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Foreword

One of the most important tasks ahead for agriculture worldwide is to secure sufficient food
for a growing population without further straining our environmental resources. The challenge
is to produce more food with less external input. At European level grassland is a valuable
resource for meeting increasing demands for meat and milk from livestock systems yet at the
same time competition between feed production from grassland and food production from
arable land needs to be minimized. Grasslands also have to be maintained in their own right as
they have an important role to play in preserving biodiversity and procuring ecosystem
services at all levels. The 17" Symposium of the European Grassland Federation therefore
appropriately focuses on the role of grasslands in shaping a green future and will hopefully
provide valuable solutions to the challenges facing us ahead.

Grasslands play a particularly important role in marginal regions of Europe where livestock
production has been the traditional form of agriculture. With the expected climate change and
increased emphasis on sustainable agriculture it can be expected that these areas will become
more important for food production. The question is how agricultural production can be
maintained in these areas and even improved while emphasising efficient use of local
resources and minimising environmental impact. How important are grasslands for carbon
sequestration in the more marginal areas and can they serve as a natural gene bank by
maintaining biodiversity? Can grasslands become a valuable resource, also in these areas, as
attempts to replace fossil fuel with bio-energy gain more weight? Threats to the exploitation
of marginal grasslands by severe environmental fluctuations, soil degradation through loss of
organic material and nutrients, acidification and soil compaction are a real concern in this
context. Iceland provides an ideal setting for addressing all these questions as it certainly is a
marginal environment situated just below the Arctic Circle and its agriculture is primarily
grassland-based livestock production.

Many people have contributed to the making of this conference. We would like to thank all
authors for their papers and presentations, numerous reviewers for their valuable remarks and
Dr. Alan Hopkins in particular for revision of the English language and careful checking of all
written contributions. Finally, we are grateful for the generous support of the Ministry of
Industries and Innovation and we express our gratitude to all other sponsors.

We hope that the local environment will stimulate fruitful discussions during the course of the
three days of the Symposium and that all participants will take back with them vivid
memories from their stay in Iceland.

Aslaug Helgadéttir
General Secretary and Chairman of the Scientific Committee

Théroddur Sveinsson Thérunn Reykdal
Chairman of the Organising Committee Secretary of the Organising Committee
Athole Marshall
President of EGF
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Abstract

European grassland-based livestock production systems are challenged to produce more milk
and meat to meet increasing world demand and to achieve this by using fewer resources.
Legumes offer great potential for coping with such requests. They have numerous features
that can act together at different stages in the soil-plant-animal-atmosphere system and these
are most effective in mixed swards with a legume abundance of 30-50%. The resulting
benefits are a reduced dependency on fossil energy and industrial N fertilizer, lower quantities
of harmful emissions to the environment (greenhouse gases and nitrate), lower production
costs, higher productivity and increased protein self-sufficiency. Some legume species offer
opportunities for improving animal health with less medication due to bioactive secondary
metabolites. In addition, legumes may offer an option for adapting to higher atmospheric CO,
concentrations and to climate change. Legumes generate these benefits at the level of the
managed land area unit and also at the level of the final product unit. However, legumes
suffer from some limitations, and suggestions are made for future research in order to exploit
more fully the opportunities that legumes can offer. In conclusion, the development of
legume-based grassland-livestock systems undoubtedly constitutes one of the pillars for more
sustainable and competitive ruminant production systems, and it can only be expected that
legumes will become more important in the future.

Keywords: yield, symbiotic N, fixation, forage quality, nutritive value, voluntary intake,
animal performance, greenhouse gas emission, nitrate leaching, condensed tannins, animal
health, clover, climate change, energy, plant secondary metabolites, management

Introduction

European grassland-based livestock production systems have changed considerably over the
last two decades and will continue to evolve in response to societal and environmental
pressures. Grassland production will need to keep pace with requirements for higher meat and
milk production from ruminant systems and with a changing climate. At the same time,
grassland production needs to minimize competition from arable land and between food and
feed production, and preserve biodiversity and ecosystem services (Thornton, 2010).
Legumes offer important opportunities for sustainable grassland-based animal production
because they can contribute to important key challenges by (i) increasing forage yield, (ii)
substituting inorganic N fertilizer inputs with symbiotic N, fixation, (iii) mitigating and
supporting adaptation to climate change, as elevated atmospheric CO,, warmer temperatures
and drought-stress periods increase, and (iv) increasing the nutritive value of herbage and
raising the efficiency of conversion of herbage to animal protein.

A concerted programme of research supported by the European Commission is devoted to
improving our understanding of the roles played by legumes in grassland systems. Of
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particular interest are four current initiatives: MultiSward (www.multisward.eu), Legume
Futures (www.legumefutures.eu), AnimalChange (www.animalchange.eu) and LegumePlus
(www.legumeplus.eu). The objective of MultiSward is to support developments and
innovations for grassland production and management in different European farming systems,
and under different pedoclimatic and socio-economic conditions. They focus (i) on enhancing
the role of grasslands at farm and landscape levels in terms of environmental services and
biodiversity, and (ii) on optimizing their economic, agronomic and nutritional contributions
for innovative and sustainable ruminant production systems. An important aspect is the
investigation of the effects of multispecies mixtures, where grasses and forbs are combined
with shallow and deep rooting clovers, on forage production, grazing systems and ecosystem
services. The Legume Futures project is designed to optimize the use of legumes in European
agriculture. It takes account of the agronomic, economic and environmental impacts of
legume cultivation and uses experimentation and modelling to develop novel legume-based
cropping systems. AnimalChange will provide options for the livestock sector to cope with
climate change in the future: (i) by reducing uncertainties concerning greenhouse gas (GHG)
emissions from livestock systems, (ii) by developing cutting-edge technologies for mitigation
and adaptation to climate change, (iii) by assessing the vulnerability of livestock to climate
change and feedbacks on GHG emissions, and (iv) by providing direct support to set up
policies for the livestock sector in order to mitigate and adapt to climate change. Legumes can
offer important options and these will be examined in this project. The key objective of
LegumePlus is to investigate how bioactive forage legumes, in particular sainfoin
(Onobrychis viciifolia Scop.) and birdsfoot trefoil (Lotus corniculatus L.), can improve
protein utilization in ruminant livestock farming. Of equal importance is the potential that
these legumes offer for combatting parasitic nematodes in ruminants. This project will study
the combined effects of nitrogen and methane emissions plus their impact on food quality,
e.g. milk, cheese and meat quality.

This paper, by authors involved in these four European research programmes, aims to review
the literature for opportunities that forage legumes can offer in order to meet key challenges,
which will be faced by future grassland-animal husbandry systems. The authors also seek to
highlight research that is needed to enable increased utilization of legumes in Europe. It is,
however, not the aim to give detailed profiles of individual forage legume species as this
information was compiled by Frame (2005) for more than 30 legume species.

Political and socio-economic background

Over many years, the European Union’s Common Agricultural Policy (CAP) has encouraged
large increases in agricultural production and the intensification of agricultural systems. In
addition, low energy prices during the second half of the 20" century resulted in an abundant
supply of cheap synthetic nitrogen (N) fertilizer, which further reduced the demand for
production from legume-based grasslands (Rochon et al., 2004). These changes have had
adverse environmental impacts by increasing greenhouse gas emissions and by lowering
biodiversity, which has been linked strongly to the use of synthetic N fertilizer (Schulze et al.,
2009; Stoate et al., 2009). There is no specific requirement under current EU agricultural
policy to support legume-based cropping systems or to develop home-grown protein crops,
but revisions to the policy are envisaged by the European Commission by 2020, which are
likely to encourage synergies between crop and livestock farming in order to make better use
of protein sources (European Commission, 2010).

World-trade agreements have promoted imports of grain legumes into Europe and have led to
lower European production despite increased consumption. This dependence of Europe’s
livestock industry on imports of grain legumes has raised questions about the sustainability
and security of such a production model against a background of increasing demands for food
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and concerns about the environmental impact of livestock production systems (Godfray et al.,
2010). Galloway et al. (2008) estimated that South America exported a net amount of 2.3 Mt
of N in grain legumes to Europe in 2004. As well as creating an imbalance in global N cycles,
this export of grain legumes to Europe has also led to a large-scale change in land use in
South America, as forests have been cleared for soya production (Weightman et al., 2011).
Governments of European countries are becoming increasingly concerned about the security
of their protein supplies, and the UK, Germany and the European Parliament have recently
discussed the development of new policies to support national protein security (Aigner, 2009;
European Parliament, 2011).

The magnitude of benefits offered by the use of legumes in European farming systems is
informed by scientific studies in a number of areas. This paper summarizes some of the key
issues, and highlights remaining areas of uncertainty. Such uncertainties, however, need not
act as a barrier to developing policy where the balance of evidence supports change. The large
amounts of public funding (in the Common Agricultural Policy) that are used to support
European Agriculture can be expected to deliver public benefits (such as those associated
with reduced environmental impact) as well as a sustainable food production sector.

Legume-grass swards a key to increased yield

Under fertile agricultural conditions monocultures of selected, highly productive grass species
give high forage yields with high inputs of fertilizer nitrogen (N) (Frame, 1991; Daepp et al.,
2001). The need to increase not only productivity but also resource efficiency (sustainable
intensification) poses new challenges for agriculture. Plant communities with higher species
number (richness) are expected to (i) utilize available resources better due to species niche
complementarity, (ii) have a higher probability of showing positive interspecific interactions,
and (iii) may contain highly productive species that dominate the community (selection
effect) (Tilman, 1999; Loreau and Hector, 2001; Loreau et al., 2001). Thus, cropping
mixtures could be a promising strategy for sustainable intensification.

Indeed, many experiments in nutrient-poor grasslands have shown that biomass production
was enhanced in species-rich swards, compared with the average monoculture yield (Spehn et
al., 2002; Hille Ris Lambers et al., 2004; Hooper and Dukes, 2004; Hooper et al., 2005;
Roscher et al., 2005; Marquard et al., 2009; Mommer et al., 2010). In a meta-analysis of 44
biodiversity experiments that manipulated plant species richness, Cardinale et al. (2007)
found that the most diverse mixtures, on average, achieved a yield benefit of +77% compared
to the average monoculture. However, compared to the most productive monoculture, these
mixtures showed a yield disadvantage of -12%. Transgressive overyielding (mixtures
outperform the best monoculture; Trenbath, 1974; Schmid et al., 2008) occurred in only 12%
of the experiments and it took, on average, about five years to become evident. However, in
an agronomic context, mixtures with transgressive overyielding are clearly preferred, as
stakeholders can select the highest yielding species for monoculture cultivation, and any
mixture performance has to compete against this high benchmark.

A pan-European experiment carried out across 31 sites in 17 countries under the auspices of
COST Action 852 'Quality legume-based forage systems for contrasting environments'
(www.cost.eu/domains_actions/fa/Actions/852) tested whether higher yields, compared with
monocultures, can be achieved under typical agricultural conditions with grass-legume
mixtures containing four species (Kirwan et al., 2007; Liischer et al., 2008; Nyfeler et al.,
2009). These four species represented four functional groups of plants: a fast-establishing
grass, a fast-establishing legume, a slow-establishing grass and a slow-establishing legume.
These functional groups of plant species were chosen to maximize beneficial interspecific
interactions: legumes enable symbiotic fixation of atmospheric nitrogen, and fast/slow
combinations were intended to maximize sward cover by species with known different
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temporal patterns of development. The legume species examined were Trifolium pratense L.
(red clover, 29 sites), Trifolium repens L. (white clover, 26), Medicago sativa L. (lucerne, 3),
Medicago polymorpha L. (burr medic, 2), and Trifolium ambiguum M. Bieb. (Caucasian
clover, 2) (Finn et al., 2013).

Across the three years, the yield of sown species (total yield excluding weed biomass) was
higher in the mixture than the average monoculture yield for 99.7% of the mixture plots, with
a yield advantage of 77% of the mixtures above the average monoculture. It was most
remarkable that transgressive overyielding was achieved in 79% of the mixture plots and the
yield advantage of the average mixture was 18%, compared with the highest yielding
monoculture (Finn er al., 2013). At the Swiss site, which tested red and white clover, a
comparison across N fertilizer input levels revealed a high potential for N fertilizer
replacement: grass-clover mixtures containing 40-60% clover and receiving 50 or 150 kg ha™
yr’l fertilizer N achieved the same yield as grass monocultures fertilized with 450 kg N ha’!
yr' (Nyfeler et al., 2009). Over the whole pan-European experiment advantages of grass-
legume mixtures were surprisingly robust: they persisted over the three experimental years,
over the different legume species tested, and over the large climatic gradient covered by the
experimental sites, spanning a latitudinal range from 40°44’N (Sardinia, Italy) to 69°40°’N
(Tromsg, Norway) (Finn et al., 2013; Sturludéttir et al., 2013).

Evenness, the degree of even species abundance in swards, had a highly significant effect on
the yield and diversity effect (excess of mixture performance over that expected from average
monoculture performances) (Kirwan et al., 2007; Finn et al., 2013; Sturludéttir et al., 2013).
Increase in mixture evenness at low values resulted in a steep increase of the diversity effect
(Connolly et al., 2013). However, these benefits of raising evenness showed a fast saturation
and the diversity effect remained relatively constant across a wide range of medium to high
evenness values (Kirwan et al., 2007; Connolly et al., 2013; Finn et al., 2013; Sturludéttir et
al., 2013), indicating a high robustness of the diversity effect to changes in relative abundance
of different species. Because high evenness in these mixtures was jointly linked to legume
percentages of 35-65%, results of Finn ef al. (2013) are in agreement with the recent finding
of significant transgressive overyielding in mixtures over a wide range of about 30 to 80%
clover percentage in the sward (Nyfeler et al., 2009).

These findings suggest that grass-legume mixtures offer a great potential for increased
production even at relatively low species richness. In the pan-European experiment of Finn et
al. (2013), grass-legume mixtures outperformed both grass and legume monocultures.
Because symbiotic N, fixation cannot explain the highly significant yield advantage of
mixtures over legume monocultures (detailed results in Nyfeler et al., 2009), access to
atmospheric N, could not have been the only factor causing increased mixture yields. In
diversity experiments, the positive interactions between N,-fixing legumes and non-N,-fixing
plant species often contributed to a significantly larger extent to mixing effects in biomass
yield than the interactions between other functional groups (Spehn et al., 2002; Li et al.,
2007; Temperton et al., 2007; Kirwan et al., 2009; Nyfeler et al., 2009). However, other trait
combinations can yield important diversity effects also (Van Ruijven and Berendse, 2003;
Roscher et al., 2008). In the pan-European experiment, mixtures strongly benefitted from the
combination of fast-establishing with slow-developing, but temporally persistent species
(Kirwan et al., 2007; Finn et al., 2013). Further research is needed to quantify the
mechanisms of the complementarity for a variety of functional traits and their contributions to
the effects on mixture yield. This knowledge would allow the design of mixtures that combine
species with high complementarity of different traits, which in turn will result in optimized
resource exploitation through niche differentiation (Hill, 1990; Liischer and Jacquard, 1991).
Such research should also include legumes other than Trifolium pratense and T. repens, on
which most evidence is based so far. In particular, legumes known to perform well under cold
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and/or dry conditions should be tested. Extension of designs will also reveal whether a further
increase in species richness can lead to an additional gain in diversity effects and mixture
yields (Connolly et al., 2013).

Legume yield is a main driver for large N inputs by symbiotic N, fixation

The massive acceleration of the global N cycle by N fertilizer from the industrial Haber-
Bosch process and by N emissions from the combustion of fossil fuels, has enabled
humankind to increase greatly food production. This, however, has also led to a host of
environmental problems, ranging from eutrophication of terrestrial and aquatic ecosystems to
global acidification and climate change (Gruber and Galloway, 2008; Rockstrom et al., 2009;
Vorosmarty et al., 2010; Hooper et al., 2012). Anthropogenic N released to the environment
is greater than 160 teragrams (Tg) N yr'', which clearly exceeds the amount supplied by
biological N, fixation in natural systems (110 Tg N yr'l) (Gruber and Galloway, 2008;
Herridge et al., 2008). Substitution of industrial N fertilizer by improved exploitation of N,
fixation from symbiosis of legumes with Rhizobium bacteria would thus be an important
contribution to environmental-friendly and resource-efficient agricultural systems.

In grasslands, symbiotically fixed N, by legumes can range from 100 to 380 kg of N ha™ yr™'
and exceptionally large amounts of > 500 kg of N ha™ yr' have also been reported (Boller
and Nosberger, 1987; Ledgard and Steele, 1992; Zanetti et al., 1997; Carlsson and Huss-
Danell, 2003). In mixed grass-legume systems, additional amounts of 10-75 kg of N ha™' yr!
are transferred from legumes to grasses, while the amount transferred depends on the donor
and the receiver plant species (Pirhofer-Walzl et al., 2012). The control of symbiotic Nj
fixation operates through a series of ecophysiological triggers (Hartwig, 1998; Soussana et
al., 2002), with the amount of symbiotically fixed N, being tightly coupled to the gap between
N demand (sink) and N availability (source) from mineral-N sources at several scales from
plant physiology to the whole ecosystem (Soussana and Hartwig, 1996; Hartwig, 1998;
Soussana and Tallec, 2010).

In grass-clover mixtures containing red and white clover, Nyfeler et al. (2011) observed
stimulatory effects of the accompanying grasses on the symbiotic N, fixation activity of
clover (% N derived from symbiosis). This effect was so strong that: (i) the amount of N from
symbiosis was maximized not in pure clover stands but in mixtures with 60-80% of clovers,
and (ii) 40-60% of clovers in the mixture were sufficient to attain the same amount of N from
symbiosis as in pure clover stands. This stimulatory effect fits well into the sink/source model
of the regulation of symbiotic N, fixation. The activity of symbiotic N, fixation of clover
plants was very high in grass-dominated swards, where the availability of mineral N to
clovers was very low; this was evident from the fact that most of the N from mineral sources
was taken up by the competitive grass component (Nyfeler et al., 2011). However, in clover-
dominated swards (> 60% of clovers), the activity of symbiotic N, fixation was down-
regulated. This was due to the clovers’ adequate access to mineral N sources because of low
grass abundance (Nyfeler et al., 2011) as well as due to a significantly reduced N demand of
the whole sward in clover-dominated stands, as these were less productive than well balanced
mixtures (Nyfeler et al., 2009). The sensitivity of legume plants to down-regulate their
symbiotic N, fixation (percentage of N derived from symbiosis) seems to show interspecific
differences (Rasmussen et al., 2012). In general, forage legumes grown in mixtures (with a
reasonable abundance of grasses) receive most of their N (> 80%) from symbiotic N, fixation
(Boller and Nosberger, 1987; Heichel and Henjum, 1991; Carlsson et al., 2009; Oberson et
al., 2013), which implies that the amount of N derived from symbiosis depends on the forage
legume dry matter production (Unkovich et al., 2010; Liischer et al., 2011).

Legumes have often been studied in intensively managed grasslands under productive soil and
climatic conditions. In extensively managed non- or low-fertilized grassland experiments,
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high values of the proportion of N derived from symbiosis have also been measured in a range
of legume species (Carlsson et al., 2009; Roscher et al., 2011). However, low values of the
amount of N derived from symbiotic N, fixation were observed at low temperatures in two
growth chamber experiments on nutrient solution (Kessler ef al., 1990; Nesheim and Boller,
1991). This was not only related to low growth and total nitrogen accumulation of white
clover, but also to a marked reduction of the proportion of N derived from symbioses. Thus,
the authors concluded that the negative effect of low temperature on processes of nitrogen
fixation-nodulation (e.g., Roughley and Dart, 1970) and nitrogenase activity (e.g., Cralle and
Heichel, 1982) were primarily responsible for the small contribution of nitrogen fixation to
nitrogen nutrition of white clover at low temperatures. Only few field studies have been
published on symbiotic N, fixation under marginal conditions at high altitude (e.g. Bowman
et al., 1996) or high latitude (e.g. Henry and Svoboda, 1986; Sparrow et al., 1995). Jacot et al.
(2000a; 2000b) studied the significance of symbiotic N, fixation for the legumes and for the
N balance of the whole grassland ecosystem of species-rich semi-natural pastures in the Alps.
The legume species examined were Lotus corniculatus L., L. alpinus Schleicher, Vicia sativa
L., Trifolium pratense L., T. repens L., T. nivale Sieber, T. thalii Vil., T. badium Schreber,
and 7. alpinum L.. Along an altitudinal gradient from 900 m a.s.l. to the altitudinal limit of
legume occurrence at 2600 m a.s.l., all the legume species met most of their N requirements
from symbiosis (59 to 90%). This suggests that symbiotic N, fixation is well adapted both to
the climatic and acidic soil conditions (pH 5.6 to 4.1) of the sites investigated. Nevertheless,
the amount of N derived from symbiosis decreased significantly with increasing altitude (18
to 1 kg N ha™' yr'') due to a strong decrease in the total productivity of the plant community
and to a decrease from 15 to 4% of legumes in the sward.

These findings and the sink/source model of regulation of symbiotic N, fixation at the
ecosystem level have several critical implications for the exploitation of atmospheric N, in
grassland systems. First, grass-clover mixtures can potentially fix more N, from the
atmosphere than clover monocultures. Second, there is no trade-off between high productivity
and high gains of symbiotically fixed N, because they are positively linked through N demand
(sink). Consequently, sufficient availability of other nutrients, such as P, K, and S, is crucial
for stimulating demand of N from symbiosis (Hartwig, 1998; Brown et al., 2000; Tallec et al.,
2009). Third, very high inputs of N into the ecosystem through symbiosis can cause a risk for
N losses into the environment. However, such unwanted N losses can be prevented by
sufficiently great abundance of grasses in the sward to ensure a highly competitive uptake of
mineral N from the soil.

Efficiency of conversion of forage into animal products
Legumes increase nutritive value and voluntary intake

Livestock production is influenced by both the nutritive value and the voluntary intake of
forages. The chemical composition and nutritive value of forages have been summarized by
INRA (2007). Compared to perennial ryegrass (Lolium perenne L.), white clover, red clover
and lucerne have high concentrations of crude protein (CP) and minerals, such as calcium, but
contain relatively low concentrations of water-soluble carbohydrates (WSC). The nutritional
advantage of white clover over grasses is well established (Beever et al., 1986; Peyraud,
1993). Organic matter digestibility and net energy concentration, as well as the supply of
metabolizable protein, are generally higher for white clover than for grasses (INRA, 2007).
These results reflect a lower proportion of structural cell wall components, which are less
digestible than cell contents. Red clover and lucerne are less digestible and their net energy
concentration is lower than that of white clover at a similar growth stage, the difference being
greater for lucerne (5.54, 6.10 and 7.17 MJ kg DM for lucerne, red clover and white clover,
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respectively (INRA, 2007)). These values are further reduced in silage and hay. Lucerne, and
to a lesser extent red clover, should be cut at an early growth stage in order to maximize the
net energy concentration of the conserved forage. In contrast, their net energy and
metabolizable protein content is high when fed as fresh forage, and is almost at the
recommended level for optimal feeding of dairy cows (INRA, 2007) and higher than that
recommended for low-producing cows. Hay-making maintains the high metabolizable protein
content but ensiling reduces its content.

Voluntary intake of dry matter (DM) of legumes is 10 to 15% greater than that of grasses of
similar digestibility and this is true whether forage legumes are fed as silage, hay or fresh
(INRA, 2007). These differences are attributed to a lower resistance of legumes to chewing, a
faster rate of digestion and a faster rate of particle breakdown and clearance from the rumen
(Waghorn et al., 1989; Jamot and Grenet, 1991; Steg et al., 1994; Dewhurst et al., 2009),
which in turn reduce rumen fill. Dewhurst et al. (2003) reported that DM intake of silage is
increased by 2 to 3 kg when cows are fed red clover or white clover silages, compared with
perennial ryegrass silage. White clover is often used in a mixture with perennial ryegrass and
this raises the question of the optimal proportion of white clover. Harris et al. (1998) showed
that the DM intake of housed dairy cows was at its maximum when white clover reached 60%
in the forage.

Herbage intake by grazing livestock is generally constrained by herbage allowance or pasture
structure. At the same herbage allowance, Alder and Minson (1963) found that herbage intake
was 15 to 20% higher with pure lucerne relative to pure cocksfoot pastures. The beneficial
effects of white clover on herbage intake and performance by livestock grazing a white
clover-grass pasture have also been demonstrated (Wilkins et al., 1994; Ribeiro-Filho et al.,
2003; 2005). The difference in daily herbage intake increased with increasing percentage of
clover in the diet and reached 1.5 kg on average in these latter studies. In addition to the
positive effect of legumes on voluntary intake, it is also probable that leaves of legumes are
more favourable for intake than stems and sheaths of grasses, particularly during the spring-
heading period. Thus, Ribeiro-Filho et al. (2003) have reported a higher rate of intake on
mixed white clover/perennial ryegrass pastures compared with pure perennial ryegrass
pastures.

An additional benefit of white clover is that the rate of decline in nutritive value throughout
the plant-ageing process is much lower than for grasses. This has been known for many years
(Ulyatt, 1970). Digestibility and voluntary DM intake decreased by 20 g kg™ and 0.2 kg day™
per week during the first growth of grass herbage, whereas these decreases were half that for
white clover herbage (INRA, 2007; Peyraud et al., 2009). Peyraud (1993) and Delaby and
Peccatte (2003) reported the digestibility of DM to be >75% after 7 weeks of regrowth or at
the flowering stage during the first growth in spring. Ribeiro-Filho et al. (2003) showed that
the DM intake of herbage declined by 2.0 kg day’I on a predominantly grass pasture
compared to 0.8 kg day” on mixed pastures. This makes mixed pastures much easier to
manage than pure grass pastures for maintaining their nutritive value and makes mixed
pastures particularly attractive on farm because of their greater flexibility. For example, it
allows intervals between two successive grazing periods of more than 4 to 6 weeks in the
summer. For lucerne and red clover, the decline in nutritive value with advancing maturity is
intermediate between that of white clover and grasses (INRA, 2007). Sturludéttir et al. (2013)
observed that the yield increase of legume-grass mixtures compared to monocultures was not
accompanied by a reduction in herbage digestibility and crude protein concentration that is
usually observed with increased DM yield. Low-lignin lucerne cultivars could be another
opportunity to further reduce the decline of nutritive value with advancing maturity
(Undersander et al., 2009).
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Legumes increase performance of livestock

Several experiments have shown that pure legume silages and legume-dominated silages can
increase milk production compared to pure grass silages (Castle et al., 1983; Dewhurst et al.,
2003). Chenais (1993) summarized the results of ten French experiments, which had studied
the effect of a mixed diet, based on maize (Zea mays L.) silage and red clover, or lucerne
silages compared with pure maize silage-based diets. The mixed diets led to similar levels of
performance by dairy cows when the legume silages were of a high nutritive value and in
particular when their DM content was >300 g kg'. The same applied to beef production,
where red clover silage made it possible to obtain growth rates that were identical to maize
silage as long as it was well-preserved (Weiss and Raymond, 1993). However, it should be
pointed out that legumes can be difficult to conserve; special care must be taken to ensure
good silage quality and to minimize leaf losses during hay-making (Arnaud et al., 1993).
Increasing the concentration of total non-structural carbohydrates (TNC) of legumes will
undoubtedly facilitate the production of high-quality silages and increase animal performance.
This can be achieved by cutting the plot during the afternoon when sugar content raised its
maximum (Brito et al., 2008; Pelletier et al., 2010; Morin et al., 2011). Plant breeding and
gene manipulation might also be an option to increase TNC in legume plants (Tremblay et al.,
2011).

A higher content of white clover in the pasture increased the daily milk yield of cows by 1 to
3 kg in several short-term experiments when the same DM herbage allowance was offered to
dairy cows grazing pure perennial ryegrass pasture and mixed pastures (Philips and James,
1998; Ribeiro-Filho et al., 2003). In a study with housed dairy cows, milk yield increased
with increasing white clover content in the diet and reached a maximum when the percentage
of white clover averaged 50 to 60% (Harris et al., 1998). Conversely, milk yield is reduced
when the abundance of clover is low (<20%, Gately 1981). As a consequence of higher
energy intake, milk protein concentration tends to increase on mixed pastures. However,
growth rates of growing cattle are relatively similar with these types of pasture. Nevertheless,
on set-stocked swards, which were maintained at a similar height, mixed grass-legume
pastures supported a slightly higher growth rate of lambs than fertilized grass pastures (Orr et
al., 1990; Speijers et al., 2004).

As mixed pastures are managed with very low N fertilization, the biomass ha™ might be lower
than from highly fertilized grass pastures at a same age of regrowth. Therefore, mixed
pastures often have lower milk yields and liveweight gains ha™ than pure perennial ryegrass
pastures as stocking rates are generally slightly lower in order to maintain similar herbage
allowances (Institut de ’Elevage, 2004; Humphreys et al., 2009). Difficulties in maintaining
well balanced grass-legume mixtures and their tendency to lose key species (Guckert and
Hay, 2001) may also be a reason for the preference of pure grass swards by farmers.
Alternatively, good flexibility in utilization of mixed pastures allows the use of intervals
between two successive grazings of more than 4-6 weeks in summer, thereby compensating
for lower productivity without penalizing the performances of the cows.

Legumes show a low efficiency of N digestion in the rumen

Losses of ruminal N in legume-fed ruminants are always high due to an imbalance between
degradable N and fermentable energy in the forage. The rumen degradability of protein is
higher for forage legumes in comparison with perennial ryegrass (Beever et al., 1986). This
leads to an inefficient utilization of forage N in the rumen and high urinary-N excretion
(Peyraud, 1993). White clover increases N excretion relative to perennial ryegrass from 20.1
to 29.8 g kg! DM intake and the amount of N that enters the duodenum is always below N
intake, averaging 75% of N intake for white clover compared to 93% for ryegrass. From the
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data of Ribeiro-Filho er al. (2005) it can be calculated that N excretion increased from 17.0 to
20.7 g kg! milk on mixed white clover-perennial ryegrass pastures compared with perennial
ryegrass pastures.

The WSC contained within the forage should be such as to balance the crude protein (CP)
concentration of herbage in order to maximize microbial protein synthesis. However, the
WSC content in temperate swards is variable and normally low. Promising results have been
obtained by plant breeding and gene manipulation to increase WSC concentration in perennial
ryegrass (Miller et al., 2001) and this led to a slight increase in digestibility and a reduction in
urinary-N losses (Miller et al., 2001; Lee et al., 2002). However, legume forages typically
have high CP and low WSC concentrations. Increasing WSC concentrations might improve
ruminal-N utilization and plant digestibility in the case of lucerne and red clover. Combining
grasses with high WSC concentrations and legumes with low CP concentrations in mixed
swards should allow a reduction in N fertilizer inputs and a reduction in the risk of high N
excretion from livestock grazing swards with high CP concentrations. Significant variation
within white clover and associated materials for lower CP and higher WSC concentrations has
been identified (N.D. Scolan, pers. comm.). An experiment using mixed pastures based on
perennial ryegrass with enhanced levels of WSC and white clover with variation in CP
concentrations is being undertaken in the Multisward project (http://www.multisward.eu).

The extensive degradation of CP, which occurs during ensilage, worsens the imbalance
between degradable protein and energy in legume silages and leads to inefficient N utilization
and high urinary N excretion (Dewhurst et al., 2003; Cohen et al., 2006; Dewhurst et al.,
2009). Supplementation with cereal grains can overcome the relatively low energy
concentration of legume silages and, hence, reduce urinary N losses per unit of forage intake
(Cohen et al., 2006). Legume silages or hays complement maize silage in mixed diets well
(Chenais, 1993; Rouillé e al., 2010) as they can provide sources of both degradable and
undegradable protein. They also offer some potential to substitute imported soybean meal
with home-grown protein, which will contribute towards protein self-sufficiency of livestock
production on farm (Peyraud et al., 2012).

Plant secondary metabolites are a key feature of legumes

This section of the paper will focus on a few legumes that possess additional features which
offer promise for ruminant nutrition and health, and for reducing greenhouse gas emissions.
These features include tannins, polyphenol oxidase and protease enzymes (Mueller-Harvey,
2006; Kingston-Smith et al., 2010). Table 1 lists key (dis)advantages of some current legume
species with such features and are being investigated in the current EU LegumePlus project
(http://legumeplus.eu). Sainfoin (Onobrychis viciifolia Scop.) holds particular promise for
alkaline and drought-prone soils, which cover much of central and southern Europe (Solter et
al., 2007). All legumes improve soil fertility and thus contribute to sustainability; but sainfoin
contributes 16,200 kg of dry matter from fine roots ha” compared to 4,200 kg ha™ from
lucerne (Sergeeva, 1955). Together these legume species cover soil pH from 4 to 8.5 and
temperature tolerance from southern to northern Europe. Red clover varieties have been
improved for over 50 years, but few sainfoin or birdsfoot trefoil (Lotus corniculatus L.)
cultivars are available. Plant breeding goals and achievements were recently reviewed for the
main legume species red clover (Boller et al., 2010), white clover (Abberton and Marshall,
2010) and lucerne (Veronesi et al., 2010) but also for minor legume species (Piano and
Pecetti, 2010) including birdsfoot trefoil and sainfoin.

Condensed tannins are oligomers and polymers of flavanols and have been found in a few
forage legumes, such as birdsfoot trefoil, sainfoin, sulla (Hedysarum coronarium L.) and the
flowers of Trifolium species (Waghorn et al., 1998; Waghorn, 2008). Total concentrations and
compositions depend on accession/variety (Héring et al., 2007; Azuhnwi et al., 2011,
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Stringano et al., 2012), season (Theodoridou et al., 2011), plant organ (Héring et al., 2007)
and processing method (Hoste ef al., 2006). Varieties with relatively stable concentrations and
compositions will be needed to ensure that farmers can obtain reliable benefits from legumes
containing condensed tannins. Whilst the biosynthesis of monomeric polyphenols and
flavanols is now known, the search is still on for the genes and enzymes involved in the
synthesis of condensed tannins (Dixon et al., 2012). Although it is likely that the quantitative
and qualitative traits (i.e. concentrations and structures) of condensed tannins are under
genetic control (Scioneaux et al., 2011), the question remains how amenable these traits are to
improvement by plant breeding. Research will also be needed in order to develop screening
tools that are suitable for breeding new legume varieties with optimized composition of
condensed tannins.

Table 1. Advantages and disadvantages of bioactive legumes, which are suitable for covering a range of
European environments and soil conditions.

Characteristics Legume species
Trifolium pratense Lotus corniculatus Onobrychis viciifolia
Red clover Birdsfoot trefoil Sainfoin

EU latitudes 35%to 64° 35%to 56° 35° to 54°
Soil pH:

Tolerance 45-85 55-175 6.0-89

Optimum 6.0-7.5 6.0-6.5 6.5-8.0
Yield Good Fair Medium
Establishment Easy Moderate Difficult
Persistence Poor Medium Very good
Tolerance to:

Water logging Fair Good Poor

Drought Medium-poor Medium-poor Good
Anthelmintic No Low Yes
Anti-bloating No Yes Yes
Oestrogenic Yes No No
Bioactive constituents Polyphenol oxidase Tannins Tannins; oxidase

Plant secondary metabolites for increasing the efficiency of ruminal protein digestion

The role of condensed tannins in reducing ruminal protein degradation has been well
documented (Jones and Mangan, 1977; Waghorn, 2008). A meta-analysis by Min et al.
(2003) showed that increasing the concentration of condensed tannins progressively increased
the amount of undegraded feed protein flowing into the duodenum without affecting
microbial flow. By forming complexes with dietary proteins, condensed tannins generally
slow the rate of protein degradation during fermentation in the rumen and during ensiling
(Mueller-Harvey, 2006). Moreover, most plant proteases are located in the vacuole - just as
condensed tannins are. Therefore, it is likely that, during the initial stages of digestion,
condensed tannins may also reduce autolysis simply by complexing these enzymes (Kingston-
Smith et al., 2010). However, what is not yet fully understood is which types of condensed
tannins (or plant features) create optimal degradation rates. For example, high concentrations
of condensed tannins in trefoils (Lotus pedunculatus Cav., var. Maku) may be too ‘potent’ as
ruminants cannot utilize its dietary protein fully as evidenced by high faecal-N contents
(Waghorn et al., 1998). However, in a few cases (birdsfoot trefoil, var. Goldi, and some
sainfoin accessions), dietary protein appears to be appropriately protected by condensed
tannins from ruminal degradation and available for post-ruminal digestion (Waghorn, 2008).

Previous research indicated that this protective effect could not be transferred from sainfoin
plants containing condensed tannins to red clover, which is free of condensed tannins (Beever
and Siddons, 1984). Subsequent research found, however, that red clover contains polyphenol
oxidase (PPO), which can generate covalent bonds between protein and polyphenols when
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cells disintegrate, and this probably precluded any additional benefits from the condensed
tannins in sainfoin. Promising results have been obtained by co-ensiling sainfoin and lucerne.
This improved not only fermentation in laboratory silos, but more importantly it increased
digestibility in sheep (Wang et al., 2007). Synergistic effects have also been observed during
in vitro fermentation of sainfoin and cocksfoot (Dactylis glomerata L.) (Niderkorn et al.,
2013).

The increased amount of duodenal N flow, associated with the presence of condensed tannins,
is rarely matched by a greater utilization of amino acids in the intestine (Egan and Ulyatt,
1980; Aufrere et al., 2008). When ruminants eat tanniniferous legumes, they excrete less
urinary nitrogen and slightly more faecal nitrogen compared to other iso-nitrogenous diets.
This is important since urinary urea is quickly converted to ammonia and nitrous oxide (N,O)
and faecal nitrogen is more likely to contribute to soil organic matter (Mueller-Harvey, 2006;
Woodward et al., 2009).

Few studies have investigated the effects of legumes containing condensed tannins on milk
yield under European conditions; however, a study from New Zealand found higher milk
yields in dairy cows when feeding increasing proportions of birdsfoot trefoil in perennial
ryegrass diets (Woodward et al., 2009). In contrast to the USA, Canada and New Zealand,
hardly any plant breeding programmes in Europe have involved legumes containing
condensed tannins and it is, therefore, not surprising that Western Europe has only a few
isolated areas where they are still grown.

Relatively little attention has also been paid to plant proteases, which appear to be active
during the early stages of ruminal digestion (Kingston-Smith et al., 2010). Concentrations of
plant proteases differ two-fold among legumes and, together with other features, contributed
to twenty-fold differences in protein half-lives in a simulated, but microorganism-free, rumen
environment (a half-life of 19 h in sainfoin versus 1 h in white clover) (Kingston-Smith et al.,
2003). A few legumes also contain other features that are worth exploring. Red clover
contains polyphenol oxidase, which can lead to covalently linked polyphenols and proteins.
The resulting complex protects protein from rapid ruminal degradation, which may generate
nutritional benefits for ruminants (Kingston-Smith er al., 2010). Polyphenol oxidase
potentially reduces ruminal proteolysis (Jones et al., 1995) but in vivo experimental evidence
for the positive effect of polyphenol oxidase on ruminal digestion is still lacking.

Plant secondary metabolites for improving animal health while reducing medication

Polyphenols and condensed tannins offer several opportunities to farmers for managing the
health of their herds and flocks (Wang et al., 2012). For instance, bloat is a serious digestive
disorder which causes painful suffering or death to animals plus financial losses to farmers. It
generally occurs when readily digestible plants degrade too fast in the rumen; this produces a
stable proteinaceous foam that traps fermentation gases, which can no longer be eructed by
animals (Wang et al., 2012). However, plants containing condensed tannins, such as sainfoin,
birdsfoot trefoil, crownvetch (Coronilla varia L.) and cicer milkvetch (Astragalus cicer L.),
on their own or in mixtures with potentially bloat-forming forages never cause bloat (Mueller-
Harvey, 2006). McMahon et al. (2000) showed that using fresh sainfoin as a complement to
grazed lucerne helps to prevent bloat in cattle.

Coccidia cause diarrhoea and can result in serious economic losses. Recent research has
obtained promising results from in vitro and in vivo studies with sainfoin in sheep (Saratsis et
al., 2012). In addition, condensed tannins are effective against fly-strike in sheep, which
occurs when sheep are affected by wet faeces. Fly-strike can be controlled with forages
containing condensed tannins, as these yield drier faeces, which in turn prevent flies from
depositing their eggs on sheep (Waghorn, 2008).
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An area that is currently receiving much attention concerns the use of secondary plant
metabolites against parasitic worms, which are now a worldwide threat to animal welfare and
production. Nematode resistance against all three classes of broad-spectrum anthelmintic
drugs is challenging conventional treatments (Molento, 2009). Some farmers in the USA
already rely on the legume, Lespedeza cuneata G.Don, rather than on veterinary drugs to
control the Haemonchus contortus worm (Burke et al., 2012). Condensed tannins represent a
relatively untapped natural resource and can modulate nematode biology at key life-cycle
stages (Hoste et al., 2006). It is of particular interest that the anthelmintic bioactivity was still
present or even enhanced after sainfoin was conserved as hay and silage (Hoste et al., 2006;
Hiring et al., 2008). Thus, sainfoin can be fed when it is needed most, before and after
parturition when host immunity of the mother and new-born is low. Numerous studies have
shown that flavanol monomers and condensed tannins are effective in vitro against parasitic
nematodes from sheep, goats, cattle, deer and other species (Molan ez al., 2003; Novobilsky et
al., 2011). Positive results have also been obtained in vivo (Min et al., 2003; Héring et al.,
2008; Burke et al., 2012; Azuhnwi et al., 2013). Condensed tannins are thought to act directly
against the parasites because of their ability to form strong complexes with proline-rich
proteins, which are present on nematode surfaces (Mueller-Harvey, 2006). Recent studies
have also shown the potential for indirect effects because condensed tannins can stimulate the
immune response in T-cells (Provenza and Villalba, 2010; Tibe et al., 2012). This is
particularly important as helminths are inherently immune-suppressive and down-regulate or
inappropriately skew the host immune response (Maizels and Yazdanbakhsh, 2003).

Forage legume-based systems have potential for reducing the negative effects of
livestock systems on the environment

The great opportunities of legumes for environmentally friendly yet productive grassland-
livestock systems derive from the different features reviewed above: (i) increased yield, (ii)
replacement of industrial-N fertilizer by symbiotically-fixed N, (iii) higher nutritive value
and voluntary intake of forage and (iv) greater livestock performance. Taken together, all of
these effects create important environmental advantages of legume-based grassland-
husbandry systems. These advantages are evident not only at the sward level, but also at the
whole-farm level. In addition, the benefits apply also to the functional unit of managed land
area and to the functional unit of the final product.

Forage legumes can reduce nitrate leaching

At the sward level, the sometimes very high N inputs to the ecosystem from symbiosis can
result in a risk of nitrate leaching (Hooper and Vitousek, 1997; 1998; Scherer-Lorenzen et al.,
2003; Palmborg et al., 2005). Loiseau et al. (2001) reported higher annual leaching losses of
N from lysimeters when swards were sown with pure white clover (28 to 140 kg N ha™) than
with pure perennial ryegrass (1 to 10 kg N ha™). Much higher values are reported for bare
soils (84 to 149 kg N ha™). However, as long as the percentage of grass in mixed grass-
legume swards is sufficient to take up mineral-N from the soil, it can be expected that this will
prevent N losses by leaching. Under a mowing regime, Nyfeler (2009) found an increased risk
of leaching of nitrate only if the percentage of legumes in the mixture was above 60-80% and
this was combined with 150 kg N fertilizer input ha” yr'. Nevertheless, few studies have
assessed the changes in nitrate content in the soil under mixtures containing legumes during
periods of more than a few years. In the longer term, soil nitrate content could rise due to the
mineralization of nitrogen-rich legume residues. In a five-year experiment, Oelmann et al.
(2011) observed a positive effect of the presence of legumes on the NO3-N content in the soil,
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but this effect did not increase with time, and therefore did not indicate an increasing risk of N
leaching over the 5 years.

It has been suggested that a higher proportion of white clover in perennial ryegrass pastures,
at the expense of mineral-N fertilizer, is an important component of low-input sustainable
systems for livestock production (Thomas, 1992; Pflimlin ef al., 2003). Evidence comes not
only from cut plots (above) but leaching of nitrate was also lower under grazing of mixed
white clover-grass swards compared with highly fertilized pure grass swards (Hooda et al.,
1998; Ledgard et al., 2009; Peyraud et al., 2009). These results are explained mainly because
mixed pastures do not support as high stocking rates as fertilized grass pastures and, to a
lesser extent, by the down-regulation of symbiotic N, fixation under high mineral-N
availability. At a similar stocking rate (3.3 cows ha) and milk yield per hectare (13,200 kg
milk ha™), Ledgard et al. (2009) reported similar leaching of N (30 kg N ha™') under mixed
grass-clover pastures and pure grass fertilized with 160 kg N ha', whereas N leaching
increased to 60 kg N ha™' for a more intensively fertilized grass pasture (207 kg N fertilizer
ha', 15,500 kg milk ha'l). Also, Vertes et al. (1997) found a 5 to 10% reduction of NO;
leaching under grass-clover, compared to fertilized pure-grass pastures. Losses of nitrate
under grazed grass-clover swards can rise with increasing proportions of clover (Schils, 1994;
Ledgard et al., 1999). There is less information available for other legumes. Losses through
leaching were lower under pastures with a lucerne-grass mixture than from a white clover-
grass mixture (Russelle ef al., 2001) for a similar yield.

At the level of the whole-farm system, despite an apparently negative effect on N excretion by
ruminants, legumes actually provide opportunities for reducing N losses. For example, N-use
efficiency decreases with the application of increasing amounts of mineral-N fertilizer
(Scholefield et al., 1991) and legumes overcome the need for a precise and timely supply of
mineral-N fertilizer and hence reduce the amount of available ammonia N in the soil (Jarvis
and Barraclough, 1991).

Forage legumes can contribute to reduced greenhouse gas emissions

Methane

Methane produced in the rumen is a large contributor to the greenhouse gas (GHG) emissions
by livestock systems (Tamminga et al., 2007; Waghorn and Hegarty, 2011). Legumes can
contribute to reducing ruminal methane production per unit of intake. Ruminants fed legume
forages generally emitted less methane than grass-fed animals, per unit of feed intake
(McCaughey et al., 1999; Waghorn et al., 2006) although not in all cases (Van Dorland et al.,
2007). This may be due to a modification of the ruminal fermentation pattern toward
propionate, which in turn is a hydrogen carrier and thus reduces the amount of methane
produced. Inconsistency of results between experiments can arise from difference in forage
composition (stage of maturity, presence of condensed tannins) and animal genotypes.
Condensed tannins may also be useful for reducing greenhouse gases (Kingston-Smith et al.,
2010) as several studies have shown that condensed tannins reduced methane production in
vitro. A recent meta-analysis revealed a general anti-methanogenic effect of condensed
tannins above 20 g kg DM in feeds (Jayanegara er al., 2012). Some effects of condensed
tannins were also reported from in vivo studies with sainfoin (Waghorn, 2008), birdsfoot
trefoil (Woodward et al., 2004) and sulla (Woodward et al., 2002). It would appear that the
anti-methanogenic properties of condensed tannins stem either from direct effects against
methanogens and/or from indirect effects on protozoa. Interestingly, there were marked
differences in the selectivities of different tannins (Pellikaan et al., 2011). Preliminary results
suggest that polymer size of condensed tannins is an important structural feature for anti-
methanogenic activity (Tavendale et al., 2005).
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Nitrous oxide

Each kg of N as ammonium nitrate produced in the industrial Haber-Bosch process consumes
large amounts of energy (58 MJ) and also emits significant amounts of greenhouse gases (8.6
kg CO, equivalents) thereof 19 g N,O (ecoinvent, 2010). In addition, the IPCC (2006)
suggested that for every 100 kg of N fertilizer added to the soil, on average 1.0 kg of N is
emitted as N,O, which is a greenhouse gas that is ca. 300 times more active than CO,
(Kingston-Smith et al., 2010). The process of denitrification is the most important source of
N,O from pasture systems (Soussana et al., 2010). Denitrification occurs when the soil is wet,
oxygen availability is restricted and nitrate concentration is high. Nitrification is favoured by
a supply of ammonium-N in well-drained soils. Thus, large peaks of N,O emissions are
measured in grasslands immediately after N-fertilizer applications (Ineson et al., 1998;
Klumpp et al., 2011). There are three reasons why N>O emissions from legume-based
grassland systems should be lower than from fertilized grass systems: (i) nitrogen is fixed
symbiotically within the legume nodules and thus is not freely available in the soil in a
reactive form, (ii) symbiotic N, fixation activity is down-regulated if the sink of N for plant
growth is small and (iii) in optimized grass-legume mixtures the grass roots take up N derived
from legume roots and from mineralization of soil organic matter. Indeed, a compilation by
Jensen et al. (2012) showed that annual N,O emissions were largest in N fertilized grass
swards (19 site-years; 4.49 kg N,O-N ha™') followed by pure legume stands (17 site-years;
0.79 and 1.99 kg N,O-N ha for white clover and lucerne, respectively) and mixed grass-
clover swards (8 site-years; 0.54 kg N,O-N ha'). Within the revised greenhouse gas
guidelines (IPCC, 2006), symbiotic N, fixation has actually been removed as a direct source
of N,O because of a lack of evidence of significant emissions arising from the fixation
process itself (Rochette and Janzen, 2005). These authors concluded that the N,O emissions
induced by the growth of legume crops/forages may be estimated solely as a function of the
above-ground and below-ground nitrogen inputs from crop/forage residue during pasture
renewal. Emissions of N,O from legumes do occur as a result of the decomposition of
residues from leguminous plants but the magnitude of such emissions remains uncertain
(Baggs et al., 2000).

At the level of the whole livestock system, Ledgard et al. (2009) and Basset-Mens et al.
(2009) showed by using life-cycle analysis, that greenhouse gas emissions decreased by 1.15
to 1.00 kg eq-CO, kg milk with mixed grass-clover pastures compared to pure grass pastures
because of the reduction of N,O emissions in New Zealand dairy farms. Basset-Mens et al.
(2005) have compared greenhouse gas emissions from dairy farm systems in Sweden,
southern Germany and New Zealand using life-cycle analysis and emission coefficients. The
New Zealand system relies essentially on permanent grass-white clover pastures, which are
grazed all year round with an annual N fertilizer input of 100 kg ha' and less than 10% of the
feed requirement of cows is provided by feed supplements. They showed that the total
emission per 1 kg milk is 30 to 80% lower from the New Zealand system. Greenhouse gas
emissions are high from intensive European dairy farms based on predominant grass pastures;
the contribution of methane is reduced in proportion and CO, emissions were much higher in
proportion (i.e. 3.7 times higher than from the New Zealand system), because of the
production and transport of feed concentrates and mineral-N fertilizer and because of effluent
management. Schils et al. (2005) compared the total emissions from dairy systems in the
Netherlands, which were either fertilized ryegrass or grass-clover pastures (i.e. inputs of 208
and 17 kg mineral-N ha” yr''): greenhouse gas emissions kg of milk were 20% lower for
grass-clover pasture-based systems.
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Carbon dioxide

Industrial production of each kg of inorganic N emits 2.25 kg of CO,. Legumes offer a big
advantage because the entire C needed for symbiotic N, fixation comes directly from the
atmosphere via photosynthesis and, thus, are ‘greenhouse-gas neutral’.

A further option to mitigate climate change is C sequestration into the soil. New C can only
be introduced into the soil via photosynthesis by plants and the C:N ratio of soil organic
matter is fairly constant in almost all soils (Kirkby er al., 2011). Consequently, C
sequestration into soil organic matter ultimately means sequestration of N into soil organic
matter (80 kg N t! of C). Current evidence suggests that humus formation is particularly
limited by the availability of N (Christopher and Lal, 2007). This again points to the
importance of legumes and their symbiotic N, fixation for coupling C and N cycles and for
delivering the N needed to sequester C into soil organic matter. Data from a large survey of
soil organic matter in France (Arrouays et al., 2001), and models (Soussana et al., 2004),
show that the conversion of short-term N-fertilized grass leys into grass-legume mixtures
could sequester C into soil organic matter. Indeed, several studies found higher soil organic
matter contents under grass-legume mixed swards than under pure grass swards (Ruz-Jerez et
al., 1994; Mortensen et al., 2004).

Forage legumes reduce consumption of non-renewable energy

The introduction of legumes reduces non-renewable energy consumption in livestock farms
since they use atmospheric N and since no direct financial or energetic cost is linked to this N
input. In comparison, each kg of inorganic N produced in the industrial Haber-Bosch process
consumes large amounts of energy. The estimations are highly variable and range from 44 MJ
(Kaltschmitt and Reinhardt, 1997) to 78 MJ (Kitani, 1999). Studies estimated that under
French conditions 0.17 MJ of energy are required to produce 1 MJ of net energy with ryegrass
fertilized at 150 kg N ha™, but only 0.06 MJ with a ryegrass-white clover mixture, and 0.13
MIJ for maize silage planted after wheat (Besnard et al., 2006). Similarly, energy consumption
decreased from 5.0 MJ kg milk for intensive dairy farms in the Netherlands to 4.0 MJ kg™
milk for French farms using maize silage and fertilized grasses and to 3.1 and 1.4 MJ kg™ for
systems based on grazing in Ireland and New Zealand, respectively (Le Gall et al., 2009;
Peyraud et al., 2009). The higher energy consumption in Irish grassland-based systems
appears to be linked to the utilization of high amounts of N fertilizer on pure ryegrass
pastures, in comparison with the lower use of N in New Zealand systems.

Legumes offer an option for adapting to atmospheric change

Legumes — again through their coupling of the C and N cycles — provide a useful option for
adapting to atmospheric change. Elevated atmospheric CO, concentrations stimulate
photosynthesis and this leads to a one-sided increase in C availability within the ecosystem.
Research has shown that, under controlled conditions and ample nutrient supply, the yield
response of plants follows the increased rate of photosynthesis. However, under field
conditions, N is the major limiting factor in the yield response of grasslands to elevated CO,.
Thus, elevated atmospheric CO, concentrations resulted in a decrease in the index of N
nutrition of grasses (Soussana and Hartwig, 1996; Zanetti et al., 1997), which indicates an
increased N limitation of growth. Legumes, with their access to the unlimited N source of the
atmosphere, have the potential to close such an increased gap between N demand and N
availability of the ecosystem. Indeed, in fertile grasslands, legumes benefit more from
elevated atmospheric CO, concentrations than non-fixing species (Hebeisen et al., 1997;
Liischer et al., 1998; 2000; Campbell et al., 2000) and this results in a significant increase in
symbiotic N, fixation due to higher proportions of legumes in the sward and due to a higher
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proportion of N derived from symbiosis in the legume plant (Soussana and Hartwig, 1996;
Zanetti et al., 1997). In fact, the additional N harvested under high atmospheric CO,
concentrations was derived solely from increased activity of symbiotic N, fixation (reviewed
in Liischer et al., 2004; Soussana and Liischer, 2007).

There are other reasons why legumes can be suggested to be well adapted to future climatic
conditions. Legumes have higher temperature requirements for growth than their companion
grasses (Mitchell, 1956; Davies and Young, 1967). Warmer temperatures should, thus, result
in a competitive advantage for the legumes as indicated by the seasonal cycle of the white
clover proportion in mixed swards, which is high in the summer and low in spring and
autumn (Liischer et al., 2005). Especially in temperature-limited environments of high
altitudes and high latitudes, the projected increase in temperature could result in an advantage
for legumes. The projected increase in the frequency and severity of drought-stress periods
may increase interest in the use of deep-rooting species such as red clover, lucerne, birdsfoot
trefoil and sainfoin, as they allow the use of water reserves in deeper soil layers. In addition,
niche theories not only predict higher yields of mixed swards compared to monocultures, but
also that they can better deal with climatic variability and stress and that they show higher
resilience after cessation of stress (insurance hypothesis; Naeem and Li, 1997; Yachi and
Loreau, 1999). Accordingly, drought-stress vulnerability and resilience of deep (red clover,
sainfoin) and shallow rooting (white clover) legumes and of grass-legume mixtures are
investigated in the projects AnimalChange (www.animalchange.eu) and LegumePlus
(www.legumeplus.eu).

Technology needs for keeping a more stable abundance of legume in the sward

In conclusion, grass-clover mixtures with 30 to 50% of legumes seem to be an optimal
system: they yield high amounts of N from symbiosis, generate high forage yields of high
nutritive value, which generates high voluntary intakes and livestock performances and, at the
same time, they minimize the risk of N losses to the environment. The big challenge for
legume-based grassland-husbandry systems, however, will be to maintain the proportion of
legumes within this optimal range.

Legumes have a distinct competitive advantage in N-limited systems (Hartwig, 1998). When
competing with non-fixers, legumes avoid N deprivation by supplementing mineral-N uptake
with symbiotic N, fixation, thereby retaining a relatively high growth rate even in a low soil-
N environment (Woledge, 1988). In contrast, where mineral-N is abundant, N, fixation is
energetically costly and N, fixers tend to be competitively excluded by non-fixing species
(Faurie et al., 1996; Soussana and Tallec, 2010). There was a strong decrease in the
proportion of legumes in the swards of the pan-European experiment in its third and final year
(Nyfeler et al., 2009; Finn et al., 2013) and this further confirms the difficulties of
maintaining the desired abundance of legumes in mixtures (Frame, 1986; Guckert and Hay,
2001). Sward management strategies with reduced N fertilizer input and/or increased cutting
frequencies can increase the proportion of white clover (Schwank et al., 1986). The
effectiveness of such management treatments to regulate the proportion of white clover is
evident from the Swiss Free-Air CO, Enrichment (FACE) experiment (Hebeisen et al., 1997;
Zanetti et al., 1997). Averaged over the first three years, the contribution of white clover was
14% at infrequent defoliation combined with high N fertilization, whereas it was 57% at
frequent defoliation combined with low levels of N fertilizer. However, due to large seasonal
variations, there were also periods with unsustainably high clover percentages of above 80%
(Lischer et al., 2005).

Another option to optimize and stabilize legume abundance in mixtures is an optimized
composition of seed mixtures. This will require decisions on how many and which species to
include, and which proportions of the species and which cultivar of the species to choose.
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This option is evident from the Swiss site of the pan-European experiment, where, besides the
experimental four-species mixtures (Kirwan ez al., 2007; Nyfeler et al., 2009), Swiss Standard
Mixtures (Suter et al., 2012) were also examined. These mixtures contain more species (up to
eight) and their composition (relative and absolute abundance of species) was continuously
ameliorated during the last few decades based on experiments and observations on farms.
Over the three years of the experiment, the decline in clover abundance in the Swiss Standard
Mixtures was much smaller than that in the four-species mixtures of the pan-European
experiment (Suter et al., 2010). Development of seed mixtures containing species with
comparable competitive abilities could result in more balanced and stable mixtures (Liischer
et al., 1992). Moreover, not only do species differ in their competitive abilities but also
cultivars within species. Suter et al. (2007) found that the realized species composition of the
established sward differed tremendously depending on which cultivars were chosen for the
seed mixture. All these results demonstrate that the composition of the seed mixture offers a
multi-factorial opportunity for optimization.

Conclusions

As a component of mixed grass-legume swards, forage legumes offer important opportunities
for tackling future agricultural challenges. The great potential of legumes for sustainable
intensification is related not just to one specific feature; their strength stems from the fact that
several of their features can act together on different ‘sites’ in the soil-plant-animal-
atmosphere system. It is interesting to note that their advantages are most pronounced in
mixed swards with 30-50% of legumes. These advantages are: (i) increased forage
production; (ii) ‘greenhouse gas-neutral’ and ‘energy-neutral’ N input into grasslands via
symbiotic N, fixation; (iii) support of non-N,-fixing plants in the grassland through transfer of
symbiotically fixed N; (iv) higher nutritive value and voluntary intake of the forage with a
less marked decline of quality with advancing maturity than grasses, which lead to (v) higher
livestock performance; in addition, bioactive plant secondary metabolites of legumes can
enhance (vi) efficiency of protein digestion by ruminants and (vii) benefit animal health
through lower medication. These multiple advantages benefit the whole grassland-husbandry
system through reduced dependency on fossil energy and industrial N fertilizer, lower nitrate
and greenhouse gas emissions into the environment, lower production costs, higher
productivity and protein self-sufficiency. In addition, legumes may offer an option for
adapting to higher atmospheric CO, concentrations and to climate change. Legumes generate
these benefits at the level of the land management unit and also at the level of the final
product unit. However, legumes suffer from some limitations and future research is needed to
fully exploit the opportunities they offer. The most important areas for research are: (i) more
predictable and controllable proportions of legumes within mixed plant communities, which,
most probably, is achievable through innovative management strategies, optimized seed
mixtures and breeding for increased competitive ability and/or niche complementarity; (ii)
improved nutritive value of fresh forage and, especially, silage, which can be addressed by
optimizing the energy/protein balance within the plants (e.g. by increasing water-soluble
carbohydrate concentration); (iii) better exploitation of the multiple opportunities offered by
plant secondary metabolites, which requires knowledge of optimum structures and
concentrations of these compounds, and development of cultivars and cultivation techniques
that enable farmers to produce these optimized plant secondary metabolites reliably. The
development of legume-based systems of grassland husbandry undoubtedly constitutes one of
the pillars for more sustainable and competitive ruminant production systems and it can only
be expected that legumes will become more important in the future.
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Abstract

Iceland is located just below the Arctic Circle, yet it enjoys a mild maritime climate. The
mean temperature in Reykjavik is -0.5 and 10.6°C for January and July respectively. The
growing season is cool and generally fairly wet and extends over four months from May to
September. Such conditions are ideal for grass growth and therefore agriculture is primarily
grassland-based livestock production. Winter fodder for the livestock is mostly harvested
from permanent grass fields, almost half of which are on drained organic soils. Arable land is
now approximately one tenth of the cultivated area, divided equally between barley
production and green fodder. Climatic conditions have been favourable for barley cultivation
in the last two decades and the annual production provides around a quarter of the current
concentrate requirements. This could be doubled in the next few years if climatic conditions
remain favourable. Iceland has only a single breed for each of dairy cows, sheep and horses.
These are all unique to the country and have remained almost completely isolated since the
settlement around 1100 years ago. Import of exotic genetic material is strictly controlled. The
country is self-sufficient in both meat and dairy products. The dairy cow is rather small and
produces on average 5,600 kg milk yr''. Milk yields have been steadily increasing over the
last 40 years thanks to improved fodder and genetic improvements in the local breed. The
Icelandic sheep has been bred for good ewe productivity and superior meat quality. The sheep
population is around 460 thousand heads and this outnumbers all 27 EU countries on the basis
of animal numbers per 1000 inhabitants. The Icelandic horse is characterized by its many coat
colours and five different gaits. It is estimated that two thirds of the horse population are
currently found abroad. Projected climate change indicates that conditions for crop plants will
improve and the cultivation of arable crops will become more secure in the near future.

Keywords: grassland agriculture, marginal environment, barley production, local breeds

The geography of Iceland

Iceland is an isolated island of about 103,000 km? surrounded by the North Atlantic Ocean
and is extends between the latitudes 63.2°N and 66.3°N (Figure 1). The shortest distance to
neighbouring countries is 278 km to Greenland, 420 km to the Faroe Islands and 708 km to
Scotland. Approximately one quarter of the country is below 200 m elevation, where all major
settlements as well as most of the agricultural areas are located. The population of Iceland is
approximately 320,000. The population density is only 3.1 inhabitants km?, compared to 112
inhabitants km™ in EU-27. Even the Scandinavian countries Norway, Finland and Sweden are
several magnitudes above Iceland with 15-22 inhabitants km. Almost 80% of the population
lives in the south-west corner of the country, in or close to the capital. For most of the
agricultural areas population density is therefore well below the country average.

The unique demographic conditions in Iceland result in vulnerable and non-competitive
agricultural industry. Firstly, the local market is small and the processing industry produces a
wide range in very small quantities making it difficult to benefit from scale. Secondly,
transport costs are high, both for live animals and raw milk from farms to the processing
plants, and of processed food from the plants to consumers. Thirdly, centralized services such
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as technical support, farm extension and health inspection are inevitably scattered in small,
often inefficient units. Fourthly, the retail market is dominated by few companies, giving the
farming industry a weak position against the retail industry.

ARCTIC REGION

The natural environment
Despite its northern location the country enjoys a
mild maritime climate, thanks to a branch of the
Gulf Stream, which brings warm sea from the Gulf
of Mexico to the southern and the western coast of
Iceland. The mild Atlantic air meets colder Arctic
air over the country and this causes both frequent
changes in weather and storminess, with more
rainfall in the southern and western part than in the
northern part of the island (Einarsson, 1984). The
mean temperature (1961-1990) in Reykjavik is
—0.5° and 10.6°C for January and July, respectively,
and the annual precipitation is 799 mm. The 10°C
isotherm for July stretches further south over
Iceland, compared to Northern Scandinavia (Figure
1). Iceland is the only country in the world where
i : agricultural production can be found north of this
Figure 1. The A line. Accumulated Day Degrees (Tsum >5°C) in

Arctic Circle (broken line) and the 10°C Reykjavik are currently only around 700 compared
isotherm for July (solid line) to 1300 in south Finland (Stoddard ef al., 2009), and

1100 at Umea in Sweden and Trondheim in Norway, which are at comparable latitudes to
Reykjavik. Summer temperatures (mean for May-September) have, however, varied in recent
decades reaching only 8.5°C on average in the years around 1980 compared to the years
around 1930 and the present value of approximately 10°C (Figure 2). This can primarily be
explained by the North Atlantic Oscillation (NAO), a climatic phenomenon in the North
Atlantic Ocean, which results from fluctuations in the difference of atmospheric pressure at
sea level between the Icelandic low and the Azores high (Hurrell, 1995).
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Figure 2. Mean summer temperature in Reykjavik (May-September) from 1924 to 2012
(-=--- actual mean values; — 11 year moving averages).
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Iceland lies on the Mid-Atlantic Ridge. The parent materials are of recent volcanic origin and
consist mostly of basaltic tephra. Soils which form under such conditions have unique
characteristics and are classified as Andosols (Arnalds, 2004). The soils in Iceland have been
divided into two main groups: soils of deserts and soils under vegetation (Arnalds, 2008). The
soils of the former group are dominated by poorly weathered volcanic tephra and are termed
Vitrisols. They are infertile, poor in organic carbon (<1%) and exposed to intense
cryoturbation and erosion. Soils under vegetation are andic (Andosol properties) and/or histic
(organic) in nature depending on drainage and the dominant influence of eolian and tephra
input. The organic carbon can thus range from <12%C in Brown Andosols (freely drained) to
>20% in Histosols in some wetland areas. The Andosols generally have high porosity with a
range of pore sizes that can retain large amounts of water. They have high organic C and N
content, and a strong tendency to fix phosphorus. All these characteristics provide an
excellent environment for root growth (Nanzyo et al. 1993). Andosols lack cohesion and are
therefore open to erosion by water or wind, especially if the vegetation is weakened, for
example, by overgrazing.

The native flora is species poor compared to areas of comparable latitude, and it consists of
fewer than 500 species. It mostly lacks nitrogen-fixing plants, possibly further adding to the
vulnerability of the Icelandic vegetation. It has been postulated that when Iceland was settled
in the late 9™ century, approximately 60% of the country was covered with vegetation of
which some 15-20% were forests (Thorsteinsson, Olafsson and van Dyne, 1971). Today,
however, natural birch woodlands cover only about 1% of the total area (Aradottir et al.
2001), and according to a recent survey of soil erosion 42% of the island is ‘considerably’,
‘severely’ or ‘extremely’ eroded (Arnalds, 2011).

A brief history of agriculture in Iceland

Iceland was settled in the middle of the Viking Era between 850 and 1000 AD. At that time
there was a need for more space for a growing population in countries that were already
overpopulated and degraded from excessive exploitation of their natural resources. The
unspoiled nature of this remote island tempted the Iron Age farmers and they became the true
settlers in Iceland rather than the expansionist Vikings. Most of them sailed from the western
shores of Norway and they brought with them knowledge on traditional Scandinavian farming
of cereal production, animal husbandry and fishing, as well as forestry, iron making and
hunting, depending on their exact origin. In the new country they found ample space, good
soil for cultivation, and extensive grazing areas free from predatory animals; in fact,
everything that a farmer wants to base his existence on. They soon realized, however, that the
country was ill suited to arable production and the farm animals, which they brought with
them, became the foundation on which the inhabitants built their livelihood.

For centuries sheep husbandry was the main farming activity in Iceland and productivity was
very low. Haymaking relied on indigenous species obtained from wild pastures and wetland
areas grown with Carex species. It has been postulated that in the first centuries after the
settlement, vegetated areas available for fodder production, either for haymaking or grazing,
were around 4 million ha. At that time (ca. 1200) the Icelandic population was probably
around 80,000 people whereas the population of Norway was 250,000, or just over three
Norwegians to one Icelander (Snavarr, 1993). The vegetation slowly deteriorated and by
1700 around 1.5 million ha had already eroded. The natural resources of the country, without
any external inputs, could thus support around 360,000 sheep by utilizing grazing all year
round and hay obtained from wetlands in more difficult years. This was sufficient to maintain
a population of 50-60 thousand (see Gudbergsson, 1996). Today, one million ha more of
vegetation have eroded away and presently there are around 15 Norwegians to one Icelander.
While conditions improved in our neighbouring countries in the wake of the industrial

32 Grassland Science in Europe, Vol. 18



revolution and a growing middle class in the urban areas, development stagnated in Iceland
and even deteriorated. Here, the geographic location and extreme natural conditions played a
decisive role (Eldjarn, 1981). Thanks to scientific innovation, technical advancement and new
approaches in social development, which emerged during the 19" century, the Icelandic
nation has managed to keep pace with its neighbours in modern times.

The growing urban population in the late 19" century created a market for agricultural
products, and food security for the whole nation became the major political driver for
agriculture. Farmers slowly adopted new but primitive technology in hay production and for
improving their hay fields. Artificial fertilizers arrived on the scene. In the years between the
world wars, and particularly after the end of World War II, the rural population decreased
rapidly and various public support and subsidy systems were set up to reward for increased
production. Advanced machinery was imported to convert wetland areas to new agricultural
land. Agriculture was driven towards extensive cultivation of grassland seeded with
introduced non-adapted grass cultivars and greater intensification with the use of artificial
fertilizer and concentrates. Unfavourable climatic conditions in the 1960s caused severe
winter kill in cultivated grasslands in many parts of the country. Overproduction in the 1970s,
particularly in the sheep sector, called for revision of the extensive subsidy system. A
complete revision of the legal framework for agricultural policies was carried out in 1980-
1985. The main objectives were to promote structural adjustment and increase efficiency in
agricultural production and processing for the benefit of producers and consumers and to
adjust the level of production to domestic demand and secure sufficient supply of agricultural
products as far as practicable at all times. A quota system was introduced and farmers had to
adapt to production limitations.

From 1995 the emphasis has been on improved efficiency and creating conditions for greater
multifunctionality. Food habits have been rapidly changing and the proportion of local
agricultural products in the total food budget becomes progressively lower. The drive is now
towards maintaining margins by reducing inputs as well as by increasing outputs. Dairy and
sheep production is steady but the number of “traditional” farms is declining, especially in the
dairy sector. Increasing urban demand for rural estates is causing a significant rise in farmland
prices. Farmers and other landowners are looking to alternative land uses in addition to food
production and agriculture is becoming progressively more multifunctional.

Icelandic agriculture in a European context

Bearing in mind the size of the Icelandic population, agricultural production is minute
compared to most other countries in Europe (Table 1). Iceland accounts for only 0.5% of the
total sheep population in the EU, or 462,000 animals, and 0.1% of the total number of dairy
cows, or 25,400 animals. Only Malta has fewer dairy cows than Iceland but many countries
have fewer sheep, even though Iceland lies well below the average. However, when animal
numbers per 1000 inhabitants are compared Iceland ranks 6™ among all 27 EU countries for
dairy cows. For sheep it ranks first with almost twice as many sheep per 1000 inhabitants as
Greece and Ireland. This is even more striking in the light of the fact that sheep numbers have
been more than halved in Iceland over the last 30 years.

Farms in Iceland are much larger in hectares than in other European countries (Table 1). The
mean farmland size per farm is well over 600 ha compared to, for example, around 60 ha in
Denmark. However, most of the agricultural land can be defined as extensive grazing areas,
often stretching well into the central highlands, and not suitable for cultivation. Currently,
only around three hectares on average per farm are used for arable crops even though a part of
the grass fields are renovated on a regular basis. Iceland is therefore unique in this respect.
Only a quarter of the country, or around 2.5 million ha, is below 200 m, of which only 600
thousand ha at the most are suitable for arable cultivation according to current estimates.
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Assuming a minimum patch size of 30 ha, a realistic requirement for large scale production,
good quality agricultural land would only be around 160,000 ha (Sveinsson and
Hermannsson, 2010). There are efforts under way to define the quality of arable land more
accurately with respect to soil and climatic conditions. The classification will be used by
community planners for protection of the most valuable agricultural land for future use in
accordance with provisions in the Planning Act recently approved by the Icelandic
Parliament.

Table 1. Number of dairy cows and sheep (total no. in thousands and per thousand inhabitants) in 2008, and
average farm size in hectares divided into arable land and other utilisable agricultural area (UAA) in selected EU
countries and Iceland (Eurostat, 2013).

. Arable Other
Country Dairy cows Sheep land UAA
Total Per 1000 Total Per 1000
x1000 inhabitants x1000 inhabitants

Iceland 26 83 462 1,502 3 612.8
Austria 530 64 333 40 9 10.3
Denmark 566 104 90 17 57 7.1
Estonia 100 75 62 46 33 15.0
Finland 288 55 94 18 35 0.6
France 3,794 60 7,715 121 36 17.0
Germany 4,229 51 1,920 23 40 16.2
Greece 154 14 8,994 805 NA NA
Ireland 1,105 266 1,575 794 NA NA
Malta 7 18 13 31 1 0.2
Netherlands 1,587 97 1,545 94 14 11.9
Poland 2,697 71 270 7 7 2.4
Slovenia 113 56 139 69 2 4.1
Spain 888 20 19,952 449 11 12.6
Sweden 366 40 521 57 37 6.8
United Kingdom 1,903 31 21,856 360 26 52.2

Fodder production and conversion of wetlands to hay fields

In former times winter fodder for the animals was obtained from extensive grasslands and
wetland areas. At the turn of the last century the demand for agricultural produce increased
with a growing population. Drainage of wetland to enable cultivation of hay fields in order to
increase agricultural production was initiated through legislation set by the Icelandic
Parliament in 1923, which provided support to farmers for the cultivation of undisturbed land
or drained bogs (Figure 3). The development was slow initially but advanced rapidly during
and after World War II when modern machinery arrived on the scene. These activities peaked
around 1964 but began to slow down until public support ceased around 1990. In all, 31,600
km of open drainage ditches were excavated during this period and in the years 1962-1993 an
additional 61,600 km of sub-surface drainage was placed in soil. It has been estimated that the
total area drained is in the range of 340,000-389,000 ha (Gudmundsson et al., 2013). This
means that a large part of virgin wetland in the lowlands has already been drained. The total
area of cultivated land established reached around 170,000 ha, but currently this figure is
129,000 ha, of which approximately 45% is on drained wetland (Hallsdéttir et al., 2012).
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Figure 3. Annual conversion of undisturbed land to cultivated hay fields (ha) and
construction of drainage ditches (km) 1941-1990.

Around 90% of the cultivated area is currently used for permanent grass fields, most of which
are older than five years. In the early days all grass seed sown was imported, primarily from
Denmark and Norway (Helgadoéttir, 1996). Limited information is available on the exact
species and cultivars sown but initially it was commonly recommended to sow a mixture of
several species, including timothy (Phleum pratense), meadow foxtail (Alopecurus pratensis),
smooth meadow grass (Poa pratensis), fescues (Festuca rubra, F. pratensis), perennial
ryegrass (Lolium perenne) and even floating foxtail (Alopecurus geniculatus). Timothy slowly
became the dominant grass species and records of actual seed imports show that it made up
40-60% and 75-85% of the total area sown, 1971-1990 and 1995-2005, respectively
(Helgadéttir and Sveinsson, 2006). Timothy is the only forage species where cultivars are
available which have been bred specifically for Icelandic conditions. Two of these (Korpa and
Adda) were based on survivors collected from farmers’ fields in Iceland but the third (Snorri)
is the outcome of a joint breeding programme for Iceland and the northern areas of
Scandinavia, where the primary breeding aims were sufficient winter hardiness, superior
forage yield and good regrowth potential (Helgadéttir and Bjornsson, 1994).

Species composition of Icelandic hay fields, surveyed in 1990-1993 over the whole country,
demonstrated that timothy was the third most common species at the time, judging either from
the proportion of fields where it occurred or from the average ground cover (Thorvaldsson,
1994). The actual contribution depended though on geographic location, moisture content,
degree of winter damage, elevation and not least the age of the sward. Timothy made up 60%
of the ground cover in first-year leys, 34% in fields between 2-5 years and less than 10% in
fields over 10 years. Indigenous species, such as smooth meadow grass, red fescue (Festuca
rubra), tufted hairgrass (Deschampsia caespitosa) and bentgrass (Agrostis capillaris), thus
gradually replace sown species and usually dominate fields that are older than 30 years.
Forage legumes have played a minor role in grassland agriculture in Iceland. They were
introduced in the early part of the 20™ century but disappeared from the market with the
advent of artificial fertilizers after World War II. Extensive experiments with grass-legume
mixtures have been carried out over the last three decades giving promising results but the
main limiting factor has been the availability of adapted cultivars. The cultivation has
gradually become more secure thanks to warmer summer temperatures in the last 10 years and
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positive outcome of increased breeding efforts of both white and red clover (Helgadéttir et al.,
2008; Marum, 2010). Recent experiments have shown that grass-legume mixtures are more
productive and show greater yield stability over time than their individual components in
monoculture irrespective of fertilizer treatment (Helgadottir et al., 2013; Sturludéttir et al.,
2013). Farmers are beginning to realize the potential of forage legumes as reflected in
increased sales of seed of both white and red clover (MAST, 2013).
Most of the fodder produced for winter feeding is conserved in silage bales, which replaced
the traditional field dried hay around 1990. Even though a negative relationship between
nutritive value and forage dry matter yield for timothy is well documented (Bélanger et al.,
2001), it has a clear quality advantage over other grass species that are currently available for
forage production in Iceland in spite of being higher yielding. For example, results from
experiments carried out at Korpa Experimental Station in Iceland over a 20-year period have
shown that fodder quality of timothy is superior to indigenous grass species found in Icelandic
hay fields, with a mean dry matter digestibility (DMD) of 726 and 679 g kg' DM,
respectively (Helgadéttir and Hermannsson, 2001). Studies on the palatability of forage
species for dairy cows have also revealed the superiority of timothy if harvested before mid-
heading, recording daily voluntary DM intake of timothy-based diets of 2.9-4.6% of live
weight depending on the lactation stage and age of the cows. No other grass species tested
could match this intake (Sveinsson and Bjarnadéttir, 2006).
Arable land is approximately one tenth of the cultivated area in Iceland. This is divided
equally between barley production and green fodder such as annual ryegrass, oats and various
Brassica species. It is known that Icelandic farmers grew barley for grain until the 14"
century probably using landraces that settlers brought with them from Norway. It was not
until 1923 that barley was successfully cultivated again for a few years in succession, but
local production never became widespread or of any significance in agriculture. Climatic
conditions have been favourable for barley cultivation in the last two decades (see Figure 2)
and a barley breeding programme has been carried out from 1990 at the Agricultural
University of Iceland resulting in four registered cultivars. It has mostly been based on high
yielding Nordic cultivars with the aim of producing cultivars adapted to local conditions by
improving earliness, lodging and wind resistance. Barley is currently cultivated on around
5,000 ha, giving an annual production of 16,000 tons. The mean yield is thus 3.2 tha”, which
is approximately 26% below the EU-average (FAO, 2013). Production has increased more
than 30-fold since 1991 (Figure 4) and it now supplies a quarter of all cereals required for
livestock. The annual production could be doubled in the next few years if climatic conditions
remain favourable and could thus replace all imported barley. However, the cultivation has
currently stagnated mainly because of undeveloped markets in the country for barley grain.
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Figure 4. Annual cultivation of barley in hectares in Iceland from 1991 to 2012.
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Livestock production

Iceland has only a single breed of dairy cows, a single breed of sheep (and goats) and a single
breed of horses. All these breeds are unique to the country and have remained almost
completely isolated since the settlement approximately 1100 years ago (Adalsteinsson, 1981).
Import of exotic genetic material is strictly controlled in order to minimize the potential risk
of disease distribution but also to protect the Icelandic breeds and their unique genetic traits.
The country remains free of many common animal diseases and out of a total of 121 screened
diseases in Europe (WAHID, 2012) only 14% have been found in Iceland, of which Johne‘s
disease (Paratuberculosis) is the only clinical disease.

Dairy and beef production

Genetic studies have shown that the Icelandic dairy breed is related to North Scandinavian
cattle breeds but the divergence seems to have happened some 1000 years ago (Kantanen et
al., 2000). It is rather small (live wt. 450-500 kg) and is generally considered to be well
adapted to the prevailing harsh climate, rough fodder and rough terrain; and is similar to other
northern cattle breeds, even though this has not been scientifically proven. Coat colour
combinations found in the breed are diverse and in many ways unique, as the breed has never
been subject to selection on the basis of colour. Similarly, the milk has unique combinations
of beta-casein proteins and it has been suggested that there is a link between this trait and the
risk for diabetes-I in children (Birgisdottir et al., 2006) as well as improving the efficiency of
cheese production from the milk (Olafsson et al., 2003).

A combination of long winters and cool summers, but perhaps more importantly unstable
weather conditions, severely strains the dairy production resulting in low production security.
The grazing period normally extends from late May to early September. The average milk
yield was 5,600 kg cow™ in 2012 (Association of Icelandic Dairy and Beef Cattle Farmers,
2013). This is considerably less than in most common dairy breeds in Europe and is, for
example, only around 80, 65 and 60% of the annual milk production of the Norwegian Dairy
Cattle (NRF), Swedish Red Cattle (SRB) and Swedish Friesian Cattle (SLB), respectively
(Kristéfersson et al., 2007). However, the milk yield has been improving steadily over the last
few decades (Figure 5). There was a distinct increase from 1997 to 2007 followed by a drop
for two years, probably reflecting the economic recession, but it seems that milk yield is again
increasing. There may be several explanations for the increased milk yield per cow. Firstly,
the use of concentrates (in terms of kg cow™) grew rapidly in the period 1995 to 2007 (Figure
5). This can be attributed to the increased local barley production by dairy farmers (see Figure
4), as well as to increased import of concentrates. Secondly, extensive barley cultivation calls
for systematic crop rotation which means more frequent renovation of grass fields. This in
itself ensures better quality fodder (see above). Thirdly, digestibility of conserved feed has
been steadily improving over the last 30 years. Farmers have been harvesting the primary
grass growth progressively earlier, a change made possible by wilted round-bale ensiling
introduced in the 1980s. Fourthly, increased milk yield per cow can also be associated with
improved genetic gains in the local dairy herd (+727 kg cow™ in the period 1970-2009)
(Sigurdsson and Jonmundsson, 2011). Still, genetic improvement in such a small breed is
bound to be rather slow, because of the limited selection intensity, risk of inbreeding
accumulation and less-accurately estimated breeding values.

The dairy breed has not been bred for meat production and is therefore not well suited for beef
production. Many dairy farmers, however, raise male calves as a side production. The growth
potential is low, or 321 g carcass weight day” according to a recent study (Sveinsdéttir,
2010). Sporadic imports of semen from three beef breeds, Galloway, Aberdeen Angus and
Limousin, have improved the situation somewhat. Strict import regulations and limited stock
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of genetic material have led to slow progress of producing purebred herds and increased the
risk of inbreeding depression.
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Figure 5. Mean milk yield, kg cow yr! (----- ) and the total use of concentrates, kg DM cow ' yr'!
( ) from 1978-2012 (Association of Icelandic Dairy and Beef Cattle Farmers, 2013).

Sheep production

The Icelandic sheep breed belongs to the short-tailed North-European sheep and originates
from the Settlement Era. The breed is the largest population of short-tailed sheep still used for
production (Dyrmundsson and Niznikowski, 2010) and genetic studies show clear but distant
relation to breeds in Norway and the Faroe Islands (Tapio et al., 2005). Some 1000 animals
belong to a distinct strain within the breed, the so called ‘leader sheep’ (Dyrmundsson, 2002).
The Icelandic sheep is primarily a meat producing breed. Organized breeding (including Al)
over the last 70 years has combined the national flock into one herd book which has resulted
in a homogenous breed. The primary breeding aims have been good ewe productivity and
production of lamb meat of excellent quality. The average lambing rate is 1.8 lambs per ewe
giving roughly 26 kg of meat per ewe per year. This has been stable for the last 10-15 years.
For meat quality the main breeding emphasis has been on carcass conformation in recent
years resulting in improvement of 1.5 points on the 15 point EUROP scale for conformation
since the implementation of the scale in 1998 (Sigurdsson, 2012).

