than one generation of axillary buds, so can withstand
several cuts per year. Late types (i.e. those most responsive to day length) produce
only one new generation of axillary buds per year, so can tolerate only one cut
per year. The early types are suitable for southern latitudes and the later for nor-
thern latitudes. In North America, the types are termed medium or double-cut,
and mammoth or single-cut types, respectively (Boller et al., 2010).

Plant breeding

In 1742, Carl von Linné noted in Sweden that ‘Spanish clover, which is the same
species as our native red clover, is bigger in size, but not very persistent. Further, it
does not reseed itself as our native species does’ (Osvald, 1962). Selection among
native plant material for persistent and productive material therefore formed the
basis for the breeding of well-adapted red clover cultivars (Boller et al., 2010).
Before red clover was the subject of targeted breeding, locally adapted popula-
tions, termed landraces, were developed by harvesting and re-sowing seed within
arestricted area (Boller et al., 2010). Swiss landraces are genetically distinct from
Swiss natural populations (Hermann et al., 2005), which indicates that the culti-
vated landraces were valued by farmers and that care was taken to maintain their
traits.

Breeding based on landraces began as early as 1910 in Sweden (Sjodin,
1986). The most important characteristics bred for then related to resistance to
nematodes and Sclerotinia trifoliorum. These traits as well as general persistence
and winter hardiness continued to be the focus of efforts (Sjodin, 1986), not just
in Sweden, but globally (Boller et al., 2010). Systematic red clover breeding in
other parts of the world began after World War II (Boller et al., 2010), and in
many countries more persistent and disease-resistant cultivars were produced
compared to the landraces. The most widely used breeding methods are recurrent
mass selection and maternal line selection (Boller et al., 2010).

The development of tetraploid cultivars began in the 1940s. A common way
to produce these is by colchicine treatment of young seedlings (Boller et al., 2010)
which then are used for intercrossing. Tetraploid plants are larger than diploids,
with improved disease resistance and persistence, but seed production has proved
to be a challenge (Sjodin, 1986; Boller et al., 2010).
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Currently, there are 267 cultivars of red clover on the Organisation for
Economic Co-operation and Development (OECD) list of cultivars eligible for seed
certification (OECD, 2013). Seed production in Europe occurs mainly in France
and Germany, but can be carried out as far north as central Sweden. Since red
clover is an out-crossing species, genetic drift may occur within a short time
span in environmentally challenging environments (Collins et al., 2012). This
means that care is needed to retain the properties of a cultivar over time when it
is multiplied.

Agronomy
Seed mixtures

Red clover is sown mostly in mixtures with grasses as companion species. This
practice increases total yield and protects against weeds and plant diseases
(Frankow-Lindberg et al., 2009a). In addition, the risk of nitrogen leaching from
mixed grass—clover swards is less than in pure red clover (Frankow-Lindberg and
Dahlin, 2013). The recommended proportion of red clover seed in the seeding
mixture varies depending on the main production objective of the crop. Where
maximum protein yield is the objective, the stand should be dominated by clover.
To achieve this, 12—15 kg/ha red clover seed and 4-5 kg/ha grass seed (Frame
et al., 1998) is recommended. In Sweden and Finland, the recommendation for a
more general-purpose mixture has for a long time been 5-7 kg/ha red clover seed
sown with 15 kg/ha grass seed (Frankow-Lindberg, 1990). The regulation of red
clover content in such a mixed crop by varying seeding rates is rather limited once
the rate exceeds 6 kg/ha. It depends to a much greater extent on management
factors such as nitrogen application and harvesting regime (Frankow-Lindberg,
1989). Lower rates of red clover seed (and a higher rate of grass seed) are now
common where the application of quite high rates of nitrogen fertilizer has be-
come standard practice. To improve and stabilize the legume content (Frankow-
Lindberg et al., 2009b), and thereby the longevity of the crop, commercial seeding
mixtures in Sweden now often contain both red and white clover seeds.

