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Foreword

We would like to welcome all delegates of the European Grassland Federation 27" General
Meeting to Cork, Ireland. The EGF last visited Ireland in 1988. The main theme of the 27 General
Meeting of the European Grassland Federation is ‘Sustainable Meat and Milk Production from
Grassland’. The conference will focus on sustainable production from grassland incorporating the
three pillars of sustainability - economic, social and environmental. It will provide an opportunity
to consider new methods of increasing utilisation of grassland in ruminant diets (dairy, beef
and sheep), while enhancing grassland ecosystem services. Technology is playing a bigger role
in agriculture and this conference will examine the role of incorporating smart technology in
grass based ruminant production systems, as well as harvesting big data reservoirs in grassland
research to enhance resource management. Transferring research to practice is crucial to ensure
sustainable production and therefore exploring knowledge transfer from research to farm will be
a key component of EGF 2018.

The conference has six sessions focusing on: (1) Resilient plants for grass based ruminant
production systems, adapting grassland systems to the dynamics of climate and resource
availability; (2) Appropriate livestock for grasslands, key characteristics of animals adapted to
and suitable for grasslands; (3) Environmental influences on grassland systems — consequences
of climate change, mitigation strategies, and impacts on ecosystems; (4) Social and economic
impacts of grass based ruminant production; (5) Big data and smart technologies in grassland; and
(6) Knowledge transfer to stakeholders.

The opening session of the conference will provide an overview of the role of grassland in
European ruminant production systems, as well as describing current ruminant production systems
in Ireland.

All delegates will visit Teagasc, Animal and Grassland Research and Innovation Centre at
Moorepark, for an overview of the many aspects of grassland research on-going at Teagasc.
After the visit to Moorepark, there are five mid-conference tours visiting research farms, some of
Irelands leading grass based dairy, beef and sheep farms, the Department of Agriculture, Food and
the Marine Grass and Clover Evaluation programme, one of Ireland’s leading assembler, importer
and distributor of forage seed, and a dairy processor.

The post-conference tour will visit a number of Teagasc Research Centres, the Burren Project, and
the Agri-Food Bioscience Institute in Northern Ireland, as well as enjoying the scenery of Ireland
and exploring it’s rich history.

The General Meeting is organised by Teagasc, The Agriculture and Food Development Authority
in Ireland. The Animal and Grassland Research and Innovation Programme has a wide range
of research projects including grassland and grazing management, animal breeding, nutrition,
precision agriculture, animal welfare, and environmental and economic sustainability, as well as
being deeply involved in dissemination and knowledge transfer.

Our thanks to the EGF Executive Committee for accepting our bid to host the 27" General

Meeting; we hope that we can continue the tradition of high quality and impactful meetings which
have characterised previous EGF General Meetings.
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We would like to thank all authors for their papers and presentations, the numerous reviewers for
their important comments and contributions which have helped to ensure the high quality of the
papers presented, the members of the scientific and organising committees, the secretary of EGF,
and our sponsors and supporters.

We hope that the 27 General Meeting of EGF will stimulate fruitful discussions and networking,
identify common goals and develop new research collaborations. We hope that delegates enjoy
their visit to Cork.

Prof° Frank O’Mara Dr. Deirdre Hennessy Dr. Michael O’Donovan
President, European Secretary, EGF 2018 Chairperson, EGF 2018
Grassland Federation
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The evolution of grassland in the European Union in terms of
utilisation, productivity, food security and the importance of
adoption of technical innovations in increasing sustainability of
pasture-based ruminant production systems

Dillon P.G.
Teagasc, Animal & Grassland Research and Innovation Centre, Moorepark, Co. Cork, Ireland

Abstract

Over 174 million hectares in the EU-28 are used for agriculture of which 59.8% is used for arable crops,
34.2% for permanent grassland and 5.9% for permanent crops. Between 1970 and 2013, the amount of
permanent grassland in the EU was reduced by 5.9 million hectares; the greatest reductions occurring
in Germany, the Netherlands, France, Denmark and Belgium. The most productive grassland sites in
Europe (>15 t DM ha'!) are located on the Atlantic side between 52° and 57° N latitude. These include
the Netherlands, Great Britain, Ireland, Belgium, north-western France and northern Germany. The
more productive areas generally have longer grazing seasons, an important parameter in pasture-based
ruminant production systems. A long grazing season can increase the quantity of grazed pasture in
ruminant diets and reduce other feed costs. Average grazing season length in the EU-28 is currently
6.1 months and is predicted to increase to 6.8 months by 2070. Pasture-based ruminant production
systems are generally viewed in a positive manner by consumers. Pasture-based ruminant production
systems can contribute to global food by producing human edible protein from non-edible forages. It
is estimated that globally 2.8 kg of human edible feed in ruminant systems and 3.2 kg in monogastric
systems are required to produce 1 kg of boneless meat, however, these figures disguise large variations in
feed conversion efficiency. Opportunities to further increase the efficiency of European pasture-based
systems of livestock production include the application of more appropriate breeding and evaluation
programmes for pasture species, using animal genetics best suited for pasture-based systems, using mixed
pasture species and increasing farm nutrient efficiency. There is a significant opportunity to develop easy
to use decision support tools for grassland farmers to increase the efficiency of pasture-based systems.

Keywords: land use, utilisable agricultural area, grazing season length, edible protein, animal genetics,
decision support tools

Introduction

European pasture-based ruminant production systems face a threefold challenge: (1) to meet the
increasing global demand for food; (2) to do so in an environmentally sustainable manner; and (3) to
ensure that the products produced meet the highest standards of sustainability, sanitary quality and
nutritional value for increasingly discerning consumers. The aim of this paper is to examine recent
trends in the utilisation of agricultural land in Europe; grassland productivity, grazing season length, the
impact of climate change, role of grassland in food security and the opportunities to further improve the
efficiency of European grass-based systems of livestock production.

Land cover in EU27

Forest and woodland areas occupied 37% of the total area of the EU-27 in 2012, cropland 25%, grassland
21%, shrub land 7%, water areas and wet lands 5% and built up areas 4%. There was significant variation
between countries in terms of type of land cover arca (Table 1). Forest and woodlands were the prevailing
land cover in the northern part of Europe and for member states whose typography is dominated by
mountain and hilly areas. The proportion of land under forest and woodlands exceeded 60% in Finland,

Grassland Science in Europe, Vol. 23 — Sustainable meat and milk production from grasslands 3



Sweden and Slovenia; exceeded 50% in Estonia and Latvia and exceeded 40% in Austria and Slovakia.
Denmark and Hungry had greater than 45% of land cover under cropland, with most of the remaining
EU countries having between 17 and 35%. The countries with the smallest proportion of land utilised for
crops were Finland, Ireland and Sweden (all less than 7%). Natural and agricultural grassland dominated
in Ireland (64%) and United Kingdom (43%); followed by the Netherlands (39%), Luxembourg (33%)
and Belgium (32%). Most of the remaining EU countries had between 19 and 30% grassland, with the
exception of Italy, Portugal, Spain, Greece, Cyprus and Malta (all countries in southern Europe) plus
Sweden and Finland (extreme north) all being less than 17% grassland.