Only a handful of farms use the sheep for milk production, and wool production is of limited
economic importance for farmers. Icelandic wool is made of two types of fibres, fine bulky
underwool and coarse outer hair. The wool is processed locally and the products are known as
lightweight garments with excellent insulation (Gudmundsson, 1988). Pelts from lambs are
mostly exported raw and are especially well suited for processing into double-face woolskins
used for winter clothing (Nidsholm and Eythorsdottir, 2011).

Sheep production is well suited to the prevailing environmental conditions. The maritime
climate, with cool summers and relatively mild autumns, encourage semi-extensive
production methods although most farmers house their flocks from November to May. The
lambing season is in May, and after 3-5 weeks on lowland fields the flocks are moved to the
highlands for 8-10 weeks. The slaughtering season is in September and October. Large
common grazing areas in the central highlands ensure good growth conditions for the lambs at
low cost.
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The Icelandic tradition of grazing on common land is very old and written into several laws
and regulations, the oldest dating as far back as the 12" century. Most farmers own their land
but they only use a fraction of it for crop production (see Table 1). The majority of the farm
land is exclusively used for extensive grazing. This may or may not be fenced and is
sometimes even undivided between two or more farms. In addition to the common use of
farm land, most sheep range freely in the central highland during summer. Most of this land is
by now owned by the Icelandic state, but farmers have the intrinsic right to continue this
grazing tradition. Relating this practice to EU-terminology, the term Pastoralism would
probably cover the summer grazing in the common areas of the highlands. Transhumance, on
the other hand, is not common in modern times although it was frequently practised before the
20™ century.

Although the Icelandic sheep breed is free from a large range of common diseases, attempts to
import live animals for breeding purposes have repeatedly resulted in outbreaks of severe
epidemics. In the 18™ and 19" century, the sheep scab mite (Psoroptes ovis) arrived with
imported English and Spanish sheep causing severe losses. It still occurs sporadically
although it may now possibly have been eliminated completely (Richter and Eydal, 1997).
Scrapie, a prion-based disease, appeared after the import of a single English ram, imported
from Denmark in 1878. The disease became a serious epidemic after 1950, probably because
of more intensive production methods, longer housing period and increased herd size. From
1982 all outbreaks have been met with immediate whole-herd culling and strict control
measures. The final attempt to import sheep in the 1930s resulted in three epidemics;
Jaagsiekte (Ovine Pulmonary Adenomatosis), Maedi and Johne's disease. The Maedi virus,
described by Icelandic scientists in 1952, was the first lentivirus to be isolated (Sigurdsson et
al., 1952). These epidemics were fought by massive slaughtering of sheep in the period 1941
to 1959 and restrictions on sheep transport within the country, many of which are still in
place. Neither Jaagsiekte nor Maedi have been detected in Iceland since 1960 but Johne's
disease is still found on rare occasions. No further attempts have been made to import genetic
material for the Icelandic sheep breed.

These disease epidemics affected the size of the sheep population, together with serious
volcanic outbreaks such as the Laki eruption in 1783 (Figure 6) (Statistics Iceland, 2013). The
sheep production peaked in the late 1970s when the number of winter-fed sheep reached
almost 900,000, but since then the numbers have reduced significantly and during the last 15
years the total number has been relatively stable at around 460,000 heads.
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Figure 6. The size of the sheep population in Iceland from 1703-2011 (Statistics Iceland, 2013).
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The Icelandic horse

The Icelandic horse is a unique breed that has been bred in isolation for centuries like the
cattle and the sheep. There has been no documented import of horses since the time of
settlement and today import is practically unthinkable on ethical grounds, although legally not
impossible. Special characteristics of the breed are its many coat colours and five different
gaits. The Icelandic horse is valuable for both leisure and sport. Presently there are
approximately 77,000 horses in Iceland and the number has remained relatively stable since
the early 1990s. The breed has become popular in many countries and it is estimated that two
thirds of the total Icelandic horse population are located abroad. Every year around 2000
riding horses are exported, mostly to EU-countries. A world-wide herdbook, Worldfengur
(http://www.worldfengur.com/), collects information on phenotypes and pedigree of all
registered Icelandic horses in 35 countries, and breeding values are estimated for the
combined population across countries. A small part of the horse population in Iceland is kept
entirely for meat production but most horse breeders aim for the production of high quality
riding horses. Horse breeding produces important externalities with regard to horse rentals,
horse shows and large-scale exhibitions, and riding tours often coupled to farm tourism.

Other livestock

The local production of pork, chicken and eggs is sufficient to meet the domestic
consumption. Most of the feed is imported but some pig farmers grow their own barley for
feed. Production costs are generally high and the small market does not allow for any
significant economy of scale. Genetic material for pig improvement is imported regularly
from Norway and the production is based on the same crossbreeding system as in the Nordic
countries. Production systems are also comparable with Norway as Iceland maintains strict
limitations on the use of hormones, growth enhancers and feed-added medicines.

Currently there are 22 mink farms in the country and the yearly production is around 150,000
skins. The mink production has reached international standards and skins have been fetching
good prices at Kopenhagen Fur. The feed is produced locally using raw materials (by-
products) from both the fish industry and from slaughterhouses.

The Icelandic goat is yet another old-settlement breed and the only animal breed in Iceland
that is defined as endangered according to FAO standards. The population is very small and
has only on few occasions exceeded 1000 animals. Goats in Iceland are almost entirely held
to conserve the breed and as hobby farming.

Wild terrestrial mammals

The terrestrial mammalian fauna of Iceland is composed of just four species. Only the Arctic
fox (Alopex lagopus) is indigenous whereas the others were brought to the country, either
inadvertently or on purpose (Ministry for the Environment, 2001). The wood mouse
(Apodemus sylvaticus) was probably the first wild mammal to be brought to Iceland. It thrives
in most regions of the country and is protected by law in the wild. The reindeer (Rangifer
tarandus) in Iceland is of Norwegian domestic stock and was imported during the period 1771
to 1787. Only one herd remains in the north-east and east, consisting of 2,000-2,500 animals.
The population is kept stable at that level by annual hunting quotas. The American mink
(Mustela vison) was imported in the early 1930s for fur-farming. Some animals escaped and
in spite of considerable efforts to stop its spread in the wild, mink had spread throughout the
country by 1975. The population size is probably now around 10,000 animals in autumn.
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Future perspectives

Climate change scenarios project that temperature in Iceland will have increased by 1°C by
the middle of the 21* century and by further 1.4 to 2.4°C towards the end of the century. Most
probably temperature will increase more during winter than summer (Bjornsson et al., 2008).
However, the short term natural oscillations of 25-40 years discussed earlier may play a
crucial role when considering the effects of climate change on agriculture in the coming
decades. These natural variations in past climate have made it possible to estimate their
effects on agricultural production and such estimates can subsequently be used to project
future effects. It has been demonstrated that herbage yields increase by 735 kg DM ha™ for
each degree that temperature rises during winter and spring (Bjornsson and Helgadottir,
1988). Mild winters are accompanied by less frost in the ground and, hence, longer growing
season. Similarly, as long as barley is being cultivated under such climatic conditions, where
it does not reach full maturity, grain yields increase by 970 kg DM ha™ for each degree
(Hermannsson, 1993).

Projected increase in temperature, together with increased CO, levels in the atmosphere,
therefore indicate yield increases in all agricultural crops that are now being cultivated in
Iceland. Cultivation of perennial crops that are currently at their margin, such as forage
legumes and perennial ryegrass will become more secure and new arable crops will enter the
scene such as oats, wheat and canola. Many of the globally important grain-producing regions
are expected to suffer from severe drought and heat stress as a result of climate change, which
most likely will have a negative impact on the yielding capacity in these regions (Zhang and
Cai, 2011). Hence, grain production needs to be expanded to other regions in order to keep up
with the increasing demand, and it has been postulated that areas at comparable latitudes to
Iceland will open up as potential grain production regions in the near future, but at the same
time being challenged by increased threats from pests and diseases (e.g. Hakala et al., 2011).
Potential new agricultural land is no limitation to the expansion of agricultural production in
Iceland. The future role of the country as a food producer for its inhabitants and a contributor
to world food security, however, rests in the hands of politicians and policy makers.
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Abstract

Grassland is one of the dominant forms of land use in Europe and is considered to have a
considerable potential for sequestration of soil carbon. Forage-based crop rotations under
Nordic conditions often include both ley and arable crops. These systems, having components
of both grassland and cropland, are expected to have C stocks intermediate between those in
permanent grasslands and croplands. The effect of ley-arable rotations versus continuous
annual cropping systems on stocks of soil organic carbon was quantified by analysing data
from long-term field experiments in Nordic countries. Unpublished data from four sites in
Sweden are presented and results from 11 published studies are summarized. In the different
studies, depending on the species composition, management, experimental period and soil
depth, on average 0.52 Mg ha’! yr’I (range 0.3 to 1.1; median 0.42 Mg ha’* yr") more carbon
was retained in soils in ley-arable compared to exclusively annual cropping systems.

Keywords: carbon sequestration, greenhouse gases, grassland, land use change, long-term
field experiments, mitigation

Introduction

The net removal of C from the atmosphere through photosynthesis into pools in soils with
long turnover times is termed C sequestration, and is a strategy promoted for mitigating
climate change. Because soil organic carbon (SOC) stocks are generally higher in grassland
and forest ecosystems, land-use conversion into cropland results in a net increase of CO,
emissions from soils (Poeplau et al., 2011). The historic expansion of agricultural land has led
to a SOC loss of 78 £ 12 Gt (109 tons) (Lal and Follett, 2009). According to recent estimates,
the net loss of C from tropical vegetation and soils caused by land-use change is 1.3 + 0.7 Gt
C yr’', corresponding to approximately 17% of the CO, emissions caused by fossil fuels and
cement production (Pan et al., 2011).

Most grasslands in Europe are managed for feeding livestock through grazing or the
production of forage. It represents one of the dominant forms of land use, covering 22% of the
European Union’s (25 countries) land area (European Environment Agency, 2005) and
grassland has a considerable potential for C sequestration. At the global scale, this potential
has been estimated to vary between 0.01 and 0.3 Gt C yr' (Lal, 2004). Measures for
achieving SOC sequestration are also likely to have positive trade-offs for soil quality.
However, practices need to be developed and evaluated for individual agricultural ecosystems
according to prevailing climatic, edaphic and social conditions and land-use history (Smith,
2012).

The Role of Grasslands in a Green Future 47



A detailed 2-year study of net ecosystem C fluxes in nine grazed grasslands in Europe
revealed on average 1.04 = 0.073 Mg C ha” yr' was sequestered (Sousanna ez al., 2007).
Increasing production of biomass by plants is the major determinant of C sequestration in
agro-ecosystems and will result in higher SOC stocks in soils. Management practices that
increase plant production include use of mineral fertilizers (Ammann ef al., 2009), biological-
N fixation (De Deyn et al., 2009) and improved grazing regimes (Conant et al., 2003). This is
supported by results from long-term experiments on grassland under cold Atlantic conditions
in Iceland. Three different N fertilizers were compared at three grassland sites at Akureyri,
Samsstadir and Skriduklaustur. The experiments lasted 61, 60 and 42 years, respectively
(Gudmundsson et al., 2004; 2008). On average, C stocks to a depth of 10 cm increased by
approximately 1 kg C (0.4-1.9) for each kg N applied annually as ammonium nitrate or
calcium nitrate. On a very sandy soil in Iceland, the effect of applied N was higher; C stocks
to a depth of 20 cm increased by 3.4 kg C ha’! yr’I on average during 50 years for each kg
ammonium nitrate applied annually (Gudmundsson et al., 2011). Reclamation of Icelandic
degraded soils has resulted in an average sequestration rate of 0.6 Mg C ha™ yr'' over more
than 50 years (Arnalds et al., 2000).

Under management with generally no or low fertilizer inputs, Swedish grassland soils are
probably sequestering less than 0.1 Mg C ha” yr''. According to a recent investigation of data
from the Swedish soil inventory (http://www-markinventeringen.slu.se), which is based on
more than 20,000 permanent plots positioned in a regular grid pattern over Sweden resampled
at 10-year intervals, the sequestration rate of SOC in grasslands is about 30 kg C ha™ yr'
(Karltun et al., 2010). In a Swedish case study, where natural unfertilized grassland was
sampled in 1937, 1971 and 2002 in a regular grid pattern, average changes in SOC were
slightly positive (0.1 Mg C ha™ yr'") but not statistically different from zero (Kitterer er al.,
2008). However, in an adjacent field that had a history of cropping but was converted to
grassland in 1971, the average SOC sequestration rate was significantly higher by a factor of
four (0.4 Mg C ha™' yr'"). This illustrates the importance of previous land use and land-use
change on soil C stocks (Conant et al., 2005), which needs to be taken into account when
quantifying C sequestration. Natural grasslands that have been used in the same way for
centuries are expected to have reached a steady state if other factors influencing the C balance
do not change, such as N deposition, drainage and the type of management (Venteris et al.,
2004; Lettens et al., 2005; Murphy et al., 2006).

The reasons why carbon inputs to grassland soils are generally higher than those in croplands
are because of a higher production potential and higher root:shoot ratios. Thus, land-use
change from grassland to cropland is expected to result in lower C inputs and, consequently,
in lower stocks of SOC and vice versa (Poeplau et al., 2011). Several studies in the UK
(reviewed by Johnston et al., 2009) have shown that intensively managed grassland that is
fertilized and harvested frequently, seems to accumulate more C than extensively managed
grassland. According to Johnston et al. (2009), it took approximately 25 years to increase
SOC after conversion of cropland to grassland to a level half-way between that of an old
arable field and permanent grassland.

Forage-based crop rotations under Nordic conditions often include perennial forage crops,
which, especially at high latitudes, are kept for more than three years. These systems have
components of both grassland and cropland and are, therefore, expected to have C stocks
somewhere between those of permanent grassland and cropland. The objectives of this paper
are (i) to present data from a series of long-term experiments conducted at four sites in
Sweden focusing on the effect of perennial leys in rotations versus continuous cereal cropping
on SOC, and (ii) to review and summarize the main findings from published studies of long-
term field experiments conducted in countries with a Nordic climate (Northern Europe and
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eastern Canada) in order to quantify the effect of rotations on stocks of SOC. The leys in these
experiments were not grazed but were cut, usually 2-3 times per year.

The Swedish humus balance experiments

A series of field experiments, the ‘Swedish humus balance experiments’, were started
between 1970 and 1980 at four sites in Sweden (latitudes between 56° and 64°N). They were
designed to investigate the effect of N fertilization on SOC in a forage-based rotation (one
year of spring barley undersown with grasses and clovers followed by three years of a grass-
clover ley) and a cereal-based rotation (mainly spring-sown barley, oats and wheat) where
crop residues were either removed or incorporated into the soil. Ley and cereal rotations were
compared on adjacent fields at the experimental stations, Lanna, Lonnstorp, Robécksdalen
(Robéck IT) and Séby, and the study is still on-going. In the ley rotation, four N-fertilization
levels were randomized within each out of four blocks. In total, there were 16 experimental
plots and each plot covered an area of 105 m” at Rébiicksdalen and 90 m” at the other sites.
The layout of the cereal rotations was a split plot design with residue handling on main plots
randomized within each of four blocks and N-fertilization levels as a split-plot factor
randomized within each main plot.

Top soil (0-20 cm) C concentrations were determined in archived soil samples taken at the
start of the experiments and in samples taken in autumn 2008. Data on bulk density needed
for calculating SOC stocks were taken from a Swedish database including the soils of the four
experimental stations (Kitterer et al., 2006).

Soil organic C increased significantly with the rate of N fertilization in the cereal rotation.
Site and N-fertilization rate explained 85% of the total variance according to analysis of
covariance. Differences in C stocks between N-fertilized and unfertilized treatment revealed
that, on average, 1.1 and 1.7 kg C were accumulated per kg fertilizer-N applied annually
when straw was exported or left in the field, respectively. However, this is probably an
underestimate because only the amount of C down to a depth of 20 cm was considered and
the impact on deeper soil layers was neglected. Straw removal resulted in lower SOC stocks
(2.2 Mg ha™) but the effect of straw handling was not statistically significant (P = 0.09).

Soil organic C stocks were higher in ley rotations by 0.34-0.56 Mg C ha’! yr’I and 0.42-0.60
Mg C ha” yr' compared with the cereal rotations with or without or residue removal,
respectively (Table 1). However, in contrast to the cereal rotation, N fertilization had no
significant impact on SOC stocks in the ley rotations. This may be surprising but is explained
by an increasing proportion of clover in the leys at low N-fertilization rates.

Analysis of covariance revealed that 86% of the total variation in changes in SOC, averaged
over sites and N levels, could be explained by rotation, residue handling and the initial SOC at
the four sites. This means that changes in SOC are more likely to be negative when initial
SOC stocks are high (Figure 1). Thus, site history before the start of the experiment
determines whether a certain rotation or management will lead to increasing or decreasing
SOC stocks in absolute terms. This means that, although leys will accumulate more C in soils
than cereal-dominated rotations, even ley-dominated systems may result in decreasing SOC
stocks when SOC stocks are high due to previous land use and management.

The effect of ley and cereal rotations on SOC stocks in this study is similar to those reported
from other studies (Table 1). Also, the effect on SOC of how residues were handled is within
the range of results reported for other European studies. Evaluating a number of long-term
experiments (7-35 years) with no-straw vs. straw treatments from Scandinavia, Germany,
France, Belgium and the UK, Smith er al. (1997) estimated that the incorporation of about 5
Mg of straw ha' yr'' would increase the SOC content by approximately 0.75% yr'. Thomsen
and Christensen (2004) reported that after 18 years, compared to no-straw, the treatments
incorporating 4, 8 and 12 Mg ha' yr' of straw contained 12, 21 and 30% more SOC,
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respectively. In two long-term experiments of around 20 years in Norway, Singh et al. (1997)
estimated that retaining all straw increased the SOC content by about 100 kg C ha™ yr™.

Table 1. Mean annual increases in SOC stocks (AC) in ley-arable rotations compared with continuous annual
cereal cropping in long-term experiments (> 10 years) in Northern Europe and Eastern Canada. When data for
different management options within rotations were available, the most extreme are reported, e.g., removal of
crop residues in the annual system (Sweden, unpublished data) and grass-legume leys rather than pure lucerne
leys.

Site Country Duration Depth AC*® Reference

(years) (cm) (Mg ha yr'")
Saint-Lambert Canada 10 20 0.80 Quenum et al. (2004)
Elora Canada 20 40 0.33 Yang and Kay (2001)
Woodslee Canada 35 70 1.10 VandenBygaart et al. (2003)
Erika I Estonia 40 60 0.27 Reintam (2007)
Erika I1° Estonia 28 20 0.66 Viiralt (1998)
As Norway 30 20 0.40 Uhlen (1991)
Robick I€ Sweden 30 25 0.40 Bolinder et al. (2010)
Offer © Sweden 52 25 0.36 Bolinder et al. (2010)
As© Sweden 30 25 0.87 Bolinder et al. (2010)
Robéck 1T Sweden 27 20 0.54 Unpublished data
Lanna Sweden 27 20 0.42 Unpublished data
Lonnstorp Sweden 27 20 0.60 Unpublished data
Saby Sweden 37 20 0.45 Unpublished data
Rothamsted UK 36 23 0.30 Johnston et al. (2009)
‘Woburn UK 58 25 0.30 Johnston et al. (2009)

*Only one or two figures are quoted indicating the uncertainty of the calculations
® Difference between barley receiving no N fertilizer and grass-clover + faeces + green manure
¢ Farmyard manure was applied in ley rotations but not in arable cropping system
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Ley-arable rotations in Northern Sweden

These long-term experiments were initiated in 1957 at three sites in Northern Sweden (60° to
65°N), Offer, As and Robicksdalen (Robick I). Four 6-year rotations differing in proportions
of annual and perennial crops were investigated (Bolinder et al., 2010). The rotations start
with undersown barley, followed by either 1, 2, 3 or 5 years of leys (i.e., a mixture of red
clover, timothy and meadow fescue). The other crops in these rotations are mainly winter rye,
fodder rape, green fodder and some root crops. The rotations with three and five years of ley
received about 4.5 Mg C ha™' through farmyard manure, and the rotation with two years of
leys received about 3 Mg farmyard manure-C ha™ over a complete 6-year period. Data on top
soils (0-25 cm) after 30 years indicated that SOC changes were proportional to the frequency
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of leys in the rotation (Figure 2). Furthermore, the initial concentrations of SOC at the sites
determined the direction of subsequent changes in SOC concentrations. In the silt loam soil at
Robicksdalen, which had a high initial SOC concentration, there was an overall decline in
SOC concentration. In the gravelly loam at As with an intermediate initial SOC concentration,
SOC concentration was maintained only in the 5-year ley rotation but in the silty clay loam at
Offer with the lowest initial SOC concentration, only the 1- and 2- year ley rotation showed a
net loss.

55
50 | Roébéacksdalen jz__g i::::z ::5 ) ) )
Figure 2. Changes in SOC concentrations (0-25

& 45 —=-2 years ley cm) at three long-term experimental sites in
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; 40 1 different proportions of perennial forage and
S 35 1 annual arable crops (1, 2, 3 or 5 years leys) and
iy 40 receiving different amounts of farmyard
o manure. Data from Ericson (1994). For a
5 25 detailed description see Bolinder et al. (2010).
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The Offer site was resampled in 2008 and data represent a longer temporal change (52 years)
compared with the 30-year changes for the As and Robicksdalen sites (Bolinder et al., 2010).
The linear mean sequestration rate of SOC at Offer was +0.12 Mg C ha™ yr' for the 5-year
rotation of leys. The rotation of 3-years ley remained more or less at equilibrium (-0.04 Mg C
ha' yr'), whereas the rotations with only two or one years of leys showed decreasing trends
(0.18 and -0.24 kg C ha' yr', respectively). The changes in SOC concentration at
Robicksdalen did not follow the ‘general’ pattern found at the other two sites. This, however,
could probably be related to poor drainage prior to the initiation of the experiment. The site
was tile-drained only four years before the experiment started and it is likely that better
aeration induced important changes in the soil physical properties also causing a higher rate of
SOC decomposition (Bolinder et al., 2010). The rotation with only 1 year of leys and
dominated by annual arable crops can be used in comparison with the rotation having 5 years
of leys to estimate the SOC increase when moving from an annual arable to a perennial ley
system. This increase in SOC concentration for the three sites ranged from 0.36 to 0.87 Mg C
ha’! yr’l (Table 1).

Ley-arable rotations in Norway

The Norwegian site at Ashad a 6-year cereal rotation (barley, oats and spring wheat) and a 6-
year rotation of barley followed by undersown spring wheat, and 4 years of leys (timothy and
red clover). The ley rotation at this site received farmyard manure but not the cereal rotation.
The soil, a clay loam, had an intermediate initial SOC content (about 3.8% C). Similarly to
the Swedish sites, SOC content in the top soil (in this case 0-20 cm) had slightly increased
after 30-years for the rotation with 4 years of leys (to about 4% C), and slightly decreased (to
about 3.5% C) for the continuous cereal rotation (Table 1; data from Uhlen, 1991).
Differences between rotations corresponded to an approximate difference in SOC of 0.4 Mg C
ha’! yr’l (Table 1).

Ley-arable rotations in Eastern Canada

Ley-based cropping systems in central parts of the Province of Quebec (46°N) commonly
involve 1-2 years with small-grain cereals, followed by 3-8 years of leys. In a 10-year soil
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quality monitoring programme in Saint-Lambert de Lauzon, a 4-year continuous ley-based
rotation (undersown barley followed by three years of ley) was compared with a rotation of
continuously grown annual crops (small-grain cereals, oil-seed rape and maize). The results
showed declining trends in SOC content for the annual cropping system (about 0.3 Mg C ha™
yr'), while the continuous ley-based crop rotation gained approximately 0.5 Mg C ha™ yr
(Quenum et al. 2004). Thus, the difference in SOC content between the two systems was
about 0.8 Mg C ha™' yr' (Table 1). A 20-year experiment in the neighbouring Province of
Ontario (Elora site, 43°N), that compared a continuous grain-maize cropping system with
continuous lucerne (the lucerne was re-seeded every 4 years), yielded an approximate change
in SOC between maize and lucerne of 0.3 Mg C ha™ yr' (Yang and Kay, 2001) (Table 1).
Higher rates of change in SOC were observed in an experiment in Ontario (Woodslee site, 35
years, 42°N). The conversion from annual cropland (i.e., continuous maize) to perennial
forage (i.e., bluegrass) induced a difference in soil SOC of 1.1 Mg C ha’! yr'1 (Gregorich et
al., 2001; VandenBygaart et al. 2003) to a depth of 70 cm (Table 1). The values from these
eastern Canadian sites are fairly similar to the rates of change in SOC observed for the ley and
cereal rotations in northern Sweden.

Ley-arable rotations in the United Kingdom

Cycles of different ley-arable rotations have been studied in the UK at Woburn since 1938
and at Rothamsted since 1949. In the exclusively annual cropping system at Woburn, SOC
contents in the top soil (0-25 cm) decreased from initially 0.98% to 0.74% during 58 years
(Johnston et al., 2009). On the other hand, in the clover-grass dominated system, SOC content
increased by 1.22%. The difference in SOC between the two rotations corresponds to about
0.3 Mg C ha™' yr', on average (Table 1). Similar changes were also recorded at Rothamsted in
two experiments established on a silty clay loam on an old grassland soil and an old arable
soil (Johnston et al., 2009). After 36 years, mean annual differences in C stocks of the top soil
(0-23 cm) between 3-year ley rotations compared to exclusively arable cropping were about
0.3 Mg C ha' (Table 1). Lucerne leys were much less favourable for SOC accumulation than
grass-clover leys; SOC increases were only about 0.1 Mg ha™ yr'' higher than those in the
arable-only system.

Annual crops and perennial swards in Estonia

A small-plot experiment was established in 1963 at Erika (Erika I), Tartu County, Estonia, on
till material excavated to a depth of 1.5-3 m. The material was almost free from SOC (0.6 g C
kg'; Reintam, 2007) at the start of the experiment. During the first decade, four treatments
were established: (i) grass-clover mixture, (ii) lucerne, (iii) spring barley, and (iv) bare fallow.
The plots were not harvested but the spring barley was re-sown every year. Each decade,
management of the treatments was changed with respect to removal or retention of the
biomass produced. After 40 years, between 28 and 39 Mg C ha' had been accumulated in the
profiles to a depth of 60 cm. Mean annual increases in SOC content to 60 cm during this
period ranged from 0.70 to 0.97 Mg C ha™' in the systems originally sown with the spring
barley and grass-clover, respectively (Table 1).

In another experiment, started in 1965 at the same site in Estonia (Erika II), the effect of
mineral fertilizers and farmyard manure applied to barley and swards with different species
composition on SOC content was studied. The soil at this site also originated from excavated
till with an initially very low C content. Soil organic matter was measured in 1993, 28 years
after the start of the experiment (Viiralt, 1998). Mean annual increase in SOM was measured
in 1993 in the top 20 cm of the soil. As methods for organic matter determination were not
described (Viiralt, 1998), the van Bemmelen factor (0.58 g C g" organic matter) was used to
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convert organic matter to SOC. Reported mean changes in SOC ranged between 0.05 Mg C
ha' yr! in the fallow treatment and 0.91 Mg C ha' yr' in grass-clover swards, receiving
faeces and green manure. Spring barley accumulated 0.25 or 0.36 Mg C ha yr'!, without or
with N fertilization, respectively (Figure 3). Thus, grass-clover swards, receiving faeces and
green manure, accumulated 0.66 Mg ha™ yr! more SOC than barley receiving no N fertilizer
(Table 1). Differences in yields and SOC were probably due to species composition and
application of different mineral fertilizers, animal faeces and green manure. Yields and
changes in SOC in barley and grass rotations were more affected by fertilization than in
clover rotations showing that biological N fixation may not affect yields to the same extend
(Figure 3).

1.00
0.90 A
A oo Figure 3. Relationship between

- 080 o A + Fallow mean dry matter yields (1965-
:‘; 0.70 o o mBarley }997) and mean annual changes
© 0.60 > in SOC between 1965 and 1993
= A A Grass . .
O 050 s <& in 17 treatments in a small plot
o 040 OClover experiment  established in
o a B Grass/clover Estonia (Erika II, Table 1). Data
8 030 according to Viiralt (1998). GM
< L O Grass/clover+faeces

0.20 stands for green manure.

0.10 A Grass/clover+faeces+GM

*
0.00

1000 2000 3000 4000 5000
Mean dry matter yield (kg hat yr?)

Net primary production and changes in soil organic carbon

Carbon inputs to soil are driven by photosynthesis, i.e., the fixation and transfer of
atmospheric CO; into plants. Net primary production (NPP) determines the amount of photo-
synthetically fixed C that can potentially be sequestered in soil organic matter (Bolinder et al.,
2007). Net primary production is defined as the total amount of C converted into the above-
and below-ground plant biomass through a given period of time (i.e., excluding the return of
C respired by plants that is returned to the atmosphere). The input of extra-root C is included
in NPP, where extra-root C is defined as roots dying and decaying during the growing season
(plus that during the winter for perennial leys), cell sloughing of epidermal root tissues, and
soluble compounds originating from exudation processes (Andrén et al., 1989). Major drivers
for the relative difference in SOC stocks between annual cropping systems and perennial ley
systems are higher C inputs to soil in the ley systems through plant litter and other sources
such as manure. Net primary production and decomposition are governed by climate, plant
species and management. Compared to perennial leys, annual crops have often lower NPP
because they are grown only during a part of the season. Furthermore, perennial leys typically
allocate more C to the below-ground biomass (Bolinder et al., 2007). Higher biomass
production also increases transpiration, which usually leads to lower temperatures and
moisture contents in soil and, therefore, to decreased decomposition of soil organic matter
(e.g., Kitterer and Andrén, 2009).

Bolinder et al. (2012) reviewed estimates for root biomass in the literature and found that
perennial forage crops had, on average, at least a three times higher root biomass than small-
grain cereals (7.85 vs. 2.00 Mg DM ha™'). Furthermore, the amount of above- and below-
ground plant biomass that is transformed into long-lived SOC differs between species. Values
reported by Uhlen (1991), comparing the no-straw vs. all straw ploughed-in treatments from
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several experiments in Norway, indicated that around 7% of the small-grain cereal straw C
was retained as SOC after 21 to 31 years. The equivalent value for maize-stover from a
number of long-term field experiments was about 12% (Bolinder et al., 1999). The proportion
of root-derived C remaining in the soil as SOC is generally higher than that derived from
above-ground biomass (Hénin and Dupuis, 1945) and this has been found in a number of
studies (e.g., Bolinder et al., 1999; Rasse et al., 2005; Johnson et al., 2006). A recent
estimation from the Swedish long-term soil organic matter experiment at Ultuna by Kitterer
et al. (2011) showed that the proportion of total below-ground C input remaining in the top
soil after 53 years was 2.3 times higher than that of above-ground crop residues (mostly from
small-grain cereals).

In order to illustrate the consequences of the above-mentioned considerations, estimates are
presented for annual C inputs to soil from spring barley and leys (Table 2). Annual C inputs to
soil were calculated using the approach of Bolinder ef al. (2007), where above- and below-
ground inputs were estimated by multiplying the yield by relevant plant-C allocation
coefficients, which has also been used in the evaluation of Swedish long-term experiments
(Katterer et al., 2011; Bolinder et al., 2012). The effect of straw removal on C input was
found to be significant. The total annual C input through leys is high compared to that of
small-grain cereals. The relative difference between annual and perennial crops is accentuated
when it is taken into account that decomposability differs and a larger proportion of C from
perennial crops is retained as stable SOC. According to the assumptions presented (Table 2), a
3-year ley with undersown barley would result in a retention of 2.4 Mg C ha”'. The
corresponding retention for continuous barley would be 0.6 Mg C ha™' or 1.0 Mg C ha™ with
straw exported or incorporated, respectively. Consequently, differences in SOC retention
between the ley-arable and continuous barley systems with straw exported or incorporated
would be 0.45 or 0.35 Mg C ha™' yr', respectively. These figures correspond well to the
median change in SOC (i.e., 0.42 Mg C ha' yr') in the studies reviewed in Table 1. This
highlights the difference between C inputs to soil between ley-arable systems and exclusively
annual species cropping systems.

Table 2. Estimates of annual C input, through above-ground (AG) and below-ground (BG) crop residues to soil,
and amounts remaining as stable soil organic carbon (SOC).
Annual input of crop residue

Yield® <) Residue C retained as SOC”
AG BG Total AG BG Total
Mg C ha'' yr!
Barley straw retained 1.50 1.33 0.50 1.83 0.13 0.11 0.25
Barley straw removed ° 1.50 0.33 0.50 0.83 0.03 0.11 0.15
Undersown barley 1.50 0.22 1.27 1.49 0.02 0.29 0.31
Grass ley discontinued 2.70 1.08 4.28 5.36 0.11 0.98 1.09
Grass ley continued * 2.70 1.08 1.68 2.76 0.11 0.39 0.50

 Yields correspond to national statistics in Sweden (4 Mg ha grain yield for spring barley with a moisture
content of 14% and 6 Mg DM for the herbage mass of leys)

b Assuming 10% for AG and 23% for BG (see text)

¢ When straw was harvested, it was assumed that 25% of the straw was left in the field as stubble

4 For the leys, total root biomass is only incorporated into soil at the end of last year of the ley. For intermediate
years BG occurs only as ER (Bolinder et al., 2012)

Conclusions

Long-term field experiments are indispensable for quantifying the impact of land use and
management on SOC stocks and for benchmarking soil C models. The linear approach used
here for calculating changes in SOC is a crude simplification which does not considers the
dynamics of the soil carbon balance and possible feedbacks on productivity. The evaluation of
data from Nordic long-term field experiments, considering species composition, management
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options, duration and soil depth, showed that (i) on average, 0.5 Mg ha' yr'1 (range 0.3-1.1;
median 0.4 Mg ha” yr') more C was retained in soil in ley-arable than annual cropping
systems, (ii) straw return had a positive impact on SOC; (iii) the number of years of leys in
rotations is linearly correlated to changes in SOC, (iv) clover leys result in similar changes in
SOC to those in fertilized grass leys, and (v) initial SOC contents must be considered for
predicting the effect of arable-ley rotations on net changes in SOC.
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Abstract

Herbage production is often the only possible agricultural activity in less-favoured areas of
cooler regions, including mountainous areas. Growing conditions in those areas are
characterized by low temperatures, short growing seasons, harsh winters, and challenging soil
conditions. We will address challenges and opportunities for herbage nutritive value in less-
favoured areas mostly limited by temperature either because of latitude (Canada, Scandinavia)
or altitude (mountainous regions of Europe). The limited choice of species for sown swards,
the rapid plant development under long days at high latitude, the autumn harvest and grazing
management in areas with severe winters, and the management of species-rich permanent
pastures in mountainous areas to optimize yield and nutritive value represent some of the
significant challenges for producing herbage of high nutritive value in less-favoured areas. On
the other hand, opportunities include improved digestibility under low temperatures at high
latitudes and altitudes, and better functional properties (e.g. fatty acid concentration) of some
of the species grown in less-favoured areas. The projected climate change for less-favoured
areas of cool regions will offer both opportunities (e.g. new herbage species with greater
digestibility and an additional harvest due to a longer growing season) and challenges (e.g.
decreased digestibility of existing species).

Keywords: digestibility, nitrogen, fiber, climate change, species

Abbreviations: crude proteins (CP), dietary cation-anion difference (DCAD), dry matter
(DM), growing degree day (GDD), neutral detergent fiber (NDF), organic matter digestibility
(OMD)

Introduction

Herbage production and associated livestock, including dairy, beef, sheep, and horses, is often
the only possible agricultural activity in less-favoured areas of cool regions. In the European
Union, less-favoured area is a term used to describe land with natural handicaps (lack of
water, less favorable climate and/or soil type, short crop season, and tendencies of
depopulation), or that is mountainous or hilly, as defined by its altitude and slope. Although
mostly used as pastures or conserved feed, perennial herbage grasses, legumes, and woody
shrubs grown in these areas also play a role in maintaining the landscape and the biodiversity.
Herbage production in less-favoured areas of cool regions is often challenging but it also
offers some opportunities. Our objective is to present and discuss both challenges and
opportunities for herbage nutritive value in less-favoured areas mostly limited by temperature
either because of latitude (Canada, Scandinavia) or altitude (mountainous regions of Europe).
Our examples will focus mostly on sown swards of eastern Canada and Finland (Table 1) and
permanent semi-natural pastures of the French Pyrenees (Table 2).
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Table 1. Climatic and agronomic features of sites limited by low temperatures in eastern Canada and Finland.

Normandin Kuopio
(Canada) (Finland)
48°51°N, 72°32’W 62°54’N, 27°41’E
Average temperature (°C)
July 17.1 17.2
January -18.4 -9.7
Growing degree days (5°C basis) 1350 1200
Length of growing season (days with >5°C) 180 175
Main grass species Phleum pratense Phleum pratense
Festuca pratensis
Other grass species Dactylis glomerata Festuca arundinacia
Festuca arundinacia Lolium perenne
Bromus inermis Dactylis glomerata
Bromus riparius Lolium multiflorum
Phalaris arundinacea
Main legume species Medicago sativa Trifolium pratense
Trifolium pratense Trifolium repens

Medicago sativa

Table 2. Features of two sites and four grasslands of the French Pyrenees.

Ercé Portet
42°51’N, 1°17’E 47°30°N, 2°00’E
Altitude (m a.s.l.) 650 1250
Average temperature (°C) February-June 10.6 7.9
Main grass species Acquisitive growth strategy Lolium perenne Dactylis glomerata
Holcus lanatus Arrhenatherum elatius
Conservative growth strategy Festuca rubra Festuca rubra
Agrostis capillaris Agrostis capillaris

Percentage of plants hav- Commur}ities domi{lfft?d by
ing an acquisitive growth plants with an acquisitive growth 92-96+ 68-72
strategy within the four strategy

lant communities .. .
p Communities dominated by

plants with a conservative growth 4-8 32-38
strategy

T Values for the two grasslands having a close plant community composition

Nutritive value attributes
Herbage digestibility

Herbage digestibility remains one of the most important attributes of nutritive value,
particularly in intensive forage-ruminant systems. In terms of ruminant nutrition, the
digestibility of herbage dry matter (DM) is mainly a function of the concentration of the cell
wall, estimated by the neutral detergent fiber (NDF) concentration, and the digestibility of that
cell wall, estimated by the NDF digestibility. In turn, the NDF digestibility is a function of the
proportion and linkages between hemicellulose, cellulose, and lignin (van Soest, 1994).

A conceptual model of herbage digestibility based on crop physiology was first proposed in
1997 and clearly presented by Duru (2008). The standing herbage mass (W) can be treated as
an assemblage of two main components, metabolic (M) and structural (S); the latter being
equivalent to the cell wall or NDF. Because the metabolic component has a digestibility close
to one (or 100%), herbage digestibility (Dw) can be expressed as a function of the digestibility
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of the structural component (Ds) and the ratio of the metabolic component in the standing
herbage mass (M/W).

Dw =[(1-Ds) x M/W] +Ds  [1] (Duru, 2008)

According to Lemaire et al. (1989), the metabolic component (M) decreases in an ontogenic
manner according to standing herbage mass as follows:

M=aW? [2]

where o and B are dimensionless constant parameters. This equation can be transposed into
the following:

M/W = oW [3]
By substituting Eq. 3 in Eq. 1, the following equation is derived:
Dy =[(1-Ds) aW"']+ Dg  [4] (Duru, 2008)

in which herbage digestibility is expressed as a function of the digestibility of the structural
component and the standing herbage mass. Herbage digestibility changes can then be seen to
depend on (i) plant growth through the ontogenic decrease in the metabolic/structural tissue
ratio and (ii) differentiation of structural tissues. Plant growth and crop yield are affected by
the growing conditions while Ds is strongly affected by temperature.

The negative relationship between herbage digestibility and DM yield, described by Eq. 4, has
often been reported (Bélanger et al., 2001; Gustavsson and Martinsson, 2004). From this
relationship, it can be inferred that agronomic practices and genetic selection increasing
herbage DM yield will most likely result in a decrease in herbage digestibility. Conversely,
factors decreasing herbage DM yield may result in an increased digestibility.

Other attributes of nutritive value

Nitrogen or crude proteins (CP), non-structural carbohydrates, mineral composition, and
functional compounds are other important attributes of nutritive value. The conceptual model
described for herbage digestibility can also be used for N concentration (Bélanger et al.,
2001). The decrease in N concentration during growth can be attributed to the increasing ratio
of structural to metabolic components while the N concentration of the metabolic component
is primarily a function of soil N availability.

Water soluble carbohydrates are the main source of fermentable substrates during ensiling and
along with buffering capacity influence the ensiling process. Non-structural carbohydrates in
herbage also provide a readily fermentable source of energy in the rumen and increased
concentration can improve the N use efficiency of dairy cows (Brito e al., 2009). Non-
structural carbohydrate concentration in herbage crops is affected by several factors including
temperature, herbage species and mixtures, water and N stresses, and time of day when
cutting or grazing occurs (Pelletier e al., 2010; Morin et al., 2012; Simili da Silva et al.,
2013).

The mineral composition of herbage plays an important role in the development of metabolic
disorders in ruminants such as milk fever and grass tetany. Milk fever, a severe hypo-
calcaemia, is an economically important metabolic disease (Goff and Horst, 2003) occurring
at or near parturition, especially in high producing dairy cows. It affects 5 to 7% of dairy cows
in the USA (Sanchez, 1999) and 1.6 to 5.4% of dairy cows in Australia (McNeill et al., 2002).
The concept of the dietary cation-anion difference [DCAD = (K* + Na*) - (CI" + SZ'), Ender et
al., 1971] of the ration fed during the transition period (2-3 weeks before calving) has
primarily been used in the context of preventing milk fever. Dry dairy cows fed herbage with
a high DCAD during this period are more likely to develop hypocalcaemia (Penner et al.,
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2008). Like Ca for milk fever, cows that do not receive an adequate supply of Mg, especially
in early lactation, can develop grass tetany. The risk of grass tetany can be assessed by the
grass tetany (GT) index [GT = (K*/Ca** + Mg*")] with an increased incidence for cattle
grazing forage with a GT index greater than 2.2 (Kemp and ’t Hart, 1957).

Functional compounds in milk and meat have received significant interest in the last decade,
mostly because of the positive link between o-linolenic acid (C18:3) and conjugated linoleic
acid in milk and dairy, and human nutrition and health. The herbage fatty acid composition
has been shown to affect the conjugated linoleic acid found in milk and meat produced
(Hebeisen et al., 1993; Lourengo et al., 2005). The fatty acid composition of herbage is
influenced by several factors including species, stages of development at cutting or grazing, N
fertilization, and methods of conservation (Boufaied et al., 2003).

Challenges and opportunities for herbage nutritive value in less-favoured areas of cool
regions

Limited choice of species for sown swards

Agriculture at high northern latitudes or in high altitudes is conducted under short growing
seasons and low temperatures (Tables 1 and 2). Short growing seasons and harsh winter
conditions limit the choice of perennial grasses and legumes for sown pastures and herbage
fields, and affect the botanical composition of the permanent pastures found in mountainous
areas. Short growing seasons and long cold winters also limit the possibility of grazing to less
than six months in many cases and, therefore, increase the dependence on conserved herbage
with a resulting requirement for slurry applications, harvesting equipment, and storage
structures.

The choice of species in less-favoured areas is also affected by soil conditions, including
acidity, excess or lack of water, poor fertility, slope, and stoniness. The reduction of some of
those limiting factors is possible through management practices (e.g. liming and fertilization)
and soil improvement (e.g. drainage). Direct seeding can also be used in situations when soil
tillage is not an option and cultivars tolerant to abiotic stresses (e.g. lucerne cultivars tolerant
to soil acidity) can be developed.

The limited choice of herbage species in less-favoured areas might result in lower nutritive
value than in areas with more favourable growing conditions. The most widely used herbage
species in eastern Canada and the Nordic countries is timothy (Phleum pretense L.). In most
of those areas, perennial ryegrass (Lolium perenne L.) but even tall fescue (Festuca
arundinacea Schreb.), two herbage grasses widely grown in the United Kingdom and
continental Europe, respectively, cannot be grown successfully because of their lack of winter
hardiness. In field studies conducted in eastern Canada and Finland, the digestibility of
timothy tended to be less than that of tall fescue, except in spring growth at the Canadian site
(Table 3). As well, tall fescue tended to have a lower NDF concentration and a greater N
concentration than timothy. In a study under controlled conditions with temperatures typical
of the Nordic countries, perennial ryegrass had greater DM and NDF digestibilities, and a
lower NDF concentration than most other grass species (Thorvaldsson et al., 2007).

Herbage species widely used in eastern Canada and the Nordic countries have, however, some
positive nutritive value attributes. In several areas of the Nordic countries, lucerne (Medicago
sativa L.) cannot be grown successfully and the legume species of choice is red clover
(Trifolium pratense L.; Halling et al., 2002). Red clover and lucerne have comparable N
concentrations but red clover tends to have a lower NDF concentration, and hence higher DM
and NDF digestibilities than lucerne (Table 4). In Wisconsin, Broderick ef al. (2000) also
reported a greater herbage digestibility of red clover compared to lucerne and suggested that
the energy and protein in red clover silage may be used more efficiently than in lucerne.
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Table 3. Comparison of the nutritive value of timothy and tall fescue in Canada and Finland.

Normandin (Canada)] Finland®
Timothy Tall fescue Timothy Tall fescue
IVTD® (g kg DM) Spring 867 848
Summer 791 855
IVOMD’ (g kg DM) Spring 692 727
Summer 677 684
NDF (g kg DM) Spring 616 600 635 570
Summer 604 568 587 559
N (g kg DM) Spring 22.3 23.7 16.2 17.4
Summer 15.5 20.6 18.8 16.6

"From Pelletier er al. (2010)
? From Virkajdrvi et al. (2012)
*IVTD: in vitro true digestibility of DM; IVOMD: in vitro organic matter digestibility; NDF: neutral detergent fiber

Table 4. Nutritive value attributes of two legume species in spring growth and summer regrowth'.

Spring growth Summer growth
Lucerne Red clover Lucerne Red clover
N (g kg DM) 33.1 32.8 31.6 327
NDF? (g kg”! DM) 412 350 393 333
IVID? (g kg' DM) 809 843 798 855
NDFD’ (g kg'' NDF) 536 551 486 566

TFrom Pelletier ef al. (2010)
2 NDF: neutral detergent fiber; IVTD: in vitro true digestibility of DM; NDFD: in vitro digestibility of the NDF

Legume species mostly used in northern areas (e.g. red clover) might also have better
functional properties. Herbage species differ in their concentration of fatty acids, especially in
C18:3, the main fatty acid (Boufaied er al., 2003). In eastern Canada, concentrations of total
fatty acids and of C18:3 were in decreasing order of white clover (Trifolium repens L),
birdsfoot trefoil (Lotus corniculatus L.), red clover, and lucerne. In addition, in experiments in
Sweden, milk produced from cows fed a red clover-based diet had higher content of C18:2n-6
and C18:3n-3 than milk from cows fed a birdsfoot trefoil and white clover diet (Hojer et al.,
2012).

Timothy, the most used herbage grass species in the Nordic countries and eastern Canada, has
been identified as a potentially good grass for dry dairy cows (Pelletier et al., 2008). It has a
lower DCAD than other cool-season grass species because of its lower K concentration
(Tremblay et al., 2006). Timothy is therefore the best suited cool-season grass for producing
forages fed to dry cows in the weeks preceding calving. Reed canarygrass (Phalaris
arundinacea L.), another species well adapted to the less-favoured areas of cool regions, can
also be used for feeding dry cows because of its low DCAD value, high yield, and a positive
response to Cl fertilization for reducing the DCAD (Tremblay et al., 2013).

Most herbage production from sown swards is from mixtures of two or three species in both
eastern Canada and the Nordic countries. Recent results of a pan-European experiment, using
two grasses and two forage legumes at 31 sites for three years have demonstrated strong
positive mixing effects on herbage DM yield (Finn et al., 2013). A more detailed analysis of
the Northern sites (Norway, Sweden, Iceland, and Canada) with their commonly used herbage
species (timothy, meadow grass [Poa pratensis L.], red clover, and white clover) confirmed
the benefits of multi-species for climatically less-favoured areas. In sown swards, this positive
effect of mixtures on herbage DM yield is not accompanied by a reduction in herbage
digestibility and CP concentration that can often be observed with increased DM yield
(Sturludéttir et al., 2013). The intra-year stability of the nutritive value of complex mixtures
has often been questioned but a study conducted in the eastern United States showed that
complex herbage mixtures were not inherently unstable (Sanderson, 2010).
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Species-rich permanent pastures

Permanent pastures are often the only source of herbage in mountainous areas where
reseeding is not an option. In those situations, herbage nutritive value is a function of the
species present in the sward along with cutting or grazing management, especially the grazing
pressure. Species-rich grasslands found in permanent pastures cover much of the less-
favoured areas of Europe (Soussana and Duru, 2007). Their management for optimizing yield
and digestibility represent specific challenges while they may have interesting nutritive value
characteristics such as greater herbage digestibility because of low temperatures and improved
functional properties.

The diversity and number of species of permanent pastures make it difficult to analyze,
understand, and manage the nutritive value. A new method based on the concept of plant
functional types (PFT) was developed by Duru et al. (2008a) to rank grass species and
grasslands according to the organic matter digestibility (OMD) of the plant material (Table 2).
Two extreme PFTs, that is species having a growth strategy based on resource capture
(acquisitive) or resource conservation (conservative), were defined based on leaf dry matter
content (Duru et al., 2008a). Herbage OMD of grasslands dominated by one of two typical
PFTs was analyzed at two locations with differing altitudes in the French Pyrenees (Figure 1).
At each location, herbage OMD was higher at an early growth stage for the plant community
having an acquisitive growth strategy, but it decreased faster than for the plant community
having a conservative growth strategy. When expressed as a function of the standing herbage
mass, herbage OMD was higher for grasslands having the greatest proportion of plants with
an acquisitive growth strategy, whatever the standing herbage mass.
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Figure 1. Herbage organic matter digestibility as a function of Julian days and of standing herbage mass for
two sites (Ercé and Portet) in the French Pyrenees and two grassland functional compositions: community
dominated by plant having an acquisitive (circle) or a conservative (square) growth strategy.
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The effect of temperature on herbage digestibility can be assessed through the comparison of
the two locations. When expressed as a function of days of the year (Julian days), herbage
OMD was higher for grasslands composed of plants having an acquisitive growth strategy
than for those composed of plants having a conservative growth strategy. On the other hand,
for a same grassland type and standing herbage mass, herbage OMD was greater for the site at
a higher altitude and lower temperature (e.g. +20 to 100 g kg™ DM and +30 g kg”! DM for
standing herbage yields of 3 and 5 Mg DM ha’', respectively) than for the site at a lower
latitude. These results clearly show a direct negative effect of increased temperature on
herbage digestibility due to a decrease of the digestibility of the structural component, and an
indirect effect of temperature caused by a higher structural tissue component.

Several studies conducted in the Alps have suggested that the fatty acid composition of milk
from mountainous areas differs from that of lowlands (Collomb et al., 2008) with a greater
concentration of n-3 fatty acids. Several factors (e.g. use of grazing, minimum use of
concentrates, botanically-diverse vegetation) could be responsible for this improved milk
quality in mountainous areas.

Low temperatures and long days

Low temperatures are known to improve forage digestibility through a reduction of
lignification (Deinum, 1981; Thorvaldsson et al., 2007; Bertrand et al., 2008). Consequently,
herbage produced in northern latitudes or at higher altitudes should be more digestible. Daily
changes in digestibility are also less under cool temperatures. The rate of decline in in vitro
DM and NDF digestibilities increased with increasing temperatures for seven temperate grass
species used in the Nordic countries (Thorvaldsson er al., 2007). The rate of decline in
timothy DM digestibility per day was 0.06 percentage units for each degree increase in
temperature (Thorvaldsson, 1992).

Long days in northern latitudes, however, result in a rapid development of herbage grasses
with rapid changes in digestibility, particularly if combined with high temperatures. Variation
in heading dates among perennial ryegrass cultivars is typically 4-6 weeks in UK (Sheldrick,
2000) while it is two weeks in Canada (Bélanger and Richards, 1995) and three days (Kangas
et al., 2010) in Finland for timothy. For example, Nissinen ef al. (2010) reported a 0.11
percentage unit decrease in OMD and a 0.06 percentage unit decrease in CP concentration per
GDD in the Northernmost part of Finland (66°N). The window of opportunity for harvesting
at the optimal stage of development in several areas of the Nordic countries, primarily the first
harvest, is therefore quite narrow with a potential negative impact on nutritive value if the
herbage cannot be harvested because of unfavourable weather conditions.

The rapid development rate of grassland also affects grazing management. In Finland, even as
small as a five-day difference in turnout date causes major changes in the growth pattern,
stem production, sward height, and herbage digestibility of timothy — meadow fescue pastures
(Virkajarvi et al., 2003). The challenges to maintain high quality pastures for high yielding
dairy cows during mid-summer is one reason why grazing is less and less popular among
dairy farmers in Finland, further increasing the importance of silage production.

Autumn harvest or grazing management

In northern areas, grazing opportunities in autumn are limited due to inadequate grass growth
because of cool temperatures. This forces agricultural producers to use stored herbage to meet
the feed requirements of their livestock. Extending the grazing season is, therefore, a potential
way to increase profits. Under the conditions of the mid-north of eastern Canada and the
Nordic countries, forage crops are managed in such a way as to minimize risks of winter
damage to swards. Harvesting or grazing of most perennial forage species in autumn may
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affect their persistence and spring regrowth potential if the timing is not adequate. Dates of
the autumn harvest can also affect the nutritive value of the herbage. Delaying the autumn
harvest of tall fescue from 1 September to 30 October in eastern Canada decreased CP
concentration, increased sugar concentration, and had a limited effect on ADF concentration
(Drapeau et al., 2007). Similarly, in a three-year experiment conducted at two sites in Finland,
an autumn harvest in September resulted in a high in vitro DM digestibility (on average 720 g
kg'l DM; Sairanen et al., 2012). Low autumn temperatures are therefore favorable to the
production of energy-rich forages.

In Finland, however, the autumn may be wet, which increases the risk of poor ensiling
properties (mainly low DM concentration) of harvested grass to be conserved in the form of
wilted silage. In addition, the risk of damaging the sward and soil structure during harvesting
is substantial. Furthermore, a late grazing in autumn increases the risk of nutrient leaching in
general (Saarijdrvi, 2008). In all, these reasons may limit the opportunity to utilize the high
digestibility of autumn growth.

Will climate change improve herbage nutritive value in cool regions?

Herbage production in less-favoured areas, often limited by soil and air temperature, is most
likely to be affected by climate change. Under predicted future climate, risks of winter injury
to perennial forage species (e.g. lucerne) in eastern Canada will likely increase because of
reduced cold-hardening during autumn and protective snow cover during the cold period
(Bélanger et al., 2002). In Norway, however, a recent study indicated that climate change is
expected to have a minimal impact on the risks of winter injuries to timothy and perennial
ryegrass in most regions (Thorsen and Hoglind, 2010). The authors concluded that better
overwintering conditions might even make it possible to grow perennial ryegrass in areas
where it is not grown today. It is therefore likely that climate change in winter will indirectly
affect the nutritive value of herbage in northern areas through a change in the species grown.
From a study under controlled conditions with constant temperatures, Bertrand et al. (2008)
concluded that the forecast increase in air temperature over the next 100 years might result in
lower yield of timothy. This effect is likely to be greater in regions where the day/night
temperature regime is already close to or above the optimum temperature for timothy growth
(22/10°C), mostly in eastern Canada and the southern part of the Nordic countries. However,
with conditions closer to those found in several areas of the Nordic countries (e.g. Iceland),
increasing growth temperatures from 9 to 17°C increased the DM yield of seven grass
species, particularly in early growth stages (Thorvaldsson and Martin, 2004). Changes in
herbage yield due to warmer temperatures might affect the herbage nutritive value through the
negative relationship between DM yield and digestibility discussed above. Adaptation
strategies involving harvest intervals and the grazing pressure might mitigate this impact of
climate change.

Increasing air temperatures is also expected to extend the length of the growing season
(Izaurralde et al., 2011), which at high latitudes can be determined by the period between the
time of the last spring frost and the first autumn frost. In eastern Canada, where low
temperature is a major limiting factor for growth, the growing season for herbage grasses is
expected to increase by an average of approximately 44 days and 778 GDD (0°C basis) by
2040-2069 (Jing et al., 2013b). This should translate into the possibility of an additional
harvest. A longer growing season is also expected in Norway with the possibility of one or
two extra grass harvests (Thorsen and Hoglind, 2010) and in Scotland (Topp and Doyle,
1996) with increases of 25 to 75 days of herbage growth. Simulations conducted in Northern
Europe indicated an average increase of 11% in seasonal DM yield with most coming from an
increase in the number of cuts rather than an increased yield in individual cuts (Hoglind et al.,
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2013). The effects of a longer growing season on herbage nutritive value and crop persistence
with growth starting earlier in spring and stopping later in autumn, remain to be determined.
Temperature can also affect herbage nutritive value. Increases above optimal growth
temperatures can increase cell wall constituents along with stem tissues, reduce soluble sugar
concentration, and decrease herbage nutritive value (Morgan et al., 2008). In a study
conducted under controlled conditions, Bertrand er al. (2008) concluded that increasing
day/night air temperature from 17/5 to 22/10°C slightly increased NDF and ADF
concentrations of timothy and reduced the digestibilities of DM and NDF. In a study
conducted with air temperatures more typical of Iceland, increasing day/night temperatures
from 9/5°C to 17/13°C decreased DM and NDF digestibilities of seven grass species
(Thorvaldsson et al., 2007). The higher atmospheric CO, concentration is expected to
decrease CP concentration and increase non-structural carbohydrates of herbage (Lilley et al.,
2001; Korner, 2002; Hopkins and Del Prado, 2007; Bertrand et al., 2007). Newman et al.
(2001) reported that elevated CO, decreased lignin and N concentrations of tall fescue, and
decreased NDF digestibility but only under high N conditions. High CO, or higher
temperatures are also expected to increase fibre concentrations (Owensby ef al., 1996).

Along with affecting the yield and nutritive value of currently grown perennial species in
temperature-limited areas, climate change will also impact the distribution of crop species and
open the door to new species. Thorsen and Hoglind (2010) suggested perennial ryegrass will
grow far better in Norway under predicted future conditions. A short growing season, low
temperatures, and early frost currently limit the cultivation of maize at high latitudes
(Mussadiq et al., 2012). Warmer temperatures along with the potential of developing short-
season hybrids may also make possible the cultivation of maize in northern agricultural areas.
In most areas in Northern Europe, climate change is expected to increase forage production
for sown as well as for permanent grasslands, including mountainous areas. This is due to
increasing air temperature and CO, concentration (Ruget et al, 2012). Based on the
conceptual model presented above, we can therefore expect a decrease in herbage digestibility
due to an increase in temperature. However, this is not taking into account the indirect effects
of an increase in temperature that will favour species having an acquisitive growth strategy.
This change in plant community functional composition could offset the direct effect of
temperature. Long term ecological observatory grassland networks are needed to study these
complex interactions between climate, plant community composition, species tissue
composition, and potential management.

Perspectives for improving herbage nutritive value in less-favoured areas of cool regions

Rising demand for agricultural products in response to ever-growing world population, rising
incomes, and increased non-food uses of agricultural products will put pressure on existing
cultivated lands and will probably require a greater and more productive use of marginal lands
and less-favoured areas. This is particularly true in the context of climate change because
temperature limitations to agriculture production will be reduced in areas at the northern limit
of production. This will require crops and cropping practices that are adapted to significant
soil limiting factors (shallowness, acidity, low pH, and low fertility). Increased productivity
will also have to occur in the context of a warmer, often drier, and more variable climate.

Sown herbage species in northern areas

Although the choice of species is limited in several northern areas of eastern Canada and the
Nordic countries, species well adapted to local conditions are already available. As mentioned
above, climate change will increase the ‘tool box’ available in those areas and this, in turn,
might result in the production of more digestible herbage. Perennial herbage species like
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perennial ryegrass, tall fescue, and lucerne might see an expansion of their zone of adaptation
to more northern areas. The possibility of using maize in northern areas also offers new
opportunities to livestock producers in terms of crop rotations and ration formulation. The
expansion to northern areas of crop species might come with new diseases, pests or increased
disease or pest pressure, along with a greater demand on the land. The agricultural landscape
of less-favoured areas of the north is, therefore, likely to change. Warmer temperatures in
those areas, however, might result in a reduction of the herbage digestibility, although this
could be partly compensated by increasing the harvesting frequency or grazing pressure.

Genetic selection

We discussed the negative relationship between herbage digestibility and yield. This suggests
that cultivars with greater forage DM yield may have a lower herbage digestibility. The
improvement of both herbage DM yield and herbage digestibility requires the identification of
genotypes exhibiting a weaker negative relationship between DM yield and digestibility. Our
studies confirm that improvements in the digestibility of the structural component, either
taken as the true stems or herbage NDF, has the potential of improving forage digestibility
with no negative impact on DM yield (Bélanger ef al., 2001). Herbage species of less-
favoured areas of cool regions (e.g. timothy) have received less attention than other species
(e.g. lucerne, ryegrass) from a breeding perspective. Considerable potential for improvements
in nutritive value probably exists but it will require a greater genetic understanding and
improved breeding strategies. Along with the more traditional production-oriented DM yield,
digestibility, and N concentration, other attributes of nutritive value (e.g. fatty acids) should
also be considered in the context of improving human, animal, and environmental health.

Management of species-rich grasslands

Harsh environments in mountainous areas favour grasslands composed of species having a
conservative growth strategy leading to low herbage production (Duru et al, 2010a).
Promoting grasslands composed of species having an acquisitive growth strategy could be
envisaged as a long term objective but it requires costly fertilisation and early hay harvest
dates that are difficult to implement. In the short term, the choice of harvest or grazing dates
of species-rich grasslands is the main farmer-controlled factor for manipulating the nutritive
value (Duru et al., 2008b). There is usually significant room to adjust the dates of grazing or
harvesting although rainfall might be a barrier for advancing hay harvest dates. From a
practical point of view, plant communities composed of species having an acquisitive growth
strategy have higher herbage digestibility at early stages (grazing) while the opposite is true
for later stages (hay or silage).

Simulating herbage nutritive value

Simulation models can assist in developing site-specific recommendations to optimize harvest
yield and nutritive value attributes (e.g. digestibility and N concentration). Process-based
models allow information integration and knowledge development of complex systems
involving plant growth, nutritive value, and environmental conditions. For sown swards of
timothy, the process-based CATIMO model (Bonesmo et al., 2002) has been shown to
simulate satisfactorily the nutritive value of the primary growth in eastern Canada and Finland
(Jing et al., 2013a). Simulations of the regrowth nutritive value, however, were not as
successful and require more research. This simulation work of nutritive value of timothy is
based on the conceptual model described above and involves a number of processes related to
N uptake, the partitioning of growth into leaves, stems, cell walls, and cell contents. Improved
knowledge of factors controlling the nutritive value of timothy summer regrowth along with

66 Grassland Science in Europe, Vol. 18



field data, including leaf-to-weight ratio and attributes of nutritive value of leaves and stems,
are required to improve the accuracy of simulating its digestibility and N concentration.

A similar simulation model has been built for permanent grasslands (Duru et al., 2008b).
Based on the conceptual model described above, it takes into account the plant community
functional composition and the herbage DM accumulation rate. For simplification, it is time-
and temperature- (growing degree days) driven with specific equations for the reproductive
spring growth and the following regrowths. Practically, it is coupled with an herbage growth
model that allows both outputs to be considered simultaneously (Duru et al., 2010b).

Conclusion

Growing conditions in less-favoured areas of cool regions, including mountainous areas, are
characterized by low temperatures, short growing seasons, harsh winters, and challenging soil
conditions. The limited choice of herbage species in those areas or the environmental
constraints imposed to (semi)natural grasslands might result in lower nutritive value than in
more favoured areas. However, lower temperatures and longer days during the growing
season, at least in more Northerly latitudes, partly mitigate the loss in nutritive value caused
by the exclusion of high quality grasses such as perennial ryegrass. Climate change is likely to
change the herbage landscape of less-favoured areas in cool regions while improvements in
nutritive value through management and breeding will continue to offer new opportunities.
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Abstract

Temperate grasslands contribute ca.10% of the global organic carbon (C) content in soils.
Plants are the main way of C input in ecosystems and can constitute a lever to drive C
sequestration. The aim of this study was to determine how aggregated plant functional traits
as affected by management practices may modify C stocks in temperate grasslands. In a field
study, a set of seven stations with contrasting management practices located in Basse-
Normandie (France) was characterized in terms of floristic and functional composition
(aggregated plant traits). Dry biomasses and soil organic matter (SOM) contents were
measured from spring to autumn 2012 just before each grazing or mowing period. Grassland
production, measured as the annual production above the cutting level, was lower in
permanent grasslands than in temporary ones. Permanent grasslands were also characterized
by high SOM content. Among measured aggregated traits, leaf dry matter content (LDMC)
appeared to be the best predictor of SOM stock with a positive correlation. The high SOM
stock observed in permanent grasslands may result in a slow degradation of plant tissues
indicated by high values of aggregated LDMC.

Keywords: grasslands, SOM, carbon sequestration, plant communities, management
practices, aggregated traits

Introduction

Carbon (C) sequestration is one of the ecological services provided by ecosystems and is of
growing interest in the context of global changes. In temperate grassland ecosystems, C
stocks are mainly located belowground, in roots and soil (IPCC, 2000; Soussana et al., 2004).
In Basse-Normandie (France), grasslands occupy almost half of the agricultural land area, and
C sequestration and C pools are thus of great interest. C sequestration in soil is basically the
result of a balance between C inputs by photosynthesis and C outputs due to respiration linked
to organic matter decomposition. These two main C fluxes are closely related to the
composition and functioning of plant communities that drive the quantity and quality of SOM
(Soil Organic Matter) (De Deyn et al., 2009). Plant community composition and functioning
depend on grassland management practices. The community functioning can be apprehended
by aggregated plant functional traits. These traits are calculated on the basis of the mass ratio
hypothesis (Grime, 1998), which suggests that a species trait effect in a community is related
to its contribution in the total biomass. Aggregated traits have been shown to impact on net
primary productivity (Garnier et al., 2004) and C-cycling (Bardgett et al., 2005). The aim of
this study was to determine how aggregated plant functional traits as affected by management
practices may modify C stocks in temperate grasslands.

Materials and methods

Seven grassland stations were selected in the INRA Experimental Domain, located at Le Pin
au Haras, Basse-Normandie, France (48°43’N, 0°11°E). For all stations, grassland grows on
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silty clay soils with pH ranging from 6.1 to 7.9, and calcium carbonate equivalent ranging
from 0.7 to 1.5%. Management practices and floristic composition are given in Figure 1.
Lolium perenne was the dominant species in most of the stations. High proportions of Holcus
lanatus were observed in stations 1 and 2 corresponding to permanent grassland. In each
station, a sampling design was established in a 400 m? square.

Stations 1 2 3 4 5 6 7

Permanent (P) / Temporary (T) P P P T T T T

Grazed (G) / Mixed (M) G M M G M M
e [ —

Speciesrelative cover 100%

[ Loliumperenne [M Taraxacum officinale
O Holcuslanatus E Phleumpratense

B Ranunculusrepens [ Bromussp.

B Alopecurus pratensis N Rumex acetosa

B Trifoliumrepens [ Other species 0%

50%

M
[ B ke
I: ]

Leaves were collected according to Cornelissen et al. (2003) from the main species at each
station (constituting more than 95% of the relative cover) in order to measure leaf traits
(specific leaf area, SLA; leaf dry matter content, LDMC; leaf nitrogen content, LNC; leaf
carbon content, LCC). Carbon stock measurements were carried out from spring to autumn
2012, just before each grazing or mowing period, in ten replicates per station. For each
replicate, aboveground biomass was harvested from a 100 cm? ring and soil was collected as a
core by using a 24 cm? x 10 cm depth cylinder. Aboveground biomass was collected in two
compartments: above (>5 cm) and below (<5 cm) the cutting level. Grassland production was
calculated as the sum of dry biomass sampled above the cutting level during the growing
period. C and N contents in leaves were obtained by Isotope Ratio-Mass Spectrometry. SOM
content was estimated by loss-on-ignition after combustion at 375°C for 16h.

Figure 1. Management practices and floristic composition of the seven stations.

Results and discussion

Grassland production and SOM content, which are negatively correlated (r = -0.780%*%*), are
both highly affected by the grassland type and, to a lesser extent, by the management and the
interaction of both factors (Table 1). Production was lower and SOM content was higher in
permanent grasslands than in temporary ones (Table 1). Among measured aggregated traits,
LDMC appeared to be the best predictor of SOM content.

Our study suggests that permanent grasslands have a stronger potential than temporary
grasslands for C sequestration in temperate areas. The relationship between plant-aggregated
traits and C sequestration is the result of the balance between two conflicting processes (De
Deyn et al., 2009). Because plant photosynthesis is the driving force of C input, the C stocks
may increase with productive plants characterized by a low LDMC (Lal et al., 1998).
However, because SOM degradation is the major source of C output, C stocks may increase
in non-productive systems, characterized by high LDMC, due to slow SOM degradation
(Fornara et al., 2011). In our study, the higher C stocks, as estimated by SOM content,
observed in the lower productive grasslands may result in a greater impact of LDMC on SOM
degradation than on photosynthesis.
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Table 1. Production and SOM content for the seven stations (means and standard errors, n = 10). ANOVAs were
performed to analyse the effect of stations, and then grassland types, management and their interactions on
production and SOM content. Pearson correlation coefficients between LDMC and production and SOM content
are given.

Station  Permanent (P)/temporary (T) Mixed (M)/grazed (G) Production (kg ha™) SOM (g kg™)

1 P G 3.4(0.3) 146.0 3.4)
2 P M 7.5 (0.8) 103.6 (2.8)
3 P M 8.0 (1.0) 114.5 (5.6)
4 T M 12.2(0.8) 77.5(1.8)
5 T G 15.3(0.8) 86.3 (2.4)
6 T M 15.5(0.8) 71.7 (1.8)
7 T M 204 (1.2) 66.5 (1.8)
Station effect F =44 31%%%* F = 127.80%%*
Grassland type (permanent / temporary) effect F=110.34%%  F=430.39%**
Management (mixed / grazed) effect F = 6.56%%* F=121.06%**
Grassland type x Management effect F=3.78ns F =24.60%**
Pearson correlation with LDMC r=-0.628%**  r=0.540%**

*P<0.05; **P<0.01; ***P<0.01; ns, not significant

Acknowledgements

We thank Y. Gallard and B. Blanchet from the INRA Experimental Domain of Le Pin au
Haras for their collaboration and UMR EVA technical staff. The financial support from the
Conseil Régional de Basse-Normandie is also acknowledged.

References

Bardgett R.D., Bowman W.D., Kaufmann R. and Schmidt S.K. (2005) Linking aboveground and belowground
communities: A temporal approach. Trends in Ecology and Evolution 20, 634-641.

Cornelissen J., Lavorel S., Garnier E., Diaz S., Buchmann N., Gurvich D.E., Reich P.B., ter Steege H., Morgan
H.D., van der Heijden M.G.A., Pausas J.G. and Poorter H. (2003) A handbook of protocols for standardised and
easy measurement of plant functional traits worldwide. Australian Journal of Botany 51, 335-380.

De Deyn G.B., Quirk H., Yi Z., Oakley S., Ostle N.J. and Bardgett R.D. (2009) Vegetation composition
promotes carbon and nitrogen storage in model grassland communities of contrasting soil fertility. Journal of
Ecology 97, 864-875.

Fornara D.A., Steinbeiss S., McNamara N.P., Gleixner G., Oakley S., Poulton P.R., MacDonald A.J. and
Bardgett R.D. (2011) Increases in soil organic carbon sequestration can reduce the global warming potential of
long-term liming to permanent grassland. Global Change Biology 17, 1925-1934.

Garnier E., Cortez J., Billes G., Navas M.L., Roumet C., Debussche M., Laurent G., Blanchard A., Aubry D.,
Bellmann A., Neill C. and Toussaint J.P. (2004) Plant functional markers capture ecosystem properties during
secondary succession. Ecology 85, 2630-2637.

Grime J.P. (1998) Benefits of plant diversity to ecosystems: immediate, filter and founder effects. Journal of
Ecology 86, 902-910.

IPCC (2000) Land Use, Land-Use Change and Forestry. A Special Report of the IPCC. Cambridge University
Press, Cambridge, 377 pp.

Lal R., Henderlong, P. and Flowers M. (1998) Forages and row cropping effects on soil organic carbon and
nitrogen contents. In: Lal R., Kimble J.M., Follett R.F., Stewart B.A. (eds) Management of carbon sequestration
in soil, CRC Press, Boca Raton, Florida, pp. 365-379.

Soussana J.F., Loiseau P., Vuichard N., Ceschia E., Balesdent J., Chevallier T. and Arrouays D. (2004) Carbon
cycling and sequestration opportunities in temperate grasslands. Soil Use and Management 20, 219-230.

The Role of Grasslands in a Green Future 75



Grass-legume mixtures enhance yield of total nitrogen and uptake from
symbiotic N, fixation: Evidence from a three-year multisite experiment

Suter M.', Connolly J.z, Finn J.A.3, Helgadéttir A.4, Golinski P.S, Kirwan L.6, Loges R.7,

Kadziuliené ZS, Sebastia M.T.9, Taube F.” and Liischer A.!

! Agroscope Reckenholz-Tdnikon Research Station ART, Ziirich, Switzerland

2 School of Mathematical Sciences, University College Dublin, Dublin 4, Ireland

7 Teagasc, Environment Research Centre, Johnstown Castle, Wexford, Ireland

* Agricultural University of Iceland, Keldnaholti, Reykjavik, Iceland

> Department of Grassland and Natural Landscape Sciences, Poznan University of Life
Sciences, Poland

o Waterford Institute of Technology, Cork Road, Waterford, Ireland

7 Institut fiir Pflanzenbau und Pflanzenziichtung, Christian-Albrechts-Universitit, Kiel,
Germany

8 Lithuanian Research Centre Jor Agriculture and Forestry, Akademija, Kedainiai, Lithuania

o Dept HBJ, ETSEA, Universitat de Lleida, Lleida, Spain

Corresponding author: matthias.suter @art.admin.ch

Abstract

In a multisite field experiment conducted over three years, the amount of total nitrogen yield
(Niop) and yield from symbiotic N, fixation (Nsym) was quantified from grass-legume stands
with greatly varying legume proportions. The five experimental sites spanned a climatic
gradient from Atlantic to continental, and from temperate to arctic. Ny of mixtures was, on
average, greater than that of monocultures at all sites, the effect being most pronounced when
legume proportions in mixtures were around 60%. Ny, was 256 kg ha™ yr'1 when calculated
across all years and sites from mixtures with 50% legume proportion, while the corresponding
Ngym was 77 kg ha'! yr'l. Thus, 30% of Ny originated from symbiotic N, fixation. Average
Ngym in mixtures was positively related to mean site productivity (P=0.096), while percent
Ngym (the ratio of Ngym to Nio) was not (P=0.909). This indicates that the relative contribution
of N fixation to Ny remained, on average, unchanged across a large productivity gradient.
We conclude that the use of grass-legume mixtures can contribute to resource efficient, yet
productive, agricultural grassland systems under a wide range of environmental conditions.

Keywords: N uptake, symbiotic N, fixation, climatic gradient, sustainable intensification

Introduction

Grass-legume mixtures offer the benefit of symbiotic nitrogen fixation (Ng,) of legumes to
grassland forage systems, thereby increasing total harvest yield (Nyfeler et al., 2009), total N
yield (Nior) and forage quality (Carlsson and Huss-Danell, 2003). Because legumes are able to
utilize atmospheric N, for their N requirements, the relative availability of soil N increases for
grasses in mixtures due to 'N-sparing'. Therefore, the use of grass-legume mixtures could
allow substantial reductions in the amount of industrial-N fertilisers used in agricultural
grassland systems without compromising yield.

Although the amount of N, fixation has been quantified in temperate grassland (Boller and
Nosberger, 1987; Nyfeler et al., 2011), there are few data from arctic or continental
ecosystems are much rarer. In such systems, low winter temperatures and/or scarce
precipitation may hamper the legumes’ growth and capability to fix nitrogen (Nesheim and
Boller, 1991), and accordingly, levels of Ny, may decrease. In a coordinated field experiment
conducted over three years across a large environmental gradient of Europe, N and apparent
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Ngym were quantified from grass-legume swards to investigate the benefit of N, fixation to
grassland production at different levels of productivity. The five experimental sites spanned a
climatic gradient from Atlantic (Ireland) to continental (Lithuania, Poland), and from
temperate (Switzerland) to arctic (Iceland).

Materials and methods

At each site, monocultures and grass-legume mixtures were established with four important
agronomic species. These were two grasses: Lolium perenne L. (Phleum pratense L. in
Iceland) and Dactylis glomerata L. (Poa pratensis L. in Iceland), and two legumes: Trifolium
pratense L. and Trifolium repens L. The experiment aimed at investigating grass-legume
interactions, which was achieved by sowing swards with a large variation of legume
percentages (0%, 20%, 50%, 80%, 100%). Eleven different mixtures, each containing all four
species in varying proportions, and the four monocultures were established at two different
seed densities for a total of 30 stands per site (see Kirwan et al. (2007) for a full description of
the design). N concentration was determined by near-infrared reflectance spectroscopy
(calibrated and back-validated by determinations of a CN-analyser) from a subsample of total
harvested biomass per plot, from which Ny, was calculated. The influence of the swards’
legume proportion on Ny,; was analysed by linear mixed regression with a random grouping
variable for sites. Seed density was never significant and was omitted from further analyses.
The amount of apparent Ny, and percent Ny (the fraction of Ngym to Nio) was determined
from the regression model estimates following the N-difference method (Ledgard and Steele,
1992). Detailed analyses of Ny and Ny, based on the 5N dilution method at one site
(Switzerland, Nyfeler et al., 2011) suggested that the N-difference method was sufficiently
reliable to draw conclusions on patterns of N dynamics.

Results and discussion

Nt of mixtures was, on average, greater than that of monocultures (P<0.01 at three sites), and
was significantly greater in mixtures over all sites (P<0.001; no figure shown). Higher N in
mixtures than monocultures can be explained by enhanced stimulation of N acquisition from
symbiosis in legumes and - to a lesser extent - by higher N uptake of swards from non-
symbiotic sources (Nyfeler et al., 2011).

Niot was significantly affected by the relative abundance of legumes in mixtures, the effect
being most pronounced when legume proportions were approximately 60% (Figure 1).
Predicted Ny, calculated across all years and sites from mixtures with 50% legume
proportion, was 256 kg ha” yr!, while the corresponding Ngym was 77 kg ha™ yr'. Thus,
averaged across all years and sites, 30% of Ny originated from symbiotic N, fixation.
However, maximal Ny at individual sites was as high as 220 kg ha’! yr", or 49% of N
(Figure 1). Nyfeler et al. (2011) reported Ny, in a temperate grassland with comparable
legume proportion to be around 250 kg ha’! y’I or 53% of Ny, Annual productivity (estimated
from average grass monoculture biomass yield) at such grassland was 9.4 t ha' yr', with
biomass yields in mixtures as high as 18 t ha™' yr''. In the present study, less-productive sites
were also included: Iceland had average grass-monoculture yields of 3.5 t ha™' yr', and
Lithuania had 6.9 t ha! yr'l. The estimated Ny, at these sites was much lower (30 and 28 kg
ha yr™!, respectively). This is in line with the concept that N, fixation of legumes is regulated
by N-demand of the concomitant species, their growth being itself adapted to the local
environmental conditions (Hartwig, 1998). Following this concept, legumes adapt the extent
of N fixation to the general level of productivity and account thereby for the gap between
their N-demand (sink) and the N-availability (source) from non-symbiotic N-sources.
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Further analyses showed that Ny, (predicted at each site from mixtures with 50% legume)
was positively related to mean site productivity (P=0.096). Interestingly, Jacot et al. (2000)
revealed that the reduction of Ny, across an altitudinal gradient from 900 to 2300 m a.s.l.
corresponded to a general decrease of plant growth, but percent Ny, in legume plants was not
diminished. In line with Jacot et al. (2000), percent Ny, was not correlated to average site
productivity (P=0.909) in our study, indicating that on average, the relative contribution of
symbiotic N fixation to Ny did not change over the large environmental gradient.

550 - @ (13) lceland
|+ (15) Ireland
500 ;:;g; ;';T:'?;‘a Figure 1. Total nitrogen yield (N,,) as affected by
= 450 L o) switreriand e legume proportion in swards of five sites across a
> e t;o0o4+, e RS : i i
s 400 ‘ ,«"’ . ‘e, " climatic gradient. The bold, curved line is the
5 390 7 ,.*’ *e weighted sum of individual site lines; the continuous
% 300 T horizontal line denotes estimated N, of grass
g 250 ’_/"\ monocultures, for which N is assumed to originate
£ 200 from soil. The shaded grey area is thus the apparent
g 150 1 \ aahhhAAAAAAALAAALALLALLL amount of N derived from symbiotic N, fixation of
£ 100 - 0000008000000 0000 legumes (N-difference method, Ledgard and Steele,
doooeo®
50 (1992)).
O ‘\ T T T T T T T T T 1
0 0.2 0.4 0.6 0.8 1
Legume proportion
Conclusions

The use of mixed grass-legume swards can replace significant amounts of industrial N
fertilisers with symbiotically-fixed N,, while still achieving high levels of biomass yield
across a wide range of environmental conditions. This is a significant contribution to resource
efficient and sustainable agricultural grassland systems.
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Abstract

The objective was to measure annual nitrous oxide (N,O) emissions from grassland used for
dairy production on soils seasonally saturated due to impeded drainage in Ireland (52°51°N,
08°21°W). N,O emissions were measured between October 2008 and November 2011 from
(1) white clover- (Trifolium repens) based dairy production system and (ii) white clover-
ryegrass control plots receiving no input of N (background soil N;O emissions). The dairy
system was rotationally grazed by dairy cows. Herbage mass and N content was measured
before each grazing to determine annual N uptake in herbage. Annual surplus rainfall (mm)
was 701 in 2008/09, 687 in 2009/10 and 394 in 2010/11. Annual N uptake in herbage (kg
ha™") was 254, 296 and 446 for each of the three years respectively. Mean (+ SEM; 1.84)
annual N,O emissions from the dairy system (kg ha™ of N) were: 2.7, 6.4 and 28.0 for the
three years respectively (P<0.001). Relatively low surplus rainfall led to aerobic soil
conditions and higher N mineralization that caused substantially higher N,O emissions in
2010/11.

Keywords: mineralization, rainfall, soil moisture, annual variation

Introduction

Nitrous oxide (N;O) is a potent greenhouse gas with a global warming potential of up to 310
times that of carbon dioxide and it contributes to the destruction of the stratospheric ozone
(IPCC, 2007; Ravishankara et al., 2009). Nitrous oxide is produced by multiple processes in
soil such as nitrification, denitrification, chemo-denitrification and dissimilatory reduction of
nitrate to ammonium (Stevens and Laughlin, 1998). These processes are affected by soil
factors such as inorganic N content, moisture, temperature, carbon, oxygen, pH and C:N ratio
(Klemedtsson et al., 2005; Saggar et al., 2012). Changes in these controlling factors over time
create considerable variation in emissions of N,O, making it difficult to acquire accurate
estimates of annual N,O emissions. Therefore several years’ data may be required to obtain a
robust estimate of annual N,O emissions. The objective of this study was to measure annual
N,O emissions from white clover-based grassland used for dairy production over three years
and to assess annual variation in N>,O emissions.

Materials and methods

The study was conducted at Solohead Research Farm (52°51°’N, 08°21’W). The predominant
soils have a clay loam texture and are seasonally wet due to impeded drainage. The swards at
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Solohead Research Farm range in age from 20 to 30 years and have been under permanent
pasture for at least 60 years. White clover was established and maintained in the swards since
2000 through over-sowing white clover seed onto silage stubble. The experiment was a
randomized block design with two treatments. Nitrous oxide was measured from (i) white
clover-based dairy production system (WC) and (ii) white clover-ryegrass control plots
(background soil emissions; WCg) between October 2008 and November 2011. The WC
consisted of three silage and three grazing paddocks ranging in size from 1.42 to 2.07 ha. The
swards were dominated by perennial ryegrass (Lolium perenne L.) with an annual average
white clover (Trifolium repens L.) content of 27% throughout the study. Grazing paddocks
were rotationally grazed by Holstein-Friesian cows and surplus herbage was removed as
silage. Silage paddocks were closed for first-cut silage in early April, harvested in late May
and managed the same as grazing paddocks for the remainder of the grazing season. The WC
had an annual average stocking density of 2.35 cows ha™ and annual fertilizer N input of 100
kg ha!. Three WCy were set up (11x3 m area) to measure background soil N,O emissions
and received no external input of N or grazing. The plots contained an annual average white
clover content of 32% throughout the study. Herbage on WCp was harvested at monthly
intervals and discarded. Before each grazing or silage harvesting event herbage mass was
measured on WC and the N content of herbage was subsequently determined and used to
calculate annual N uptake in herbage dry matter (DM). N>O emissions were measured using
five static chambers per paddock in WC and one per WCg. The N,O sampling strategy
consisted of weekly sampling with increased frequency following N fertilization. Rainfall and
soil temperature at 0-10cm depth were recorded on a daily basis at the site.