An important aspect of mixed swards is the contribution of biologically fixed
nitrogen, which decreases the fertilizer nitrogen needed to achieve a specified dry
matter yield (Nyfeler et al., 2009). This is evident from the poor response to ni-
trogen application in red clover-dominated swards (Fig. 10.1). However, since it
is a short-lived species, red clover content declines with time irrespective of initial
seeding and nitrogen application rates (Frankow-Lindberg, 1989). In practical
farming, the amount of nitrogen applied is therefore usually increased with time
as the content of red clover in the crop decreases. The response of a clover—grass
mixed sward to nitrogen fertilizer is strongest in the spring harvest. A recent field
study of mixtures of grass and red or white clover showed that there was virtually
no effect of applying nitrogen to the regrowth (Frankow-Lindberg unpublished
results, Fig. 10.2). Unfortunately, it is very difficult to properly estimate the clover
content in early spring when it is time for nitrogen application, and thus adjust
rates to the actual content.
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Fig. 10.1. The effect of nitrogen application on the dry matter (DM) yield of a mixed
grass—red clover sward and a pure grass sward harvested three times. (Data from
Kornher, 1982.)
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Fig. 10.2. The effect of nitrogen application on the dry matter (DM) yield of a mixed
grass—red and white clover sward harvested three times. The treatments were: no
nitrogen applied (0), 40 kg/ha nitrogen applied in spring (40), 90 kg/ha nitrogen
applied in spring (90) and 90 kg/ha nitrogen applied in spring followed by 35 kg/ha
nitrogen applied to each regrowth (160). HY1 and HY2 denote the first and the
second harvest years, respectively. H1, H2 and H3 denote the respective harvests within
each harvest year. The experiment was established 1 year before harvests began.

Timothy (Phleum pratense L.) is the traditional companion species due to its
relatively low competitive ability. In the most northern regions where red cloveris cul-
tivated, this is the only grass species that is suitable. In southern Sweden, meadow
fescue (Festuca pratensis Huds.) is often included, as well as small amounts of per-
ennial ryegrass (Lolium perenne L.) and hybrid ryegrasses. In the UK, the recom-
mended companion grasses are Italian ryegrass (Lolium multiflorum L.) or hybrid
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ryegrasses. Other species used in the USA are cocksfoot (Dactylis glomerata L.), tall
fescue (Festuca arundinacea Schreb.), smooth bromegrass (Bromus inermis Leyss.)
and reed canary grass (Phalaris arundinacea L.) in bi-species mixtures.

Red clover should be sown from early to mid-season at a depth of 10—-15 mm
in order to establish well before the winter (Frame et al., 1998). Undersowing in
a grain or silage (whole-crop) cereal nurse crop reduces weed pressure. Provided
the cereal is harvested early and the straw removed, this practice does not impair
the yield of the established ley crop. However, with such undersowing, a harvest
in the establishment year is not possible. Slot-seeding into an existing sward can
be successful, but competition from the existing swards must be controlled along
the slots (Komarek et al., 2010). Red clover does not thrive in very wet or acid
soils, but is otherwise not demanding in relation to soil conditions. Ideally, soil pH
should be in the range 6.0-6.5 for optimum crop development and root nodule
formation (Frame et al., 1998). With a dry matter yield of 10 t/ha (pure clover crop),
uptake of phosphorus and potassium is approximately 30 kg/ha and 250 kg/ha
respectively. This needs to be replenished. Regular fertilization with sulfur may
also be required.

The number of cuts that may be taken per year, and the yields obtained,
depend on climate. Where high-quality feed is required, three to four cuts are
common in southern Sweden, and in countries further south up to five cuts per
year can be taken. In northern Sweden and Finland the number of cuts varies
from one to three depending on the latitude. Maximum dry matter yield (first har-
vest year, Europe) is in the range of 9-18 t/ha without nitrogen fertilizer (Frame,
2005). Yields decrease sharply after the second harvest year.

Fixation and Transfer of Nitrogen to Companion Species

Nitrogen acquisition through biological nitrogen fixation is high in red clover.
Nitrogen fixation above 350 kg/ha/year in the above-ground biomass has been re-
ported (Carlsson and Huss-Danell, 2003). An estimate of the total amount of biologic-
ally fixed nitrogen by red clover (above and below ground) is approximately 50 kg/t
dry matter harvested when it is grown in mixtures with grasses (Frankow-Lindberg,
2003). Around 80% of the nitrogen in the stand comes from biological nitrogen fix-
ation when red clover is grown in mixtures with grasses (Carlsson and Huss-Danell,
2003). The presence of grasses increases the quantity of nitrogen fixed by red clover
by providing a sink for the nitrogen fixed, while high application rates of nitrogen fer-
tilizer decrease this directly by suppressing the proportion of fixed nitrogen in the plant
(Nyfeler et al., 2011) and indirectly through reducing the proportion of clover in the
sward (Nykénen et al., 2008). Few studies have estimated the amounts of biologically
fixed nitrogen present in the stubble and the root system. In one study from northern
Sweden (with two harvests taken), between 25% and 60% of the total amount of ni-
trogen fixed was found below harvesting height, in the respective cuts (Huss-Danell
et al., 2007). It was concluded then that the fixed nitrogen found in non-harvested
plant parts is 40% of the amounts found in the harvested plant material.