Table 1. EU27 land cover type in 2012 (% of total area) (Eurostat, 2014).1

Woodland Cropland Grassland Shrubland Water areas and wetland Artificial land  Bare land
EU-27 371 248 207 6.6 438 41 17
Finland 66.1 6.3 37 56 15.9 1.6 0.7
Sweden 62.9 42 56 89 14.4 1.6 26
Slovenia 60.0 10.8 214 21 11 32 14
Estonia 535 1.3 19.5 28 10.1 18 1.0
Latvia 52.6 127 24.6 18 57 1.6 1.0
Austria 47.1 17.7 241 20 21 49 2.1
Slovakia2 451 28.0 19.6 29 12 28 0.4
Bulgaria 377 320 206 6.1 1.0 18 0.8
(zech Republic 37.5 343 208 0.8 1.6 44 0.7
Portugal 372 17.8 16.2 17.7 19 55 38
Lithuania 363 263 296 11 36 24 0.6
Poland 337 345 243 11 24 33 0.8
Luxembourg®  33.2 20.8 333 1.0 0.7 10.1 0.9
Italy 329 328 16.7 6.5 27 7.0 13
Germany 328 329 229 1.0 23 7.2 0.8
Romania 309 350 27.0 17 27 21 0.6
France 307 309 272 36 1.6 5.2 0.7
Greece 302 2.1 13.5 255 19 35 2.2
Spain 296 28.1 15.7 16.6 1.0 3.5 53
Belgium 244 29.0 321 0.4 15 121 0.5
Hungary 227 46.7 209 21 33 33 1.0
Cyprus? 19.4 340 132 216 0.6 6.5 47
Denmark 17.7 487 221 12 26 6.9 1.0
United Kingdom 15.1 211 43.2 8.8 49 6.0 0.9
Netherlands ~ 12.6 259 388 1.6 74 123 14
Ireland 1.7 59 63.6 57 8.7 39 0.5
Malta* 3.8 263 1.4 16.1 25 326 76

" Ranked on the share of woodland areas. Croatia: not available.
2\Water areas and wetland: low reliability.

3 Shrubland and bare land: low reliability.

*Woodland and water areas and wetland: low reliability.
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Land use in EU27

Agriculture land use is the most common primary land use category in the EU27, accounting for 43.5%
of total land area in 2012 (Table 2). The land area used for forestry covered 32.4%, while 5.7% was
used for services, residential and recreational purposes. Industrial, transport, energy production and
mining purposes claimed a further 3.4%, leaving a residual category accounting for the remaining 15%.
The highest proportion of agricultural use was in Ireland (71.5%), while Denmark, United Kingdom,
Hungary and Romania all had more than 60%. Agriculture played a minor role in land use in Finland
and Sweden accounting for less than 10% in both countries. In Finland, Sweden, Slovenia, Estonia and
Latvia, more than 50% of the area was used for forestry purposes; whereas less than 10% was used for
forestry in Ireland, Cyprus and the Netherlands.

Table 2. EU27 primary land use type in 2012 (% of total area) (Eurostat, 2014).)

Agricultural use Forestry use Services, recreational  Industry, miningand  Other use or no visible

and residential use transport use use
EU-27 835 324 5.7 34 15.0
Ireland 7.5 8.8 5.1 5.1 9.5
Denmark 63.9 123 13 40 85
United Kingdom 63.5 103 9.8 3.6 128
Hungary 61.8 2.7 54 2.9 7.2
Romania 60.3 313 20 15 49
Netherlands 56.9 47 17.2 1.9 93
France 54.0 259 6.9 40 9.2
Lithuania 529 358 32 2.1 6.0
Germany 52.0 294 8.5 5.6 45
Belgium 51.8 204 15.9 6.6 53
Poland 51.6 309 54 2.7 9.4
Luxembourg 511 33.8 6.4 7.2 15
Czech Republic 50.2 344 5.8 3.8 58
Bulgaria 494 349 22 1.7 1.8
Italy 48.0 216 6.0 43 20.1
Spain 479 19.8 22 32 269
Portugal N4 331 32 42 18.1
Slovakia 4.2 425 43 25 9.5
Cyprus 40.2 75 5.1 43 4.9
Austria 38.0 477 49 35 59
Greece 372 229 25 31 343
Malta? 351 : 237 8.9 323
Latvia 316 515 36 23 11.0
Slovenia 29.7 55.2 47 28 7.6
Estonia 271 53.0 6.0 3.0 109
Sweden 8.2 57.8 55 1.9 26.6
Finland 8.1 63.0 76 23 19.0

" Ranked on the share of land used for agriculture.
2 Forestry use: not available.
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Table 3. Utilisation of agricultural area in Europe (Eurostat, 2014).

Agricultural Area (ha) UAA (ha) Proportion of UAA (%)
Arable land Permanent grassland/meadows ~ Permanent crops ~ Other
EU-28 213,503,110 174,358,310 59.8 342 59 0.2
Ireland 5,277,990 4,959,450 21.0 79.0 0.0 0.0
United King. 18,417,700 17,096,170 36.7 63.1 0.2 0.0
Hungary 7,048,760 4,656,520 81.6 15.1 3.0 03
Austria 5,815,840 2,726,890 50.0 475 24 0.1
Denmark 2,922,230 2,619,340 91.5 75 1.0 0.0
(zech Rep. 5,076,430 3,491,470 74 275 11 0.0
Romania 14,661,380 13,055,850 62.8 337 23 12
Slovakia 3,067,090 1,901,610 .7 273 1.0 0.0
Spain 30,042,210 23,300,220 485 342 173 0.0
Netherlands 2,008,870 1,847,570 56.2 M8 20 0.0
Luxembourg 137,790 131,040 478 511 1.2 0.0
Italy 15,933,790 12,098,890 55.6 274 16.8 0.2
Poland 16,487,480 14,409,870 747 23 29 0.2
Bulgaria 5,608,980 4,650,940 70.5 273 20 0.1
Germany 18,305,150 16,699,580 7.1 277 1.2 0.0
Portugal 4,625,700 3,641,590 302 499 19.5 04
Lithuania 3,125,370 2,861,250 79.6 19.6 0.8 0.0
Latvia 3,058,780 1,877,720 64.1 348 0.4 0.7
France 29,264,400 27,739,430 66.6 297 37 0.0
Slovenia 902,160 485,760 .7 273 1.0 0.0
Belgium 1,350,200 1,307,900 61.1 372 1.7 0.0
Greece 5,062,500 4,856,780 374 433 19.1 0.2
Malta 11,980 10,880 78.8 0.0 11.6 9.7
(roatia 1,728,100 1,571,200 559 393 46 0.1
Estonia 1,229,420 957,510 65.6 339 0.4 0.1
Finland 5,784,630 2,257,630 98.5 14 0.2 0.0
Sweden 6,424,370 3,035,920 85.1 14.8 0.2 0.0
(yprus 123,810 109,330 733 17 25.0 0.0

Utilisation of agriculture area in Europe

Table 3 shows the agricultural area, utilised agricultural area (UAA) and proportion of UAA for EU28
in 2013. Total agriculture area covers over 213 million hectares of which over 174 million hectares are
used for agriculture (most of the other area is used for woodland).

Onaverage, 59.8% of the UAA was used for arable crops, with the highest percentages in Finland (98.5%),
Denmark (91.5%), Sweden (85.1%), Hungary (81.6%) and Lithuania (79.5%). The EU countries with
the lowest proportion of UAA devoted to arable cropping were Ireland (21%), Portugal (30.2%), United
Kingdom (36.7%), Greece (37.4%) and Luxembourg (47.8%). The share of permanent grassland and
meadow, associated with livestock rearing (notably dairy and sheep farming), exceeded 50% in Ireland
(79%), United Kingdom (63.1%) and Luxembourg (55.6%), but was less than 10% in Malta (0%),
Finland (1.4%), Cyprus (1.7%) and Denmark (7.5%). Permanent crops accounted for more than 10% of
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the UAA in the southern member states associated with the growing of grapes, olives and citrus fruits.
The greatest percentage of land utilised for permanent crops was recorded in Cyprus (25.0%).

Maize for silage is an important crop and occupied 5.3 million hectares of land or 3% of the UAA. About
58% of the total area dedicated to maize silage was in Germany and France. Maize silage production
accounts for a large percentage of UAA in Belgium (13.1%), the Netherlands (12.5%), Luxemburg
(9.9%) and Germany (9.7%). In comparative terms, it represents more than 20% of the grassland area in
Belgium, the Netherlands, Denmark and Germany, including the west of France.