Results

Annual surplus rainfall (rainfall - evapotranspiration) was 701 mm in 2008/09, 687 mm in
2009/10 and 394 mm in 2010/11 (Figure 1a). Mean annual soil temperature (°C) was 9.6, 9.2
and 8.6 for each of the three years, respectively. Annual N uptake (kg ha™) in herbage from
WC was significantly higher (P<0.001) in 2010/11 than the previous two years (Figure 1b).
With regard to N,O emissions there was an interaction (P<0.05) between year and WC
treatment. There was no difference in N>O emissions between WC and WCpg in 2008/09 or in
2009/10, whereas there was a difference (P<0.001) between them in 2010/11. While there
was no difference in emissions from WCpg between years, emissions from WC in 2010/11 was
higher (P<0.001) than in each of the previous two years (Figure 1c).
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Figure 1. Annual surplus rainfall (A), annual N uptake in herbage DM (P<0.001) (B) and annual N,O emissions,
from white clover based dairy production system (WC m) and background white clover plots (WCy O), between
2008/09 and 2010/11 (P<0.05 interaction between year and WC treatment). Error bars represent the + standard
error of the mean.
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Discussion

Relatively high annual surplus rainfall led to saturated anaerobic soil conditions in 2008/09
and 2009/10, whereas lower surplus rainfall resulted in soil drying and a shift to more aerobic
soil conditions in 2010/11. This shift from anaerobic to aerobic soil conditions was conducive
to soil organic N mineralization which is reflected in the increase in annual N uptake in
herbage DM in 2010/11 (Figure 1b). There was a large degree of variation in annual N,O
emissions in this study, with two- to nine-fold differences between annual emissions, which is
far greater than previously reported estimates from Irish grassland (Hyde et al., 2006; Abdalla
et al., 2009; Rafique et al., 2011). The saturated anaerobic soil conditions in 2008/09 and
2009/10 are likely to have caused the predominance of complete denitrification and hence
relatively low N,O emissions. Other studies have reported a decrease in the N,O:Nj ratio with
increasing soil moisture content, which may have also been the case in this study (Rudaz et
al., 1999; Saggar et al., 2012). In contrast the drier soil conditions in 2010/11 was more
favourable to incomplete denitrification and the production of N,O, which combined with
high rates of N mineralization in the soil led to the very large emission of N,O in 2010/11,
particularly on WC where there was considerable quantities of N circulating within the
system.

Conclusion

Differences between years in surplus rainfall impacted directly on soil moisture content and
the mineralization of N on this heavy soil with impeded drainage. The extent of these
differences was reflected in uptake of N in herbage DM and in N,O emissions from the soil.
The sharp contrast in annual emissions found in this study also suggests the need for long
term studies when quantifying annual N,O emissions from intensively managed grassland.
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Abstract

Quantification of herbage intake by grazing livestock and estimation of forage quality of
grazed herbage can be expected to be more difficult in multi-species swards than in simple
species mixtures. The effect of sward composition (grass-dominated and diverse) on the
indirect estimation of forage uptake and quality was investigated in a grazing experiment with
sheep and cattle as grazer species. Standing biomass was quantified using a double-sampling
technique analysed for crude protein and acid detergent fibre. Contrary to expectations, there
was no evidence for a systematically higher difficulty of estimating quality and quantity of
standing biomass in diverse swards. Estimates of herbage intake strongly varied depending on
the degree of specificity of the chosen calibration model for standing biomass against sward
height, but without a consistent sward-type effect. Higher sample numbers were necessary for
precise calibration models of standing biomass than for precise estimates of herbage quality.

Keywords: pasture, multi-species swards, rising plate meter, herbage intake, CP, ADF

Introduction

Double-sampling methods of pre- and post-grazing standing biomass, using rising-plate-meter
measurements in combination with calibration cuts, can be employed as an indirect method to
quantify forage intake on pastures (Reeves et al., 1996). However, these methods have shown
a lower performance on multi-species swards than on simple species mixtures (Martin et al.,
2005). A more variable plant chemical composition and higher grazing selectivity in multi-
species swards may also make it more difficult to assess the quality of the grazed forage.
Against this background, we investigated the precision of biomass quantity and quality
estimates on two pasture swards of different botanical complexity.

We expected (i) that rising-plate-meter calibration equations for standing biomass will differ
between diverse and grass-dominated swards and that a better calibration model fit will be
achieved for the latter. We further assumed (ii) that, particularly in diverse swards, at given
sample sizes, estimates of quality parameters will show a higher variability than estimates of
standing biomass using a double-sampling technique. These hypotheses were tested in a
grazing experiment where diverse and grass-dominated swards were grazed by cattle or sheep.

Materials and methods

The grazing experiment was established in 2007 in the Solling uplands in Relliehausen,
Germany, (51°46’N, 9°42’E; 200 m above sea level) on long-term permanent grassland
(moderately species-rich Lolio-Cynosuretum). Diverse (untreated) and grass-dominated
swards (herbicide application against dicots in 2006 and 2009) were grazed with ewes or
suckler cows at stocking densities of 12 livestock units per ha in a rotational stocking system
with three rotations. In each rotation, three blocks (A, B, C) were grazed consecutively.

During the second rotation in 2012 (block A: 12-17 June, B: 18-24 June, C: 25-27 June),
sward height measurements were performed and calibration cuts were taken 5-7 days before
and immediately after grazing in each block. Compressed sward height (CSH) was measured
with a rising-plate meter at 50 randomly chosen points per plot. Calibration cuts were taken at
15 (A) or 8 (B, C) points per plot. There, CSH was measured and biomass was cut to ground
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level, using scissors, on a circle of 30 cm diameter. Dry matter (DM) was weighed after
drying the biomass samples. Their crude protein (CP) and acid detergent fibre (ADF)
concentrations were determined by near infrared spectroscopy using an existing calibration.
For CP and ADF concentration, mixed effects models were fitted with grazer species (Gr),
sward type (Sw), sampling time (T, pre- and post-grazing) and their pairwise and multiple
interactions, as well as block (Bl), as fixed effects in the full model, and samples within plot
as repeated measurements. Calibration equations of CSH on standing biomass (DM) were
fitted using generalized least squares models, in which variance structure was modelled as a
power function of CSH. Dry matter was modelled in response to CSH, with Gr, Sw, T and Bl
and their two- and threefold interactions as possible further fixed parameters. Models were
compared using Akaike's Information Criterion (AIC). The basic model included only CSH as
a parameter and the three models with lowest AIC were used to calculate pre- and post-
grazing biomass of each plot on the basis of the 50 CSH measurements. The difference of
calculated pre- and post-grazing DM was used as an estimate of herbage intake.

The effect of sample size on quality and DM estimates was tested using data from block A,
separately for sward type and sampling time, but pooling samples from cattle- and sheep-
grazed plots. Mean CP and ADF concentrations of these variants were calculated from 5000
random draws of 14-16 samples each. Standing DM was estimated using simple linear
regression based on the randomly drawn samples and the mean of 100 CSH measurements per
variant. The coefficient of variation of the 5000 estimates for the mean of each parameter was
calculated as a measure for the repeatability of the results.

Results and discussion

Over all blocks and treatments, pre- and post-grazing CSH were 8.4 and 5.3 cm, with mean
within-plot standard deviations of 3.3 and 2.6 cm, respectively. ADF concentration was
significantly influenced by sward type (P<0.001), grazer species (P<0.001) and sampling time
(P<0.001), with higher values in post-grazing biomass, biomass from grass-dominated and
from sheep-grazed swards (Table 1). CP was higher in diverse than in grass-dominated
swards (P<0.001), but did not differ significantly between pre- and post-grazing samples
(P=0.06). There were no interactions between the main effects. Diverse swards therefore had
higher forage quality, but this did not lead to higher selectivity by grazing livestock.

There were considerable differences in the estimation of herbage intake, depending on the
chosen calibration model (Table 2). The best model according to AIC took into account sward
type, sampling time and block. In this model, differences of the calibration slope between
grass-dominated and diverse swards were block-specific (significant CSHxBIxSw interaction,
P=0.011). Fitting variance structure separately for grass-dominated and diverse swards did
not significantly improve the model. Hypothesis (i) of specific regression slopes for the two
sward types, and better model fit for grass-dominated swards, therefore had to be rejected.
Even at a simulated sample size of only n=4, the coefficients of variation of predicted mean
CP and ADF concentrations were low at less than 10% (Figure 1), without differences
between the two sward types. The predicted mean of standing DM, by contrast, varied more
strongly, being as high as 6-11% even at a sample size of n=16, so disproving hypothesis (ii).

Table 1. Factor level means of crude protein (CP) and acid detergent fibre (ADF) concentrations in standing
biomass. In brackets: mean standard deviation per plot.

Concentration Sward type Grazer species Sampling time
(% of dry matter) Diverse Grass- Cattle Sheep Pre-grazing  Post-grazing
dominated
Cp 14.8 (2.79) 12.1 (2.73) 13.9(2.94) 13.1(2.58) 13.8(2.95) 13.1 (2.57)
ADF 29.2 (3.46) 34.7 (2.80) 31.0(3.49) 329(2.77) 30.3(3.31) 33.6 (2.95)
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Table 2. Estimates of dry matter intake calculated as the difference between pre- and postgrazing biomass
obtained by different calibration models, and model evaluation criteria (CSH: compressed sward height, Sw:
sward type, Gr: grazer species, Bl: Block).

Grazer Estimated dry matter intake (g m?)
Sward type - s Qs ]

species CSH*Sw*T*Bl ~ CSH*Sw*Gr*Bl CSH*T*BI CSH
Grass-dominated  Cattle 44.8 53.0 46.9 52.6
Diverse Cattle 51.1 46.3 31.8 38.2
Grass-dominated ~ Sheep 47.1 43.0 54.2 55.9
Diverse Sheep 62.4 62.5 57.5 559
Akaike's Information Criterion 2107.9 21422 2179.2 2271.2
Root mean square error 31.21 33.19 32.69 37.44
c CP ADF DM
S -
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Figure 1.Coefficient of variation of predicted mean CP and ADF concentrations and standing dry matter (DM,
double sampling technique) as a function of sample size, sward-type (grass-dominated/diverse) and sampling
time (pre-/post-grazing) in a simulation with 5000 runs.

Conclusions

While forage quality differed between grass-dominated and diverse swards, there was no
evidence for a consistently higher difficulty of estimating quality and quantity of standing DM
in diverse swards. Contrary to expectations, fewer herbage samples were needed to reach the
same level of precision for estimates of quality parameters than for estimates of standing DM,
even if a double-sampling technique was used. Depending on the level of aggregation,
calibration models for DM as a function of CSH delivered widely differing estimates of
herbage intake. An independent quantification would be necessary to establish which level of
aggregation delivers results of the highest adequacy.
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Abstract

Leaf-hay was the principal feed for livestock during wintertime from the Neolithic until the
first archaeological records of scythes dated to the Iron Age (700 — 0 BC). Despite the use of
meadow hay, leaf fodder remained an important winter supplement until the present.
Archaeological evidence has listed Quercus, Tilia, Ulmus, Acer, Fraxinus and Corylus as
exploited tree species for leaf fodder, and Fagus, Populus or Carpinus as rarely used. The aim
of our study was to test whether use of these listed woody species follows the pattern of their
nutritive value. We collected leaf biomass and determined concentrations of N, P, K, Ca, Mg,
and neutral- and acid- detergent fibre. There was no difference in the N concentrations among
species, but they differed in all other parameters. Fagus, Carpinus and Quercus had the
lowest values of P and K/(Mg+Ca) ratio together with the highest fibre content. Highly
favourable concentrations of nutrients for livestock were recorded in Fraxinus, Ulmus and
Corylus. Our results indicate that our ancestors’ practice of woody species exploitation as
leaf-hay for winter foddering followed the nutritive value of the species.

Keywords: agricultural history, leaf fodder, livestock feeding, Prehistory

Introduction

The practice of collecting leaves and twigs for domestic animals is probably the oldest form
of fodder harvesting. Leaf-hay fodder played a significant role in feeding livestock especially
during the wintertime since at least the late Neolithic (3000 BC) and has been widely used in
the course of time. The first written records come from Roman authors, for instance Marcus
Porcius Cato (234 — 149 BC, De Agricultura) or Lucius Junius Moderatus Columella (4 AD
(?7) =70 AD, De Re Rustica) (Ash, 1941). Collecting of leaf-hay can be very efficient without
use of special tools such as scythes or sickles. There are three main techniques for collecting
leaf fodder: 1) pollarding, which consists of cutting off the top of the tree and harvesting the
shoots; 2) shredding, which leaves the trunk and crown intact and the side branches are
removed; and 3) coppicing based on cutting suckers or young shoots directly from the tree
base.

Collecting of leaf hay has been widely practised over the whole of Europe, from Greece
(Halstead, 1998) to Great Britain (Smith, 2010) and from Italy and France (Haas et al., 1998)
to Scandinavia (Slotte, 2001). In each region, different tree species were used in compliance
with regional vegetation and tree species availability. Many archaeological records confirmed
year-round leaf-hay foddering of cattle, sheep and goats in stables in the Alps by ash
(Fraxinus excelsior), lime (Tilia spp.), hazel (Corylus avellana) or fir (Abies alba)
(Rasmussen, 1989). In the northern part of Europe, exploited species were ash, alder (Alnus
glutinosa), birch (Betula spp.), lime, poplar (Populus spp.) and several coniferous species,
primarily Scots pine (Pinus sylvestris) or juniper (Juniperus communis) (Austad, 1988).
However, the most important tree species for leaf-hay over Europe, considered of a high

The Role of Grasslands in a Green Future 85



nutritive value, was the elm (Ulmus spp.). Consequently, the elm was suggested having been
selectively harvested by Neolithic humans and this could have led to the marked general
decline in elm recorded in pollen analyses. This theory was formulated by Iversen (1941) as
the elm decline theory. On the other hand, hornbeam (Carpinus betulus) was not exploited to
such an extent due to it being considered of low nutritive value (Halstead, 1998).

The aim of our investigation was to test whether selected main European broad-leaved woody
species differ in the content of macro-elements, in terms of their nutritional value for livestock
feeding, and consequently whether their use could follow the pattern of their nutritive value.

Materials and methods

Acer platanoides, Carpinus betulus, Corylus avellana, Fagus sylavtica, Fraxinus excelsior,
Quercus robur, Populus tremula, Tilia cordata and Ulmus glabra were the selected species.
We collected leaf biomass of each species from three individuals on three localities in the
Czech Republic in late May 2012. A total of 36 samples were used to analyse the
concentration of macro-elements and neutral- and acid- detergent fibre fractions (NDF and
ADF). The total N concentration was determined by combustion using an automated analyser
TruSpec (LECO Corporation, USA). P, K, Ca and Mg were determined after a microwave
oven mineralization of the biomass sample mixed with HNO; and HCl in ratio 6:1 using ICP—
OES (Varian VistaPro, Mulgrave, Vic., Australia). NDF and ADF contents were analysed by
standard methods of AOAC. One-way ANOVAs followed by post-hoc comparison using the
Tukey’s multiple range tests were used to evaluate the obtained data.

Results and discussion

All woody species showed similar and relatively high concentrations of N, and were
comparable to Lolium perenne or Trifolium repens and much higher than that of meadow hay
and the requirements of dairy cattle (Table 1). This was due to the date of leaf-sample
collection in the spring at the time of flushing. Nutritive value of woody species differed,
however, in other macro-elements and K/(Ca+Mg) ratio (all P<0.001). P concentrations
ranged from 1.97 to 3.22 g kg and were thus lower than values recorded in L. perenne, T.
repens or meadow hay and at the lower limit of, or below values of, diet requirements for
cattle. K/(Ca+Mg) ratio, which should be 1:2.2 and narrower, showed balanced
concentrations of K, Ca and Mg and leaf-hay does not present any risk of ‘grass tetany’
(Wilson et al., 1969). Concentrations of NDF and ADF were relatively high in comparison
with meadow hay and were higher than values recommended for lactating and dry cows. Such
high concentrations of NDF and ADF may reduce forage intake and consequently animal
growth or milk production.

The lowest values of P and the highest content of NDF and ADF were found in Fagus,
Carpinus and Quercus, while the most favourable values of macro-elements were found in
Fraxinus, Ulmus and Corylus. Three latter species were the most preferred species in the past
(Rasmussen, 1989). In Norway, leaves of Ulmus and Fraxinus together with Salix and Sorbus
have been used preferentially for milking cows and calves till the present (Austad, 1988) and
their nutritional value was comparable to that of meadow hay. Fagus, Carpinus and Quercus,
with their low nutritional values, were not reported in archaeological records in Central
Europe as potential leaf-hay fodder for domestic animals; they were, however, used in other
regions within different vegetation context, particularly in mountainous areas of
Mediterranean regions (Haas et al., 1998; Halstead, 1998). There was no difference in nutrient
concentrations in leaves among localities.
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Table 1. Concentration (means + standard error of mean, n = 4) of nitrogen (N), phosphorus (P), neutral
detergent fibre (NDF), acid detergent fibre (ADF) and K/(Mg+Ca) ratio in leaves of woody species. Differences
(P<0.01) between tree species are denoted with different letters. Values for Lolium perenne, Trifolium repens,
meadow hay and optimal value for cattle are from Kudrna (1998) and Whitehead (1995).

Plant species N (g/kg) P (g/kg) NDF (g/kg) ADF (g/kg) /(Mg+Ca)
Acer platanoides 282+12% 27+03% 399.5 +24.3° 3132 +6.3® 18 +0.07™
Carpinus betulus 30.7 +£0.6" 1.9+0.1° 437.0 £ 16.4° 2727 +£10.1¢ 69 +0.04°
Corylus avellana 315214 23+0.1° 4762 £23.5° 3422 +£134%  79+0.06°
Fagus sylvatica 314+29% 2.1+02° 662.5+11.6° 480.0 +7.0° 71 £0.05°
Fraxinus excelsior 332+21%  32x02° 511.7+77.8%™ 4005+ 13.9° 99 +0.05%
Populus tremula 28.9+1.0° 26+02® 452.0+27.5° 373.7 +24.9° 01 +0.09®
Quercus robur 329+£09* 25+0.1% 449.5+10.9° 306.2 +5.3® 97 +£0.03™
Tilia cordata 36.0 +1.2° 3.0+0.5% 409.2 +21.4° 304.7 £7.0® 46 +0.25°
Ulmus glabra 343+£33%  27+01"  3965+41.2° 243.0 +12.0° 18 +0.08 ™
Lolium perenne 20-35 3-6 - -

Trifolium repens 35-52 3-6 - -

Meadow hay 20.0 - 28.7 3.2-37 - 427 -503

Optimal values for cattle  19.2 - 25.6 23-37 330 - 450 190 - 300

Conclusion

Our results suggest that our ancestors’ practice of tree species exploitation for leaf-hay fodder
in the past was not based only on their availability, but it followed the nutritional value of the
harvested woody species within the vegetation context. The nutritional value of the
investigated woody species, however, does not reach the level of dietary requirements of
contemporary dairy cattle for their satisfactory performance.
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Abstract

Beef fattening systems can play an important role in maintaining and promoting grasslands.
However, the effects of beef production on the environment have become a topic of great
concern. Using the LCA-method SALCA, we analysed six different beef production systems:
conventional bull fattening based on feeds from arable land (Germany, Switzerland), organic
bull fattening based on grassland (Switzerland), grassland-based organic and conventional
suckler cow systems (Switzerland) and extensive pasture based fattening (Brazil). The
potential impacts on biodiversity were also assessed for the Swiss systems. The suckler cow
systems had higher environmental impacts per kg liveweight in most categories. This was
because no milk was produced and all environmental impacts were allocated to meat
production, whereas in the other systems there was also an allocation to the co-produced milk.
Still, they used less arable land and had lower impacts regarding deforestation and
ecotoxicity. A trade-off between productivity and biodiversity was observed. Improvements
regarding the overall system efficiency and a clear definition of the objectives of the
particular production system are required.

Keywords: beef, life cycle assessment, biodiversity, arable land, grassland

Introduction

Beef production systems play an important role in maintaining and promoting grasslands,
which occupy 70% of the Swiss agricultural area. However, the effects of meat production on
the environment have become a topic of great concern. Beef production is under pressure, as
life cycle assessment (LCA) studies show that impacts of beef are much higher than pork,
poultry meat or milk (de Vries and de Boer, 2010). The present study was initiated to identify
hot-spots in the beef supply chain and to determine reduction potentials for environmental
impacts. A special focus was given to the use of arable land and grassland, the different levels
of management intensity and their implications for biodiversity.

Materials and methods

By using the method SALCA (Swiss Agricultural Life Cycle Aseessment; Nemecek et al.,
2010), we analysed six different beef production systems: conventional bull fattening
(Germany, Switzerland), organic bull fattening (Switzerland) and conventional and organic
suckler cow systems (both Switzerland) and extensive pasture-based fattening (Brazil). The
data for Switzerland came from model farms (Hersener et al., 2010), those for Germany and
Brazil from literature (details see Alig et al., 2012). In addition, the potential impacts on
biodiversity were assessed for the Swiss systems applying the SALCA-biodiversity method
(Jeanneret et al., 2008). The full results are reported by Alig et al. (2012).

Results and discussion

Two fundamentally different beef production strategies exist: bull fattening from dairy calves
and suckler cow systems. The former is characterized by a relatively high production intensity
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(with the exception of the organic system), and it relies largely on concentrate feed and use of
silage maize, and has therefore a high demand for arable land. Since the calves stem from
milk production, most of the environmental burdens of the milk cows are allocated to milk
production (economic allocation). In contrast, suckler cow systems produce only beef, to
which all environmental burdens of the mother cows are allocated. Much more feed is thus
used to produce 1 kg of beef and more emissions from animal husbandry occur (Figure 1).
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Figure 1. Selected environmental impacts per kg liveweight at the farm gate of six beef fattening systems:
BF _conv_DE/BF _conv_CH: conventional bull fattening Germany/Switzerland; BF org CH: organic bull
fattening system Switzerland; SC_conv_CH/SC_org_CH: conventional/organic suckler cow system Switzerland;
SC_BR: suckler cow system Brazil. 100% = BF_conv_CH.
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On the other hand, the Swiss suckler cow systems used less concentrate than conventional
bull fattening, and therefore fewer mineral resources (P and K), and they had lower
ecotoxicity and deforestation impacts, and lower use of arable land.

The environmental impacts of the bull fattening system in Germany were similar to those of
the Swiss system. Higher impacts in the German system were observed for ecotoxicity and
deforestation, due to the higher share of concentrate feed and silage maize in the diet. The
energy demand, eutrophication and acidification were slightly lower in Germany, since
feeding there is based mainly on silage maize and concentrates, whereas in Switzerland an
important share of the feed is supplied by grass.

The Brazilian beef production is a low-input system leading to a very low energy demand,
low use of mineral resources, and very low ecotoxicity. On the other hand, the fattening
periods are long and the feed conversion is poor, which, combined with low pasture yields,
led to 10-times higher land occupation than in the Swiss bull-fattening system. Therefore,
impacts related to emissions from animal husbandry and to the use of land were very high.
Furthermore, the system has also led to substantial deforestation.

The conflict between intensive production and the preservation of species diversity was
apparent in the biodiversity analysis for the Swiss beef-production systems (Figure 2). The
conventional bull fattening system used two to three times less area to produce 1 kg of beef
compared to the suckler cow systems.

The overall species diversity was estimated to be lowest for the conventional beef fattening
and higher for the suckler cow systems (Figure 2), due to generally higher species diversity in
grassland than in crops. In particular less intensively and extensively managed grassland had
higher scores for overall species diversity. However, the difference between suckler cows and
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bull fattening is reduced due to the fact that the calves and the milk powder in the latter stem
from dairy farms, which are mainly grassland-based.
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Two scenarios have been calculated to estimate the theoretical potentials for biodiversity and
productivity of beef fattening: one with maximal biodiversity potential (Max. OSD), thanks to
very extensive management, the other with maximal productivity (Max. productivity, see
Figure 2). The large differences observerd indicate that the current beef production systems
have a high potential for development both in terms of higher productivity or higher
biodiversity. Research is needed to develop beef fattening systems which better reconcile a
good productivity with a high level of biodiversity.

Conclusions

Three main factors determine the environmental impacts of beef production systems: 1) the
design of the system (bull fattening vs. suckler cows), 2) its efficiency, and 3) the composition
of the feed and feedstuff production. On the one hand, suckler cow systems rely on grassland
and have advantages that are related to the low use of concentrate feedstuffs (less ecotoxicity,
deforestation, and use of mineral resources). Furthermore, the biodiversity potential on the
managed areas is higher. On the other hand, the mother cow has to be fully attributed to beef
production, since no milk is sold, leading to high impacts in several categories. A combination
of milk production with bull fattening, based on grassland could be a valuable alternative to
make best used of the available grassland.
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Abstract

The energy efficiency of a mountain mixed-farming system in NE Portugal was analysed for
the period 2002-2003. The energy calculation included the energy of all inputs (fertilizers,
fuels, concentrates for cattle) on farm production and the energy of outputs (bovine meat).
The energy values were calculated by multiplying the quantities of inputs, indoor system
production and outputs by their energy content. The efficiency of the farm (output/input) was
0.12. The results showed a low efficiency of the farm. However, these results were not due to
the high inputs required by the farm (as in intensive systems) but it was due to the low use of
available feed.

Keywords: agro ecosystems, sustainability, beef cattle

Introduction

The livestock sector has expanded rapidly in recent decades and demand for livestock
products is expected to continue to grow strongly through the middle of this century, driven
by population growth, rising affluence and urbanization (FAO, 2009). Decisive action is
required to satisfy this growth in ways that support society’s goals for poverty reduction and
food security, environmental sustainability and improved human health (FAO, 2009). The
agricultural landscape in the NE of Portugal is characterized by a pattern of small, fragmented
farms that traditionally produced food mainly for family consumption. At the beginning of the
20th century, these farming systems integrated agriculture (mainly cultivation of cereals and
potato) and livestock grazing into common long-term fallows, stubbles and rangelands,
together with the private farm pasture areas. The aim of this study was to evaluate the energy
efficiency of a farm in the highlands of NE of Portugal, as representative of the mixed-
farming systems in these regions, and also to evaluate its suitability for organic animal
production.

Material and methods

The farm was located in Salto, Montalegre region (NE Portugal), and was monitored and
studied during 2002-03, recording all activities as well as the inputs, farm production and
outputs. The altitude is around 950 m a.s.l., with annual precipitation and annual average
temperature of 1455 mm and 9.9°C, respectively. The farm had an area of 35.8 ha divided
into 33 fields: meadows (15 fields, 22.6 ha) used for grazing and hay cut (spring), forage that
included maize, rye; and some vegetable gardens (7 fields, 4.15 ha), shrubs and forest (9
fields, 7.8 ha) used only for grazing and chestmut (2 fields, 1.3 ha). The farm produced beef
cattle of the 'Barrosa' local breed with a stocking rate of 0.52 LU ha™'. Livestock total live
weight was 8942 kg in the base year 2002. Summer grazing on pasture was for approximately

The Role of Grasslands in a Green Future 93



231 days, about 8 h day'. Winter grazing was on meadows, and on rye forage. Meadow hay
was part of the daily diet of adult cattle from October to April, and of calves throughout the
year. Concentrates were also part of the diet of calves from 2-3 months until 6-8 months old,
when they were sold. Maize complemented the diet from September to October (38 days). At
the end of summer, land was ploughed and sown with rye for forage and part for grain.
Farmyard manure was spread on meadows in autumn (28 Mg ha™), and before planting
potatoes (vegetable garden) and sowing maize (forage) (152 Mg ha™') in spring, together with
mineral N, P and K fertilizers. In order to determine the on-farm production (meadows for
grazing and hay, rye and maize for forage, shrubs and forests) the following homogeneous
areas were identified: two types of hay meadows, two types of grazed shrubs and forests
areas, and three types of annual crop areas (for rye, maize and potatoes). In each area three
enclosure cages were randomly distributed in all grazed crops. The samples were harvested
inside the enclosure cages (0.25 m?), at the beginning of spring, at the hay cut (June/July), at
the end of summer and at the end of autumn. All samples were dried to constant weight at
60°C (48 h) for yield determination. Maize yields were obtained by sampling (0.25 m?), at the
time of forage cutting during the growing season. All the remaining data were obtained by the
farmer. The energy efficiency that describes the relationship between the energy outputs of a
system and energy inputs needed to operate the system (Mikkola and Ahokas, 2009) was
estimated (Figure 1). The energy values were calculated multiplying the quantities of inputs,
productions inside the system and outputs, by the energy content values referred by
Gliessman (2007) for fertilizers, farmyard manure and concentrates, by Demarquilly et al.
(1980) for meadows and forage, by Leme et al. (2000) for meat and by Bayliss-Smith (1982)
for fuels and machinery (including maintenance). There was no human labour from outside
the system.

Results and discussion

From the flow diagram of this system (Figure 1), the following results were found: i) despite
being a traditional mixed-farming system (Moreira, 1981), the output of vegetal component in
this farm was nil (Figure 1) and therefore the animal component (bovine meat: 9986 MJ) was
the only output from the farm; ii) there were reduced inputs, compared with previous studies
(Kainz, 2005 and Funes-Monzote et al., 2009), and outputs (bovine meat); iii) high
importance of farmyard manure inside the system, to which the shrub litter used is
indispensable (70-90 t ha™ yr''); iv) low system efficiency (0.12), as a result of low outputs
(only meat), since the inputs cannot be responsible for this value; v) this efficiency is
explained by the low stocking rate (0.52 LU ha™), since it could be raised 2 LU ha™, the
maximum allowed in organic farming; and vi) considering the amount of feed produced
inside the system converted into meat using the efficiency of 3% (Spedding, 1979), the
system efficiency could potentially be raised up to 1.83, a value near to that obtained by
Intxaurrandieta and Arandia (2008) for livestock production in organic farming (2.19).
Nevertheless, Spedding (1979) refers an efficiency of 0.18 for bovine meat production
systems, when considering all the inputs into the system that applied in this case study.

Conclusions

The low efficiency of the farm is a result of the low stocking rate, which was not adjusted to
the farm production (pasture and forage), and to there being no output of crops. The risk of
unsustainability of this farm is only due to a low efficiency in the use of the forage and
pasture resources. This farm is perfectly suited to organic farming, paying attention to the low
inputs and local breed used.
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Figure 1. Flow diagram of the farm.
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Abstract

The DAIRYMAN INTERREG project aims to enhance the environmental and economic
sustainability of dairying in north-west (NW) Europe by improving the competitiveness and
ecological performance of dairy farming. Accordingly, between 2009 and 2011, economic
and environmental information (e.g. nitrogen and phosphorus balances) was collected from a
network of 116 pilot dairy farms in 10 regions of NW Europe in order to evaluate and
compare farm performances. For comparative purposes, five farm types were identified,
including specialized dairy farms and mixed dairy farms with suckler-beef production, or
commercial cropping, or both. In general, the production of commercial crops in mixed dairy
farming systems significantly decreased farm N balances compared to specialized grassland-
based dairy farms, whereas specialized dairy farms had the best economic performance.
However, as a number of individual farms within both specialized and mixed farming
typologies were able to operate with low N surpluses and high incomes, opportunities may
exist for simultaneously improving the economic and environmental sustainability of dairy
farming in both diversified and non-diversified farming situations.

Keywords: DAIRYMAN, dairy system, N and P balances, mixed farming systems, economy,
environmental efficiency

Introduction

Dairy farming is an important economic activity in north-west (NW) Europe. Unfortunately,
inefficiencies in the use of fertilizers, feeds and energy for dairy production can hamper the
delivery of key environmental services such as clean water, clean air and biodiversity. Dairy
farmers are also coping with the financial crisis in the Euro-zone, milk price volatility, high
investment costs and narrow profit margins. The sustainability of dairying is therefore under
threat environmentally and economically. Efforts are needed to improve resource
management on dairy farms in order to lower external inputs, thereby minimizing costs and
environmental impacts. One way of accomplishing this might be to diversify dairy farming
systems to include crops and other livestock enterprises, since this may facilitate more
internal recycling of resources, e.g. nutrients, and reduce the environmental impact of the
farm (de Haan et al, 1997; Oomen et al., 1998). Mixed farming systems, however, may
require greater inputs of labour, equipment, buildings and land etc, than specialized farms,
making them more expensive. The aim of this study, therefore, was to compare the economic
and environmental performances of mixed dairy farming systems and specialized dairy farms,
using data from a large network of dairy farms, to assess whether farm diversification has
potential to improve the sustainability of dairy production.
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Materials and methods

DAIRYMAN is a project funded under the INTERREG IV B NW Europe programme. It
involves 14 partner organizations from the Netherlands, France, Germany, Luxembourg,
Ireland, the United Kingdom and Belgium, and has a network of some 128 pilot dairy farms.
Over a three-year period, 2009-2011, data were collected from the pilot farms and compiled
to produce two standardized databases. The farm characteristics database contains information
and data on farm structure (size of herds, land use, etc.), and the economics database contains
information on sources of revenue (milk, animals, crops and subsidies), operating cost (related
to herds, grassland, crops, building, and management), depreciation, and interest and taxes.
Proportional Costs (sum of all input costs), Incomes (revenues minus input costs minus
depreciation) and Inputs Efficiency [In Eff] (Revenues/Proportional) were evaluated for 116
of the 128 farms (for which economic data were available), as measures of economic
performance. Mineral balances (kg of N and P balance ha") and N [N Eff] and P [P Eff]
efficiencies (ratio between output and input of nutrients at farm scale) were also calculated for
the 116 pilot farms, as measures of environmental performance.

Five farm types were identified: (DS) Dairy-Suckler system, where >15% of animals were
suckling cows; (DC) Dairy-Crops system, where >20% of utilizable area was used for
commercial crops; (DSC) Dairy-Suckler-Crops system, where >15% of animals were
suckling cows and >20% of utilizable area was used for commercial crops; (DG) Dairy
Specialized system — Grassland, with <10% of forage maize in the fodder surface; and (DM),
Dairy Specialized system — Maize, with >10% forage maize in the fodder surface. The
economic and environmental performances of these different types were compared using non-
parametric tests: the Kruskal-Wallis (comparison of mean ranks) and Mann-Whitney
(structuration of means) (Jost, 2012) with the logiciel R (© 2011, The R Foundation for
Statistical Computing).

Results and discussion

Table 1 shows the means and standard deviations obtained for the different environmental and
economical indicators according to farm typology and the results of statistical comparisons.
The level of specialization significantly influenced all indicators except In Eff and P Eff.

Table 1. Economic and environmental results according to typology (2010) - highest values in bold and lowest in
bold italics.

Level of specialization Dairy specialized Dairy/Suckler Dairy/Crops Dairy/Suckler/Crops P value
Grassland Maize

Occurrence 49 19 7 33 8

Economic results (1000€ ha'")

Revenue 44+19 71+3.1 32+13 38+1.6 3.1+04 < 0.001 (%)

Income 1.7+£0.7 20+1.3 1.1+£0.6 1.2 +0.8 09+04 < 0.001 ()

Proportional Costs 14+0.8 24+14 1.2+£0.6 1.3+£0.8 09+0.2 0.003 (**)

Inputs Efficiency (%) 3612 3.2+0.8 2.9+0.6 34+1.1 34+06 0.280 (ns)

Environmental results (kg of nutrient ha™)

N Balance 182.3+73.1 1904 +61.1 178.2+89.1 147.2+73.2 130.6+37.1 0.015 (*)

N Efficiency (%) 28.3+10.1 346+9.1 22.8+7.0 37.0+11.0 384113 < 0.001 (%)

P Balance 57+9.8 7.6+9.1 13.3+9.2 7.8+13.8 -0.6 +8.0 0.034 (*)

P Efficiency (%) 100.2 +£87.2 77.1+435 80.6+107.0 784+363 122.3+72.6 0.053 (ns)

Dairy specialized systems, and in particular dairy specialized systems with maize, provided
higher incomes per hectare than mixed farming systems. On the other hand, mixed farming
systems with cash crops performed best from an environmental perspective, with lowest N
balances and highest N efficiencies. At first glance, therefore, it would seem that farm types
giving good economic returns automatically have poor environmental performances, and vice
versa. However, as shown in Figure 1, the relationship between N balance and farm income is
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highly variable, implying that there is scope within individual farm types to manage resources
in such a way as to optimize both economic and environmental performances. However,
performances observed can also be affected or enhanced by geo-political contexts and pedo-
climatic conditions that differ between regions and lead to different potentials of production.
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Figure 2. Plot of farm N balances versus farm income for 116 DAIRYMAN pilot farms (2010 data), with
different symbols representing the 5 different farm types, and median values of N balance and farm income
shown with black lines.

Conclusions

In general, dairy specialized systems provided higher levels of farm income per hectare than
mixed farming systems, whereas mixed farming systems with cash crops had potentially the
lowest environmental impact. However, since a number of individual farms within both
specialized and mixed farming typologies were able to operate with low N surpluses plus high
farm incomes, it would appear that opportunities for improving the sustainability of dairy
farming exist for both diversified and non-diversified farming systems. The challenge now is
to identify those farm structural characteristics and management practices within specific farm
typologies that were responsible for facilitating the concurrent optimization of economic and
environmental performances.
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Abstract

Predicted climate change will affect grassland farming in Europe in various ways. Likely
effects depend on current climate, soil conditions and farm management. A range of
adaptation measures to the effects of climate change has been identified. However, an
effective response to these challenges would include a requirement that the farmers were both
knowledgeable about, and also accepted the idea of, climate change. Therefore, we need to
know how grassland farmers perceive and anticipate postulated future climate change and
whether their attitude is influenced by factors like, among others, region, farm size and socio-
cultural background. To answer these questions, we conducted a survey with extensive on-
farm interviews (n = 82) in four distinctive regions of the North German Plain on a gradient
from more maritime to less-favoured areas with more continental weather. We found that with
more continental climate and less rainfall and with increasing farm size, grassland farmers
were more aware of the implications of climate change. However, some aspects of the
farmers’ socio-cultural background seemed to determine their views on climate change more
strongly. More traditional and conservative farmers tended to be more critical of the idea of
climate change compared to their future-oriented colleagues.

Keywords: climate change, farmers’ survey, farming styles

Introduction

Climate change will likely have adverse impacts on grassland farming in numerous ways.
Increased mean temperatures and CO,-concentrations will probably lead to extended growth
periods, water shortages and rainfall extremes during the growing season (Hopkins and Del
Prado, 2007). A range of adaptation measures to the effects of climate change has been
identified but, in practice, it is the local farmer who decides to opt for possible climate
adaptations or not. Hence, understanding farmers’ knowledge and attitudes on this subject is
of importance, since passivity and ignorance mean rejecting these challenges. Apart from pure
meteorological factors, other aspects like farmers’ age, education and the way of farming (cf.
‘farming styles’, McRae-Williams, 2009) might have an influence on farmers' acceptance of
the idea of climate change. We hypothesized that farmers’ assessments of climate-change
risks may differ according to their (agricultural) education, age, farm size, socio-cultural
background, and, particularly, region in the North German Plain.

Material and methods

An on-farm survey (n = 82) was conducted in 2011 in four distinctive regions (from west to
east: Diepholz n = 20, Uelzen n = 20, Fliming n = 21, Oder-Spree n = 21) in order to cover
the sub-maritime and sub-continental climates of the North German Plain.

Face-to-face investigative interviews were conducted using a standardized questionnaire. The
interviewer directly transcribed the answers given orally by the farmer. The questionnaire was
divided into two major sections: In the first part, farmers' data, the farm business structure and
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grassland management were collected. In the second part, their degree of agreement with a set
of statements (climate change and nature- or environmental protection issues) were obtained
with a five-point Likert scale (1 = totally agree, 5 = totally disagree). Precipitation and
temperature data of the four regions are shown below (Table 1). All statistical tests were
performed with the software R! Version 2.15.1

Table 1. Meteorological data of the four regions for the summer period (April-September); temperature (T),
average rainfall as the long-term average (1961-1990) and as expected for 2041-2050 (Orlowsky e? al., 2008).

Diepholz Uelzen Fliming Oder-Spree
1961-1990 Rainfall (mm) 355 373 302 315
2041-2050 Rainfall (mm) 319 311 272 264
1961-1990 T (°C) 14.0 13.6 14.8 14.7
2041-2050 T (°C) 16.2 15.8 17.0 17.0

Results

As shown in Figure 1, climate change has been recognized by two-thirds of the farmers as an
evident key factor for their current and future land management. Twelve farmers (15%)
totally denied the statement below, and 15 (18%) indicated this was an unlikely scenario.

The climate change has an influence on
my agricultural production

24

22

|
Ceereeere
1955555559

mTotally Disagree @Disagree oPartial Agreement @Agree @Totally Agree

Figure 1. Total responses (n = 82) to the question: Does climate change have an influence on my actual
agricultural production?

Table 2. Mean, standard deviation (s.d.) and farmers (n) per cluster of the factors region, farm size, optimist and
traditionalist. High means (5) express high climate-change awareness, low (1) for a rejection of the idea. The
items for optimist and traditionalist had been aggregated in accordance with the concept of ‘faming styles’ (Van
der Ploeg, 1994). According to their answers, farmers were allocated to 5 classes describing their personal
attitudes (absolute optimist/traditionalist to no optimist/traditionalist at all).

Region (P=0.074) Mean s.d. n Farm Size (P=0.081) Mean  s.d. n

Diepholz 265 1.18 20 Small (<50 ha) 271 1.07 15
Uelzen 2.80 0.83 20 Medium (51-250 ha) 231 120 42
Flidming 271 135 21 Large (251-1250 ha) 322 1.16 11
Oder-Spree 352 133 21 Huge (>1250 ha) 310 133 14
Optimist (P<0.001) Mean s.d. n Traditionalist (P<0.001) Mean = s.d. n

Not at all 3.50 1.50 2 Not at all 3.14 129 22
Hardly 4.00 0.00 2 Hardly 2.88 1.02 17
Restricted 292 0.95 12 Restricted 3.05 1.10 19
Definitely 3.05 1.18 37 Definitely 3.00 127 15
Absolutely 261 129 28 Absolutely 1.71  1.03 7
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Farmers in the Oder-Spree district, characterized as sub-continental, showed a more distinct
awareness of climate change (3.52) than their colleagues in the sub-maritime west (2.65,
Diepholz) (Table 2).

The factors education (P=0.539) and farm type (P=0.375) had no significant influence on
farmers’ attitude towards climate change risks (not shown). The key determinant (P<0.001)
was the socio-cultural background, here represented by the ‘traditional farming style’ and the
personality, for example a positive outlook on life.

Discussion

The geographical influence, represented by the east-west gradient (increase in precipitation)
was not as important as we assumed, but a trend (P=0.074) definitely exists. The last two
years before the interview, with more rainfall than average especially in the Fldming and
Oder-Spree regions, might have influenced the farmers’ attitude. It was surprising to find that
the factors age and education did not have an effect, despite the idea that young and qualified
farmers are used to new information technologies and hence might be better informed about
the on-going scientific discussion on climate change (Burger-Scheidlin er al., 2009). In
accordance with McRae-Williams (2009) traditionalists and more conservative farmers
perceive climate change and its negative effects significantly more critically, and refer more
to the natural climate variability than their future-orientated colleagues. On the other hand, we
found that a positive attitude to life (‘optimist’) also increased the tendency to ignore the
negative climate-induced changes such as drought damages and yield losses.

Conclusion

We found significant differences among farmers in their perception of climate change impacts
and their willingness to consider and implement adaptation measures on their own farms.
Moreover, the awareness of a farmer towards climate change seems to depend less on external
factors such as farm size and type, meteorological factors or educational background, but is
mainly determined by socio-cultural influences such as family background and personality.

Acknowledgements

This project was supported by the German Ministry of Research (BMBF).
Project: NaLaMa-nT, FKZ 033L.029.

References

Burger-Scheidlin H., Christanell A. and Vogl C.R. (2009) Wetter — Wahrnehmung — Wissen. In: Der kritische
Agrarbericht: Schwerpunkt: Landwirtschaft im Klimawandel, Abl Bauernblatt Verlag, Hamm, pp. 261-265.
Hopkins A. and Del Prado A. (2007) Implications of climate change for grassland in Europe: impacts,
adaptations and mitigation options: a review. Grass and Forage Science 62, 118-126.

McRae-Williams P. (2009) Understanding farmer knowledge and attitudes to climate change, climate variability,
and greenhouse gas emissions, WIDCORP Report 1/09, WIDCORP, Horsham, Australia.

Orlowsky B., Gerstengarbe F.-W. and Werner P.C. (2008) A resampling scheme for regional climate simulations
and its performance compared to a dynamical RCM. Theoretical and Applied Climatology 92, 209-223.

Van der Ploeg J.D. (1994) Styles of farming: An introductory note on concepts and methodology. In: Born from
within: Practice and Perspectives of Endogenous Rural Development, Assen, 7-30.

The Role of Grasslands in a Green Future 101



Evaluation of greenhouse gas budget of Icelandic Grassland

Gudmundsson J., Brink S.H. and Gisladéttir F.O.
Agricultural University of Iceland, Arleyni 22, 112 Reykjavik, Iceland
Corresponding author: jong @1bhi.is

Abstract

Emissions and removal of greenhouse gases (GHG) is an important factor in determining
sustainability of management and land-use practice. Land-use related GHG emission is also
one of the factors reported to the UN-Framework Convention on Climate Change. Here we
describe the present status of the estimates for GHG emissions and removals for the land-use
category Grassland in Iceland. This category is further divided into five subcategories based
on land cover, land-use and management activities. Within these categories the evaluation of
GHG budget is aggregated according to soil types, carbon pools and time series of
management activities. The present estimate is that removal of CO, exceeded emission of
CO;, by 134 Gg CO, based on extent of land use in the year 2010. The estimated N,O
emission of 155 Gg CO, equivalents (eq) exceeds this removal, resulting in 21 Gg CO; eq as
net emission from Icelandic Grassland.

Keywords: grassland, land-use, greenhouse gas, carbon pools

Introduction

Land-use and management can have variable impacts on carbon stocks and greenhouse gas
(GHG) emissions (Bolin et al., 2000). To plan sustainable land-use and management, it is
important to identify clearly all associated costs and benefits. All parties of the UN
Framework Convention on Climate Change (UN-FCCC) are obliged to report anthropogenic
emissions and removal of GHG regularly, including those associated with variable land-use.
These reporting obligations led, in 2007, to the initiation of a project at the Agricultural
University of Iceland (AUI) with the aim of evaluating land-use related emissions of all land
not evaluated by other institutions. The evaluation of land-use related GHG emissions and
removals is accordingly highly influenced by the methodology and categorization
recommended by the convention. Two main approaches are recognized in the guidelines of
the convention (IPCC, 2006). One approach is to estimate stock changes of defined carbon
pools associated with certain land-use, land-use changes and management. The other is to
evaluate the GHG fluxes related to the land-use and management. To calculate GHG
emissions and removals associated with land-use, information on both the area under relevant
land-use and the emission or removal per unit land is needed. In the approach of the AUI
emphasis is placed on estimating the area of each land-use category defined and the size of
associated carbon stocks. The Icelandic land-use category Grassland is defined in the UN-
FCCC reporting as all land with >20% coverage of vascular plants, and not included under
categories Forest land, Cropland, Wetland or Settlement. The area of Grassland so defined in
Iceland is estimated 53,000 km? or 51% of the country. In this paper we report the observed
carbon stocks on Grassland and summarize present estimates of GHG emission and removal.

Materials and methods

The information on area of Grassland subcategories (Table 1) is obtained from the National
inventory report to the convention (Environmental Agency of Iceland, 2012). Carbon stock
changes of subcategories Revegetated land and Natural birch shrubland were estimated by
the Soil Conservation Service of Iceland (SCSI) and the Icelandic Forest Research (IFR)
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respectively, and will not be described further in this paper (Environmental Agency of
Iceland, 2012). Carbon stocks of the subcategory Other Grassland are assumed stable as no
changes in management are recorded. The CO, emissions from organic soils are estimated by
applying emission factors (EF) 25 t C km™ and 262.5 t C km™ for Drained Grassland (IPCC,
2006) and Abandoned Cropland respectively. The EF for Abandoned Cropland is the average
of EF for cropland and grassland organic soils (IPCC, 2006). The N,O emission from organic
soils is estimated from available EFs: 0.044 t N;O-N km? and 0.099 t N,O-N km™ for
grassland and cropland, respectively (Gudmundsson, 2009). For organic soils of Abandoned
Cropland in conversion the average 0.072 t N,O-N/km? is applied. The changes in mineral
soil and above ground carbon pool of Abandoned Cropland and above-ground carbon pool of
Drained Grassland are estimated from the samples obtained in the AUI project. Two carbon
pools were sampled, i.e. SOC 0-30 cm depth and total above-ground carbon in an area of 100
cm?, including both above-ground living biomass and dead organic matter. Sampling points
were selected from grid points as described in Gudmundsson et al. (2010). The C and N
content of particles < 2mm in soil samples were analysed in a Vario Max CN Element
Analyser (Elementar Analysen systeme GmbH). The SOC on 1 m? was calculated from C
content using average bulk density values for each soil type (Arnalds, 2004) and coarse
fragment ratio of soil samples. The samples of above-ground organic matter were dried and
separated to particles >2mm and <2mm. The organic matter (OM) of particle >2mm was
determined as dry weight but the organic matter of particles <2mm was determined by loss on
ignition. The C content of OM was assumed as 50%.

Results and discussion

The area and emissions of the five land-use categories and their subdivision according to soil
type and conversion status are summarized in Table 1. Taking into account subdivisions with
no area estimated, this adds up to twenty carbon pools to be estimated. Of these, four are
estimated as being in equilibrium with no emission or removal.

Table 1. Area and estimated emission/removals of GHG from grassland in Iceland. NO = no area; NA = not
applicable; NE = not estimated. Negative values stand for removal from the atmosphere.

Area Emission (+) removal (-) [Gg yr'l]

Total Organic  Under conversion Total Soil Above N,O

area soils  (there of organic soil) ground
Land use category [km?] [km?] [km?] (CO,)  (COy)  (COy (COzeq)
Natural Birch Shrubland 299 NO NO -18 NE -18° NA
Other Grassland 46,314 NO NO NA NA
Drained Wetlands 3,436 3,436 (280) 315 315 0 74
Revegetated Land 2,486 NO 2,469 =516 -464 =52 NA
Abandoned Cropland 424 139 235 (98) 85 136 =51 81
Total 52,957 3,575 2,985 (378) -134 -13 -121 155

“Only wood biomass

According to the IFR forest inventory, birch shrubs increased their biomass by 16.5 t C km™>
in the year 2010. Growth and losses in the birch shrubs are the only carbon pool changes
presently estimated for Natural Birch Shrubland. Other components of the above ground
carbon pool are not included yet.

The category Other Grassland is assumed to be in equilibrium as regards carbon stocks.
Considering that this category encompasses almost half of the country it is important to
improve the estimate of its emission/removal. The category Drained Wetland represents
wetlands converted to Grassland, of which 280 km? were drained in the 20-year period 1991-
2010. The emissions from organic soils are estimated from EF for both CO, and N,O. No
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difference was detected between samples of above-ground carbon pool for Drained Organic
Grassland and Wetland and hence are estimated as not changed.

The area and changes in carbon pools of Revegetated Land are estimated by the SCSI through
a national inventory on Revegetated Land (Environmental Agency of Iceland, 2012). No
changes are assumed in carbon pools of revegetation older than sixty years. No organic soils
are reported under this category. The biomass and dead organic matter are estimated by SCSI
to increase by 5.7 t C km~ annually, and organic matter in mineral soil by 51.3 t C km>
annually (Environmental Agency of Iceland, 2012). Accordingly, 516 Gg CO, are removed
from the atmosphere annually through revegetation activity.

All abandoned cropland is assumed to be converted to Grassland. The estimate for this
category is the aggregate of the two carbon pools separated on the basis of conversion period,
(20 years) and soil type. Changes in all above-ground carbon pools and SOC in mineral soil
are assumed to be limited to the conversion period, while emission from organic soils is
assumed to continue. The estimated emission from organic soils is 3.8 Gg CO, and 94 Gg
CO; for cropland abandoned for more than 20 years and cropland still in conversion,
respectively. Emission due to changes in SOC of mineral soils is calculated from difference in
SOC of Grassland and Cropland mineral soil samples. The SOC is according to soil samples
11 070 + 740 t C km™, and 9 530 + 460 t C km™ for Cropland (n = 30) and Grassland (n =
191) mineral soil respectively. The annual decrease of SOC in the conversion period is thus
77 t C km™, and the total emission 38.7 Gg CO,. Similarly, annual change in above ground
carbon pool of abandoned cropland is estimated as 59 t C km?, from the size of the carbon
pools, 210 t C km™ (IPCC, 2006) and 1,398 + 122 t C km™ respectively for Cropland and
Grassland (n = 145). This increase correspond to 51 Gg CO, removed from the atmosphere.
Abandoned Cropland is thus estimated to emit 85 Gg CO, annually. Emission of N,O from
Drained Wetlands is estimated as 74.4 Gg CO, eq and for Abandoned Cropland as 80.6 Gg
CO; eq. The Grassland category in Iceland as a whole emits 21 Gg CO; eq, based on these
estimates. This result is still subject to large uncertainty for many categories. The estimate is
expected to improve as more data will be available, both on carbon pools and area.
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Abstract

Reliable maps of land-use and land-use changes are key variables in estimating the impact of
land-use and land-use changes on carbon stocks and greenhouse gas emissions at national
level. In this paper we describe the preparation of a land-use map for Iceland, the
determination of hierarchy of the map layers used, and the compilation process applied for
compiling the 2010 land-use map. The resulting maps for the category Grassland and its
subcategories are compared with other estimates of area. The comparison revealed
considerable differences between area of grassland subcategories and other available area
estimates. Only a proportion of these differences can be explained and more precise estimates
and maps are needed to acquire consistency. Independent estimation for one subcategory is
not available, but its areal estimate is mostly based on verified data.

Keywords: land-use map, Icelandic Geographic Land Use Database, GIS, Map compilation

Introduction

Land-use and land-use changes impact on carbon stocks and greenhouse gas (GHG)
emissions (Bolin et al., 2000). The role of land-use and land-use changes in relation to climate
change has gained increasing attention within the arena of the United Nations Framework
Convention on Climate Change (UNFCCC) as reflected by the guidelines for the reporting
(Houghton et al., 1997; Penman et al., 2003; IPCC, 2006). The Agricultural University of
Iceland has a legal obligation to assemble and report information on land-use and land-use
changes relevant to the UNFCCC reporting (Alpingi, 2007; 2012). As geographical maps of
many categories of land-use in Iceland were unavailable, in 2007 the university started to
assemble data for an Icelandic Geographic Land Use Database (IGLUD). To respond to
increased demand for information the decision was made to first compile available
geographical data into a new land use map, and then gradually gather new data where needed.
The objective was to be able to geographically identify at each time all main land-use
categories requested for the inventory of Land Use and Land Use Changes and Forestry
(LULUCEF) to the UNFCCC. In this paper we describe the compilation of available maps into
IGLUD towards a land-use map for the year 2010, and compare grassland subcategory maps
to other available estimates of the total area of those categories.

Materials and methods

The data in IGLUD come from various sources. A total of 42 map layers representing
individual land cover classes or specific land uses were identified as important data sources
for the IGLUD 2010 land-use map. The Icelandic Farmland database was the most extensive
of these sources (Arnalds and Barkarson, 2003) with 18 map layers. That database was
prepared in two phases, with one phase covering around 60% of the country with 12 land-use
classes and the other where the 12 classes were aggregated to 6 classes. In the first phase,
extensive ground-verification was made to ensure >85% accuracy of the land cover
classification (Arnalds and Barkarson, 2003). Other data used in IGLUD come from the
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National land survey of Iceland, Icelandic forestry service, the Soil conservation service and
the Agricultural University of Iceland (Environmental Agency of Iceland, 2012). The total
area of all ma? layers used is much greater than the total area of the country, or 181 x 10* km?
and 103 x 10° km? respectively, with the same area appearing in many map layers. To solve
this, all the layers were ranked in hierarchical order to determine the fate of shared pixels. The
selection of pixel values for the final map was done with overlay analysis operation of
ERDAS IMAGIN 2011, which matches corresponding pixels from two or more map layers
and selects the one from the layer highest in the hierarchy. The hierarchy rules of the
compilation process have to be well grounded and in a logical dominance compared to other
layers in the compilation. Before ranking of map layers a matrix of total overlays between
individual layers was prepared. The hierarchical order of a map layer involves consideration
of several factors: overlaps, possibilities of multiple land use, reporting guidelines, logical
reasoning and map uncertainty. Based on those factors hierarchical order of all the map layers
used for the land-use map was determined as described in the following decision tree (Box 1).

1. Does the land use mapped exclude other land use at the same time?
—  Yes — rank the layer on top of the hierarchical order or next below other layers meeting
the same criteria
— No — go to next criteria
2. Does the map layer overlap with other layers included?
—  Yes — go to next criteria
— No — rank the layer anywhere e.g. next below the layers meeting the 1. Criteria or with
other layers belonging to same land use category.
3. Is the hierarchical order of the map layer predetermined by IPCC guidelines?
—  Yes — rank accordingly with other layers of the same land use category.
— No — go to next criteria
4. Is there a logical reason for the internal order of the map layer and the other layers with which it
shares cells with?
—  Yes — rank layers accordingly
— No — go to next criteria
5. Is there a relevant difference in the uncertainty of the map layer and other layers with which it
shares cells with (age, scale, classification)?
— Yes — rank the layer with less uncertainty higher in the hierarchical order.
— No — Leave the hierarchical order of the layer as it is. (Consider if the map layer should
be divided or merged with other layers on basis of the overlapping area or even excluded
as data source)

Box 1. Decision tree for determining hierarchical order of map layers.

Having determined the hierarchy of the map layers, all layers were compiled to form the land
use map and layers then grouped to represent the mapping categories for the UNFCCC
inventory. Independent estimates of individual subcategories are available from the UNFCCC
inventory (Environmental Agency of Iceland, 2012) for the categories Natural Birch
Shrubland and Revegetated Land and from Oskarsson (1998) on drained wetlands.

Results and discussion

The area of Grassland and its subcategories as generated by the IGLUD mapping process is
summarized in Table 1. Also included in the table are the available independent estimates of
total area of comparable units. For the subcategory Other Grassland the land-use map is the
only estimate presently available on their areal extent. Comparing the area generated by the
IGLUD land-use map to these independent estimates shows considerable differences between
these approaches (Table 1). The area of Natural Birch Shrubland estimated from the land-use
map is 883 km” whereas the inventory-based estimate of the Icelandic Forestry Research for
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Natural Birch Shrubland is 299 km® (Environmental Agency of Iceland, 2012). The
difference is partly explained by different definitions, as 307 km? of land with birch,
potentially reaching 2 m in height at maturity, are included in the mapped area but not in the
inventory estimate where it is categorized as forest. The remaining difference of 277 km? is
presently unexplained. The area of Revegetated Land before 1990 as estimated by the Soil
Conservation Service of Iceland is 1637 km? whereas the area emerging form the land-use
map is only 183 km?. The difference is considered to result mainly from inadequate mapping
of these areas (Environmental Agency of Iceland, 2012). For land revegetated since 1990 the
mapped area yields 731 km?, while an independent estimate of the Soil Conservation Service
of Iceland gives 832 km?. The difference is to some extent explained by inadequate mapping
of certain revegetation activities and uncertainties in both numbers (Thorsson J., personal
communication). The estimate for drained wetland includes other land-use categories than
Grassland, such as Cropland and Forest. Having corrected for estimated drainage within
other land-use categories, the estimated area from Oskarsson (1998) is 3889 km?® compared
with 3408 km?® emerging from the land-use map: the difference of 481 km? is considered to be
the result of uncertainty of both estimates. Of the far largest subcategory, i.e. Other
Grassland, 75% of the area originates from map layers with >85% accuracy (Arnalds and
Barkarson, 2003). The map of Grassland emerging from the IGLUD mapping can, as a
whole, be considered reasonably accurate, but mapping of individual subcategories needs to
be improved. The mapping presently is the only available estimate for many grassland
subcategories.

Table 1. The areal extent of Grassland categories of the IGLUD 2010 land-use map compared with independent
estimates.

Land use category IGLUD land use map [km”] Independent estimate [km”]
Natural Birch Shrubland 883 299
Grassland on Organic Soil 3,408 4,500
Revegetated Land before 1990 183 1,637
Revegetated Land since 1990 731 832
Other Grassland 47,425 -

Grassland total 52,631 -
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Abstract

In this study we evaluate the effects of six types of fertilization: no fertilizer, lime, manure,
lime + phosphorus, lime + phosphorus + boron and manure + inorganic fertilizer; and two
types of pasture: spontaneous vegetation and sown pasture, on soil pH and micronutrient
concentrations in herbage of pastures established in the NE of Portugal. The results showed
that there were higher levels of Cu in the fertilizer treatments that promoted legumes. The 'no-
fertilizer' treatment and inorganic fertilization with lime increased the percentage of grasses in
the swards and herbage Mn levels.

Keywords: animal nutrition, meadows, fertilization, grasses, legumes

Introduction

Micronutrients such as copper (Cu), iron (Fe), manganese (Mn) and zinc (Zn) are essential
requirements for plants and animals, and play an important role in livestock diets as they may
cause malfunctions as a result of either deficiency or of toxicity (Whitehead, 2000).
Accumulation of these elements in plants depends on soil properties, total and plant-available
amounts of elements, cultivation and fertilization system, climate, as well as plant properties.
The objective of the present study was to evaluate the effects of six types of fertilization: no
fertilizer, lime, manure, lime + phosphorus, lime + phosphorus + boron, and manure +
inorganic fertilizer, and two types of pasture: spontaneous vegetation (unsown pasture), and
sown pasture (sown), on the micronutrients levels of herbage in cattle-grazed pasture.

Material and methods

The experiment was carried out in Vila Med, (NE Portugal) at 860 m a.s.l., on a Leptosol with
an initial pH (water) of 4.5. Two types of pasture were studied: spontaneous vegetation
(unsown), and sown pasture (sown) consisting on a mixture of annual legumes, perennial
legumes, grasses and chicory (50%, 5%, 41% and 4%, of total seeding rate, respectively). Six
fertilizer treatments were applied during the experiment: no fertilizer (NF), lime (Ca), manure
(M), lime + phosphorus (CaP), lime + phosphorus + boron (CaPB), and manure + inorganic
fertilizer (MCaPB). The experimental design was a hierarchical completely randomized split-
plot with three replicates, where pasture type was the main plot and fertilization the sub-plots.
Three herbage samples were taken from each sub-plot, using 0.25 m? cages, in 2005 and
2007. No samples were taken in 2006 as this year was for natural regeneration. Three herbage
samples were harvested from inside the exclosure cages, from areas of 0.25 m? within sub-
plots, in spring of 2005, and 2007 (and exclude the spring of 2006, when there was no grazing
in order to allow for a natural reseeding). In the laboratory, plant species were hand separated
to determinate botanical composition (grasses (G) + other species (OT) and legumes (L)). The
samples were dried for 48 h at 60°C to determine dry matter (DM), and then milled to provide
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samples for chemical analyses. After a microKjeldahl digestion, total Cu, Mn, Zn and Fe were
analysed with a VARIAN 220FS spectrophotometer using atomic absorption. Data were
analysed by Principal component analyses (PCA) based on a correlation matrix for the
dependent variables, followed by multivariate and univariate analyses of variance (SYSTAT
12) and mean separation (Tukey’s HSD test).

Results and discussion

PCA was significant (P<0.001) in the explanation of dependent variables (Figure 1). The first
three PCA-axes explained 72% of the variation. PCA1 (40% of total variability) was
positively related to legume percentage (L), DM yields and concentrations of Cu in the
pasture, and it was negatively related to grasses percentage (G), no fertilizer (NF) and lime +
phosphorus (CaP) treatments. PCA2 (17% of total variability) showed a negative correlation
between Mn concentrations in pasture and manure + inorganic fertilizer (MCaPB). PCA3
(15% of total variability) showed a positive correlation between concentrations of Fe in
pasture and lime fertilization (Ca).
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Figure 1. Loadings and scores of the first two PCAs and significant effect of pasture type and fertilizer treatment
(P<0.05), where: ¢: pasture type (unsown and sown); A: fertilizer treatment (no fertilizer (NF), lime (Ca),
manure (M), lime + phosphorus (CaP), lime + phosphorus + boron (CaPB), and manure + inorganic fertilizer
(MCaPB)); o: dependent variables (G: % grasses and other species; L: % legumes; DM: DM yield, and mineral
composition: Cu, Mn, Zn and Fe).

Results of ANOVAs showed that the interaction of pasture type x fertilizer treatment was
significant (P<0.01) on Cu, Mn and pH. The lime+phosphorus+boron (CaPB) treatment
significantly increased soil pH in unsown pasture, relative to the NF and the other fertilizer
treatments that also applied Ca in 2007 (Table 1). In the case of sown pasture, pH was
significantly increased by Ca treatment, when compared with the NF and M treatments.
Despite the positive effect on soil pH of lime fertilization, the pH remained low (4.4-5.3) and
at a level that usually indicates deficiencies in the availability of nutrients (Whitehead, 2000).
In 2005, the MCaPB treatment significantly decreased the levels of Cu in unsown pasture,
relative to the effects of the NF, Ca and CaPB treatments (Table 1). In the same year and in
sown pasture, the level of Cu was significantly increased when MCaPB was applied, as
compared with the M treatment. It is known that legumes and grasses have different abilities
to accumulate mineral elements, even when grown under the same conditions. Thus,
concentrations of Cu are reported to be higher in legumes than in grasses (Whitehead, 2000).
In our case, the different effect of MCaPB treatment on Cu levels of herbage of sown and
unsown pastures could be explained by the highest percentage of legumes found in the swards
for this fertilizer treatment in sown pasture, as compared with the unsown pasture (75% vs
25% in sown and unsown pasture, respectively) (Pires ef al., 2004). In contrast to the other
micronutrients, Mn concentrations in grasses are often higher than in legumes (Whitehead,
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2000). Our results showed that in 2005, the M treatment significantly reduced the levels of
Mn in unsown pasture relative to the effects of the NF, CaP and MCaPB treatments. This
effect could be explained by the fact that the NF, CaP and MCaPB treatments had higher
proportions of grasses (95-100%) than the M treatment (Pires et al., 2004). In 2007, the levels
of Mn were significantly increased in herbage of the Ca treatment relative to all fertilizer
treatments except CaPB. It is known that in acidic soils (pH 5.0-5.5) the availability of Mn for
plants is higher than in very strongly acidic soils (pH 4.5-5.0) (Jones and Jacobsen, 2005)
because it increases the concentration of soluble Mn** (Watmough et al., 2007), which is the
most available form of Mn for plants. No significant differences were detected between
treatments for Fe concentrations (average levels 510 and 208 mg kg, in 2005 and 2007,
respectively) and Zn (average levels 138 and 228 mg kg™, in 2005 and 2007, respectively).
With regard to livestock requirements, the maximum Cu, Mn, Zn and Fe concentrations
established by NRC (2000) for beef cattle were never exceeded. However, Cu and Mn
concentrations were below or close to the minimum values needed for an adequate supply for
beef cattle (NRC, 2000).

Table 1. Concentrations of Cu and Mn in pasture (mg kg'') in 2005 and 2007 and pH in 2007, on the two types
of pasture (unsown and sown), and in the six fertilizer treatments: NF: no fertilizer, Ca: lime, M: manure, CaP:
lime + phosphorus, CaPB: lime + phosphorus + boron, MCaPB: manure + inorganic fertilizer. Different letters
indicate significant differences between fertilization treatments in the same pasture type, and in the same year
(P<0.01). SEM: standard error of the means.

Unsown Sown

NF Ca M CaP CaPB MCaPB SEM NF Ca M CaP CaPB MCaPB SEM

wv

=]

S

2 Cu(mgkg™) 1la 8ab 4bc 5bc  6b 4c 0.88 2ab 12ab 1b 10ab 8ab 132 0.96
)

> Mn(mgkg') 8a 7ab 5b 7a  6ab Ta 0.56 6 6 5 6 6 4 0.87
5 pH (H,0) 44b 4.6b 4.6b 46b 52a 4.6b 0.09 44b 53a 44b 50ab 5.0ab 5.0ab 0.15
S

g Cu(mgkgfl) 10 10 12 10 11 8 1.05 13 10 10 12 12 12 1.11
o

>  Mn(mgkg) 9 9 7 7 7 3 1.14 6b 132 6b 8  9ab 6b 0.91
Conclusions

The manure + mineral fertilization treatment increased the concentration of Cu in pasture only
when this fertilizer treatment also promoted the presence of legumes in the sward. The 'no
fertilizer' treatment and inorganic fertilization with lime increased the percentage of grasses in
the pasture and the Mn concentrations in the herbage.
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Abstract

Ley farming based on highly productive grass-clover mixtures can be an interesting
amendment to permanent grassland, but during the course of grassland ploughing until the full
establishment of the ley-farming vegetation there is an extended risk for nutrient leaching. By
means of a perennial field experiment, equipped with gravitation lysimeters, nutrient leaching
has been investigated in an intensive grassland region of Austria. High nitrate concentrations
in the leachate (up to 360 ppm) and high nitrogen losses of up to 184 kg ha occurred during
the year of establishment. In the following period, nitrogen losses were reduced to a level
comparable to permanent grassland. Therefore special attention has to be given to the
fertilization level in the establishment year of ley-farming areas to avoid nutrient losses and
negative environmental consequences.

Keywords: grassland ploughing, grass-clover mixtures, water quality, nitrate leaching

Introduction

Permanent grassland covers up to 90% of agriculturally used areas in mountainous regions of
Austria and another 145,000 ha farmlands (= 10%) are temporarily cultivated with grass,
clover or grass-clover mixtures. These ley farming areas provide around 19% of the net yield,
20% of the energy yield and 26% of the protein yield that is in total harvested from grassland-
based areas (BMLFUW, 2012). The use of legumes in seed mixtures for ley farming and
permanent grassland is an efficient strategy to reduce the external N-input on farms, which is
especially important regarding the European-wide discussion about protein substitution in
feeding. Although consisting of typical grassland plants, ley-farming stands are declared as
arable land and have to be renewed within 5 years according to EC-legal regulations (Poetsch
et al., 2007). Apart from high costs of establishment there are some ecological risks, which
have to be considered seriously to avoid environmental problems, e.g. nitrate leaching.

Materials and methods

A field experiment was established at Winklhof in the province of Salzburg in 2007. This site
is located at 452 m a.s.1 and characterized by an average rainfall of 1500 mm yr”' and a mean
temperature of 9.1°C during the observation period of 4 years. After ploughing, a grass-clover
mixture (80% grass and 20% clover) was sown at the end of April 2007. Two fertilization
intensities (85 and 170 kg Nex storage ha'! yr'l using cattle slurry) were used and the plots were
cut four times per year. To determine the amount and quality of leachate, gravitation lysimeter
chambers (1.1 m diameter, 1.4 m depth) were permanently installed in the plots, including
three replications of all treatments.
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Results and discussion

In the year of establishment the yield productivity was at a disappointing low level, without
significant differences between the fertilization intensities (Table 1). By reason of weed
control two cleaning cuts were necessary in this year, followed by two late harvest cuts in
September and October. In 2008 the yield level in both systems strongly increased but
continuously dropped again in the following two years in both systems, due to unfavourable
weather conditions with heavy rainfall during the growing season. Indeed, from 2008 to 2010
a significantly higher yield could be observed for the intensive fertilization level, but the
potential of the ley-farming mixture, which usually provides up to 12 t ha” yr' in favourable
regions, could not be obtained at the experimental site.

Table 1. Dry matter yield (t ha™ yr'").

Medium fertilization level High fertilization level
X Median o Min. Max. X Median ¢ Min. Max.
2007 3.88%°¢ 3.54 0.78 3.33 4.78 4.25%¢ 4.10 0.67 3.66 4.98
2008 937" 929 023 9.19 9.63 10527 1034 044 1020  11.02
2009 7.17%¢ 7.46 0.54 6.54 7.89 8.66™¢ 8.70 0.08 8.58 8.71
2010 5.71%¢ 5.99 0.50 5.13 7.50 7.73%¢ 7.88 0.30 7.38 7.93

a, b — indicate sign. differences between fertilization levels; e, f, g — indicate sign. differences between years

Compared with the seed mixture composition, legumes contributed a disproportionately large
component of the yield in all years at both fertilization levels (Table 2). In grassland-based
farming systems with a low input of external feedstuff the protein content of forage is of great
importance. In our experiment the protein concentration in forage differed significantly
between the two fertilization levels and showed a declining tendency in the course of the
observation period. The removal of nitrogen, calculated on the basis of yield and its related
protein content, clearly exceeded the nitrogen input via fertilization, which indicates that other
N-sources such as biological N-fixation, N-deposition and N-mineralization also contributed.
The high fertilization level (+ 85 kg N) representing the upper limit of the Council Directive
91/676 (EEC, 1991), indeed had a significant but disappointingly low effect on yield
productivity and consequently on nitrogen removal (+ 14.5 kg N).

Table 2. Legume proportion (weight-%), protein concentration in forage (g kg DM™) and N-removal (kg N ha™!
yr'!) - average data of four cuts yr.

Medium fertilization level High fertilization level
Legumes  Crude protein N-removal Legumes Crude protein N-removal
2007 38.0%¢ n.a. n.a. 37.7%¢ n.a. n.a.
2008 47.3** 155.1%¢ 232.5%¢ 44.9%¢ 151.4>¢ 254.8°¢
2009 44 3% 148.8 " 170.8 " 427 146.6™ 203.2>f
2010 36.0%¢ 138.8%¢ 126.82 35.0%F 141.3"¢ 174.8"¢

a, b —indicate sig. differences between fertilization levels; e, f, g — indicate sig. differences between years

In the establishment year an average nitrate concentration of nearly 80 mg L™ leachate was
detected with maximum values of more than 350 ppm (Table 3). In both fertilization systems
more than 40% of all leachate analyses (15-20 yr') were beyond the EU-wide existing nitrate
threshold of 50 ppm whereas in the following years no values exceeded the threshold. The
combination of low yield, high (but still legal) nitrogen load and an obviously strong
mineralisation pulse in the soil system led to extremely high rates of N-losses via leachate in
the year of establishment.
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Table 3. Nitrate concentration in percolating water and nitrogen leaching data.

Medium fertilization level High fertilization level
mg NO;” L water”! N-leaching (kg ha™' yr'") mg NO;™ L water ™! N-leaching (kg ha™' yr'")
X Max. X c X Max. X c
2007  76.9%° 3553 167.9%¢ 11.6 75.9%¢  366.2 183.9"¢ 13.9
2008 99" 471 17.2%f 10.7 710" 26.8 14.1~f 7.9
2009 1317 36.1 25541 11.9 8.1>f 18.9 16.7%f 8.9
2010 10.3*" 236 15.2%f 6.1 8.8%f 247 15.1~f 4.7

a, b —indicate sig. differences between fertilization levels; e, f, g — indicate sig. differences between years

Nitrogen balances were established at the field level, including N-fertilization, N-deposition,
biological N-fixation, N-removal, unavoidable gaseous N-losses and N-leachate. The total N-
input was strongly influenced by biological N-fixation (up to 150 kg N ha™', estimated by N-
difference method) whereas nitrogen leaching significantly contributed to the total N-output
in the first year. Nitrogen balances should therefore not only be scaled to nitrogen fertilization
and nitrogen removal by plants but should also consider other important partitions.

[] total N-input  [] total N-output [J N-leaching ] N-fixation [ N-balance

medium intensity level high intensity level

kg N hatyear!

2008 2009 2010 2007 2008 2009 2010

Observation period

Figure 1. Nitrogen field balance in the lysimeter experiment at Winklhof, Austria.

Conclusions

Ley farming provides an attractive option to produce forage of high quality, but compared
with permanent grassland there is a considerable risk for high nitrate concentration in the
leachate and nitrogen losses, especially in the year of establishment. To avoid such
environmental problems, the awareness of farmers has to be raised to adapt the fertilization
level to the expected lower yields in this critical period.
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Abstract

Carbon sequestration in grassland is largely controlled by the carbon input derived from roots.
The impact of phosphorus and potassium supply on above- and belowground biomass and on
soil organic carbon content (SOC) was studied in a long-term field trial on a light sandy soil
in northern Germany. Nutrient deficiency significantly reduced aboveground yield and
modified sward composition, but did not affect root biomass. SOC content in the 0-30 cm
layer was influenced by phosphorus supply, whereas potassium had no effect.

Keywords: perennial ryegrass, root, soil organic carbon, phosphorus, potassium

Introduction

Grasslands represent an important component of the global C cycle. The net C exchange with
the atmosphere is driven by many factors, such as the grassland management, which affects
above- and belowground processes. While the nitrogen impact on root growth is well
documented (Soussana et al., 2006), studies on the effects of other macro nutrients are still
limited. The objective of the present study, therefore, was to investigate the effect of
phosphorus and potassium supply on root biomass accumulation and on carbon sequestration
of permanent grassland.

Materials and methods

The study was based on a field trial with five replicates, established in 1985 on a perennial
ryegrass-dominated sward on a podzol (sandy sand, pH 4.8) in northern Germany. Treatments
comprised the variation of either phosphorus or potassium in four levels (P,Os: 0, 45, 90, 135
kg ha!as superphosphate; K,O: 0, 120, 240, 360 kg ha' as KCl), while the other nutrient was
applied at the highest level to prevent any nutrient deficiency. Plots (5.6 m?) were cut 4 times
a year and received a uniform application of 260 kg N ha as calcium ammonium nitrate, split
into four dressings (80-60-60-60). Sward composition was manipulated by resowing and
herbicide treatments at irregular intervals in order to sustain productive swards. After 27 years
of varied nutrient supply, samples for soil organic C (SOC) determination were taken in mid
July 2012 from three soil layers (0-30, 30-60 and 60-90 cm). Samples were dried, sieved (< 2
mm), and ground to fine powder. Total C and N were measured using a CN-analyser (Vario
Max CN, Elementar Analysensysteme, Hanau, Germany). The organic C content was
obtained as the difference of total C and carbonate content (Scheibler, DIN ISO 10693). Soil
bulk density was determined at 10-15, 40-45, and 75-80 cm depth, applying a core method.
Additional samples were taken at the end of July in the two uppermost layers to quantify the
root biomass (soil auger with 8 cm diameter, washing over a 0.63 mm sieve) and the
corresponding C and N contents. The belowground data were supplemented by an analysis of
yield data and of sward composition according to Klapp (1965). One-factorial analyses of
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variance were conducted to investigate the effect of phosphorus and potassium fertilization on
SOC content and on root biomass, using SAS 9.2 Proc mixed. A two-way analysis of variance
was performed to test the effect of nutrient level and year on aboveground DM yield, which
had been recorded in irregular intervals in recent years. Multiple comparisons of means were
conducted by the Tukey-Kramer method or by t-test and Bonferroni-Holm adjustment.

Results and discussion

The monitoring of the sward composition revealed a dominance of grass species in all
treatments (Figure 1), probably due to manipulations in terms of resowing and herbicide
application in recent years. A noticeable proportion of herbs (9.2%) was found only in the
absence of phosphorus supply, whereas in the potassium treatments the herb proportion
always remained below 1%. Legumes were absent in all plots.
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Figure 1. Sward composition provided as species yield proportions, monitored before the 1* cut in May 2012, as
affected by phosphorus and potassium fertilization.

Aboveground annual DM yield was significantly affected by an interaction of fertilizer level
and year, both for phosphorus and potassium. Except for two years (2000, 2011), phosphorus
application gave higher yields than the control (PO), whereas levels P45, P90 and P135
produced similar yields (Figure 2). Compared to phosphorus, the absence of potassium supply
caused a more severe yield decline. Apart from the significant difference between KO and the
remaining K levels, K120 achieved lower yield than K240 and K360 in 5 out of 9 years.
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Figure 2. Impact of phosphorus and potassium fertilization on annual dry matter yield (t DM ha™), recorded at
irregular intervals 1997-2011. Asterisks indicate significant differences among fertilizer levels within years.
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According to the functional equilibrium theory and the significant impact of P and K on
aboveground yield, we would have expected corresponding effects on root biomass and on
SOC content. Previous research shows that nutrient deficiency reduces total plant biomass
accumulation and modifies biomass allocation between plant organs. Low P availability was
reported to accumulate carbohydrates in leaves and to shift biomass allocation in favour of
roots. Potassium deficiency was found to accumulate carbohydrates but, due to impaired
sugar export, apparently does not promote root biomass (Hermans et al., 2006).

Root biomass varying between 10 and 14.7 t OM ha in the 0-30 cm soil layer (Table 1),
substantially exceeds values reported from a nearby sandy loam site (Chen et al.,
unpublished). Presumably, drought stress occurring regularly during the vegetation period
resulted in a generally higher root fraction. It should, however, be noted that a differentiation
between dead and living roots is not possible by using the soil auger method. Rooting of the
subsoil (30-60 cm) was very low. Nutrient supply tended to increase root biomass
accumulation in the 0-30 cm layer for phosphorus and potassium, but differences were not
significant (Table 1). The yield-reducing effect and differences in sward composition
outweighed the opposite shift in biomass-allocation pattern. Soil organic C content was in the
upper range reported by other studies (Springob et al., 2001; Wiesmeier et al., 2012). Similar
to the root mass, SOC content tended to increase with nutrient supply in the uppermost soil
layer. Yet, only P applications showed significantly higher SOC than the control.
Belowground, K supply tended to decrease SOC, but no consistent pattern was detected for P.

Table 1. Soil organic C (t C ha™) and root biomass (t OM ha™') as affected by fertilization and soil depth.
Different lower case letters indicate significant differences between fertilizer levels.

Soil organic C content (t C ha™) Ash-free root biomass (t OM ha™)
0-30 cm 30-60 cm 60-90 cm 0-30 cm 30-60 cm
Phosphorus 0 97.24° 49.49° 19.68® 11.00° 0.44°
fertilization 45 109.86° 51.08° 27.40%° 12.71° 0.43
(kg P,Os ha'") 90 113.44° 64.83" 3272 14.69" 0.49°
135 111.10° 50.79° 20.54° 12.66° 0.51°
Potassium 0 104.42° 60.05° 31.83° 10.03° 0.34°
fertilization 120 107.04* 57.65" 25.29* 9.97* 0.44*
(kg K0 ha™) 240 109.23° 49.37° 21.62° 12.38° 0.57"
360 111.10° 50.79° 20.54° 12.66° 0.51°

Conclusion

Inadequate P and K supply to grassland, as is often shown by soil analysis data on practical
dairy farms, may not only have implications for forage yield and quality, but may also
adversely affect the soil carbon sequestration potential. Further research is required to
investigate the causal relationships.
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Abstract

Rumex obtusifolius is widespread grassland weedy species and can be used for detecting soils
contaminated by cadmium (Cd) and zinc (Zn). However, no information is available on how
soil additives such as quicklime and superphosphate, which generally decrease mobility of
metals in the soil, affect the biomass production of R. obtusifolius and Cd and Zn
concentrations in its leaves and roots. In spring 2011, a pot experiment was laid out to test
this. According to the control treatment, R. obtusifolius accumulated more Cd and Zn in roots
than in leaves. Quicklime application substantially decreased Cd and Zn concentration in
biomass. Superphosphate application caused only a small decrease of Cd and Zn, not
significantly different to the control. Decrease of Cd and Zn concentration in leaves and roots
increased biomass production in order control < superphosphate < quick lime. We concluded
that high availability of Cd and Zn in soil substantially reduces growth of R. obtusifolius.

Keywords: broad-leaved dock, plant-available metal concentrations, pot experiment, soil
additives, risk elements, yield

Introduction

Although areas contaminated by trace elements have been studied worldwide for a long time
(Mulligan et al., 2001), not all contaminated sites have been identified so far. Contaminated
soil represents a serious problem because of possible contamination of the food chain by high-
risk elements (Alkorta et al., 2010). Broad-leaved dock (Rumex obtusifolius L.) is the one of
the world’s most widespread grassland weeds (Zaller, 2004) and it can thus be used as a
possible indicator plant for contaminated sites. It is therefore necessary to obtain information
about the growth of R. obtusifolius on contaminated soils and to evaluate its ability to
accumulate high-risk elements. The mobility of many elements is affected by soil pH and soil
P status. The aim of this study was to investigate the effect of lime and superphosphate
application on growth, biomass and chemical properties of broad-leaved dock. In pot
experiments we looked at how lime and superphosphate influenced the biomass production of
R. obtusifolius, on the uptake of Cd and Zn and how the concentration of Cd and Zn is
distributed between leaves and roots.