There is usually no need to inoculate red clover seeds with rhizobium at sow-
ing since most European soils contain species that readily colonize and form an
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efficient symbiosis with it (Frame et al., 1998). Nitrogen fixed by red clover even-
tually becomes available to companion species, most likely through in situ decom-
position of clover tissue deposited above and below ground (Dahlin and Stenberg,
2010a). The transfer of fixed nitrogen from red clover to a non-fixing species is less
than from white clover (Trifolium repens L.) (Hogh-Jensen and Schjoerring, 2000)
but more than in lucerne (M. sativa L.) (Pirhofer-Waltzl et al., 2012; Frankow-
Lindberg and Dahlin, 2013). The amount of nitrogen transferred increases over
time, and transfers of up to 68 kg/ha have been recorded (Hogh-Jensen and
Schjoerring, 2000; Dahlin and Stenberg, 2010b).

As red clover is a short-lived species, it is often grown in short-term leys in
crop rotations where cereals are included, providing residual effects of the ley
crop on the following crops. Lindén (2008), summarizing a large number of con-
ventional farming field trials in Sweden, stated that the main residual effect of red
clover-based leys is a nitrogen effect. The residual effect of these crops reduces the
fertilizer nitrogen requirement of the following cereal crop by 30-40 kg/ha. The
effect is largest in the cereal crops grown directly after the ley crop. This contrib-
utes to a yield benefit of 0.7—1.0 t/ha for winter wheat grain compared with yields
after a barley pre-crop. This pre-crop effect is still noticeable in the second cereal
crop with a benefit of 0.25-0.75 t/ha for winter wheat (Lindén, 2008). When red
clover was intercropped (undersown) with winter wheat and ploughed in after
the wheat harvest, it provided both weed control and nitrogen to the following
barley crop without causing a yield penalty to the covering winter wheat crop
(Bergkvist et al., 2011) (Fig. 10.3).

Fig. 10.3. Red clover as a cover crop undersown in winter wheat. The yield of winter
wheat was unaffected by the presence of red clover, while the yield of the following
barley crop was increased by the ploughed-under red clover. (Photo credit: Géran
Bergkvist.)
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Feeding Quality

Red clover provides a high-quality fodder not only for ruminants (Dewhurst et al.,
2009), but also for pigs (Reverter et al., 1999) and fish (Turan, 2006). Red clover
is rich in protein and minerals, and intake rate by ruminants is high. This is due
to its cell structure, which differs from grass in that it breaks down more easily
in the rumen and thus passes through the rumen more rapidly (Dewhurst et al.,
2009). On average, the daily intake of dry matter from red clover-based diets
are 1.2 kg higher than from grass diets, and the daily milk yield is increased by
an average of 1.5 kg (Steinshamn, 2010). Further, in contrast to white clover,
red clover contains the enzyme polyphenol oxidase (PPO), which provides the
forage with beneficial properties such as reducing emissions of nitrogen to the
environment (Parveen et al., 2010) as well as improved milk and meat quality.
PPO produces quinones that bind to proteins, which in turn reduces protein de-
gradability during silage making. As a result, the feeding quality of the silage is
improved, and nitrogen losses from the silage through effluents during storage
are reduced. PPO also reduces the protein degradability in the rumen (Parveen
et al., 2010), which improves the nitrogen use efficiency of ruminants fed red
clover compared with those fed with white clover (Dewhurst et al., 2009). PPO
is also thought to be involved in the reduction of rumen biohydrogenation of
polyunsaturated fatty acids (Van Ranst et al., 2011). This results in higher levels
of the n-3 fatty acid a-linolenic acid in milk from dairy cows fed red clover silage
than from cows fed grass-based diets (Dewhurst et al., 2009). This has positive
effects on consumer health. Meat from cattle consuming red clover-rich forage
also has a more beneficial fatty acid profile with respect to consumer health than
cattle consuming all-grass or white clover-rich forage (Dewhurst et al., 2009).
Another feature of milk from dairy cows fed on red clover is the high concen-
trations of the isoflavone equol, which may confer potential positive health ef-
fects for consumers similar to those observed in human populations where soy
products are included in the diets, for example reduced rates of cardiovascular
diseases (Tham et al., 1998). A drawback of the presence of isoflavones (par-
ticularly formononetin) in red clover forage is their oestrogen-like effects within
animals, because this is thought to impair the fertility of sheep (Dewhurst et al.,
2009). However, a recent study where diets fed to ewes consisted of either red
clover or grass silage found no such effect (Mustonen et al., 2014). Red clover
contains more magnesium and calcium in relation to potassium compared with
grasses, which is beneficial for the health of cows. The phosphorus concentra-
tion is low in relation to calcium, which has to be taken into consideration when
the cows are in the late phase of pregnancy. Low phosphorus in cows’ diets prior
to calving can increase the incidence of postparturient hypocalcemia (milk
fever).