Changes in permanent grassland areas in Europe

Between 1970 and 2013, 5.9 million hectares of grassland in the EU9 were lost to other purposes (Table
4), equating to a 15.3% reduction in the proportion of permanent grassland. During this period, the
proportion of permanent grassland reduced significantly in Germany (31.8%), the Netherlands (30.1%),
France (28.1%), Denmark (25.9%) and Belgium (21.7%); while the reduction in Italy was much lower
(13.3%). There was a small reduction in Ireland (2.2%) and Luxembourg (0.8%), while there was an
increase in the United Kingdom (6.4%). Similar reductions accrued in Austria, Greece, Spain and
Hungary.

Potential and actual productivity of permanent grassland across Europe

Data on grassland productivity and its spatial distribution are scarce. Grassland productivity will be
affected by botanical composition, soil characteristics, climate conditions, altitude, latitude and
management (De Vliegher and Carlier, 2007). Lee (1983) reviewed grassland potential productivity
data from most European countries. He divided Europe into five major geographical/climatic regions: (1)
north-west and west Europe; (2) central Europe; (3) south-east Europe; (4) Mediterranean Europe and
(5) northern Europe and Europe USSR. Factors considered to influence productivity were altitude, water
stress, temperature and aspects such as slope, soil depth, etc. He concluded that grassland productivity
in Europe was closely associated with precipitation amounts, with moisture stresses being a major
constraint in the Mediterranean region (Figure 1). The map itself is considered by the author as the first
approximation of European grassland production potential.

Hume and Corrall (1986) attempted to create a map of potential production for both irrigated and non-
irrigated grassland in Europe using data from meteorological network and a grass growth model. This

Table 4. Changes in the proportion of UAA in permanent grassland area in EU9 between 1970 and 2013 (authors own calculations based on
Eurostat).

Total UAA 1970 2013
Permanent grassland (ha)  Proportion (%) Permanent grassland (ha) Proportion (%)

Belgium 1,307,900 621,253 475 486,539 372
Denmark 2,619,340 264,553 10.1 196,451 75

France 27,739,430 11,456,385 413 8,238,611 29.7
Luxembourg 131,040 67,486 515 66,961 511
Germany 16,699,580 6,780,029 40.6 4,625,784 277
Ireland 4,959,450 4,007,236 80.8 3,917,966 79

Italy 12,098,890 3,823,249 316 3,315,096 274
Netherlands 1,847,570 1,104,847 59.8 772,284 4.8
United Kingdom 17,096,170 10,138,029 593 10,787,683 63.1
Total 84,499,370 38,263,066 46.9 32,407,374 40.5
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6

EUROPE

Land system Limitation Yield (kg DM ha)
Rainfed Irrigated

1 Predominantly upland and lowland  Relatively few, some moisture stress and slope 10,000-15,000
2 Predominantly lowland Moisture stress 4,000-6,000 8,000-20,000
3 Predominantly hill land Slope, depth, stoniness, some moisture stress 6,000-10,000
4 Lowland (E. Europe) Moisture stress, wetness, temperature 4,000-8,000

Upland (W. Europe)
5 Lowland, hill land Severe moisture stress, temperature 2,000-6,000
6 Upland, high mountain also lowland  Very severe moisture stress, temperature, altitude 800-3,000

Figure 1. Potential productivity data from most European countries (Lee, 1983).

model was able to take water stress into account. However, they underestimated the drought effect in the
non-irrigated swards model as indicated by not highlighting the Atlantic side between 52 and 57 degrees
for maximum production.

A coordinated experiment organised by A.J. Carroll under the auspices of the FAO Lowland Grassland
Sub-network measured the production and productivity of cutting grassland according to a standardised
protocol in 32 European sites. The average annual production ranged from 10 to 14 t DM ha'l. The
extremes in grass production were very different ranging from 2 t DM halin Portugal to 20 t DM halin
Germany (Kiel) (Peeters and Kopec, 1996). The most productive sites (>15 t DM ha'!) were located on
the Atlantic side of Europe between 52 and 57° N latitude. These included the Netherlands, Great Britain,
Ireland, Belgium, north-western France and northern Germany. The less productive sites were situated at
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Figure 2. Production potential (annual yields in t DM ha™") of mown and heavily fertilised grasslands (Peeters and Kopec, 1996).

high or low latitudes in Europe. At high latitudes, production was limited by low temperatures and low
levels of photosynthetically active radiation; in Portugal water stress limited production during summer.
A synthesis of all this information has been made by Pecters and Kopec (1996) as presented in Figure 2.

Smit ez al. (2008) presented spatial data of actual grassland productivity across regions in Europe, based
on an extended set of regional, national and international statistics for Europe over a 10 year period (1995
-2004). This study focused on green fodder from permanent grassland that included permanent pasture
(herbages and rough grazing) and permanent meadows. It was the first study to synthesize grassland
yields at a European scale. The highest productivity, about 10 t DM ha'}, was obtained in north western
Spain, western France, Ireland, Wales, England, the Benelux, northern Germany and south western parts
of Norway (Figure 3). The highest yields recorded were in the Netherlands, regional grassland data was
not available for Belgium and the country average was used. However, only grass production harvested
for conservation was used, therefore, underestimating the productivity of the lowlands of Flanders. The
lowest productivity occurred in the Mediterranean countries due to severe moisture stress with annual
yields limited to 1.5 t DM ha'l. In mountain regions and especially regions where irrigation is applied,
much higher yields are obtained. Northern Europe (Iceland, north of Scandinavia and Russia) formed
other low productivity regions. Countries in central Europe; like Germany, northern parts of Austria and
Switzerland reached yields of greater than 6 t DM ha'l; however, yields in the upper parts of the Alps were
much lower. Grassland yields in Poland, Czech Republic and Slovakia reached about 4 t DM ha'l. Yields
in Hungary, Bulgaria, Russia and Ukraine were low, around 1.5 t DM ha'! due to severe moisture stress;
higher yields can be obtained in mountainous regions due to greater precipitation.

Grazing season length and impact of climate change

Grazing season length is an important parameter when defining ruminant production systems. A long
grazing season can increase the annual proportion of grazed grass in ruminant’s diets, which can reduce
feed costs and thereby, increase profitability (Dillon e 2/, 2005; Peeters, 2009; Finneran et 4/., 2012).
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Figure 3. Spatial distribution of grassland productivity (dt ha™") in Europe. NUTS, Nomenclature of Territorial Units for Statistics (Smit et al., 2008).

It is also generally positively perceived by consumers when compared to indoor feeding systems (Font i
Furnols ez al., 2011). Phelan ez al. (2015) investigated the spatial variation in grazing season lengths from
32 European countries obtained from the results of the EUROSTAT Survey on Agricultural Production
Methods (SAPM) and bioclimatic variables for dairy farms. The reference year was 2012 for all countries
with the exception of Spain and Portugal which had 2009 as the reference year. Grazing season length
was positively correlated with mean temperature during the coldest quarter and negatively correlated
with precipitation in the wettest month. Figure 4 illustrates the observed and predicated grazing season
lengths for dairy farms in all 32 European countries. The predicted grazing season lengths were longer
than observed in Belgium, Estonia, Germany, Hungary and the Netherlands but shorter for Bulgaria,
France, Latvia and Lithuania.

These significant relationships were subsequently used to predict future changes in grazing season length
as influenced by climate change projections based on the most recent IPCC ARS (Intergovernmental
Panel on Climate Change, Fifth Assessment Report) (Jones ef 4l., 2011; Taylor et al., 2012). Future
projections were carried out for 2050 (mean of 2041 - 2060) and 2070 (mean of 2061 - 2080) using a
concentration pathway of 2.6, 4.5, 6.0 and 8.5 W m™. The analysis predicts that grazing season length
would increase from the observed average of 6.1 months in 2012 to 6.7 months in 2050 and 6.8 months
in 2070 (Figure 5). However, both increases and decreases were predicted within different regions of
some countries such as France, Norway, Germany, Italy, Spain and UK. The greatest reduction in grazing
season lengths was predicted for the west of France, south-west Norway and west coast of Britain.