Materials and methods

Heavily contaminated Fluvisol located in the alluvium of the Litavka River in Trhové
Dusniky village in the Czech Republic was used in the pot experiment, and was characterized
as follows: pHeaciz 6.5, CEC 55 mmoly, kg, Corg 3.6%, 53.8 mg Cd kg, 6172 mg Zn kg
(risk elements extracted by aqua regia). Legislation limits for total concentrations of Cd and
Zn in light-textured soils are 0.4 mg kg'l and 130 mg kg’I respectively (Anonymous, 1994).
Highly soluble quicklime and fast P-release superphosphate, both analytical grade, were used
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as the metal stabilization agents. At the start of the experiment, 5 kg of air-dried soil was
mixed with 0.3g N, 016 g P, and 0.4 g K per kg of the soil. The quicklime (7.3 g CaO kg™
soil) and superphosphate (1.3 g Ca(H,POy), kg™ soil) corresponding to individual treatments,
were thoroughly mixed with experimental soil and inserted to the pot. Five replications were
used for each treatment (C — control, Ca — quicklime, P — superphosphate). Three seedlings of
R. obtusifolius were planted in each pot and the pots were kept in an outdoor weather-
controlled vegetation hall in Prague — Suchdol. Six months after planting, leaves and roots
were harvested and fresh and dry biomass determined. Dried and ground samples were
decomposed by microwave-assisted wet digestion system. Soil pH was determined in 0.01
mol L CaCl, (1:5 (w/v)) extract. Soil samples were extracted with 0.01 mol L' CaCl, (1:10
(w/v)) for 6 hours (Novozamsky et al., 1993). Plant-available Cd and Zn concentrations in
soil extracts and total plant Cd and Zn concentrations were determined by inductively coupled
plasma optical emission spectroscopy (ICP-OES) (Varian VistaPro, Varian, Australia).

Results and discussion

Application of quicklime significantly reduced plant-available Cd and Zn concentrations
compared to the control and raised soil pH from 5.8 to 7.5 (Table 1). Immobilization of Cd
and Zn after application of lime is well established (Miihlbachovd and Tlustos, 2006;
Hejcman et al., 2012; Vondrackova et al., 2013). In contrast to quicklime, the effect of
superphosphate on plant-available Cd and Zn was negligible.

Table 1. Mean plant-available Cd and Zn concentrations (+ standard error of the mean; SE) and mean value of
soil pH (+ SE) in contaminated soil treated with different treatments. Calculated by one-way ANOVA followed
by Tukey post-hoc test, treatments with same letter are not significantly different.

Treatment Cd (mg kg'l) Zn (mg kg'l) pHcaci

C 42+0.2° 179 +7° 5.8 £0.01°
Ca 0.1 £0.01° 3.7+£0.7° 7.5+0.01°
p 3.8+02° 174 +7° 5.9 +0.02°

Quicklime significantly decreased Cd and Zn concentrations in leaves and roots compared to
the control (Table 2). Superphosphate application decreased Cd and Zn concentrations only
slightly. Decrease in plant-available Cd and Zn concentrations in soil after application of
additives was well reflected by decrease in Cd and Zn concentrations in leaves and in roots.
There were generally higher Cd and Zn concentrations in roots than in leaves, but these
differences were only significant in the control. Higher ability to accumulate Cd in roots than
in leaves is typical for common plants without hyperaccumulation capability (McGrath et al.,
2002). Rumex obtusifolius is not a Cd and Zn hyperaccumulator because concentrations of Cd
in its biomass did not exceed the threshold 100 mg kg’I and concentration of Zn did not
exceed 10000 mg kg™ dry biomass, which is necessary for confirm hyperaccumulation ability
(Alkorta et al., 2004). By contrast, the minimum Zn requirement in normal plants is
approximately 20 mg kg ™' dry biomass (Kriimer, 2000).

High plant-available Cd and Zn concentrations in the control and superphosphate treatments
suppressed biomass production (see Table 2). A decrease in dry biomass of common crops,
because of high concentrations of high-risk elements in the biomass, was also observed by
Anton and Mathe-Gaspar (2005). Quicklime increased biomass production. This increase was
connected with high increase in soil pH and considerable immobilization of Cd and Zn in the
soil.
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Table 2. Effect of treatment on mean Cd and Zn contents (+ SE) and on mean dry biomass (+ SE) in leaves and
roots of R. obtusifolius planted in contaminated soil. Calculated by one-way ANOVA followed by Tukey post-
hoc test, treatments with the same letter are not significantly different within each organ of the plant.

Treatment Cd (mg kg™ Zn (mg kg™ Dry biomass (g plant™)

Leaves Roots Leaves Roots Leaves Roots
C 14 +2° 29 +5¢ 1260 + 213* 1479 + 360" 0.07 £0.03* 0.40 £0.19*
Ca 6+1° 7+1° 498 + 105" 329+87°  3.88+0.55 115+14°
p 11+1® 19 +4™ 875 + 66™ 809 =180  0.35£0.16 0.99 +0.33°
Conclusion

High availability Cd and Zn in soil substantially reduce the growth of R. obtusifolius. Soils
with high availability of Cd and Zn can be identified during the field vegetation mapping
according to decreased growth of R. obtusifolius. In contrast to superphosphate, quicklime
application into slightly acidic soil considerably decreases mobility of Cd and Zn.
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Abstract

The aim of this research was to study changes in organic carbon (C,y), total nitrogen (Nio),
plant available phosphorus (Puy.i) and potassium (Kayai) content in soil after arable land was
converted into grassland. The study was carried out on a grass-clover sward (established in
2003; seed mixture composition Trifolium repens, Phleum pratense and Lolium perenne). The
plant residues were either left on the growing plots or removed after cutting. Soil samples
were collected at the 0-20 cm soil layer before the trial establishment in 2003, and in autumn
2007 at different depths of soil. The contents of Corg, Niot, Pavait and Kiyaii were determined.
The soil N content increased after the four years under grassland, but the contents of Cog,
Pavail and Kayair did not change significantly. However, Pay,i and Kayail content in soil increased
when the cut plant residues were left to decompose on the grassland surface, indicating that
plant residues left on the growing plots act as organic fertilizers so that the rate of PK-
fertilizers can be reduced.

Keywords: grass-clover, phosphorus, potassium, dry matter yield, land management, mowing

Introduction

Converting arable land into grassland is an option to enhance soil properties through
increasing the content of soil organic matter (SOM). The SOM provides a vast reservoir of
nutrients (i.e. nitrogen, phosphorus and potassium) for plants (Power, 1994). The SOM in
grasslands originates primarily from root death and decomposition (Gill and Burke, 2002). In
addition to the roots, soil organic matter input also is mediated through plant residues,
especially in set-aside grasslands that are mown only 1-2 times per year to prevent scrub
formation. Plant residues contain large amounts of nutrients, which will be available to the
growing plants after their decomposition (Haynes and Goh, 1980). Leaving the plant residues
onsite not only reduces the need for nutrients to support sward growth, but it can also save
significant amount of fossil energy that would otherwise be used for the clippings as waste.
The aim of this research was to study the changes in organic carbon (C,y), total nitrogen
(Nio), plant available phosphorus (P,y.i;) and potassium (K,y,;)) contents in soil after the arable
land was converted into grassland. Nutrient availability dependence on cut plant residue
management was also studied.

Material and methods

The field experiment was carried out at the Experimental Station of the Estonian University of
Life Sciences in Tartu. The soil of the experimental field was a sandy loam Stagnic Luvisol
according to WRB classification. The sward had been established in 2003 with a grass-clover
mixture (Phleum pratense, Lolium perenne and Trifolium repens). The field was previously
under barley for three years. In May 2003, before establishing the swards (sowing), soil
samples (from depth of 0-20 cm) were collected. The content of C,, and Ny at a depth of 0-
20 cm was 14.7 g kg'l and 149 ¢ kg", respectively; P,y content was 39.6 and Ky, content
79.7 mg kg™, The experiment was arranged as a 2 x 2 factorial and set out in a randomized
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complete block design with four replicates. The plots were 10 m”. The factors of the
experiment were: (i) residue treatment: the cut plant residues were returned (RRT) to the plots
or removed (RRM) from the plots after mowing; and (ii) fertilizer treatments: NoPoK, (NO)
and NgoP,6Kso (N8O) kg ha'. The mowing frequency was 3-4 times per growing season, with
a frontal bar mower. The sward dry matter (DM) yield was measured during 2004-2007. After
each cutting, the harvested material was collected and weighed for the DM yield
measurement. Cut plant materials were either returned (RRT) to the plots or removed (RRM)
from the plots after weighing. Total nitrogen (Ni), phosphorus (Py) and potassium (Ke)
content were determined from each cutting. The nutrient uptake by the plant was calculated
based on the nutrient content in plants and DM yield. The soil samples from the 0-5, 5-10 and
10-20 cm depth were collected in September 2007. The Corg, Niot, Pavail and Kayail content were
determined. The soil C,; content was determined after Tjurin. The soil and plant Ni, content
was determined by the dry combustion method on a varioMAX CNS elemental analyzer
(ELEMENTAR, Germany). Acid digestion by sulphuric acid solution was used to determine
plant Py and Ky concentrations. The contents of plant available elements in the soil were
determined by the AL-method.

Results and discussion

After the conversion of arable land to grassland, the C,;; and Ny content in top soil (0-5 cm)
increased, the P,y content did not change and K,y content decreased (Table 1). The
fertilization increased Pay,i and K,y contents in soil compared with the unfertilized
treatments. The fertilization did not influence the C,; content, although in general it is found
that there is more organic matter under grassland than under cropland (Cole et al., 1993) due
to higher organic matter input into soil and less soil disturbance. The higher N-availability in
soil due to the fertilization may induce the soil organic matter decomposition (Mack et al.,
2004).

Table 1. Soil organic carbon (C,,), total nitrogen (N), available phosphorus (P,;) and potassium (Kgy.i)
contents in autumn 2007.

Treatment ~ RRM RRT RRM RRT RRM RRT RRM RRT
Co g kg Nuw g kg'! Py, mg kg Kavaits mg kg'!

0-5 cm

NO 15.9% 18.25° 1.65%° 1.62°° 39.0" 71.0"° 51.5% 199.0%

N8O 141 15.0™ 1.73%° 2.10%° 52.0% 73.0% 76.9% 148.5%°
5-10 cm

NO 1174 14.7%° 1.40™ 1.50"° 35.0% 45.0%° 47.9% 61.2%°

N8O 10.34% 12.7%° 1.41% 1.39 36.0" 54.05° 48.7M 59.5%°
10-20 cm

NO 12.5% 11.9% 1.214° 0.744 35.9% 45.94° 48.2% 53.14

N8O 12,74 11.3% 1.384° 0.995 38.5% 48.9%° 51.0% 5274

Different capital letters within column indicate significant difference of the mean values at P<0.05
Different small letters within each row indicate significant difference of the mean values at P<0.05

The average DM yield of the grass-clover sward was 5168 kg DM ha™ during 2004-2007. The
fertilization increased the sward DM yield but there was no influence of the fertilization on
the plant nutrient contents (Table 2). The fertilization influenced plant P and K content only in
the RRT treatment. The amount of the plant residues left on the sward surface after mowing
varied from 7465 to 8162 kg DM ha™ depending on fertilization.
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Table 2. The average dry matter (DM) yield of grass-clover sward during 2004-2007, nutrients content in plants
and uptake by plants in 2007.

Treatment RRM RRT RRM RRT RRM RRT
DM yield, kg ha N g kg’ N uptake, kg ha™'

NO 5168 7465 24.0M 2447 124.0% 182.1%°

N80 6336 8162° 24.0% 26.45° 152.35% 215.45°
P, g kg’ P uptake

NO 2.8% 2,75 14.6™ 20.3%°

N8O 2.6M 2.7 16.5% 21.8%°
Ko g kg’ K uptake

NO 15.3% 19.9%° 79.1% 148.8"°

N8O 15.5M 22.75° 98.45 185.25°

Different capital letters within column indicate significant difference of the mean values at P<0.05
Different small letters within each row indicate significant difference of the mean values at P<0.05

The plant residues did not influence the P content in plants. This result may have been caused
by the fact that the amount of P returned to the sward with the residues was significantly
lower (20.3-21.8 kg P ha") when compared to the amount of N (182.1-215.4 kg N ha'l) and K
(148.8-185.2 kg K ha'l). Returning the plant residues increased Niot, Pavaii and Kayail contents
compared with the content in the arable land before the sward establishment. The changes
were greater in the top soil layer.

Conclusions

The C,rg and Ny content in the soil of a grass-clover sward increased, but plant available P
and K contents in the soil remained the same. Furthermore, there is tendency for decreasing
(i.e. Kavail content) when the sward is unfertilized. Leaving the plant residues to decompose on
the sward surface after the mowing had a positive effect on the plant available P and K
content in soil compared with the arable soil before the sward establishment. The need for
externally supplied nutrient inputs can be reduced because nutrients in plant residues become
mineralized during decomposition and are potentially available to the growing plants.
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Abstract

On-farm nitrogen fixation is a driving force in organic agriculture. The efficiency with which
this nitrogen is used can be increased by using lucerne (Medicago sativa) or grass-clover
directly as sources of fertilizer on arable land: cut-and-carry fertilizers. In two arable crops,
the use of lucerne and grass-clover as fertilizers was compared with the use of poultry manure
and slurry. The nitrogen-use efficiency at crop level was comparable or better for the cut-and-
carry fertilizers as compared to the animal manures. The relative P and K content of these
fertilizers came closer to the crop demand than that of the poultry manure. Crop yields were
comparable or better when using lucerne or grass-clover as fertilizer. It is concluded that cut-
and-carry fertilizers are a serious alternative for manure as part of an overall farm soil fertility
strategy.

Keywords: organic farming, cut-and-carry fertilizers, lucerne, grass-clover

Introduction

The objective of this study was to address the issue of developing intensive cropping systems
that facilitate more effective use of on-farm N-fixation (Antichi et al., 2008). This was
achieved by developing cropping systems based on grass-clover or lucerne used as fertilizer
Burgt et al., 2013). Nutrients accumulated by these crops can be used as soil amendment
rather than being sold off-farm as forage. This is desirable because the revenues from these
crops are rather limited, whereas the on-farm nutrient-use efficiency can be improved.

Materials and methods

The experiments were located on an organic farm in the centre of the Netherlands on a well-
drained clay soil with 2.6% of organic matter. During 2009 the use of fresh cut grass-clover,
fresh cut lucerne and lucerne silage were compared with the application of chicken manure as
a nutrient source for spinach. All materials were applied in four replicates of 3x15 m per plot
five weeks before the sowing of spinach. After application, the fertilizers were mixed with the
soil till 8 cm depth. The aim was for 200 kg N ha™ to be applied. The realized N application
rates are presented in Table 1.

Table 1. Nitrogen applied in 2009.

Applied days until Fertilizer applied N-content N applied
Treatment P sowinyg tha frgsril kg t' fresh kgplrl)al'1
Control 0 0 0
Lucerne fresh late 10 days 27.0 6.1 165
Lucerne silage 36 days 18.2 11.0 200
Poultry manure 36 days 8.2 24.6 202
Grass-clover fresh 36 days 23.3 11.4 266
Lucerne fresh 36 days 24.4 11.1 271
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In 2010 the experiment was repeated in a potato crop, using slightly adapted treatments. The
treatments, again in four replicates with plots of 3x15 m, were: control, fresh-cut lucerne,
lucerne silage, lucerne silage early application, poultry manure and a mixture of cattle slurry
with vinasse. Lucerne early application was realized when the potatoes were planted; the
other applications took place three weeks later when the ridges were formed. The aim was
125 kg N ha to be applied. This was realized for all treatments, except for the mixture of
cattle slurry and vinasse, which received 93 kg ha™'.

Results

Fresh yield of spinach in 2009 was the highest with the use of fresh-cut grass-clover and
fresh-cut lucerne, applied 5 weeks before sowing (Figure 1). Compared with chicken manure,
use of lucerne and grass-clover applied 5 weeks before sowing increased N-production
efficiency by 32-44% (Table 2). However, delaying application to 10 days before sowing did
not result in an appreciable improvement of N-production efficiency. Mineral removal rates
amounted to 67-126 kg N, 13-17 kg P and 122-233 kg K ha™'. The P and K content of the
forage crops closely matched actual crop demands of spinach resulting in only relatively
slightly positive nutrient balances (Table 2). The P surplus of the poultry manure was very
high.
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Figure 1. Fresh yield and standard deviation of spinach in 2009 in different fertilizer treatments.

Table 2. Mineral balance of phosphorous and potassium and ANR for spinach in 2009.

P (kg ha)* K (kgha™) ANR(%)* §
Control -7 E 31 C -
Lucerne fresh late 36 B 70 A 21 ab
Lucerne silage 21 C 36 Bc 23 a
Poultry manure 141 A 61 Ab 15 b
Grass-clover fresh 20 C 89 A 22 ab
Lucerne fresh 14 D 59 B 22 ab

* Significant for P<0.05 after ANOVA ) )
§ Apparent Nitrogen Recovery: N-yield treatment' minus N-yield control, divided by N applied in treatment'
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When the ridges were formed in the 2010 potato experiment, soil mineral N in the lucerne
silage early-application plots was, on average, 38 kg ha™ higher than on the other plots. The
marketable yield of the potatoes was in all treatments higher than in the control. The lucerne
silage early-application treatments had the highest yields, but differences were not statistically
significant. Nitrogen removal rates varied from 64 to 92 kg ha™.

The P content of forage crops closely matched actual crop demands of potatoes resulting in
only relatively slightly positive nutrient balances (Table 3). For K, all treatments except the
slurry/vinasse showed negative balances. The apparent nitrogen recovery (ANR) was lower
for the poultry manure.

Table 3. Mineral balance of phosphorous and potassium and ANR for potato in 2010.

P (kgha') § K (kgha') § ANR(%) *
Control -16 -139
Lucerne fresh 11 -83 20 b
Lucerne silage early 2 -68 22 b
Lucerne silage 3 -58 20 b
Poultry manure 132 -28 11 a
Slurry/vinasse -10 26 18 b

§ P and K based on measured input and default P and K content
*Significant for P<0.05 after ANOVA

Discussion

The nitrogen provided by lucerne and grass-clover gave a comparable or better ANR then
nitrogen provided by poultry manure or slurry/vinasse. At crop level the P balance was much
better using lucerne or grass-clover in both crops. Use of chicken manure resulted in a hyper-
accumulation of phosphorus of 132-141 kg P ha™. The K balances were more ambivalent.
This shows that cut-and-carry fertilizers such as lucerne and grass-clover have a high potential
as providers of nitrogen fertilizer, while at the same time substantially reducing the risk of
unbalanced P applications.

The overall effect on the mineral balance of introducing cut-and-carry fertilizers and reducing
manure purchase in a farming system will strongly depend on the starting situation and the
choices made by the farmer. An economic evaluation study indicated that the cut-and-carry
fertilizers are of interest with prices above 12 € per ton of cattle slurry (€3.50 kg N').

Conclusions

It is concluded that a cut-and-carry fertilizer system facilitates an effective use of perennial
leguminous forage crops for sustaining inherent soil fertility. Based on studies with crops of
spinach and potato it appears that use of fresh cut or silage materials from such leguminous
crops will result in comparable yields, while also reducing the dependence of arable farms on
external animal manures by closing nutrient cycles more effectively.
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Abstract

Four experiments were established in 2010, and five in 2011, to estimate the manure fertilizer
values (MFV) of 30 Mg ha™' spring-applied cattle slurry on semi-permanent well managed
grass fields on Icelandic dairy farms. The slurry application was compared with mineral
nitrogen (N) and phosphorus (P) fertilizers at different rates. Experimental plots were cut
twice in the growing season for harvested dry matter (DM), N and P determination. Apparent
N efficiency (ANE) for DM yield ranged from 16-26 kg DM kg N ha™' in the mineral
fertilized plots, compared to 9-10 kg DM kg total N ha™ in the slurry plots. The MFV of the
slurry was 0.40-0.42 for DM and 0.33-0.34 for N yield. In this study, the N in 30 Mg slurry
equalled 40 kg N in mineral fertilizers for DM yield, and for N yield, 32-34 kg N. The MFV
for P ranged from 0.82-0.89 corresponding to 7 and 10 kg fertilizer P in in the 30 Mg slurry. It
was concluded that MFV in conjunction with ANE and P-recovery coefficients are good tools
to estimate fertilizer values in slurry but more research is needed.

Keywords: cattle slurry, manure fertilizer values, N efficiency, phosphorus recovery

Introduction

Most of the cattle manure in Iceland is stored as low DM slurry (40-80 kg DM Mg™) and is
surface spread on grass fields in autumn or early spring. Normal application rates are 20-40
Mg slurry ha”. The fertilizer value is estimated using database values that give average
nutrient contents in cattle slurry, based on analysis from Icelandic research projects, and with
subjective correction coefficients made by the farmer or adviser. The objective of this study
was to evaluate with experimentation fertilizer values (DM, N and P yield) for spring applied
cattle slurry on semi-permanent dairy farm grass fields.

Materials and methods

Nine experiments were established in 7 selected forage grass fields on two adjacent dairy
farms in the Horgar valley, North Iceland. These fields are on soils ranging in pH from 5.3-
6.6 and from 12-48% w/w organic matter (in 0-10 cm soil profile). Weather data for this area
is shown in Table 1. Dominating forage species varied between grass fields with mixtures of
Phleum pratense, Poa pratensis, Alopecurus pratensis and Deschampsia cespitosa.

Table 1. Meteorological data during the growing seasons from Modruvellir Station (at 65°46°N, 18°15°W),
which is within 5 km of all experimental sites.

Daylight Mean air temp., °C 10 cm soil temp., °C Precipitation, mm
Month hours 2010 2011 2010 2011 2010 2011
May 18.5 5.1 6.3 52 4.6 19 10
June 214 6.9 11.5 7.6 10.2 10 4
July 20.2 11.7 11.1 104 11.9 8 25
August 16.6 9.5 11.2 10.3 12.4 34 42
Mean/sum 19.1 8.3 10.0 8.4 9.8 70 81
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Experimental plots were laid out at 4 sites in 2010 with 30 Mg slurry ha™ or four rates of N-P
mineral fertilizers (0-150 kg N and 0-36 kg P ha™), and at 5 sites in 2011 with 30 Mg slurry
ha or 6 rates of N-P-K fertilizer (0-200 kg N, 0-33 kg P and 0-58 kg K ha™). Samples from
the slurry were taken at the time of application for standard composition analysis (Table 2).
All treatment plots were randomly allocated in three blocked replicates on each site. Mineral
fertilizers and slurries were surface applied manually. All plots were cut twice during the
growing season and weighed and sampled for standard yield, DM, N and P determination.

Table 2. Mean composition of cattle slurry applied in 2010 and 2011.

Year DM, % Total N NH4-N P K
kg 30 Mg’ cattle slurry

2010 5.1 96 33 12 47

2011 5.6 99 37 8 55

The following calculations were made on total DM, N and P yield: (i) Apparent N efficiency
from mineral fertilizer or slurry (ANE); = (Y; - Yo )/N; kg ha’ (Beckwith et al., 2002) where
Y; is the DM or N yield in treatment; and Yy is DM or N yield in plots with no fertilization;
(ii) P; recovery (PR) = PY,/P applied; (Johnston and Syers, 2009); (iii) Manure fertilizer value
(MFV) for DM, N or P yield = ANEJ/ANE; where = slurry and ¢ = fitted fertilizer ANE by
regressions of the general formulay =a + b ,x2 + byx + error, and x = N or P applied, a, b;, b,
are constants. Standard statistical regression models and variance analysis were made with the
software JMP Discovery ™ to compare ANE and PR in mineral fertilizers and cattle slurry.

Results

In the absence of significant interactions between sites and treatments on ANE for DM and N
yield and P recovery, only mean treatment effects for 2010 and 2011 are presented (Figure 1).
ANE for DM yield ranged from 16-21 kg kg™ N in 2010 and 18-26 kg kg™ N in 2011 in the
mineral fertilizer treatments, and 9 and 10 kg kg™ N in 2010 and 2011 respectively, in the
slurry treatments (Figure 1a,b). The difference between slurry and mineral fertilizer ANE for
DM yield was highly significant (P<0.0001) in both years but not significant between
fertilizer N rates. The MFV for DM yield was on average 0.42 in 2010 and 0.40 in 2011. ANE
for N yield was 0.57-0.68 N in 2010 and 0.44-0.70 N in 2011 in the mineral fertilizer
treatments, but 0.21 and 0.23 N in slurry treatments in 2010 and 2011 respectively (Figure
Ic,d). The difference between slurry and mineral fertilizer ANE for N yield was highly
significant in both years and between mineral fertilizer rates in 2011 (P<0.0001). MFV for N
yield was 0.33 and 0.34 for 2010 and 2011 respectively. MFV for DM and N yield is similar
on average between years in spite of temperature differences (Table 1). 30 Mg slurry equalled
40 kg N in mineral fertilizers for DM yield and for N yield, 32-34 kg N. PR (P removed with
harvest/P applied) declines with increased fertilizer rates (Figure le,f). Break-even mineral
fertilizer rate (P applied = P removed with harvest) was 20 kg P ha™' in 2010 and 12 kg P ha
in 2011. The MFV for P yield was 0.82 P in 2010 and 0.89 in 2011 and therefore the break-
even slurry rate was 24 kg P ha™ in 2010 and 13 kg P ha™' in 2011. This difference between
years is attributed to extremely low spring and early summer temperatures in 2010 (Table 1).

Conclusions

MFV in conjunction with ANE and PR are good tools to estimate fertilizer values in slurry
but more research on application timing and fertilizer x slurry interactions are needed to
improve the picture for Icelandic conditions.
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Figure 1. The effect of N application on apparent N efficiency (ANE) on dry matter (DM) (A, B) and N (C, D)
yield and P application on P yield recovery (E, F) in grass fields on two dairy farms in North Iceland. Mean
responses from 4 sites in 2010 and 5 sites in 2011. Open diamonds and rectangles show N efficiency and P
recovery means from mineral fertilizer and slurry applications respectively. MFV = manure [slurry] fertilizer
value. Vertical bars are 2* mean standard errors (error d.f.; 9 in 2010, 16 in 2011). P = probability levels, NS =
not significant between rates, * = significant levels. R = regression line fit with the general formula; y =
a+b;x*+byx, were x = N or P applied, a,b;,b, = constants.
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Abstract

Achieving optimal mineral nutrition and animal performance in pasture-based livestock
systems requires maintaining adequate mineral concentrations in plant tissue and
supplements. Numerous factors cause variation in pasture-herbage mineral concentration.
The objective of this study was to determine how herbage mineral concentrations vary
between months throughout the growing season and to determine the relationships between
mineral concentrations and environmental variables. Twelve sets of cool-season paddocks
stocked with 7 or 8 beef cow-calf pairs were evaluated during a 4-year experiment in
Virginia, USA. Pasture herbage was harvested once per month from April to October and
analysed for mineral concentration. Herbage tissue mineral concentrations fluctuated
throughout each growing season, with lowest average concentrations in July and August. A
multivariate technique, redundancy analysis (RDA), was employed to determine the
relationship between herbage nutrient concentrations and environmental variables. Soil
moisture appears to be well related to variation in the concentration of many nutrients. A
better understanding these relationships may lead to predictive modeling of pasture herbage
nutrient concentrations for periods of abnormal weather and allow for the adjustment of
mineral supplements to optimize animal performance.

Keywords: pasture herbage, mineral nutrient, seasonal variation, redundancy analysis

Introduction

Maintaining adequate mineral concentrations in pasture herbage for pasture-based beef
production is essential in order to optimize animal performance. Several metabolic disorders
occur as a result of improper mineral nutrition of livestock. Mineral nutrients have been
shown to vary across the growing season. In addition to plant maturity, several abiotic
environmental factors have been shown to influence mineral nutrient concentration in plants.
Understanding the quality of the seasonal variation in nutrient concentration is important for
the management of livestock supplements to prevent livestock mineral imbalances and
unintended losses to the environment. Laboratory experiments have shown effects of soil
moisture, soil temperature, humidity, and light intensity on plant nutrient concentrations
(White, 2012). The effects and interactions of these environmental factors become complex in
situ. Multivariate techniques allow for a more comprehensive analysis of a range of nutrients
and other variables. The objective of this study was to explain the seasonal variability of 10
essential plant nutrients by several environmental variables. This work could lead to the
ability to predict changes in expected seasonal herbage nutrient concentration variation and
allow for adjustment of livestock mineral supplementation.

Materials and methods

Twelve groups of 7 or 8 beef cow-calf pairs were rotationally-stocked in eight 0.8 ha
paddocks per group. The pasture consisted of Schedonorus phoenix (Schreb.) Dumort., Poa
pratensis L. and Trifolium repens L., and was well established on Frederick and Christian silt
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loams. A stratified sample of 20 of the 96 total paddocks was selected for this study, and a
randomly selected 0.75 m x 3.5 m swath within each paddock was harvested at 8§ cm once per
month from April-October of 2007-2011. Herbage samples were extracted with microwave
digestion, and analysed for P, K, S, Ca, Mg, Fe, Mn, Al, Cu, Zn, B by Inductively Coupled
Plasma Atomic Emissions Spectroscopy. Nitrogen was analysed by the combustion method.
Average daily soil temperature and percent moisture at 10.2 cm, precipitation, air
temperature, and relative humidity were measured at the site. Day length was calculated
(Hijmans et al. 2012) as a proxy for light intensity. Soil temperature and moisture,
precipitation, and air temperature were averaged for 15 days prior to each harvest date and 5
days prior for relative humidity and day length.

Each nutrient was analysed separately using ANOVA, including month as treatment with
paddock sampled and year as blocking factors, and a month by year interaction term.
Residuals were checked for normality. Fe and Al showed a large number of outliers, likely
due to soil contamination. Fe and Al distributions could not be corrected through
transformation and were not included in subsequent analyses. Remaining nutrients were
transformed by log;o. Mean separation was determined using Tukey’s HSD (P < 0.05).

For RDA, the mean nutrient concentration for each harvest month and year was taken and
assigned to the corresponding environmental variables. RDA was performed, using the
‘vegan’ package in R, to explain the variability of nutrient concentrations by the
environmental variables (Oksanen et al., 2012). Significant environmental variables were
selected using permutation. The final model included soil temperature, soil moisture,
humidity and day length.

Results and discussion

Nutrient concentrations by month differed significantly among each nutrient (P<0.05) (Table
1). Lowest concentrations of N, P, K, S, Ca, Mg, Cu, Zn occurred in July and August. For
most nutrients, the highest concentrations occurred in April and May, diminished to lowest
values in July and August, and increased again in September and October. Calcium and Mg
tended to be at higher concentration in August and September. Concentrations of Mn and B
fluctuated throughout the growing season. A month by year interaction was found but was
caused by aberrations in the autumn 2009 concentrations (data not shown).

Table 1. Pasture herbage mineral nutrient concentration by month (four year averages). For a given row, letters
indicate significant difference between months based on Tukey’s HSD (P<0.05). Analysis was performed with
log-transformed data; results are not transformed.

Nutrient April May June July August  September October
N (g kg™ 3.7 25.3° 19.8° 15.8° 17.8° 24.1° 23.9°
P(gkg") 2.8 2.7 2.5 2.0° 2.3 2.4° 2.4°
K (g kg™ 21.9° 22.2° 21.2%® 15.3¢ 15.5¢ 19.8" 19.7°
S (gkgh 2.4 2.1 2.0 1.6° 1.9 2.1° 2.0™
Ca(gkg™h 5.5% 4.7% 5.7 454 5.5% 5.6" 5.0™
Mg (gkg ™) 2.3¢ 2.2¢ 2.5 2.3¢ 2.8° 3.1° 2.7°
Mn (mgkg')  105.4* 99.9% 78.5° 83.3™ 93.0™ 87.3™ 86.9"
Cu (mgkg") 11.4 9.0° 7.8 6.8° 8.1° 8.3 8.7
Zn (mg kg™ 35.6° 30.6° 25.1° 22.2° 24.0° 24.4° 26.1°
B (mg kg 6.6" 5.0° 6.5" 4.3 49" 47" 4.0°

The RDA captured 60.9% of the unconstrained variability and 39.1% of the variability
constrained by the environmental variables (Figure 1). These values are acceptable in
reference to other ecological studies using RDA (Ter Braak and Verdonschot, 1995).
Variation was well explained along the first dimension, which explains variability in soil
moisture and soil temperature. Three groups of nutrients emerged in the RDA ordination plot.
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Nitrogen, P, K, S, and Cu were correlated to each other, high soil moisture, and to a lesser
extent, low humidity and soil temperature. Manganese, Zn, and B appear proximate to the
origin, indicating that their correlations to the environmental variables were weak. Calcium
and Mg were correlated to each other, high soil temperature, low soil moisture and short day-
lengths. The separation of Ca and Mg from the remaining nutrients is supported by the
difference in seasonal variation shown by the ANOVA.

Redundancy Analysis of Herbage Tissue Nutrients & Climate Variables

2- o
. DLeng(h * umidity
™ SMoist
E o Blnman b rn e el ———————>S8Temp___________________
a ‘
. . o Mg
-2- - :
2 1 6 1 2
Dim. 1

Figure 1. RDA ordination plot. Points are harvests. Environmental variables are indicated with arrows.

Conclusions

Many factors and interactions influence nutrient uptake and subsequent concentration in
plants. This study showed that a portion of the variability in herbage nutrient concentration
can be explained by several environmental variables. Soil moisture was most closely related
to the concentrations of plant macronutrients. While monthly species composition was not
measured, it probably explained little of the temporal variation in nutrient concentration.
Grasses and legumes vary in terms of mineral composition, but the overall quality of pasture
herbage is the important factor for livestock production. Further use of environmental
variables and multivariate analysis could lead to the development of predictive models that
better optimize livestock mineral supplementation, prevent livestock health disorders, reduce
production costs and limit nutrient losses to the environment.
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Abstract

Perennial ryegrass (Lolium perenne L.) is a popular forage grass species in Latvia. More
information is needed concerning its fertilization requirements for the purpose of seed
production because grass seed production is a very important factor for farmers' incomes in
Latvia. This paper presents results on the effect of different application rates of NPK
fertilizers on perennial ryegrass seed production, and it further determines relationships
among perennial ryegrass seed trials.

Two years of field experiments were carried out on a sod podzolic sandy loam soil. The
following mineral fertilizer rates were used: N and P each 0, 13, 26, 39, 52 and K of 0, 33, 66,
100, 133 kg ha™'. This research examines the effects of varying the mineral fertilizer rates on
seed yield by using the perennial ryegrass cultivar ‘Spidola’ and in the context of the local
Latvian weather conditions. Lodging was higher on treatments with high fertilization rates.
The simple correlation indicated that seed yield was highly significantly related to seed
weight and generative tiller numbers. The seed yields were 584-1019 kg ha™, average of 2
years, during the first year of use.

Keywords: perennial ryegrass, fertility levels, seed production

Introduction

Perennial ryegrass (Lolium perenne L.) is one of the most important grass species of
temperate regions (Wilkins, 1991). In Latvia, perennial ryegrass is also a species that has a
great seed production potential. At present there is no research in Latvia on which it is
possible to make good fertilizer-use recommendations and to provide advisory support for
farmers involved in perennial ryegrass seed production. Perennial ryegrass is a major
component in different seed mixtures that are used for grassland management and forage
production (Slepetys, 2001). This grass species plays an important role in grassland
productivity and forage quality. Seed yield response of cool-season grasses to spring-applied
N is usually limited because of lodging (Young et al., 1999). Lodging of perennial ryegrass
plant is a widespread problem. Crop lodging reduces seed yield and interferes with seed
harvest (Young et al., 1996). Lodging is usually associated with conditions such a high
rainfall, mild temperatures and high levels of available soil N that would otherwise favour
rapid plant growth and high seed yields. Both the time and severity of lodging influence seed
yield. Seed weight is often thought to be important in determining seed yield and, even if not
always, it is also a factor in obtaining a good establishment (Negri and Falcinelli, 1990).

The objectives of this study were to examine the effect of fertility level on perennial ryegrass
seed production and determine relationships among perennial ryegrass seed trials.

Materials and methods

Field experiments were carried on sod podzolic sandy loam soil with a pHgc of 6.5, plant
available P,Os of 110 and KO 204 mg kg, and organic matter in soil 21 g kg™'. The plots
were established according to a randomized complete block design with four replicates. The
plot size was 16 m®. Five fertilizer rates were applied in both years. The following mineral
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fertilizer rates were used: N and P each 0, 13, 26, 39, 52 kg ha'! and K at 0, 33, 66, 100, 133
kg ha'. Perennial ryegrass (12 kg ha™') was sown using a Nordsten seed drill in May 2010 and
2011 after field preparation. Weed control was carried out using MCPA herbicides. Lodging
of the perennial ryegrass stand was evaluated during the growing season using a scale from
1-9 (1: the stand is completely lodged; 9: lodging is not observable). Seed yield was recorded
from the first year sward use. Analysis of yield components and other parameters were also
recorded. Microsoft Excel was used for mathematical processing analysis of the data
subprogram (Berzins, 2002).

Results and discussion

Perennial ryegrass cv. ‘Spidola’ is a tetraploid cultivar. This cultivar shows a preference for
certain growing conditions: it is better suited for mineral soils, prefers loamy or loamy sand
soils, and does quite well on clay soils, but is somewhat less responsive for light soils; it is
suitable for inclusion in seed mixtures planned for establishment of permanent pastures and is
a late-maturing pasture grass, good for late grazing (Bumane, 2010).

All mineral fertilizer rates applied had a positive effect on seed yield of perennial ryegrass.
The seed yield was increased on average by 14 to 74%, depending on mineral fertilizer rates
applied and the ratio of fertilizer elements (Table 1). Mineral fertilizer-use efficiency was
significantly affected by meteorological conditions over the trial years.

The number of generative tillers is a component of the potential grass seed yield established
during vegetative plant development and before flowering (Hebblethewaite et al., 1980). The
seed yield increased with the growth of generative tiller numbers. The greatest seed yield was
obtained with average generative tiller numbers 1200-1300 per m”. The seed yield and
generative tiller numbers is in positive correlation (R2=O.53).

Table 1. Effect of fertility levels on seed yield of perennial ryegrass ‘Spidola’ (average of 2 yrs, first year of use).

Levels of fke rtlllz_?r element, Seed yield, 1000-seed Lgdgmg No. of generative tillers
g ha ke ha! weicht resistance, i)
N P K & e 8 1-9

0 0 0 584 29 8.8 1003
0 26 66 809 3.0 8.6 1059
30 13 33 663 29 7.0 1128
30 13 100 670 29 6.2 1163
30 39 33 772 29 6.9 1269
30 39 100 776 29 6.6 1222
60 0 66 808 3.0 5.7 1267
60 26 0 839 2.9 5.6 1330
60 26 66 838 3.0 5.0 1298
60 26 133 823 3.1 4.6 1221
60 52 66 793 3.0 49 1228
90 13 33 844 3.1 3.8 1212
90 13 100 883 3.1 3.4 1328
90 39 33 906 3.1 35 1364
90 39 100 923 3.0 3.6 1204
120 26 66 909 3.1 2.5 1307
120 52 133 1019 3.0 2.6 1318
Average 805 3.0 52 1235

LSDy .5 92 0.1 0.8 133

In our experiments the highest seed yields were obtained using balanced NPK doses, which
were as follows: Ny Psp K33 — 1019 kg ha! and Noo P39 Koo — 923 kg hal.

The average 1000 seed weight was 2.9-3.1 g; seed yield correlates with seed weight
(R?=0.42). The density of productive stems was 869 per m” in the unfertilized treatment. In
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plots treated with NPK fertilizer, the density of productive stems was in the range from 1121
to 1298 per m” or 25-43% more than from the unfertilized plots.

Lodging resistance is one of the parameters that are important for seed production (Young et.
al., 1996). The estimated lodging resistance in perennial ryegrass plots that by received no
NPK fertilizer was 8.8.

Conclusion

Applications of balanced application rates of NPK fertilizers provide comparatively high seed
yields (84 to 1019 kg ha™) of perennial ryegrass cv. ‘Spidola’ under Latvia’s agroclimatic
conditions.

The fields of grass seed are more productive with estimated lodging resistance scores of 6-7.
Optimization of mineral nutrition in perennial ryegrass seed production fields has a positive
effect on yield structure and seed quality parameters.
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Abstract

Benefits of grassland mixtures over monocultures are hypothesized to be based on niche
complementarity among plant species. The objective of this experiment was to use tracer
methods to assess the below-ground niche differentiation between deep and shallow rooting
species under benign and drought conditions. A field experiment was established with plots
containing monocultures and mixtures of Lolium perenne (Lp), Cichorium intybus (Ci),
Trifolium repens (Tr) and Trifolium pratense (Tp) according to a simplex design. Using
rainout shelters, half of the plots were subjected to a drought treatment of 10 weeks summer
rain exclusion. During the drought period, a rubidium chloride solution was applied in 50x50
cm sub-plots at 5 and 35 cm depth and Rb concentrations and uptake in the individual plant
species was measured. Results show that Rb uptake was much higher from 5 cm depth
compared to 35 cm depth for all species. There was a relative shift of Rb uptake to the deeper
soil layer under drought conditions for all species. The deep rooting species (Ci and Tp) were
shown to have relatively higher Rb uptake at 35cm, and the shift to deeper root layers under
drought conditions was larger.

Keywords: grassland mixtures, Rubidium, rare elements, niche differentiation

Introduction

Growing grassland mixtures compared to monocultures can result in increased yields, greater
stability in response to disturbance, reduced invasion by weeds and improved nutrient
retention. The proposed mechanisms behind these responses include positive interspecific
interactions and niche differentiation (Hooper er al., 2005). For example, the interaction
between species with and without the ability for symbiotic N fixation, has been shown to
result in significant yield benefits (Nyfeler ez al., 2011). One potential mechanism for which
there is little evidence in agronomic grassland systems is soil niche complementarity between
deep-rooting and shallow-rooting species. This mechanism may be of particular importance
under drought stress, when soil nutrients may be less available in dry top layers compared to
relatively moist deep layers.

Tracers, and more specifically rare elements (Rb, Cs, Li, Sr) can help to identify patterns in
nutrient uptake from different depths for species grown in mixtures (Fitter, 1986). Rb is an
analogue for K+ (Marschner, 1995) and previous work has shown Rb to be a reliable tracer, in
terms of stability in soil and uptake potential (Hoekstra et al., 2012).

The objective of this experiment was to use Rb as a tracer to assess the belowground niche
differentiation in grassland mixtures and monocultures of shallow-rooting and deep-rooting
species under benign and drought conditions.

Materials and methods

In August 2010, monocultures and mixtures were sown in 66 plots of 3x5 m at Tanikon
research station, Switzerland, in a completely randomized design with 3 replicates. Four
model species were selected based on their ability for symbiotic N, fixation (N-fixing, N and
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not N-fixing, Z) and rooting depth (deep rooting, D and shallow rooting, S): Lolium perenne
(Lp, Z-S), Cichorium intybus (Ci, Z-D), Trifolium repens (Tr, N-S) and Trifolium pratense
(Tp, N-D). The plots were sown according to a simplex design (Kirwan et al., 2007),
consisting of four monocultures, six binary stands (50% of two species), and one equal stand
(25% of each of four species).

Plots were cut 7 times in 2011, including a clearing cut in April. Using rainout shelters, half
of the plots were subjected to a drought treatment of 10 weeks summer rain exclusion in 2011
(spanning two regrowth periods).

In order to assess the root activity of the different species under control and drought
conditions, tracers were applied four to five weeks before the end of the drought period. A
solution containing RbCl (0.17 mol L) was injected at 5 and 35 cm depth in two separate sub
plots (50x50 cm) per plot in 25 holes per sub-plot (5x5 grid). In each hole, 1.5 mL of tracer
solution was injected, using a 50 mL multipipette with a four-sideport needle attached via a
rubber tube.

Plant material was harvested at the end of the drought period and separated into the four sown
species. The Rb concentrations in the plant samples were determined with an inductively
coupled plasma mass spectrometer (ICP-MS, 820 Varian).

The Rb concentration was corrected for the background Rb concentration (measured in same
species that did not receive Rb injections). Plant Rb uptake (RbU) was divided by the sown
proportion of the individual species, to correct for the difference in species dry matter yield in
monocultures and mixtures. The proportion of RbU from 35cm was calculated as RbUss /
(RbU5 + RbU35)

Results and discussion

During the drought period a total of 306 mm precipitation was excluded from the drought
plots, which is equivalent to 33% of total annual precipitation. This resulted in a reduction of
soil moisture content during the tracer injection experiment of 31% and 5% at 5 and 35 cm
soil depth, respectively.
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Figure 1. The Rb uptake (mol ha™') from a) 5 cm depth, b) 35 cm depth and c) the proportion of Rb taken up at
35 cm depth (mol mol™) for the four plant species under control (open bars) and drought (shaded bars)
conditions. Error bars represent the SE.

At 5 cm injection depth, the corrected RbU was significantly higher (P<0.001) for control
compared to drought plots for all species (Figure 1a). This confirms that the reduction of soil
moisture was sufficiently strong to limit the root activity in the top soil layer. There was also a
significant species (P<0.001) effect and RbU decreased in the order Tp > Lp > Tr > Ci.

RbU at the 35cm injection depth was on average a factor 11 lower than for Scm. At 35cm,
RbU was significantly (P<0.001) higher for the drought compared to the control plots (Figure
1b). This indicates that under drought conditions, the water and nutrient availability at 35cm
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depth was much less restricted than in the top soil. Additionally, there was a significant
(P<0.001) species effect on the RbU from 35 cm, which was higher for the deep-rooted
species Ci and Tp compared to shallow-rooted species Lp and Tr.

As aresult, the proportion of RbU from 35 cm was significantly (P<0.001) higher for drought
compared to control plots (Figure 1c), indicating a shift of nutrient uptake to deeper soil
layers under drought conditions. This would be in line with the concept that plant roots
increase activity or even grow towards zones with higher water content and therefore nutrient
availability (Skinner, 2008).

Additionally, the proportion of RbU from 35 cm was significantly (P<0.001) higher for the
deep rooting species Ci and Tp. Also, the shift to deeper layers under drought conditions was
stronger for these two species compared to Lp and Tr (significant species x drought
interaction, P<0.01). There was no effect of whether the species were grown in monoculture
or mixture on the RbU or the proportion of RbU from 35 cm, for the different species.

Conclusions

The tracer method showed a clear difference in niche occupation between shallow and deep
rooting species, with deep rooted species having increased tracer uptake at deeper depths. The
drought treatment also resulted in a shift towards uptake from the deep soil depth, particularly
for deep rooting species.

The next step will be to determine whether these findings translate into i) yield advantages of
deep rooting species under drought stress and ii) yield advantages of combining deep and
shallow rooting species in mixtures.
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Abstract

The experiment has been carried out in a long-term pasture since 1961 at the Institute of
Agriculture, Lithuanian Research Centre for Agriculture and Forestry. The focus of this study
was to estimate the productivity, botanical composition and herbage nutrient content of the
pastures in relation to the long-term potassium fertilizing regimes. Potassium is considered to
be an essential nutrient, although it has a weaker effect on increasing pasture productivity than
nitrogen. In our experiment, the botanical composition in old pasture swards depended on
climatic factors and potassium fertilizer rates. The greatest number of forb species was found
during droughty vegetation periods, compared with wetter ones. Non-fertilized treatment
produced a significantly lower yield than when fertilized. The structure of pasture was
dynamic and depended on the weather conditions during the experimental period. During a
droughty vegetation period, the proportion of legumes decreased while that of grasses and
other herbs significantly increased. The data suggested that with a regular application of
potassium in a long-term pasture it is possible to maintain a good sward with a sufficient
amount of legumes and a stable herbage nutrient content.

Keywords: potassium, dry matter yield, legume, crude protein

Introduction

Sustained forage production is a key element for successful grazing systems and may be
influenced by plant diversity in natural grassland ecosystems (Tilman, 2001). As a result, the
pasture botanical and herbage chemical composition on dairy farms may be affected by a
long-term grassland management system. Potassium has received less attention than nitrogen,
and phosphorus is at the core of interest for agriculture and the environment. However,
potassium remains one of the relevant elements, although it has a weaker effect on increasing
pasture productivity than nitrogen (Kayser and Isselstein, 2005). Not only the number of
forage species, but also their interaction with one another, play a significant role in achieving
greater forage productivity (Sanderson et al., 2005).

Materials and methods

The long-term experiment was carried out on an old pasture established in 1961. The soil of
the experimental pasture is loam-textured Endocalcari-Epihypogleyic Cambisol. Soil
potassium (K) concentration ranged from 76-112 mg kg™, soil phosphorus (P) ranged from
77-98 mg kg'. The experiment was designed as a randomized complete block with four
replicates. The total size of a treatment was 25 m? The seed mixture consisted of white clover
(Trifolium pratense L.) 15%, red clover (Trifolium pratense L.) 5%, timothy (Phleum
pratense L.) 15%, Kentucky bluegrass (Poa pratensis L.) 25%, and meadow fescue (Festuca
pratensis L.) 40%. Four rates of potassium chloride (K): 0, 30, 60, 90 kg ha! in combination
with superphosphate (P): 30 kg ha™' were tested. The fertilizers were applied every spring
before resumption of vegetation. The grazing season started in the middle of May and lasted
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until the beginning of October. During the whole experiment period, the pasture was grazed
by 2-2.5 cows ha” yr'', on average 4 times per season, which lasted for 150 days. The pasture
was grazed when the sward had reached an average height of 20-25 cm. Before each grazing,
the dry matter (DM) was estimated. The cut herbage was immediately weighed, two 0.5 kg
samples of fresh herbage were taken for DM and botanical composition determination. The
botanical composition of the samples was established after separation.

Results and discussion

During the final experimental period 2007-2009, the percentage of legumes (white clover)
increased, especially in a wet year (2008), compared to that at the beginning of the experiment
(1969). The proportion of legumes over 49 years varied from 7.9 to 15.7 % depending on the
fertilization level (Figure 1).
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Figure 1. The botanical composition of the long-term pasture fertilized with different P and K rates.

The content of legumes ranged from 9.3 to 15.6% after 37 years, depending on the
fertilization level. Grasses accounted for the largest share (37.0-63.4%) in the herbage during
the experimental period. The proportion of sown grasses and legumes in each experimental
year depended on fertilizer rates. All sown species persisted throughout the entire
experimental period, except for red clover. The proportion of forbs increased in all K-
fertilized treatments. Consequently, the percentage of grasses significantly decreased in those
treatments. The long-term K fertilization indicated its importance to white clover. Low soil K
availability has been reported to reduce legume growth (Hggh-Jensen, 2003), which also
agrees with our findings suggesting that the share of legumes increased having fertilized with
K. In the final experimental years, herbage yield varied from 3.29 to 3.42 t ha” in the
treatments with K fertilization (Table 1). Significant differences were observed between the
lowest and the highest K fertilizer rates. Non-fertilized pasture produced significantly lower
DM yield compared with fertilized pasture. In the final years, DM yield was twice as high as
that 40 years ago. Fertilization at P39K3g significantly increased DM yield compared with non-
fertilized and P3p — fertilized plots. Higher K fertilizer rates did not exert any significant effect
on DM yield compared with the lowest (K3p) rate. However, according to K fertilizer rates,
the trend of DM yield increasing was observed.
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Table 1. The concentration (g kg™") of crude protein (CP), phosphorus (P) and potassium (K) in herbage and dry
matter (DM) yield (t ha™).

Averaged over 1969-1971 Averaged over 2007-2009
Treatments CP P K Yield, DM CP P K Yield, DM
PoKo 158 29 26.5 2.17 186 2.8 23.9 5.10
P5Ky 170 3.6 26.3 3.29 186 43 20.7 6.25
P3Kso 173 3.6 27.6 3.32 194 4.6 22.8 6.74
P30Keo 177 3.6 29.7 3.48 197 4.6 25.1 7.41
P30Kog 176 3.7 30.4 3.62 196 42 28.5 7.42
LSDy s 6.19  0.33 1.61 0.30 8.16  0.30 2.26 0.70

LSD - least significant differences at P<0.05

The long-term experiment showed that the CP concentration in herbage met the needs of cows
in all the cases studied. Potassium fertilization significantly increased CP concentration. Cows
given 2.4 g kg P in diets produced significantly less milk and lost body weight. There were
no significant differences in the variables measured between cows given dietary P
concentrations of 3.2 and 4.2 g kg (Call ez al., 1987). Potassium fertilization did not exert
any significant effect on P. However, K concentration in herbage was significantly increased
by the lowest K3 rate. In final years, the concentration of K in herbage was by 1.9-5.6 g kg’
lower compared to that in the beginning of the experiment.

Conclusion

The effect of long-term PK fertilization regimes maintained sustainable pasture. After 49
years, the sown legumes and grasses accounted for 60-71.8% in the herbage yield. The
nutrition value of herbage was high and the concentrations of CP, P and K met the needs of
cows. In terms of pasture productivity parametres, K¢ rate had a significant advantage over
K3 rate.
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Abstract

This study examined farm-gate P balances and soil test P (STP) concentrations on 21 dairy
farms in the south-west of Ireland over four years. Average stocking density (and standard
deviation) on the farms was 2.4 (0.4) livestock units per ha. Annual mean import of P onto
farms was 21.6 (1.9) kg ha™'. Fertilizer P accounted for 0.47 (0.041), concentrates 0.35 (0.060)
and organic manures 0.18 (0.034) of imported P. The mean annual P balance per farm was 9.4
(1.2) kg ha™', ranging from -3 to 22 kg ha™' and mean P-use efficiency was 0.71 (0.05) ranging
from 0.24 to 1.37. The mean soil test P (STP) per farm, following extraction using Morgans
solution, was 8.13 (2.9) mg L' of soil and ranged from 4.2 to 17.5 mg L. There was a
correlation (R2=O.34; P<0.01) between STP and P balance; farms with a deficit of P tended to
have agronomically sub-optimal STP and vice versa. The high variation between and within
farms in STP indicates that farmers were unaware or were not making efficient use of STP
results, causing agronomically sub-optimal soil P status in some fields and potentially
environmentally damaging excesses on others often within one farm.

Introduction

Phosphorus is an essential nutrient for plant and animal production and is an important input
on dairy farms. Once P is applied at a rate that closely matches crop requirements, the
potential for surface and subsurface P loss to water is minimized (Kurz et al., 2005).
Agriculture is the single biggest contributor of P to Irish waters and eutrophication remains
Ireland’s most serious environmental pollution problem (McGarrigle et al., 2010). P inputs to
grassland in Ireland have been regulated since 2006 by Statutory Instruments (SI); the most
recent version being SI 610 2010 (Anon., 2010). In the SI, soil P concentrations in grassland
soils are divided into four categories: Indices 1 to 4 (Table 2). Data collected over the four
years (2003 to 2006) in this study were used to investigate the extent to which the farms in the
present study would be able to comply with the limits on P use in the run up to the
implementation of these regulations, first implemented in 2006.

Materials and methods

Data were collected from 21 dairy farms located in the south-west of Ireland. The selection of
the farms involved and much of the on-farm recording was described by Treacy et al. (2008).
Permanent grassland-based milk production from spring-calving cows was the main
enterprise on the farms. Eight soil samples were taken on each of the farms during the study
period and analysed for soil pH and soil P (extracted using Morgan’s solution; Byrne, 1979).
Farm-gate P balances were calculated for each calendar year taking account of P imports and
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exports. Imports included fertilizer, concentrates and organic manures. Exports of P include
the recovery of P in agricultural products such as milk and livestock. The farm-gate balance
was the difference between imports of P onto the farm and export of P in products. P-use
efficiency was calculated as the proportion of imported P recovered in products.

Table 2. Index system 1 to 4 for soil P and actual Morgan soil test range for P in the Statutory Instruments (SI)
378, 2006, SI 101, 2009 and SI 610, 2010 (Anon. 2006; 2009; 2010).

Soil Index 1 2 3 4

Soil P ranges (mg dm™)
SI1378, 2006; 101, 2009; 610 2010 0.0-3.0 3.1-5.0 5.1-8.0 >8.0

FAnon. (2006; 2009; 2010)

Table 3. Mean values for soil pH and soil P, imports of P in fertilizer, concentrates and organic manures, exports
of P in milk and livestock, farm-gate P balances and P-use efficiency for 21 dairy farms over 4 years.

Year s.e. F-test
2003 2004 2005 2006
Farm-gate P imports (kg ha™)
Fertilizer 12.0 10.7 9.3 8.9
Concentrate 8.4 6.3 6.3 9.3 0.42 Ak
Organic Manures 4.1 3.6 4.5 3.1
Total 24.4 20.6 20.2 21.3
Farm-gate P exports (kg ha™")
Milk 7.4 7.2 7.2 7.7 0.14 *
Livestock 5.8 4.7 4.5 4.4 0.35 *
Total 13.2 11.8 11.7 12.1 0.38 *
Farm-gate P surplus (kg ha™) 11.2 8.8 8.5 9.2
P-use efficiency 0.65 0.77 0.74 0.68
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Figure 3. Imports of P in fertilizer (o) and in manure (O) relative to the amounts (line) allowed under Statutory
Instruments 610, 2010 (Anon., 2010), after deducting P in concentrates imported onto farms, across the range of
average soil P concentrations on 21 intensive dairy farms.

Results and discussion

Farm production during the 4 years has been presented by Treacy et al. (2008). Soil pH for
the entire set of soil samples from the 21 farms ranged between 5.0 and 6.8, with both a mean
and median value of 6.0. Soil test P concentrations (mg L") ranged between 2.7 and 21.3;
mean 8.1 and median 7.1. The overall mean annual quantities of fertilizer P imported onto the
farms decreased from 12.0 (9.7) to 8.9 (9.3) kg ha! between 2003 and 2006 (Table 3).
Highest (P<0.05) exports of P were recorded in 2003 and 2006, although the relative
contribution of exports of P in milk and in livestock changed during the study. Milk
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accounted for 0.56 of total export in 2003 and 0.64 in 2006, reflecting the trend for higher
dairy cow numbers and fewer beef cattle on farms during the study. There was no significant
difference in mean annual P balance during the study, averaging at a surplus of 9.4 (9.8) kg
ha™'. Mean annual P-use efficiency on farms ranged from 0.24 to 1.37. With regard to the
overall management of fertilizer P, and P in organic manures imported onto farms, it is
evident that best practices were not being implemented. There was a positive correlation
(R2=O.34) between soil P concentrations and P balance, whereas, if the recommendations
were being followed, there should have been an inverse relationship: Farms with high soil P
status should import less P, and vice versa. This is also evident in Figure 3 which shows that
eleven farms with high P inputs were in fact the farms that would have been allowed little or
no P imports under the SI. Four of these farms were importing pig manure, presumably for
purposes of disposal rather than maintaining agronomic STP levels. Eight farms importing
small amounts of P would have been allowed to import more P than they actually did. These
farms had the lowest levels of STP and needed to import more P to avoid agronomically sub-
optimal STP levels. Only two of the farmers involved in the study were importing P at the rate
recommended in the SI.

Conclusion

This study looked at farm-gate P balances and STP levels on 21 dairy farms in south-west
Ireland in the years preceding the introduction of the Statutory Instruments. Although the
farmers involved in this study had regular close contact with Teagasc farm advisors it is
evident that best practices were not always followed. Over half of the farmers involved in the
study were importing excessive amounts of P which increases the potential for pollution of
nearby water bodies. Eight farmers were importing less than they were allowed, which could
lead to a reduced amount of grass growth due to sub-optimal STP levels. This study has
highlighted the need for educating farmers on the correct use of P, which will in turn have a
positive effect in terms of finance and the environment.
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Abstract

Agroforestry systems have been considered a good tool for carbon (C) sequestration under the
Kyoto Protocol because of their ability to absorb CO, from the atmosphere and store C mainly
in the soil. In terrestrial ecosystems, soil organic matter is considered the most important store
of C. The objective of this study was to evaluate the effect of the fertilization with municipal
sewage sludge that has been stabilized using anaerobic digestion, composting, or pelletization,
on the amount of soil organic matter, as compared to control treatments (mineral and no
fertilization) in a silvopastoral system under Fraxinus excelsior L. and a sown sward (Dactylis
glomerata L., Lolium perenne L. and Trifolium repens L.) in Galicia (Spain). The results
showed that silvopastoral systems have great potential to enhance C sequestration compared
with pastoral systems, and therefore their implementation should be considered as a land-use
option in Europe. Moreover, composted sewage sludge reduced soil C sequestration more
than the control treatments, probably due to the improvement of soil pH observed with this
type of sludge which increased the mineralization rate of soil organic matter.

Keywords: agroforestry, climate change, carbon sequestration, sowing, afforestation

Introduction

The reduction of the atmospheric concentration of greenhouse gases, particularly CO,, has
captured the world’s attention during the recent past. The establishment of silvopastoral
systems, a type of agroforestry system promoted by the EU as a sustainable land management
technique (EU, 2005), has been recognized as a possible greenhouse gas mitigation strategy
under the Kyoto Protocol because of the potential for C storage in multiple plant species and
in the soil. Soil organic matter (SOM) represents the most important pool of C storage in
terrestrial ecosystems, accounting for about 75% of total stored C (Mosquera-Losada et al.,
2011). In silvopastoral system, fertilization with sewage sludge may reduce or increase SOM
content. In Europe sewage sludge should be stabilized before using it as a fertilizer, in order
to reduce the health hazards resulting from its use. The stabilization process could cause
differences in the mineralization rates of sewage sludge (EPA, 1994) and therefore in the
concentration of SOM. The aim of the present study was to evaluate the effect of the
fertilization with municipal sewage sludge that has been stabilized using anaerobic digestion,
composting, or pelletization, on the amount of SOM compared with that of control treatments
(mineral and no fertilization) in a silvopastoral system under Fraxinus excelsior L.

Materials and methods

The experiment was conducted in an agriculturally abandoned land area in A Pastoriza (Lugo,
Galicia, NW Spain) at an altitude of 550 m above sea level. The pasture was sown with a
mixture of Dactylis glomerata L. var. Artabro (12.5 kg ha™), Lolium perenne L. var. Brigantia
(12.5 kg ha") and Trifolium repens L. var. Huia (4 kg ha'l) in autumn 2004. Fraxinus
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excelsior L. shoots with naked roots were planted at a density of 952 trees ha after sowing
the pasture. The experiment was arranged as a randomized complete block design with three
replicates and five treatments. Each experimental unit had an area of 168 m” and 25 trees
planted with an arrangement of 5x5 stems, forming a perfect square. Treatments consisted of
(a) no fertilization (NF); (b) mineral fertilization (MIN) of 500 kg ha'! of 8:24:16 compound
fertilizer (N:P,05:K,0) at the beginning of the growing season, and 40 kg N ha™' after first
harvest; (c) fertilization with anaerobically digested sludge (ANA) with an input of 320 kg
total N ha™' before pasture sowing; (d) fertilization with composted sewage sludge (COM)
with an input of 320 kg total N ha™' before pasture sowing, and (e) application of pelletized
sewage sludge (PEL), which involves a contribution of 320 kg total N ha™' split as 134 kg
total N ha™' just before pasture sowing in 2004 and 93 kg N ha™' at the end of 2005 and 2006.
The calculation of the required amounts of sludge was conducted according to the percentage
of total N (EPA, 1994) and taking into account the Spanish regulation RD 1310/1990 (BOE,
1990) regarding the heavy metal concentration for sewage sludge application. To estimate the
concentration of SOM, a composite soil sample per plot was collected at a depth of 25 cm as
described in the RD 1310/1990 (BOE, 1990), in February 2006, and in January 2007 and
2008. In the laboratory, soil samples were air dried, passed through a 2-mm sieve, and ground
with an agate mortar. The SOM concentration was determined by using the Saverlandt
method (Guitidn and Carballds, 1976). Data were analysed with repeated measures ANOVA
(proc glm procedure). The Tukey’s HSD test was used for subsequent pair wise comparisons
(P<0.05; a=0.05) if the ANOVA was significant. The statistical software package SAS (2001)
was used for all analyses.

Results and discussion

In this experiment, the ANOVA analysis showed that the SOM was modified by the
interaction treatment x year (P<0.01). In Figure lit can be observed that the amount of SOM
was between 73.8 and 190.5 g kg™ These values of SOM are similar to those observed by
Rigueiro-Rodriguez et al. (2011a) in a silvopastoral system under Pinus radiata D. Don,
which was also fertilized with mineral and anaerobic sewage sludge (122.5-173 g kg’l), but
they are high when compared with the range obtained by Traspar-Cepeda et al. (2008) in
treeless cropped soils in the same zone of this experiment (25.3-109.5 g kg"). The higher
SOM found in our study than in the experiment of Traspar-Cepeda et al. (2008) may
contribute to the hypothesis that recently established silvopastoral systems have greater
potential to enhance C sequestration compared with treeless cropped systems. However, SOM
depends on weather conditions, which may explain the reduction of SOM from 2006 to 2007
or 2008. In general, the research conducted so far has shown that the tree component of
silvopastoral systems implies greater inputs of C into the soil through litterfall and root
decomposition compared with pastoral systems (Mosquera-Losada et al., 2011).

Regarding the effect of the treatments, in 2006, the NF treatment and the application of MIN
resulted in a greater increase in SOM (initial SOM: 80 g kg") than fertilization with COM.
However, in the following years (2007 and 2008) there were no significant differences
between treatments. The reduction of SOM due to fertilization with COM could be explained
by the increment of the SOM mineralization rate as a result of the higher soil pH observed in
this treatment than in the other treatments (NF and MIN) (Rigueiro-Rodriguez et al., 2011b),
which could, therefore, reduce the soil capacity to sequester C when COM was applied. The
same result was found by other authors, e.g. Rigueiro-Rodriguez et al. (2011a) in
silvopastoral systems established also in Galicia (Spain), when lime and a higher rate of
application of anaerobic sewage sludge (480 kg N ha™) than that used in our study were
applied together. In general, under Galician conditions, when the soil pH is improved it is not
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easy to find an increment of SOM concentration because the SOM mineralization rate is high
due to the high temperature and precipitation rate.
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Figure 1. Soil organic matter under different fertilizer treatments in 2006, 2007 and 2008. NF: no fertilization,
MIN: mineral; ANA: anaerobic sludge; COM: composted sludge and PEL: pelletized sludge. Different letters
indicate significant differences between treatments in 2006. Vertical lines indicate mean standard error.

Conclusions

Silvopastoral systems have great potential to enhance C sequestration compared with common
treeless cropped systems, and therefore their implementation should be considered as a land-
use option in Europe. However, SOM depends on weather conditions. Composted sludge
reduced the soil C sequestration more than the control treatments (no fertilization and
mineral) probably due to the increment of the SOM mineralization rate as a result of the
improvement of soil pH observed in this treatment.
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Abstract

Carbon sequestration is promoted as a practice to offset the negative consequences of
greenhouse gas emissions. The aim of this study was to estimate carbon sequestration in
silvopastoral systems established with Pinus radiata D. Don and Betula pubescens Ehrh. The
soil compartment proved the most significant carbon sink, and carbon sequestration tended to
be higher under P. radiata due to the higher growth rate of this species compared to B.
pubescens.

Keywords: livestock, Monterey pine, Downy birch, carbon sequestration, silvopasture

Introduction

The European Union has agreed to reduce its greenhouse gas emissions (GHG) by 20% by
2020, from base-year levels (1990) (EEA, 2011). Silvopastoral systems (SPS), when
compared to systems that are exclusively agricultural, can contribute to the mitigation of
climate change by acting, to a greater degree, as sinks for GHG. In this type of systems, tree
species and an adequate management of the pasture carrying capacity (PCC) will contribute to
increased carbon sequestration. Carbon storage in a SPS is counterbalanced by the emissions
of GHG (CH4 and N;O) produced by the ruminants that feed on it. The quantity of GHG
emitted by livestock depends on the stocking rate, which depends on the pasture production
and which is affected by tree development after afforestation. The objective of this study was
to estimate the C balance in two SPS established with Pinus radiata and Betula pubescens for
the 11-year period that elapsed since the planting of the trees.

Materials and methods

The experiment was conducted in Lugo (NW Spain) at 439 m a.s.l. The experimental design
was established using randomized blocks with three replicates. Two forest species were
planted (25 trees per plot): Pinus radiata D. Don (Monterrey pine: pine) and Betula pubescens
Ehrh. (Downy birch: birch) at 833 trees ha™'. In 1995 the plots were sown with Dactylis
glomerata L. and clovers (Trifolium repens L and Trifolium pratense L.). Plots were fertilized
with dairy sludge in 1995 at 154 m® ha™. In 1996 and 1997, the plots were not fertilized, but
fertilization ensued in 1998 and continued to 2005 at levels of 500 kg ha™ of 8:24:16 (N:
P,0s: K,0) in March, and 40 kg of N ha in May. To compare the C balance of the system
(Figure 1), three main components were considered: Tree, Soil and Pasture (including
livestock losses).

Tree: Diameter at breast height (DBH) measurements was taken in 2005 from the inner nine
trees, to eliminate border effects. Based on DBH, tree biomass (trunk, fine and thick branches,
leaves and roots) was calculated via allometric equations determined by Montero et al.
(2005).
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Soil: from soil samples taken at 25 cm depth in 1995 and 2006, the total soil C content was
determined using the Saverlandt method (Guitidn and Carballés, 1976). Soil C losses were
estimated following IPCC (2001).

Pasture: Aboveground biomass: from 1995 to 2005 pasture was harvested (May, June, July
and December) between six of the nine most central trees to eliminate border effect. Two
samples (100 g each) were taken to determine, after hand separation, the relative proportions
of the litterfall and pasture components. These samples were oven-dried (72 hours at 60°C) to
quantify the contribution (Mg DM ha™) of litterfall and pasture components to the C balance
model. Belowground biomass: to determine the C content in roots (diameter <2 mm), three
samples were taken during the autumn in 2005 at a depth of 15 cm. C roots (diameter >2 mm)
was determined by Montero et al. (2005).

Livestock: With the goal of quantifying the potential GHG effect of the animals, we
determined an average annual PCC that the system could support based on actual annual
pasture production in each treatment (Steinfeld ef al., 2006). Livestock were in the pasture for
approximately seven months and stabled for the remaining five months, during which the
animals were fed grass silage. Estimation of livestock GHG (CH4 and N,O emissions) was
calculated using IPCC (2001) methodology. C in soil, DBH and annual pasture production
were analysed by a factorial ANOVA. The significant differences between means were
determined using the LSD test (SAS, 2001). For more detail on methodology, see Ferndndez-
Nuiiez et al. (2010).

DBH Trees biomass (Mg C ha” y”
TREE (2005)

DBH (cm)| Leaves Branches Trunk Root |Litterfall Total
Pine 15.3a 0.08 0.41 2.01 085 |0.54 3.89;
- 1.1

‘.\

a
Birch 7.4b 0.03 0.41 047 020 A1b
‘ v
PASTURE Annual Pasture Production (MgDM ha) Montero et al. 2005
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Pine 43 4.1 29 27 48a 65 9.7 46 39 3.7 27 ot
Birch 6.0 3.7 25 43 47b 58 86 39 37 34 3.0 (Mg Cha’y™)
C aboveground  C belowground
L ¢ 1995-2005 2005 Total
Pasture carrying capacity (PCC) Pine 262 0.56 318
(sheep haly™) ) ‘ Total herbaceous Birch 269 063 3.32
: Estimation of _— (kg DM ha™)
ik Silage requeriments ¥
o DM silace ha'v) (Mg C ha'ly™)
3 (kg DM silage ha™y™) CH, N0 Total
Pine  0.29 021 0.50
@»n T Birch  0.30 0.22 0.52
& Guidelines of Stocking rate Enteric |

the IPCC > Gheepha'y’) fermentation |
(2001) (1995-2005) | | |
Manure |

Stabling period nissions |

| Grazing period L —— (Mg Cha'y™")
Atmospheric deposition Stabling | _ Total
Leached period [”'Pine - 0.63
Birch 0.68

Pine 20.17 Mg C ha''y"

Birch 17.97 Mg C ha''y”

c

1995 2005 Pine 14.22
Pine  126.5 158.5 Birch 14.74
Birch 126.5 162.1

Figure 1. Components of the system considered in order to evaluate the C balance in the study and C balance
estimation (Mg C ha-1 yr-1) for those systems. The sampling period or year used to estimate the balance is
shown between brackets. DBH: diameter at breast height. SPS: silvopastoral systems. Different letters indicate
significant differences between treatments (P<0.05).

Results and discussion

DBH reached by pine was significantly greater (P<0.001) than that of birch (Figure 1).
Increased growth translated into an increased tree biomass accumulation and a significant
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increased in C content (3.89 and 1.11 Mg C ha'year under pine and birch, respectively). In
both forest species, the highest biomass accumulation occurred in the aerial component, with
the root component contributing little (3:1). Fertilizer treatments had a significant effect (P =
6%, P=11% and P<0.05 in 1995, 1998 and 1999, respectively) on annual pasture production
in those years when weather conditions allowed tree growth. Annual pasture production was
low in those years when fertilization was not applied (1996 and 1997) because there was not a
residual effect of inorganic fertilization (Rigueiro-Rodriguez et al., 2000). In both SPS, the
highest level of pasture production was found in 2001 as a result of the low pruning in the
systems and an unusually rainy summer (238 mm). From the year 2001 onwards, pasture
production was drastically reduced in both established systems because of the negative effect
tree canopy development was having on pasture production. Mean C content of the aerial
herbaceous stratum (pasture + silage) (1995-2005) was very similar under both systems (2.62
and 2.69 Mg C ha™' under pine and birch, respectively). On the other hand, the estimated
amount of C in the roots (year 2005) was 0.56 Mg C ha™' under pine and 0.63 Mg C ha™ under
birch. The relative contribution of pasture component (aboveground + belowground) to the
global carbon sequestration was 15% (under pine) and 18% (under birch). These percentages
were higher than those obtained by Ferndndez-Niifiez et al. (2010) (11% under pine and 15%
under birch) in SPS where competition between trees and pasture was reduced because
fertilization was not applied. Large differences were not found in the annual global balance of
carbon sequestration in the studied systems (2.2 Mg C ha™' yr' more under pine). However,
the capacity for carbon sequestration (Mg C ha™' yr') among the different components of the
system was different under the two SPS. Under pine, the soil showed the highest level of C
fixation, followed by tree cover and then pasture (soil > tree > pasture); whereas under birch,
the C stored in the pasture component was higher than that of the tree (soil > pasture > tree)
due to lower rate of tree growth.

Conclusion

The largest stock of C was found in soil, independent of canopy cover. Tree growth was
greater in the pine plots than in the birch plots, which contributes to the higher capacity for
carbon sequestration under pine. GHG emissions (from soil and livestock) were compensated
for by the C that was sequestered in the pasture component.
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Abstract

Application of sewage sludge to agricultural soil is a common practice in the European Union
(EU) because of low costs and recycling of nutrients achieved. The aim of this study was to
evaluate the effects of different types (anaerobic, pelleted and composted sewage sludge) and
application rates of sewage sludge on annual pasture production, botanical composition and
species richness, compared with an unfertilized control treatment, in meadows established in
Galicia (Spain). The results showed that annual pasture production was increased by
anaerobic and pelleted sewage sludge in the first year of the study. However, no effects of
treatments were found on botanical composition and species richness later in the study.

Keywords: biosolids, dose, sowing, waste, ryegrass, species richness

Introduction

The EU promotes the use of sewage sludge as a fertilizer due to its specific organic matter and
macronutrient contents, particularly nitrogen (MMA, 2006). The use of sewage sludge in
agriculture includes several operations that improve efficiency of crop production, compared
with mineral fertilizers, which are related to the stabilizing process before spreading.
Anaerobic digestion and composting are two sewage sludge stabilization processes that are
promoted by the EU (EEA, 2000) before the sludge is used as a fertilizer in agriculture.
Pelletized sewage sludge is derived from the thermic treatment of anaerobic digested sewage
sludge in order to reduce water content to 2%, which consequently reduces storage, transport
and spreading costs compared with anaerobic or composted sludge (Mosquera-Losada et al.,
2010). The objective of the present study was to evaluate the effects of different types of
sewage sludge (anaerobic, compost and pelleted) at different application rates (160 and 320
kg total N ha™) compared with a control treatment (no fertilization) on annual pasture
production, botanical composition and species richness in meadows established in the Atlantic
bioclimatic region.

Materials and methods

The experiment was established in Pol (Galicia, N.W. Spain; altitude 527 m a.s.l.) in spring
2003. The experimental design was a randomized complete block with three replicates and
seven treatments. At the beginning of the experiment (March 2003) the soil was ploughed,
and the pasture was sown with a mixture of Lolium perenne L. var. Brigantia (12.5 kg ha™)
and Trifolium repens L. var. Huia (4 kg ha™"). Fertilization treatments consisted of three types
of sewage sludge: anaerobic (A), pelleted (P) and composted sewage sludge (C) applied at
two different application rates (doses) in the first year of the study: 160 kg total N ha™ and
320 kg total N ha'. No fertilization (ON) was used as a control. The calculation of the
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required amounts of sludge was conducted according to the percentage of total nitrogen (EPA,
1994) and taking into account the Spanish regulation (R.D.1310/1990) regarding the heavy
metal concentration for sewage sludge application. Plots (4x1.45 m) were harvested in June
and December 2003, and in May, June and December 2004. The fresh forage was weighed in
situ and a representative subsample was taken to the laboratory. At the laboratory, one pasture
sample (95-100 g) was dried for 72 h at 60°C and weighed to estimate DM content and hence
annual pasture DM production. The other sample (95-100 g) was separated by hand to
determine botanical composition (percentage of grasses (%G), legumes (%L) and other
species (%0OT)). The different species were weighed separately to determine dry weight (72 h
at 60°C) to estimate species richness (SR). Data were analysed by principal component
analysis (PCA) based on a correlation matrix for the dependent variables (annual pasture
production, botanical composition and SR). General linear models procedure (SAS, 2001)
was used for ANOVA, and the difference among means was detected by LSD (P<0.05).

Results and discussion

PCA was significant (P<0.000) in the explanation of dependent variables. The first three
PCA-axes explained 89% of the variation. PCA1 (48% of total variability) was positively
correlated with SR, %L, %OT and Cjen treatment, and negatively with %G and Aszyn
treatments (Figure 1). PCA2 (22% of total variability) was negatively related with %OT and
Ajeon and positively related with %L and Csyn. Finally, PCA3 (19% of total variability) was
highly positively correlated with annual pasture production and A eon.

1.5+ “ A160N 1.5 q
ol < A
5 C320N 5 DM
=%} A =%} o
8" A320N
G SR° i
A320N SR, L
o 20N P160N C160N P320N |, ' SE
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o
15 P320N- A ON 15 -15 oT AP160N s
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AL60N
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Figure 1. Loadings and scores of the first three PCAs and significant effect of fertilizer treatment (P<0.05),
where: A, C, P: anaerobic, composted and pelleted sewage sludge, respectively; ON: 0 kg total N ha™', 160N: 160
kg total N ha™' and 320N: 320 kg total N ha™'.; o: dependent variables (G, L, OT: percentage of grasses;
legumes; and other species, respectively; DM: annual pasture production, and SR: species richness).

Pasture production levels were lower than that reported by Mosquera and Gonzélez (1999) in
Galicia (6-12 Mg DM ha™') (Table 1). These lower levels could be explained by the fact that
the study was established in a soil with low pH (4.9-5.3) and low effective exchange capacity
(< 6 cmol (+) kg'l): conditions which usually indicate deficiencies in the availability of
cations and, therefore, limit pasture production (Whitehead, 2000). In 2003, pasture
production was significantly increased when anaerobic sludge (Ajen and Aszyn) was applied
with respect to no fertilization (ON), composted (Cigon and Cspon) and pelletized sludge at a
high rate (Pson). Furthermore, Payon had a positive effect on pasture production with respect
to no fertilization (ON) and composted sludge (Cigon and Cspon). The lower pasture production
in composted sewage sludge was probably due to the lower mineralization rate and the N
availability of this treatment compared with that of the other treatments (EPA, 1994). Annual
pasture production was higher in 2004 than in 2003 due to higher and more favourably
distributed rainfall in spring and summer of 2004 (data not shown). Significant differences

The Role of Grasslands in a Green Future 151



were not detected between treatments in pasture production in 2004 because there was no
further residual effect of sewage sludge application. No effects of fertilizer treatments were
found on botanical composition and SR (Table 1). However, in 2004 the percentage of
legumes and other species increased in all treatments and contributed to increased SR.

Table 1. Pasture production (DM), botanical composition and species richness in 2003 and 2004. %G, %L,
%O0T: percentage of grasses, legumes and other species, respectively; A, C, P: anaerobic, compost and pelleted
sewage sludge, respectively; 0-160-320N: 0, 160 and 320 kg total N ha™', respectively. Different letters indicate
significant differences between treatments (P<0.001).

Year 2003 Year 2004
Treatments MgDMha' %G %L %O0T SR Mg DM ha’! %G %L %O0T SR
ON 1.09¢ 60.19  6.64  33.17 9 1.99 51.49 9.74 38.77 15
A160N 3.97a 8430  0.13 1557 7 3.73 51.33 9.87 38.80 13
C160N 0.87c 52.88 423 4289 10 1.98 49.55 19.70 30.75 19
P160N 1.70bc 86.87 027  12.85 9 2.38 59.62  10.69 29.69 16
A320N 2.68ab 86.89 149 11.62 11 2.63 79.97 221 17.82 15
C320N 0.61c 86.91 047 1262 10 2.39 45.65 33.92 2044 17
P320N 2.45b 91.64  0.63 7.73 8 2.59 67.57 499 2744 16

Conclusions

Anaerobic and pelleted sewage sludge enhanced pasture production compared with compost
sludge in the first year of application in meadows established in the Atlantic bioclimatic
region. No residual effects of sewage sludge were found.

Acknowledgments

The authors would like to thank Teresa Lopez Pifieiro, José Javier Santiago Freijanes, Divina
Viézquez Varela, Pablo Ferndndez Paradela for their collaboration in this study. This study
was carried out thanks to CICYT, XUNTA (Consolidation) funds.

References

EEA (2000) Working document on sludge, 3 draft, Brussels, 27 April 2000, ENV.E.3/LM
http://ec.europa.eu/environment/waste/sludge/pdf/sludge_en.pdf.

EPA (1994) Land application of sewage sludge. A guide for land appliers on the requirements of the federal
standards for the use of disposal of sewage sludge 40 CFR Part 503, Environment Protection Agency,
Washington DC, USA.

MMA (2006) Plan integrado de residuos 2007-2015 http://www.boe.es/boe/dias/2009/02/26/pdfs/BOE-A-2009-
3243.pdf.

Mosquera M.R. and Gonzdlez A. (1999) Pasture production in Northern Spain dairy system. New Zealand
Journal of Agricultural Research 42, 125-132.

Mosquera-Losada M.R., Mufioz-Ferreiro N. and Rigueiro-Rodriguez A. (2010) Agronomic characterisation of
different types of sewage sludge: Policy implications. Waste Management 30, 492-503.

SAS (2001) SAS/Stat User’s Guide: Statistics, SAS Institute Inc., Cary, NC, USA, 1223 pp.

Whitehead D.C. (2000) Nutrient Elements in Grassland. Soil Plant-Animal Relationships, CAB International,
Wallingford, UK.

152 Grassland Science in Europe, Vol. 18



Application of mineral fertilizer at different times of the year

Thorvaldsson G.
Agricultural University of Iceland, Keldnaholti, 112 Reykjavik, Iceland
Corresponding author: gudni@Ibhi.is

Abstract

In the years 2006-2012, five experiments with application of fertilizer at different times of the
year were performed at the Experimental Station Korpa in Reykjavik. Nine different
application times were included and one treatment without fertilizer. The earliest application
time was in early September but the last one in early May when onset of growth had started.
All plots in the experiment were harvested in late July the following summer. Total yield of
dry matter and nitrogen content was observed in all plots. Yield was always lowest in plots
without fertilizer but the plots fertilized beyond conventional dates gave in average 80% of
the yield observed in the spring plots. Similar pattern was found for nitrogen uptake.

Keywords: mineral fertilizer, application time, winter application

Introduction

The traditional application time for grass leys in Iceland is at the onset of growth in spring
(often in early May). However, manure is sometimes applied in winter time in Iceland and
that was the initial motivation to these experiments. Furthermore, the functionality of the roots
during the dormancy period is of interest. Several experiments have been performed with
application of mineral fertilizer in late summer and autumn in Iceland (H6lmgeir Bjornsson
and Hermannsson, 1987; Bjornsson, 1998; Thorvaldsson, 2007). These experiments have
shown that fertilizer applied in autumn gives a yield in the following year that is not much
lower than that from fertilizer applied the following spring. When roots from the autumn-
applied plots were dug up in early spring a large part of the fertilizer was found in the roots
(Bjornsson, 1998). In northern Sweden experiments have also shown similar utilization of
nitrogen after application in late September as in spring application (Palmborg et al., 2011).
Because of these results it was decided to perform experiments with 9 different application
times from early September to early May.