Forage from red clover can be a part of pig diets. Increasing forage feeding
has been found to reduce the apparent digestibility of the diet compared with
a traditional cereal-based diet (Andersson and Lindberg, 1997). However, the
apparent ileal digestibility of the crude protein is not impaired (Reverter et al.,
1999), which shows that red clover is a good protein source also for monogastric
animals.
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Conclusions

Red clover can successfully be grown across Europe in areas not characterized by
drought. It is most suitable for the production of preserved winter feed for cattle
from short-term leys. The aftermath may be grazed, but this will penalize total
yield. The yield potential of pure stands or mixed stands with grass is high (and
higher than that from white clover) without any nitrogen applications. The full
exploitation of red clovers’ nitrogen fixation in rotational leys would consider-
ably reduce the carbon footprint from the production of forage. However, more
reliable predictors of red clover performance in mixed swards are needed to in-
duce non-organic farmers to omit or strongly reduce nitrogen fertilization to such
swards.

The quality of the forage produced from red clover-based leys is excellent, pro-
vided that the harvest is made at early phenological stages and the crop is well pre-
served. Forage rich in red clover is suitable for feeding high-yielding dairy cows,
and the presence of PPO in red clover additionally provides the milk with, for
human consumption, better nutritional fat qualities compared with forage made
from white clover or grass. At the moment, such quality differences are not ac-
knowledged by the market.

Red clover grown in crop rotations reduces the need of nitrogen fertilizer in
following cereal crops and increases their yields. It may be intercropped with a
cereal without any yield penalties of the main crop. Such practice has the poten-
tial to provide much of the nitrogen fixed by red clover to the following crop, but
weather and soil conditions may modify the efficiency of this transfer. The lack of
cheap herbicides for weed control in cereals intercropped with red clover is one
bottleneck for the uptake of this practice by non-organic farmers. Further, if min-
eral nitrogen fertilizer is applied to boost cereal yield, the growth of red clover will
be uncertain and the money spent to purchase red clover could be lost.

References

Andersson, C. and Lindberg, J.E. (1997) Forages in diets for growing pigs 2. Nutrient apparent
digestibilities in barley-based diets including red-clover and perennial ryegrass meal.
Animal Science 65, 493-500.

Bergkvist, G., Stenberg, M., Wetterlind, J., Bath, B. and Elfstrand, S. (2011) Clover cover crops
under-sown in winter wheat increase yield of subsequent spring barley — effect of N dose
and companion grass. Field Crop Research 120, 292—-298.

Boller, B., Schubiger, F.X. and Kélliker, R. (2010) Red clover. In: Boller, B., Posselt, U.K. and
Veronesi, F. (eds) Fodder Crops and Amenity Grasses. Springer, New York, pp. 439—455.

Carlsson, G. and Huss-Danell, K. (2003) Nitrogen fixation in perennial forage legumes in the
field. Plant and Soil 253, 353—-372.

Collins, R.P., Helgaddttir, A., Frankow-Lindberg, B.E., Sket, L., Jones, C. and Sket, K.P. (2012)
Temporal changes in population genetic diversity and structure in red and white clover
grown in three contrasting environments in northern Europe. Annals of Botany 110,
1341-1350.

Dahlin, A.S. and Stenberg, M. (2010a) Cutting regime affects the amount and allocation of sym-
biotically fixed N in green manure leys. Plant and Soil 331, 401-412.