Contribution of ruminant production from grassland to food security

Human population is expected to increase from 7.2 to 9.6 billion by 2050 (UN, 2013). This represents
a population increase of 33%, but as the global standards of living increases, demand for agricultural
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products will increase by about 70% in the same period (FAO, 2009). Livestock products are important
agricultural commodities for global food security because they produce 17% of global kilocalorie
consumption and 33% of global protein consumption (Rosegrant e a/., 2009). Worldwide, it is expected
that milk production will increase from 644 million tonnes (in 2006) to 1,077 million tonnes (by 2050)
and meat production will double from 258 to 455 million tonnes (Alexandratos and Bruinsma, 2012).
However, livestock production uses 75% of grassland land (Foley et al., 2011) of which one third of the
land area is arable and two thirds are grasslands and rangelands (Steinfeld ez /., 2006), consumes 35%
of grain products (Alexandratos and Bruinsma 2012) and emits 14.5% of global greenhouse emissions
(Gerber ez al., 2013).

Livestock are often perceived as having a negative effect on food security as: (1) animals are fed rations
containing products that can also serve directly as human food; (2) animal feed may be produced on land
suitable for human food production; and (3) the efficiency of animals in converting feed into human
edible products is relatively low. In reality, livestock also play an important role by converting forages,
crop residues and agricultural by-products that are not human edible into high quality human edible
food. The literature often highlights the supposed efficiency of pigs and poultry in converting feed into
meat; but these studies do not take into account the higher share of feed consumed in the form of grains
that are edible by humans and the use of land suitable for human food production that is required in
modern monogastric feeding systems. Mottet ez a/. (2017) estimated that the production of 1 kg of
boneless meat requires 2.8 kg of human edible feed in ruminant systems and 3.2 in monogastric systems.
These global figures, however, conceal a vast range of feed conversion ratios and feed qualities, between
and within species and production systems.

The drive to increase the output of animal products in some sectors of ruminant livestock production
has led to greater use of feeds such as cereal grains and soybean meal that are potentially human-edible.
This trend has caused concern since, by doing so, ruminants compete not only with monogastric livestock
but also with the human population for a limited global area of cultivated land on which to produce
grain crops. The amount of edible protein of animal origin produced per kg of human edible protein of
plant origin is an unbiased view of the contribution of livestock to food security (Wilkins, 2011). If the
ratio is greater than 1.0, the animal production system contributes to food security; if the ratio is less
than 1.0, the production system contributes negatively to food security. Wilkins (2011) showed that in
UK livestock systems, grassland based dairy systems were the most efficient producing up to 1.4 kg of
milk protein per kg of edible protein of plant origin. Conversely, the least efficient were intensive beef
production (0.30), broilers and pig (0.47) and egg production (0.38 to 0.43). Recent analysis of French
dairy production systems showed that more intensive systems using a lot of maize silage and concentrates
were less efficient in terms of milk protein per kg of edible plant protein (Laisse ef /., 2016). Analysis of
National Farm Survey data in Ireland showed that the average Irish dairy farm had an efficiency of 1.5 kg
of milk protein per kg of edible plant protein (Hennessy and Moran, 2014). More extensive pasture-based
systems around the world make a significant contribution to protein security (Bradford ¢/ 4/., 1999).

Opportunities to further increase the eficiency of European grass-based systems
of livestock production

The competitiveness of grass-based systems of ruminant production can be further improved through the

adoption of technologies. These are briefly summarised:

o Grass-breeding and evaluation: In Europe, grass breeders have increased DM yield by 0.5% per year
as tested in cutting trials in the Netherlands from 1965 to 1990 (Van Wijk and Reheul, 1991). There
is little evidence, however, that new grass/clover cultivars have made a significant contribution to
increased animal production. Presently, plant evaluation systems measure grass DM yields using a
simulated cutting/grazing protocol over a two to three year period; this needs to be changed to
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an on-farm cultivar evaluation protocol based on lifetime performance. The recent development
of the Pasture Profit Index in Ireland and the Forage Value Index in New Zealand and Australia
are significant progress in this area. In addition, there is a clear requirement for greater selection
emphasis on characteristics that influence animal performance such as herbage intake and DM
digestibility; this will require the development of new feed chemistry analysis to better reflect the
true nutritional value. This can be best achieved by adopting interdisciplinary initiatives among plant
physiologists, nutritionists, plant breeders and evaluators sharing knowledge and resources. There
is also a requirement to introduce new breeding technologies into breeding programmes such as
genomic technologies to accelerate genetic gain.

e Animalgenotype: Theanimal required for efficient pasture-based systems must be robust, autonomous,
‘easy care’ and capable of a high level of performance (milk production/composition; reproductive
performance; maintain adequate body reserves; avoid ill health) from a predominantly grazed pasture
diet. There is now strong evidence to show that dairy cows that are genetically best suited to non-
grazing systems are not best suited to grazing systems from studies carried out in Ireland (Dillon
et al., 2006) and France (Baumont ez al.,, 2014), indicating an interaction between genotype and
feeding system. Successful grazing systems require dairy and beef cows that are capable of achieving
large intakes of forage relative to their genetic potential for milk production (i.c. aggressive grazers),
are extremely fertile to facilitate compact calving at the start of the grass growing season, survive for
5.5 lactations, have a high health status, and are easy care and robust to fluctuations in feed supply.

e Sward species composition: Huyghe ez a/. (2012) showed that a positive relationship between species
diversity in sown swards and biomass production is frequently found in controlled environments.
Introducing legume species into conserved and grazed swards gives many advantages relating to feed
value, animal performance and environmental impact. White clover has a high digestibility and a high
energy value; this is attributed to its low fibre concentration which reflects the absence of structural
components such as stem and sheaths (Ayres ez al., 1998). A particular advantage of white clover is the
reduced rate of decline in digestibility in mid-season compared to perennial ryegrass (Ulyatt, 1970).
Increased production performance by incorporating white clover into pastures has been observed in
dairy cows (McCarthy ez 2/, 2017; Hennessy et al., 2017), beef steers (Thomas ez l., 1981) and sheep
(Orr er al., 1990). Despite the clear advantages in animal performance of perennial ryegrass/white
clover pasture over perennial ryegrass only pasture, there are issues that need to be considered such
as increased prevalence of bloat and additional ancillary costs associated with maintaining swards
high in white clover content.

e Increase sustainability: The goal of producing more food from the same land area, while reducing
environmental impact, has been termed ‘sustainable intensification’ (Pretty, 1997) or ‘ecological
intensification’ (Griffon, 2013). Pasture-based systems have been shown to be beneficial to the
environment (Jankowsaka-Hufleje, 2006; Peyraud er 4/, 2010) and in reducing the costs of
production (Dillon ez al, 2005). It has been generally accepted that increased stocking rates (cows
ha'!) and milk output per hectare will lead to greater N loss to groundwater. Two recent pasture-based
studies, one in Ireland (Huebsch ez 4/, 2013) and the other in New Zealand (Roche ez al., 2016) have
shown that higher stocking rates with increased milk output per ha can be achieved alongside low N
losses to ground water. Similar to the de Marke farm in the Netherlands (Hilhorst ez /., 2001), a large
number of changes to management practices contributed to this overall effect including increased
grazed grass utilisation; greater use of organic manures to replace chemical fertiliser; more strategic
use of chemical N; reduced cultivation reseeding methodologies; improved grazing management and
nutrient budgeting and the preferential management of higher risk farm areas. The carbon footprint
of both milk and meat can be reduced by increasing the genetic merit of dairy cattle, maximising the
use of grazed grass and strategic timing and application of slurry and chemical fertiliser (O’Brien e#
al., 2014).
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o Grazing management practices: In recent years the development of reliable, easy to use web based
decision support tools has facilitated improved feed budgeting and grazing management on grassland
farms (e.g. PastureBase Ireland). It was not until the 1970’s that the relationship between milk yield
and pasture allowance was identified (Hodgson, 1975). O’'Donovan (2000) developed targets for
average pasture grass cover. More recently, specific grazing management technologies have been
developed to improve grazing management within specific periods (spring, mid-season and autumn).
The Spring Rotation Planner is used from turnout until grass growth equals herd demand; the Pasture
Wedge is used to control grass supply during mid-season taking into account herd demand, rotation
length and post-grazing residual; and Autumn Feed Budgets are used to maximise the amount of
grazed grass utilised while at the same time ensuring that the grazing season is extended into late-
November/early-December with the desired farm grass cover. The development of reliable, easy to use
decision support tools will allow grassland farmers to put greater reliance on grazed pasture and will
provide greater connection between researchers, extension advisors and grassland farmers.