Materials and methods

The experiments were located at the experimental station at Korpa in Reykjavik (64°09°N;
21°45°W). Five experiments were performed in the years 2006-2012. New plots were used
each year. Each experiment included 9 different application times and one treatment without
fertilizer. Plot size was 14-24 m” and varied between experiments. The experiments were
designed as randomized complete blocks with four replications. The amount of fertilizer was
60 kg N ha'! supplied in a mixed fertilizer that included N, P, K, S and Ca. The fertilizer was
not applied when snow or ice covered the plots but the soil could be frozen. This explains the
variation in application dates between years. The plots were harvested in late July or in
August. Table 1 show the application and harvest dates in each experiment. Nitrogen was
measured in samples from each plot with NIR and Dumas method.

In 2006 the experiment was conducted on an old, fertile grass field with mixed vegetation.
The main species was Agrostis capillaris but Festuca rubra, Descampsia caespitosa, Phleum
pratense, Alopecurus pratensis and Rumex acetosa were also of importance. Eleven other
species were also found. In 2007 the experiment was on an old grass field, with low fertility
and with mixed vegetation. Main species were Agrostis capillaris and Festuca rubra but 11
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other species were also found. In 2008 the experiment was on a young and very unfertile grass
field with pure Poa pratensis. In 2010 the experiment was on a young and fertile grass field
with almost pure Phleum pratense. In 2011 the experiment was on a young and unfertile grass
field with almost pure Phleum pratense but Vicia cracca had started to invade the experiment.

Table 1. Application time and harvest dates (date.month) during the experimental years.

Application time 2006-2007 2007-2008 2008-2009 2010-2011 2011-2012 Mean
1 4.9. 2.9. 31.8. 5.9. 5.9. 3.9.
2 25.9. 24.9. 18.9. 15.10. 24.9. 23.9.
3 17.10. 18.10. 8.10. 7.11. 18.10. 20.10.
4 13.11. 8.11. S.11. 25.11. 12.11. 13.11.
5 30.1. 2.1. 29.12. 2.1. 4.2. 7.1.
6 28.2. 18.2. 18.2. 17.2. 13.3. 20.2.
7 28.3. 14.3. 18.3. 4.3. 30.3. 19.3.
8 21.4. 17.4. 6.4. 4.4. 12.4. 12.4.
9 7.5. 5.5. 6.5. 7.5. 27.4. 4.5.
Harvest date 20.7. 29.7. 20.8. 26.7. 24.17. 30.7.

Results and discussion

Dry matter yield for each year and each application time is shown in Table 2 and the yield of
N in Table 3. These two tables show a similar pattern but utilization of nitrogen in these
experiments was generally low, in the spring-fertilized plots also. The yield was usually
highest when fertilized at the conventional time in spring. On average, plots fertilized at
unconventional time yielded about 80% of the yield of plots that were fertilized in early May.

Table 2. Dry matter yield of swards fertilized at different application times and in different years (hkg ha™").

Year

Application time 2007 2008 2009 2011 2012 Mean
1 52.7 28.6 133 30.6 40.8 332
2 50.5 21.9 15.6 39.7 48.5 352
3 473 21.1 15.8 315 49.8 33.1
4 51.3 18.9 19.1 20.2 49.5 31.8
5 50.4 21.4 18.8 30.6 54.8 35.2
6 49.5 20.9 21.0 49.1 54.6 39.0
7 51.5 18.7 20.3 523 61.4 40.8
8 53.8 243 18.9 533 59.4 41.9
9 57.3 25.5 26.9 58.8 65.4 46.8

Unfertilized 457 6.8 7.2 20.6 16.9 19.4

Average yield 51.0 20.8 17.7 38.7 50.1

SD 33 7.7 3.6 4.9 6.5

There were, however, differences between years in the utilization of fertilizer. On average,
there was slightly better utilization of the fertilizer applied in the period February-April than
for earlier application dates. However, autumn-fertilized plots could give results that were as
good as the results for spring-fertilized plots. Few dates of application resulted in values lower
than 60%. Application dates with low utilization of fertilizer could often be related to high
precipitation around the fertilization dates, or frozen soil surface and cold weather, but not
always.

Unfertilized plots yielded about 40% of the dry matter yield of plots fertilized in early May
and about 55% of the N yield measured in plots fertilized in early May.

Green colour was often seen in the plots a few weeks after fertilization during autumn and
winter. However, in middle of the winter it took longer time for the colour to be visible
compared with the plots fertilized in early autumn, and the colour was weaker.
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Table 3. Nitrogen yield (kg ha') from swards fertilized at different application times and in different years.

Application time 2007 2008 2009 2011 2012 Mean

1 87 32 11 22 35 37
2 89 24 13 29 39 39
3 83 26 13 22 44 38
4 91 21 16 17 31 35
5 84 24 16 24 39 35
6 82 24 17 32 32 37
7 90 22 17 37 40 41
8 96 30 16 37 42 44
9 101 32 22 39 44 48

Unfertilized 74 9 7 16 2 26

Average yield 88 24 15 28 37

Conclusions

Perennial grasses in Iceland seem to be able to utilize mineral fertilizer even if it is applied
during winter when the plants are dormant. On average, production in the following year was
80% of the yield obtained from spring-fertilized plots.

References

Bjornsson H. and Hermannsson J. (1987) Aburdartimi, skipting dburdar og slattutimi. Rddunautafundur 1987,
77-91. [In Icelandic].

Bjornsson H. (1998) Application of nitrogen fertilizers in autumn. Grassland Science in Europe 3, 639-642.
Palmborg C., Rodhe L. and Ericson L. ( 2011) Cattle slurry to grassland in northern Sweden — effect of
application time. NJF seminar No. 433, 27-29.

Thorvaldsson G. (2007) Nyting haustdburdar til sprettu. Fredaping landbiinadarins 2007, 295-300. [In
Icelandic].

The Role of Grasslands in a Green Future 155



Leaching of dissolved organic nitrogen under white clover pure stand vs.
grass-clover mixture

Kusliené G. ', Rasmussen J."? and Eriksen J.!

! Department of Agroecology, Faculty of Science and Technology, Aarhus University,
Denmark

? Department of Soil and Environment, Faculty of Natural Resources and Agricultural
Sciences, Swedish University of Agricultural Sciences, Uppsala, Sweden

Corresponding author: Gedrime.Kusliene@agrsci.dk

Abstract

Leaching of dissolved organic nitrogen (DON) is a considerable loss pathway in grassland
soils. We investigated the importance of white clover for presence of DON in soil water.
White clover was leaf labelled with *N-urea and dissolved inorganic N (DIN) and DON ISN-
enrichment was determined under perennial ryegrass (Lolium perenne) - white clover
(Trifolium repens) mixture and white clover pure stand. Soil water was collected during
autumn and spring, at 25, 45 and 80 cm depths, by suction cups. DON was *N-enriched at all
depths under both pure stand and mixture. Under the white clover pure stand there was high
level of DIN, considerably exceeding that of the mixture. DIN was highly "°N enriched under
white clover pure stand, whereas label was almost absent under the mixture. The findings
confirmed our hypothesis that white clover affects DON and DIN concentrations in soil water.
Plant competition, root turnover, exudation and other factors, contributing to leaching of DON
are discussed.

Keywords: DON, DIN, 15N-enrichment, leaching, white clover

Introduction

Dissolved organic N is a significant part of total dissolved N (TDN) leached from legume-
based grassland soils (Farrell et al., 2011) but the origin of DON is largely unknown. N,
fixing legumes in grassland mixtures have been widely used in grassland ecosystems for both
economic and environmental purposes. Previous studies have reported higher leaching of
inorganic N from fields of white clover pure stands than from a mixture with non-leguminous
species (Bouman et al., 2010) but, so far, white clover contribution to DON is not clearly
described. This knowledge is needed to understand how forage legumes can be used for
enhancing the sustainability of agricultural systems with the purpose of reducing mineral N
inputs as well as reducing N leaching. We investigated the importance of white clover for the
presence of DIN and DON in soil water in the soil profile.

Materials and methods

A field experiment was established at the Foulumgard Experimental Station (Jutland,
Denmark) in April 2011 by installing PVC cylinders (@30 cm; 25, 45, and 80 cm in length)
into: (1) white clover pure stands, and (2) perennial ryegrass-white clover mixtures (initial
clover proportion of total biomass was between 17 and 34%). White clover was leaf labelled
with °N urea (99.6 atom% "N, 0.5% w/v) during the period July-September 2011. Soil water
was collected in September, November, December, January and March by Teflon suction
cups inserted 5 cm below the cylinders. Samples for analysis of '°N-enrichment of DIN and
DON were prepared by liquid diffusion by using the Teflon floating method (Sgrensen and
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Jensen, 1991). Effect of sward types were analysed by repeated measures analysis of variance
using the PROC MIXED procedure of the SAS software.

Results and discussion

The results of this experiment show that white clover had an effect on the concentration of
DIN and DON in soil water down the profile. DIN concentration under clover pure stand was
significantly higher (P<0.001) that under mixture, whereas DON concentrations under both
sward types were more constant (Figure 1).
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Figure 1. DON and DIN concentration and "°N enrichment in time scale in the soil profile below clover pure
stand and clover-grass mixture. Data are means +1 SE.

Table 1. DON and DO"N (ug/ml) proportion of TDN (%) in soil water under white clover pure stand and
clover-grass mixture in the 2011-12 leaching season.

Treatment Depth, cm DON of TDN (%) DOP"N of TD"N (%)
Sep. Nov. Dec. Jan. Mar. Sep. Nov. Dec. Jan. Mar
WC pure stand 25 57 4 10 20 4 0 12 9 19 0
45 0 31 16 NA 47 0 33 13 NA 15
80 22 4 12 11 3 0 9 13 20 0
Mixture 25 21 43 71 40 35 0 87 80 85 7
45 23 53 63 68 74 100 100 71 90 50
80 61 43 61 40 72 0 100 67 78 0

The DON/DO"N proportion of TDN/TD"N varied during the leaching season and was
considerably higher under the grass-clover mixture (Table 1). DON constituted the largest
part of total N under the clover pure stand in September at 25 cm, but a low proportion of
DON of TD"N indicated higher white clover contribution to the DIN pool. The DO"N
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proportion of TD"N indicated that white clover contributed mostly to the DON pool under
the mixture.

The presence of "N in soil water indicated that white clover contributed to N leaching at all
samplings, and that grassland composition had a significant effect on >N enrichment. DI°N
under the clover pure stand increased with a delay compared with DIN, and both DI"N
(P<0.001) and DO"N (P<0.05) pools were significantly higher under clover pure stand than
under the mixture. This delay could be due to delays in N release from clover shoots and
roots relative to the general N turnover from SOM resulting in N leaching, or it could be
explained by delays in clover °N release caused by internal N allocation and redistribution
before deposition to the rhizosphere (Rasmussen et al., 2013).

Rapid root turnover, rhizodeposition (Unkovich and Pate, 2000), lower demand for soil N
(Armstrong et al., 1996), leaf decay (Dahlin and Stenberg, 2010) of white clover and the
absence of companion species likely caused significantly higher DIN concentration and "N
enrichment of both DIN and DON pools under the white clover pure stand.
The presence of °N in ryegrass leaves (data are not presented) indicated that symbiotically
fixed nitrogen was transferred and, to some extent taken up by, ryegrass in the mixture.
Furthermore, low clover-grass biomass ratios caused a quantitatively lower release of °N into
the system that caused lower °N enrichment of N pools under the mixture. Thus, N uptake by
ryegrass (Rasmussen et al., 2008), N immobilization and differences in clover biomass
probably gave lower DIN concentrations and "N enrichment accordingly changing
DON/DO"N proportion of TDN/TD'*N under the legume-grass based sward.

Conclusion

The present experiment showed that white clover has an effect on leaching of both DIN and
DON. The presence of "N label in both DIN and DON pools at all depths in both treatments
supports the findings of Rasmussen (2008) that the main direct source of DON and DIN in the
soil water is decay of recently growing white clover. Studies are needed on the indirect white
clover contribution such as activation of microbial biomass and SOM decomposition.
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Abstract

In this 5-year experiment (2007-2011) on a sandy loam soil (Merelbeke), we compared
perennial ryegrass (Lolium perenne L.) (PRG) with and without white clover (WC) under
cutting conditions and 4 nitrogen fertilization levels (200-330 kg N ha™). Potential leachable
N residue in the soil, measured end of October-November, was very low for PRG-WC (14 kg
NO3-N ha') in comparison with the upper limit of 90 kg NOs-N ha” (Flemish Manure
Decree, 2007), but was significantly higher in comparison with PRG (8 kg NOs-N ha™). There
was no significant difference in residual NO3-N between the N fertilization levels. The low
residual nitrate concentrations in the soil can be explained by the high N export with the
harvested biomass, exceeding the N-fertilization. White clover produced on average 23% of
the annual DM and stimulated the N export, in comparison with that of PRG.

Keywords: perennial ryegrass, white clover, N export, residual NO3-N

Introduction

Farmers in Flanders see potential in introducing white clover (WC) into their grassland,
because chemical N fertilization is expensive and restricted by the Flemish Government in
accordance with the EU Nitrate Directive. The effect on yield and quality is the farmer’s main
interest, but farmers, advisors and authorities are uncertain about the consequences of white
clover in the sward for the leachable N residue in the soil at the end of the growing season.

In this experiment, we compared perennial ryegrass (PRG) - the most important grass species
in grassland seed mixtures - with and without WC under cutting conditions and under
different fertilizer application rates stated in the Flemish Manure Decree.

Materials and methods

In May 2006, PRG (40 kg ha™") and PRG-WC (40 kg ha' incl. 4 kg WC) was sown on a sandy
loam soil in Merelbeke. The experimental design was a split-plot design with four replicates,
with sward type as a split plot. The experiment started in March 2007 and ran until 2011. The
following total-N fertilization rates (kg ha™) for grass and grass-clover were imposed:

(1) 170 Nslurry + 100 Nmineral = 2OONavzlilable

(2) 250 Nslurry + 100 Nineral = 250 Navailable

(3) 170 Nslurry + 180 Nmineral =280 Navailable

(4) 250 Nslurry + 180 Nmineral =330 Navailable
Treatment 3 corresponded with the maximum level of cattle slurry and total N on grassland
allowed by the Flemish Government (Manure Action Plan 2007). When derogation is allowed
more Nanimal origin €an be applied, so 250 Ny + 100 Npineral (Treatment 2) was legitimate.
Today, 310 Navailable.ha" is allowed on grassland under cutting conditions on non-sandy soils
in Flanders. Slurry was applied by shallow injection in March (1* cut) and May (2™ cut). The
actual N input (= slurry in t ha™' x N-content slurry, sampled during application) corresponded
very well with the assumed N input. Npineral Was applied as ammonium nitrate (27% N). The

The Role of Grasslands in a Green Future 159



plots (56.3 m* gross area, 8.4 m” harvested for yield determination) were cut 5 times per year.
At each cut the dry matter (DM) yield was measured and a grab-subsample per plot was
separated into PRG, WC and unsown species. Samples were analysed by NIRS to determine
the N-content of the forage. N export (kg ha™') was calculated as DM yield x N-content. The
NO3-N content of the 0-90 cm topsoil was determined each year (29 October - 27 November)
for 3 horizons of 30 cm, sampled and analysed separately according to ISO 14256-2:2005.

Table 1. Fertilization regime: application time and dose of slurry and mineral N fertilizers.

Application for
1% cut 2™ cut 3" cut
170 Nijurry Litres ha™’ 25000 25000
250 Nijurry Litres ha 35000 35000
100 N pinerat kg ha’ 45 30 25
180 Nipineral kg ha' 60 60 60

Results and discussion

To avoid leaching, the NO3-N content in the 0-90 cm soil profile should not exceed 90 kg ha™
at the end of the growing season in Flanders (Manure Action Plan, 2007). The residual NO3-N
content in the soil at the end of the growing season (November) was significantly higher over
the years for PRG-WC (14 kg ha™ NO3-N) in comparison with PRG (8 kg ha™ NOs-N) but the
absolute level was far below this limit of 90 kg ha for PRG-WC and PRG (Table 2). The
surplus of 6 kg NOs-N was divided within the 0-90 cm layer as follows: 4 kg in the upper
layer 0-30 cm, 1 kg in the layer 30-60 cm, and 1 kg in the deepest layer 60-90 cm. The
amount of residual NO3-N was always very low during the experimental period of 5 years, but
every year it was significantly higher for PRG-WC in comparison with PRG (Table 2). There
was no significant difference in residual NO3-N between the N-fertilization levels.

Table 2. Residual NO;-N at the end of the growing season and N-export by harvest of forage.

Fertilization Sward Residual N (kg NO;-N ha™') N-output by harvest of forage (kg N ha™")
(Navailable) 2007 2008 2009 2010 2011 Average 2007 2008 2009 2010 2011 Average
N 200 PRG 13 5 5 6 8 7 278 337 285 259 294 291
PRG/WC 22 9 11 6 12 12 278 397 384 442 482 397
N 250 PRG 13 6 7 7 8 8 300 358 326 303 333 324
PRG/WC 26 14 20 8 11 16 336 426 393 478 455 418
N 280 PRG 9 6 7 6 8 7 339 391 342 320 359 350
PRG/WC 22 9 9 6 11 11 331 435 391 461 515 426
N 330 PRG 25 9 8 7 9 11 342 392 346 357 397 367
PRG/WC 24 14 18 6 12 15 349 458 403 496 515 444
Average PRG 15a 6a Ta 6a 8a 8a 315a 369a 325a 310a 346a 333a

PRG/WC 24b  11b  14b 7a_ 12b  14b 323a 429b 393b 469b 492b  421b

Treatments with the same letter in the same column are not significantly different (Duncan test, P<0.05)

The low residual NOs-N content is favourable from the environmental point of view, but
rather a normal situation under cutting conditions and confirmed in other studies (Verbruggen
et al., 2003; De Vliegher and Carlier, 2008). The low residual nitrate N concentrations in the
soil for the PRG treatments can be explained by the high N export during harvest, exceeding
the N-fertilization in terms of available N for each N fertilization level: 291 kg N (200N), 324
kg N (250N), 350 kg N (280N) and 367 kg N (330N).

Each year, white clover was a substantial component of the sward during the whole growing
season in this experiment, fertilized with 200-330 kg N ha: the clover content in the annual
dry matter yield of the PRG-WC treatments varied between 20% and 26% and in the last cut
between 22% and 28%, without significant differences between the N levels (Table 3). A
medium-high N fertilization level in combination with a significant white clover content
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under cutting conditions resulted in a significant increase of the N export ha™ by harvest in
comparison with that of PRG: + 107 kg N (200N), + 94 kg N (250N), +76 kg N (280 N), +77
kg N (330N) and an average of 88 kg N (P<0.05) (Table 2). PRG-WC stimulated the
production of crude protein (= N export X 6.25) even in growing conditions with a
considerable N-fertilization. This is in agreement with results in other studies (De Vliegher et
al., 2006; Smit and Elgersma, 2006; De Vliegher and Carlier, 2008). A study of more than
400 fields over several years confirmed that productivity of mixed swards is directly related to
the contribution of white clover in the sward (Pfimlin et al., 1993).

Table 3. Clover content in annual production and last cut.

Treatment Clover content (% of DM yield)
Annual Last cut
2007 2008 2009 2010 2011 Average 2007 2008 2009 2010 2011 Average

N 200 9 22 20 45 34 26a 9 21 37 43 28 28a
N 250 21 24 21 41 21 26a 27 21 40 32 14 27a
N 280 10 19 14 31 27 20a 18 12 27 26 29 22a

N 330 11 19 20 41 21 22a 13 17 39 26 18 22a
Average 13 21 19 39 26 23 17 18 36 32 22 25

Treatments with the same letter in the same column are not significantly different (P<0.05)

Conclusion

Under cutting conditions and a medium-to-high N fertilization level, white clover was a
substantial component of the sward: on average it contributed 20% of the dry matter yield.
The residual nitrate-N content in the soil was significantly higher for the grass-clover mixture
but it was very low in absolute terms in all years of the study, and there was no risk of nitrate
leaching during the winter period.
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Abstract

Nitrous oxide (N>O) emissions were recorded for 70 days on patches treated with synthetic
urine (500 kg N ha"l) on a field experiment with perennial ryegrass, tall fescue, white clover
and red clover, in pure stands or in mixtures (either 25% seed weight of each or 67% of one
species and 11% of the others), fertilized with low nitrogen application (100 kg N ha'yr™).

Introduction

Mixtures of grass and legume species in grassland forage production can contribute to higher
yields and reduced needs for N fertilizer (Kirwan et al., 2007). In a pasture, however, urine
patches can provide the substrate for high N,O emission in spite of low N fertilization. As part
of the EU-FP7 project Multisward, the effect of legume/grass on N,O emission was studied.
This gas is undesired because of its global warming effect.

Materials and methods

Pure stands of each species as well as mixtures with either 25% seed weight of each species
(centroid) or 67% of one and 11% of the other three species were sown in 2010 on a loamy
soil at As (59°4°0N, 10°47’E; 75 m a.s.l.; annual precipitation 785 mm and average
temperature 5.3°C). In 2011 a low level of nitrogen fertilization was applied (100 kg N ha™)
and plots were harvested 5 times. N,O emissions were measured using 30 static chambers (6
on the centroid, 3 on the other treatments), from the middle of August, shortly after the fourth
harvest and one week before application of artificial urine (Ambus et al., 2007) supplying 500
kg N ha', and continued until the emissions decreased to background level at the end of
October. Flux sampling frequency was about twice a week, reduced to once a week at the end
of the period. Sampling procedures and gas analysis were as described in Nadeem et al.
(2012). Herbage was harvested on 13 September at a cutting height of 4-5 cm, and analysed
for species composition.

Results and discussion

Initial N,O emissions before urine application were low (1.3 pmol m>h'; average of all
treatments and three dates). After urine application, emissions increased rapidly, on average
up to 15 pmol m?h? (Figure 1). Ammonium in the soil increased from 0.6 to 24 g NH4-N m?
on average of all treatments, while nitrate increased from 0.3 to 2.6 g NO3-N m? (20 cm
depth, data not shown). Thus at this stage, nitrification might have been the major source of
N,O. On 29 August, and in the preceding days, abundant precipitation raised the water
content close to saturation point (Figure 1, lower part). Some nitrate was probably leached as
the average soil content decreased to 0.6 g¢ NO3-N m™. However, since nitrification (which
builds up nitrate) and leaching, if present, occurred simultaneously the available data cannot
lead to conclusive estimates of leaching. At the end of this precipitation period N,O emissions
decreased, then increased again and peaked before the fifth harvest, and finally decreased to
below the initial level by the beginning of October. Precipitation was frequent during the
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whole recording period. Although high water content in the soil usually leads to anoxia, with
continuous rain the oxygen content of the soil solution may remain relatively high. Soil
mineral N data suggest that nitrification occurred during most of the recording period.

—4—LP_m
—0—FAm
—&— TR_m

35 " —m—TP_m

" Urir|1e / /\ —®- CC

/ \) \ —o—LP_d
7 —O—FAd

Harvest

40 N20 pmol h''m-?

25 7
/ ‘\ ——TRd
20 0
R \ —{—TP_d
N
15 W
0‘ A .
10 AN
N
5
0
15-Aug  22-Aug  29-Aug  05-Sep 12-Sep 19-Sep 26-Sep  03-Oct  10-Oct  17-Oct  24-Oet
o Temp °C
% VW C Precipitation
50
— % VWC F 40
45 A EEEm Precipitaion mm
— — Temp °C
40 o | 30
35 4 - 20
30 ™ —
N -~ 10
25 I I ~<"1M1h .
oo Lo il I | . ‘ 1 .

15.08 29.08 12.09 26.09 10.10 24.10

Figure 1. Above: N,O emission rates (mol h™' m). Treatment: Lp: Lolium perenne, Fa: Festuca arundinaceae,
Tr: Trifolium repens, Tp: T. pratense, C: centroid (25% seed weight of each of the four species), m: pure stand,
d: mixture with 67% seed weight of the species mentioned and 11% of each of the three other species. Below:
soil temperature (Temp °C) and water content as percentage of soil volume (% VWC) monitored at 5 cm depth,
and precipitation (mm).

Accumulated over the whole recording period, the red clover pure stand had the highest N,O
emission (18 mmol m'z) corresponding to 0.50 g N m'2; thus, 1% of applied N. The centroid
had the next highest emission (about 11 mmol m™), but this was not statistically significantly
different from any of the other mixtures and the white clover pure stand. Both tall fescue and
perennial ryegrass pure stands had significantly lower total emissions (Figure 2A). Relative to
DM herbage yield, the centroid mixture and other mixtures had significantly lower N,O
emissions (<62 pmol g' DM) than the clover pure stands (>85 pmol g’ DM), and were
comparable to the ryegrass pure stand. The exception was the tall fescue dominated mixture,
which together with the pure tall fescue had the lowest N>O emission per g DM yield (Figure
2B).

Prior to the application of urine, pure grasses, and ryegrass in particular, showed clear
symptoms of nitrogen deficiency. Visual inspection showed a tremendous response of pure
grasses to urine; however, this was not sufficient to raise the herbage yield above the yields of
the best mixture and of pure red clover. Tall fescue was able to recover more nitrogen (data
not shown), probably due to deep rooting, and this is the likely reason for the large yield and
low N,Olyield ratio of the tall fescue-dominated stand (Figure 3).
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Figure 2. A: Total N,O emission (mmol m) during the 70-day sampling period. B: Total N,O emission divided
by the DM yield of the 5™ harvest, cut during the recording period. See Figure 1 for a description of treatments.
*: significantly different from CC (P<0.05).
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Conclusion

The maximum N,O emission was 1% of the high urine N load (500 kg N ha"), that is half the
default emission factor by IPCC for cattle dung and urine on pasture (IPCC 2006). As
expected mixtures reduced emission compared to clover pure stands, for the most without
reducing yields. As expected, when both bigger yields and lower N,O emission are
considered, mixtures performed better than pure stands of grasses or legumes.
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Abstract

The effects of different sowing mixtures with perennial ryegrass (Lolium perenne) (cv.
Premium) (PRG) or PRG with red clover (Trifolium pratense) (cv. Merviot) on the
persistency of chicory (Cichorium intybus) (cv. Puna II) was investigated. Field plots (10x2.5
m) were sown in a randomized block design with four replicates. Treatments included chicory
sown with PRG alone, or with a PRG-red clover mix, with 10 combinations of chicory at
ratios of 0.9, 0.7, 0.5, 0.3 and 0.1. To determine persistency, the number of chicory plants
within a 0.36 m x 0.25 m quadrat at 6 random sites within each plot was counted in spring
and autumn of the first and second harvest year and the population m™ determined. The
highest chicory populations were found when chicory was sown at 90% of the target
proportion of the sown sward. Chicory-ryegrass plots sown with red clover and not receiving
artificial nitrogen were found to have fewer chicory plants by spring of the first harvest year
and this effect increased with time. Overall, sowing plots with ryegrass only, and treating with
artificial nitrogen, was the best approach to maintain the persistency of chicory within mixed
swards.

Keywords: chicory, Cichorium intybus, persistency, mixed swards, sowing rates

Introduction

Including chicory in grass seed mixtures is becoming more popular, as it offers high yields of
very palatable and nutritious fodder for grazing livestock with, typically, crude protein (CP)
and water-soluble carbohydrates (WSC) concentrations that are higher than perennial ryegrass
(PRG) (Lolium perenne) (Li and Kemp, 2005). Chicory persistency is limited to 3-5 years and
is highly dependent on plant establishment success at sowing (Li et al., 1997). However, little
is known about the persistency of chicory when sown in differing ratios with other forage
species. This experiment determined the effects of sowing chicory in combination with PRG
only or PRG with red clover (RC) on the persistency of chicory over three years.

Materials and methods

Field plots (10x2.5 m) were sown with chicory (cv. Puna II) and perennial ryegrass (cv.
Premium) in differing proportions, and either with or without red clover (cv. Merviot), in a
replicated randomized design with four blocks. Forages were sown on 25 June 2009 at rates
corresponding to a proportion of their usual monoculture rate, not the total seed rate (i.e.
chicory at 6 kg ha™, PRG at 33 kg ha' and PRG-red clover at 22 + 11 kg ha™). Treatments
consisted of chicory sown with PRG alone or a ryegrass-red clover mix in a 2:1 ratio,
resulting in 10 combinations with chicory included as 0.9, 0.7, 0.5, 0.3 and 0.1. The
experimental area was treated with glyphosate herbicide before ploughing. Lime was applied
to correct any soil deficiencies prior to cultivation. Each plot was sown using an Oyjord
experimental plot drill before the area was harrowed using an Einbock harrow and rolled.
Slug pellets were applied at 2.5 kg ha™' on the 10 July. All plots received 60 kg ha™ P,Os and
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60 kg ha' K,O in the seedbed. The PRG-chicory plots received 50 kg N ha”' during
establishment. During the establishment year, plots were harvested using a Haldrup plot
harvester on 14 September and 19 October. During the first and second harvest years, plots
were harvested at 4-week intervals and the PRG-chicory plots received inorganic N on 4
occasions. To determine the persistency of the mixtures, the number of chicory plants within a
0.36x0.25 m quadrat at 6 random sites within each plot were counted at establishment (7
weeks post-sowing), in autumn 2009, in spring and autumn of the first and second harvest
year, and in spring of the third harvest year, and the plant population m™” determined. Data
were analysed using Genstat® 11.1 by polynomial contrast analysis to determine the effects
of sowing ratios.

Results

When chicory was sown with either ryegrass or a ryegrass-red clover mix, there was a
positive linear effect of the sowing ratio on chicory plant numbers during the establishment
year and these differences were still significant by the spring of the third harvest year (Table

1.

Table 1. Mean plant populations of chicory (plants m™) when chicory was sown in combination with perennial
ryegrass, with or without red clover (RC), from establishment through to spring of the third harvest year.

Chicory Sowing Ratio (R) Prob
RC o1 0.3 0.5 0.7 0.9 sed RC R

Establish 2009 - 30 82 157 221 270 20.4 ns HkE
+ 31 91 165 200 280

Autumn 2009 - 34 76 97 134 154 12.7 ns Hokok
+ 26 75 117 140 174

Spring 2010 - 33 84 116 188 222 12.7 ns HkE
+ 29 68 133 170 201

Autumn 2010 - 26 69 T4 92 112 15.4 ns Hk
+ 21 45 83 107 124

Spring 2011 - 19 58 64 107 119 10.9 * HkE
+ 21 34 55 82 121

Autumn 2011 - 31 69 77 81 108 11.9 Ak HkE
+ 8 12 21 35 69

Spring 2012 - 25 59 72 75 85 11.0 Hkok Hokok
+ 3 14 19 33 62

*

Ns: P>0.05; *: P<0.05; ***: P<0.001; R: Sowing Ratio

Figures 1 and 2 show the number of chicory plants m? present in plots sown without and with
red clover, respectively, in the five differing ratios and how the chicory persisted over time.
The largest decline in chicory plant populations was found to relate to the highest sowing rate.
Plots not receiving artificial nitrogen and sown with red clover were found to have a reduced
number of chicory plants by spring of the second harvest year (P<0.05), and this effect
increased further with time (P<0.001) (Table 1). Therefore, by autumn of the first harvest
year the chicory population of these plots was found to be below 25 plants m™ when chicory
was sown at 10% of its usual monoculture sowing rate. In contrast, by spring of the third
harvest year, in plots where chicory was sown with ryegrass and treated with artificial N, the
chicory population was still 25 plants m™> when chicory was sown at 10% of its usual
monoculture sowing rate with ryegrass but without red clover.
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Figure 1. Plant populations of chicory (plants m™?) when sown in combination with perennial ryegrass without

red clover at a sowing ratio of 0.1, 0.3, 0.5, 0.7 and 0.9 (left to right) from establishment through to spring of the
third harvest year.
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Figure 2. Plant populations of chicory (plants m?) when sown in combination with a perennial ryegrass-red

clover mix at a sowing ratio of 0.1, 0.3, 0.5, 0.7 and 0.9 (left to right) from establishment through to spring of the
third harvest year.

Conclusions

The highest plant populations for chicory were found when chicory was sown at 90% of the
target proportion of the sown sward and this effect was found at establishment through to the
spring of the third harvest year. Chicory-ryegrass plots sown with red clover and not receiving
artificial nitrogen were found to have fewer chicory plants by spring of the second harvest
year and this effect increased further with time. Overall, sowing plots with ryegrass only, and
treating with artificial nitrogen, was the best approach to maintain the persistency of chicory

within mixed swards as chicory did not compete well with red clover when sown in
combination with ryegrass.

Acknowledgements

Authors acknowledge funding from EBLEX and seed donated by Germinal Holdings Ltd.

References

Li G., Kemp P.D. and Hodgson J. (1997) Herbage production and persistence of Puna chicory (Cichorium
intybus L.) under grazing management over 4 years. New Zealand Journal of Agricultural Research 40, 51-56.

Li G. and Kemp P.D. (2005) Forage chicory (Cichorium intybus L.): A review of its agronomy and animal
production. Advances in Agronomy 88, 187-222.

The Role of Grasslands in a Green Future 167



The effect of different fodder galega-grass mixtures and nitrogen
fertilization on forage yield and chemical composition

Littemie P., Meripdld H., Tamm U. and Tamm S.
The Estonian Research Institute of Agriculture, 75501 Saku, Estonia
Corresponding author: heli.meripold @eria.ee

Abstract

Fodder galega (Galega orientalis Lam.) is a forage legume that has been grown in Estonia for
approximately forty years. Pure galega is known to be a persistent and high-yielding crop,
rich in nutrients, particularly crude protein (CP). Galega is usually grown in a mixture with
grass in order to optimize its nutrient concentration, increase dry matter (DM) yield and
improve fermentation properties. There are certain grass species suitable for the mixture. In
this study, galega-grass mixtures with timothy (cv. Tika), meadow fescue (cv. Arni) and
bromegrass (cv. Lincoln) were investigated in four successive years (2008-2011). Three cuts
were taken during 2008, 2009, 2011 and two in 2010. Nitrogen (N) fertilization rates were
NO, N50, N100, applied in spring before the first and second cuts. Early season N applications
to galega-grass swards can help N-deficiency in the spring. The total (DM) yield varied from
7.2t0 13.3 t ha”'. DM yield was dependent on the year, mixture and fertilization level. The CP
concentration in the DM varied from 155-208 g kg'. CP was dependent on the year, mixture
and fertilization. High N fertilization favoured grass growth and reduced the role of galega in
the sward. The dry and warm summer favoured the galega growth in the years 2010-2011.

Keywords: fodder galega, goat’s rue, galega-grass mixtures, forage yield, fertilization

Introduction

Along with other forage legume crops (like lucerne and clovers), goat’s rue or fodder galega
(Galega orientalis Lam.) has been grown in Estonia for almost forty years. Galega is very
persistent with a high-yielding ability. Results have shown that yields can possibly be 8.5 to
10.5 t of dry matter (DM) and 1.7 to 1.8 t of crude protein (CP) per hectare with a CP
concentration of 200-220 g kg”' DM (Raig ef al., 2001). The nutritive value is the highest
when the first cut is taken at shooting, budding or the beginning of flowering (Raig et al.,
2001). In order to connect the need for nitrogen fertilizer with biologically fixed nitrogen, it is
most favourable to grow galega in a mixture with grass. Of plant nutrients, nitrogen has the
highest effect on yield and quality of forage crops. When choosing grasses for mixtures, the
species development speed, duration and the effect on nutritive value should be considered.
Earlier results have shown that growing galega in mixtures with grasses improves the nutritive
value and ensiling properties of the forage crop (Littemée et al., 2005, 2010). The aim of this
investigation was to study the effects of different galega-grass mixtures and N fertilization on
DM yield and chemical composition of forage.

Materials and methods

The experimental field was established in 2003 in Saku (latitude 57°25’N) and the data were
collected from 2004. The data in four successive years (2008-2011) were recorded in this
study. The trial plots were established on a typical soddy-calcareous soil where the
agrochemical indicators were as follows: pHgc 7.4 (ISO 10390); humus concentration Cg
4.1% and concentration of lactate soluble P and K being 97 and 166 mg kg'I respectively.
Three galega-grass mixtures were used. The galega variety ‘Gale’ was sown in binary
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mixtures with meadow fescue cv. ‘Arni’ (10 kg seed ha'l), timothy cv. ‘Tika’ (6 kg ha") and
bromegrass cv. ‘Lincoln’ (15 kg ha™') respectively. The sowing rate of the seed of ‘Gale’ was
20 kg ha™ in all mixtures. In order to increase competitivity of grasses and yield of the first
cut, three N fertilization levels were used: NO, N50 and N 100 kg ha™ (April, May I or II
decade). The crop was cut with a scythe, then weighed and samples were taken for analyses.
Prior to sampling the botanical composition of crop was determined. A three-cut system was
used during harvest with three replicates of the plots of each treatment. All statistical analyses
were carried out by using the GLM procedure of SAS.

Results and discussion

The results indicate that galega-grass mixtures provided high DM yields during the period
since the field trial was established. In 2008-2011 the yields varied from 7.2 to 13.3 t ha™
(Table 1). The average yield was higher in 2011 and variable, ranging from 11.4 to 13.3 tha™".
There were significant differences between the average yields at different N levels and
mixtures.

Table 1. The DM yield of fodder galega-grass mixtures in 2008-2011.

Mixture 2008 2009 2010 2011

NO N50 NIOO NO N50 NI00 NO N50 NI100 NO N50 NI00

Gale/Arni 11.6 107 11.6 7.6 7.2 7.8 104 10.0 94 127 133 124

Gale/Tika 10.8 11.3 10.8 8.2 11.4 11.4 11.8 10.1 10.9 11.7  11.5 13.0

Gale/Lincoln 11.3 124 109 8.1 10.1 11.4 98 9.7 10.7 120 114 11.7

Average 11.2 115 11.1 8.0 9.6 10.2 10.7 99 10.3 12.1 12.0 124
SLSD 405 = 0.39 SLSD 05 = 0.64 SLSD 405 = 0.45 SLSD 05 = 0.60
JLSD 05 =0.22 JLSD 405 = 0.37 JLSD 05 = 0.32 JLSD 05 = 0.41

§- Least significant difference of N treatment; - LSD o5 of mixture treatment

There were significant differences between Gale-Arni vs. Gale-Tika and Gale-Lincoln, as
well as Gale-Tika and Gale-Lincoln at NO and N100 fertilization levels. Application of N
fertilizer changed the botanical composition of the sward, with increased grasses and reduced
proportions of Gale in the sward. The average Gale proportion was 59% in 2008. In the
second year Gale was reduced to 27% due to frost damage during the second decade of May
(temperature down to -3.9°C). When the two-cut system was applied the Gale recovered in
2010. The Gale proportion also declined considerably when fertilization increased (Figure 1.).
The average Gale proportion is essential at NO and N50 treatments. When it is higher, the CP
concentration increases in the crop (r=0.53; P<0.05). At fertilization level of NO and N50 the
meadow fescue cv. Arni was less competitive. The highest competitiveness was shown by the
bromegrass Lincoln at the N100 fertilization in 2009.

The nutritive value of mixtures is presented in Table 2, and in general, this mainly depended
on fertilization level. Lower CP and metabolizable energy (ME) concentrations were found in
treatments when no N fertilizer was used. When fertilization level increased, CP
concentration and ME increased but NDF and ADF decreased. Galega usually has a faster
development speed compared with grasses. Therefore, the ADF and NDF concentrations were
higher in treatments where the Gale proportion was higher and in the Gale-Lincoln treatment,
and this obviously due to high fibre concentration of bromegrass.
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Figure 1. The botanical composition of galega-grass mixture of first cut in 2008-2011.
Table 2. The nutritive value of the fodder galega-grass mixtures of first cut in 2008-2011.
Mixture N CpP NDF ADF ME
fertilizer gkg' DM gkg' DM gkg' DM MJ kg DM
Gale-Arni NO 186 465 316 10.1
Gale-Arni N50 190 456 312 10.2
Gale-Arni N100 208 414 291 10.5
Gale-Tika NO 183 469 327 10.0
Gale-Tika N50 206 458 314 10.1
Gale-Tika N100 215 425 289 10.5
Gale-Lincoln NO 155 493 343 9.7
Gale-Lincoln N50 171 439 331 9.9
Gale-Lincoln N100 204 482 313 10.1
Conclusions

The galega-grass mixtures maintained high yielding ability and nutritive value for many
years. The nutritive value of mixtures was mainly dependent on N fertilization. High N
fertilization rate favoured grass growth but reduced the role of galega in the sward. Similar
metabolizable energy values were obtained in the Gale-Arni and Gale-Tika mixtures. The ME
concentration was lower in the Gale-Lincoln mixture due to higher fibre concentration of
bromegrass compared with other grasses. On the basis of these results, a fertilization rate of
50 kg N ha™' should be recommended in order to avoid grasses being lost from the pasture,
while also helping to avoid N deficiency in the spring.
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Abstract

The aim of this study was to determine the changes in the floristic composition of grass-
legume swards during three years of using a biopreparation and different rates of nitrogen
fertilization. In April 2007 the field experiment was established in a randomized block design
with three replications. The experimental factors were the three mixtures: Al - Festulolium
50%, red clover 50%; A2 - Festulolium 50%, alfalfa 50%; and A3 - Festulolium 50%, red
clover 25%, alfalfa 25%. In addition, a biopreparation was used: B1 - no biopreparation, or
B2 - biopreparation at a dose of 0.9 1 ha™'. Fertilizer nitrogen levels were as follows: C1 -
without nitrogen fertilization; C2 - 60 kg N ha'; C3 - 120 kg N ha™. Nitrogen was applied as
ammonium nitrate (34% N) in three equal amounts for each successive regrowth. Potassium
was also applied for each regrowth and phosphorus once in early spring. A detailed study
included the sward floristic composition of the first cut, which was determined by botanical-
weight analysis. In subsequent years the mixtures that were fertilized with nitrogen had a
relatively stable share of grasses and legumes and there was a slight increase of weeds.
However, the treatments supplied with the biopreparation mainly showed an increase in
proportion of legumes.

Keywords: botanical composition, grass-legume mixtures, biopreparation, nitrogen dose

Introduction

Research has shown that Festulolium braunii can be grown not only in single-species
plantings but also in mixtures with legume, especially with red clover (Staniak, 2009;
Sosnowski and Jankowski, 2010). Published data also confirm the possibility of cultivating
the species with alfalfa (Borowiecki, 1997a,b). However, there are no reported studies on the
cultivation of the species in two and three—component mixtures with alfalfa and with red
clover. The aim of this study was to determine the changes in the floristic composition of the
sward of F. braunii mixtures with alfalfa and red clover supplied with a biopreparation and
under different nitrogen fertilization treatments.

Materials and methods

A field experiment was established in April 2007 in a randomized block arrangement with 3
replications at the field site of the Grassland Department and Landscape Architecture of
Siedlce University (52.169°N, 22.280°E). The experimental soil belonged to hortisole type,
consisting of low-loam sand. The soil was characterized by a neutral pH, average content of
humus and potassium, and high contents of available forms of phosphorus and magnesium. It
also contained 0.18% total nitrogen.

The experimental factors were as follows. Mixtures (A) comprised: Al- Festulolium braunii
(cv. Felopa) 50%, Trifolium pratense (cv. Tenia) 50%; A2 - Festulolium braun 50%,
Medicago sativa ssp. media (cv. Tula) 50%; A3 - Festulolium braunii 50%, Trifolium
pratense 25%, Medicago sativa ssp. media 25%. Biopreparation (B) comprised either: B1- no

The Role of Grasslands in a Green Future 171



biopreparation (control); or B2 — with biopreparation. Nitrogen fertilization (C) comprised:
C1 - without nitrogen; C2 - 60 kg N ha™; or C3 - 120 kg N ha™. The biopreparation was used
at a dose of 0.9 L ha™ diluted in 350 L of water. The composition of the biopreparation
(UGmax) is given in Table 1. For each successive regrowth, nitrogen in the form of
ammonium nitrate (34% N) was applied in three divided doses. Potassium fertilization was
used for each regrowth (120 kg K,O ha’! annually), in divided doses with the N. However,
phosphorus, at 80 kg P,Os ha™', was applied once in early spring. All plots were cut three
times in each year, 2008-2010.

Table 1. The composition of the biopreparation.

. . -1 . .
The content of macro-and micronutrients mg L Microorganisms

N P05 K,0 Mg Na Mn Lactic acid bacteria, photosynthetic bacteria,

1200 500 3500 100 200 0.3 Azotobacter, Pseudomonas, yeasts, actinomycetes

The detailed study included the sward floristic composition of the first cut, which was
determined by the botanical-weight analysis. After cutting, samples (1 kg) of plant biomass
were taken and than treated for botanical analysis by determination of the percentage of
grasses, legumes and weeds. The obtained results were evaluated statistically by using
analysis of variance for multivariante experiments. Medium differentiation was verified by
Tukey’s test at significance level P<0.05.

Results and discussion

The botanical-weight analysis of the tested crops showed significant differentiation of the
proportions of plant groups in the different mixture treatments (Table 2). In the mixtures
supplied with biopreparation, a significant decrease of weeds was recorded. The smallest
share of weed plants (average 4.3%) was obtained using the biopreparation in the three—
component mixture A3 (Festulolium with alfalfa and clover). The greatest reduction in weed
(from 14.1 to 5.3%) after applying the biopreparation was in a crop of Festulolium with
hybrid alfalfa (mixture treatment A2). In comparison with the control, microbial soil
treatment resulted in increase of grasses and legumes in each cultivated mixture. Mineral
nitrogen fertilization also reduced the infestation of weeds. It should be noted, however, that
this trend depended on the mixture composition. The lowest weed infestation, compared to
treatments without nitrogen, formed an average of 6.4% in the plots of Festulolium with red
clover (A1) and supplied with 120 kg N ha™ (C3). It should be also noted that the dose of
nitrogen applied in the mixture resulted in a decrease in share of grasses and an increase of
legumes, while the three-component mixture A3 reduced the proportion of alfalfa and clover
and increased the grasses. The dependence of the mixture composition and nitrogen
fertilization was also described in the studies of Harasim (1995) and Szwed (1997). Jodelka et
al. (2006) showed that in grass-legume mixtures fertilized only with phosphorus and
potassium there was a decrease in the proportion of grasses. The decrease amounted about
25% with a significant increase of weeds (average 16% in relation to control). The greatest
reduction of infestation was achieved by combining the biopreparation with the highest
nitrogen dose (120 kg ha™). The share of weeds on these treatments ranged from 1.2% in the
Festulolium mixture with red clover (Al), to 5.3% in a mixture of Festulolium with alfalfa
(A2). These crops were characterized by relatively stable average 48% share of grasses and
legumes. The study shows that regardless of biopreparation and nitrogen dose the highest
infestation (10.4%) was for the Festulolium with red clover (mix Al). In addition, they were
characterized by the smallest (average 39%) proportion of legumes. The addition of alfalfa to
te mixtures (A2 and A3) increased the amount of legumes in the sward (average 49%) and
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slightly reduced the weed infestation (to less than 10%). Use of biopreparation, independently
of the mixture type and nitrogen dose, resulted in a significant increase in the proportions of
grasses and legumes in the sward, and a decline of weeds.

Table 2. Botanical composition (in %) of the first cut sward of Festulolium braunii mixtures with red clover and
alfalfa depending on the type of mixture, and application of biopreparation and nitrogen dose (average of years).

Type of mixture (A)

Nitrogen Biopreparation Mean
dose (C) (B) Al A2 A3
G L W G L W G L W G L W
cl Bl 473 382 145 384 425 19.1 379 49.6 125 412 434 154
B2 559 30.6 13.5 436 53.1 33 437 498 6.5 4777 445 7.8
for) Bl 49.1 36.6 143 422 462 11.6 43.1 475 94 448 434 11.8
B2 513 41.0 7.7 430 499 7.1 417 52,6 57 453 478 6.8
3 Bl 484 40.0 11.6 452 459 89 402 469 129 448 443 11.1
B2 498 490 1.2 446 50.1 53 506 475 1.9 483 489 28
Biopreparation (B)
Bl 483 383 134 419 449 141 404 480 11.6 435 437 13.0
B2 523 402 7.5 437 51.0 53 453 500 47 47.1 47.1 5.8
Nitrogen dose (C)
Cl 51.6 344 140 410 478 11.2 408 49.7 95 445 439 116
Cc2 50.2 38.8 11.0 42.1 48.1 9.8 424 50.1 7.5 449 460 94
C3 49.1 445 64 449 480 7.8 454 472 74 465 466 7.2
Mean 50.3 393 104 428 480 9.2 429 49.0 8.1 453 455 9.4

G — grasses; L — legumes; W — weeds

Al — Festulolium + red clover; A2 — Festulolium + alfalfa; A3 — Festulolium + red clover + alfalfa
C1 — without nitrogen; C2 — 60 kg N ha™'; C3 — 120 kg N ha™'

LSDy s for: B(G) 3.3, (L) 3.2, (W) 6.7, C(G) n.s., (L) n.s., (W) 4.3, CxB(G) 3.4, (L) 4.2, (W) 4.7

Conclusion

Using a biopreparation in the cultivation of Festulolium with legumes reduced the occurrence
of weed plants in the sward. Grasses and legumes participation were on 40-50% level. A
similar trend was obtained by using mineral nitrogen fertilization. The smallest share of
weeds (from 1.2 to 5.3%) was obtained by combining the biopreparation with mineral
fertilization at a dose of 120 kg N ha™'. The studies have also shown that the addition of alfalfa
as a mixture component caused an increase in participation of legumes and reduction of
weeds.
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Abstract

The purpose of nurse crops is to improve establishment and initial yield of newly sown leys
without having detrimental effects on the sward after the short-lived nurse crop has
disappeared. In a field experiment 0, 1.75, 3.5, 7.0 and 14 kg of seeds ha” of Westerwold
ryegrass (Lolium multiflorum Lam. var. westerwoldicum Mansh. = LW) were added as a nurse
crop to grass-clover mixtures to test the effects on both dry matter (DM) yield and weed-
proportion at establishment and on gaps in the sward and botanical composition after the LW
plants had disappeared. The addition of LW increased DM yield in the first harvest following
sowing by 22% when 1.75 kg LW seed was applied (1.38 Mg vs. 1.13 Mg DM ha™), and by
up to 81% in the 14 kg-treatment. The supplement of 1.75 kg LW seed decreased the weed
proportion from 32% to 25% and further to about 12% at the 7 and 14 kg LW treatments. In
contrast, at the end of the first main utilization year when the short-lived LW had disappeared,
the treatments with 7 and 14 kg of LW showed about 50% more gaps than the other LW
sowing rates and Lolium perenne yield was decreased by about 20%. We conclude that LW
used as a nurse crop may improve initial DM yield and suppress weeds successfully.
However, due to the pronounced risk of gaps and deteriorating botanical composition at high
sowing densities of LW, the seed rate should be kept well below 7 kg ha™.

Keywords: legume-grass mixtures, Westerwold ryegrass, Lolium multiflorum Lam. var.
westerwoldicum Mansh., nurse crop, weeds, sward density

Introduction

The success of legume-grass mixtures depends crucially on their development after sowing.
All sown species must establish properly and weeds must be successfully suppressed
(Sanderson et al., 2012). In addition, an early and high first yield has to be produced. Modern
mixtures are composed of fast- and slow-developing species (Nyfeler et al., 2009). The fast-
developing species cover the soil rapidly and produce the initial yield. Since they usually are
rather short lived they need to be replaced by the slow-developing, but more persistent,
species throughout the first main utilization year (Suter et al., 2012; Finn et al., 2013). The
amounts and proportions of seed of the various components are meticulously fine-tuned in
order to guarantee a seamless and successful sequence of species providing high yields of
good quality forage (Suter et al., 2010).

Based on the success of combining fast-developing with slow-developing species, the
question arises of whether adding an extremely fast-developing, but very short-lived species
as a nurse crop can further increase the initial yield of the mixture and improve suppression of
weeds. Lolium multiflorum Lam. var. westerwoldicum Mansh. (LW) exhibits these traits.
However, later growth of the mixture must not be compromised by the use of LW. Thus, in
order to test the suitability as a nurse crop in this context, a field experiment with different
sowing densities and cultivars of LW was established.

Materials and methods

From 2007 to 2009, a field experiment with two legume-grass mixtures was established at
four sites belonging to the ART Reckenholz-Ténikon Research Station. Mixture ‘A’ consisted
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of Trifolium pratense L., Trifolium repens L., Lolium perenne L., Dactylis glomerata L.,
Festuca pratensis Hudson and Phleum pratense L. In mixture ‘B’ D. glomerata and F.
pratensis were replaced with Festuca rubra L. and Poa pratensis L. To each mixture 0, 1.75,
3.5, 7 and 14 kg seed ha! of one of the following LW cultivars were added: ‘Andrea’,
‘Ducado’, ‘Grazer’, ‘Jivet’, ‘Lifloria’, ‘Limella’, ‘Lirasand’ and ‘Sabroso’. The experiment
was a randomized complete block design with four replicates. At the first cut, taken 7-9 weeks
after sowing, the herbage was harvested with a parcel-mower and dry matter (DM) yield was
determined. The weed proportion was expressed as % of biomass, based on samples taken
from each plot. Prior to the fifth (the final) cut of the first main utilization year, the gaps were
visually assessed and expressed as % of the surface. Data were analysed by analysis of
variance, testing ‘sowing density of LW’, ‘cultivar’, ‘mixture’ and their interaction effects.

Results and discussion

Adding LW increased DM yield in the first harvest following sowing by 22% when 1.75 kg
LW was applied (1.38 Mg vs. 1.13 Mg DM ha'), and by up to 81% in the 14 kg LW
treatment (Figure la). This increase in yield was identical for both mixtures and for all
cultivars (sowing density of LW X cultivar: ns), although there was a cultivar effect in dry
matter yield (P<0.05), caused by cv. ‘Sabroso’, which produced a significantly lower yield
than the other varieties (1.36 vs. 1.62 Mg DM ha'; data not shown). The steady increase in
DM yield caused by increased sowing density of LW suggests that the effect of the nurse crop
on dry matter yield may also be present at higher sowing densities of LW than were used in
this experiment. In an earlier study with two cultivars of LW (Opitz von Boberfeld, 1983), the
use of 20 kg of LW ha™' led to a 27% increase in dry matter yield in the sowing year.

In order to achieve a positive effect on quality of forage and weed suppression, the increased
dry matter produced by the nurse crop has to decrease both the weed proportion in the
herbage and weed growth, as expressed by weed DM ha™. In this experiment, the proportion
of weeds decreased strongly from 32% at 0 kg LW to 25% at 1.75 kg LW and further to about
12% at 7 and 14 kg LW (Figure 1b). The cultivars of LW showed significantly different
(P<0.001) weed-proportions, with cv. ‘Sabroso’ exhibiting the highest (25%) and cv.
‘Andrea’ the lowest (16%) value (data not shown). Not only weed proportion, but also weed
DM yield, was reduced significantly (P<0.01) by addition of LW seed. While weed DM yield
was 0.41 Mg DM ha at 0 kg LW it was less (0.37 Mg DM ha) at 1.75 kg LW and even
lower (0.23 Mg DM ha'l) at the 7 and 14 kg LW treatments (data not shown). This is evidence
for an immediate effect on weed suppression, an important factor in avoiding establishment of
perennial gap fillers (e.g. Taraxacum officinale) at this early phase of development of the
mixture. Weed DM yield was not affected by the cultivar of LW.

The differences between cultivars found in total DM yield and weed-proportion of the mixture
indicate that appropriate choice of cultivar is important. However, it remains unclear whether
these differences are due to differences at the individual cultivar level or are caused by
cultivar type, e.g. single-cut vs. multi-cut or diploid vs. tetraploid, as suggested by Opitz von
Boberfeld (1983). Thus, further analyses at cultivar-type level need to be conducted.

At the end of the first main utilization year, when the short-lived LW has disappeared, the
treatments with a sowing density of 7 and 14 kg of LW showed about 50% more gaps than the
others (Figure 1c) irrespective of the cultivar or the mixture. The effect of the 7 and 14 kg LW
sowing densities on gaps may be underestimated by simply looking at gap percentage:
Trifolium repens produced more dry matter at 14 kg LW than at 0 kg LW (P<0.0531; data not
shown), suggesting important ingrowth into gaps, thus lowering detected gap percentage.
Most importantly, high sowing rates of LW exhibited also about 20% less DM yield of L.
perenne: it was 0.55 Mg DM ha” at 0 kg LW and 0.45 Mg DM ha™ in the 14 kg LW
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treatment (P<0.05). Since L. perenne is a key component of yield, stability and quality of
these mixtures this is a very negative effect.

For all of our results, the various mixtures did not differ in their reaction to the LW treatments
(LW x mixture: ns), allowing for more general conclusions. It is of great importance that,
irrespective of mixture and cultivar of LW, a sowing density of 7 kg LW ha' and above had
detrimental effects on botanical composition and also increased gap percentage. Thus, our
results show that the threshold of 20 kg seeds ha™ of LW, the value mentioned by Opitz von
Boberfeld (1983) should be greatly reduced.

a) DM Yield b) Weed-Proportion c) Gaps
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Figure 1. Effects of including Westerwolds ryegrass as a nurse crop at different seed rates and mixture (dots,
Mixture A; triangles, Mixture B) on DM yield and % of unsown species in the first harvest after sowing and on
gaps in the sward at the end of the first year of utilization.

Conclusions

We conclude that use of LW as a nurse crop may improve initial dry matter yield of newly
sown swards and suppress weeds successfully. Due to the pronounced risk of gaps at high
sowing densities of LW, its seed rate should be kept well below 7 kg ha™.
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Abstract

Increased resource capture due to niche complementarity might explain the positive diversity-
productivity relationship often observed in experimental grasslands. In heavily fertilized
grasslands, the high leaf area index achieved by monocultures seems unfavourable to niche
complementarity for light. However, under moderate fertilization and frequent defoliations,
differences in light interception between sward types might be important. This study aimed at
assessing the effects of combining forage species with widely differing leaf traits on light
interception of agricultural grasslands as compared with grass monocultures. The percentage
of Photosynthetically Active Radiation (PAR) intercepted by the swards was measured after
four weeks of regrowth in monocultures, two- and four-species mixtures of Lolium perenne,
Cichorium intybus, Trifolium pratense and Trifolium repens fertilized at 145 kg N ha™ yr'', as
well as in L. perenne monocultures fertilized at 350 kg N ha’! yr". The moderately fertilized
L. perenne monocultures intercepted significantly less PAR (73%) than all other
monocultures, which intercepted more than 95% of PAR. In the L. perenne-C. intybus mixture
and in the C. intybus monoculture, PAR interception was higher than in the L. perenne
monoculture, although biomass production was similar. As evidenced by its monoculture, C.
intybus thus captured a high fraction of PAR at low level of biomass but no diversity effect
between this species and L. perenne was detected. Grass-clover mixtures intercepted more
PAR than the L. perenne-C. intybus mixture and as much as the heavily fertilized L. perenne
monoculture. Combining L. perenne with C. intybus or especially a clover species therefore
improved light interception of ryegrass-based swards at moderate levels of N fertilization.

Keywords: multi-species grasslands, Photosynthetically Active Radiation, light interception

Introduction

The need for increasing productivity while becoming more sustainable (sustainable
intensification) poses new challenges to agriculture. Nowadays, many productive grasslands
in Europe consist of grass monocultures with high nitrogen fertilization (Rochon et al., 2004).
On the other hand, studies have shown that combining only a few plant species with
complementary traits can significantly increase productivity of intensively managed
grasslands compared with that of grass monocultures (e.g., Nyfeler et al., 2009). A more
complete capture of resources is thought to form the basis for the observed diversity-
productivity relationship. Spehn et al. (2005) showed that mixing species with different
functional traits improved PAR interception in extensively managed grasslands. However,
intensively managed grasslands reach a high biomass density within a few weeks after
mowing (Suter et al., 2001). In these conditions, because of the unidirectional nature of light
(PAR), the vertical gradient for light within the canopy is steep. Moreover, PAR capture is
limited by the amount of PAR reaching the top of the canopy, without possibility for the
plants to acquire PAR from another source. Thus, complimentary effects between plants with
different sizes and leaf angles probably differ in extensive and intensive systems. This study
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aimed at assessing the effects of combining two or four forage species with widely differing
leaf traits on light interception of agricultural grasslands, as compared with moderately or
heavily fertilized grass monocultures.

Material and methods

Fifty-five swards of 15 m” each (3x5 m) were sown in August 2010 in a completely
randomized design. The composition of the swards was based on four species with different
leaf traits (leaf angle and height): Lolium perenne, Cichorium intybus, Trifolium pratense and
Trifolium repens. Sixteen monocultures (4 plots of each species), 24 two-species mixtures (4
plots of each combination) and 12 four-species mixtures were fertilized at the same moderate
level of nitrogen (N) fertilization (145 kg N ha’ yr'l), and 3 monocultures of L. perenne were
heavily fertilized (350 kg N ha™ yr'"). All swards were cut seven times in 2011. The following
measurements were performed in August 2011 after four weeks of regrowth: The relative
abundance of the species was assessed in each plot by sorting community biomass from a
50%50 cm sub-plot and measuring the dry weight of each species. The Photosynthetically
Active Radiation (PAR) was measured above the canopy (PARuwove) and at the soil level
(PARyeiow) in 5 different locations in each plot with a ceptometer (AccuPAR LP80, Decagon
Devices, USA). The proportion of PAR intercepted by the swards was calculated as: 100(1 -
PARpeiow / PARbove). ANOVA and Tukey’s test were performed to assess the difference in
PAR interception among the swards.

Results and discussion

The proportion of PAR intercepted by the swards varied from 68 to 99%. The lowest values
were observed in the moderately fertilized monocultures of L. perenne (73 + 2.5%; mean +
SE), while the monocultures of the three other species and of the heavily fertilized L. perenne
intercepted all available PAR (>95%; Figure 1a). Thus, the 2- or 4-species mixtures could not
further increase PAR interception compared to these monocultures (ANOVA, logit
transformation, P=0.70), making a positive diversity-resource capture relationship
impossible. In contrast, some monocultures of grassland species studied by Spehn et al.
(2005) had a vegetation cover as low as 50% at the Swiss site and, correspondingly,
intercepted less than 50% of the PAR. Our swards reached biomass levels of up to 288 g DW
m, while a biomass of 150 g DW m™ was sufficient to intercept more than 95% of PAR
(Figure 1a). Thus, in our intensively managed plots (fertilized and frequently defoliated), 10
of the 12 swards reached biomass values that were higher than needed to intercept all
available PAR. The only two exceptions were L. perenne monoculture and L. perenne-C.
intybus mixture.

C. intybus monoculture intercepted more than 95% of PAR with a biomass level of 153 g DW
m? while L. perenne was only able to intercept 73% with nearly the same amount of biomass
(123 g DW m™; Figure la). These results indicate that the leaf traits of C. intybus allowed
interception of more PAR per g DW m? than those of L. perenne. Such interspecific
differences (identity effects) originate from biomass allocation to leaves and stems and/or
from leaf traits, e.g. leaf angle and specific leaf area. As a consequence, the mixture of L.
perenne and C. intybus intercepted more PAR than the L. perenne monoculture, although the
amount of standing biomass was the same in both sward types (115 ¢ DW m™; Figure la).
Nevertheless, the L. perenne-C. intybus mixture showed no significant difference in PAR
interception compared with the average of the monocultures of its components (Figure 1b,
solid line, P=0.11). Thus, no significant diversity effect for PAR interception was detected on
a dry weight relative abundance basis when combining C.intybus with L. perenne. The effect
seems to be dominated by the higher light interception of C. inybus at low biomass.
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Conclusion

This study shows that monocultures and mixtures of, and respectively with, the productive
forage species T. pratense or T. repens, as well as monocultures of C. intybus achieve a
complete interception of the PAR (>95%) after 4 weeks of regrowth with a fertilization of 145
kg N ha' yr'!, therefore not allowing mixtures to intercept more PAR than monocultures.
However, at the same level of N fertilization, pure L. perenne stands intercept significantly
less PAR than the mixtures tested in this study. Thus combining L. perenne with C. intybus or
especially T. pratense and/or T. repens, improves light interception of ryegrass-based swards
at moderate levels of N fertilization.
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Figure 1. a. Proportion of PAR intercepted by different swards as a function of the standing biomass; error bars:
standard error of the mean. b. Proportion of PAR intercepted by the swards as a function of the relative
abundance of C. intybus; solid line: PAR interception in the mixtures as expected from the monocultures of their
components on a dry weight relative abundance basis, doted line: PAR interception in the heavily fertilized
monoculture of L. perenne. a, b, c: a common letter means that PAR interception is not significantly different at
the 5% level.
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Abstract

In the last decades of agricultural intensification, species diversity has been largely ignored.
However, in nutrient-poor grasslands, plant diversity has been shown to correlate with
increased primary production. If such positive productivity effects also apply to agricultural
grasslands, resource-use efficiency could be improved. To investigate whether other grassland
species and diverse grassland mixtures could be more productive and nutrient efficient, a
grassland on a shallow sandy soil in the south of the Netherlands was sown in April 2009 with
seven non-leguminous grassland mixtures at three levels of N-fertilization (total N = 80, 200
and 320 kg ha™). Overyielding was significant, but unrelated to fertilization level: 8.0%
overyielding for mixtures with two functional groups of grassland species and 14.4% for
mixtures with three functional groups. Transgressive overyielding was not apparent; the DP
mixture, containing only one functional group and dominated by the tall growing Dactylis
glomerata, was equally productive as the more diverse mixtures. The results suggest that
more digestible species can be included in the mixture without reducing maximum biomass
production. Sward quality of diverse grassland mixtures remained better, having fewer
invading species and more surface covered by sown species.

Keywords: grassland, Dactylis glomerata, overyielding, species diversity, species identity

Introduction

In the last decades of agricultural intensification, species diversity has been largely ignored. In
the Netherlands the main focus was on favouring and improving the most suitable economic
species, Lolium perenne. Conventionally fertilized grasslands of the Netherlands are
dominated by sown cultivars of L. perenne, with invading unsown species like Poa trivialis,
Poa annua, Stellaria media and Taraxacum officinalis. Most grasslands on sandy soils are
resown every 4-10 years due to botanical degradation often linked to drought periods; having
negative effects on soil biodiversity, soil organic matter content and water retention (van
Eekeren et al., 2008). Fertilization rates have been reduced in conventional agriculture due to
legislation, while the area of grassland that has restricted fertilization rates due to nature
considerations and organic production rules is growing. Under these circumstances other
grassland species might become more suitable. Moreover, in nutrient-poor grasslands plant
diversity has been shown to correlate with increased primary production (Hooper et al.,
2005). If such positive productivity effects also apply to agricultural grasslands, grassland
production could be improved using mixtures with a diversity of functional types.

Materials and methods

In April 2009 an experiment was started with seven grassland mixtures (Table 1), three levels
of N-fertilization and 3 replications (63 plots). Plot size was 7x4 m. The trial was sown on
commercially used grassland with a shallow sandy soil in the middle south of the Netherlands.
In the year of sowing, all the plots received equal fertilization (138 kg N ha™) by mixed
artificial fertilizer at the beginning of the experiment and two applications of cattle slurry at
20 m® ha™'. In 2010 all treatments received cattle slurry in early spring (80 kg total N ha™),
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and the N2 and N3 fertilization treatments received an additional 120 or 240 kg N ha™' (N2
and N3, respectively) of artificial fertilizer (CAN) in 3 equal parts before the first, second and
third cut. The plots were harvested four times in 2010. Dry matter yield was determined by
cutting a strip of 0.81x5 m, using a two-wheel tractor. After weighing the fresh biomass, a
sub-sample was dried for 48h at 70°C and analysed for dry matter. In May 2011, all sown and
invading species were listed per plot and the percentage of cover of each species in the upper
surface of the biomass was assessed visually. This assessment of cover percentage is used as
an indicator for the contribution of each species to the biomass production of the (fairly
homogeneous) grass sward, though it may overestimate tall growing species slightly.

For the analysis of the diversity effect, the mixtures were clustered according to the number of
functional groups. L (sod grass), DP (tussock grasses) and PC (non-leguminous herbs) were
categorized as having one functional group, LDP and LPC as having two functional groups,
and LDPPC and RICH as having three functional groups. Overyield was defined as the
difference between the yield of the plot and the average yield of the constituent single
functional groups (L, DP and/or PC), while transgressive overyield was defined as the
difference between the yield of the plot and the highest yield of the constituent single
functional group. The effects of number of grassland functional groups and fertilization level
on production and species presence were tested by an ANOVA using GENSTAT software.

Table 1. Composition of tested grassland mixtures.

Mixture L DP PC LDP LPC LDPPC Rich

Species --- seeding rate (kg ha!) ----

Lolium perenne 40 20 35 19 15
Dactylis glomerata 10 5 5 4
Phleum pratense 30 15 14 8
Cichorium intybus 5 1.5 1.5 1
Plantago lanceolata 5 1.5 1.5 1
Festuca rubra 4
Festuca arundinacea 4
Festuca pratensis 4
Daucus carota 1

Results and discussion

In autumn 2009, the newly sown grass mixtures were well established, though the
establishment of P. pratense and F. arundinacea was disappointing, while F. pratensis was
virtually not present. In spring 2011 the presence of the sown species was only slightly
changed, except for a clear reduction of Plantago lanceolata (a known autumn grower) while
P. pratense had almost disappeared. Thus, the DP mixture was completely dominated by D.
glomerata with only 2% of ground covered with P. pratense, while in the mixtures LDP,
LDPPC and RICH its presence could only be noted but no percentage of ground cover could
be assigned. Botanical composition was not affected by fertilization level, except for the type
of invading species: T. repens was the main invader at fertilization level N1, while P. annua
and S. media were the main invaders at levels N2 and N3. However, the number of invading
species and the percentage of cover with sown species were affected by the number of
functional groups sown (Table 2; P<0.05). The major part of this effect was caused by
mixture PC, which had a very open sward, but also the cover with sown species of L and DP
was 7-9% lower than of the mixtures LDPPC and RICH. Thus, this result does illustrate the
effect of species diversity on resistance to weed invasion, while simultaneously indicating the
importance of specific species in a mixture (‘species identity’) as was suggested by Huyghe et
al. (2012).
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Average aboveground biomass production was limited to only 7.8 t DM per hectare, and
significantly affected by fertilization rate and the diversity of the mixture sown (P<0.001;
Table 3). Besides a general diversity effect, there was one functional group with a large
additional effect: mixtures that included tussock grasses, dominated by D. glomerata, were
more productive than the other mixtures (+1.4 ton DM ha’l; P<0.001).

Table 2. Presence of species with more than 1% of cover (average of all N-levels). Values with different letters
are significantly different (P<0.05) within each column.

Number of functional groups % of ground cover

in mixture Sown species Invading species Number of invading species
1 70° 19 10.1°
2 88° 3 9.1°
3 91° 3 7.2

Table 3. Yields of mixtures at different fertilization levels (ton DM ha™). Values with different letters are
significantly different (P<0.05) within each column or row.

Number of functional groups in mixture 1 2 3 Average
Fertilization N1 >3 6.0 6.3 39 Z
level N2 7.9 8.3 8.9 8.3
N3 8.6 9.3 10.0 9.2°¢
Average 734 798 92°¢ 7.8

There was significant (P<0.001) overyielding: 8.0% for mixtures with two functional groups
and 14.4% for mixtures with three functional groups. This was relatively small compared
Nyfeler et al. (2009) and Finn et al. (2012) and was possibly because here we deliberately did
not include N-fixing herbs. The level of overyielding was not affected by fertilization level,
contradicting the assumption that positive diversity effects are more important under resource-
poor conditions. Transgressive overyielding was not apparent; the mixture DP was as
productive as LDPPC and RICH. As these more diverse mixtures had only + 40% of cover
with D. glomerata, it indicates the possibilities to increase digestibility by adding more
palatable species like L. perenne, without decreasing the yield of the highest yielding species.
Again, the large effect of D. glomerata on yields stresses the importance of species identity.

Conclusion

In this experiment, diversity effects on productivity and resistance to weed invasion were
modest and unrelated to the level of N-fertilization. However, results indicate that possibilities
exist to improve agricultural production using grassland mixtures with a diversity of
functional types adapted to specific agro-ecological conditions.
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Abstract

Increasing plant species diversity in grasslands may improve productivity and stability of
yields. In a field experiment we investigated the herbage dry matter (DM) yield of two-
species swards of perennial ryegrass-white clover (Lolium perenne L.-Trifolium repens L.)
and three-species swards of ryegrass-white clover with red clover (Trifolium pratense L.).
Five different managements represented cutting, grazing, and combinations thereof, with
different slurry-fertilization treatments in 1- to 4-year-old swards. The three-species mixture
over-yielded the two-species mixture in years 1 and 2. Across all four years the yields were 8-
10% higher in cut swards. Inclusion of red clover increased yields of clover across the four
years by 51% without fertilizer and by 90% when fertilized. Responses to slurry fertilization
were similar in both mixtures and were mainly independent of sward age. There was a
complementary effect over the season and across managements. Red clover dominated in the
first and third cuts; white clover dominated in the second and fourth cuts. Red clover
dominated in cut swards and white clover in grazed swards. The prospects of inclusion of red
clover in sown swards include higher nitrogen-use efficiency in ruminants, increased
provision of home-grown protein, increased soil fertility and improved sward flexibility.

Keywords: multi-species mixtures, cutting, grazing, grass-clover

Introduction

Increasing plant species diversity in grasslands has been shown to improve productivity,
resilience to environmental stress and nutrient use. In Danish agriculture, white clover has
been widely used in mixture with grasses due to its good persistence, moderate to high yields
and its resistance to grazing. Red clover is now also becoming more commonly used because
of its high forage yield potential, despite its poor persistence and poor resistance to grazing.
The complementary growth of red clover and white clover could maximize yields and
increase the persistence of the clover component under conditions that are not optimal due to
the effects of grazing, cutting or fertilization. This study focuses on two-species swards of
perennial ryegrass-white clover and three-species swards of perennial ryegrass with white and
red clovers, with five different management regimes representing cutting, grazing and
combinations, and different fertilizer treatments.

Materials and methods

During 2006-2010 we investigated yield and botanical composition of two- and three-species
1 to 4-year-old swards (Eriksen et al. 2013). The seed mixtures (26 kg ha'l) were: 1) 15%
white clover and 85% perennial ryegrass, and 2) 4% red clover, 14% white clover and 82%
perennial ryegrass. The grass-clover leys were subjected to five treatments during 2006-2010:
(1) Grazing regime with cattle slurry application in spring (100 kg total-N ha™); (2) Grazing
regime without slurry application; (3) One spring cut with cattle slurry application in spring
(100 kg total-N ha™) followed by grazing; (4) Cutting regime (four cuts) with cattle slurry
application (200 kg total-N ha™, half in spring and half after first cut); and (5) Cutting regime
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(four cuts) without slurry application. Herbage production was estimated under the grazing
regime in temporarily fenced-off parts of the grazed plots in spring and August.

Results

The three-species mixture produced higher yields

than the two-species mixture when the swards were . Total herbage
young, especially in year 1, and lower yields when 14

swards were four years old. The annual yields under Y S

the cutting regime showed very different 12 RN d d
developments with increasing age of the sward d \

. . . -~ gt
(Figure 1). The two-species mixture gave constant 10 - %r\ f
yields over time, whereas the three-species mixture ¥ $ e
showed a linear yield decrease over the four years.

. . Total clover
This was the net effect of a decrease in ryegrass 10
yield that was larger than the increase in clover s N
production followed by decreasing clover contents £ -
in three and four-year-old swards. 26
Fertilizer responses were similar in both mixtures = 4
and independent of sward age. The overall mean ° 2
annual yield increase, as a result of slurry
application, was 1.34 t DM, corresponding to 11 kg
DM per kg plant-available N. 109, . a
Compared to the cutting regime, the botanical 8y ® b b
composition in grazed plots differed in two aspects: A _boTTT PTT—ob
1) where red clover dominated in the two first years 4 C&‘\\ao//dﬁcxx’ b
under the cutting regime, this dominance was
already broken after the first year under grazing, 2
and 2) under grazing, the clover content - 0

1-yr 2-yr 3-yr 4-yr

especially white clover — was less influenced by

o ; L ( Grassiand
fertilization than under the cutting regime (Figure rassiand age

3 : : : —O— White clover/ryegrass ON
2). 'In the combination of cutting and grazing Whito cloveryeurass 200N
(spring cut followed by grazing) the red clover was —®— Red clover/white clover/ryegrass ON

more persistent, and in the August cut in the two- ®— Red clover/white clover/ryegrass 200N

year-old sward the red and white clovers were Figure I. Annual total, clover and ryegrass yields

present in almost equal proportions. of two- and three-species swards under cutting
regime.

Discussion

Under the cutting regime the average annual DM yield across all sward ages increased with
red clover inclusion — by 19% without fertilizer and by 16% when fertilized; the
corresponding clover yield increased by 51% without fertilizer and 90% when fertilized.
Frankow-Lindberg et al. (2009) also found a positive yield effect of red clover inclusion in
the first production year and also partly in the second year, but not in the third year. In the
spring harvest of subplots with a rest period in the grazed plots the inclusion of red clover
increased the average production by 26% without fertilizer and by 18% with fertilizer, and in
August the figures were 46 and 40%. However, the most pronounced effect of the inclusion of
red clover in grazed plots compared to the two-species mixture was in spring total clover
content, with a 145% increase without fertilizer and 175% when fertilized. The corresponding
values for August were 20% and 41%. Thus, the strongest effect on clover content of red
clover inclusion was under fertilized conditions.
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Grazing imposes recycling of N in animal excreta, trampling and more frequent defoliation,
and different clover species responded differently under grazing conditions. Grazing had
depressed the red clover content by the second production year, although it did not eliminate
it. The combination of cutting and grazing delayed this depression from the second until the
third year. White clover performed well, and was almost the same under grazing and cutting
regimes, as previously demonstrated by Sgegaard (2009). Thus, the three-species mixture
with red clover has potential as a flexible multi-purpose mixture in grasslands used for
grazing and cutting.

Figure 2. Clover dynamics in two- and three-species swards under
different managements.

Conclusions

This study has shown advantages for including red clover in the traditional ryegrass-white
clover mixtures that are widely used in north-western Europe. The three-species mixture that
included red clover gave higher yields than the two-species mixture in years 1 and 2, and,
under the cutting regime, across all four years the yield was still 8-10% higher. More
spectacularly, under the cutting regime, the effect of red clover inclusion on total clover yield
across the four years led to a 51% increase in the absence of slurry fertilizer, and a 90%
increase when fertilized with slurry. The practical prospects of this may be increased soil
fertility from N fixation and a lower fertilizer requirement in the arable phase of the mixed
crop rotation, and a more flexible sward that is able to perform well under changing
managements.
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Abstract

The current focus on sustainable agricultural production has increased interest in using forage
legumes to reduce inorganic-N inputs in Norwegian agriculture. This study quantified the
impact of tractor traffic, fertilization level and clover inclusion rate on grassland yield, clover
content in herbage and N, fixation in field experiments on mineral soils in northern, western
and mountainous regions of Norway. Three seed mixes (0, 15, 30% clover in total seed
weight), two N fertilizer rates (110, 170 kg N ha™) and three levels of post-cut tractor traffic
were examined. Preliminary results suggest that tractor traffic exerts site-specific effects on
grassland yield, clover content and N, fixation. Tractor traffic also reduced fertilizer-use
efficiency. Increased N fertilizer level strongly reduced the clover content in the grass-clover
swards, thereby decreasing N, fixation. Increased clover inclusion rate had small positive
effects on the parameters studied.

Keywords: grass-clover leys, fertilization, low input agriculture, N; fixation, soil compaction,
tractor traffic

Introduction

In Norway, red clover (Trifolium pratense L.) and white clover (Trifolium repens L.) are
widely used in seed mixes. However, clovers are more vulnerable to waterlogging and soil
compaction than grass species (Pulli, 1988). Previous studies have shown that in compacted
soil, root and shoot production and N, fixation are limited (Cook et al., 1996). The objective
of the present study was to quantify the impact of tractor traffic, nitrogen (N) fertilization
level and clover inclusion rate on forage crop yield, clover content in herbage and N, fixation.

Materials and methods

In spring 2010, field trials were established on mineral soils at three sites with different
climates: Tjgtta in northern Norway (65°49’N, 12°25’E), Fureneset in western Norway
(61°22’N, 5°24°E) and Lgken in the east-central Norwegian mountains (61°04°N, 09°04°E;
500 m a.s.l.). Three seed mixes (0, 15 or 30% clover in total seed weight) containing red and
white clover and a mixture of timothy (Phleum pratense L.), meadow fescue (Festuca
pratensis L.) and smooth meadow-grass (Poa pratensis L.) as grass components were tested.
The pure grass mixture was included to assess the contribution of clover to yield and quality
and to estimate N, fixation by the total nitrogen difference method (Danso, 1995). The total
seed rate was 30 kg ha' in all treatments. Two levels of fertilizer were used in 2011 and 2012:
110 kg total N ha™ as cattle slurry applied in spring and 170 kg N ha™ which included 60 kg N
ha” from mineral fertilizer applied after the first cut. Three levels of two wheel-by-wheel
passes with tractor traffic were introduced after each cut: no traffic, traffic with a light tractor
(3-4 Mg) and traffic with a heavy tractor (7 Mg). The experiment had a split-plot design with
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three replicates. The field trials were cut twice a year, dry matter yield (DMY) was recorded
and botanical composition estimated visually just before each cut. Crude protein content in
herbage was estimated by NIRS analysis. Analysis of variance was applied separately to data
from each site using a split-split plot model at Fureneset and Tjgtta to evaluate the
significance of tractor traffic (medium plots), N fertilization level (main plots) and seed mix
(small plots) on DMY and clover content. At Lgken a split plot model with tractor traffic on
main plots and a combination of fertilization and seed mix on small plots was used.

Results and discussion

In 2012 there was no statistically significant reduction (P<0.05) in total DMY by tractor
traffic at any site. However, there was a clear tendency of yield reduction at Lgken (P=0.06)
and to some extent at Fureneset and Tjgtta at the high-N fertilization level (Table 1). The
higher content of silt in the soil at Lgken (81%) compared with Fureneset (35%) and Tjgtta
(11%) may explain these results. Hakansson (1973) also found considerable yield reductions
related to tractor traffic on a silty loam and silty sand in northern Sweden. DMY increased
significantly more with higher N fertilization level without tractor traffic than with traffic at
Lgken (P<0.01) and Tjgtta (P<0.05), and the same tendency was found at Fureneset (Table
1). When soil was compacted, nutrients appeared to be less available due to reduced root
growth as reported previously by Cook et al. (1996). The DMY increase from increased N
fertilization was significantly higher in pure grass stands than in grass-clover stands at
Fureneset (P<0.01) and Tjgtta (P<0.05) and tended to be higher at Lgken (Table 1). Inclusion
of clover in the seed mix had more impact on yield than increased N fertilization.

Table 1. Impact of tractor traffic and clover inclusion at two fertilization levels (N-low = 110 kg N ha™, N-high
=170 kg N ha™") on mean DMY (t ha'y") and DMY increase between N-high and N-low in 2012 at Fureneset,
Tjgtta and Lgken.

DMY (tha'yr") 2012
Fureneset Tjgtta Lgken
N-low N-high Increase N-low N-high Increase N-low N-high Increase

Tractor traffic

No traffic 7.87 941 1.54 6.99  8.98 1.99 483 6.5 1.91
Light tractor 774 9.20 1.47 722  8.88 1.67 3.31 4.34 1.04
Heavy tractor 7.56  8.68 1.12 741 8.54 1.14 391 5.05 1.14
Seed mix

Pure grass 544 820 276 558 774 216 294 450 1.57
15% clover 8.51 9.23  0.73 8.07 9.32 1.26 428  5.80 1.52
30% clover 922 986 0.64 797  9.34 1.37 4.83 583 1.00

Table 2. Impact of tractor traffic, N fertilization level and clover inclusion rate on clover content before the
second cut as percentage of DMY in 2011 and 2012 at Fureneset, Tjgtta and Lgken.