166 Bodil Frankow-Lindberg

Dahlin, A.S. and Stenberg, M. (2010b) Transfer of N from red clover to perennial ryegrass
in mixed stands under different cutting strategies. European Journal of Agronomy 33,
149-156.

Dewhurst, R.J., Delaby, L., Moloney, A., Boland, T. and Lewis, E. (2009) Nutritive value of forage
legumes used for grazing and silage. Irish Journal of Agricultural and Food Research 48,
167-187.

European Seed Certification Agencies Association (2014) Available at: www.esca.org/index/
action/page/id/9/title/certified-seed-quantities (accessed 2 February 2016).

Frame, J. (2005) Forage Legumes. Food and Agriculture Organization of the United Nations
(FAQ), Rome, and Science Publishers, Inc., Enfield, New Hampshire, pp. 200-209.

Frame, J., Charlton, J.FL. and Laidlaw, A.S. (1998) Temperate Forage Legumes. CAB
International, Wallingford, UK, pp. 181-224.

Frankow-Lindberg, B.E. (1985) Betning och slatter av slattervallens atervaxt. Inverkan av intens-
iteten i utnyttjandet pa vallens avkastning, kvalitet samt 6vervintringsférméga. Sveriges
lantbruksuniversitet, Institutionen for véxtodling, Report 146, 19 pp. (In Swedish.)

Frankow-Lindberg, B.E. (1989) The effect of nitrogen and clover proportion on yield of red
clover—grass mixtures. Paper presented to XVI International Grassland Congress, Nice,
France, 4—11 October 1989, pp. 173-174.

Frankow-Lindberg, B.E. (1990) Botanical Composition in Mixed Swards of Legumes and
Grasses. Review of literature as regards effects of different cultural practices in mixed
swards of red clover, white clover or lucerne. Sveriges lantbruksuniversitet, Institutionen fér
vaxtodlingslara, Véaxtodling 17, 35 pp. (In Swedish with an English summary.)

Frankow-Lindberg, B.E. (2003) Kvantifiering av kvéave-fixering via baljvaxter i falt — forslag till en
ny modell i rddgivningsprogrammet STANK. Sveriges lantbruksuniversitet, Institutionen for
ekologi och vaxtproduktionslara, Rapport 5, 24 pp. (In Swedish.)

Frankow-Lindberg, B.E. and Dahlin, A.S. (2013) N, fixation, N transfer, and yield in grassland
communities including a deep-rooted legume or non-legume species. Plant and Soil 370,
567-581.

Frankow-Lindberg, B.E., Brophy, C., Collins, R.P. and Connolly, J. (2009a) Biodiversity effects
on yield and unsown species invasion in a temperate forage ecosystem. Annals of Botany
103, 913-921.

Frankow-Lindberg, B.E., Halling, M., H8glind, M. and Forkman, J. (2009b) Yield and stability of
yield of single- and multi-clover grass—clover swards in two contrasting temperate environ-
ments. Grass and Forage Science 64, 236-245.

Grigg, D. (1992) The Transformation of Agriculture in the West. Blackwell, Oxford, pp. 32—45.

Hermann, D., Boller, B., Widmer, F. and Kélliker, R. (2005) Optimization of bulked AFLP analysis
and its application for exploring diversity of natural and cultivated populations of red clover.
Genome 48, 474—486.

Heagh-Jensen, H. and Schjoerring, J.K. (2000) Below-ground nitrogen transfer between different
grassland species: direct quantification by N leaf feeding compared with indirect dilution
of soil ®N. Plant and Soil 227, 171-183.

Huss-Danell, K. Chaia, E. and Carlsson, G. (2007) N, fixation and nitrogen allocation to above
and below ground plant parts in red clover-grasslands. Plant and Soil 299, 215-226.
Kjeergaard, T. (1995) Agricultural development and nitrogen supply from an historical point of

view. Biological Agriculture and Horticulture 11, 3—14.

Komarek, P., Pavlu, V. and Hejcman, M. (2010) Effect of depth and width of cultivation and sow-
ing date on the establishment of red clover (Trifolium pratense L.) by rotary slot-seeding
into grassland. Grass and Forage Science 65, 154-158.

Kornher, A. (1982) Vallskérdens storlek och kvalitet. Inverkan av valltyp, skérdetid och kvavegéd-
sling. Swedish University of Agricultural Sciences, Grass and Forage Reports 1, 5-32.
(In Swedish.)