Grass grows more regularly from spring to autumn in western Europe (e.g. UK, Ireland, northwest of
France), whereas in other regions grass does not grow in summer (Pays de Loire and Aquitaine in France)
or the grazing season is quite short due to long, cold winters (Northern countries). Eighty one percent
of European grassland and 44% of total livestock are located in less favoured areas (LFAs) that include
the grassland ecosystems most threatened due to abandonment as total livestock numbers decline.
Opportunities should be sought to integrate these high biodiversity grasslands into commercial productive
grasslands. These less productive grasslands provide multiple functions that include protection of water
quality, carbon sequestration in the soil, protection of soil from wind erosion and maintain biodiversity,
hence, some of these grasslands have a high nature value. Although grazing management objectives differ,
most are managed by commercial farmers and there is a significant opportunity to produce high quality
human edible protein from a wide range of biomass using ruminant livestock.

Conclusion

Since the early 1970’s, European grassland area has declined in favour of maize and other annual crops.
There is a large variation in grassland productivity in Europe, influenced by climate conditions, soil
characteristics, altitude, latitude and management. Grazing season length is positively correlated with
mean temperature of the coldest quarter and negatively correlated with precipitation in the wettest
month. Grazing season length is predicted to increase from an observed average of 6.1 months in 2012
to 6.7 months in 2050 and 6.8 months in 2070. Livestock play an important role in human food security
by converting forages, crop residues and agricultural by-products that are not human edible into high
quality human edible food. In the future there should be greater emphasis on the development of decision
support tools that can help grassland farmers to make better management decisions with regards to
grassland, animal and farm systems.
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Abstract

In Ireland, grazing systems provide the basis of sustainable livestock production, as grazed grass is the
cheapest feed source of nutrients for ruminants. A key future objective for these systems is to ensure high
grass utilisation, supporting increased output per hectare. Ireland’s national farm policy targets growth
in exports to €19 billion per annum by 2025. This ﬁgure represents an 85% increase from the current
three year average. There are major improvements required in the areas of grassland management and its
conversion to milk and meat products to fulfil such a target. While every farm situation is unique due
to varying soil types, climatic conditions, stocking rates and management capabilities, grass production
and utilisation are below optimum on most farms. Irish farms, especially dairy farms, are expanding and
will continue to do so over the next number of years. Increasing stocking rates and more compact calving
and lambing has resulted in increased spring feed demand. Extra grass needs to be grown and utilised in
this period to minimise the use of supplementary feed. This paper outlines the importance of grassland
on Irish farms, and where farms can improve grassland management, to increase output, lower farm costs
and further improve farm system sustainability.

Keywords: grazing, ruminant production, grassland, dairy, beef, sheep, sustainability

Introduction

Grasslands contribute substantially to Irish agricultural production systems providing a large proportion
of the feed requirements of ruminant livestock (O’Mara, 2008). Grassland in Ireland accounts for
approximately 92% (3.91 million ha) of the agricultural land area (CSO, 2017) (Table 1). Rough grazing
includes grazed un-reclaimable bogland and grazed mountain and lowland partially covered in scrub,

Table 1. Area farmed (1000 ha) by type of land use and year (2013-2016).

2013 2014 2015 2016
Area farmed (UAAT) 4,471.8 4,465.8 4,429.5 4,447.2
Crops and pasture 4,004.3 3,971.5 3,926.0 3,914.8
Pasture 2,337.7 2,308.4 2,299.4 2,307.8
Hay 2184 2179 195.7 188.4
Grass silage 1,071.0 1,077.6 1,071.1 1,066.8
Maize silage 14.5 139 129 109
Fodder rape and kale 1.4 1.2 1.7 1.6
Beet 10.1 103 9.6 9.5
Other crops 47 4.0 58 7.7
Total cereals 307.8 306.7 2924 281.1
Total wheat 60.6 71.6 65.3 67.9
Total oats 26.7 18.6 234 232
Total barley 2194 215.7 202.8 189.2
Other cereals 1.1 0.8 0.9 0.8
Rough grazing in use 473.5 494.2 503.6 5324

T Utilisable agricultural area.
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bushes or rock (O’Mara, 2008). The average proportion of the total grass silage area (1.066 million ha)
harvested for first, second and subsequent silage harvests is 78, 21 and 1%, respectively (O’Donovan ez al.,
2011). The use of other crops, such as maize silage and beet, has declined in recent years. Irish grassland
can produce some of the highest non-irrigated herbage yields (12 - 16 t DM ha! per annum) in Europe
(O’Donovan et al., 2011).

Table 2 shows livestock numbers in Ireland for the past five years. Total cattle numbers have increased
by 461,000 head. The substantial increase in this number has been generated from the increase in the
number of dairy cow (+269,000); while suckler cow numbers have decreased (-69,000) in the same
period. Increases in younger stock numbers have also taken place in line with the overall increase in
maternal cattle numbers. Total sheep numbers have increased by 245,900 in the period; however, the

number of breeding ewes has declined by 57,000, which shows an increase in the efficiency of the sheep
flock.

The increase in dairy cow numbers has been greatest in the south east and west of the country, which
have seen the largest regional increases (+70,000 cach). The western and border regions have recorded
the most modest increases, 11,000 and 17,000, respectively. The largest reduction in suckler cow numbers
has occurred in the south east (-15,000), while suckler cow numbers in the west have remained largely
static. In the future, it is likely that suckler cow numbers will decline further and even in the current year,
suckler cow numbers calving have declined by 3%.

Feed costs

Grazed grass is the most efficient feed for grass based ruminant production systems in Ireland. The
relative cost of grazed grass is €75 ¢! utilisable (U) DM compared to first cut grass silage at €185 t'!
UDM, second cut grass silage at €182 t'! UDM and rolled barley at €188 ¢! UDM (Finneran, 2010).
Costs were calculated using a stocking rate of 2.5 livestock units (LU) ha! and herbage production of
13.5 t DM ha'! as well as a land costs charge of €350 ha'l, and feeds were compared on a UFL basis. The
relative competitive advantage of grazed grass is expected to increase over the next number of years due
to higher concentrate prices and the high cost of producing conserved feeds (grass and maize silage; costs
include labour, energy and machinery costs).

Industry targets

The progress of the Irish ruminant sector has been assisted greatly by the positive Agriculture Policy of
our Department of Agriculture, Food and Marine. Successive Agriculture Policy initiatives such as Food
Harvest 2020 and currently Food Wise 2025 (DAFM, 2015) have identified Agriculture as a key sector

Table 2. Number of livestock (1000 head) by type of animal and year (2013-2017).

2013 2014 2015 2016 2017
Total cattle 6,902.6 6,926.1 6,963.5 7.221.2 7.363.5
Cows 23135 2,355.4 2,371.6 2,501.6 25136
Dairy cows 1,163.2 1,226.4 1,295.8 1,397.9 14327
Suckler cows 1,150.3 1,129.0 1,075.8 1,103.7 1,081.0
Bulls N4 40.8 36.5 25.0 16.9
(attle: 2 years and over 768.3 884.3 808.1 715.5 788.1
Cattle: 1-2 years 1,811.0 1,767.2 1,705.1 1,853.3 1,913.9
(attle: under 1 year 1,968.5 1,878.4 2,042.2 2,125.9 2,130.9
Total sheep 5,007.0 5,096.8 51387 5179.2 52529
Breeding sheep 2,648.6 2,5913 2,563.9 2,582.8 2,591.5
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for the growth of the Irish economy. The Food Wise 2025 report (DAFM, 2015) has identified both grass
production and utilisation targets for Irish dairy production systems. In 2016, Gross Agricultural Output
(GAO) was valued at €6.92 billion (DAFM, 2016), and in the same year, dairy and ingredients exports
increased by 2% to €3.38 billion. The value of the beef industry to the economy is currently in excess of
€2.38 billion. Annual beef output exceeds 535,000 t of which 90% is exported. Sheep production is also
a significant contributor to the agricultural economy producing 61,000 t of sheep meat with an output
value of €240 million in 2016. This is an increase in value of 4% compared to 2015, with a meat volume
output increase of 3%. The 36,313 sheep flocks produce a high quality product with about 75 to 80%
exported. Irish food and drink exports to China have increased six fold in six years, while exports to
North America and the rest of Asia have doubled in the same period.