% clover in DMY at second cut

2011 2012

Fureneset  Tjgtta  Lgken Fureneset  Tjgtta  Lgken
Tractor traffic
No traffic 21 43 20 34 43 26
Light tractor 19 39 28 35 34 37
Heavy tractor 15 44 22 35 37 32
Fertilization
110kg N 28 55 29 57 54 45
170 kg N 9 30 17 12 21 19
Seed mix
15% clover 19 40 21 35 37 31
30% clover 18 45 26 34 38 33
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Tractor traffic had only minor effects on the clover content in clover-grass stands (Table 2).
At Lgken, tractor traffic significantly favoured the growth of clovers in 2011 and a similar
tendency was found in 2012. However, in these treatments the crude protein content
decreased in 2012 (results not shown). This indicates that tractor traffic limited the uptake of
soil N, depressed growth of grass species and made clovers more competitive. Increased N
fertilizer rate significantly decreased clover growth at all three sites (Table 2), confirming that
grass species compete better than clovers for soil N and consequently display greater growth
(Huss-Danell et al., 2007). The difference between clover inclusion rates decreased over time
and in 2012 there was no difference in clover content at any site (Table 2). Vegetative
propagation of white clover can explain this diminishing effect of inclusion rate. Simple
calculations showed that N, fixation by clovers contributed a considerable amount of N to the
system. However, the amount varied widely between sites, years and treatments (range 17.4-
118 kg ha'! yr'l). Tractor traffic seemed to reduce N, fixation from the first to second cut, an
effect that was strongest at Lgken. Fertilization after the first cut dramatically decreased N,
fixation, e.g. by 58% at Fureneset in 2012. Increased clover inclusion in the seed mix
promoted N fixation to some extent, particularly early in the growing season.

Conclusions

Tractor traffic had site-specific effects on grassland yield, clover content and N, fixation.
Traffic also reduced the use-efficiency of applied fertilizer. Increased N fertilization strongly
reduced the proportion of clover in the grass-clover swards and thereby N fixation. Including
clovers in the seed mix had more impact on yield than increased N fertilization. Increased
inclusion of clover in the seed mix had negligible effects on yield, clover content and N,
fixation.
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Abstract

Species composition and biodiversity of managed grassland ecosystems deliver multiple
ecosystem processes. A major challenge is to identify community compositions that optimize
the simultaneous supply of several ecosystem functions. Here, we quantify the impact of
species interactions on multifunctionality in a grassland ecosystem, using a statistical
approach that separately estimates the impact of species identity and interaction effects. We
apply a multivariate extension of this approach to experimental data on multiple grassland
functions, including aboveground biomass, forage quality measurements and soil
measurements. We found that differing species-interaction relationships are associated with
the multiple functions. This approach can help facilitate the selection of a community
composition that optimizes species interactions for multiple functions.

Keywords: multifunctionality, ecosystem functioning, species identity effects, species
interaction, diversity effects

Introduction

The biodiversity and ecological processes within ecosystems combine to provide a range of
services that contribute to human well-being (Naeem et al., 2009). Species composition and
biodiversity of managed grassland ecosystems have been shown to affect multiple ecosystem
services, including forage production, resistance to weed invasion, soil nutrient cycling and
waste decomposition. These services are of economic importance. There is methodological
challenge to determine the composition(s) of multispecies mixtures that optimize the supply
of multiple processes. Increasing the number of species in a grassland mixture increases the
potential for interspecific interactions such as complementarity and facilitation, which have
been proposed as mechanisms in diversity-function relationships. However, effects of species
interactions on ecosystem functions can be negative as well as positive; a pair of species that
interact positively for one ecosystem function may interact negatively for another.
Biodiversity affects ecosystem functioning through a combination of component species-
identity effects and interactions among the species (Kirwan et al., 2009). In managed
ecosystems, mixtures can be constructed to exploit the species-identity effects and
interactions among species. It is therefore important to understand how species-identity and
interaction effects impact on multiple ecosystem functions. Kirwan et al. (2007, 2009)
developed a modelling methodology for assessing the impact of species-identity and
interaction effects on an ecosystem function. Here, we apply the models to multiple
ecosystem processes from the BIODEPTH experiment. We examine the patterns of identity
and interaction effects across different ecosystem functions.

Materials and methods

To assess the impact of functional group identity and interaction effects on ecosystem
multifunctionality, we used published data on nine ecosystem functions measured as part of
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the BIODEPTH experiment (Hector et al., 2005). BIODEPTH experimentally manipulated
plant species diversity at eight European grassland sites and measured the response of
ecosystem processes, including above-ground biomass in years 1, 2 and 3, root biomass
production by year 3, nitrogen % and nitrogen yield in above-ground vegetation, soil mineral
nitrogen, decomposition of wooden sticks (lignin) and decomposition of cotton strips
(cellulose). To facilitate general comparisons of identity and interaction effects across sites,
the diversity-interaction (D-I) models (Kirwan et al., 2007, 2009) were fitted at the functional
group level. For each of the nine ecosystem functions (Y;), the following model was fitted at
each site:
Yi= BsG+ B L+ BuH+ BeG*L + BeyG+xH+ Byl +H

where G, L and H are the proportions in the community of each of the grass, legume and herb
functional groups respectively, S, Br, and Sy are the functional group identity effects and fg,
Pon, and fry are the pairwise functional group interactions. To facilitate a comparison of
effects across ecosystem functions that were measured on different scales, effects are
presented as percentages.

Results and discussion

The identity of the best performing functional group differed across the ecosystem processes
(Figure 1). Grass was the best performing functional group for aboveground biomass in year 1
and for root biomass. Legume was the best performing functional group for soil N and lignin
and cellulose decomposition. Patterns of species interaction also differed across ecosystem
processes, but were in general positive (Figure 2). All three functional group interactions had
positive effects on aboveground biomass in years 1, 2 and 3 and plant-N yield (Figure 1). The
grass-herb interaction was associated most strongly with aboveground biomass production in
year 1 (Figure 1), while the grass-legume and herb-legume interactions were most strongly
associated with aboveground biomass production in years 2 and 3 and plant-N yield.

GL - Figure 1. Associations between functional
identity and interaction effects and multiple
ecosystem  processes. The  diversity-
interaction models were fitted to the data
from each site for each of the nine
2 responses, resulting in 81 sets of model
GH - Nperc coefficients. Detrended correspondence
HL - analysis was applied in order to identify
associations between the multiple eco-
system processes, functional group identity
HL + yield2 effects (grass, legume, herb, indicating

wood So?lo_t}EIm yie%%* which is the .best perforrping for an
0 NVeg ecosystem function) and species interaction
legume effects (GL, GH, HL, which can be positive,
negative). Ecosystem processes that are
grass similar in terms of the functional group
17 root yield1 GH + identity and interaction effects appear closer
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Figure 2. Patterns of interaction effects for nine ecosystem processes. Mean interactions across the
nine sites are given for Grass x Legume (<), Grass x Herb ([7) and Legume x Herb (A) interactions.

Conclusions

The multiple ecosystem processes were related to both individual functional group
performances (identity effects) and interactions among functional groups. However, there was
no single biodiversity-multifunctionality relationship. The comparative performances of the
functional groups differed depending on the ecosystem function. The scale of the
contributions of interactions among the functional groups also varied across the ecosystem
functions. This implies that if a mixture community was selected to optimise diversity effects
for one particular ecosystem function, then the benefits of potential interactions might not be
achieved for other functions where different species interactions are important.
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Abstract

Adding plant diversity to forage systems may help growers deal with increasing fertilizer
costs and a more variable climate. Maintaining highly diverse forage mixtures in forage-
livestock production is difficult and may warrant a closer reexamination of simpler grass-
legume mixtures to achieve similar objectives. This study evaluated the performance of alfalfa
(Medicago sativa L.) and tall fescue (Schedonorus phoenix (Scop.) Holub) mixtures against
tall fescue monocultures fertilized with nitrogen across six different sites in the United States.
Experimental treatments included three alfalfa-fescue mixtures, an alfalfa monoculture, and
six tall fescue monocultures that received 0, 50, 100, 150, 200 and 300 kg N ha'l,
respectively. Total forage yield, grass N yield, weed biomass, within-season yield stability
and fertilizer nitrogen replacement values (FNRV) were measured during the 2011 growing
season. Mixtures yielded an average of 6860 kg ha”', which was similar to fescue
monocultures fertilized with 100 kg N ha'. Alfalfa-dominated plots exhibited the highest
seasonal yield stability and mixtures effectively suppressed weeds. Most FNRVs for alfalfa
were lower than reported in other studies (mean 116 kg N ha™'). Overall, good mixture yield
mainly depended upon the alfalfa component as tall fescue growth did not benefit greatly
from the association. Although replacing N fertilizer with alfalfa has environmental benefits,
forage yield in mixture might be improved with cultivars that better complement each other
when grown together.

Keywords: alfalfa, grass mixtures, Fertilizer Nitrogen Replacement Value, weeds

Introduction

The relationship between plant diversity and forage productivity in grasslands has received
much attention in recent years. Conclusions from these studies have been mixed but show few
agronomic benefits to sowing highly diverse mixtures (e.g., Tracy and Faulkner, 2006). Some
level of plant diversity should be beneficial to various aspects of forage production, however.
For example, sufficient plant diversity should enable grassland communities to resist
environmental stress and produce more stable yield. The practicality of maintaining highly
diverse forage communities in forage-livestock production is questionable though, so it may
warrant a closer reexamination of simpler grass-legume mixtures to achieve similar
objectives. The objective of this study was to evaluate performance of alfalfa-grass mixtures
against grass monocultures fertilized with N. Performance was evaluated by measuring forage
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yield, grass N yield, seasonal yield stability and weed biomass during the 2011growing
season. Fertilizer nitrogen replacement values (FNRV) of alfalfa in mixture were estimated as
well.

Materials and methods

The experiment was established at six locations in five US states (Virginia, Wyoming, Utah,
Wisconsin, Pennsylvania and Maryland). Experimental treatments included three alfalfa-tall
fescue mixtures, one alfalfa monoculture, and five N-fertilizer rates applied to tall fescue
monocultures, plus an unfertilized control. Three mixtures were sown at the same rate but
with alfalfa:fescue seed ratios of 75:25, 50:50 and 25:75. The ten treatments were randomly
assigned to 30 plots at each site yielding three replications per treatment. Plot size varied
slightly across sites, but none were smaller than 2x3 m. Five nitrogen application rates were
applied to tall fescue monoculture plots at rates of 50, 100, 150, 200 and 300 kg N ha™'. Plots
were mechanically harvested when alfalfa plots had reached approximately 10% bloom. In
2011, total dry matter yield was quantified at each harvest by cutting a strip from the centre of
each plot. A subsample of plant material was sorted to tall fescue, alfalfa and weed
components. The tall fescue component from each sample was ground to 1 mm and analysed
for %N content by combustion. The experiment was analysed as a randomized complete
block design with subsampling. The six sites were treated as blocks with each block
containing 30 plots. Yield data, N yield of tall fescue, within season yield CV (coefficient of
variation), and weed biomass were analysed using Proc GLM procedure in SAS. The fertilizer
nitrogen replacement value (FNRV) of alfalfa in mixture was estimated using methods similar
to Zemenchik et al. (2001).

Results and discussion

Total yield ranged from 4994 kg ha™' at the Wyoming site to 8633 kg ha! at the Pennsylvania
site. Alfalfa-fescue mixture yields were similar to grass monocultures that received 100 kg N
ha (Table 1). Most yield contribution in alfalfa-grass mixtures came from the legume

Table 1. Treatment means from the 2011 growing season. N = N fertilization rate, ALF = % of alfalfa in mix.

Forage Weed Yield CV Grass N Yield
Treatment Kg ha’ Kg ha’ % Kg N ha™!
NO 4038 c 398 b 84 a 68 d
N50 5551 dc 215 b 76 abc 121 bed
N100 6586 be 153 b 78 ab 146 be
N150 7498 abc 255 b 76 abc 169 abc
N200 8085 ab 110 b 73 abc 193 ab
N300 8812 a 100 b 65 abc 242 a
ALF100 6139 acd 1002 a 46 c -
ALF75 7230 abc 163 b 48 be 156 be
ALF50 7002 abc 148 b 52 be 143 bed
ALF25 6348 be 121 b 60 abc 117 cd

+TWithin columns, means followed by the same letter are not significantly different according to Bonferoni t test
(P<0.05)
component, as has been reported elsewhere (Jones et al., 1988). Weed biomass was much
higher in alfalfa monocultures compared with other treatments (Table 1). The highest weed
biomass occurred in the early spring and in plots with heavy alfalfa weevil infestations, which
were common in some monoculture stands. Although mixtures suppressed weeds better than
alfalfa monoculture, N fertilization of monoculture fescue plots was also effective. Grass
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inclusion in mixture and N fertilization probably made stands more competitive against weed
invasion. Within-season yield variation was lowest for swards sown with 100% alfalfa and
highest for unfertilized fescue (Table 1).

The higher stability of alfalfa-dominated plots was likely the result of more even production
over the growing season as deep-rooted alfalfa compensated for slower grass growth in
summer (Sleugh et al., 2000). Evidence for this growth compensation can be seen in seasonal
yield at the Virginia site (Figure 1). As expected, nitrogen yield in forage increased with N
application rate in monocultures and averaged 156 kg N ha . Mean nitrogen yield of tall
fescue in mixtures was lower (138
kg ha™) and similar to monocultures

2500 —e— Alfalfa in Mix

2000 that received between 50 and 100 kg
= 1500 Fescus in Mix N ha' (Table 1). The FNR\I/ of
2 alfalfa averaged 140 kg N ha™ for
g 1222 alfalfa sown at 75% of mixture and

--a---100% Alfalfa 6 ko N ha™ for mixtures with 25%

0+ alfalfa. The 50:50 mixtures were

May June July Aug Nov. intermediate at 123 kg N ha™. These

values were lower than other studies

Figure 1. Seasonal yield at the Virginia site. of other comparably aged legume

stands. For example, Zemenchik et

al. (2001) reported FNRVs between

200-250 kg N ha'. Given the rising costs of N fertilizer and a possible renewed interest in

grass-legume plantings, standardization of FNRV calculations may be warranted to facilitate
comparisons among studies.

Conclusion

Alfalfa-grass mixtures yielded similarly to monocultures fertilized with 100 kg N ha™. Alfalfa
was estimated to replace about 116 kg N ha” in mixtures. Mixtures also helped suppress
weeds compared with monoculture alfalfa. Alfalfa inclusion was critical in stabilizing
seasonal yields, mainly due to the better growth of alfalfa during summer months. While the
benefits of alfalfa-grass mixtures were substantial, we believe they could be greater. One
direction of future research could involve more breeding or selection efforts for grass and
legume cultivars that possess better growth complementarity in mixtures.
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Abstract

The replacement of nitrogen fertilizer with nitrogen derived from N fixation offers important
economic and environmental advantages. We investigated the effects of plant diversity of
grasses and legumes, nutrient application and cutting on ecosystem function (aboveground
biomass) in a productive grassland system. We varied resource levels (two levels of nitrogen
fertilizer) and biomass removal intensity (two levels of cutting height) across a gradient of
plant diversity (four species: Lolium perenne, Phleum pratense, Trifolium pratense and
Trifolium repens) and relative abundance (varying species proportions) over a period of three
years. Aboveground biomass was on average 16.5% greater in mixtures than in monocultures.
On average, the yield benefits due to increasing evenness of four species mixtures were at
least as big as the effects of increasing nitrogen by 150 kg ha™ yr''. These results indicate the
potential of grass-legume mixtures to provide yield benefits at moderate levels of nitrogen
application.

Keywords: mixtures, monocultures, evenness, yield, legume

Introduction

There is increasing pressure on agricultural systems to become more efficient in resource use,
thereby reducing inputs while maintaining or increasing productivity (Gruber and Galloway,
2008; Finn et al. 2013). The addition of nitrogen-fixing species to grass-dominated or
monoculture swards has long been recognized for its potential to increase yields. In
intensively managed grasslands, mixture systems have rarely gone beyond two species, and
associations other than legume-grass have rarely been considered. The conditions associated
with intensive pasture management such as grazing intensity and high soil nitrogen levels may
prevent the realization of yield benefits of multi-species swards. Here, we investigated
whether diverse communities were more productive than their constituent monocultures under
different regimes of environmental pulse (cutting) and press (nitrogen-fertilization)
perturbation.

Materials and methods

Main plots were laid out (8.1x4 m) and sown in mid-September 2006 with communities of
four commonly used agronomic grassland species (Lolium perenne, Phleum pratense,
Trifolium pratense, Trifolium repens). Sowing proportions of these four species were varied
according to a simplex design giving 25 distinct communities with different levels of
evenness (E): four monocultures (E = 0), six binary mixtures (E = 0.67) and 15 different four-
species mixture communities (E = 0.29, 0.64, 0.88, 1) (Kirwan et al., 2007). All communities
were sown at two levels of initial overall community biomass based on seed weight. Sowing
densities were defined according to the sowing rates for each species as monocultures. Main
plots were divided into four equally sized sub-plots. Split-plot treatments consisted of two
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levels of nitrogen (approximately 50 and 200 kg ha™' yr' of nitrogen) and two levels of
cutting severity at harvest (7 cm and 2 cm) in factorial combination. Wet conditions over all
three years limited harvesting to three occasions in 2007 and 2009 (spring, summer and
autumn) and two in 2008 (late spring and late summer).

Results

Significant overyielding occurred over the three years, and across each of the nitrogen levels
and cutting treatments (see Figure 1 for comparison of average monoculture yields and
average mixture yields at high evenness). This diversity effect was robust to the effects of
nitrogen addition and cutting and exceeded the average effect of adding 150 kg ha™ yr' of
nitrogen to monocultures in the first two years and overall. The diversity effect was
maintained across the first two years, but was reduced in year three.

2007 - Tom 2008 - Tom 20092 - Fcm

-

ha

o
1

—

10.0 7 I

7.5+
Ea
E N_lewel
=

+ LowN

o 2007 - Zem 2008 - Zem 2008 - Zem o
4R
- 180 + HighN
o
-

12.5+

10.0 1 {

0.00 025 050 0.5 1.00 0.00 0.25 0.50 0.6 1.00 0.00 025 0.50 0.75 1.00
Evenness

Figure 1. Effect of nitrogen level and sward evenness on biomass across cutting treatments and year. Regression
lines show the evenness effect at high (upper line) and low (lower line) levels of nitrogen. The mean and
standard deviation of all replicates at a given evenness level is illustrated. Confidence intervals are presented in
grey shading. The y-axis intercept corresponds to the average monoculture performance; the slope of each line
corresponds to the magnitude of overyielding.
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Discussion

In this study, the observed effects of sown plant diversity on total yield show that some
agronomic mixtures under relatively low nitrogen levels may perform as well as (or better
than) grass monocultures under high nitrogen levels and at different levels of cutting severity.
Indeed, mixture yields at the low level of nitrogen fertilization were comparable to the yields
of the best-performing monoculture at the high nitrogen level (L. perenne in 2007 and P.
pratense in 2008 and 2009), and were consistently higher than average monoculture yields.
See also Nyfeler et al. (2009) for similar results. Although overyielding was not as large in
magnitude as that found in other studies, it was unaffected by both nitrogen and cutting and it
was realized from the first year after establishment. The diversity effect was substantially
reduced in year 3, most probably due to lowered levels of legumes in the sward. This also
likely explains the large yield difference between fertilizer levels in the third year, whereby
the lower amounts of legumes resulted in reduced nitrogen fixation and transfer to the sward.
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Abstract

The effects of cut date, cut interval and number of cuts on dry matter (DM) yield and
persistence were studied in two field trials with pure stands of perennial ryegrass (Lolium
perenne L.) in Sweden (57-59°N). The aftermath effect of the harvest system was studied one
year after treatment. There was a site-specific impact of harvest system, with the most critical
parameter being time of first and last cut. Delaying the first cut increased DM yield, but the
aftermath effect depended on site. Early first harvest increased ley DM yield in the next year
at northern sites, but decreased it at southern sites.

Keywords: Lolium, harvest, defoliation, system, yield, persistence

Introduction

Timing of cuts in a forage harvesting system affects the growth and persistence of grass leys.
Delaying the first cut of perennial ryegrass increases the yield and proportion of stems, but
has the opposite effect on aftermath growth (Gilliland, 1997). The cultivation of perennial
ryegrass in Sweden extends up to 60°N latitude and the species are not fully adapted to the
Swedish climate. A successive decline in biomass production over time has been reported for
perennial ryegrass in Sweden (Gutmane and Adamovich, 2008; Halling, 2012). Therefore any
improvement in harvest management that maintains yield will be important for farmers. This
study explored the effects of different timing of cuts, growth intervals and numbers of cuts on
the yield and persistence of perennial ryegrass.

Materials and methods

Field trials were conducted at two sites using a single-factor, randomized block design with four
replicates. Pure stands of perennial ryegrass variety SW Birger were established in spring
2007, undersown in a cover crop at a seed rate of 32 kg ha, at Uppsala (59°50°N, 17°42’E)
and Radde (57°61°N, 13°26’E). Uppsala is close to sea level and Radde is located in the
southern Swedish highlands at about 185 m a.s.l. The trials had eight different harvesting
systems (Table 1). The normal time for first cut in Table 1 refers to booting stage (50% of
heads more than half visible). The ‘early’ time is one week before and the ‘late’ one week
after normal. At Uppsala, the third cut was one week later than planned in Table 1, but the
fourth cut was as planned. At Radde, the first cut in treatment D was two days earlier than in
A and E. At Uppsala, all early first cuts were taken at the same time. In the second ley year,
all treatments were harvested twice, to record the aftermath effects. Plots were fertilized with
100, 80, 60 and 60 kg N ha™ before cuts 1, 2, 3 and 4 respectively, and P and K were applied
according to plant-available levels in the soil. The average plot size was 12 m’ and all plots
were harvested using a Haldrup plot harvester with 1.5 m working width. The herbage
removed was weighed, sub-sampled and dried for 3 hours at 105°C for dry matter (DM)
determination. In the first ley year (2008), the growing season started on 20 April at Uppsala
and 16 April at Radde and ended on 27 October at Uppsala and 26 October at Radde (season
start and end defined as five days with mean daily temperature above or below 5°C,
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respectively). Uppsala had warmer weather, with a total temperature sum (threshold 5°C) of
1534°C for the whole growing season, compared with 1415°C for Radde.

Table 1. Harvesting systems with planned dates and length of growing season (wk.=weeks).

Code First cut Second cut Third cut Fourth cut

A Early (30/5) 6 wk. (11/7) 8 wk. (5/9)

B Normal (6/6) 6 wk. (18/7) 8 wk. (12/9)

C Late (13/6) 6 wk. (25/7) 8 wk. (19/9)

D Early (29/5) 6 wk. (11/7) 8 wk. (5/9) 6 wk. (17/10)
E Early (30/5) 7 wk. (18/7) 7 wk. (5/9)

F Normal (6/6) 6 wk. (18/7) 7 wk. (5/9)

G Late (13/6) 5 wk. (18/7) 7 wk. (5/9)

H Late (13/6) 6 wk. (25/7) 6 wk. (9/9)

Each cut was statistically analysed using variety and site as fixed factors and replicate as
random factor. Least squares means were calculated from the statistical model and are
presented in the results. The Mixed procedure SAS Version 9.3 was used for these analyses
(Littell et al., 2006).

Results
The DM yields in different cuts at each site were analysed separately (Table 2).

Table 2. Least square means of dry matter yields (kg ha') in treatment year and aftermath year at the two sites.

First ley year Second ley year
Harvest 4th Total Total Yield ley
system Istcut  2ndcut 3rd cut cut yield Istcut 2ndcut  yield 1+2
Uppsala
A 5358 4 800 5809 15 967 4399 3128 7527 23 494
B 6 824 4854 5033 16 711 3952 3108 7 060 23771
C 7596 4972 5667 18234 2910 3008 5918 24152
D 5321 4838 5583 893 16 636 1453 2871 4325 20961
E 5364 6292 5687 17 343 4630 3106 7735 25078
F 6 663 4697 5390 16 750 3762 3050 6812 23 562
G 7747 3802 5554 17 102 4167 3109 7276 24 378
H 7778 4720 4941 17 439 3868 3005 6873 24312
Radde
A 5655 2791 3935 12 381 3987 2990 6978 19 359
B 6 879 2 694 3374 12 947 4348 2979 7327 20274
C 7358 3005 3383 13 746 4207 2903 7111 20 857
D 4993 2529 3933 1388 12 844 3543 3404 6947 19 791
E 5354 3466 3324 12 143 3903 2802 6 705 18 848
F 6570 2737 3135 12 441 4111 2601 6712 19 153
G 7251 2201 3596 13 048 4117 2883 7 000 20 048
H 7343 2974 2716 13 033 4398 2671 7 069 20102
LSD 282 300 379 513 582 205 699 -
P HS 0.001 0.001
P HS*S NS 0.001 0.041 NS 0.001 0.001 0.001 -

LSD = Least significant difference at P<0.05, HS = harvest system, S = site, NS = not significant; for
explanation of treatments A-H see Table 1
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A significant interaction was found between treatment and site (P<0.041-0.001), except for
the first cut and total DM yield in the first ley year at both sites. DM yield was significantly
greater (by 16-27%) when the first cut was delayed by one week from early to normal time at
both sites, but not when it was delayed by one week from normal to late. Delaying the third
cut by two weeks resulted in a significant DM yield increase of about 5% of total seasonal
DM yield at both sites when the two late systems C and H were compared. However, this
delay decreased total DM yield in next year by 12% at Uppsala. The highest yielding systems
were those with late first and third cuts. At Radde, there was no significant effect of this delay
in the next year. The largest negative aftermath effect was found in the four-cut system at
Uppsala (treatment D), which decreased the total DM yield in the next year by 43%. The
strongest aftermath effect on DM yield was in the first cut of the second year at Uppsala, but
this pattern was not seen at Radde. The aftermath effect at Radde was first seen at the second
cut. A delay from early to normal first cut had a negative effect (treatment F to E), but a delay
from normal to late first cut had a positive effect (treatment G to F). A delayed second cut at
Rédde decreased DM yield in the second cut in the next year (treatments E to A and H to G).
A delayed third cut at Radde decreased DM yield in the second cut in the next year
(treatments E to A and H to G). However, in the total DM yield the aftermath effect was
counterbalanced. More generative heads were observed in the first regrowth after an early
first cut (data not shown).

Discussion

There was a strong site impact on the effect of different harvest systems, which is difficult to
explain. At the more northern site (Uppsala), a delayed third cut or a late fourth cut had a
much larger negative influence on the persistence of perennial ryegrass, expressed as DM
yield next year, than at the more southern site (Radde). Length of the growing season after
last cut was almost the same at both sites. The effect of delaying the first cut from early to
normal time on DM yield in the next year was also site-specific, giving a positive aftermath
effect at the northern site, but a negative effect at the southern site. This study focused on DM
yield, but nutritive quality is also an important aspect when choosing the optimal harvest
system.

Conclusions

Harvesting system had a site-specific impact on yield of perennial ryegrass. The most critical
parameter was time of first and last cut.
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Abstract

An accurate grass growth model would be a valuable tool in anticipating grass growth and
grass utilization at farm level. Ideally, a grass growth simulation model must be accurate,
dynamic, use realistic input parameters and incorporate meteorological data. The objective of
this study was to parameterize the grass growth model developed by Jouven et al. (2006) to
increase its accuracy of grass growth simulation in the south of Ireland. The model was
parameterized using an optimization technique where a number of the parameters in the
model were optimized with the objective function of minimizing the root mean square error
(RMSE). Both meteorological and grass growth data for the period 2005 to 2009 were
included in the optimization process. During validation the Jouven Model was compared to
the Adapted Model. RMSE was reduced from 20.45 kg DM ha™ day™ with the Jouven Model
to 14.62 kg DM ha™' day™ with the Adapted Model. MSPE was reduced from 476 to 183. The
proposed changes to the Jouven Model improved grass growth simulation in the south of
Ireland. The adapted version of the Jouven Model can be used for grass growth simulation;
albeit without perfect simulation.

Keywords: grass growth, model, adaptation, simulation

Introduction

Budgeting grass supply allows farmers to minimize the quantity of purchased feed required in
the diet of grazing livestock. Forecasting grass growth and hence reducing volatility around
grass supply will be a key feature of profitable milk and meat production systems in the
future. An accurate model to simulate grass growth would be a valuable tool in anticipating
and planning grass growth and grass utilization at farm level. Three grass growth models were
evaluated by Hurtado-Uria et al. (2013). The model developed by Jouven et al. (2006)
(hereafter referred to as the Jouven Model) was shown to have the greatest potential to
simulate grass growth in Ireland; however, Hurtado-Uria ef al. (2013) concluded that the
model would require adaptation and parameterization to improve its grass growth simulation.
The objective of this study was to parameterize the Jouven Model to increase its grass growth
simulation accuracy in Ireland using data from 2005 to 2009.

Materials and methods

The Jouven Model is described in detail by Jouven er al. (2006). The model combines
functional and structural components. In the model a site is described by its nitrogen (N)
index (Bélanger et al., 1994), water holding capacity (WHC) and grassland community. Only
above-ground grass growth is modelled. To parameterize the Jouven Model for Irish
conditions, the Solver Tool pack for Microsoft Excel was used in association with Moorepark
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meteorological and grass growth data from the 2005-2009 period (Hurtado-Uria et al., 2013).
The optimization procedure was applied with the objective function set to minimize the root
mean square error (RMSE) of observed versus predicted grass growth, by adjusting a number
of parameters. A number of constraints were included to ensure both inputs and outputs were
sensible in the optimization process. Herbage production was modelled for the period 2005 to
2009 using climatic data from Teagasc, Moorepark (hereafter referred to as Moorepark). The
grazing season was divided into three periods: spring (January to April), mid-season (April to
August) and autumn (August to November). Modelled data were compared with grass growth
measured at Moorepark for 2005-2009 (Hurtado-Uria et al., 2013) using RMSE (Jin et al.,
2005) and mean square prediction error (MSPE) (Rook et al., 1990) as measures of fit.

Results and discussion

The Adapted Model simulated total herbage production for the years 2005 to 2009 with more
accuracy than the Jouven Model (Figure 1). The random variation of the MSPE was 0.905 for
the Adapted Model compared to 0.482 for the Jouven model, and R’ (0.87) was improved for
the Adapted Model compared to the Jouven model (R*=0.66). The Adapted Model simulated
the seasonal herbage production in the spring for the years 2005 to 2009 with more accuracy
than the Jouven Model. The Jouven Model undersimulated grass growth in all years (data not
shown). The best fit for the Adapted Model was achieved in spring with a MSPE of 25 kg DM
ha™ day’ (R?=0.89) with the random variation making up the greatest component of the
MSPE and the mean bias was zero (Table 1), and was poorest in mid-season. The Adapted
Model reduced the RMSE from 16.36 kg DM ha for the Jouven Model to 12.84 for the
Adapted Model).
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Figure 1. Average grass growth (kg DM ha™' day™") simulated by the Jouven Model, the Adapted Model and
measured grass growth data for the average of 2005-2009 at Moorepark.

Table 1 Mean square prediction error (MSPE) and R? of the Adapted Model for five years (2005-09) and for
spring (January-April), mid-season (April-August) and autumn (August-November).

Proportion of MSPE

. o 2
Period Model version Mean bias Line bias Random MSPE R

Total Adapted 0.034 0.060 0.905 152 0.87
Spring Adapted 0.000 0.106 0.894 25 0.89
Mid-season Adapted 0.034 0.177 0.789 221 0.43
Autumn Adapted 0.072 0.120 0.808 166 0.72

Several parameters were changed, including the initial biomass of green vegetative material
(reduced from 650 to 300 kg DM ha'l) and initial biomass of dead vegetative (from 560 to
300 kg DM ha™'); bulk density of green vegetative material was increased from 850 to 1200 g
DM m’3; minimum temperature threshold (reduced from 4°C to 0°C), and maximum
temperature threshold (reduced from 20°C to 18°C); the initial and end of reproductive
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growth temperatures changed from 600°C d to 725°C d and from 1200°C d to 975°C d,
respectively.

Conclusion

The Adapted Model improved grass growth simulation in the south of Ireland. This
improvement was achieved with changes on the parameters used by the model, thus making
the adaptation possible for other locations. The adapted version of the Jouven Model can be
used for grass growth simulation; however, further changes to the model could be made
around the functions of the model.
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Abstract

A factorial field experiment with perennial ryegrass, tall fescue, white clover and red clover
was established at f\s, Norway in 2010. Monocultures of each species and mixtures with
either 25% seed weight of each species or 67% of one species and 11% of the other three
species in all combinations were sown at two seed rates. In 2011 and 2012 the plots were
harvested either three or five times a year. A low level of fertilization was applied. Mixtures
yielded more than monocultures; in the second year they yielded almost as much as the high
N control of perennial ryegrass. On average, monocultures had better herbage quality (NE;,
digestibility) than mixtures, but not enough to compensate for the lower DM yields in terms
of harvested NE,, or digestible DM hal.

Keywords: mixtures, herbage quality, perennial ryegrass, tall fescue, white clover, red clover

Introduction

Mixtures of grass and legume species in forage production can contribute to higher yields and
reduced needs for fertilizers (see review by Sturludottir et al., 2013). The experiment reported
here is part of the EU-FP7 project Multisward, and aims to describe how mixtures of
perennial ryegrass, tall fescue, white clover and red clover perform in terms of dry matter
(DM) yield and herbage quality under low nitrogen input and two harvesting frequencies.

Materials and methods

Monocultures of each species, as well as mixtures with either 25% seed weight of each
species or 67% of one species and 11% of the other three species in all combinations, were
sown at two total seed rates (normal and half, i.e. 20 and 10 kg ha’, respectively) in a
randomized split-plot design with harvesting regime as the main plot factor, and species
composition and seed rate as subplot factors. In 2011 and 2012 the plots were harvested either
three or five times a year (3H and 5H). A low level of N fertilization (100 kg ha"yr’l) was
applied together with P (33 kg ha™ yr') and K (150 kg ha™' yr'"). Control plots of perennial
ryegrass monocultures receiving an additional 200 kg N ha'yr' were included in the
experiment (3H only, 2 replicate subplots per seed rate). DM yield was recorded at each
harvest. Herbage quality variables (crude protein (CP), water-soluble carbohydrates (WSC),
neutral detergent fibre (NDF), indigestible NDF (iNDF), ash, potassium, digestibility and net
energy for lactation (NE;)) were estimated by NIRS (Fystro and Lunnan, 2006) in samples
from all plots with the normal seed rate from all harvests in 2011. Digestible NDF (dNDF)
was calculated as NDF-iINDF. For each quality variable an average value across harvests was
calculated by weighting according to the yield of each harvest. The data were analysed by
analysis of variance.
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Results and discussion

The average total DM yields in 2011 were 11.1 and 9.7 t ha" in the 3H and 5H harvesting
regimes, respectively. In 2012 the equivalent figures had decreased to 10.9 and 7.9 t ha™'. All
mixtures yielded significantly (P<0.05) more than all monocultures in both harvesting
regimes in both years, except that the yield of the red clover monoculture in the 3H regime in
2012 was similar to that of the lowest yielding mixtures (Figure 1). The high-N perennial
ryegrass monoculture yielded 18% more than the best-performing mixture in 2011. In 2012
this yield difference was reduced (and not significant). In the 3H regime, grass monocultures
had significantly lower yields in 2012 than in 2011, while the white clover monoculture and
red clover-dominated mixture had higher yields in 2012 than 2011. In the SH regime the yield
in 2012 was significantly lower than the yield in 2011 in perennial ryegrass and red clover
monocultures as well as in mixtures dominated by these two species. The yield decrease in
grass monocultures may be due to a lack of N, which appears to have been more severe in
perennial ryegrass. An increase in yield in some clover-dominated treatments may be due to
slower establishment of these species. A limited tolerance to frequent cutting in red clover
may explain the yield reduction in the SH red clover-dominated plots from 2011 to 2012.
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Figure 1. Total dry matter yield in 2011 and 2012. Lp: Lolium perenne, Fa: Festuca arundinaceae, Tr: Trifolium
repens, Tp: T. pratense, C: centroid (25% seed weight of each of the four species), m: monoculture, d: mixture
with 67% seed weight of the species mentioned and 11% of each of the three other species; light grey: three
harvests per year, dark grey: five harvests per year. Averages of four replicate subplots +/- SE. The two seed
densities were combined here for simplicity as the effect of this factor on total DM yield was small.

Grass monocultures were significantly higher in WSC and dNDF, and significantly lower in
CP, iNDF and ash, than clover monocultures, which had the opposite characteristics (Table
1). Further, perennial ryegrass had more WSC and less iNDF than tall fescue, and white
clover had more CP and less dNDF than red clover. There was no significant interaction
between species and harvesting regime for these five quality variables, and the mixtures were
intermediate between grass and clover monocultures. For NE;, digestibility and potassium
content the picture was more complex (Table 2). Perennial ryegrass and white clover from
both harvesting regimes and tall fescue from the SH regime had significantly higher NE. and
digestibility than red clover from the 3H regime, while red clover from the SH regime and tall
fescue from the 3H regime were intermediate. On average, monocultures (low N) had
significantly higher digestibility and NE, than the mixtures (Table 3), indicating that these
quality variables were affected by species interactions. The high N perennial ryegrass
monocultures had significantly higher CP, dNDF and iNDF, and significantly lower WSC,
NE, and digestibility, than the low N perennial ryegrass monocultures (Table 1 and 2). The
shift of carbohydrates from WSC to fibers in perennial ryegrass (and possibly tall fescue)
upon higher nitrogen levels may explain the reduced quality of mixtures. The difference in
quality between monocultures and mixtures was not large enough to compensate for the lower
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DM yields of monocultures; the variation in total yield measured as NE; ha™' or digestible
DM ha™ resembled variation in DM ha™'.

Table 1. Monoculture herbage quality. Average values for variables for which there was no significant effect of
harvesting regime and no significant interaction between harvesting regime and species. Lp: Lolium perenne, Fa:
Festuca arundinaceae, Tr: Trifolium repens, Tp: T. pratense, CP: crude protein, WSC: water soluble
carbohydrates, dNDF: digestible neutral detergent fibre, iNDF: indigestible NDF, all expressed as % of DM.
Values not followed by the same letter are significantly different. * indicates a significant effect of additional
nitrogen supply when comparing the Lp monocultures with the Lp high N controls. N = 4. P<0.05 for all tests.

Lp Fa Tr Tp Lp—high N control
Cp 10.0¢ 102 ¢ 233a 20.8b 13.26 *
WSC 28.7a 24.1b 122¢ 12.1¢ 20.6 *
dNDF 432a 44.1a 229c¢ 26.1b 44.7 *
iNDF 6.55¢ 8.20b 9.62a 9.81a 7.95*
Ash 5.8b 6.2b 89a 84a 7.0

Table 2. Monoculture herbage quality. Average values for variables for which there was a significant interaction
between harvesting regime and species. Lp: Lolium perenne, Fa: Festuca arundinaceae, Tr: Trifolium repens,
Tp: T. pratense, 3H, 5H: three or five harvests per year, NE;: net energy for lactation, Dig: digestibility, Pot:
potassium, both expressed as % of DM. Values not followed by the same letter are significantly different. *
indicates a significant effect of additional nitrogen supply when comparing the Lp monocultures with the Lp
high N controls. N = 2. P<0.05 for all tests.

Lp Fa Tr Tp Lp-high N control
3H SH 3H SH 3H SH 3H SH 3H
NE, 6.42a 6.26ab 598¢c 6.26ab 6.43 a 6.41 a 6.02c 6.13bc 6.12 *
Dig 77.1a 752ab 73.0cd 753ab 743bc 73.7bc 703e 71.6de 72.7 *
Pot 222d 242cd  2.58bc 2.68b  2.79 ab 276 b 3.02a 2.62bc 2.54

Table 3. Average values for herbage quality variables for which there was a significant difference between the
average monoculture and the average mixture. NE;: net energy for lactation. Values not followed by the same
letter are significantly different. P<0.05 for all tests.

Monocultures (n = 16) Mixtures (n = 20)

NE, 6.24 a 6.01b
Digestibility 7382 71.5b
Conclusion

Mixtures yielded more than monocultures; in the second year they yielded almost as much as
the high-N control of perennial ryegrass. On average, monocultures had better herbage quality
(NE., digestibility) than mixtures, but not enough to compensate for the lower DM yields in
terms of harvested NE, or digestible DM hal.
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Abstract

The concept of mutual intercropping of annual legumes for forage production is based on four
main principles: (1) same time of sowing, (2) similar growing habit, (3) similar time of
harvest and (4) that one component should have good standing ability and another has a poor
one. A small-plot trial was conducted at the Experimental Field of the Institute of Field and
Vegetable Crops at Rimski San¢evi in 2009/2010 and 2010/2011. It included eight intercrops
of vetches (Vicia spp.) with other annual legumes and the pure stands of each. Among the
autumn-sown intercrops were common (V. sativa L.), Hungarian (V. pannonica Crantz) and
hairy (V. villosa Roth) vetches with faba bean (V. faba L.), and bitter vetch (V. ervilia (L.)
Willd.) with pea (Pisum sativum L.), while the spring-sown ones comprised common vetch
and Narbonne vetch (V. narbonensis L.) with faba bean and white lupin (Lupinus albus L.).
The highest two-year average forage dry matter yield (10.8 t ha™') was obtained from the
intercrop of hairy vetch with faba bean, while the highest two-year average value of Land
Equivalent Ratio (LER) was in the intercrop of Narbonne vetch with white lupin (1.16).

Keywords: forage dry matter, intercropping, Land Equivalent Ratio, vetches, Vicia

Introduction

In most European temperate regions, pea (Pisum sativum L.), common vetch (Vicia sativa L.)
and other annual legumes are traditionally intercropped with cereals for both forage and grain
production. Little is known on intercropping annual legumes with each other. An initial
research project on this topic was launched during the last decade, managed jointly by the
Faculty of Agriculture of the University of Novi Sad and the Institute of Field and Vegetable
Crops. The primary target of this concerted action was the role of annual legumes in
establishing perennial ones, where the annual legume acts as a 'bioherbicide' (Cupina ef al.,
2009a), and with mutual intercrops and varietal mixtures of annual legumes, with a basic idea
of retaining high crude protein content in forage dry matter, unlike intercropping with cereals
(Miki¢ et al., 2012). The aim of this research was to assess the forage yield potential in
intercropping various vetch species with other annual legumes.

Materials and methods

A small-plot trial was conducted at the Experimental Field of the Institute of Field and
Vegetable Crops at Rimski Sancevi in 2009/2010 and 2010/2011, including eight intercrops
of vetches with other annual legumes and the pure stands of each. Among the autumn-sown
intercrops, there were common, Hungarian (V. pannonica Crantz) and hairy (V. villosa Roth)
vetches with faba bean (V. faba L.), and bitter vetch (V. ervilia (L.) Willd.) with pea, while
the spring-sown ones comprised common vetch and Narbonne vetch (V. narbonensis L.) with
faba bean and white lupin (Lupinus albus L.). All the intercrops were designed according to
the four basic principles of the mutual annual legume intercropping (Cupina e al., 2011): (1)
same time of sowing, (2) similar growing habit, (3) similar time of harvest and (4) that one
component has good standing ability and another has a poor one.
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All autumn intercrops and pure stands were sown on 8 October 2009 and 15 October 2010,
and the spring ones were sown on 2 March 2010 and 6 March 2011. The plot size was 5 m”.
There was a randomized block design with three replicates. The sowing rates in pure stands
were 180 viable seeds m™ for all vetches, 75 viable seeds m for faba bean and white lupin,
and 120 viable seeds m™ for pea, with all the sowing rates reduced by 50% in all eight
intercrops. The plots with cut when the pure stands or one intercrop component were in full
bloom.

The forage dry matter yield (t ha) was determined on the basis of fresh forage yield and
forage dry matter proportion in the green forage samples taken after the cutting and dried to a
constant mass at a room temperature. The reliability of forage dry matter yield of each
intercrop was determined by calculating its Land Equivalent Ratio (LER):

LER = FDMY(v)ic / FEDMY (v)ps + FDMY (0al);c / FDMY (0al)ps,

where FDMY (v);c and FDMY (v)ps are the forage dry matter yields of the vetch component in
each intercrop and each pure stand, respectively, while FDMY (oal),c and FDMY (oal)ps are
the forage dry matter yields of the other annual legume component in each intercrop and each
pure stand, respectively.

The results were analysed using Statistica 8.0 software. Analysis of variance (ANOVA) was
performed and means separated by Fisher’s Least Significant Difference (LSD) test at 0.05.

Results and discussion

The highest two-year average forage dry matter yield among the pure stands (Table 1) was in
autumn-sown faba bean (10.4 t ha), and the lowest two-year average forage dry matter yield
among the pure stands was in Narbonne vetch (6.5 t ha™). The two-year average forage dry
matter yield in the intercrops of hairy vetch with faba bean (10.8 t ha) and common vetch
with faba bean (10.3 t ha') were significantly higher in comparison with all other six
intercrops (Table 2). The two-year average forage dry matter yield in the intercrop of bitter
vetch with pea (8.1 t ha™') was significantly lower in comparison to all other intercrops. This
intercrop of bitter vetch with pea had better agronomic performance in other research in the
same agroecological conditions, where it produced 11.5 t ha™ of forage dry matter (Krsti¢ et
al., 2011). Overall, the intercrops of vetches with other annual legumes had higher forage dry
matter yield in comparison with the varietal mixtures of pea with different leaf types, with a
range between 6.5 and 8.1 tha (Cupina etal.,2010).

Table 1. Two-year average forage dry matter yield (t ha™') of pure stands of vetches and other annual legumes at
Rimski San&evi in 2010 and 2011.

Sowing time Crop Pure stand Forage dry matter yield
Bitter vetch 7.8
Vetches Common vetch 8.6
Autumn Hairy v.etch 9.9
Hungarian vetch 7.3
Faba bean 104
Other annual legumes Pea 74
Vetches Common vetch 7.6
Spring Narbonne vetch 6.5
Other annual legumes Fab.a bean. 94
White lupin 8.8
LSDO'05 1.2

In comparison with the all other tested intercrops (Table 2), those of Narbonne vetch with
white lupin (1.16) and common vetch with white lupin (1.14) had significantly higher two-
year average values of LER. The intercrops of vetches with other annual legumes had
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narrower variation of LER than intercropping grass pea with faba bean and white lupin, with
from 1.04 to 1.22, in the same agroecological conditions (Cupina et al., 2009b).

Table 2. Two-year average forage dry matter yield (t ha™) and its land equivalent ratio (LER) in intercropping
vetches with other annual legumes at Rimski Sancevi in 2010 and 2011

Sowing time Intercrop Forage dry matter yield LER
Bitter vetch + pea 8.1 1.07
Autumn Co.mmon vetch + faba bean 10.3 1.09
Hairy vetch + faba bean 10.8 1.07
Hungarian vetch + faba bean 9.6 1.07
Common vetch + faba bean 9.2 1.08
Spring Common vetch + white lupin 9.3 1.14
Narbonne vetch + faba bean 8.9 1.11
Narbonne vetch + white lupin 8.8 1.16
LSDy o5 0.6 0.03
Conclusions

Intercropping various vetch species with other annual legumes has a considerable potential for
forage production and has preliminarily proved economically reliable. The future research
will focus on yield components, quality aspects, underground biomass and symbiosis.
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Abstract

Strong benefits of sward diversity have been demonstrated in agricultural grasslands. A key
factor in achieving significant productivity effects may be for mixtures to maintain relatively
even species proportions over time. Here we focus on the changes in species proportion over
four harvest years in mixtures of four agronomic species: timothy (Phleum pratense) (fast
establishing), meadow fescue (Festuca pratensis) (persistent), red clover (Trifolium pratense)
(fast establishing) and white clover (Trifolium repens) (persistent), receiving three levels of N
fertilizer (20, 70 and 220 kg N ha™). Mixtures were more productive and showed greater yield
stability over time than their individual components in monoculture irrespective of fertilizer
treatment. The proportion of timothy fell after the second year, as expected, but increased for
red clover in mixtures at 20N. The contribution of white clover was generally low and
fluctuated little over time, whereas meadow fescue became more prominent. An a priori
selection of four species possessing different functional traits has resulted in mixtures which
surpassed monocultures both in total yield and yield stability over four years.

Keywords: grass-legume mixtures, yield stability, nitrogen fertilizer, nitrogen fertilizer,
species composition

Introduction

In the light of dwindling resources for agriculture, ways must be found to reduce inputs but at
the same time maintain or increase production. For intensive fodder production, the current
practice is to apply high levels of mineral fertilizer to grass monocultures. It has been
suggested that the targeted use of functional biodiversity, in particular grass-legume mixtures,
could play a role here as it has the potential to increase productivity, forage quality, resource
efficiency and environmental-friendliness (Peyraud et al., 2009). Recent results, using two
grasses and two forage legumes at 31 sites across Europe that were harvested for three years,
have indeed demonstrated strong positive mixing effects (Finn et al., 2013). Yield benefits
were generally robust to changes in the relative abundance of the four component species.

In addition to the benefits from symbiotic N, fixation, positive effects of mixing grasses and
legumes may derive from niche differentiation, such as effects resulting from differences in
their seasonal growth pattern or across years (Nyfeler et al., 2009).

But yield stability is no less important than overall dry matter yield, and the targeted use of
legumes in grassland systems may be hampered by insufficient persistence of legumes in the
sward due to competitive exclusion from their grass companions. This problem may be
further accentuated under marginal growth conditions in northern areas where winter survival
of legumes becomes an additional stress factor (Bélanger et al., 2006). Within forage mixtures
it has been difficult to demonstrate a clear relationship between yield stability and measures
of species richness and it has been pointed out that species identity and the selection of
particular species in the mixture may play a more dominant role than richness per se
(Sanderson, 2010). The aim of the present study was to analyse the effects of species diversity
on productivity and stability of grass-clover mixtures under marginal conditions. We have
already demonstrated that mixtures consistently out-yielded the highest yielding mixture
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component in monoculture (Helgadéttir ef al., 2012). Here we focus on the changes in species
proportion over four harvest years.

Materials and methods

Four monocultures and grass-legume mixtures of timothy (Phleum pratense) (fast
establishing), meadow fescue (Festuca pratensis) (persistent), red clover (Trifolium pratense)
(fast establishing) and white clover (Trifolium repens) (persistent) were established in a
completely randomized simplex design (Kirwan et al., 2007) in spring 2008 at Korpa
Experimental Station, Iceland. All mixtures contained all four species differing widely in
sowing proportions. Both mixtures and monocultures were established at two different sowing
densities. There were three different N fertilizer treatments: 20, 70 or 220 kg N ha yr''. Total
number of plots was 66. All plots received 40 kg P and 60 kg K ha™ yr in early spring. The
plots were harvested twice a year for four years (2009-2012) and sown and unsown species
proportions were determined by manually separating plant samples from permanent sub-plots.

Results and discussion

The mean total biomass of mixtures over the four years was in all cases higher than the mean
of the mixture components in monoculture, the yield advantage being 54, 51 and 25% for 20,
70 and 220 N, respectively (Figure 1). Interestingly, the mean yield of mixtures at 70N
surpassed the monoculture yield at 220N, being 7.0 and 6.9 t ha, respectively. Monocultures
generally also showed greater variation in yield than mixtures. The yield distribution was
particularly skewed at 220N resulting in differences between the median and mean values.
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Figure 1. Boxplots of total dry matter yield, presented for monocultures (Mono) and mixtures (Mix), for 20, 70
and 220 kg N ha™, over four harvest years. The middle 50% of the data lie within the box, with a line indicating
the median. Whiskers extend beyond the ends of the box as far as the minimum and maximum value.

Timothy persisted relatively well in monoculture at all N levels in the early half of the
experiment but declined from then on, whereas meadow fescue established slowly but became
more competitive against weeds with time (Figure 2). The clover species, on the other hand,
persisted poorly in monoculture, particularly at 70 N. Similarly, timothy dominated the
mixtures for the first two years, but after four years red clover made up around 40% of the
herbage at 20 N, whereas meadow fescue and timothy contributed around 40% each at 220 N
with weeds making up the remainder. All four sown species, on the other hand, contributed
approximately equally to the herbage at 70 N after four years. This fertilizer level should
therefore be sufficient under northern conditions to obtain a favourable balance between
grasses and legumes, thus benefitting from N fixation of the legume component and also for
optimum forage quality (Sanderson, 2010). The legume components were virtually excluded
at the highest N level, as expected. Interestingly, red clover was more persistent than white
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clover both in monocultures and mixtures, particularly at the lower N levels, possibly
reflecting its stronger competitive ability for light (Nyfeler et al., 2009).

20N 70N 220N
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Figure 2. Changes in species proportion over time for a) monocultures, starting from sowing proportion 100%,
and b) mean over all mixtures, starting from 25% for each species on average, grown at 20, 70 and 220 N ha™'.

Conclusions

These results confirm that an a priori selection of four species possessing different functional
traits has resulted in mixtures which surpassed monocultures, both in total yield and yield
stability over a period of four years. These results demonstrate that species composition of
mixtures is highly dependent on the N level applied. From an agronomic viewpoint,
application of 70 kg N ha™ can be recommended as it results in well balanced mixtures that
show persistent herbage yield and should give good quality fodder.
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Abstract

Studies were carried out in 2006-2009 at the Experimental Farm Falenty on a permanent
meadow on mineral soil (dry meadow). The aim was to assess the effect of undersowing the
meadow with the red clover (Trifolium pratense L.). The effects were evaluated in terms of
the proportion of red clover in the sward, by herbage yield and total protein content and its
increase in the sward of undersown fields. The selected fields of 0.6 ha were fertilized
annually with mineral fertilizers (PK, P in the form of phosphate rock meal K as potassium
sulphate) or with natural fertilizers — solid manure and liquid manure. In spring 2006 some
plots were undersown with tetraploid red clover (cv. Bona) at 8 kg ha'. Thus, six
experimental treatments were established. On selected plots of 25 m? in five replicates,
botanical composition, herbage yield and total protein content in the sward were recorded
every year. Significant increase of red clover on undersown fields caused significantly higher
yields in the three years following undersowing. There was increased total protein content in
the sward and increased herbage yield on treatments with red clover.

Keywords: effects, permanent meadow, protein, red clover, sward yields, undersowing

Introduction

Legumes and their mixtures with grasses play a role in both integrated and organic production
systems (Duer, 1999). Due to their high nutritive value, legumes are grown in mixtures with
various grass species and their ability to fix nitrogen is particularly important in economic
terms (Bartmanski and Mikotajczak, 1997; Mikotajczak, Bartmanski, Wolski 1999) and in
view of the national obligations to reduce greenhouse gas emissions. Undersowing is a low-
input method of introducing these plants into the sward which improves botanical
composition of grasslands (Bartmanski, Mikotajczak, 2001; Golifiski, 1998). Its efficiency is
determined by plant competition, fertilization and habitat conditions (Warda, 1999). The aim
of the study was to assess the amount and quality of the yield of permanent meadow
undersown with red clover and fertilized with various mineral and organic fertilizers.

Materials and methods

Studies were carried out in 2006-2009 on a permanent meadow. Three experimental plots of
0.6 ha each were delineated in spring 2006. Mineral (PK) fertilization was applied to one and
natural (manure and liquid manure) to the other two plots (Table 1). The doses of organic
fertilizers were calculated based on their N content (evaluated according to Kjeldahl method)
and on the equivalent availability, which was assumed 0.5 for manure and 0.8 for liquid
manure when applied to soil. At an annual fertilization rate of 60 kg N ha™', manure dose was
18-22 t ha! and that of liquid manure was 20-25 m® ha™. A half of each plot was undersown
with tetraploid red clover (Trifolium pratense L.) cv. Bona. Floristic composition of meadow
sward (determined before the first cut (method of Klapp, 1962) and annual dry matter yields
(from 5 subplots of an area of 25 m? in each plot) were analysed in the study. Based on yield
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and the content of total protein in meadow sward, the 'protein effect' (i.e. the increment of
protein production in particular treatments with undersowing relative to not-undersown
treatments [PK, M and LM]) was calculated. Data concerning the DM yields were analysed
using analysis of variance in Anova 1 in Statistica.

Table 1. Detailed scheme of experiment.

Fertilization

Plot Fertilization rates Form of fertilization
treatment
30 kg P ha .
PK PK +60 kg K ha' Ground phosphate rock and potassium phosphate
___________ PK+C______...asabove +symbiotically fixed N__P, K — as above with undersown red clover
60 kg N ha-i’ 30 kg Manure covered the requirements for N, P and K
Manure Pha”, 60 kg K ha™' q ’
,,,,,,,,,,, M+C _________asabove + symbiotically fixed N __Manure as above with undersown red clover
Liquid LM 60 ke N ha'’ 30 ke K. was supplemented with ground phosphte.
Pha”, 60 kg K ha’ ’
manure rock
LM+C as above + symbiotically fixed N Liquid manure as above with undersown red clover
Results

Botanical composition of the sward showed dynamic changes (Table 2) in all treatments.
Undersowing with red clover increased legume content. The species was competitive with
respect to grasses or to herbs and weeds. Red clover had the lowest share in the year of
undersowing, but this share increased to achieve maximum in the third year. Manure was
more favourable than PK for the growth of red clover, and liquid manure was the least
favourable. In the liquid-manure treatment the share of red clover was two times smaller than
in other treatments.

Table 2. Botanical composition of the sward in the years 2006-2009.

Percent in particular treatments in years 2006 and 2009

Plant-species

groups PK PK+C M M+C LM LM+C
2006 2009 2006 2009 2006 2009 2006 2009 2006 2009 2006 2009
Grasses 7477 860 797 720 820 83.0 883 650 71.0 90.0 79.7 78.0
Legumes 4.0 100 9.0 26.0 1.7 4.0 0.7 30.0 4.0 5.0 1.3 14.0
Herbs and weeds 21.3 40 113 20 163 13.0 11.0 50 250 50 19.0 8.0
Total 100 100 100 100 100 100 100 100 100 100 100 100

In the PK-fertilized treatment, despite lack of N fertilization, large yields (6.44 to 7.85 t ha'l)
were obtained (Figure 1). Undersowing with red clover (PK+C versus PK) increased the yield
slightly in 2006 but yield increment was more substantial in the years 2007-2009.

Dry matter yield of 6.72 t ha™! obtained in
the manure-fertilized treatment in 2006
was slightly higher than that from the PK
treatment. Differences in the yield from
the two treatments were also small in
other years. Undersowing of the manure-
fertilized treatment with red clover
resulted in significant yield increments in
2008 and 2009.

20 | that

2007
oPK @PK+C oM aM+C 8aLM alLM+C

2008 2009

Figure 1. Dry matter yields (t ha™') of meadow sward, PK,
PK+C, M, M+C, LM, LM+C - fertilization treatments;
vertical bars indicate LSD value (P=0.05).
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Fertilization with liquid manure appeared quite effective and significantly increased yields in
2007 and 2009 compared with treatments fertilized with PK and manure. Undersowing the
liquid-manure fertilized treatment with red clover increased its share in the sward and a
systematic significant yield increase in subsequent years. In all treatments undersown with red
clover a trend of increasing protein content in herbage was observed (Table 3).

Table 3. The average protein content (%) in the study years.

Years Fertilization treatments
LSD 0.05
PK PK+C M M+C LM LM+C
2006 14.75 14.05 15.06 15.59 16.14 17.13 2.64
2007 15.45 15.89 16.63 16.75 14.66 15.59 1.73
2008 16.81 17.41 17.39 18.08 14.47 15.52 2.87
2009 14.81 16.45 16.21 17.65 12.34 14.28 2.03

The increment of total protein production
Table 4. The increment of total protein production (t ha™) from treatments undersown with red clover
in relation to PK, M and LM in particular treatments . . .
. SR as an outcome of the increase in yields and
attributed to undersowing with red clover. N . X ! .
in protein content (i.e., the so called 'protein

Years Treatments effect’, varied among treatments (Table 4).
PK+C M4+C LM+C In the PK+C and M+C treatments the
2006 0.09 0.01 030 increment of protelq was sma'll in the year
of undersowing but increased in subsequent
2007 0.34 0.24 0.21 . .
years. Undersowing with red clover
2008 0.25 0.35 0.32

appeared most effective in the manure-
2009 0.71 0.97 0.17 fertilized treatment where the protein effect
amounted to 0.97 t ha” in the third year
after treatment.

Conclusions

Undersowing was most effective in the manure-fertilized treatment and the least effective in
liquid manure fertilized treatment: the proportion of red clover in the meadow sward was
33.7% in the former and only 14% in the latter.

Undersowing with red clover was a highly effective measure and its results were manifested
in the increase of yields by 20% on average, and in protein increments in subsequent years,
particularly in the PK- and manure-fertilized treatments.
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Abstract

To improve the utilization of annual grass-clover a higher focus on the nutritive value during
the whole growing season is needed. In a field experiment seven different cutting strategies
with different regrowth lengths and cut numbers were examined in a sward composed of
perennial ryegrass (Lolium perenne L.), festulolium (Festulolium braunii K.A.), white clover
(Trifolium repens L.) and red clover (Trifolium pratense L.). The cutting strategies highly
influenced seasonal growth and nutritive value and only slightly influenced the proportion of
red and white clover and the annual yield. Strategies with an early spring cut gave the best
yearly mean of digestibility of organic matter, but the strategies also showed different
potential to achieve different goals for use of the harvested herbage. The results showed the
necessity of a decision support system which includes the higher intake when feeding with
clover.

Keyword: cutting strategy, red clover, white clover, nutritive value, digestibility

Introduction

Often there is a great focus on the nutritive value of the spring cut and only little focus on the
rest of the growing season. However, in a farm situation, the whole year's complete herbage
production is used for feeding different cattle groups that have different demands. The
challenge is to optimize the proportion of the annual production with a satisfactory nutritive
value for high producing dairy cows. More cuts are often co-ensiled in horizontal silos, which
is one of the reasons for why a planning tool for cutting time that also indicates which cuts
should be co-ensiled, could be useful. By comparing different feeding trials, Weisbjerg et al.
(2011) showed that milk yield did not increase further when the in vitro organic matter
digestibility (IVOMD) in grass-clover increased above 78%, and that point was independent
of time in the growing season. This gives a possibility to use IVOMD as a goal for planning
the seasonal cutting strategy. Here results are shown from an experiment with different cut
number and regrowth length in 2012. The aim was to collect data as a part of the background
for developing a decision support system for the seasonal cutting strategy.

Materials and methods

Seven different cutting strategies shown in Figure 1 were examined on a sandy loam at
Foulum in Denmark in a sward (26 kg seed per ha; % of seed in brackets) composed of red
clover (9%), white clover (9%), festulolium (50%) and perennial ryegrass (32%). The swards
were fertilized with 100 kg N ha™ in spring and 60 kg N ha™ after the second cut. There were
four replicates. The grass-clover was undersown in a spring barley (Hordeum vulgare) crop in
2011. Plots were harvested with a Haldrup plot harvester, nutritive value was determined by
NIR, including IVOMD calibrated to the method of Tilley and Terry, and botanical
composition of dry matter (DM) was determined by hand separation of subsamples.
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Results and discussion

There were five 5-cut strategies and two 4-cut strategies for the growing season; see Figure 1.
The growth started in April and the number of weeks in Figure 1 is for the period from 1 May
to 15 October. Seasonal dry matter yield was very much affected by the cutting strategy. The
most even production was found in strategy 1, with the earliest spring cut, and the most
uneven was in strategy 5, with the latest spring cut (Figure 1). The highest annual dry matter
yield was found in strategy 7 and the lowest in strategy 2; 16.0 and 13.9 t DM ha’,
respectively (Table 1).

The proportion of clover showed the same seasonal development as is normally found; the
lowest clover proportion in spring and the highest in late summer (Figure 1). Harvest time of
spring cut had an effect on white/red clover during the whole season. Strategy 1-3 with the
first cut 2-3 weeks after 1 May had a higher white clover and lower red clover content than
strategy 4-7 with the first cut 4-5 weeks after 1 May. The yearly weighted average was 15 and
8% white clover, and 33 and 39% red clover for strategy 1-3 and strategy 4-7 respectively.
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Figure 1. Dry matter yield (t DM ha'l), proportion of red and white clover (% of DM), IVOMD (% of OM) and
crude protein (g kg”' DM) in the single cuts in different cutting strategies. Above the yield columns the number
of growth weeks are shown; for spring cut the week number from 1 May and for the regrowth the number of
weeks between cuts.

Cutting strategy had a high influence on the trend of IVOMD (Figure 1). The strategies were
planned to reach different goals. Strategy 3 was planned to have an even nutritive value
throughout the season, and therefore the third regrowth in late summer was short, because in
that period the temperature is normally the highest, which means that the digestibility of
organic matter is low. Opposite, in strategy 2 the cut length in late summer was long and the
length of regrowth 1 and 2 were short, with the goal to optimize the nutritive value before the
warm period and then in the warm period to produce herbage with a lower nutritive value,
which is not expected to be sufficient for dairy cows. In strategies 4 and 5, first cut was
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harvested late with the aim to maximize the herbage production in spring with the best
weather for high IVOMD.

The seasonal profile of crude protein was also highly affected by the strategy. In spring, with
a relatively low clover proportion, the crude protein content decreased highly with later
harvest time, even though the clover proportion at the same time increased. In general the
crude protein content was highly affected by clover proportion and yield level.

Table 1. The annual dry matter yield and weighted mean of IVOMD and crude protein (CP). Further the best cut
combination is shown for pooling cuts in two parts with the most equal IVOMD.

Annual results Annual herbage pooled in two parts (1 /2)

Strategy DM yield IVOMD CP Cuts IVOMD CP
(tha') (% of OM) (gkg' DM) (number inpart 1/2) (% of OM)  (gkg' DM)

1 14.6™7 78.1° 187 143 / 2+445 78.0/78.1 200/ 176
2 13.9° 77.0° 188° 14244 / 345 76.8/77.4 1751227
3 14.1% 71.9* 191° 14345 / 2+4 7171784 193 /186
4 14.4%% 75.5° 170° 14245 / 3+4 75.7175.2 147 /213
5 14.9% 75.1° 165° 143+4 /245 75.0/76.0 156 /208
6 15.3 71.8° 154¢ 1/243+4 73.0/70.8 133/172
7 16.0° 73.2¢ 152¢ 142/ 3+4 73.4/72.8 134 /196

The goal for the grass-clover production varies very much from farm to farm. One possible
goal could be to make two horizontal silos of all cuts with as equal nutritive value as possible
to avoid difficulties under feeding, when switching from one silo to the other, and with a
minimum 78% IVOMD in order to meet the requirement for high milk production. Results
from the experiment are examined in relation to this goal example, and in Table 1 the best
combination for the single strategy is shown. Only strategy 1 succeeded. By later harvest of
spring cut, it was difficult to obtain 78% IVOMD, especially with 4-cut strategies, where it
was not possible even by omitting a cut.

However, besides the digestibility the ‘clover-effect’ is also an important quality parameter
for dairy cows. A higher proportion of white or red clover often increases the intake and milk
yield (Peters et al., 2006; Kuoppala, 2010). In addition, red clover often has a lower IVOMD
than grass (Kuoppala, 2010). The situation in spring with a high digestibility and a low clover
proportion is quite opposite to the summer situation, where the digestibility is low and the
clover proportion is high. Therefore, it should be quantified how to balance the digestibility
and clover proportion. It seems to be necessary to include the ‘clover-effect’ in an assessment
system for making a true comparison between cuts.

Conclusion

The seasonal profile of nutritive value and production is highly affected by the cutting
strategy. To optimize the herbage production to its planned use on the farm, a decision
support system is needed. For that to be achieved, well defined goals of nutritive value
dependent on the proportion of clover in the herbage are necessary.
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Abstract

Grasslands are the main focus of the EU-project MultiSward. Identifying stakeholder
requirements and expectations with respect to multi-functionality of grasslands within Europe
is part of MultiSward. A questionnaire among different stakeholders and different regions in
Europe provided insight into the appreciation of the current and future functions of grasslands
in Europe. The 2011 and 2012 results showed that the different functions of grasslands are
highly recognized and appreciated. The large European grassland area is essential for
economy, environment and people. The results of the questionnaire provided insight in the
value of the different ecosystem services that grasslands provide and of different components
of these services for different stakeholders in different regions. Generally, the provisioning
services were considered especially valuable, followed by the regulating and supporting
services, and finally the cultural services, although rankings did vary somewhat between
countries and regions. We conclude that grasslands are considered by all stakeholders to be a
valuable resource in Europe. Maintaining or increasing the importance of the different
functions and services of grassland in Europe is a challenge for the coming years.

Keywords: functions, grassland, multi-functionality, stakeholder

Introduction

Sustainability (profit, planet, people) is high on the societal, political and economic agendas.
The EU-project MultiSward aims to increase reliance on grasslands and on multi-species
swards for ruminant production contributing to increased sustainability and competitiveness
of livestock production systems, increased food security and enhanced environmental goods
while securing optimal European grassland acreage. In order to achieve this, MultiSward
wants the active participation of stakeholders. An international team of representatives of
countries throughout Europe has therefore been established, representing the different regions
in Europe. The countries are Ireland, the Netherlands, France, Italy and Poland representing
Atlantic, mountainous, Mediterranean and Continental regions. This study aimed to identify
the appreciation of the current and future functions of grasslands by international stakeholders
in Europe.
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Materials and methods

A questionnaire on multi-functionality of grasslands was developed in 2011 in five languages:
Polish, Dutch, Italian, French and English. The questionnaire was available in a paper version
in a few countries and on-line (www.multisward.eu), and it has questions on sustainability
and ecosystem services. Sustainability covers economic, environmental and social issues
(profit, planet, people). Respondents to the questionnaire were asked to allocatelO points
across these three aspects of sustainability, giving most points to the one they considered the
most important aspect (e.g. 4, 3, 3 if they consider that ecological and social aspects are of
equal interest and that economy is slightly more important). Ecosystem services can be
divided into four groups: provisioning services (e.g. production of food, water), regulating
services (e.g. control of climate and disease), supporting services (e.g. nutrient cycles, crop
pollination) and cultural services (e.g. spiritual, recreational). Respondents to the
questionnaire were again asked to allocate 10 points over the four groups of ecosystem
services.

Responses on the questionnaire were analysed in spring 2012. At that time there were 160
valid responses. Five regional groups were identified based on the number of responses
available and on similarities between regions: Poland (31%), France (37%), The Netherlands
+ Belgium (11%), Ireland + UK (14%) and Italy (7%). A stakeholder analysis within
MultiSward (Pinxterhuis, 2011; van den Pol-van Dasselaar er al., 2012) revealed that the
traditional foursome of primary producer, policy maker, research and advisory are the most
important stakeholders with respect to the multifunctionality of grasslands in Europe,
followed by NGOs (nature, environment), education and industry. All these seven stakeholder
groups responded to the questionnaire: advisory (38%), research (24%), primary producers
(14%), education (9%), industry (8%), NGO’s (4%) and policy makers (4%).

Results and discussion

At the start of the MultiSward project, an international stakeholder consultation (Pinxterhuis,
2011; van den Pol-van Dasselaar et al., 2012) showed that economic functions of grasslands,
mainly feed for herbivores, were considered the most important. Stakeholders expected this to
remain unchanged in future. Environmental functions of grasslands were placed second: water
quality and quantity, adaptation to climate change, mitigation and biodiversity. Finally, social
services were mentioned.

In this study, further information was obtained for different stakeholders and for different
regions (Figure 1). In general, profit was considered to be the most important aspect, followed
by planet and then followed by people. Some observations:

e Primary producers, and to a lesser extent industry parties, gave a higher value to profit
than the other stakeholders and a lower value to the other components, especially
people.

e Both France and Italy valued people aspects relatively higher and profit aspects
relatively lower.

Grasslands can provide several services, the so-called ecosystem services. Figure 2 shows that
provisioning services were considered to be the most important services. However, there were
clear differences between stakeholders and between regions. The differences between regions
reflect the differences in the farming structure throughout Europe.

There were almost no differences in stakeholders’ appreciation of today and future functions
of grasslands (not shown). The only remark from the stakeholders was that they expect
increasing importance of both feed protein supply at farm level and environmentally friendly
systems. Reasons for the lack of large differences between appreciation of today and future
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functions may be that there is no difference or that stakeholders cannot yet imagine
differences in appreciation between today and the future.

The accuracy of results will increase with increasing number of responses. In the years 2012
and 2013 a simplified version of the questionnaire will be developed with the aim of obtaining
further information.
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Figure 1. Importance of aspects of sustainability for different stakeholders and different regions (total of people,
planet and profit equals 10 for each stakeholder group or region).
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Figure 2. Importance of ecosystem services for different stakeholders and for different regions (total equals 10
for each stakeholder group or region).

Conclusion

We conclude that all stakeholders consider grasslands to be a valuable resource in Europe.
Maintaining or increasing the importance of the different functions and services of grasslands
in Europe is a challenge for the coming years.
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Abstract

The potential and variability of herbage output and quality under grazing were examined over
a 10-year period. Species mixtures of white clover and lucerne together with perennial
ryegrass, smooth-stalked meadow grass and Festulolium hybrid were examined on a gleyic
loamy Cambisol. Within ten years, changes occurred in the botanical composition of pasture
swards; however, in lucerne-based swards legumes predominated up to the eighth year.
Legumes, especially lucerne, stimulated dry matter (DM) and crude protein (CP) production.
During each grazing period, the CP content fluctuated from spring to autumn and the changes
reflected differences in sward composition. Legumes had a positive effect on providing a
more even annual DM and CP yield and its distribution over the grazing period.

Keywords: legume, lucerne, grazing swards, crude protein, perennial ryegrass

Introduction

Successful management of legumes influences the herbage production, nutritional quality and
the sustainability of grazing systems, and their possible role is very important in the
ecosystem and livestock production systems. The performance of legumes can be affected
also by the companion species of the sward and environmental conditions, especially within a
grazing period (Michaud et al., 2012). Legume performance is highly variable in its herbage
production and nutritive value, though legume-grass mixtures usually exhibit less variation of
nutritive value as compared with grasses. The grass-legume system confers benefits to the
grass, especially in the early life of mixtures (Rochon et al., 2004; Nyfeler et al., 2011). Plant
species diversity, their relative abundance, and stability of yields are highly dependent on soil
nutrient status, management intensity and natural environmental conditions. At the same time
it is very important to optimize functional diversity, combining species with opposite qualities
and well adapted to the local environments (Solter et al., 2007; Huyghe et al., 2012). The
objective of this study was to examine the potential and variability of herbage output and
quality during a grazing period of 10 years.

Materials and methods

A field experiment was conducted in a randomized block design with four replicates on a
gleyic loamy Endocalcari-Epihypogleyic Cambisol near Dotnuva, Lithuania (55°24’N,
23°50’E). The soil pH varied from 6.5 to 7.0, humus content was 2.5-3.2%, available P was
50-80 mg kg and K was 100-150 mg kg™ of soil. The following mixtures were sown: white
clover and perennial ryegrass (7r/Lp); white clover, perennial ryegrass and smooth-stalked
meadow grass (Tr/Lp/Pp); lucerne, perennial ryegrass and smooth-stalked meadow grass
(Ms/Lp/Pp); white clover, lucerne and perennial ryegrass (7r/Ms/Lp); perennial ryegrass
without nitrogen fertilization (Lp/NO); perennial ryegrass fertilized with 240 kg N ha™ yr''
(Lp/N240); white clover and Festulolium hybrid (Tr/F hybrid). All swards received 26 kg P
ha” and 50 kg K ha™ at the begining of spring. The perennial ryegrass received 60 kg N ha™
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in spring and after the first, second and third grazing. The grazing period lasted from the
beginning of May until middle of October with four-five grazings at 25-40 day intervals. The
weather conditions differed considerably between the seasons: 2000, 2001, 2004 and 2005
were similar to the long-term avererage for rainfall and temperature, 1999 and 2007 were wet,
2003 dry, and 2002, 2006 and 2008 were very dry and warm. Crude protein (CP)
concentration was calculated from the total N concentration in the herbage (N x 6.25),

determined by the Kjeldahl procedure. The experiment data were statistically analysed using
ANOVA.

Results and discussion

DM yield of all swards decreased markedly between the first year of use and the last year and
significant differences between swards were obtained from the first to the tenth year (Table
1). The proportion of legumes in the legume-grass mixtures fluctuated both between years and
within individual growth periods, and was very strongly influenced by environmental stress,
especially in dry seasons. The sward composition and total yield were affected by legume
species and its persistence. Lucerne-based swards performed best results (Table 2).

Table 1. Total annual yield of swards and its stability over ten years, t DM ha™'.

Swards 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Tr/Lp 6.12 5.49 5.02 2.58 2.69 5.26 4.74 2.74 6.69 3.52
Tr/Lp/Pp 6.56 5.36 5.16 247 2.20 473 5.25 2.93 5.89 3.39
Ms/Lp/Pp 7.55 8.87 7.19 3.04 5.59 8.63 8.24 4.52 7.49 5.14
TrIMs/Lp 6.96 8.11 6.56 3.02 4.76 7.04 7.03 4.77 7.92 5.19
Lp/NO 3.23 445 473 3.12 231 438 5.21 3.13 6.80 3.94
LpIN240 7.54 7.10 451 3.04 420 7.72 5.70 426 7.73 5.53
Tr/F hybrid 6.74 6.21 5.36 2.60 2.53 4.97 4.76 2.94 6.39 3.54
LSDy 05 0511 0421 0398 0615 0366 0497 0466 0591 0.589 0.577
Table 2. Legume share in annual dry matter yield, %.

Swards 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Tr/Lp 48.8 15.5 22.8 225 6.9 45.6 52.7 8.7 8.8 27.0
Tr/Lp/Pp 53.1 20.6 24.0 29.6 8.4 41.0 49.1 6.1 9.7 23.3
Ms/Lp/Pp 69.3 68.2 52.6 522 72.5 76.0 65.8 65.1 39.4 435
Tr/Ms/Lp 58.1 34.6 355 53.9 66.8 61.3 53.2 61.1 222 42.1
Tr/F hybrid 35.6 13.4 21.0 19.1 6.9 443 45.9 4.6 15.2 21.6

Swards significantly affected DM yield for each grazing (Table 3). The maximum production
was achieved in the first grazing for all swards. DM yield was significantly higher for the
swards based on lucerne and perennial ryegrass fertilized with nitrogen compared with the
other tested swards. The positive contribution of lucerne to pasture productivity has been
recognized (Smith et al., 2000).

Table 3. DM yield in each grazing, data averaged over 1999-2008, t ha™'.

Total DM yield DM yield of legumes
Swards 1 11 111 v Vv Total I 11 111 IV. V  Total
TrlLp 190 097 080 058 024 448 035 027 035 031 0.11 130
Tr/Lp/Pp 176 096 083 060 0.24 4.39 034 044 049 038 0.13 1.74
Ms/Lp/Pp 2.28 1.45 1.46 1.05 028 6.62 099 070 0.86 0.82 0.18 3.39
Tr/Ms/Lp 2.15 1.39 142 092 026 6.13 0.59 061 079 059 0.14 2.69
Lp/NO 1.80 096 0.77 052 0.16 4.13 029 023 024 029 0.09 1.02
Lp/IN240 219 128 1.15 083 031 5.73 0.07 0.06 0.06 0.05 0.02 022
Tr/F hybrid 1.89 099 084 063 024 4.60 030 025 031 034 0.10 1.23
LSD .95 0.112  0.072  0.082 0.071 0.099 0.233  0.069 0.086 0.097 0.075 0.113 0.286
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The CP concentration in herbage significantly differed among the swards in all grazings
(Table 4). During the growing period the CP content generally decreased, leading to a decline
in overall nutritive value (Michaud et al., 2012). In our experiment, on average over ten years
of sward use, CP concentration in the herbage ranged from 167 to 207 g kg”' DM over a
grazing period. Differences and decreases in CP concentration among the swards were greater
only from mid-June and in July. This resulted in CP concentration being lowest for the second
grazing, and ranged from 133 to 184 g. CP concentration was highest in the herbage of
perennial ryegrass fertilized with 240 kg N ha” yr'' and also in herbage of lucerne-based
swards. The lowest CP concentration was in the herbage of perennial ryegrass without
nitrogen fertilization.

Table 4. CP concentration in swards, data averaged over 1999-2008.

Grazing, CP ¢ DM kg

Swards I I 111 v \'
Tr/Lp 192 159 184 211 216
Tr/Lp/Pp 200 153 185 213 217
Ms/Lp/Pp 211 184 186 230 222
Tr/Ms/Lp 210 179 192 230 219
Lp/NO 181 133 182 198 200
Lp/N240 227 168 204 225 222
Tr/F hybrid 194 144 177 203 240
LSD .05 11.7 12.2 11.0 9.6 12.1
Conclusions

Significant changes occurred in the composition of long-term pasture swards during the ten
years of use, while in lucerne-based swards legumes dominated up to the eighth year.
Legumes, especially lucerne, stimulated DM and CP production and stability over the years
and provided a more even distribution over each grazing period. Although CP concentration
differed among the swards, it was moderate for all swards and grazings.
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Abstract

The increasing economic pressure on grassland farming in disadvantaged areas, such as in
mountain regions, has often resulted in an intensification of the favourable areas and
abandonment of the labour-intensive areas. In such situations, farmers often attempt to
increase forage production, allocating a larger amount of dung to the easily accessible farm
plots and increasing the cutting frequency, but climatic constraints such as drought hamper
plant growth. In order to investigate the effect of intensive management on the botanical
composition of mountain permanent meadows under recurrent drought, a seven-year field
experiment was conducted in South Tyrol. Different cutting frequencies (two to four cuts per
year), coupled with increasing fertilization rates (44 to 88 m? ha™' yr'! of slurry, respectively),
as well as a control treatment (two cuts yr'; 19.8 m3 ha™' yr' of slurry), were applied. The
yield share of each species was visually assessed immediately before the first cut. Depending
on the treatment, a distinct vegetation dynamics was apparent after seven years. Our results
show that several years of high nutrient supply, coupled to recurring drought, negatively
affect the botanical composition of permanent meadows.

Keywords: mountain meadows, yield share, cutting frequency, fertilization, drought

Introduction

Mountain grassland farmers have experienced increasing economic pressure in recent years.
Due to this fact, there is often an attempt at reducing the forage production costs by allocating
a larger amount of dung to the easily accessible farm fields and increasing the cutting
frequency. However, climatic constraints can hamper plant growth, preventing the
achievement of these aims. Moreover, a detrimental vegetation dynamics may undermine the
basis of a sustainable forage production. Drought has occurred repeatedly during the last
decade in the southern margin of the Alps. In order to get reliable data about the effects of
increasing management intensity on the botanical composition under recurring drought, a
field experiment was conducted from 2006 to 2012 in South Tyrol.

Materials and methods

The study was conducted from 2006 to 2012 at the experimental farm Mair am Hof, in
Dietenheim (890 m a.s.l., Bruneck, South Tyrol, I). The experimental site was a species-poor,
intensively managed meadow (three to four cuts yr''). The upper soil layer (10 cm depth) was
a humus-rich (6.8%) loamy sand with the following soil properties at the time of the trial
establishment: pH 6.1, 48 mg kg P, 149 mg kg' K and 175 mg kg' Mg. During the
investigation period, recurrent drought was observed: a simple soil water balance was
calculated for the first growth period of each treatment (from the start of the growing season
to the harvest date) as the difference between the cumulative precipitation and the cumulative
potential evapotranspiration according to Penman-Monteith (Allen et al., 1998). Weather data
were obtained from a meteorological station at the experimental farm; the start of the growing
season was estimated according to the MTD method of Schaumberger (2011). Water balance
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values showed a water deficit of more than 100 mm in 38%, and more of 50 mm in 24 %, of
the total number of observations (years x treatments). No irrigation was provided during the
experiment. Four treatments, corresponding to different management intensity, including
three cutting frequencies (two to four cuts year') coupled with increasing fertilization rates
(44 to 88 m3ha’’ yr'I of 2:1-dilutes slurry respectively) were applied (Table 1).

Table 1. Description of the treatments applied. Nutrient input of N, P and K is the average value of seven
growing seasons + SE.

N Fertilization
Treatment Cutting treqlllency Shurry amount N P K
name (cuts yr') (m® ha'! yr'h) (kgha'yr')  (kgha'yr')  (kgha'yr')
0.9/2 2 18.9 414+32 7.4+0.7 66.9+7.0
2/2 2 44 96.2+73 17.3+1.6 155.5+16.2
3/3 3 66 1443 +11.0 259+24 23324243
4/4 4 88 192.3 +14.7 34.5+32 3109 £32.5

The trial design was a randomized complete block design with three replications and plots of
4 x 4 m. The plots were mown according to the following harvest plan: 22 June and 10
October for the two-cut treatment; 28 May, 22 July and 10 October for the three-cut treatment;
22 May, 5 July, 16 August and 5 October for the four-cut treatment. A tolerance in the harvest
date of + 3 days was allowed. Starting in 2007, the yield share of each species occurring in the
plots was visually assessed (as percent) immediately before the first cut. The effect of the
treatments on the yield share of the functional groups grasses, legumes and forbs, of the most
abundant species, and on the number of vascular species at the end of the experiment, was
investigated with ANOVA. Multiple comparisons were performed using the Student-
Newman-Keuls test. A probability of P<0.05 was considered to be significant.

Results and discussion

The treatment application resulted after seven years in clear differences concerning the yield
share of several species (Table 2).