Red Clover in Cropping Systems 167

Lindén, B. (2008) Efterverkan av olika forfrukter: inverkan pa straséddesgrédors avkastning och
kvavetillgang — en litteraturéversikt. Swedish University of Agricultural Sciences, Division of
Precision Agriculture, Report 14, 65 pp. (In Swedish.)

Mustonen, E., Taponen, S., Andersson, M., Sukura, A., Katila, T. and Taponen, J. (2014) Fertility
and growth of nulliparous ewes after feeding red clover silage with high phyto-oestrogens
concentrations. Animal 8, 1699-1705.

Nyfeler, D., Huguenin-Elie, O., Suter, M., Frossard, E., Connolly, J. and Lischer, A. (2009)
Strong mixture effects among four species in fertilized agricultural grassland led to per-
sistent and consistent transgressive overyielding. Journal of Applied Ecology 46, 683—691.

Nyfeler, D., Huguenin-Elie, O., Suter, M., Frossard, E. and Lischer, A. (2011) Grass—legume
mixtures can yield more nitrogen than legume pure stands due to mutual stimulation of
nitrogen uptake from symbiotic and non-symbiotic sources. Agriculture, Ecosystems and
Environment 140, 155—-163.

Nykanen, A., Jauhiainen, L., Kemppainen, J. and Lindstrdm, K. (2008) Field-scale spatial vari-
ation in yields and nitrogen fixation of clover—grass leys and in soil nutrients. Agricultural
and Food Science 17, 376-393.

Organisation for Economic Co-operation and Development (OECD) (2013) List of Varieties
Eligible for Certification. Grasses and Legumes. Available at: http://www.oecd.org/tad/stand-
ardsforseedstractorsforestfruitandvegetables/GrassesLegumeslistofvarietiesseeds2013.
pdf (accessed 2 February 2016).

Osvald, H. (1962) Vallodling och véxtféljder, uppkomst och utveckling i Sverige. Natur och
Kultur, Uppsala, Sweden, pp. 40. (In Swedish.)

Parveen, ., Threadgill, M.D., Moorby, J.M. and Winters, A. (2010) Oxidative phenols in forage
crops containing polyphenol oxidase enzymes. Journal of Agricultural and Food Chemistry
58, 1371-1382.

Pirhofer-Walzl, K., Rasmussen, J., Hagh-Jensen, H., Eriksen, J., Seegaard, K. and Rasmussen, J.
(2012) Nitrogen transfer from forage legumes to nine neighbouring plants in a multi-species
grassland. Plant and Soil 350, 71-84.

Reverter, M., Lundh, T. and Lindberg, J.E. (1999) lleal amino acid digestibilities in pigs of barley-
based diets with inclusion of lucerne, white clover, red clover or perennial ryegrass. British
Journal of Nutrition 82, 139-147.

Rinne, M. and Nykénen, A. (2000) Timing of primary growth harvest affects the yield and nutritive
value of timothy—red clover mixtures. Agricultural and Food Science 9, 121-134.

Sjodin, J. (1986) Fodervaxter. In: Svaléf 1886-1986. Véxtférddling under 100 ar. Svalof AB,
Svalév, Sweden, pp. 157-165. (In Swedish.)

Steinshamn, H. (2010) Effect of forage legumes on feed intake, milk production and milk quality —
a review. Animal Science Papers and Reports 28, 195-206.

Tham, D.M., Gardner, C.D. and Haskell, W.L. (1998) Potential health benefits of dietary phyto-
estrogens: a review of the clinical, epidemiological, and mechanistic evidence. The Journal
of Clinical Endocrinology and Metabolism 83, 2223-2235.

Turan, F. (2006) Improvement of growth performance in tilapia (Oreochromis aureus L.)
by supplementation of red clover (Trifolium pratense) in diets. The Israeli Journal of
Aquaculture-Bamidgeh 58, 34—38.

Van Ranst, G., Lee, M.R.F. and Fievez, V. (2011) Red clover polyphenol oxidase and lipid
metabolism. Animal 5, 512-521.


http://www.oecd.org/tad/standardsforseedstractorsforestfruitandvegetables/GrassesLegumeslistofvarietiesseeds2013.pdf
http://www.oecd.org/tad/standardsforseedstractorsforestfruitandvegetables/GrassesLegumeslistofvarietiesseeds2013.pdf
http://www.oecd.org/tad/standardsforseedstractorsforestfruitandvegetables/GrassesLegumeslistofvarietiesseeds2013.pdf