Every three years sectorial enterprise roadmaps (Table 3) are developed for the main ruminant industries
(dairy, beef and sheep). These roadmaps provide very important targets for the sectors both in the next
10 years (2025 Target) and also over the longer term (Research Target) and act as guides to the industry.
With the current expansion of the dairy milk pool, systems of milk production in Ireland can become
more efficient through increased dairy cow fertility and better grass utilisation, i.e. more effective use
of home grown feed. There is an expectation of and commitment from the industry to expand in a
sustainable manner, which is underpinned by agricultural research in Ireland. In suckler beef production,
reduced calving intervals and increased herbage utilisation (more grass in the diet) will together improve
the efficiency of the sector. In the sheep sector, the key efficiency gains will come from increasing the
number of lambs reared per ewe, increasing stocking rate and finally, maximising the use of grass and
reducing the reliance on supplementary feeds. The common efficiency to be achieved across all sectors is
increased grass utilisation.

Table 3. Dairy, suckler beef and sheep sector roadmaps for current performance, future performance targets up to 2025 and research targets.

Current 2025 target Research target
Dairy sector
Milk delivered (kg cow™) 5,036 5,739 5,800
Milk solids (fat + protein) delivered (kg cow™) 372 448 475
(alving interval (days) 394 385 365
Stocking rate (LU ha™") 1.96 2.15 2.94
Herbage utilised (t DM ha™") 7.36 10.0 127
Concentrate per cow (kg) 1,008 750 400
Nitrogen fertiliser (kg N ha™") 176 230 250
Greenhouse gas emissions (kg (0,e kg milk solids) 1.10 0.97 0.83
Suckler beef sector
Calves cow™" year™! 0.81 0.85 0.95
Calving interval (days) 407 397 365
Herbage utilised (t DM ha™") 56 6.2 113
Concentrate per LU (kg) 393 390 298
Nitrogen fertiliser (kg N ha™") 129 145 210
Greenhouse gas emissions (kg (0,e kg carcass) 257 235 21.8
Sheep sector
Lambs weaned ewe™ year”! 129 1.45 1.75
Stocking rate (ewe ha™") 73 9 12
Concentrate input (kg ewe’) 90 50 35
Lambs drafted by October 1 (%) 71 70 65
Nitrogen fertiliser (kg N ha™") 69 99 132
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Farm system sustainability

Farm system sustainability is achieved under the three pillars of economic, social and environmental
sustainability. The production system must be profitable, afford a good work-life balance with family
life, and provide a good working environment for the farmers and any staff that are directly employed
in the business.

Grass based systems are more resource efficient as they use home grown feed stuffs and minimise the
requirements for purchased feedstuffs and therefore, the resources (land, labour, energy and machinery)
associated with those feedstuffs. One of the key challenges facing agriculture today in Ireland, and
in Europe, is centred on the requirement to reduce environmental losses and impacts. In Ireland and
Western Europe, grassland has a high capacity to capture nitrogen (N) as grass is present year round and
grass is actively growing for a large part (10 to 12 months) of the year.

Future grass based milk and meat production systems will need to minimise nutrient losses (e.g. N and
phosphorus (P)) to water and gascous emissions (GHG, ammonia) to the atmosphere, so that production
systems operate in an acceptable way to society as a whole (i.e. good animal welfare, preservation of the
ecosystem, landscape, biodiversity). In 2015, national N fertiliser application was 129 and 39 kg ha! on
dairy and beef farms, respectively, and an average of 63 kg N ha'! for all agricultural enterprises including
tillage (Wall and Dillon, 2017). Inputs of P fertiliser were 4 and 9 kg ha! and potassium (K) fertiliser
were 9 and 21 kg K ha'! for beef and dairy farms, respectively, in 2015.There has been a continual decline
in fertiliser N input since 2005 (average 82 kg ha!) to date. From this analysis, it is clear that Irish
livestock farms are low chemical fertiliser input systems and, in fact, are not applying enough P and K to
maintain adequate soil fertility levels.

The most recent research (O’Brien ez al., 2017) shows that on NFS farms, the average carbon footprint of
milk from Irish farms decreased from 1.17 to 1.04 kg CO,- equivalent kg ! of fat and protein corrected
milk (FPCM) from 2013 to 2015. This reduction in the average footprint was largely due to an increase
in milk solids yield ha'! and a decline in concentrate feeding. This led to a reduction in animal methane
emissions, and carbon dioxide and nitrous oxide from feed production.

Increased demand for grass on farm

Major improvements are required in grazing management and the conversion of grass into milk and meat
products. While every farm situation is unique with varying soil types, local climatic conditions, stocking
rates and farmer management capabilities, grass production is below optimum on most farms. Irish dairy
farms have expanded rapidly over the last number of years; average herd size is now approximately 82 cows
per farm. Increased herd size requires additional herbage supply (i.c. grass growth) to meet an increasing
herd demand. Increasing stocking rates (an additional 100,000 cows calved in spring 2016; ICBF, 2016)
and compactness of calving (a reduction in mean calving date of five days and an improvement in six
week calving rate of 6% from 2011 to 2015; ICBF, 2016) (Figure 1) has increased spring feed demand
on dairy farms. Increases in ewe stocking rate (+ 4%) and weaning rate (+ 8%) and a resultant increase
in carcass output ha! (+ 15%) relative to the five year average, as shown in Table 4, is also increasing the
demand for grass on Irish sheep farms. Extra grass must be grown and utilised in spring to avoid increases
in supplementary feed use. Teagasc National Farm Survey data from the last two years shows that farms
targeting high levels of grass utilisation are more profitable (+ €171 and €105 ha™! of net farm profit per
each additional 1 t grass DM utilised ha! on dairy and beef farms, respectively).

20 Grassland Science in Europe, Vol. 23 — Sustainable meat and milk production from grasslands



15-mrt -

? 0,
R 75, —e—Nat_av Top_10% o +—Nat_av Top 10%
% 8 10-mirt -
=t 70 - >
g % 5-mrt -
§ - /// c
C
X @© _fah
8 60 - § 29-feb
2
© 55 T T T T ) 24-feb . . T T )
2011 2012 2013 2014 2015 2011 2012 2013 2014 2015
Year of calving Year of calving

Figure 1. Trends for mean calving date and 6 week calving rate for cows in the top 10% (broken grey line) and national average (solid black
line) Economic Breeding Index.

Table 4. National Farm Survey technical performance indicators on Irish sheep farms 2011 to 2016.

201 2012 2013 2014 2015 2016
Stocking rate (ewes ha™) 7.2 7.2 7.5 1.6 14 1.7
Weaning rate (lambs ha™) 13 12 13 13 13 14
Lamb carcass (kg ha™) 187 175 189 202 193 217

Herbage production on Irish farms — PastureBase Ireland data (2013-2017)

There is significant variation in grass DM production on farms. This is one of the key early findings
emerging from the analyses of data captured in PastureBase Ircland (www.pasturebaselreland.ie;
Hanrahan et 4/.,2017). There are many reasons for this, including differences in stocking rate, soil fertility
and grazing management practices. If soil fertility and grazing management can be improved, many
farms are very capable of increasing herbage production. High grass DM production can be achieved
on dairy and drystock farms, irrespective of location, through good grazing management, soil fertility
management, good grazing infrastructure and use of perennial ryegrass + white clover swards.