A low cutting frequency led, irrespective of the fertilization rate, to a high proportion of
grasses and to the lowest proportion of legumes and forbs. Elymus repens became here the
most abundant grass species. The most relevant difference between the two-cut treatments
seems to be the share of Alopecurus pratensis, which had a two-fold abundance in the 2/2
treatment compared to the 0.9/2 treatment. Both species, which are similar to each other with
respect to their functional traits (da Silveira Pontes et al., 2010), are indeed known to be
favoured by a low cutting frequency (Pavll et al., 2011). We tentatively suggest that recurrent
drought further promoted the expansion of Elymus repens, which was already present in the
plots at the beginning of the experiment (15.2% on average across all treatments in 2007). At
the other extreme of the intensity gradient, the botanical composition of forage biomass of
treatment 4/4 was characterized by the lowest proportion of grasses, and the highest share of
both legumes (almost exclusively represented by Trifolium repens) and forbs, and especially
of Taraxacum officinale. The 3/3 treatment showed intermediate features between the two-cut
and the four-cut treatments and exhibited the highest proportion of Poa angustifolia.

All in all, all treatments seem to have been negatively affected by drought, as shown, for
instance, by the overall high proportion of the drought-tolerant Achillea millefolium, which
was scarcely represented at the beginning of the experiment (3.5% on average in 2007), and
by the already-mentioned increase of Elymus repens in the two-cut treatments. However, the
high proportion of forbs (mainly consisting of opportunistic and weed species) in treatment
4/4 indicates the appearance of vegetation gaps to a larger extent than in the other treatments.
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Species richness was not affected by the treatments, failing to reflect the different nutrient
supply of the treatments.

Table 2. An estimated yield share of functional groups and of selected species and number of vascular plant
species at the first cut of the seventh experiment year (2012). Average values across all treatments in 2007 are
shown for reference.

Year 2007 2012 P-value
Treatment x‘:‘r‘:a:‘g:;fs 0.9/2 22 33 4/4

Grasses (%) 72.6 822 838"  73.0" 554°  <0.05
Elymus repens (%) * 15.2 481 327" 185" 11.0°  <0.01
Alopecurus pratensis (%) 122 73% 200 10.3° 8.0° <0.05
Arrhenatherum elatius (%) * 3.0 6.7° 0.4 48® 00" <0.05
Dactylis glomerata (%) * 14.7 4.0 10.7 53 74 0.149
Poa angustifolia (%) 13.8 87° 140%™  203* 137® <005
Lolium perenne (%) * 75 0.6° 1.0° 5.1° 9.8*  <0.01
Legumes (%) 7.4 3.0° 23° 57" 90" <0.05
Forbs (%) 20.0 144°  136°  212°  360° <0.05
Taraxacum officinale (%) 132 1.7° 20° 53°  113% <0.01
Achillea millefolium (%) 35 7.0 53 11.3 120  0.160
Heracleum sphondylium (%) 0.7 3.3 33 4.0 8.3 0.584
Number of vascular plant species 13.5 16.7 16.0 17.3 16.0 0.189

7 Analysis with logarithm-transformed data ; back-transformed means are shown

Conclusions

Under recurrent drought, and depending on a gradient of nutrient input coupled with
increasing cutting frequency, distinct changes in the composition of the biomass of species-
poor permanent meadow have to be expected within few years. At low cutting frequency, and
irrespective of the nutrient input, Elymus repens can become dominant, while high cutting
frequency and nutrient input seem to lead to the appearance of vegetation gaps to a larger
extent than at lower management intensity, as suggested by the larger proportion of
opportunistic and weed species.
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Abstract

At Jevicko in the Czech Republic, a small-plot trial was established in 2011 to compare at two
sowing dates (June and July) three technologies for direct sowing seeds of red clover ["Amos”
(4n) and “Suez” (2n)], and of two inter-genus hybrids (festucoid ‘Felina” and loloid "Hostyn").
Direct seeding was carried out by three technologies: (1) slot seeding with a seeding drill SE-
2-024, (2) strip seeding with a prototype of PP-2 drill, and (3) with a prototype of STP 300
drill. Among the direct sowing technologies the highest field emergence was in the trial with
legumes and seeding drill SE-2-024 (66.1%), with seeding drill STP-300 it reached 58.0%,
and with strip seeding it was 49.1%. In the trial with direct-sowing technologies the dry
matter weight of 50 sown plants of grasses was 1.6 g (0.8 g root biomass and 0.8 g
aboveground biomass) for SE-2-024, 0.7 g (0.3 g root biomass and 0.4 g aboveground
biomass) for STP-300 and 4.5 g (1.9 g root biomass and 2.6 g aboveground biomass) for the
PP-2 drill.

Keywords: red clover, grass, grassland, direct sowing, technology

Introduction

The significance of direct sowing for the improvement of permanent grassland is well
demonstrated by its extent in Austria, where about 80,000 ha of permanent grassland are
directly sown each year, whereas in the Czech Republic the extent of direct sowing is less
than 10,000 ha (Kohoutek et al., 2007). In 2011 trials were conducted to compare three
different direct-sowing technologies, each at two sowing dates, for introducing legume (red
clovers; 2n and 4n) and grasses (two inter-genus hybrids) into a permanent grassland sward.

Materials and methods

At Jevicko in the Czech Republic (average annual temperature 7.4°C, annual long-term
rainfall average 545 mm; altitude 342 m; geographic coordinates: 49°37°N, 16°44’E), a
multifactor trial, with direct sowing into a 30-year-old permanent grassland sward (PG), was
established in 2011. The existing meadow vegetation is represented by an Arrhenatheretum
plant society. The sward was well-established meadow vegetation in a mezohygrophyte stand
growing in a stream alluvium. Three direct sowing technologies were used: (1) slot seeding
with SE-2-024, (2) strip seeding with a PP-2, and (3) strip seeding with a prototype of STP-
300 drill (discs with coulters) with a spike-seeding mechanism. The trials were established at
two different sowing-dates; 14 June (T1) and 19 July (T2). We sowed legume (L) and grass
(G) seeds. The legume was red clover, cv. "Amos” (4n) and cv. “Suez” (2n) at a seed rate of 8
million germinative seeds (MGS) per ha and the grass consisted of two inter-genus hybrids,
“Felina” (festucoid) and "Hostyn” (loloid) at 12 MGS per ha. The plot length was 16.11 m,
with three replications.

About 3 weeks and 8 weeks after sowing, counting of germinated plants on a one-metre run
(bm) was carried out with four observations on each plot, and field emergence was calculated
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(based on % of emerged plants out of 800 germinative seeds per m* for legumes, and out of
1200 germinative seeds per m’ for grasses). The weight of 50 whole plants was also
determined at the height of 100-150 mm (T1 on 4 August, 51 days after sowing, and T2 on 6
October, at 79 days after sowing). The stands were not fertilized in the sowing year 2011. The
measured results were statistically evaluated with 3-factor variance analysis and the
differences between averages were tested with the Tukey test (D s, Droo1)-

Results and discussion

The strip-sown stands that were established in 2011 emerged in extraordinarily favourable
weather conditions because there was regular rainfall from mid-June till mid-August; the
rainfall total in June was 75.5 mm (30-year average 74.3 mm), in July 118.9 mm (30-year
average 67 mm). The temperature over the evaluated period was within the long-term
average. Rainfall abundance positively influenced both field emergence and later growth and
development of emerged plants.

Table 1. Field emergence and dry matter weight of 50 plants of strip-sown legumes and grasses (Jevicko, 2011).

Factor (L) Legumes Factor (G) Grasses

Emergence DM weight of 50 plants Emergence DM weight of 50 plants

3 8 root aboveground total 3 8 root aboveground total

weeks  weeks weeks  weeks
% g % g

T1 61.2 30.5 1.0 3.6 46 TI 40.5 36.7 0.9 1.1 2.0
T2 54.2 35.1 2.5 53 7.8 T2 35.1 35.1 1.1 1.4 2.5
Dy s 6.7 54 0.8 1.6 2.3 Dpos 6.5 7.6 0.5 0.6 1.0
Dy 9.2 7.4 1.0 2.1 31 Dpo 8.9 10.3 0.7 0.8 1.3
Amos 57.6 30.5 1.8 4.6 6.4  Felina 25.0 24.6 0.7 0.8 1.5
Suez 579 35.1 1.7 44 6.1 Hostyn 50.6 47.1 1.3 1.7 3.0
Dy s 6.7 54 0.8 1.6 2.3 Dpos 6.5 7.6 0.5 0.6 1.0
Do 9.2 7.4 1.0 2.1 3.1 D1 8.9 10.3 0.7 0.8 1.3
SE-2- 66.1 335 1.5 4.1 5.6  SE-2- 404 39.3 0.8 0.8 1.6
024 024
STP- 58.0 339 1.6 3.9 55  STP- 332 32.8 0.3 0.4 0.7
300 300
PP-2 49.1 31.0 2.1 54 75 PP-2 39.7 34.6 1.9 2.6 4.5
Dryos 10.0 8.1 1.1 2.3 34 Dppos 9.7 11.2 0.7 0.8 1.4
Dy 12.9 104 14 3.0 44  Dpg 12.5 14.5 0.9 1.1 1.8

In the trial with red clover, field emergence after 3 weeks reached 61.2% at T1 and 54.2% at
T2 (P<0.05), and after 8 weeks the number of plants decreased to 30.5% of field emergence
at T1 and 35.1% at T2. In the trial with grasses, field emergence after 3 weeks was 40.5% at
T1 and 35.1% at T2, and after 8 weeks it fell to 36.7% at T1 and it remained the same at T2
(35.1%). There were no conclusive differences between the two red clover varieties in terms
of field emergence, values of which were both high (57.6% for “Amos” and 57.9% for
“Suez”). After 8 weeks it decreased to 30.5% for "Amos” and to 35.1% for “Suez”. In contrast,
there were highly significant differences between the two inter-genus hybrids: field
emergence of festucoid hybrid ‘Felina” reached 25.0%, whereas that of the loloid hybrid
“Hostyn” was 50.6%. This was a conclusive increase (significant at P<0.01), and after 8
weeks these figures had decreased only slightly, to 24.6% (295 pcs plants per m”) for “Felina”
and 47.1% (565 pcs plants per m?) for “Hostyn”. Among the three tested direct-sowing
technologies the highest field emergence was in the trial with legumes and the seeding drill
SE-2-024 (66.1%); with the seeding drill STP-300 it reached 58.0% and with strip seeding it
was 49.1% (P<0.01). After 8 weeks there was a reduction in the number of emerged plants by
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about half; this was likely to be due to the influence of biotic and abiotic agents (Kohoutek er
al., 1995).

The dry matter weight of 50 sown plants in the trial with red clover was 4.6 g (1.0 g root
biomass and 3.6 g aboveground biomass) after 51 days at T1, and 7.8 g (2.5 g root biomass
and 5.3 g aboveground biomass) at T2 after 79 days. The differences between T1 and T2 were
highly conclusive (significant at P<0.01). In the trial with grasses the dry matter weight of 50
sown plants was 2.0 g (0.9 g root biomass and 1.1 g of aboveground biomass) at T1, and 2.5 g
(1.1 g root biomass and 1.4 g of aboveground biomass) at T2. There were no conclusive
differences between red clover varieties in the weight of 50 sown plants.

There were highly significant differences between hybrids in the dry matter weight of 50
sown plants: with festucoid hybrid “Felina” it was 1.5 g (0.7 g root biomass and 0.8 g
aboveground biomass) and with loloid hybrid "Hostyn” it was 3.0 g (1.3 g root biomass and
1.7 g aboveground biomass). Fast-growing species are more suitable for direct sowing as they
penetrate the sward better, and due to higher weight of a root system, they resist external
influence better.

Conclusion

Among the direct-sowing technologies tested, the highest field emergence was in the trial
with legumes and the seeding drill SE-2-024 (66.1%); with the seeding drill STP-300 it
reached 58.0%, and with strip seeding it was 49.1%. Differences between the direct-sowing
technologies showed that the dry matter weight of 50 sown plants of red clover was 5.6 g (1.5
g root biomass and 4.1 g aboveground biomass) for the SE-2-024 drill; 5.5 g (1.6 g root
biomass and 3.9 g aboveground biomass) for the STP-300, and 7.5 g (2.1 g root biomass and
5.4 g aboveground biomass) for the PP-2.

The increase in biomass weight of strip-sown red clovers is due to rotational cultivation of the
soil profile to a depth of 10-15 cm, and width of 15 cm, which creates ideal conditions for
initial growth and development of strip-sown plants.

In the trial with direct-sowing technologies the dry matter weight of 50 sown plants of grasses
was 1.6 g (0.8 g root biomass and 0.8 g aboveground biomass) for the SE-2-024 drill, 0.7 g
(0.3 g root biomass and 0.4 g aboveground biomass) for the STP-300 drill, and 4.5 g (19 g
root biomass and 2.6 g aboveground biomass) for the PP-2. The increase of weight biomass of
sown plants of grasses is, in the case of strip seeding, 3-6 times greater, and is statistically
significant (P<0.01) in comparison with shallow-surface direct sowing, and is a key factor for
successful introduction of direct sowing. In arid years this effect is further intensified.
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Abstract

At Jevicko in the Czech Republic, a small-plot trial was established in 2011 to compare at two
sowing dates (June and July) three technologies for direct sowing seeds of red clover ["Amos”
(4n) and “Suez” (2n)], and of two inter-genus hybrids (festucoid ‘Felina” and loloid "Hostyn").
Direct seeding was carried out by three technologies: (1) slot seeding with a seeding drill SE-
2-024, (2) strip seeding with a prototype of PP-2 drill, and (3) with a prototype of STP 300
drill. Among the direct sowing technologies the DM production of red clovers was 7.43 t ha™
[corrected DM (CDM) production 5.44 t ha™'] for SE-2-024; 6.74 t ha™ (CDM production 4.20
t ha'l) for STP-300; and 7.24 t ha’ (CDM production 3.21 t.ha’l) for PP-2. Among the direct
sowing technologies, the DM production of the inter-genus hybrids was 6.21 t ha' (CDM
production 1.08 t ha™') for SE-2-024; 6.11 t ha (CDM production 0.74 t ha™) for STP-300;
and 8.09 t ha™ (CDM production 2.71 t ha™") for PP-2.

Keywords: direct sowing, red clover, intergenus hybrids, grasslands, production and quality

Introduction

Introduction of direct sowing into grasslands is influenced by a number of factors.
Operational successfulness of direct sowing is still in spite of attained results insufficient and
therefore the research, development and verification of new technologies continue (Kohoutek
etal., 2002).

Materials and methods

At Jevicko in the Czech Republic (average annual temperature 7.4°C, annual long-term
rainfall average 545 mm; altitude 342 m; geographic coordinates: 49°37°N, 16°44’E), a
multifactorial trial, with direct sowing into a 30-year-old permanent grassland sward (PG),
was established in 2011. The existing meadow vegetation is represented by an
Arrhenatheretum plant society. The sward was well-established meadow vegetation in a
mezohygrophyte stand growing in a stream alluvium. Three direct-sowing technologies were
used: (1) slot seeding with a SE-2-024, (2) strip seeding with a PP-2, and (3) strip seeding
with a prototype of STP 300 drill (discs with coulters) with a spike-seeding mechanism. The
trials were established at two different sowing-dates; 14 June (T1) and 19 July (T2). We
sowed legume (L) and grass (G) seeds. The legume was red clover, cv. "Amos” (4n) and cv.
“Suez” (2n) at a seed rate of 8 million germinative seeds (MGS) per ha, and the grass
consisted of two inter-genus hybrids, “Felina” (festucoid) and “Hostyn” (loloid) at 12 MGS per
ha. The plot length was 16.11 m (length of harvested part was 11.11 m), with three
replications.

The trial plot was not fertilized in the year of direct sowing 2011. In the first harvest year
2012 the plot was fertilized with phosphorus at the rate of 35 kg P ha™' and potassium at 100
kg K ha™. Nitrogen was applied only on directly sown grasses at the rate of 180 kg ha™ N (60-
60-60) in the form of LAV by a seed drill HEGE-80. The trial plot was harvested in three
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cuts. The paper evaluates dry matter production and corrected dry matter (CDM) production
[(DM x % projective dominance of a directly sown species)/100)]. The forage quality was
measured using the instrument NIRSystems 6500. The observed parameters were: crude
protein (CP), fibre, NEL (net energy of lactation), NEF (net energy of fattening), PDIE
(ingested digestive protein allowed by energy) and PDIN (ingested digestive protein allowed
by nitrogen). The measured results were statistically evaluated and differences between
averages were tested with the Tukey test.

Results and discussion

Dry matter (DM) production was significantly lower in the dry year 2012 in comparison with
average rainfall years by about one third, especially in the growth of the 1% and 3 cuts.
Average DM production in 2012 in the trial with red clovers was 7.14 t ha, of which 4.29 t
ha™! was CDM production of directly sown red clovers. In the trial with inter-genus hybrids
DM production was 6.81 t ha, of which 1.51 t ha”' was CDM production of directly sown
grasses. At the trial site in long-term trials with PK fertilization the original grassland
produced 3.43 t ha” DM. Total DM production in 2012 (Table 1) in the trial with red clovers
(zero fertilized) was 7.50 t ha' at T1 (CDM production 4.95 t ha'l) and at T2 it was 6.77 t ha™
(CDM production 3.62 t ha™'). In the trial with grasses the DM production (N fertilization: 180
kg ha™') 6.69 tha” (CDM production 1.82 t ha™) at T1 and 6.92 t ha™ (CDM production 1.19 t
ha') at T2. CDM of directly sown red clovers and grasses is significantly higher (P<0.01) at
the first date of direct sowing in mid-June. There were no significant differences between red
clover varieties in DM and CDM production: DM production of 4n variety "Amos” was 7.02 t
ha (CDM production 4.20 t ha™) and 2n variety “Suez” was 7.25 t ha (CDM production
436 tha™).

There were no differences in total DM production between directly sown inter-genus hybrids:
the DM production of festucoid hybrid ‘Felina” was 6.75 t ha™ (CDM production 0.77 t ha™)
and of loloid hybrid “Hostyn” it was 6.86 t ha” (CDM production 2.25 t ha”, which is a
significant increase in comparison with ‘Felina” (P<0.01)). Fast-growing species are more
suitable for direct sowing as they penetrate the original sward better and resist adverse
external influences.

In the trial with direct sowing technologies the DM production of red clovers was 7.43 t ha™
(CDM production 5.44 t ha') for SE-2-024, 6.74 t ha™ (CDM production 4.20 t ha™') for STP-
300, and 7.24 t ha (CDM production 3.21 t.ha™) for PP-2. Lower CDM production of strip-
sown red clovers was caused by mole damage to 30-40% of the rows after strip sowing in
2011.

In the trial with direct sowing technologies the DM production of inter-genus hybrids was
6.21 t ha! (CDM production 1.08 t ha™) for SE-2-024, 6.11 t ha” (CDM production 0.74 t
ha™") for STP-300, and 8.09 t ha™ (CDM production 2.71 t ha™) for PP-2. Significantly higher
DM and CDM production of strip-sown inter-genus hybrids is caused by a high proportion of
loloid hybrid “Hostyn” on yield when CDM production was 4.15 t ha™', that is two to three
times more than with other technologies and it reached the yield level of directly sown red
clovers.

In the trial with red clovers the average CP concentration in 2012 was 167.2 g kg™ DM, fibre
201.3 g kg, and NEL was 5.84 MJ kg DM. In the trial with grasses the average CP
concentration in 2012 was 132.5 g kg™ DM, fibre was 252.9 g kg”' DM, and NEL was 5.55
MJ kg DM.

232 Grassland Science in Europe, Vol. 18



Table 1. Dry matter production and forage quality from directly sown permanent grassland with legumes and
grasses (Jevicko, 2012).

(L) Legumes
Forage quality

DM CDM CP Fibre NEL NEV PDIE PDIN
Factor (tha") (gkgh (gkgh MIkgh (MIkg"h (ekgh (ekgh
Tl 7.50 495 169.8 202.0 5.81 5.72 86.2 99.5
T2 6.77 3.62 164.5 200.5 5.86 5.78 85.3 97.2
Dy s 0.76 1.14 55 6.4 0.08 0.10 0.8 3.4
Dy 1.03 1.55 7.5 8.7 0.11 0.13 1.1 4.6
Amos 7.02 420 167.5 198.6 5.89 5.82 86.1 99.0
Suez 7.25 4.36 166.4 203.9 5.78 5.68 85.3 97.7
Dry s 0.76 1.14 55 6.4 0.08 0.10 0.8 3.4
Dy 1.03 1.55 7.5 8.7 0.11 0.13 1.1 4.6
SE-2-024 743 5.44 168.7 200.1 5.85 5.77 86.0 99.5
STP-300 6.74 420 169.7 199.2 591 5.83 86.5 100.7
PP-2 724 321 162.5 204.4 5.75 5.65 84.7 94.8
D05 1.12 1.69 8.2 9.5 0.12 0.15 1.2 5.1
Do 145 2.18 10.6 12.3 0.15 0.19 1.6 6.5

(G) Grasses
Forage quality

DM CDM CP Fibre NEL NEV PDIE PDIN
Factor (tha) (gkgh (gkgh MIkgh) MIkgh (g kg™ (gkgh
T1 6.69 1.82 131.5 252.7 5.53 5.35 81.4 75.9
T2 6.92 1.19 133.5 253.0 5.56 5.39 81.2 76.8
D5 0.58 0.34 5.1 5.7 0.09 0.11 0.8 3.5
Dy 0.79 0.46 7.0 7.8 0.13 0.15 1.1 4.7
Felina 6.75 0.77 133.6 252.2 5.56 5.39 81.6 77.2
Hostyn 6.86 2.25 131.3 253.6 5.52 5.35 81.0 75.5
Dy os 0.58 0.34 5.1 5.7 0.09 0.11 0.8 3.5
Dy 0.79 0.46 7.0 7.8 0.13 0.15 1.1 4.7
SE-2-024 6.21 1.08 131.6 252.4 5.47 5.29 81.3 76.1
STP-300 6.11 0.74 134.1 251.3 5.59 5.43 81.6 77.4
PP-2 8.09 2.71 131.6 254.9 5.57 5.40 81.0 75.5
Dy o5 0.86 0.50 7.6 8.5 0.14 0.16 1.2 5.1
Do 1.11 0.65 9.9 11.0 0.18 0.21 1.6 6.6

Conclusion

In the trial with direct sowing technologies the DM production of red clovers was 7.43 t ha™
(CDM production 5.44 t ha™) for SE-2-024, 6.74 t ha” (CDM production 4.20 t ha™) for STP-
300 and 7.24 t ha” (CDM production 3.21 tha™) for PP-2. In the trial with direct sowing
technologies the DM production of inter-genus hybrids was 6.21 t ha™ (CDM production 1.08
t ha™) for SE-2-024, 6.11 t ha” (CDM production 0,74 t ha™") for STP-300 and 8.09 t ha’
(CDM production 2.71 t ha') for PP-2.
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Abstract

Research has provided clear guidelines on how to improve baled silage quality and inhibit
mould growth. The aim of this survey was to evaluate to what extent these best practice
methods have been adopted on commercial farms and to evaluate if these methods improved
silage quality. Details of management practices followed during the growing, ensiling and
storage of round bale silage were collected, and three bales evaluated on each of 80 farms.
Film-wrap seal and bale shape were evaluated and film-wrap samples were taken to determine
the number of layers applied. Surface mould cover was visually assessed and silages were
sampled for NIRS analysis. Bales with six layers of film-wrap had a more effective film seal
compared with bales with four layers (P<0.01) and fewer bales showed surface moulding
(P<0.01) and where present, less surface mould was evident (P<0.05). Bales with six layers of
film applied had a higher ME and CP concentration when compared to bales wrapped with
four layers of film. Bales wrapped by the stack had a better film seal and less surface mould
(P<0.05) than those wrapped on the harvested field and transported to the stacking area.

Keywords: silage, bale, survey, wrap, farming practice

Introduction

Under controlled conditions, increasing the number of film-wrap layers applied to baled silage
will provide a more efficient fermentation and increase dry matter recovery (Fychan et al.,
2006) due to the improved seal provided by additional layers. Air ingress should be
minimized to avoid ensiling conditions that favour the growth of undesirable fungi. As well as
affecting the nutritive value of the ensiled material, the growth of the fungi can affect animal
health, especially pregnant ewes. On commercial farms, as well as being affected by number
of film layers applied, baled silage preservation is affected by a range of other management
and environmental factors (e.g. multiple handling, transportation and wildlife) that can cause
physical damage to the film seal. The present study evaluated ensiling management practices
on commercial farms and determined their effect on silage preservation and quality.

Materials and methods

During January and February 2012, eighty farms throughout England and Wales were visited.
A questionnaire was completed during each visit to evaluate the management practices
followed during the growing, ensiling and storage of a specific batch of round silage bales.
Three bales were selected from the specified stack for evaluation, one on each layer of a
three-tier stack. Film-wrap seal was evaluated by evacuating the air within each bale and
measuring the time taken for air to re-enter, as described by McEniry et al. (2011). Bale width
and height within the stack were measured to assess mis-formity during storage. The edge
shape of each bale was visually assessed and categorized as good (square edged), moderate or
bad (round edged with indentations). Film samples were taken from two locations on the
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curved side of each bale, by taking 50mm @ plastic cores 90° apart. Bales were then unloaded
from the stack and film-wrap removed. Visible surface mould cover on all surfaces of the bale
was visually assessed by calculating the number of 75x75mm grid squares covered and
converting to a percentage of the total bale surface. Samples of each individual bale were
taken by coring two 50mm @ cores, 400mm deep each side of the curved surface of each bale
and 180° apart. Silage samples were vacuum sealed immediately and stored at 4°C prior to
NIRS analysis on a fresh basis to assess nutritional and fermentation parameters. Continuous
normally distributed variables were analysed by ANOVA and by Kruskal-Wallis one-way
ANOVA otherwise. Counts within two-way classification tables were assessed by chi-square.

Results and discussion

The mean and range of the NIRS silage analyses are shown in Table 1. The silages evaluated
were produced for feeding to a wide range of livestock - from high yielding dairy cows to dry
suckler cows, as highlighted by the wide range of quality and dry matter contents observed.

Table 1. Mean, standard deviation and range of nutritional quality attributes of baled silage.

Mean sd Range
Dry Matter (DM) (g kg™ DM) 511 150.2 200 - 908
pH 4.96 0.444 4.08 - 6.36
Ammonia (g kg TN) 70 28.5 50-210
Crude Protein (CP) (g kg”' DM) 111 19.8 80 -207
Soluble Sugars (g kg™ DM) 72 18.9 17-108
Lactic Acid (g kg DM) 34 15.7 1-80.3
Neutral Detergent Fibre (g kg”' DM) 495 40.7 380 - 598
Metabolizable Energy (ME) (MJ kg'1 DM) 10.2 0.90 8.3-12.3
D-Value (g kg DM) 638 56.6 520-770
Intake Prediction (g kg™ W°7) 96 11.7 50 - 105

Table 2. Farmer responses and proportions to questionnaire.

Harvest Month April/May (0.17) June (0.46) July (0.16) Aug/Sept (0.20)
Cut Number 1 (0.75) 2"(0.21) 3(0.04)

Mower type No Conditioner (0.22) Swath Cond. (0.49)  Spread Cond. (0.29)

Length of wilt 1 day (0.38) 2 days (0.49) 3+ days (0.13)

Estimated film layers 4 layers (0.60) 6 layers (0.39) 8 layers (0.01)

Baler operator Farmer (0.46) Contractor (0.54)

Wrapper operator Farmer (0.49) Contractor (0.51)

Bales fed to *: Dairy stock (0.30) Beef stock (0.51) Ewes (0.30)

* Some bales were allocated to more than one category of stock

Farmers’ responses (Table 2) to the questions were assessed, and cutting month, cut number,
mower type, baler and wrapper operator had no effect on either film seal or mould cover. The
number of film layers present on each bale was compared with the estimated number of layers
applied. Of the 48 farms that stated they had applied 4 layers of film, seven farms failed on
some bales and applied 3 layers only. Of the 32 farms that stated they had applied 6 or more
layers, 7 farms failed on some bales and 8 farms failed to achieve this on all bales. A more
effective film seal was observed in bales with 6 layers of film than in bales with 4 layers or
less (P<0.01) (Table 3a). Fewer bales had mould when 6 layers had been applied (P<0.01)
and the bales with mould present were affected less severely (P<0.05).
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Bales wrapped in the harvested field can be at risk of physical damage to the film wrap during
handling, transportation and from wildlife damage. Compared with bales wrapped in the field,
bales wrapped near the stack had a more effective film seal (P<0.05), were affected by mould
less frequently (P<0.01) and when affected by mould they were affected less severely
(P<0.05) (Table 3b). ME and CP concentrations of silage from bales that had 6 layers of film
were higher than silage with 4 layers of film. This has been found in previous studies, but in
this case, we cannot assume that all the improvement is due to the extra film applied. It is
possible that those who apply extra film were also aware of the importance of cutting grass at
the correct stage of growth. Bales that were destined for feeding to ewes were better sealed
(P=0.002) and had less surface mould (P<0.001) than bales for feeding other stock. Bales
destined for dairy stock had lower dry matter (P<0.001), and higher D-value (P<0.001) than
silage destined for feeding to other stock. Bale edge shape had no effect on mould cover
although there was a trend for improved film seal (P=0.093) with better edge shape.

Table 3. Effect of a) film-wrap layers applied and b) wrapping site on film seal, number of bales showing visible
surface mould and the percentage cover on those bales.

a) Fewer than 4 4 6 or more s.e.d. P
Number of bales 15 157 62 -

Film seal (seconds) 10.9* 17.0° 38.4° 0.1554" P<0.001
Number of mouldy bales 9 94 21 - P<0.01
Surface mould (%) 3.96 2.02° 0.88" 0.2324% P<0.05
b) In harvest field By stack s.ed. P
Number of bales 141 99 -

Film seal (seconds) 17.2 27.0 0.078" P<0.05
Number of mouldy bales 84 42 - P<0.01
Surface mould (%) 2.33 1.12 0.1271% P<0.05
.72,

; s.e.d. relates to means transformed to log;o(x+1) and log10(x) respectively
&b, differing superscripts indicate means differ at P<0.01 (film seal) and P<0.05 (surface mould)

Conclusions

The survey findings were in agreement with previous scientific findings, that the number of
film-wrap layers applied to bales affected baled silage preservation. Increasing film layers
applied reduced air ingress and minimized mould growth. Bales wrapped in the harvested
field were less well sealed than bales wrapped by the stack, suggesting there was increased
physical damage to the film on bales wrapped in the field. A number of farms (27%) applied
fewer film-wrap layers than anticipated. This survey shows the importance of ensuring that
best silage management practices are effectively communicated to the farming industry.
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Abstract

The effect of the bacterial inoculant (combined lactic acid bacteria strains Entrococcus
faecium (DSM 22502/NCIMB 11181); Lactococcus lactis (NCIMB 30117) and Lactobacillus
plantarum (DSM16568) on the chemical composition, fermentation end-products, DM (dry
matter) recovery, aerobic stability, as well as the mould development in lucerne big bale
silages were studied under field conditions. The first cut of the primary growth of lucerne
stand was wilted to 342 g DM kg™, than baled and stretch-wrapped for silage. The inoculant
was applied at 1.5x10° cfu g of crop at the time of ensiling in big bales. Big bales were
stored outside for a minimum of 90 days, afterwards opened and sampled for the analyses.
The results of 5 replicates (5 bales) per treatment were analysed using a non-parametric
Wilcoxon Krusal-Wallis test. The inoculant significantly reduced DM loss, pH and butyric
acid concentration, and significantly increased lactic acid content. Combined lactic acid
bacteria strains also resulted in higher lactic:acetic ratio, lower ammonia-N concentration, and
inhibited yeast and mould count in lucerne silage. Inoculation reduced visible mould growth
on big-bale surface and improved aerobic stability (14 vs. 6 days). The inoculated silage had
numerically higher, but not statistically different, organic matter digestibility.

Keywords: lucerne, lactic acid bacteria, silage, fermentation, aerobic stability

Introduction

A risk of undesirable fermentation is higher when forages with high buffering capacity are
ensiled, as compared with grass species (Huhtanen et al, 2012). Selected strains of
homofermentative lactic acid bacteria (LAB) often result in a faster decrease in pH, lower
final pH values, higher lactate:acetate ratios, lower ethanol and ammonia-N, and a 1 to 2%
improvement in DM recovery (Weinberg and Muck, 1996). Thus, the use of traditional
homolactic bacterial inoculants as starters for alfalfa silage has been a recommended practice
to ensure rapid fermentation during the early stages of ensiling and to minimize the loss of
nutrients and DM (McAllister et al., 1998).

The present experiment was designed to investigate the effect of a multi-species (Entrococcus
faecium (DSM 22502/NCIMB 11181) + Lactococcus lactis NCIMB 30117) + Lactobacillus
plantarum (DSM16568)) inoculant (FLP) on composition, fermentation end-products, DM
recovery, aerobic stability, as well as the mold development in lucerne big bale silage.

Materials and methods

A homogenous plot of the primary growth of lucerne, at budding stage, was mown on 8 June
with a disk mower-conditioner, set to place wide windrows and wilted to a dry matter
concentration of 342 g DM kg'. The following additive treatments were applied to forage in
the windrows during the baling: (1) Control — no additive (UT) and (2) a multi-species
Entrococcus faecium (DSM 22502/NCIMB 11181-30%) + Lactococcus lactis (NCIMB
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30117-30%) + Lactobacillus plantarum (DSM16568-40%) inoculant (FLP). The inoculant
suspension was applied at a rate 4 L suspension t" lucerne to achieve an application rate of
LAB 150 000 colony forming units (cfu) per 1 g herbage. The same volume (4 L t") of tap
water was used instead of the suspension in the control treatment (UT) for spontaneous
fermentation. To avoid cross contamination untreated silage was handled first. The wrapped
cylindrical bales (1.2 m wide and 1.2 m diameter) were placed gently on their flat ends
without stacking and were stored outside.

Five big bales from each treatment were chosen at random, weighed when prepared and again
after 90 days of storage for measuring dry matter (DM) losses. Prior to removing the plastic
film surrounding each bale, it was examined carefully for visible damage. On removal of the
plastic film, all visible mould colonies on the bale surface were numbered and scored. Each
bale was core sampled for chemical and microbial analyses and for aerobic stability test.

All silage samples were analysed for DM, water soluble carbohydrates (WSC), pH, ammonia-
N, lactic acid, fatty acids and ethanol using standard methods. Yeasts and moulds were
enumerated in accordance ISO 7954:1987(E) and Clostridium perfringens — ISO 7937:2004.
Aerobic stability was measured in the laboratory by monitoring changes of temperature in
1000-g silage samples placed in boxes in aerobic conditions, and in parallel aerobic stability
was measured on a big scale by inserting 70-cm long temperature sensors into bales at two
different points after plastic film removal.

Results and discussion

Mean DM content of the forage was 3422 g kg", crude protein and water soluble
carbohydrates concentrations were 229.1 and 48.8 g kg DM, respectively. Buffer capacity of
herbage was 564 mEq kg DM). Consequently, water soluble carbohydrates:buffer capacity
ratio was 0.09 g mEq ™ and lucerne was characterized as difficult to ensile.

Compared with UT, FLP treatment significantly decreased the pH, ammonia-N, butyric acid,
alcohol concentrations and dry matter loss. Inoculation significantly increased lactic acid
concentration and the content of water soluble carbohydrates (WSC). The lactic:acetic acids
ratio was proportionally 1.9 lower in the untreated than in the inoculated silage (Table 1).

Table 1. Fermentation characteristics of the of the lucerne big bale silage.

UT FLP LSDy 05
DM ¥, g kg 323.4+3.93 335.1 £3.55% 4916
DM loss ¥, gkg' DM 87.6 + 14.81 47.1 £9.69% 10.274
WSC, gkg' DM 6.1 +1.02 10.2 £1.78* 1.778
Ammonia-N, % of total N 5.86+0.93 4.29 +0.53* 1.034
pH 4.95 +0.085 441 £0.054* 0.035
Lactic acid, g kg DM 32.2+3.87 71.7 £7.29% 8.368
Acetic acid, g kg'' DM 19.8 £5.88 20.6 +£3.87 10.123
Butyric acid, g kg”' DM 3.9+0.65 0.9 +0.25% 0.384
Propionic acid, g kg™’ DM 02+0.15 02+£0.12 0.280
Alcohols, g kg'1 DM 6.4+1.07 4.4 +1.13% 0.312
Clostridia spores, log cfu g' FM 1.0 £0.994 <1.0£0.990 0
Lactic acid bacteria, log cfu g FM 5.00+£0.272 5.36 £0.184* 0.184
Yeast, log cfu g' FM 2.07 £0.305 1.18 +0.268* 0.147
Moulds, log cfu g' FM 2.66 £0.186 1.87 £0.162* 0.140

§ Dry matter and calculated dry matter losses are corrected for volatiles
* Significant at level 0.05

A potential inoculant strain has to grow fast to compete successfully with other microbes. The
higher decline in pH and shifting fermentation towards lactic acid with FLP reflected the
efficiency of added inoculant as suggested by Filya et al. (2007). The low proteolytic activity
of the L. plantarum strains agrees with the observations by Winters et al. (2001). Appreciable
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decrease in the numbers of yeast (2.07 log cfu g") and mould (2.66 log cfu g') were detected
in the inoculated silage when compared with the untreated silage (1.18 log cfu g’ and 1.87
log cfu g, respectively. Big bales treated with FLP at the time of removing the plastic film
had no visible surface fungal contamination, whereas UT bales were contaminated with one
visible colony each. At the end of the aerobic stability test (18 days after plastic removal) FLP
big bales were scored as 1.8, and that was 2.3 times lower (P<0.05) if compared with the UT
big bales. The lower temperature in the inoculated silages relative to the control illustrated the
improved aerobic stability afforded by inoculation (Figure 1 and Figure 2).
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Figure 1. Aerobic stability of FLP and UT lucerne Figure 2. Aerobic stability of FLP and UT lucerne
big bale silage under laboratory test. big bale silage under big scale test.

Conclusions

Baled lucerne silage treated with a multi-species (Entrococcus faecium + Lactococcus lactis +
Lactobacillus plantarum) inoculant (FLP) was superior at the onset of fermentation, and in
the decline in pH relative to the untreated baled lucerne silage. The result was higher
concentration of lactic acid and lower concentration of butyric acid, alcohols and ammonia-N
fraction and lower DM loss in inoculated silages compared with untreated.

FLP inhibited yeast and mould count and reduced visible mould growth on the surface of big
bales. In the inoculated big bale lucerne silage, time to reach the maximum temperature was
lowered; therefore, aerobic stability was improved. The improved fermentation and better
aerobic stability of inoculated baled silage is a reflection of higher microbiologically
inhibitory environment.
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Abstract

The effects of adding novel blends of homofermentative lactic acid bacteria (LAB) strains
Entrococcus faecium, Lactococcus lactis, Lactobacillus plantarum; homo- and hetero-
fermentative LAB strains Lactobacillus plantarum, Entrococcus faecium and L. buchneri;
homofermentative LAB strains plus sodium benzoate; homofermentative LAB strains plus
Xylanase and homofermentative LAB strains plus Xylanase and plus sodium nitrate on the
fermentation and aerobic stability of legume-grass mixture (Trifolium pratense L. and Lolium
perenne L.) silages were studied under laboratory conditions. The second cut [265 g kg™ dry
matter (DM)] of a mixture of red clover and perennial ryegrass stand was harvested with
standard field equipment. After the inoculants were added, the chopped forages were ensiled
in anaerobic micro-silos and compared with the control silage prepared without an inoculant.
The silages were opened after 90 days of ensilage and their chemical composition and aerobic
stability were measured. Overall, microbial inoculants generally had a positive effect on
grass-legume silage characteristics in terms of lower pH, ammonia-N concentrations, reduced
DM losses and populations of yeasts and mould compared with control silages.
Homofermentative LAB in combination with L. buchneri or sodium benzoate shifted
fermentation towards acetate and had a great effect on the aerobic stability of slightly wilted
red clover-ryegrass silages.

Keywords: red clover-ryegrass mixture, inoculant, silage, fermentation, aerobic stability

Introduction

Lactic acid is the most commonly identified organic acid that helps to reduce the pH in the
silage. Therefore, lactic acid-producing bacteria are the primary type of bacteria utilized in
most bacterial inoculants (Wrobel and Zastawny, 2004). Another alternative is to use
additives containing other antimicrobial compounds. Little information has been published on
the use of sodium benzoate and sodium nitrate. The products containing sodium nitrate and
sodium benzoate were used in the experiment reported in this paper, because there are no
long-term studies on the effects of these combinations with bacteria strains on silage
fermentation. Rammer ez al. (1999) and Jaakkola et al. (2010) suggest that the combination of
LAB inoculants with chemical salts has the potential to reduce spoilage of silages and to
improve aerobic stability. Thus, the objective of this study was to determine the effects of
inoculants containing a new combination of lactic acid-producing bacteria strains with either
no other components or with enzyme or/and chemical antimicrobial compounds on
fermentation end-products and aerobic stability of legume-grass silages.

Materials and methods

A moderately difficult to ensile (WSC/BC ratio- 0.226 mEq kg'I DM) red clover:ryegrass
(Trifolium pratense:Lolium perenne) (50:50) second cut sward was harvested, slightly wilted

240 Grassland Science in Europe, Vol. 18



to a DM concentration of 265 g kg and chopped by a forage harvester under farm conditions
to =3 c¢cm chop length. Five samples of chopped forage were dried for 24 h at 67°C and,
thereafter, analysed for chemical composition. Crude protein and soluble carbohydrate
concentrations were 174.4 and 89.5 g kg”' DM. Red clover:ryegrass was ensiled in 3-L glass
jars at a density from 703 to 739 g L. The experiment had 6 treatments with 5 micro-silos
per treatment: T1 = uninoculated control; P1 = homo-and heterofermentative LAB — L.
plantarum DSM 16568 (20 %), E. faecium NCIMB 11181 (30%), L. buchneri (CCM 1819)
(50%) — 2.5x10° cfu g of forage; P2 = homofermentative LAB — L. plantarum DSM 16568
(30%), E. faecium NCIMB 11181 (40%), L. lactis DSM 11037 (30%) — 3.0x10° cfu g of
forage, plus sodium benzoate, at 400 g t" forage; P3= homofermentative LAB — E. faecium
NCIMB 11181 (30%), L. lactis NCIMB 30117 (30%), L. plantarum DSM 16568 (40%) —
1.5x10° cfu g of forage; P4 = homofermentative LAB — E. faecium NCIMB 11181 (30%), L.
lactis NCIMB 30117 (30%), L. plantarum DSM 16568 (40%) — 2.5%10° cfu g'1 of forage,
plus Xylanase, at 0.5 HEC (hydroxy-ethylcellulose) g forage; P5= homofermentative LAB —
E. faecium NCIMB 1118130 %), L. lactis NCIMB 30117 (30%), L. plantarum DSM 16568
(40%) — 2.5x10° cfu g of forage, plus Xylanase, at 0.5 HEC g forage, plus sodium nitrate,
at 1.3 kg t' forage.

The LAB strains were provided by Chr. Hansen A/S. All inoculants were applied by spraying
them as a water solution on the chopped crop. All inoculant solutions were analysed for LAB
counts to document the correct inclusion (target +/—30%). All silage samples were analysed
for DM, water soluble carbohydrates (WSC), pH, ammonia-N, lactic acid, fatty acids and
ethanol using standard methods. Yeasts and molds were enumerated in accordance ISO
7954:1987(E) and Clostridium perfringens — ISO 7937:2004. Aerobic stability was measured
in the laboratory by monitoring changes of temperature in 1000-g silage samples placed in
boxes in aerobic conditions.

Silage composition data were subjected to one-way analysis of variance for a 6 (additive)
factorial arrangement of treatments within a completely randomized design, using Proc GLM
of SAS (SAS, 2000). Aerobic stability data for each herbage type were analysed separately by
one-way analysis of variance. Significance was declared at P< 0.05.

Results and discussion

Inoculation resulted in higher (P<0.05) DM concentrations in all examined silages in
comparison with the control (Table 1). The final pH and DM loss was lowest in silages
inoculated with homofermentative LAB in combination with xylanase (P4) and silages
inoculated with homofermentative LAB in combination with xylanase and sodium nitrate
(P5). Among the five products used for inoculation there were significant differences in
fermentation products. Silages inoculated with the heterofermentative L. buchneri plus
homofermentative LAB (P1) had significantly higher pH and propionic acid concentration,
significantly lower lactic acid concentration and lactic to acetic acid ratio when compared
with other inoculants used in the present experiment. The reduction in the lactic acid with L.
buchneri was reported by Oude Elferink ef al. (2001). Among inoculated silages the largest
(P<0.05) increase of lactic acid was observed in the silages treated with products P3, P4 and
PS5, and the highest (P<0.05) increase in acetic acid was detected in the silages treated with
inoculants P1, P2 and P4. Silages inoculated with P4 had a lower ammonia-N concentration
(P<0.05) but higher (P<0.05) alcohol concentration than silages treated with other inoculants.
Inoculated silages had significantly lower (P<0.05) yeasts and mould count than uninoculated
silage, whereas no differences were observed between the products used for silage
inoculation.

Inoculant P1 increased silage aerobic stability dramatically, inoculant P2 increased (P<0.05)
aerobic stability by 174 h (7 days), inoculants P3, P4, and P5 increased (P<0.05) aerobic
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stability by 66 h (2.7 days) in comparison with untreated silages. Some inoculant lactic acid
bacteria strains produce anti-microbioal compounds that inhibit mould and yeast growth or
undesirable bacterial species (Gollop et al., 2005). A beneficial effect of sodium benzoate on
silage quality was demonstrated by Kleinschmit ef al. (2005). Jaakkola et al. (2010) observed
the combination of L. plantarum with sodium benzoate to be more efficient than the
combination of L. plantarum and L. buchneri.

Table 1. Fermentation quality of the red clover-ryegrass silages and ensiling losses after 90 days of ensiling.

Tl P1 P2 P3 P4 P5 LSDq s
DM, g kg’ 238° 249° 2517 249° 254° 252°% 3172
DM loss®, % 12.3° 6.7° 5.7¢k 6.4°° 5.0° 5.5¢°0 1.517
Ammonia-N, % of total N 9.2° 5.1° 44°¢ 4.6°° 3.7¢ 42 0.616
pH 555%  471° 435°¢ 432°¢ 423¢ 4.26° 0.042
Lactic acid, g kg”' DM 13.9¢ 37.7°¢ 57.1° 62.6™ 637  71.0° 9913
Acetic acid, g kg”' DM 18.2° 32.1° 32.6° 23.7° 31.0° 204° 6792
Butyric acid, g kg”' DM 37.5° 1.8° 03° 0.9° 0.4° 02° 2.334
Propionic acid, g kg”! DM 0.7° 1.9° 0.3°° 0.4°° 0.3°° 0.2° 0.449
Alcohols, g kg DM 14.7* 5.7¢ 3.8 50 6.1° 3.1¢ 1.951
Clostridia spores, log cfu g”' FM 0.99 0.99 0.99 0.99 0.99 0.99 0.004
Yeast, log cfu g' FM 3.18" 1.31° 1.36° 1.51° 1.62° 1.54° 0.614
Moulds, log cfu g' FM 3.00° 1.30° 1.40° 1.44° 1.58° 1.42° 0.391
Aerobic stability, h 192¢ >450° 366" 258° 258" 258° 4221

to.05 = 2.086; Error df=20
$Dry matter and calculated dry matter losses are corrected for volatiles
ab.cde_ Means with different superscript letters in a line indicate significant differences of P<0.05

Conclusions

All inoculants had a positive effect on red clover-ryegrass silage characteristics in terms of
lower pH and DM loss and shifting fermentation towards lactate with homofermentative LAB
and homofermentative LAB in combination with xylanase, and toward acetate with L.
buchneri or sodium benzoate. Inoculation with homofermentative LAB in combination with
L. buchneri or sodium benzoate had a great effect on aerobic stability of slightly wilted red
clover-ryegrass silages. Inoculation with homofermentative LAB in combination with
xylanase resulted in lower protein degradation as evidenced by lower ammonia concentrations
and lower DM loss.
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Abstract

In Switzerland, some farms are using chemical preservatives in order to preserve moist hay.
Detailed knowledge of the hay dry matter (DM) content as well as the correct dosage of the
preservative is important for a successful conservation procedure. In a trial, the efficacy of a
preservative containing buffered propionic acid was investigated in hays of two different DM
contents (69.2 and 74.2% DM) and three different dosages of preservative per DM-content.
The hay with the lower DM-content received applications of 8,9 and 10 L t' and the higher
DM-content hay received 4, 5 and 6 L t"'. Variants without additives were tested as negative
controls. Temperature was continuously controlled during a 30-day period, and the DM
contents and different parameters were analysed before and after this period. For hays of both
initial DM levels, the untreated hay heated strongly and after 30 days it was totally mouldy.
For the 69% DM hay, the heating up and the deterioration of the quality could be totally
prevented with the addition of the preservative, and this did not depend on the dose rate. By
contrast, in the hay with 74.2% DM, the dosage of 4 L could not prevent spoilage. In
conclusion, it can be stated that the correct dosage is important for the success.

Keywords: moist hay, preservatives, dosage, spoilage

Introduction

At harvest, field-dried hay is not always dry enough for storage without problems. Mould
growth and/or excessive heating are the consequences. With the use of preservatives, damage
to the hay can be prevented. The right dosage is critical point for success. To determine the
effect of preservative and dose rate on hays of two initially different dry matter contents, a
chemical preservative was therefore tested in comparison with untreated hays, as negative
controls without preservative, at a laboratory scale.

Materials and methods

Hay of a fourth cut was moistened to two different dry matter contents (69.2 and 74.2% DM).
The investigated product, containing buffered propionic acid, was applied at three different
dosages per DM-content: 8, 9, and 10 L ' were applied to the hay with the lower DM-
content, and 4, 5 and 6 L t! to the hay with the higher DM-content. As controls, variants
without additives were tested. Each variant was repeated three times. The tests were carried
out in a laboratory-scale container (Meisser, 2001). The treated hay was filled into PVC
containers with a capacity of 2906 cm® (diameter 10 cm) and a compaction of 200 kg fresh
weight m™. Each container was fitted with a temperature probe. During the storage period of
30 days the temperatures were measured and recorded every 30 minutes. In the hay at the
beginning, and after 30 days of storage, the DM contents, as well as various chemical
parameters were determined. The crude nutrients were determined by NIRS. Statistical
analysis was performed using analysis of variance and Bonferroni test (program SYSTAT
12).
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Results and discussion

At both dry matter levels, the variants without preservative heated up rapidly and strongly. In
the hay with 69% DM all three tested doses prevented the heating. In the hay with 74% DM
only the 6-L treatment did not heat up.

After the storage period, the DM-contents in the 69% DM hay were significantly different
between the treated and the untreated variants, and different to the DM% at the beginning
(Table 1). Deterioration of the forage caused production of water. In the hay with the higher
(74%) DM-content, differences were also found between the untreated and treated variants
(Table 2). With the preservative, there was a reduction in DM content of the moist hay during
the storage period, for both the 69% DM and 74% DM hays. Concerning the nutrient
contents, significant differences were also found between the treated variants and the negative
controls (Tables 1 and 2). The concentration of acid detergent insoluble N (ADIN) of total N,
which is an important parameter for heat damage, was significantly higher in the negative
control compared to the treated variants. Weiss et al. (1992) found that the digestibility of
crude protein decreased with increasing concentration of acid detergent insoluble N of total N.

Table 1. Chemical parameters in the moist hay with 69% DM after the 30-day storage period.

Without Preservative SE Significance
preservative 8L 9L 10L
DM content % 57.1° 73.1° 73.3° 73.5° 1.04 i
Ash gkg' DM 198" 106° 108™ 113° 1.1 ok
Crude protein gkg’ DM 284° 185° 186° 187° 13 sk
Crude fibre gkg’ DM 240 237 237 238 1.5 ns
Sugar e¢kg' DM 0" 93° 08° 97° 13 ok
ADF gkg' DM 287" 274° 272° 275 22 o
NDF gkg! DM 500° 482° 474° 487° 3.7 i
ADIN % of total N 30.5° 4.2° 4.2° 43" 0.69 sk
Lactic acid gkg’ DM 0.0° 7.1° 7.5 7.7¢ 0.10 sk
Acetic acid ¢kg' DM 0.0* 0.8 0.9 0.9° 0.02 ok
Propionic acid ~ gkg' DM 0.0° 5.7 6.3 7.0° 0.13 ok
DM-losses % 36.3° 1.1° 0.9 0.6 1.25 i

SE: standard error; *: P<0.05; **: P<0.01; ***: P<0.001; ns: non significant

Table 2. Chemical parameters in the moist hay with 74% DM after the 30-day storage period.

Without Preservative SE Significance
preservative 41 51 61

DM content % 744 79.5° 79.8° 80.6° 0.61 ik
Ash gkg! DM 126 108° 1™ 109° 3.4 *
Crude protein g kg’ DM 224° 191° 187° 188" 1.8 ok
Crude fiber gkg! DM 281° 257° 251° 242° 3.9 e
Sugar e¢kg' DM 11° 66° 80° 89" 7.4 ok
ADF gkg! DM 334° 299" 279" 265° 5.4 ok
NDF gkg! DM 557° 505° 495° 480° 7.4 ok
ADIN % of total N 9.9 4.9 4.1° 3.9 0.29 ok
Lactic acid gkg! DM 0.0° 45 7.2% 75¢ 0.60 e
Acetic acid gkg! DM 0.0° 0.1° 0.5® 0.7° 0.13 *
Propionic e DM 0.0* 1.1* 2.6 3.5¢ 0.39 ok
acid gxe

DM-losses % 13.2* 2.7° -1.9° -1.1° 1.1 ok

SE: standard error; *: P<0.05; **: P<0.01; ***: P<0.001; ns: non significant
There were significant effects on the sugar content. In the untreated variants the sugar was

degraded strongly (in the 74% DM hay) and completely (in the 69% DM hay). In addition, the
fermentation acids were determined. For both DM-levels, in the negative controls without
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preservative neither lactic, nor acetic or propionic acids were found (Tables 1 and 2). With
increasing doses of the preservative, more propionic acid was found.

The DM content and the addition of the preservative had a strong impact on the DM losses,
although the dosage of the preservative did not significantly affect the DM losses (Tables 1
and 2).

After the 30-day storage period, the untreated moist hay of both DM levels was totally
mouldy and had a strong odour of ammonia. In the moist hay with the initial 69% DM, and
for all three dose rates of 8, 9 and 10 L t'l, no or only small amounts of moulds were detected.
In the moist hay with the initial 74% DM and the doses of 4 L t', some parts with moulds
were detected, although in the two variants with 5 and 6 L t! of additive, only small mouldy
parts were found. The additional analyses of moulds confirmed the visual evaluation. In the
moist hay with 69% DM all three doses showed values under 100,000 CFU g'l. For the moist
hay with 74% DM, this was only the case in the variant with 6 L (Figure 1).
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Figure 1. Mould contents in the moist hay with two DM-contents and untreated and treated variants (CFU:
Colony Forming Units).

Conclusions

1. Untreated moist hay is not stable during the storage period. It heats up and gets mouldy.
2. The investigated preservative for moist hay could prevent the heating and forage spoilage,
either partially or completely. The correct dosage is important for success.
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Abstract

Studies were carried out in 2009 on a permanent meadow, part of which was undersown with
tetraploid red clover (Trifolium pratense L.). The aim of the study was to assess the suitability
for ensilage of a meadow sward with a large (30%) proportion of red clover. Experimental
plots were cut three times per year and pre-wilted herbage was ensiled in big bales. Herbage
from the undersown part was ensiled with and without addition of inoculate containing lactic
acid bacteria. The quality and nutritive value of silages were compared with silages obtained
from the non-undersown part of the meadow. Beneficial changes in the chemical composition
of the herbage as a result of undersowing were most evident at the third cut. Quality
deterioration of silage from the sward with a large proportion of red clover was observed. The
addition of bacterial inoculants improved some quality parameters but only in first-cut silages.
The nutritive value of silages from the undersown part of the meadow was higher.

Keywords: bacterial inoculate, big bale silage, fermentation quality, nutritive value, red clover

Introduction

Increasing the proportion of legumes in a sward by undersowing leads to increased yield and
protein content in the forage. Large proportion of legumes in the sward, amounting to over
30%, usually increases the content of protein in the sward thus reducing the suitability of the
sward for ensilage (Barszczewski et al., 2011). This is mainly due to lower concentration of
water-soluble carbohydrates, higher buffering capacity and lower dry matter content at
harvesting (McDonald et al., 1991). Pre-wilting of mown herbage from swards with large
proportion of legumes and the use of biological additives with LAB (Shurkhno et al., 2005;
Krawutschke et al., 2010) improve fermentation and make it possible to obtain good quality
silage with increased content of crude protein. The aim of the study was to assess the
suitability for ensilage of a sward with a large (30%) proportion of red clover.

Materials and methods

Studies were carried out in 2009 in a plot experiment that had been established in 2006 on a
permanent meadow (0.6 ha) situated on mineral soil at the Experimental Farm in Falenty. The
dominant grass species in the sward were: Poa pratensis L., Alopecurus pratensis L., Bromus
erectus P.B., Festuca pratensis Huds. and Dactylis glomerata L. Part of the experimental
meadow was undersown with tetraploid red clover (Trifolium pratense L.) cv. Bona at 8 kg
ha™' by direct sowing into the sward in spring 2006. The entire meadow surface was fertilised
with solid manure (20% DM) applied in autumn 2008, after 6 months of storage, at a rate of
22 tha. The meadow was cut three times per year: first cut at full heading of dominant grass
species; and second and third cuts at nine-week intervals thereafter. Mown grass from all
three cuts was pre-wilted on the meadow surface, then collected and ensiled in big bales
(about 400 kg/bale). Herbage from the undersown part was ensiled as either untreated
(treatment RC) or with bacterial inoculate (treatment RC + LAB) containing Lactobacillus
plantarum, L. brevis, L. buchneri and two enzymes (three big bales per treatment). Herbage
from the non-undersown part of the meadow was ensiled without any additives (Control). In
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November, silage sampling was performed with a 5-cm diameter stainless steel corer. Five
horizontal cores of 40 cm depth were extracted from each bale. Quality of obtained silages
was compared with silages from the non-undersown part of the meadow. Silage samples were
analysed for dry matter (DM) (oven dried at 1050C) and pH of fresh mass (potentiometric
method), lactic acid (LA), volatile fatty acids (VFA) and ammonia. The contents of crude
protein, WSC, crude ash, neutral detergent fibre (NDF) and acid detergent fibre (ADF) were
determined in fresh herbage and silages. Analyses were made by near infrared spectroscopy
(NIRS) using a NIRFlex N-500 spectrophotometer using calibrations (INGOT®) prepared for
dry forages and wet fermented forages. Nutritive value of silage was expressed as an index of
relative forage quality (RFQ) (Undersander and Moore, 2002). In addition, total number of
Enterobacteriaceae, yeasts and moulds (cultures on PetrifilmnTM 3M plates) in fresh silage
samples (FM) were determined. Data concerning the chemical and biological composition of
silage were analysed using analysis of variance in ANOVA 1. Differences between treatments
within the subsequent cuts were tested using the Tukey’s HDS test (a=0.05).

Results and discussion

Meadow undersowing resulted in an increased amount of red clover in the sward, which in
2009 was 30%, as compared with only 4% on the non-undersown (control) part of the
meadow. The beneficial changes in the chemical composition of the herbage resulting from
the introduction of red clover to the sward were the most evident in herbage in the 3™ cut. An
increase of crude protein and OMD, and decrease of crude ash, NDF and ADF were observed.
A significant increase of water-soluble sugar content was also observed: this can be explained
by the presence of Lolium multiflorum L., which spontaneously appeared in the meadow
sward. Thus the carbohydrate-to-protein ratio was at a level that guaranteed a proper course of
the fermentation process. There were similar tendencies in the herbage in the 2™ cut. In the
herbage in the 1* cut, the beneficial effect of undersowing on chemical composition of the
herbage and its usefulness for ensilage were less evident (Table 1).

Table 1. The chemical composition of the meadow sward.

1% cut 2" cut 39 cut

Control RC Control RC Control RC
Crude protein (g kg DM) 137.2 137.9 114.4° 126.8° 107.6" 132.1°
Crude ash (g kg DM) 85.8 86.3 94.4 91.8 114.5° 93.4°
WSC (g kg DM) 127.0° 101.9° 8.08 9.62 100.6* 141.3°
NDF (g kg DM) 463.0° 512.1° 525.4 505.9 518.4° 463.0°
ADF (g kg'' DM) 317.6" 343.0° 370.3 360.7 349.6° 311.1°
OMD 57.3 50.7° 452 45.6 52.5° 57.9°
WSCl/crude protein ratio 0.94 0.75 0.71 0.77 0.94 1.08

OMD - Organic matter digestibility; Values with different letters within the same cut are significantly different (P<0.05)

First- and third-cut silages from the meadow area undersown with red clover had significantly
lower DM content than silages from the non-undersown (control) area. Therefore, herbage
with increased content of legumes needs more time to reach optimal DM content before
ensilage. Quality deterioration of silage from the sward with a large proportion of red clover
(treatment RC), shown by high ammonia concentration and increased content of VFA, was
observed in silages in the 1** and 3™ cuts. The addition of bacterial inoculate containing LAB
was the most effective in silage at the first cutting date. Compared with silages made without
bacterial inoculate (treatment RC), they had lower pH level and higher lactic acid content. In
the remaining two cuts the differences between treatments RC and RC + LAB were not
statistically significant. Increased proportion of red clover in the sward improved the nutritive
value of most feeds with exception those in the first cut. Compared with the control, the
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silages from the sward with increased content of red clover (RC and RC+LAB) had lower
NDF and ADF content, and showed higher values of TDN, DMI and RFQ (Table 2).

Table 2. Fermentation quality, nutritive value and microflora of silage.

1% cut 2" cut 39 cut

Control RC RC+ Control RC RC+  Control RC RC+

LAB LAB LAB

DM (g kg™ 550.0° 399.2° 427.5 4292  398.0 4213  550.0°  420.6° 389.0°

pH 431" 452" 414 4.93 4.58 4.47 5.29° 441 446

NH;-N (gkg' total N) 1050 1119 984 117.5° 124.4° 100° 71.8*  129.3° 110.1°

LA (gkg' DM) 36.7°  33.1*  46.4° 137 336> 317 22.8 318 44.1

VFA (g kg DM) 243" 494>  44.7° 46.8 482 463 24.2° 384" 363"

Sum of FP (gkg' DM)  60.9°  82.4° 91.06° 60.45" 81.84° 78.02®  46.92° 70.19® 80.36"

Proportion of LA in 60.1°  40.0° 50.8°  20.7°  402° 403" 45.9 430 523
the sum of FP (%)

CP (gkg"' DM) 149.9 1529 1552 1487 1457 1479 144.7 1388 139.0

Crude ash (gkg' DM)  74.7 73.0  80.6 82.9 79.3 82.0 82.4° 68.5% 741"
Crude fat (g kg™ DM) 39.7 377 397 35.1 34.7 35.8 34.8° 31.5°  32.6%

WSC (g kg DM) 76.5° 822° 653" 85.1 79.2 777 100.1°  89.7®  78.0°
NDF (g kg DM) 464.9°  496.2° 462.0°  526.0 4973 5042  522.7° 4755 4648
ADF (gkg' DM) 3109  3182° 305.6° 334.2° 318.6° 328.0° 3324  306.9" 304.5°
TDN (% DM) 64.6° 633" 64.0" 61.0° 624" 62.0% 61.2° 63.9°  63.9°
DMI (% body weight) ~ 3.02°  291° 297 278 289" 285° 2.80" 2.99°  3.00°
RFQ 158° 150 155 138" 146°  143® 139° 155° 156
Enterobacteria (log, 1.00 272 269 3.08 3.30 1.40 3.55a  5.85b  5.89b
cfu g! FM)

Yeasts (log;gcfu g’ 172 1.09° 141® 231 228 2.39 227 224 260
FM)

Moulds (logocfu g’ 1.80°  3.30™  5.56° 3.13 4.39 3.00 3.71 326 272
FM)

DM - dry matter; LA — lactic acid; VFA — volatile fatty acids (acetic + butyric + propionic acid); CP — crude protein; FP —
fermentation products; WSC — water soluble carbohydrates; NDF — neutral detergent fiber; ADF — acid detergent fiber; TDN
— total digestible nutrients; DMI — dry matter intake; RFQ — Relative Forage Quality = DMI * TDN/1.23; Values with
different letters within the same cut are significantly different (P<0.05)

Conclusions

The beneficial changes in the herbage chemical composition, resulting from the increased
contribution of red clover to 30% as a result of undersowing, were most evident in herbage in
the third cut. Quality deterioration of silage from the sward with a large proportion of red
clover was observed. Despite worse indices of chemical assessment, silage made from the
sward with a high content of red clover had higher nutritive value than silages from the non-
undersown part of meadow. The addition of bacterial inoculants improved some quality
parameters but only in silages in the first cut.
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Abstract

To investigate differences in the dry matter (DM) yield, nitrogen and mineral composition of
forage species, pure swards of chicory (Cichorium intybus), perennial ryegrass (Lolium
perenne), red clover (Trifolium pratense) and white clover (Trifolium repens) were
established in June 2009, with four replicate plots (12x7.5 m) of each species. Ryegrass and
chicory treatments received inorganic nitrogen at 200 kg N ha” yr''. During the first and
second harvest years, each plot was harvested and sub-sampled to assess DM yield and
composition. Chicory contained higher concentrations of N and major minerals (except Na)
when compared with ryegrass in the second harvest year. Differences in composition between
chicory and either red or white clover were more variable, for example, chicory had higher P
and K than red clover but similar concentrations to white clover.

Keywords: chicory, Cichorium intybus, mineral composition

Introduction

Comparisons of data from the 1930s and recent times show that modern agricultural products
have reduced levels of micro-nutrients. For example, magnesium (Mg), which is essential for
human health, has declined in meat and milk products by 10 and 25%, respectively (Thomas,
2007). Some alternative forages have been found to contain higher concentrations of essential
nutrients than conventionally grown ryegrass (Fisher and Baker, 1996). Their use may help to
develop more sustainable approaches to the management of nutrients within soil-plant-animal
interactions, reducing the use of mineral fertilizers or feed additives to provide these nutrients
for livestock. In particular, chicory (Cichorium intybus) possesses a deep taproot with the
capacity to ‘mine’ deep soil resources that are inaccessible to most crop plants. Research has
shown that chicory grown within mixed swards had a higher mineral content than some other
forages (Belesky et al., 2001; Harrington et al, 2006). This experiment investigated the DM
yield, nitrogen and mineral composition of a pure sward of chicory, compared with pure
swards of other forage species, over two harvest years.

Materials and methods

Chicory (Cichorium intybus) (cv. Puna II), perennial ryegrass (PRG) (Lolium perenne) (cv.
Premium), red clover (Trifolium pratense) (cv. Merviot) and white clover (Trifolium repens)
(cv. Aberdai) were established as monocultures on 29 June 2009. Replicate plots (12x7.5 m)
were established in a randomized block design with four blocks. Ryegrass and chicory plots
received inorganic nitrogen at 200 kg N ha™' yr'. During the first and second harvest years
(2010 and 2011), the central 12x1.5 m strip of each plot was cut using a Haldrup plot
harvester, to a height of 8 cm, on 5 occasions each year. A 100 g sub-sample of the bulked
material from each cut was analysed to determine DM, N concentration (using a Leco FP 428
N analyser) and mineral composition. In 2010, plots were harvested at 4-week intervals, on 20
May, 16 June, 12 July, 10 August and 21 September. In 2011, plots were harvested on 5 May,
6 June, 27 June, 1 July, 27 July and 14 September. Calcium (Ca) data were transformed to 1/x
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to normalize data prior to analysis. Data were analysed by ANOVA over time using Genstat®
11.1. Multiple comparisons were based on Bonferroni adjusted LSDs.

Results and discussion

There were differences between forage species for DM yield, N content and all major
minerals (Table 1). Red clover had a higher DM yield than all species except chicory. Chicory
had a higher DM yield than PRG, which was higher than white clover. N concentration of
chicory over two harvest years was higher than for PRG, but lower than red or white clover.
There is disparity in the literature regarding N concentrations of chicory compared with
ryegrass: Harrington et al. (2006) showed chicory had higher N than PRG, as found here, but
other studies show N in chicory to be lower than in PRG (Rumball, 1986). Whilst N
concentrations in chicory increase with incremental applications of inorganic N (Belesky et
al., 1995), in this study both non-legume forages received the same N application suggesting a
more efficient use of N by chicory. Chicory had a higher Ca concentration than PRG, but a
lower concentration than red or white clover, except in the second harvest year for white
clover. Chicory had higher phosphorus (P) and potassium (K) concentrations than either PRG
or red clover but similar concentrations to those in white clover. Mg concentrations in chicory
were higher than all other forages in the second harvest year, but in the first year Mg was
higher in chicory than PRG and white clover, but similar to red clover. Chicory had a higher
sodium (Na) concentration compared to red clover, in both harvest years, but a lower Na
concentration than PRG in the first harvest year. In contrast to the findings of van Eekeren et
al. (2006), the concentration of sulphur (S) in chicory was higher than in PRG in the second
harvest year only. Differences between studies may be due to forages here being grown in
pure swards whereas other studies are based on mixed swards. Concentrations of Ca, P, Mg, S
and K in chicory were higher in the second year than in the first harvest year. Similarly, there
were higher P, K and S levels in PRG and white clover in the second harvest year than the
first year. Na concentrations of PRG decreased between the first and second harvest years.

Conclusions

In this study, chicory contained higher concentrations of N and most major minerals (except
Na) compared with perennial ryegrass in the second harvest year, whereas differences in N
and mineral composition between chicory and either red or white clover were more variable.
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Abstract

To investigate differences in the trace element concentrations of chicory (Cichorium intybus),
perennial ryegrass (PRG) (Lolium perenne), red clover (Trifolium pratense) and white clover
(Trifolium repens) each forage was established as a pure sward. Four replicated plots (12x7.5
m) of each forage species were established in a randomized block design in June 2009.
Ryegrass and chicory received inorganic N at 200 kg N ha™ yr'. During the first and second
harvest years, each plot was harvested and sub-sampled to assess the trace element
composition of the forages over two harvest years. Overall, trace element concentrations in
chicory, red clover and white clover were higher than in PRG, with the exception of Se and
Mo. Chicory contained higher concentrations of Cu, Zn, Co than did white clover, but levels
of I were similar, and white clover contained more Fe than other forages. Red clover and
chicory had similar Mn, B, Co and Fe, but chicory had higher Zn, I and (in year 2 only) Cu.

Keywords: chicory, Cichorium intybus, trace element composition

Introduction

Currently, many livestock farms rely unsustainably on external inputs to maintain sufficient
levels of essential micro-nutrients in livestock diets. Comparisons of data from the 1930s with
data from recent times have shown that modern agricultural products have reduced levels of
micro-nutrients. For example, copper has declined in meat and milk products by 60% and
90%, respectively (Thomas, 2007). Some species of alternative forages have been found to
contain higher concentrations of essential nutrients than conventionally grown ryegrass
(Fisher and Baker, 1996). Use of these species may help to develop more sustainable
approaches to the management of essential macro- and micro-nutrient within soil-plant-
animal interactions, reducing the need for mineral and trace element fertilizers or feed
additives for livestock. In particular, chicory (Cichorium intybus) possesses a deep taproot
with the potential to ‘mine’ deep soil resources inaccessible to most crop plants. This
experiment investigated the trace element concentrations in herbage of chicory in comparison
with other forages when sown as pure swards and measured over two harvest years.

Materials and methods

Chicory (Cichorium intybus) (cv. Puna II), perennial ryegrass (PRG) (Lolium perenne)
(cv.Premium), red clover (Trifolium pratense) (cv. Merviot) and white clover (Trifolium
repens) (cv. Aberdai) were established on 29 June 2009. Plots (12x7.5 m) were established in
a randomized block design with four replicates. The ryegrass and chicory treatments both
received inorganic nitrogen at a rate of 200 kg N ha yr''. During the first and second harvest
years (2010 and 2011), a 12x1.5 m strip was cut from each plot using a Haldrup plot
harvester, to a height of 8 cm, on 5 occasions each year. In 2010, plots were harvested on the
20 May, 16 June, 12 July, 10 August and 21 September. In 2011 plots were harvested on the 5
May, 6 June, 27 June, 1 July, 27 July and 14 September. A 300 g subsample was oven dried
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to estimate dry matter (DM) yield, and a further 100 g sub-sample of the bulked material from
each plot was freeze dried and submitted for chemical analysis [manganese (Mn), copper
(Cu), zinc (Zn), boron (B), molybdenum (Mo), cobalt (Co), iodine (I), selenium (Se) iron
(Fe)]. Zn data were transformed to 1/sqrt(x), and B and Se to log;o(x) to normalize data prior
to analysis. Data were analysed by ANOVA as a split plot over time using Genstat® 11.1.
Multiple comparisons were based on Bonferroni adjusted LSDs.

Results and discussion

Results of trace element concentrations are presented in Table 1. The Mn concentration of
chicory was higher than white clover. In the first harvest year, Cu concentrations in chicory
were higher than in PRG and white clover, but not red clover; in the second harvest year it
was higher in chicory than in all other forages. In both years, chicory had a higher Zn
concentration than all other forages. These findings are in agreement with van Eekeren et al.
(2006) who found that chicory contained higher levels of Cu and Zn when grown in a mixed
sward. Zn concentration was higher in red clover than in either PRG or white clover. B
concentrations were similar amongst chicory, red clover and white clover, with PRG being
lower than all other forages. There were no differences in Mo or Se concentrations among the
forages. Chicory forage contained similar Co concentrations to red clover, but contained more
Co than PRG or white clover. There was no difference in Co concentrations between red and
white clover. The I concentration of chicory was similar to that of white clover and was
higher than in both PRG and red clover. There were no Fe forage x year interactions but iron
(Fe) concentrations of white clover were higher than other forages (data not in table: chicory
= 83.6° PRG = 68.7° RC = 722* WC = 100.2°. In all forages there were higher
concentrations of Fe, Mn and Co in the second year than in the first harvest year, whereas
there were lower concentrations of both I and Se in the second harvest year. Chicory had
higher Cu and lower Mo concentrations in the second harvest year than in the first year.

Conclusions

Overall, the trace element concentrations in forage of chicory, red clover and white clover
were higher than in PRG, with the exception of Se and Mo which were present in similar
concentrations in all forages. Concentrations of Cu, Zn, Co were higher in chicory than in
white clover, but iodine levels were similar and white clover contained more iron than all
other forages. Red clover and chicory had similar Mn, B, Co and Fe concentrations, but
concentrations of Zn, I and Cu (the latter in the second harvest year only) were higher in
chicory than in red clover.
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Abstract

The effects of chicory (Cichorium intybus) (cv. Puna II) in sowing mixtures with perennial
ryegrass (Lolium perenne) (cv. Premium) (PRG) or PRG with red clover (Trifolium pratense)
(cv. Merviot) on the chemical composition of harvested forage was investigated. Field plots
(10x2.5 m) were sown with chicory and ryegrass in differing proportions, and either with or
without red clover, in a replicated randomized design with four blocks. Treatments consisted
of chicory sown with PRG alone or a ryegrass-red clover mix, resulting in 10 combinations
with chicory included as 0.9, 0.7, 0.5, 0.3 and 0.1. Forages were sown at rates corresponding
to a proportion of their usual monoculture rate, not the total seed rate. A Haldrup plot
harvester was used to determine total yield and sub-samples were taken for chemical analysis.
Overall, when chicory was sown in combination with ryegrass only, there was a positive
effect of increasing chicory in the sward on the DM and crude protein yield. However, when
sowing chicory in combinations with PRG and RC, the highest DM, CP and WSC yields were
found with increasing and decreasing proportions of red clover and chicory, respectively.

Keywords: chicory, Cichorium intybus, protein, mixed swards, sowing rates

Introduction

Including chicory in grass seed mixtures is becoming more popular, as it offers high yields of
very palatable and nutritious fodder for grazing livestock. Research has previously found that,
typically, the crude protein (CP) and water-soluble carbohydrates (WSC) concentrations of
chicory are higher than perennial ryegrass (PRG) (Lolium perenne) but crude protein
concentrations are lower than red clover (RC) (Trifolium pratense) (Li and Kemp, 2005).
However, little is known about the effects of different sowing combinations of chicory when
sown with these forage species on forage yield and chemical composition. This experiment
determined the effects of sowing chicory in combination with PRG only or PRG with red
clover on the yield and chemical composition of the harvested forage.

Materials and methods

Field plots (10x2.5 m) were sown with chicory (cv. Puna II) and perennial ryegrass (cv.
Premium) in differing proportions, and either with or without red clover (cv. Merviot), in a
replicated randomized block design with four replicate blocks. Forages were sown on 25 June
2009 at rates corresponding to a proportion of their usual monoculture rate, not the total seed
rate (i.e. chicory at 6 kg ha™', PRG at 33 kg ha™' and PRG-red clover mix at 22 + 11 kg ha™).
The treatments consisted of chicory sown with PRG alone or a ryegrass-red clover mix,
resulting in 10 combinations with chicory included as 0.9, 0.7, 0.5, 0.3 and 0.1. Each plot was
sown using an Oyjord experimental plot drill before the area was harrowed using an Einbock
harrow and rolled. The PRG-chicory plots received 50 kg N ha™ during establishment. During
the establishment year, plots were cut using a Haldrup plot harvester on 14 September and 19
October. During the first harvest year (2010), plots were mechanically harvested at 4-week
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intervals, on the 21 May, 17 June, 12 July, 10 August and 17 September. The PRG-chicory
plots received inorganic N on 4 occasions: 77 kg, 61 kg, 30 kg and 28 kg of N on 23 March,
26 May, 22 June and 22 July 2010, respectively. During the second harvest year (2011), plots
were mechanically harvested at approximately 4-week intervals, on the 4 May, 6 June, 27
June, 27 July, 2 Sept and 7 November 2011. The PRG-chicory plots received inorganic N on 4
occasions: 80 kg, 31 kg, 31 kg, 32 kg on 18 March, 11 May, 8 June and 11 July 2010. Total
yield was determined by weighing the material cut from an area of 10x1.5 m within each plot.
A sub-sample of the bulked material from each plot was submitted for chemical analysis to
determine dry matter (DM), CP (total N x 6.25) and water-soluble carbohydrate (WSC)
concentrations. A further 100 g sub-sample was taken, thoroughly mixed, and then separated
into chicory, PRG, red clover, white clover, broad leaf weeds and grass weeds. Data were
analysed using Genstat® 11.1 by polynomial contrast analysis to determine the effects of
sowing ratios and by regression analysis to compare the effects of the percentage of chicory as
recorded in sward.

Results and discussion

In the first harvest year there was a linear increase in DM content and yield of harvested
forage as the proportion of chicory sown decreased, but there was no effect of including red
clover (Table 1a). There was an increase in the yield of PRG as the ratio of ryegrass sown
increased in plots either treated with inorganic N or sown with red clover and receiving no
inorganic N. Chicory yield was lower when chicory was sown in combination with PRG and
red clover (and not treated with artificial N) compared with being sown with PRG (and treated
with artificial N). There was an interaction between the inclusion of red clover and the sowing
ratio on the total forage protein yield. When chicory was sown with ryegrass, there was a
positive linear increase in forage protein yield as the amount of chicory sown was increased.
In contrast, when chicory was sown with ryegrass and red clover, the highest forage protein
yield was when chicory was sown at 10% of its usual monoculture rate, which was mostly due
to the effects of red clover. Sowing ratio changed the WSC yield, with a linear and quadratic
effect on WSC of increasing the proportion of chicory sown in combination with ryegrass.
Although including red clover in chicory-ryegrass swards reduced the overall WSC yield, the
most linear response of differing sowing ratios on WSC yields was found in plots where red
clover was present.

In the second harvest year, the inclusion of red clover had a significant effect on all forage
yield and chemical composition parameters, whereas sowing ratios, in contrast, did not alter
the DM yield or WSC yield (Table 1b). Similar to the first harvest year, the yield of chicory
was lower when chicory was sown in combination with perennial ryegrass with red clover
(and not treated with artificial N) and there was a linear and quadratic increase in chicory
yield as the sowing ratio of chicory increased. There was also an interaction between the
inclusion of red clover and sowing ratio on total chicory and total forage protein yield.

In the first and second harvest year, when chicory was sown with ryegrass and red clover (and
not treated with inorganic N), the highest forage protein yield was when chicory was sown at
10% of its usual monoculture sowing rate. In both years, when chicory-ryegrass was sown
with red clover, the percentage of chicory present was found to increase quadratically with an
increased sowing ratio of chicory. In contrast, when chicory was sown with ryegrass, the
percentage of chicory in the sward did not always correspond to increasing sowing ratios,
with the percentage of chicory present being similar when sown at 30% and at 90% of its
usual monoculture rate. This is despite plant population data (not shown) showing differences
in plant numbers. Therefore, the effects of the actual percentage of chicory present on the
chemical composition of the harvested forage were compared by regression analysis. Results
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found that increasing the actual percentage of chicory in the sward had an effect on the crude
protein but not the WSC yield of the harvested forage.

Table 1. Effects of sowing chicory in differing ratios with ryegrass and either with or without red clover (RC) on
the nutritional value of the harvested forages.
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ns: not significant; *: P<0.05; **: P<0.01; ***: P<0.001; RC: red clover effect; R: sowing ratio effect

Conclusions

Overall, when chicory was sown in combination with ryegrass only, there was a positive
effect of increasing chicory in the sward on the DM and crude protein yield during the first
and second harvest year. However, when sowing chicory in combinations with PRG and RC,
the highest DM, CP and WSC yields were found with increasing and decreasing proportions
of red clover and chicory, respectively.

Acknowledgements
Authors gratefully acknowledge funding from EBLEX and seed donated by Germinal
Holdings Ltd, UK.

References

Li G. and Kemp P.D. (2005) Forage chicory (Cichorium intybus L.): A review of its agronomy and animal
production. Advances in Agronomy 88, 187-222.

The Role of Grasslands in a Green Future 257



Seasonal fluctuation in concentrations of a-tocopherol and B-carotene in
forage herb and legume species and a grass-clover mixture

Elgersma A.', Spegaard K.” and Jensen S.K.’

! Independent scientist, P O Box 323, 6700 AH Wageningen, the Netherlands

? Department of Agroecology and Environment, Faculty of Agricultural Science, Aarhus
University, Blichers Allé 20, P O Box 50, 8830 Tjele, Denmark

7 Department of Animal Health and Bioscience, Faculty of Agricultural Science, Aarhus
University, Blichers Allé 20, P O Box 50, 8830 Tjele, Denmark

Corresponding author: anjo.elgersma@hotmail.com

Abstract

Most studies in forages have been carried out with perennial ryegrass and legume species
such as white clover. Recently, a-tocopherol and B-carotene in a number of dicotyledonous
forage species were compared to a grass-clover mixture. To develop management guidelines,
insight into seasonal patterns across the various harvests and years is important. Therefore,
four herb species, three legumes and a perennial ryegrass-white clover mixture were
investigated in a cutting trial with four harvests (May-Oct) during 2009 and 2010.
Concentrations of a-tocopherol and B-carotene were highest in October and lowest in July.
Biodiverse pastures could have added benefits in farming practice as various herbs
outperformed the grass-clover mixture regarding o-tocopherol concentration, particularly in
autumn.

Keywords: herbs, forbs, forage legumes, vitamins, a-tocopherol, -carotene, seasonal pattern

Introduction

Grasslands provide an important part of the feed used by domestic and wild ruminants and
other animals such as horses. Fresh herbage is an important natural source of vitamins in
ruminant diets. Concentrations of vitamins in plants depend on factors such as regrowth stage,
nitrogen, temperature, day length, and leaf proportion in the harvested herbage (Booth, 1964;
Livingston et al., 1968). Most studies on vitamin concentrations in forages have been carried
out with agronomically important grass species as perennial ryegrass and legume species such
as white clover, but seldom with other grassland forage species. As yield and quality data of
broad-leaf herb species grown in a sward are scarce, vitamins in a number of herb and legume
species were compared to a grass-clover mixture to get insight into species differences
(Elgersma et al., 2012). This study reports seasonal patterns in contents of a-tocopherol and
B-carotene across harvests and years.