Figure 2 and 3 show the annual DM production data from dairy and drystock farms across Ireland in
2016. These farmers have recorded > 30 weekly farm walks (weekly assessment and recording of herbage
mass present on all paddocks on the farm). In 2013, these farms produced an average of 12.2 t DM ha'l.
This increased to 13.5 t DM hal in 2014, highlighting the year effect on grass growth. The variation
between farms is very high; the difference between the lowest and highest producing farms was 9.4 t DM
ha'l. Animportant aspect of the grass production data is that the highest producing farms are growing in
excess of 16.0 t DM ha'l, with little variation between paddocks. In 2015, there was an increase of 0.6 t
DM ha'! compared to the previous year; on average dairy farms grew 14.1 t DM ha'l. Much of the extra
herbage produced in 2015 was grown by April, and the mid-year grass growth profile was consistent with
2014. After a period of slow grass growth in spring 2016, growth recovered well in May, however, there
was 0.3 t DM ha™! reduction in DM production with the average dairy farm producing 13.8 t DM ha'l.

Increased herbage production is necessary to meet the increased feed demand on farms as stocking rate
increases. Increases in stocking rate have occurred predominantly on dairy farms and to a lesser extent
on intensive beef and sheep farms. The optimum stocking rate for an individual farm is that which gives
sustainable profitability and is dependent on the individual farms grass growth capability. Many Irish
farms are only achieving 50 - 60% of their grass growth potential. Research studies looking at the effect
of increasing stocking rate on grass production and utilisation within both dairy (McCarthy ez 4/., 2012)
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Figure 2. Grass dry matter production from PastureBase Ireland Figure 3. Grass dry matter production from PastureBase Ireland
dairy farms across the country in 2016. drystock farms across the country in 2016.

and sheep systems (Earle ez al., 2017) show great potential to increase farm productivity and demonstrate
that dairy and drystock systems are equally capable of growing and utilising increased levels of grass at
farm level. A recent survey of high performing grassland farmers found that they all agreed that they were
completing more farm walks, grazing their livestock to lower post grazing heights and reseeding more
than they were five years ago. This shows that continuous improvement in grazing management practice
can result in increased herbage production.

Increase in stocking rate

Published data shows that Irish dairy farms are growing 9.1 t DM ha'! (McEvoy et al., 2011) over an
average of a 220 day grazing season. More recent data shows that drystock farms that are measuring
grass routinely are growing 12.2 t DM ha'! (O’Donovan et al., 2016). Comparing these figures to the
PastureBase Ireland dataset, on average, the bottom 20% of farms are growing 11.0 t DM ha'l, the average
farms are growing 13.8 t DM ha'!, while the top 20% of farms are growing 16.7 t DM ha'! (Figure 2). The
variation in seasonal herbage production on PastureBase Ireland farms is as follows: 816 - 1,199 kg DM
ha'lin spring, 4,462 - 4,932 kg DM ha! in mid-season and 5,937 - 6,442 kg DM ha'lin autumn. There is
astrong relationship between the number of grazings per year and herbage production (Figure 4); in fact,
the farms producing the greatest quantity of herbage are achieving an extra grazing per year compared
to the farms producing the least (7.7 and 6.8 grazings per paddock per year, respectively). The extra
grazing results in more grass in the diet of grazing livestock, reducing the requirement of supplement and
providing an extra 20 grazing days per year.

Grass and clover systems

Forage legumes, and white clover (Z7ifolium repens L., clover) in particular, have the potential to
positively influence the sustainability of pasture-based ruminant production systems and this has driven
increased interest in the use of clover in Ireland. A recent meta-analysis (Dineen et /., 2017) to quantify
the milk production response associated with the introduction of clover into perennial ryegrass (Lolium
perenne L.) swards, found that at a mean sward clover content of 31.6%, mean daily milk and milk solids
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Figure 4. Average herbage production of national average dairy farms and farms in the bottom 20%, average and top 20% recording into
PastureBase Ireland.

yield per cow were significantly increased by 1.4 and 0.12 kg, respectively, compared to grass only, but
there was no significant effect on milk yield and milk solids yield per ha. Stocking rate and N fertiliser
application were reduced by 0.25 cows ha! and 81 kg ha! respectively, on grass + clover (3.32 cows ha'!)
swards compared with grass only (3.57 cows ha'!) swards. The most recent grass-clover experimental work
in Ireland completed at Teagasc Moorepark and Clonakilty has shown clear advantages of combining
perennial ryegrass and clover compared to perennial ryegrass only. Dineen (2017) reported that over a
two year period, at the same stocking rate (2.75 cows ha!) and N fertiliser application rate (250 kg N
ha'!), cows grazing grass + clover produced an additional 647 kg of milk and 55 kg milk solids per cow,
compared to cows grazing grass only, which equated to an additional 1,781 kg milk and 151 kg milk
solids ha'l. In addition, total herbage production was 2.5 t DM ha'! greater on grass + clover swards
compared to grass-only swards, although it is expected that these differences are likely to decline over a
longer time period. Another farm systems experiment was undertaken at Teagasc, AGRIC, Moorepark,
Ireland from 2013 to 2016. The experiment compared herbage and milk production from a grass-only
sward receiving 250 kg N ha'! per year and grass-clover swards receiving 250 or 150 kg N ha'! per year
(Hennessy et al., 2017). Each treatment was stocked at 2.74 cows ha'l. Annual herbage production was
similar on all treatments (14.6 t DM ha'!) across the four years of the experiment. Average annual sward
clover content was greater on clover receiving 150 kg N (27%) compared with clover receiving 250 kg N
(23%). Milk solids yield was greater on the two clover treatments (495 kg MS cow™! year', respectively)
compared with the grass-only treatment (460 kg MS cow™! year ).

Improved delivery from grass breeding and evaluation systems

Perennial ryegrass forms the basis of grassland production in Ireland and is the most important forage.
Over 95% (3,624 t) of all forage seed sold in Ireland is perennial ryegrass, and 4% (140 t) is white
clover. There has been large investment by the plant breeding industry in producing new varieties
and independent testing systems designed to identify and list those varieties with the most improved
performances over the past 40 years. McDonagh ez a/. (2016) compared the DM yield and sward density
of new grass varieties submitted for evaluation from 1973 to 2013, and grass digestibility of grass varieties
from 1980 to 2013, under conservation and simulated grazing managements. Dry matter yields showed
an overall significant (P < 0.001) average annual increase of 0.52% under conservation and 0.35% under
simulated grazing, with similar levels of gain within maturity groups and ploidy. These rates were not
constant over time, and periods of no gain occurred in various variety groupings. Sward density did
not change significantly in the study period. Herbage digestibility showed no improvement over the
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timeframe but exhibited the largest differences between concurrent varieties, indicating that future
improvements were possible. The study indicated that plant breeding gains were primarily focused on
DM yield, with sward density remaining stagnant over the 40 years, while the lack of grass digestibility
improvement appeared to only require more time to overcome.

The introduction of the Pasture Profit Index (McEvoy ¢f /., 2011; O’'Donovan ez 4/.,2017; PPI) into the
Irish Recommended List for Grass and Clover, combined with the change to evaluation under intensive
simulated grazing protocols and more on farm grass and clover variety evaluation using PastureBase
Ireland will bridge the gap between farmers, evaluation and breeding. Although there is a general
consensus amongst breeders internationally that individual varieties can perform well in a range of
environments, the evidence from the Pasture Profit Index and the Irish Recommended List for Grass and
Clover clearly shows that the best performing breeding programs for Ireland are those based in Ireland
and the United Kingdom. It is likely that this trend will only become more obvious as a result of the
development of the PPI given Ireland’s huge dependence on grazed pasture. The grass varieties of choice
in Ireland into the future will be those with excellent grazing traits. Future grass and clover breeding and
evaluation in Ireland will be designed to satisfy the end demands of the grassland farmer.