Materials and methods

The experiment was established in spring 2008 in Foulum, Aarhus University, in the central
part of Jutland, Denmark (56°03°, N 9°03°E). Pure stands were established with each of four
herb species: salad burnet (Sanguisorba minor), caraway (Carum carvi), chicory (Cichorium
intybus), and ribwort plantain (Plantago lanceolata), and three legumes: yellow sweet clover
(Melilotus officinalis), lucerne (Medicago sativa) and birdsfoot trefoil (Lotus corniculatus).
Also a mixture with 85% perennial ryegrass (Lolium perenne) and 15% white clover
(Trifolium repens) was sown. Net plot size was 1.5x9 m. Swards were cut with a forage
harvester on 29 May, 9 July, 21 August and 23 October 2009 and 31 May, 13 July, 19 August
and 21 October 2010. After cutting, samples of the harvested herbage were taken to determine
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yield and quality parameters. The concentrations of a-tocopherol and B-carotene were
quantified after high performance liquid chromatography (Jensen et al., 1998). The
experimental design was a randomized complete block with two replications. There were
eight swards (the four herb and three legume species plus the mixture) and four harvests per
year. Analysis of variance procedures were applied using the MIXED procedures of SAS.
Yield and vitamin concentrations were evaluated with a model that included fixed main
effects of species, harvest date and their interaction. Random effect was assigned to
replications, years and their interactions. All tests of significance were made at the 0.05 level
of probability.

Results and discussion

All parameters showed significant differences among the species as reported earlier. Yields
ranged from 3.9 to 15.4 t DM ha™'yr" and were lower (P<0.001) in yellow sweet clover, salad
burnet and caraway than in lucerne and the grass-clover mixture. Concentrations of o-
tocopherol were lowest (P<0.01) in lucerne and yellow sweet clover, and highest in salad
burnet and plantain (ca. 22 versus 80 mg kg' DM, respectively); the latter two species
outperformed the grass-clover mixture (P<0.01). Concentrations of B-carotene ranged
between ca. 28 and 59 mg kg”' DM and were lower (P<0.05) in salad burnet, lucerne and
yellow sweet clover than in caraway, birdsfoot trefoil and ribwort plantain. (Elgersma et al.,
2012). Interactions between species and cut were not significant for a-tocopherol.
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Figure 1. Concentrations of a-tocopherol and of B-carotene during 4 harvests (e late May, o early July, A mid-
late August, m mid-late October) in 2009 (small symbols) and 2010 (large symbols). Black depicts grass/clover,
grey birdsfoot trefoil. Trendlines: R* = 0.60 and 0.39, respectively.

Large differences between harvests (P<0.001) were found for all parameters: yields were
lowest in the 4™ harvest (not shown), whereas concentrations of a-tocopherol and B-carotene
were generally highest in the 4™ harvest (illustrated for birdsfoot trefoil and the grass-clover
mixture in Figure 1).

Concentrations of a-tocopherol and of -carotene showed a positive correlation within most
species except in salad burnet where no relation was found; trendlines differed (P<0.05)
among species (e.g., Figure 1). The weather may provide an explanation for the fact that
vitamin concentrations in the first harvest were much higher in 2010 than in 2009. First of all,
the winter of 2009/2010 was severe and spring growth started late. The average temperature
in April 2010 was only 6.5°C whereas in April 2009 it was 9.4°C. Also, in May the air
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temperatures in 2010 were lower than in 2009: the 20 days preceding the date of the first cut,
average values were 9.6°C and 10.6°C, respectively. Therefore, the effective primary growth
period differed. This implies that the forage was probably less mature on 31 May 2010 than
on 29 May 2009; however, unfortunately no phenological data were recorded. The 4™ harvest
showed high vitamin concentrations in both years, but a-tocopherol levels again were higher
in 2010 than in 2009. In 2010 there was a cold period after the 3™ cut so again the weather
may have caused a delay in regrowth, resulting in physiologically younger forage in the 4™
cut in 2010.

In pastures, species are mixed but here pure stands of four herbs and three legumes were
studied. Interspecific interaction can affect canopy structure and leaf/stem ratio of species.
Brown (1953) found four times more a-tocopherol in grass leaves than in stems, and three
times more a-tocopherol in clover leaves than in petioles. Also higher contents of B-carotene
have been found in plants containing a higher proportion of leaves (Livingston et al., 1968).
Stems in birdsfoot trefoil were small, thin and green. Leaf proportions of species were highest
in the 4™ harvest, which coincided with generally high concentrations of vitamins.

The high o-tocopherol concentrations of the herbs and birdsfoot trefoil, as found in this study,
might offer perspectives for naturally improved contents in milk, particularly in autumn.
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Abstract

In the context of the increasing importance of nitrogen-use-efficiency (NUE) in dairy feeding,
we investigated the potential use of concentrated tannin extracts as feed additives to increase
NUE for grassland-based diets. The first step is to adequately describe the material in order to
correlate tannin structures with the effects on NUE. Analytical characterization of tannins in
extracts is limited by matrix effects. Therefore, different extraction methods (hot water,
water:methanol, acetone:water:formic acid) were tested for analysis with LC-MS to
investigate tannin content and structure of some potential feed additives. Industrially
produced tannin extracts from Schinopsis lorentzii (quebracho), Acacia mearnsii (mimosa),
Caesalpinia spinosa (tara) and Uncaria gambir (gambier) were tested. Results indicated that
extraction with hot water was the most suitable method for isolating tannins from the extract
(P<0.005) and to minimize matrix effects. Additionally, acetone produced an interference
peak, consummating several tannin peaks. This led to a measured total tannin content for
quebracho extract of 139.1 g kg™ with the acetone method, instead of 164.3 g kg™ with hot
water. Therefore, the hot water method is suggested to isolate tannins from industrially
produced extracts. Observations about different tannin structures in the extracts are discussed.

Keywords: tannin, LC-MS, quebracho, mimosa, tara, gambier

Introduction

Tannins are supposed to form complexes with proteins at neutral pH, protecting them from
ruminal degradation, and therefore more feed protein is expected to pass the rumen
undegraded (Barry and McNabb, 1999). These complexes are assumed to dissociate again at
the low pH value of the abomasum (Jones and Mangan, 1977), making the protein available
for the ruminant, thus increasing nitrogen-use efficiency (NUE). Many legumes and other
field herbs contain tannins, though at comparatively low tannin contents. Therefore, the
objective of the project was to investigate the possible use of high concentrated tannin
extracts as feed additives. It is important to characterize the material in order to determine the
correct application amount. Therefore, the study evaluates different LC-MS methods in order
to standardize tannin measurement and minimize interferences caused by matrix effects.

Materials and methods

Extracts of Schinopsis lorentzii (quebracho), Acacia mearnsii (mimosa), Caesalpinia spinosa
(tara), and Uncaria gambir (gambier) were examined. For reversed-phase-liquid-
chromatography different preparation methods were tested: purification using hot water,
water:methanol (1:1) and acetone:water:formic acid (70:29.5:0.5). Measurements were done
by liquid chromatography (1200 series with diode array detector; Agilent Technologies),
using 0.1% formic acid and methanol:formic acid (99.9:0.1) as eluents. An Accucore RP-MS
(150x3.0 mm 2.6 pm Solid Core LC Column) with precolumn was used. An ion-trap mass
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spectrometer (Esquire3000, Bruker) was used, operating with an electrospray ionization
source in the negative ionization mode and scanning from m /z 100 to 1800. The total analysis
time of a sample was 42 min. All preparations and analyses were performed twice.

The UV/VIS peaks produced at 280 nm were integrated if they showed a typical tannin
spectrum. Tannin content was quantified on the basis of calibration curves of tannin standards
with similar structure to the tannins in the respective extract. Statistical evaluation was
performed by simultaneous comparisons of means using multiple contrast tests.

Results and discussion

Table 1 shows the tannin content as quantified after the different preparation methods for all
four extracts. Hot water extraction provided higher values than extraction with methanol or
acetone (P<0.005). For mimosa and gambier, no differences were observed between
extraction with methanol and acetone, while for quebracho and tara there were lower values
for acetone (P<0.0001). Comparability to other methods may be limited, for example the
photometrical measurement of butanol/HCl method led to very different numbers (see
Schweigmann et al., 2012).

Table 1. Tannin content of the extracts in g kg™ by LC-MS analysis with different preparation methods,
quantified based on Procyanidin C1 (C1) or epigallocatechin gallate (EG) as calibration standard (s.e. = 1.3).

Hot water Water : Methanol Acetone: Water:Formic acid
Quebracho (C1) 164.3°B 152.4°F 139.1°¢
Mimosa (C1) 108.2% 101.9%¢ 98.2°P
Tara (EG) 647.5™ 633.6" 572.9
Gambier (C1) 169.3°® 154.38 152.9"

P different small letters indicate significant differences between methods within one extract (P<0.005)
AB different capital letters indicate significant differences between extracts within one method (P<0.005)

Methanol or acetone in the preparation process resulted in noticeable increase of interferences
in the tannin peak spectra, rendering tannin identification more difficult. Utilization of
acetone caused a disturbing peak at 2.5 min, consuming several others and therefore
contributing to an underestimation of the tannin content.

Venter et al. (2012a) also investigated industrially produced quebracho extract and identified
ent-fisetinidol-4/-ol (negative m/z value 289) as main monomer as well as its oligomers (up
to heptamer). With the scan mode set to a maximum of 1800, the hexamer was the largest
oligomer detectable. The mono- and all oligomers were found in the present quebracho
extract, but only with low intensity. Another molecule with m/z 915 appeared throughout the
sample travel time at quite high intensities (Figure 1a). Fragmentation of this particular mass
revealed its fragments to be quebracho tannin oligomers; therefore, it has to be some kind of
modification product. This thesis was substantiated by another study of Venter et al. (2012b),
describing a sulfited quebracho trimer, supposedly making the product cold-water soluble.
Apparently, the present quebracho extract was treated with sodium hydrogen sulfite
extensively, raising the question of its harmlessness regarding animal feeding. On the other
hand, cold-water solubility might be essential for adequate application. The tannin structure of
tara differed from the other extracts. The mass spectrum displayed several tannins with mass
differences of continuously 152. Mane et al. (2007) found the tara tannin to consist of quinic
acid with one or more galloyl moieties. Figure 1c shows the tara mass spectrum, including
single quinic acid (m/z 191). Only few studies were found to help interpret the spectra of
mimosa and gambier (Figure 1b, 1d). Drewes et al. (1966) indicated the mimosa monomer to
be leucorobinetinidin. For gambier tannins, Nonaka and Nishioka (1980) found the main
component to be gambiriin.
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Figure 1. Mass spectra of quebracho, mimosa, tara, and gambier extract (hot water method).
.
Conclusions

Preparation of tannin extracts by hot water seems to be the most suitable method to isolate
tannins and minimize matrix effects. Standardization will be difficult, as one single standard
for quantification would provide overall comparability, but heterogeneity in tannin molecule
size and structure prevents usage of the same standard for different tannins.
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Abstract

The effect of stocking rate (SR), low vs. high (L, 4.0 vs. H, 5.2 cows ha‘l), and cows’ lactation
stage (LS), early vs. middle (E, 31 vs. M, 140 days in milk) was studied on N-balance of cows
(n = 72). N inputs (grass, silage and concentrate) and XN outputs (milk and body weight
gain) were evaluated in two periods, with medium (P1) vs. low (P2) level of supplementation
at pasture. ZN inputs and XN outputs were higher (P<0.001) in cows at E (189+14 and 12149
g N cow™ d) than at M lactation stage (163+2 and 1055 g N cow™ d™"). Supplement intake
was higher (P<0.05) in H than in L stocking rate groups (10.4+0.2 vs. 9.240.9 kg DM cow'
d"). N inputs, ZN outputs and N excretion were no different for SR treatments. ZN inputs
and N outputs (g N cow d') were higher (P<0.001) in P1 (23748 and 140+10), with higher
supplementation, than in P2 (114+19 and 8648). N excretion was also higher (P<0.001) in P1
than in P2 (479467 vs. 68+24 g N cow d'l), but no differences were found between cows at
both LS and SR. N surplus was the highest in cows at E lactation stage and H stocking rate.

Key words: dairy cattle, grazing pressure, days in milk, N excretion, supplementation

Introduction

Galicia is located in the humid part of Spain with suitable soil types and climatic conditions
for developing dairy grazing systems. Nevertheless, only 2 mt out of 6.0 mt of Spain’s milk
quota are produced in this region by 41% of our cattle and 56% of our farms using a
supplemented (silage + concentrate) grazing system. Treacy et al. (2008) reported that lower
stocked clover-based farms generate lower N surpluses (and lower N losses) compared with
higher stocked farms. Taking into account the animal feed part from the N-total farm level
balance, studies are being carried out in Galicia to determine the N-conversion rate from
inputs (grass, grass/maize silage and concentrate) to outputs (milk and body weight gain) in
order to decrease the N-surplus by improving efficiency of N utilization at animal level.
Considering that the main N input at cow level is via feed, the possibility is evaluated of
improving grazing management by applying appropriate stocking rates (SR) while decreasing
supplementation according to cows’ lactation stage (LS). The objective is to investigate the
effect of SR and cows’ LS on animal N-balance in two periods of supplementation at pasture.
This work will contribute to validation of the N-balance as a tool for Galician grazing dairy
systems and it will help to focus our new research projects on environmental aspects related to
milk production under local conditions.

Materials and methods

A trial was carried out at the Agrarian Research Centre of Mabegondo (NW Spain) to study
the balance of nitrogen under a grazing system, considering N inputs from feed (grass,
grass/maize silage and concentrate) and N outputs (milk and body weight gain) from cows, to
see if N-offer is in accordance with animal nutritional N-requirements. Holstein-Friesian cows
(n = 72), at two lactation stages (LS), early (E, 31 days in milk) vs. middle (M, 140 days in
milk), were managed at two stocking rates (SR), low (L, 4.0 cows ha'l) vs. high (H, 5.2 cows
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ha™), in spring-summer. Four groups (EL, EH, ML and MH) were grazing rotationally on
mixed perennial ryegrass and white clover pastures in two periods: (P1) with medium level of
silage (3.5 kg DM cow™ d) and concentrate (3.5 kg DM cow’ d”) supplementation in
addition to pasture (20.5 kg DM cow’! dl) vs. (P2) without silage and low level of concentrate
supplementation (0-2 kg DM cow™ d) in addition to pasture (17.5 kg DM cow! d). Five
random samples (0.33x0.33 m) were taken per paddock before and after grazing, cutting to 4
cm above ground level, for chemical composition determination using NIRS System 6500.
Statistical analysis was performed by SPSS15.0. Significant differences were declared at
P<0.05.

Results and discussion

On average, milk yield was higher (P<0.05) in cows at E lactation stage (25.7 kg cow™ d™")
than in cows at M lactation stage (19.6 kg cow™ d™'). Nevertheless, on average, milk protein
content (31.1 vs. 29.0 g kg'l), milk fat content (38.1 vs. 36.0 g kg'l), body weight (BW) (568
vs. 587 kg) and body condition score (BCS) (2.8 vs. 3.0) were higher (P<0.05) in cows at M
lactation stage than in cows at E lactation stage, respectively. No significant differences
(P<0.05) were found between SR treatments for average milk yield, milk protein content,
milk fat content, BW and BCS (Table 1).

Table 1. Animal performance and milk quality responses in four groups of cows at two stages of lactation and
two stocking rates.

Cows Lactation Stocking rate Milk yield Protein Fat BW? BCS®
Herds' (number) (days) (cows ha™) (kg cow! d) (g kg'l) (g kg'l) (kg) (1-5)
EL 22 33° 43" 249° 29.2° 35.6" 573® 2.8°
EH 22 28° 5.8° 26.5° 28.7° 36.3% 564° 2.7°
ML 14 139° 3.6° 20.4° 30.6° 39.3° 600° 2.9°
MH 14 140° 4.6° 18.9° 31.6° 36.8" 574 3.0°

THerds: Stage of Lactation by Stocking Rate BW (Body Weight); "BCS (Body Condition Score)
*®Values in the same column not sharing a common superscript are significantly different (P<0.05)

Average grass intake was higher (P<0.05) in cows at M (21.4 kg DM cow’! d'l) than at E
(16.9 kg DM cow™ d) lactation stage and lower (P<0.05) concentrate supplementation was
observed in cows at M (3.0 kg DM cow’! d'l) than at E (1.5 kg DM cow’! d'l) lactation stage.
No differences were found in silage supplementation between cows at both lactation stages.
Lower (P<0.05) grass intake was reached by cows at H (18.3 kg DM cow™ d) than at L
(20.0 kg DM cow’! d") stocking rate and no differences were found between both SR
treatments for supplementation (Table 2). Lower (P<0.05) DM (16.8 vs. 18%), ADF (264 vs.
277 g kg™ DM) and NDF (479 vs. 496 g kg'' DM) content were reached by cows managed at
H than at L stocking rate.

Table 2. Total feed intake of four dairy cow groups and sward quality characteristics.

Total intake Sward characteristics®
Grass Grass silage Maize silage  Concentrate
P1 P2 Pl P2 P1 P2 P1 P2 DM CP  ADF NDF WSC IVOMD
Herds' ..........cccevvvien.. (kgDM cow day") oo % e (kg ' DM) ..o
EL 188* 142 15 0 17 0 41" 1.8 173" 1317 275°  487° 185"  749°
EH 164* 182° 15 0 17 0 41" 1.8 16.9° 149®  261° 475> 193" 759
ML 259" 210° 18 0 20 0 2.6" o 185° 146°  278*  505° 174> 757®

MH 21.0° 176° 18 0 20 O 3.3 0 16.7° 157° 266> 483®°  177°  790°

THerds: Stage of Lactation by Stocking Rate 2Sward characteristics: DM, Dry Matter (%); CP, Crude Protein; ADF, Acid and
NDF, Neutral Detergent Fibre; WSC, Water Soluble Carbohydrates; IVOMD, In vitro Digestibility of Organic Matter
**Values in same column not sharing a common superscript are significantly different (P<0.05)

N inputs from silage (g N cow’! d") were higher (P<0.001) in P1 (30 and 20) than in P2 (0
and 0) for grass and maize, respectively (Table 3). N inputs from concentrate (g N cow™ d™')
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were higher (P<0.001) at E than at M lactation stage (87 vs. 44), higher (P<0.05) at H than at
L stocking rate (69 vs. 62) and also higher (P<0.001) in P1 than in P2 (103 vs. 28). N outputs
from milk (g N cow! d") were higher (P<0.001) at E than at M lactation stage (116 vs. 99)
and also higher (P<0.001) in P1 than in P2 (135 vs. 86). >N inputs and Y N outputs (g N
cow™! dfl) were higher (P<0.001) at E (189 and 121) than at M lactation stage (163 and 105),
respectively. Higher YN inputs (P<0.001) and YN outputs (P<0.05) (g N cow™ d) were
reached by cows managed at H (182 and 115) than at L stocking rate (170 and 111),
respectively. YN inputs and YN outputs (g N cow” d) were also higher (P<0.001) in P1
(237 and 140) than in P2 (114 and 86), respectively. There were no significant differences
between LS and SR treatments for ) N inputs - Y'N outputs and N excretion. Period showed a
significant effect on YN inputs - YN outputs (g N cow™ d), with higher (P<0.001) values in
P1 (97) than in P2 (28), and also on N excretion (g N cow’! d"), with higher (P<0.001) values
in P1 (460) than in P2 (53). Our results highlighted that supplementation with silage and
concentrate in P1 strongly increased N-excretion in cows managed at both LS and SR.

Table 3. YN inputs (grass, silage and concentrate as g N cow™ day™), YN outputs (milk and body weight gain as

g N cow day ™) and N excretion (g N cow day™) in four groups of cows at two lactation stages (E, early vs. M,
middle) and two stocking rates (L, low vs. H, high) considering two periods (P1 vs. P2) of supplementation at

pasture.
Herds' EL EH ML MH Significance®
Period’ Pl1 P2 Pl P2 Pl P2 Pl P2 LS SR P LSx LSx SRx LSx
SR P P SRxP
Grass 68 67 83 95 105 95 83 87 ns ns ns ns ns ns ns
Grass silage 26 0 30 0 31 0 31 0 ns ns  FFF pg ns ns ns
Maize silage 17 0 20 0 20 0 21 0 ns ns  FFF pg ns ns ns
Concentrate 121 51 121 56 74 3 97 3 Ak * k- ng * ns *
>N inputs 232 118 254 151 230 98 232 90 Rk kel skelek skl ns HE *
Milk output 143 90 150 101 124 78 122 73 ks ns  REEEE ns ns ns
Body weight gain -6 -3 10 -1 10 7 8 -2 ns ns ns ns ns ns ns
>N outputs 137 87 160 100 134 85 130 71 ok FoowEE E HE ke o
>Ninp.-YNoutp. 95 30 94 50 9% 12 102 18 ns ns  ***  ns ns ns ns
N excretion 442 56 356 119 466 -6 576 41 ns ns  ¥¥Fng ns ns ns

THerds: Stage of Lactation by Stocking Rate %P, Period of the Grazing Season (P1, medium level vs. P2, low level of
supplementation at pasture); 3Significanc«s:*** (P<0.001); ** (P<0.01); * (P<0.05); ns, not significant

The N-overall calculation to the animal presented a surplus of 63, 73, 54 and 60 g N cow™ d!
for each of the EL, EH, ML and MH groups, respectively. The average N-conversion rate
(from inputs to outputs) was of 63% for the four cited groups, without any significant
differences between cows managed at both LS and SR treatments.

Conclusions

The results show the importance of evaluation of lactation stage and stocking rate on Y N
inputs and Y N outputs to minimize N-losses, and to validate N-balance as a tool for assessing
dairy systems. Supplementation highly increased N-excretion in grazing cows.
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Abstract

The highest grass silage digestibility over the whole growing season under Nordic conditions
is achieved using a three-cut strategy. The late-autumn cut grass has a low content of fibre and
high organic matter digestibility. Thus the feeding value of the third-cut silage should be high
in terms of supporting milk production. The aim of this study was to compare the feed intake
and milk production of the third-cut grass silage with the first and second cuts. Experiment 1
included three timothy-meadow fescue silages supplemented with 9, 11 or 13 kg of
concentrate d'. The harvest dates were 12 June, 26 July and 4 September 2011. Experiment 2
included only the second and third cuts with the same harvesting dates as in Experiment 1.
The concentrate supplementation was 4, 6.5, 8 or 11.5 kg d”'. The energy content of the third-
cut silage was the highest, compared to earlier cuts, which was also confirmed by in vivo
digestibility. However, when fed to cows, the dry matter intake of the third-cut silage was
similar to, or lower than, the other cuts. Due to the reduced energy intake and/or lower energy
utilization in milk production, the feeding value was similar or lower in the third-cut silage
compared to that of the other two cuts.

Keywords: grass silage, harvest timing, milk production

Introduction

The timing of cuts during the growing season affects markedly the digestibility of ensiled
grass. Early cut grass produces highly digestible primary growth for silage, but the
digestibility of the second cut decreases (Kuoppala et al., 2006; Hyrkés et al., 2012). Over
the whole growing season under Nordic conditions, the highest average digestibility is
achieved using three cuts. The third-cut grass typically has a low content of fibre and high
organic matter digestibility (Hyrkéds er al., 2012). Thus the feeding value of the autumn cut
should be high. However, there are only few milk production studies that have compared
three cuts with each other.

The aim of this study was to compare the milk production potential of the third-cut grass
silage with the first- and second-cut silages.

Materials and methods

All silages within the experiment were cut consecutively from the same timothy-meadow
fescue field and stored in round bales with an additive in Experiment 1, and in separate
bunker silos in Experiment 2. The soil in the field of Experiment 1 was organic soil and in
Experiment 2 it was mixture of mineral and organic soils. The silages were prepared on 12
June (A), 26 July (B) and 4 September 2011 (C). The pelleted concentrate in both experiments
was a mixture of barley, oats, beet pulp and rapeseed meal.

In Experiment 1, silages from three cuts were used. The study included 36 dairy cows with an
average milk yield of 33.6 £ 6.6 kg at the beginning of the experiment. Silages were
supplemented with 9, 11 or 13 kg d”! of concentrate. The diet digestibility was measured using
acid insoluble ash as an internal marker in 9 cows.
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In Experiment 2, only the second- and third-cut silages were used. The initial milk yield of the
40 exlperimental cows was 34.7 £ 7.4 kg. The amount of the concentrate was 4, 6.5, 8 or 11.5
kgd.

Both experiments were conducted using change-over designs (Davis and Hall, 1969) with 4
(Experiment 1) and 3 (Experiment 2) periods. The digestible organic matter (D-value, g kgfl
DM) was analysed using pepsin-cellulase solubility and calculated using different equations
for primary growth and regrowth silages.

Results and discussion

In Experiment 1 the energy content of C was the highest, which was also confirmed by in vivo
digestibility measurements (Table 1). Different fields were used in Experiment 1 (organic
soil) and 2 (mixture of organic and sandy soil), which explains the slight differences in silage
quality between the experiments. The high digestibility of C is most probably a consequence
of the low average temperature during the autumn (Thorvaldsson et al., 2007) and the low
fibre content of the grass (Hyrkds et al., 2012).

In a milk production study, Huhtanen et al. (2001) compared timothy-meadow fescue and tall
fescue silages including both the second and third cut. Both DM intake and milk yield were
higher in the third cut compared to the second cut, and the effect was similar for both plant
species. However, Huhtanen er al. (2001) concluded that the energy utilization in milk
production was lower with the third cut compared to the second. In contrast to the findings
presented by Huhtanen ez al. (2001), the silage intake was the lowest with C, resulting in both
the lowest metabolizable energy (ME) intake and milk yield when C was fed. There were no
differences in feed efficiencies in milk production between harvests, but if liveweight changes
are taken into account, the energy utilization was lowest with C.

In Experiment 2, the silage D-value was clearly higher in C compared to B. This resulted in
higher ME intake and energy-corrected milk (ECM) production with C, despite the same
silage intake for both cuts. However, the ECM response to increased silage D-value was very
low, only 0.1 kg ECM 10 g kg”' DM, whereas for primary growth silages Kuoppala et al.
(2008) reported 0.61 kg ECM and Rinne (2000) 0.27 kg ECM per a 10 g kg”' DM change in
D-value.

Table 1. Effects of silage harvest on feed intake and milk production of dairy cows. Harvests A, B and C are
first, second and third cut from the same field within an experiment.

Experiment 1 Experiment 2
Harvest SEM P-value Harvest SEM P-value
A B C B C

Dry matter (DM) intake, kg

Silage 134a 132a 124b 029 <0.01 12.9 13.0 039 0.72

Concentrate 9.6 9.6 9.6 0.02 0.86 6.6 6.6 0.01 0.43

Total 23.0a 228a 22.0b 029 <0.01 19.5 196 039 0.73
ME intake, MJ ! 26la 256b 2540 32 <0.01 208 218 4.1 <0.01
ME intake in vivo, MJ * 236 239 232 5.8 0.12
Organic matter digestibility 0.73 0.74 076 0.01 <0.01
K’ 0.60 0.61 0.61 0.010 0.28 070  0.65 0.026 0.12
Live weight change, kgd'  0.64 0.19 -0.02 0.097 <0.01 0.18 023 0.098  0.69
Milk, kg d! 339ab 345a 333b 0.89 <0.01 303 306 087 043
ECM * kg d 33.8ab 344a 333b 0.76 0.03 293  30.1 0.76  0.03

' Metabolizable energy (ME) intake based on feed tables and in vitro organic matter digestibility for silage
% ME intake based on in vivo apparent diet OM digestibility

* ME efficiency in milk production

4 Energy corrected milk
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The ECM responses to increased concentrate supplementation (0.7 and 1.1 kg”' DM, for
Experiments 1 and 2, respectively) were linear and independent of the cut within both
experiments. Kuoppala et al. (2008) reported a low milk response (0.34 kg ECM kg' DM) to
supplementation with highly digestible first-cut silage, whereas the response was 1.01 kg for
low digestibility first-cut silage. In their study this digestibility X concentrate response
interaction was not obvious with regrowth silages, as also seen in the current study.

The reason for the unexpectedly low milk production of silage C is unclear. All the silages
had only a moderate fermentation quality but C was comparable to the other silages. The
intake capacity of a cow is high when low fibre silage is offered so the answer has to be found
on chemostatic intake regulation or silage palatability. It would be possible that moderate
fermentation quality combined with low fibre content of silage limits intake.

Conclusion

The organic matter digestibility of the third-cut silage was higher than the second-cut silage.
The feeding value of the third-cut silage, in terms of its effect on milk production, was similar
to or lower than the silage from the other two cuts, and not as high as could have been
expected based on its D-value.
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Abstract

Longer growing seasons in high-latitude regions will require forage species with good
regrowth and sufficient nutritive value. Yield and forage quality were investigated in
commercial cultivars of xFestulolium (Hykor, Felopa) and timothy (Phleum pratense L.)
(Grindstad) at two Norwegian locations. In addition, forage of timothy (Vega) and
x Festulolium (Felina, Felopa) was harvested at a NDF content of 50% and the silage was fed
to growing Norwegian Red bulls. Concentrate was limited to 1 kg per animal and day. No
significant differences in carcass weight or carcass classification were found between the
three silage groups, demonstrating the importance of the NDF content in the Nordic feed
evaluation system (NorFor) and good quality forage. In the main cut, 50% NDF content was
reached between heading and anthesis in the loloid entries, and before early heading and with
a slow rate of increase in the festucoid type (Hykor). For timothy, this level was reached at the
vegetative stage with a high rate of increase as a consequence of maturity stage. Forage
nutritive quality and the regrowth capacity of x Festulolium make it an interesting species also
for high-latitude regions.

Key words: xFestulolium, timothy, feeding, NDF, iNDF, DDMY

Introduction

Longer growing seasons are predicted for high-latitude regions (Hanssen-Bauer, 2008) and
x Festulolium may be an interesting forage grass species due to its good regrowth capacity
and high nutritive value. Fescues (Festuca spp.) and ryegrasses (Lolium spp.) can be
hybridized fairly easily, which makes it possible to combine the superior forage quality of
ryegrass species with the high persistency and stress tolerance of fescues in interspecific
Lolium x Festuca hybrids (x Festulolium) (Humphreys et al., 2003). In the Nordic countries a
feed evaluation system (NorFor) for ruminants has been developed in which roughage as the
main source of energy has increased importance, and digestibility of neutral detergent fibre
(NDF) is an important factor affecting digestibility of organic matter.

The aim of this investigation was to examine the impact of silage from cultivars of
xFestulolium and timothy harvested at a NDF content of 500 g kg DM in a feeding
experiment with bulls and to study the nutritive values of forage at different maturity stages in
similar cultivars in field trials.

Materials and methods

Field trials were established at two Norwegian locations in 2006: Bodg (67°18’N, 14°29’E;
30 m a.s.l.) and Fjaler (61°18’N, 5°4’E; 10 m a.s.l.). Commercial cultivars of xFestulolium
(Hykor, Felopa) were compared with timothy (Phleum pratense L.) (Grindstad) in the first cut
at four maturity stages: vegetative stage; early heading (inflorescence emerging), heading
(50% of the inflorescence emerged); and anthesis. The fibre characteristics neutral detergent
fibre (NDF), the indigestible part of NDF (iNDF), and digestibility of dry matter (DDM) were
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studied in relation to the maturity stages recorded at plot level in 2007 and 2008. In these
years individual cuts were taken according to the maturity stages. A feeding experiment was
carried out in Bodg using silage of cultivars of xFestulolium (Felina, Felopa) and timothy
(Vega), which were all harvested individually at a NDF content of 500 g kg” DM in 2008 in
the first cut of a first-year ley. The silage was fed to growing Norwegian Red bulls and
concentrate supply was limited to 1 kg per animal and day. The bulls were slaughtered at a
live weight of 600 kg.

Results and discussion
Despite limited intake of concentrates, the animals had very good daily weight gain in all
groups (Table 1), indicating that the silage was generally of good quality.

Table 1. Daily weight gain, intake and NDF digestibility in the different feeding groups, presented as mean +
standard deviation.

Species / cultivar Timothy x Festulolium

Vega Felopa Felina P
Daily weight gain (g) 14+£0.2 1.3+£0.2 1.3+£0.2 <0.01
Forage intake (kg DM/100 kg live weight) 2.0 £0.06 1.7+0.9 22+0.7 <0.01
NDF digestibility % 73.6+0.18 71.9 £ 045 70.2 +2.03 <0.01

The carcasses were classified according to the EUROP system. The classification status of the
carcasses was not affected by the type of silage, with an average fat class of 3 and a saleable
meat yield class of O/E+. These are good classifications for Norwegian Red bulls, and
demonstrate the importance of the NDF content in evaluation of feed for cattle. On average,
the animals in the timothy group were slaughtered two weeks before the animals in the cv.
Felopa group and one week before the animals in the cv. Felina group.

In the plant maturity study, a NDF content of 50% was reached between heading and anthesis
in cv. Felopa, and between vegetative stage and early heading in cv. Hykor and cv. Grindstad.
However, there was a very slow rate of increase in xFestulolium cv. Hykor and a fast rate of
increase in timothy (Figure 1). The changes in NDF and iNDF at different maturity stages
were quite similar for the entries investigated.

¢ kg-1 DM NDF g kg-1 DM iNDF
700 -
. 150 7
125 4
600 4
100 1 W veg. stage
@ early heading
500 75 - ‘
@ heading
50 7 O anthesis
400 55 4
04
e Hyk Grindstad
or mdsta
Hykor Felopa Grindstad 4
Festulolium Timothy Festulolium Timothy

Figure 1. Fibre characteristics (NDF and iNDF) in the first cut of four maturity stages averaged over two
locations (Fureneset, Vaggnes) in 2007, presented as mean =+ standard deviation. N=6.

The first cut corresponded to the main cut in high-latitude regions and forage DMY and
quality considerably affect the winter feed used for cattle husbandry. When harvested at
heading, digestible dry matter yield (DDMY) averaged over three cuts at both locations and
years was 7.6, 6.3 and 5.7 t ha™ for cv. Hykor, cv. Grindstad and cv. Felopa, respectively, of
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which the first cut constituted 46%, 57% and 37% of total DDMY for the three entries. The
lower DDMY in the loloid type Felopa (F. pratensis x L. multiflorum) was mainly caused by
lower winter survival. A loloid x Festulolium candivar (FuRs0463, F. pratensis x L. perenne)
from the Norwegian plant breeding company Graminor AS (Ltd) has been proven to have
similar DDMY to cv. Hykor (@strem et al., manuscript), and due to their tolerance to winter
stress, loloid type XxFestulolium cultivars for Nordic conditions should be generated from
hybrids of F. pratensis x L. perenne (@strem and Larsen, 2010).

Climate differences between the two experimental sites led to different cultivars being used in
the feeding experiment and the field trials. x Festulolium cv. Hykor and cv. Felina are both of
the festucoid type, originating from tall fescue (F. arundinacea Schreb.) and Italian ryegrass
(L. multiflorum Lam.), and cv. Felina was chosen for Bodg due to its slightly better winter
survival than cv. Hykor at that site (Molteberg and Enger, 2005). The cultivars are otherwise
very similar, although cv. Hykor is the marketed cultivar. Timothy cv. Vega was grown for
the feeding trial due to its more northern adaptation compared with cv. Grindstad, which is the
main timothy cultivar in Norwegian agriculture.

Conclusions

The carcass classification and daily weight gain data indicate that silage produced from
x Festulolium cultivars harvested at 50% NDF constitutes an adequate roughage. The results
also demonstrate that the concentrate quantity can be greatly reduced when good quality
silage is used. Timothy is expected to remain an important forage grass species due to its high
persistence. However, if winter conditions allow the use of XFestulolium cultivars, their
DDMY and forage quality surpass those of timothy. Harvesting timothy at 50% NDF content
is not cost-effective in terms of taking advantage of its yield potential, and it might also affect
the persistency. For the xFestulolium entries, this NDF content is reached at late maturity,
when the yield potential has already been exploited.
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Abstract

The aim of this investigation was to evaluate the effect of suckler cow late-autumn and early
winter grazing on sward diversity, yield, quality, herbage intake and rate of its utilization.
Experiments were carried out in 2010-2011 on semi-natural lowland pastures on mineral soil,
pre-utilized by grazing at the beginning of August. Afterwards the sward regrew until the
autumn/winter period for rotational stocking with suckler cows. Five cows (Angus and Angus
x Limousin hybrids) were used to graze the sward on three paddocks starting in the last week
of October, then in the last week of November and in December. Forage from the pasture was
the only feed the cows received. It can be concluded that, in western Poland, extension of the
grazing season for suckler cows is possible. The effect of grazing in late autumn and early
winter in terms of the decrease of sward yield, sward intake and herbage quality should be
taken into consideration. No impact of the extended grazing by suckler cows was observed on
the pasture botanical composition. The sward intake and utilization rates were highly
influenced by weather conditions in the experimental years.

Keywords: extending grazing, herbage quality, pasture, suckler cows, sward intake

Introduction

Extending the grazing season and reducing the need for stored feed has become highly
desirable. It can reduce the cost of cattle rearing and less labour is required for grazing than
under stored feed systems. In Central Europe, extension of the grazing period for suckler
cows or beef cattle herds is possible until the end of the year (Opitz v. Boberfeld et al., 2006).
Manipulation of the grazing rotation length and sward management can be used to increase
biodiversity as well as to minimize environmental impact (Farruggia et al., 2008).

The aim of this study was to evaluate the influence of late autumn and early winter grazing of
suckler cows on sward diversity, yield, quality, intake and rate of its utilization.

Materials and methods

The experiment was established in August 2010 on semi-natural lowland pastures at the
Brody Experimental Station of PULS (52°26’N, 16°18’E; 92.0 m a.s.l.; long-term average
annual rainfall 601 mm; average air temperature 8.3°C) located on mineral soil, fertilized at
50 kg ha™' N, 40 kg ha™ P,0s and 60 kg ha™ K,0, applied in spring. The fenced experimental
area (3600 m?) was pre-utilized by grazing (15 suckler cows during one week) at the
beginning of August. After that, the sward was allowed to regrow until autumn/winter period.
In 2010 and 2011, three paddocks each 1200 m’® were prepared for rotational stocking of
suckler cows. The 5 experimental cows were Angus and Angus x Limousin hybrids, 460 to
520 kg body weight, and they were grazing in each paddock in the last weeks of October,
November and December. In 2010, from the beginning of Dec. until the first days of January
2011, severe winter conditions occurred with about 20 cm snow cover. Therefore the last
grazing was carried out in the third week of Jan. that winter. The monthly average air
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temperature of Oct., Nov., Dec. and Jan. 2010 was 6.2, 4.4, -5.6 and 0.5°C, and rainfall was
7.5, 133.8, 74.1 and 31.1 mm, respectively. Weather conditions for extending the grazing
season in 2011 were favourable. The monthly average air temperature of Oct., Nov. and Dec.
was 9.5, 3.2 and 3.4°C, and rainfall 18.2, 0.6 and 45.7 mm, respectively. Forage from the
pasture was the only feed the cows received. During the day, the animals were on the pasture,
and during the night they were in the barn where fresh water and barley straw was offered.
Before grazing of each paddock, in ten randomly selected plots (1x2 m), sward botanical
composition (samples were separated and the fractions were weighed) and sward yield
(measured on the total area of 20 m?) were determined. The herbage samples from the plots
were dried in a forced-draught oven at 60°C and their chemical composition determined using
commonly accepted methods. After grazing of each paddock, the residual mass yield, sward
utilization rate, and sward intake per cow were evaluated. Tests of the main effects were
performed by F-test. Means were separated by LSD and were declared different at P<0.05.
Generally, years were considered separately in the statistical model due to the great
importance of weather conditions during late autumn and early winter.

Results and discussion

Botanical composition was dominated by Lolium perenne (from 44.7% to 53.7%). Trifolium
repens occupied 4.7-10.3%. Festuca rubra and Poa pratensis comprised 6.7-23.7% and 4.0-
12.3%, respectively. The total number of species in the pasture sward ranged from 24 to 29,
depending on the year and period of grazing. No significant impact of the extended grazing by
suckler cows was observed on the pasture botanical composition in the next years. Golinska
and Golinski (2005) reported that the pre-utilization in August, applied in this trial, was found
to be the best method of stabilization of the botanical composition of winter pasture. The dry
matter yield of pasture before grazing showed significant variations between grazing periods
in both years. The highest sward yield at the beginning of the grazing was recorded in Nov.
2011, which can be attributed to very good weather conditions for the vegetation (Table 1).

Table 1. Pasture sward yield in the extended grazing of suckler cows (t ha™! DM).

2010 2011
Oct. Nov. Jan. LSDgys  Oct. Nov. Dec. LSDg s
Before grazing 2.010 1.926 1.750 0.115 2.806 3.479 2.750 0.438
Residual mass 0.377 0.401 0.386 ns 0.736 1.201 0.884 0.186

Utilization rate of the pasture, which in rotational management is largely determined by the

target residual DM left at the end of the grazing period relative to the mass at the beginning of

the grazing period, was significantly greater in 2010 (79.5%) than in 2011 (69.0%). The
highest utilization rate was in Oct. 2010 (81.2%) and the lowest in Nov. 2011 (65.5%).

Herbage intake was influenced by weather

12 conditions in the experimental years. Good

B || [e010 availability of the pasture sward in Nov.
<] 10 / B2011 . . .

2 g / / 2011 connected with high yield and
§ / —/ favourable weather conditions were the
8 61 / / [ reasons for the highest herbage intake in
< 4 4 / / this grazing period (Figure 1). In Jan.
% 5] / / 2011, the intake was 17.4% lower than in
= / / Nov. 2011. In 2010, intake decreased

i i . .

0 . : ] d

uring the extended grazing season from

Oct. Nov. Jan./Dec. 7.8 t0 6.5 kg DM cowldl

Figure 1. Sward intake in the extended grazing season of
suckler cows.
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Climatic conditions of Central Europe fluctuate much more than the Atlantic climate. This is
reflected also in annual fluctuations of the quality of the pasture sward. In general, the quality
of sward before grazing was better in 2011 than in 2010. A delayed utilization of herbage
mass is generally connected with a decrease in forage quality due to the advanced stage of
maturity (Opitz v. Boberfeld et al., 2006). We observed the same relationships in both years
of the study. In the third grazing period, compared to grazing in Oct., the concentrations of
crude protein, sugars, calcium, potassium and sodium in the sward were significantly lower,
while the ash content was higher (Table 2). The concentrations of ADL and magnesium did
not differ significantly in the specific grazing periods in both years.

Table 1. Chemical composition of sward in the extended grazing season of suckler cows (g kg DM).

2010 2011
Oct. Nov. Jan. LSDy 5 Oct. Nov. Dec. LSDy 5
Crude protein 196.1 183.4 145.5 15.50 210.2 2113 173.5 8.13
ADL 224.1 240.6 229.6 ns 295.1 254.2 251.4 ns
Hemicelluloses 199.3 193.8 214.9 8.84 201.6 204.7 207.1 ns
Sugars 107.3 72.3 43.9 21.95 59.6 75.6 66.7 ns
Ash 87.8 97.5 128.2 28.07 80.7 86.7 117.2 31.99
Calcium 10.8 13.4 8.2 2.19 12.9 12.1 10.6 ns
Magnesium 1.3 1.0 0.9 ns 1.5 1.7 1.3 ns
Phosphorus 3.6 3.7 4.2 0.38 3.8 3.7 35 ns
Potassium 24.8 21.0 20.7 3.13 24.5 17.1 17.1 4.68
Sodium 2.6 1.9 0.8 0.83 2.4 4.6 1.2 0.83

Sklddanka (2010) reported that, under climatic conditions of the Czech Republic, the grazing
period can be extended to the beginning of December. The same situation occurred in western
Poland where, depending on weather conditions in individual years, extending the grazing
season until the end of the year is possible. In some cases, the lasting snow layer limited the
utilization of the autumn growths as winter pasture for suckler cows.

Conclusions

In the western part of Poland, the extension of grazing season for suckler cows is possible. In
December and January, a decrease in sward yield and sward intake was determined. In these
periods, in comparison with late October, concentrations of crude protein, calcium, potassium
and sodium in the sward were significantly lower, while the ash content was higher.
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Abstract

An option for combining grazing and automatic milking is Infield Automatic Milking, with
more or less mobile infield automatic milking systems (IAMS), which have been practiced
since 2008 in several European countries. This emerging technology can be used to harvest
milk from specific areas, giving specialized dairies the possibility to market concept milk,
cheese or butter. Terroir dairy can be a new way to increase marginal product value and
thereby farm income. Three different options are described: i) the IAMS placed on a
stationary platform in the field, ii) movable together with facilities necessary for the
functionality from field to field, and iii) as a self-propelled moving unit that changes positions
in the field every day, requiring transportation of the milk to the field border. All systems
could guarantee dairy products that are based on maximum grazing for the period that the
pasture can provide sufficient feeding. Batch size depends on the dairies minimum process
volume for the specific products. Local conditions will be decisive for the number of days
needed for pooling before production.

Keywords: automatic milking, mobile, infield, sward, milk quality, grazing systems

Introduction

‘Site specific’ can be used in the wine production industry to describe a product which has its
own qualities associated with soil, altitude, angle of sun incline and other factors that can
influence the quality of the grape and the corresponding wine. Parallel to this, in dairy
production based on grazing, it is often claimed that milk, cheese or butter are different in
consistency, taste, smell and colour, depending on the pasture (Monnet et al., 2000).

Dairy industries are already seeking new market share by introducing special product types;
like, for example, raw-milk cheese, a cheese made of milk not homogenized and not
pasteurized and no older than one day. It is claimed that the gentle handling and avoidance of
heating gives a better taste. In addition, the organic milk sector is growing, and here the
summer grazing is the key benchmarking factor. The dairy industry has lately been especially
focused on increasing the milk quality, e.g. lower free fatty acids (FFA) and higher
conjugated linoleic acid (CLA). FFA and CLA concentrations in milk are positively
influenced by grass diets, especially grazed grass (Oudshoorn et al., 2012).

When a dairy industry wants to collect milk, based on pasture, the pasture ratio of the total
feed diet has to be dominating. This can often be a problem for farmers lacking sufficient
grazing fields adjacent to the barn, where they have to gather the herd for milking once or
twice daily. In some countries (Denmark, the Netherlands) the expanding sizes of the herds
have forced many farmers to increase the barn-feeding ration to ensure the milk yield, which
in practice sometimes even means the outside time for the cows is mostly dedicated as
exercise for avoiding hoof and leg problems. In other countries only remote grazing areas
exist (mountains, valleys, marshes). Increasing experience and resilience of automatic milking
technology has inspired initiatives in several countries to experiment with infield automatic
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milking systems (IAMS). In Denmark (DK), the Netherlands (NL), and Belgium (B),
different mobile automatic milking systems have been designed and tested (Figure 1).

Figure 1. Mobile Automatic Milking Systems in the field in Denmark, The Netherlands and Belgium.

The experiments were conducted in 2008-10 in Denmark, in 2008-11 in the Netherlands, and
they started in 2010 and continue in Belgium. All three prototypes have in common that the
automatic milking system is made mobile and therefore can be moved in the field, where the
grazing is taking place.

Design and functionality

Denmark: The IAMS was designed as a semi-mobile unit which could be moved to another
site. Due to the gates, fences, vacuum slurry tank, diesel generator, water hose connection,
and preparation of the waiting area with wood chips, the process of moving took about 4-5
hours. Afterwards the urine and manure-soaked wood chips were removed and stored as
manure, to be spread in the spring on arable land. Soil samples underneath the waiting area
revealed no increased nitrate, phosphate or potassium concentrations. The IAMS, consisting
of two milking units, was tested with a herd of 70 Red Danish milking cows (RDM). The total
amount of concentrates in the robot amounted to between 2 and 3 kg; the amount was
automatically regulated according to the milk yield average of the last 5 days. Milk yields
were around 22 kg per cow in the spring, decreasing to 19 kg in autumn. Major problems
were increasing somatic cell counts in the milk, mud around the smart gates and access paths,
and declining milk yields in the autumn due to worsening grass quality (Oudshoorn, 2008).
The Netherlands: The IAMS was designed as a fully mobile unit, self-propelled with its own
power and traction source, driving on caterpillar tracks. Later in the design process a shuttle
was constructed to fetch the milk and drive supplies of diesel and fresh water to the site every
2 days. Due to the daily location shift (or sometimes more frequently), no notable soil
pollution or disturbance was induced. The IAMS was tested on an experimental location
(Zegveld) with 55-60 Holstein Friesian (HF) and 'Blaarkoppen' cows. Using permanent
grazing with free cow traffic, forced strip grazing, and free cow traffic with strip grazing,
20.3, 19.4 and 24.9 kg of milk per cow was obtained, respectively. No extra roughage was
supplied, with an average of 5.9 kg concentrates in the robot (De Haan et al., 2010).

Belgium: The IAMS in Belgium was designed as a satellite milking station, where the waiting
area around the TAMS was hardened with perforated concrete, and drained into a flexible
slurry tank. Electricity and water were connected from source, and a small concentrate silo
was placed aside the unit. The unit was tested with a herd of 45 HF cows and in the robot an
average of 2.15 kg of concentrate was provided. In dry periods some supplementary maize
was fed in the pasture. Water was provided in the fields. The cows yielded an average of 19.6
kg milk (Dufrasne et al., 2012).
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Results of grazing

The systems as described all had the main objective to guarantee a high ratio of pasture grass
in the diet. In Denmark, both permanent grazing and high intensive rotational grazing
combined with strip grazing was tested. Free cow traffic, with as little manual fetching as
possible, was the goal. The rotational grazing system increased the milking frequency to
slightly more than two, but also induced some stress in the herd, which can increase somatic
cell count. Cows were guided along fenced paths to the IAMS, only allowing them to go back
to the pasture after milking. In the Netherlands, permanent grazing was practiced, avoiding
manual labour. However, the milking frequency and milk yield seemed to decrease with
increasing freedom, in some cases to below two daily the first year. Introducing controlled
strip grazing by moving the fence up to three times a day, with free cow traffic, increased
milking frequency and milk yield. In Belgium, rotational grazing on 11 paddocks was used,
and here the cows were fetched twice a day but, in between, free visits were possible.

Conclusion

Stand-alone units in separate grazing areas automatically milking the cows are possible with
milk yields per cow up to 24 kg a day, and will be able to collect milk primarily based on the
pasture they are situated in. However, the unit will have to be serviced with concentrates (3-5
kg per cow per day) in order to secure sufficient milking events, water for flushing the
system, and electricity for driving the milking system and the cooling of the milk. Depending
on the system design, 45-80 cows can be milked, collecting 900-1600 kg of milk daily. The
milk yield and composition will be very much dependent on the quality of the pasture, as the
concentrates only contribute a small part of the diet. The system could potentially be used by
dairies that want to produce special products, associated with exactly the specific pasture
composition or location. Benchmarking of the product as ‘site specific’ and tagging the
product with information on location and habitat could justify a higher price, as compensation
for the extra costs of infield automatic mobile milking systems.
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Abstract

The current experiment belongs to a series running in Europe as a part of the SOLID Project
(Agreement no. 266367, http://www.solidairy.eu/) financed by EU FP-7. The general aim is to
compare different cow genotypes to identify the degree of adaptation of different breeds to
organic and low input systems. In Finland, the breeds were Holstein and Finnish Red. Cows
were subjected to two different dietary energy levels: 11.5 MJ ME kg DM and 11.9 MJ ME
kg! DM'. The experiment lasts over the whole lactation, and the preliminary results
presented here cover the first 100 days in milk. The Finnish Red group had lower milk
production (29.2 vs. 31.5 kg d™") and fewer claw disorders compared to the Holstein group
during the first 100 days in milk. Primiparous cows could not fully utilize the high dietary
energy content at the beginning of lactation; their milk production was 23.5 kg and 24.0 kg d”'
for the low and high energy-level diets, respectively.

Keywords: feeding intensity, health, claw disorder, forage, breed, cow genotype

Introduction

The global increase in food demand combined with climate change will probably reduce the
possibilities for production of grain for cattle feed in most parts of the world. Annual
precipitation and mean ambient temperature has been predicted to increase in Northern
Europe, and these changes in climate conditions would lead to improved possibilities to
produce grass. These effects would likely increase the demand to produce milk from forage.
This means either the use of highly digestible silage or a decrease in milk yield. Reduced
feeding intensity and, consequently, lower milk yield is acceptable only if the production
costs are also lowered at the same time. Improved longevity, linked with less intensive milk
production, would offer a possibility to decrease the production costs.

The current experiment belongs to a series running in Europe as a part of the SOLID Project
(Agreement no. 266367, http://www.solidairy.eu/) financed by EU FP-7. The general aim is to
compare different cow genotypes to identify the degree of adaptation of different breeds to
organic and low input systems. The breeds included are: Finnish Red and Holstein in Finland,
Jersey x Holstein x Swedish Red crossbred and Holstein in Northern Ireland, and lifetime-
performance selected Holstein and Swiss Brown in Austria. Every herd includes ‘adapted’
(the former) breed for low input production and ‘conventional’ (the latter) breed. Results from
Finland only are reported here.

Materials and methods

In Finland the experiment includes 15 Finnish Red (FR) and 32 Holstein (Hol) cows. Cows
were fed according to feed recommendations during the dry period and they entered the
experiment 21 d prior to calving. The calving dates varied between 6 March and 9 September
in 2012. After calving, the cows were subjected to two different dietary energy levels: 11.5
MJ metabolizable energy (ME) kg™ DM (Low) and 11.9 MJ ME kg DM (High). Feeding
included first-cut grass silage supplemented with variable amounts of grain and rapeseed
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meal. The experiment lasts over the whole lactation and the preliminary results presented here
cover the first 100 days of the lactation.

There were fifty cows at the start of the experiment. Three cows were culled at the beginning
of the lactation for reasons not related to the experimental treatments. Three primiparous cows
in the High group had difficulties in intake from the beginning of the lactation and two of
them had lameness symptoms. Despite these problems the cows were included in the analysis.

Results and discussion

The concentrate proportions were 28% and 47% (on a dry matter basis) for the Low and High,
respectively. The cows in the High group consumed 1.3 kg DM more feed compared to the
Low group (16.2 vs. 17.5 kg DM). The difference corresponded to 19.8 MJ ME d”'. The
intake was low because of the early stage of the lactation, and the primiparous cows
especially had a low intake (13.7 kg DM for primiparous and 20.1 kg DM for multiparous
cows). There was no significant difference in intake between the breeds.

Multiparous cows produced 13.2 kg d' more milk compared with primiparous cows
(P<0.001). The difference decreases as lactation proceeds because the persistency in milk
production is higher with primiparous cows compared to multiparous. The difference in milk
yield between Low and High with multiparous cows was 4.3 kg, whereas the difference was
only 0.45 kg with primiparous cows, and showing only a negligible response for them. The
Hol cows produced 2.7 kg more milk day” compared to FR cows (P=0.04).

An average milk response to additional feed energy with multiparous cows was 0.18 kg milk
MJ' ME™; this is relatively high compared to an average value of 0.11 kg ECM MJ" ME!
that was reported by Huhtanen and Nousiainen (2012). The response to additional energy
decreases as the energy balance becomes more positive, and the high response observed in the
current study is most probably due to the early stage of the lactation. Kokkonen et al. (2000)
reported low responses to additional energy with primiparous cows but the value of only 0.03
kg milk MJ"' ME" for primiparous cows that was obtained here is exceptional. The
primiparous cows in High had the same increase in live weight as that of the primiparous Low
cows during the first part of lactation, so changes in body condition did not explain the poor
energy utilization.

The claw health was good for the FR group (Table 1). There were no lameness records in
Low FR group, and only two records in High FR group. The group size was so small that the
overall claw health did not differ between the breeds, according to the results of a chi square
test, but in heel erosions the breeds differed significantly (P=0.05). More ketosis could have
been expected in the Low group, but the High group had a numerically higher incidence
compared to the Low group.

Table 1. The proportion (%) of Finnish Red (FR) and Holstein (Hol) cows in groups fed either Low (11.5 MmJ!
kg DM) or High (11.9 MJ kg”' DM) energy content in the diet that were treated for various health problems.

Low High
FR Hol FR Hol
Claw infections 0 35 13 12
Heel erosion 0 35 0 6
Other claw disorders 0 13 13 24
Ketose 13 29 0 18
Mastitis 13 24 13 24
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Conclusions

The preliminary results suggest that the Finnish Red group had lower milk production and
fewer claw disorders compared to the Holstein group. Primiparous cows did not respond to
the high dietary energy content at the beginning of lactation, whereas multiparous cows had
relatively high response to high energy content in the diet. Thus the concentrate proportion for
primiparous cows should be low when high digestibility silage is used. This may require the
need to group cows according to their parity.
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Abstract

Some introduced grass cultivars have shown promising adaptability when evaluated under the
growing conditions of central Saudi Arabia. Salinity is a limiting factor for forage
productivity in this region. The objective of this study was to assess the productivity and
measure the relevant characteristics of several introduced grass species using irrigation water
with different salinity levels (control, 4000 and 8000 ppm NaCl). Plants were seeded in pots
with three replications for each salinity level. The following grasses were used: perennial
ryegrass (Lolium perenne cvs. Aries and Quartet), endophyte-free tall fescue (Festuca
arundinacea cv. Fawn), orchardgrass (Dactylis glomerata cv. Tekapo), and Rhodes grass
(Chloris gayana cv. Katambora). Herbage dry weights decreased significantly as the salinity
level of the irrigation water increased. Rhodes grass produced the highest level of dry weight
under the control treatment. However, its dry weight was 30 and 50% lower at 4000 ppm
salinity at the two sample cuttings, respectively. At a salinity of 4000 ppm, the Aries-
perennial ryegrass had the highest dry weight at both sample cuttings. Results indicated that
salinity treatments had no major impact on forage quality.

Keywords: cool season grasses, salinity stress, forage quality, central region of Saudi Arabia

Introduction

Soil salinity is one of the most significant abiotic stressors, and it is widespread in both
irrigated and the non-irrigated regions of the world (Ashraf et al., 2008). The Qassim region is
one of the major areas of irrigated agriculture in central Saudi Arabia. The increasingly large
areas being used for agriculture in this region have led to salinity problems in both the soil
and the water. The present level of salinity in the water in this area ranges from 2000 to 5000
ppm, which creates an obstacle to growing forage crops that are sensitive to the salinity of
irrigation water. The responses of some field crops to varying salinity stresses in arid and
semi-arid regions have been the subject of investigations (e.g. Pesarraki, 1999). In the most
recent studies conducted in Saudi Arabia, a few introduced cool-season grass species showed
promising levels of adaptability when evaluated under the conditions found in the central
region (Al-Ghumaiz and Motawei, 2011). However, there has been no research on how these
species perform under salinity stress. The aim of this study was to assess the responses of
these species to different levels of salinity in their irrigation water, in Saudi Arabia.

Materials and methods

The experiment was conducted in 2012 in a greenhouse at the Qassim University Agricultural
Research and Experimental Station. The average temperature of the greenhouse during the
day was 28.5°C. Five grass cultivars belonging to four species were screened for their salt
tolerance levels: perennial ryegrass (Lolium perenne cvs. Aries and Quartet), endophyte-free
tall fescue (Festuca arundinacea cv. Fawn), orchardgrass (Dactylis glomerata cv. Tekapo),
and Rhodes grass (Chloris gayana cv. Katambora). Two salinity levels of irrigated water
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(4000 and 8000 ppm NaCl) and a control were applied. The cultivars were seeded in plastic
pots on 20 December 2011, in a randomized complete block design with three replications of
each salinity treatment. After the trial was established, the plants were clipped and the salinity
treatments were applied at the concentrations indicated above. The first and second sample
cuttings were obtained on 7 May and 12 June, 2012, respectively. For each pot, the plants
were manually clipped and the plant material was then dried at 70°C for 72 hr to obtain the
dry weights (g pot’). The dried samples were ground to provide samples for chemical
analyses of the following forage quality parameters: crude protein (CP%), crude fibre (CF%),
sugar content (%), ether extract (EE) (%), and ash (%). The chemical analyses were
completed at the Forage Analysis Laboratory at the Department of Animal Production and
Breeding at Qassim University, according to the procedures used by the AOAC (1990). A
Foss TECATOR apparatus (Model:2300 Kjeltec) was used to measure CP and a
Model:Fibertec2010 was used for CF analysis. The results were analysed by ANOVA
(MSTATC, 1990) and treatment means of four cultivars were compared using the LSD test.
Because the dry weight yield of Rhodes grass (cv. Katambora) was so superior the data of this
cultivar were analysed separately. Coefficients of variation (CV) were listed to measure the
precision of the experiment.

Results and discussion

Results presented in Table 1 indicated significant differences (P<0.05) in dry weight among
the four cultivars (PGR/Aries, TF/Fawn OG/Tekapo, and PRG/Quartet) as a result of the
salinity stress. There was a significant decrease in dry weight as the salinity level of the
irrigation water increased. There were significant salinity x cultivar interactions. OG/Tekapo
exhibited the lowest dry weight and had the lowest persistence to salinity stress. PRG/Aries
exhibited moderate tolerance to salinity stress when compared with all of the other cultivars
tested. However, when salinity was under 4000 ppm, PRG/Aries produced the highest dry
weight at both samplings compared with its dry weight at 8000 ppm. At both salinity levels,
TF/Fawn produced a similar dry weight at both sample cuttings.

Table 1. Dry weight (g pot') of PRG/Aries, TF/Fawn OG/Tekapo, and PRG/Quartet cultivars at different
salinities of irrigation water.

1* cut (g pot™) 2™ cut (g pot™)

Species /Cultivar
Control 4000 ppm 8000 ppm Mean Control 4000 ppm 8000 ppm Mean

PRG/Aries 10.5 10.7 5.0 8.8a 5.1 6.1 44 5.2bc
TF/Fwan 12.4 7.6 5.5 8.5a 9.3 4.8 49 6.3b
0G/ Tekapo 9.8 6.8 3.4 6.7b 7.7 3.4 29 4.7c
PRG/Quartet 14.3 8.4 44 9.0a 10.5 8.2 5.0 7.9a
Mean 11.7a 8.4b 4.6¢c 8.1a 5.6b 4.3b
LSD for interaction 2.8 22
CV % 19.9 21.6

Means within same column and row followed by similar letters are not significantly different at P= 0.05 for
cultivar and salinity levels, respectively; PRG= Perennial ryegrass, TF=Tall fescue, OG= Orchardgrass

The results showed RG/ Katambora had the highest dry weight under the control treatment
(Table 2) and although it produced the highest total dry weight among the cultivars examined,
its dry weight was 30 and 50% lower at 4000 ppm at the two sample cuttings, respectively.
The results of the forage quality component analysis indicated that there were significant
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treatment x cultivar interactions between ash and OM (Table 3). In addition, significant
differences between the levels of salinity in OM, ash and EE were found.

Table 2. Dry weight (g pot™") of Rhodes grass cv. Katambora at different salinities of irrigation water.

1 cut (g pot™) 2" cut (g pot™)

Species /Cultivar
Control 4000 ppm 8000 ppm Mean Control 4000 ppm 8000 ppm Mean

RG/ Katambora 35.1a 24.5b 22.2b 27.3 55.2a 26.8b 23.5b 35.1

CV % 13.7 12.3

Means within same row followed by similar letters are not significantly different at P=0.05

Table 3. Effects of salinity treatments and cultivars with their interactions on forage quality.

Yoash %OM %CP %CF %EE %CAR
Salinity level (A)

Control 11.6¢ 85.2a 21.5 22.5 3.3a 37.9
4000ppm 14.5b 82.0b 20.9 21.2 2.5b 37.4
8000ppm 16.3a 80.2¢ 21.9 21.1 2.1b 35.0

Sig. % w3k ns ns w3k ns

Cultivars (B)

PRG/Aries 15.4ab 81.3c 22.1b 19.7¢ 2.8a 36.7b
TF/Fwan 11.1d 85.6a 24.5a 20.9¢ 2.7a 37.5ab
RG/ Katambora 13.3¢ 83.2b 17.0c 25.0a 2.1b 39.1a
OG/ Tekapo 14.1bc 82.5bc 20.8b 22.8b 3.0a 35.8bc
PRG/Quartet 16.8a 79.6d 22.8ab 19.5¢ 2.7a 34.7c
AxB * * ns ns ns ns
CV % 11.4 2.0 9.6 6.6 22.2 4.9

Means within same column and row followed by same letters are ns at P>0.05 for cultivar and salinity levels,
respectively; * and ** are significant at P<0.05 and P<0.01 levels of probability, respectively; OM =Organic
Matter; CP = Crude Protein; CF = Crude Fibre, EE = Ether Extract; CAR = Carbohydrates (%), PRG = Perennial
ryegrass, TF = Tall fescue, RG = Rhodes grass, OG = Orchardgrass

Conclusions

The five introduced grass cultivars showed variations in their adaptation to different salinity
levels in their irrigation water. PRG cv. Aries exhibited potential salt tolerance that might
allow it to compete with Rhodes grass with regards to productivity under salt stress.
Orchardgrass and tall fescue had no potential tolerance of salt stress. In future research,
additional sampling events should be considered to evaluate cultivar stability under salt stress.
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Abstract

Tall fescue (Festuca arundinacea Schreb.; Fa) is gaining interest due to its good drought
resistance compared to other grass species. Although this attribute is commonly explained by
the deeper roots of tall fescue, quantitative data on rooting depth are scarce and the effects of
soil type and season are hardly known. We measured the root biomass of diploid perennial
ryegrass (Lolium perenne L.; Lp) and Fa in a series of yield trials differing in soil type,
location and management. Soil core samples were taken up to 70 or 90 cm depth in spring and
in autumn. Higher root biomass was found for Fa compared to Lp in the deeper soil layers.
Both species had higher root biomass in autumn than in spring.

Keywords: root biomass, tall fescue, perennial ryegrass

Introduction

Tall fescue (Festuca arundinacea Schreb.; Fa) is gaining interest due to its good drought
resistance compared to other grass species (Wilman et al., 1998; Reheul et al., 2012). The
drought resistance of Fa compared to ryegrasses is explained by the deeper rooting of the
former especially in deeper soil layers (Wilman et al., 1998; Eekeren et al., 2010; Deru et al.,
2012). Durand and Ghesquiere (2002) found that tall fescue extracted water down to 180 cm
whereas Italian ryegrass (Lolium multiflorum Lam.; Lm) was limited to 80 cm, based on data
from neutron probe measurements. Quantitative data on rooting depth in the field for Fa in
comparison with other species are scarce; hence it is not clear whether the deeper rooting of
Fa compared to other species occurs in all soil types and under different management
conditions. We compared the rooting depth of Fa and diploid perennial ryegrass (Lolium
perenne L.; Lp) in different field trials that included both species. We hypothesised that below
30 cm, root biomass would be consistently higher for Fa than for Lp and that the root biomass
would differ between soil types and seasons.

Materials and methods

Four herbage yield trials, comprising both Fa and diploid Lp, were sampled for root biomass.
Trials were located on different soil types and conducted under different management regimes
(Table 1). All trials were complete randomized block designs with three replicates. In the
Belgian trials, located at Melle, Merelbeke and Poperinge, the Fa and Lp varieties were
‘Castagne’ and ‘Plenty’ respectively. In the Dutch trial located in Helvoirt, the Fa and Lp
varieties were ‘Barolex’ and ‘Bargala’. Using a root auger (Eijkelkamp, Giesbeek, the
Netherlands), soil cores with a diameter of 8 cm were extracted at six depths (0-15, 15-30, 30-
45, 45-60,60-75, 75-90 cm) in the Belgian trials and at seven depths (0-10, 10-20, 20-30, 30-
40,40-50, 50-60, 60-70 cm) in the Dutch trial. Two samples for each depth were taken per
plot. Soil samples were stored at -18°C prior to washing. Soil was washed from unfrozen
samples with tap water on a sieve (0.4mm) and the roots were dried for 24 h at 75°C. The
effect of the grass species on the root biomass at the different depths was tested using one-
way Anova. In Melle and Helvoirt, we tested the effect of the season (spring vs. autumn) on
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the root biomass at different depths. Statistics were performed in R, using the aov() function
(R Development Core Team, 2011).

Table 4 Trial identification, soil type and management regime.

Trial Location Sowing date Soil type Sampling date Management regime
1A Melle (B) April 2009 Sandy loam 27/4/2011 Mowing (1™ cut) followed by grazing
B 16/10/2011 350 kg N yr!
C 1/10/2012
2 A Helvoirt (NL) September 2007 Sand 13/5/2011 Cutting (4 cuts yr'")
B 5/8/2011 300 kg N yr’!
3 Merelbeke (B)  April 2009 Sandy loam  15/10/2012 Cutting (5 cuts yr'')
300 kg N yr!
4 Poperinge (B)  April 2009 Loam 7/11/2012 Cutting (5 cuts yr'l)
300 kg N yr’!
Results

In the upper soil level, no significant differences in root biomass were found between Fa and
Lp (Table 2). Below 15 cm, significant differences between Fa and Lp occurred at different
locations for different depths (Table 2). At Helvoirt, on the sandy soil, no significant
differences were found in root biomass between Fa and Lp (Table 3).

In Melle and in Helvoirt, a significant seasonal effect on the root biomasses was found at
some depths. In Melle, Fa had a higher root biomass at 75-90 cm depth in autumn than in
spring (P=0.02), but for Lp there was no significant seasonal effect. In Helvoirt, higher root
biomasses were found in mid summer than in spring for Fa in the layers 10-20 cm (P=0.008),
20-30 cm (P=0.009) and 40-50 cm (P=0.01) but for Lp only in the 40-50 cm layer (P=0.09).

Table 5. Root biomass (g dry matter m?) for Festuca arundinacea (Fa) and diploid Lolium perenne (Lp)
measured in sandy loam and loam soils. Soil profile 0-90 cm. Significance of differences between species
indicated as *** P<0.001; ** P<0.01; * P<0.05; ns = not significant.

Trial 0-15 cm 15-30 cm 30-45 cm 45-60 cm 60-75 cm 75-90 cm 0-90 cm
1A Fa 1082.3 167.0 47.0 26.9 17.6 10.1 1350.9
Lp 847.5 183.3 32.2 14.6 11.0 6.2 1094.8

ns ns ns ns ns ns ns

1B Fa 763.3 108.8 48.6 36.5 37.0 37.4 1031.6
Lp 811.7 162.6 39.9 31.6 23.7 13.1 1082.6

ns ns ns ns ns * ns

1C Fa 730.9 142.8 59.5 39.3 37.4 26.1 1036.1
Lp 894.1 118.2 35.1 28.3 13.8 13.8 1103.3

ns ns ns ns * ns ns

3 Fa 841.0 181.0 113.1 55.0 424 38.3 1270.8
Lp 509.3 106.5 53.6 13.1 1.5 1.0 685.0

ns * * * * ns *

4 Fa 742.3 71.7 53.1 58.8 45.8 28.5 1000.1
Lp 692.0 62.4 24.4 12.5 5.2 2.1 798.7

ns ns ns * Hok Hokok ns

Table 6. Root biomass (g dry matter m?) for Festuca arundinacea (Fa) and diploid Lolium perenne (Lp)
measured on a sandy soil in Helvoirt at six different depths. Significance of differences between species
indicated as *** P<0.001; ** P<0.01; * P<0.05; ns = not significant.

Trial 0-10cm  10-20cm  20-30cm  30-40cm = 40-50cm ~ 50-60 cm  60-70 cm 0-70 cm
2A Fa 669.1 83.6 42.6 44.7 15.8 11.8 10.0 877.6
Lp 10392 91.1 76.4 63.4 14.6 8.9 5.1 1298.7
ns ns ns ns ns ns ns ns
2B Fa 821.2 195.6 120.5 101.8 422 55.1 45.6 1382.0
Lp 12635 165.6 135.6 55.6 40.2 18.7 7.9 1687.1
ns ns ns ns ns ns ns ns
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Discussion

The results found for root biomass were in line with the results of Hejduk and Hrabe (2003)
who found a root biomass of 976 g m?ina sandy loam soil in the Czech Republic in a soil
layer of 0-200 mm averaged over a period of five years on grassland with different grazing
managements and fertilizations. Eekeren et al. (2010) found root biomasses of 1034 g m'2,
217 g m™ and 135 g m™ for the 0-10 cm, 10-20 cm and 20-30 cm layers averaged over five
grass treatments under a cutting regime on a sandy loam soil in the Netherlands. Significant
differences in root biomass between Fa and Lp occurred mostly in the soil layers below 30 cm
and the difference between the Fa and Lp increased with depth. In contrast to Eekeren et al.
(2010) and Deru et al. (2012) we found no significantly higher root biomass for Fa on the
sandy soil in Helvoirt, neither in spring nor in mid summer of 2011. The methodology might
explain these differences: the samples from Helvoirt contained a lot of organic material (peat)
that was hard to separate from the roots, especially from the fine roots of Lp.

In the sandy loam and loam soils, root biomass of Fa below 45 cm tended to be substantially
higher than that of Lp, indicating better access to water in the deeper soil layers. The
differences were most accentuated (and nearly always significant) in the samples taken in the
autumn in the plots under an intensive cutting regime. Root biomass in these plots below 45
cm was approximately 10% and 2% of total root biomass for Lp and Fa respectively.

While total root biomass in the autumn was comparable for Fa and Lp in the predominantly
grazed trial, Fa had at least 20% to 50% more root biomass than Lp in the trials with an
intensive cutting regime, indicating that the potential benefit of Fa may be more important
under a cutting regime.

As the leaves of Fa have a longer lifespan than leaves of Lp, it is recommended to analyse the
difference in lifespan of roots in order to get a better view on root dynamics of Fa.

Conclusions

A consistently higher root biomass for Fa compared to Lp was found below 40-45 cm, but
over the whole soil profile the root biomass of Fa was not necessarily higher than that of Lp.
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Abstract

The expected temperature rise in late summer - early autumn can change the conditions for
acclimation and affect the winter survival of perennial crops. This is especially relevant in
arctic regions where light is limited. Here we studied the effect of pre-acclimation
temperature on cold tolerance of timothy (Phleum pratense L.), perennial ryegrass (Lolium
perenne L.) and red clover (Trifolium pratense L.), including entries (cultivars/breeding
populations) adapted to the northern and southern parts of Norway. A phytotron study was
performed in order to test 1) if increasing pre-acclimation temperature decreases cold
acclimation ability, delays growth cessation and reduces photosynthetic acclimation to cold,
and 2) if northern populations are more affected than southern populations. The results
showed that a rise in pre-acclimation temperature decreases cold acclimation and
photosynthetic acclimation. However, there were quite large differences between the species.
On the other hand, there were no consistent differences in responses of the northern compared
with the southern adapted entries.

Keywords: acclimation, chlorophyll fluorescence, red clover, timothy, perennial ryegrass

Introduction

Cold acclimation is a quantitative trait controlled by a complex interaction between light and
temperature. Rising temperatures at the end of the growing season (i.e. late summer-early
autumn) may delay growth cessation and reduce cold acclimation ability, including
photosynthetic acclimation to cold (Gray et al., 1997). Photosynthetic activity may be
inhibited when the relative amount of absorbed photochemical energy is higher than the
transfer of this energy to final acceptors (ATP, NADPH), known as photoinhibition. The
photosynthetic rate in the dark phase is considerably reduced at lower temperatures that
trigger photoinhibition. Photosynthetic acclimation to cold-induced photoinhibition seems to
be closely related to freezing tolerance (Rapacz et al., 2004). In this study, we used
chlorophyll fluorescence-based techniques and traditional freezing tests to study pre-
acclimation to cold of promising entries of common perennial forage species in Norway.

Materials and methods

Seedlings of perennial ryegrass, timothy and red clover, adapted to northern and southern
parts of Norway (Table 1), were established in a phytotron. After four weeks at 20°C and 24 h
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photoperiod (150 pumol m™ s) the seedlings were subjected to three different pre-acclimation
temperature treatments, 9°, 12° and 15°C for 5 weeks, the first 2 weeks at 14 h photoperiod
followed by 3 weeks at 12 h photoperiod, before all entries were cold acclimated at 2°C for 3
weeks. Plants were grown under artificial light conditions (150 umol m™ s™") during the whole
experiment. The effect of photoinhibition was studied by means of chlorophyll fluorescence
measurements (Pam-2500 Portable Chlorophyll Fluorometer; Heinz Walz GmbH, Germany)
performed after high-light treatment (800pumol, 5 min., at room temp.). The measurements
were taken before and after pre-acclimation and after cold acclimation. Freezing tests at the
end of the experiment were performed as described by Larsen (1978) where crown segments
were placed in plastic boxes covered with humid sand. A total of 6 different temperatures
were used in addition to the control for which the crown segments were kept at 2°C. For each
temperature there were two replicates, with 10 plants in each replicate. The LTs values, the
temperature at which 50% of plants are killed, were estimated based on scoring the regrowth
of the plants after 3-4 weeks of growth at 20°C using probit analysis.

Results and discussion

Generally, frost tolerance increased in plants grown at lower pre-acclimation temperatures,
though the differences were not significant within all entries (Table 1). There were no
significant differences in LTsy values between the different temperature treatments in
perennial ryegrass FuRa9805 and red clover B1D2+D3+VaiRk0734. Furthermore, there was
no clear trend in how southern-adapted entries responded to different temperatures compared
to the northern-adapted. The grasses expressed reduced photoinhibition (i.e. higher F,/Fy,
values) when exposed to pre-acclimation temperatures (Figure 1). Moreover, plants pre-
acclimated at lower temperatures expressed less photoinhibition after either pre- or cold
acclimation. There were no differences between northern and southern adapted entries of
timothy, but the southern adapted perennial ryegrass Fura9805, was particularly sensitive to
cold-induced photoinhibition without pre-acclimation. Red clover was more tolerant to
photoinhibition than grasses, and during the experiment no photosynthetic acclimation to cold
was observed during pre-acclimation.

Table 1. Frost tolerance as LT50 values and 95% confidence interval for the entries tested. *estimated values:
LTs, interval not reached.

Entry Species (origin) Pre- LTs 95% Confidence
(cultivar/breeding population) acclimation interval
temperature lower upper
treatment (°C)
9 -16.0 -16.0 -15.9

Perennial ryegrass

FuRa9805 12 -16.0 -16.0 -15.9

(southern adapted) 15 -15.0 -15.0 -15.0

. Perennial ryegrass o -17.4* ) -16.2

Fagerlin (northern adapted) 12 -15.6 -16.1 -15.0

15 -14.1 -15.0 -13.4

. Timothy 9 -14.8 -15.8 -13.2

MTL9701+Grindstad (southern adapted) 12 -14.7 -15.4 -13.7
15 -11.0* -13.5 -

Timothy 9 -19.3 -20.4 -18.3

MTVO0508-3 (northern adapted) 12 -14.8 -15.5 -13.9

15 -14.1 -15.0 -12.5

Red clover 9 -14.1 -15.0 -13.3

L@#Rk0393/0395 (southern adapted) 12 -14.2 -15.0 -13.6

15 -11.9 -12.8 -11.1

. Red clover 9 -15.1 -16.7 -14.1

B1D2+D3+VaRk0734 (northern adapted) 12 -14.2 -15.2 -13.5

15 -14.6 -15.4 -14.0
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Figure 1. Values of F,/F,, as indication of photoinhibition measured before pre-acclimation (K), after pre-
acclimation (PAC) at different temperatures and after subsequent cold acclimation (CA) in the entries of
perennial ryegrass, red clover and timothy. (S) and (N) denotes southern and northern adaptation of the entry,
respectively. Means + confidence intervals for P=0.05.

There were no differences between northern and southern adapted entries of timothy, but the
southern adapted perennial ryegrass Fura9805, was particularly sensitive to cold-induced
photoinhibition without pre-acclimation. Red clover was more tolerant to photoinhibition than
grasses, and during the experiment no photosynthetic acclimation to cold was observed during
pre-acclimation.

Conclusion

Increasing pre-acclimation temperatures reduced the frost tolerance in red clover, perennial
ryegrass and timothy. The grass species expressed reduced photoinhibition when exposed to
lower pre-acclimation temperatures.
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Abstract

Timothy (Phleum pratense L.) is the most widely grown perennial forage grass in
Scandinavia. It is a long-day plant that flowers when the critical day length has been
exceeded. Our earlier results show that vernalization accelerates flowering in timothy.
Flowering is regulated by several endogenous and environmental factors, and numerous genes
have important role in the complex regulation system. The genomic information available for
timothy is limited, compared to that for other monocots and grass species. To study the
flowering regulation of timothy at molecular level, five cDNA libraries (vernalization,
gibberellic acid, photoperiod treatments) were sequenced and annotated. Several putative
homologs of timothy flowering genes were identified, such as VRNI, VRN3, LpMADSI0,
PpDla and GaMYB, and the expression was studied in timothy genotypes of different origin
exposed to different vernalization or photoperiod conditions. Both phenotyping and molecular
studies showed that northern genotype required 10 weeks vernalization for flowering, whereas
southern genotype did not respond to vernalization.

Keywords: cDNA library, Phleum pratense L., timothy, vernalization, VRNI, VRN3

Introduction

Timothy is a widely grown forage grass species in temperate areas. The timothy canopy
consists of three different tiller types (VEG, ELONG and GEN) and the contribution of tillers
determines the quality and quantity of the yield. It has vegetative elongating tillers, which
have true pseudostems, but they do not flower. In the field, flowering tillers are dominant in
the primary growth and the proportion of vegetative and vegetative elongating tillers is minor
(Virkajarvi et al., 2012). Timothy requires long days for flowering, but it has also been shown
that vernalization accelerates flowering, although it does not necessary have an obligatory
requirement for it (Seppénen et al., 2010).

A complex network of genes regulates flowering induction in monocots. In cereals there are
three genes which determine the vernalization requirement (Trevaskis et al., 2007); VRNI
gene induces flowering after low temperature exposure, VRN2 represses floral induction in
order to avoid flowering before winter and prevents the induction of VRN3 under long day
conditions and VRN3 promotes the expression of VRNI and finally allows flowering
(Distelfeld et al., 2009).

The aim of this study was to i) determine the vernalization requirement for two genotypes of
different origin, and ii) gain more information on flowering regulation at the molecular level
in timothy.

Materials and methods

cDNA libraries from cultivar ‘Iki’ were prepared and sequenced after five different
vernalization, photoperiod and gibberellic acid treatments. Produced contigs were compared
to sequences of closest model species (Lolium perenne, wheat, Brachypodium distachyon) and
this information was used to design timothy specific primers for gene expression studies.
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Timothy breeding lines originating from southern and northern latitudes (later referred to as
genotypes) were tested in a greenhouse for vernalization and day length responses. Clonal
plants were propagated and vernalized in growth chambers for 0, 2, 10, 12 or 15 weeks and
transferred to a greenhouse with 12, 16 or 20 hours day length, where the heading date, tiller
composition and final leaf number were observed. RNA samples were taken to investigate
VRNI, VRN2 (LpMADS10) and VRN3 expressions using q-RT-PCR.

Results and discussion

Vernalization time affected the canopy structure of the two tested genotypes (Figure 1). The
southern genotype did not have any response to vernalization and heading time remained
unchanged in all treatments. In contrast, the northern genotype had 10 weeks vernalization
requirement for flowering and it only flowered after 10 and 12 weeks vernalization in 16
hours photoperiod. In the 20-hour photoperiod the northern genotype flowered without
vernalization. Previous findings have defined timothy as a plant species that only requires
long day lengths to flower (Heide 1994). However, vernalization has an important role for the
yield formation of timothy (Seppinen et al., 2010). Here we indicate that genotypes from
different origin can have significantly different flowering regulation and vernalization
requirements.
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Figure 1. The number of vegetative, vegetative elongating and generative tillers in a) southern and b) northern
timothy genotype after O to 15 weeks vernalization and 16 hours photo period. N=9 + SE.

The 454 sequencing produced a total of 435258 reads, which were assembled using 454
Newbler assembler. A total of 70083 contigs were assembled with an average contig size of
311 bp, and 14884 large contigs with an average size of 853 bp. Annotation revealed
numerous flowering genes, which included putative homologs of the widely studied VRNI,
VRN2 (LpMADS10) and VRN3 genes.

VRNI was expressed in the southern genotype after all vernalization treatments with highest
expression after 10 weeks vernalization (Figure 2). For the northern genotype a minimum of
10 weeks vernalization was required for the expression of VRNI, supporting the results of
phenotyping (Figure 1). VRN2 transcript level was higher in the northern genotype especially
in plants exposed to short vernalization. As the vernalization time prolonged, the expression
of VRN2 decreased. Abundant VRN3 expression was detected in both non-vernalized and
vernalized plants of the southern genotype, whereas in northern genotype the level increased
as the time of vernalization increased. The regulation of the studied flowering genes seems to
be similar in timothy compared to other monocots (Dubcovsky et al., 2009). Our earlier
studies have shown, that the expression of VRN3 is essential for the flowering stimulus and
the high transcript of VRNI alone is insufficient to allow flowering in timothy (Jokela et al.,
unpublished).
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Figure 2. The relative expression of a) VRN and b) VRN3 homologs after 0 to 15 weeks vernalization and four
weeks in a greenhouse in 16 hours photoperiod.

Conclusion

These results reconfirm the essential role of vernalization and photoperiod in the regulation of
flowering in timothy. The expression studies of vernalization genes supported different
strategies and requirements for flowering in two tested genotypes from different latitudes.
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Abstract

We evaluated 27 forage grass cultivars bred in the Baltic States and Sweden for their
agronomic performance with the aim of identifying those with export potential. Field plots
were managed according to local practices in 2010-2011. The highest rate of fertilizer input
contributed to t