Future direction and focus

The success of Irish grass based production systems is very dependent on six main challenges:

1. Continued adoption at farm level of improved grassland management practices and grassland
technologies.

2. Focused research on grazing management to optimise herbage production, quality and utilisation, as

well as the development of grassland management tools to facilitate improved grassland management

practices.

Requirement to consistently achieve high clover proportions in grazing swards.

B

Ensure farm sustainability is improved and optimised with grassland as the main feed.

5. Continually inform national and international consumers of the associated health benefits of grass
based milk and meat products.

6. Ensure that livestock farmers maintain efficient low cost predominantly grass based systems.
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Abstract

This review addresses key factors and impediments that govern the efficient transfer of nutrient energy
from primary producing grassland to ruminant milk and meat. Resilience is defined as the ‘sustained
production of high yield and quality herbage in a predictable, reliable manner to mirror the nutritional
needs of grazing livestock across a full season’. The review focuses on permanent improved grasslands,
defined as ‘swards maintained at a high production potential by grass to grass renewal, frequently of
5 - 10 year longevity. Temporary summer grasslands, swards within cropping rotations or permanent
unimproved pastures are not considered. Breeding progress to date is examined as are the primary objectives
for the next generation of cultivars. This involves aligning grass productivity to ruminant demand in
three primary aspects, intake potential, nutritional value and productivity profile. The opportunity to
selectively improve plant traits affecting sward structure, chemical composition, seasonality and ability to
persistent and perform under farm conditions is evaluated. The EU context involves appraising the impact
of variables such as grass species and cultivar, regional abiotic stresses (water, temperature, nutrients, soil
type, etc.), biotic stresses from disease and pests, regional diversity in sward management strategies and
the opportunity to minimise the environmental footprint of ruminant farming.

Keywords: forage grasses, breeding, resilience, cultivar

Introduction

This short review paper is not intended to provide a comprehensive overview of contemporary grass
agronomy and genetics knowledge, or to critique grass breeding strategies, particularly for improving
climate, disease and pest resistance. Such bodies of work already exist (e.g. Conaghan and Casler,
2011; Kole, 2013a,b). Rather, it focuses on current and future breeding challenges for improving the
efficiency of nutrient energy transfer from primary producing grass cultivars to ruminant milk and meat
production. To examine for ‘resilience’ in this context requires a clear definition of the concept. Resilience
Theory, as defined in human psychology by Greene ez al. (2004) has been further contextualised as
an individual’s ability to successfully adapt to life tasks in the face of disadvantage or highly adverse
conditions (Malgorzata, 2016). To make this concept applicable to grass breeding for resilience, the
multifactorial parameters of Southwick ez al. (2014), for assessing resilience in humans, requires only
minor redefinition as shown in the following brackets: Understanding resilience requires the examination
of variables in genetics, epigenetics, development, demographics (rural community), cultural (regional
practices), economic and social (farm business) factors. The only extra aspect relevant to grasslands is to
include the environment (climatic and edaphic). Given this multifactorial nature and for the purpose of
this paper, the following simplified definition of resilience in grasses has been derived: ‘proficient and

sustained delivery of highly utilisable, high yielding herbage’
Although greatly simplified, the implications are both complex and of critical importance.

e ‘Proficient’ introduces multiple production factors such as efficient use of input resources, including
soil nutrients, light capture and, in some regions, water, plus an adaptability to optimise under
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varying farm management practices (grazed, conserved, set stocked, rotational, zero grazed, intensive,
extensive, etc.) and regional growing conditions. Proficiency also implicates the need to reduce
the leakage of these inputs and so contribute to a lower environmental footprint and improved
production costs of the farm business.

o “Sustained’ reflects the need for greater predictability and reliability across a growing season, over years
and throughout as wide a regional climatic and edaphic range as possible. This aspect also involves
the less predictable but unavoidable implications of climatic change with associated repercussions of
changing disease and pest pressures.

e ‘Utilisable’ encompasses possibly the greatest weakness of all in ruminant production from grassland,
namely the poor conversion rates of herbage mass and particularly the protein components into
ruminant product. This feed quality and rumen function aspect has major implications for the
environmental impact of grass based systems, with particularly critical issues associated with
phosphate and nitrogenous compounds (ammonia, methane, nitrous oxide) lost to air and ground
waters. This is attracting increased political and regulatory attention within the EU and globally. Also
included within the utilisable concept is a need to better harmonise grass productivity profiles and
‘grazability’ across a growing season with livestock demands.

A further contribution to the resilience of swards can undoubtedly be introduced by sowing mixtures of
grass cultivars and species, and additionally with a companion legume such as white clover (Z7ifolium
repens L.). There is evidence that using mixtures to establish a wider sward genetic diversity can enhance
resilience by lowering the magnitude of yield fluctuations across a season and between years / regions
(Gilliland ez 4/., 2010). Past mixture research has shown both yield enhancements over monocultures
(England, 1968) or yields being intermediary to the component cultivars (Culleton ez 4l., 1986;
McBratney, 1978), but often the objective is to combine cultivars with specific key trait strengths to
achieve a greater combination of disease resistance, winter-hardiness, drought tolerance, greater treading
or tracking endurance, than is attainable within a single cultivar. Nonetheless, as this is not implicated in
creating resilience within cultivars, it is outside the scope of this paper.

Breeders apply various selection techniques to enhance resistance to a specific stress factor, such as a foliar
disease or climatic tolerance (Kole, 2013a,b) or employ novel strategies such as endophyte inoculation
to implant pest resistance (Easton, 2007). Unquestionably, resistance to a specific factor can be essential
to make a cultivar usable in a certain region. This is not, however, resilience breeding as defined above, as
it is not multifactorial. So a specific resistance is only one among multiple factors contributing to greater
cultivar resilience, the contribution of which varies regionally depending on the incident pressure.

Resilience breeding — production drivers

Traditionally, the most important breeding traits have been associated with high forage production,
persistence and disease resistance (Smit e 4/., 2005; Parsons, ¢t al., 2011) and differ little from those
written over 45 years ago (Cooper and Breeze, 1971). There is evidence from north-western Europe that
breeders have successfully raised the productivity of grasses over this time by around + 0.4 - 0.6% per
annum depending on the yield component and region (Humphreys, 1999; Wilkins and Humphreys,
2003; Sampoux et al., 2011; McDonagh e al., 2016), with similar gains reported in New Zealand
(Easton ez al., 2002). Much higher production gains have been achieved in arable crops but this has
largely been achieved by repartitioning to gain around + 1.0% per annum in cereals (FAOSTAT, 2015)
or by introducing novel breeding strategies, such as in F1 hybrids to gain around 2.6% per annum in
maize (Zea mays L.; Tollenaar, 1989). Apart from some specific examples, such as introgression of
Festuca drought resistance genes into Lolium (Humphreys and Thomas, 1993) or exploratory studies
into creating F1 hybrid ryegrasses using cytoplasmic male sterility (Deutsche Saatveredelung AG &
Norddeutsche Pflanzenzucht Hans-Georg Lembke KG; personal communication), such innovative
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strategies have not been financially or functionally suited to large scale / routine breeding. So, genetic gain
has required progressive increases in total shoot production, making grass yield gains arguably at least as
good a breeding achievement as in arable crops. This alone does not represent a resilience improvement
as this must include the qualitative factors driving greater proficiency, sustainability and utilisation of
the herbage production profile. In this context, relatively modest genetic gains have also been made in
digestibility, at around 0.5 - 1.0 g kg DM per annum (Wilkins and Humphreys, 2003; McDonagh ez
al., 2016) but it is an area where greater breeding emphasis is now required to satisfy leading grassland
farmers’ requirements.

Resilience breeding — animal nutrition drivers

In a recent review of grassland productivity in Northern Ireland, Bailey ez al. (2017) calculated that the
average utilised yield on-farm was 5.0 t DM ha'! yr'! (dairy 7.5 t DM ha'! yr'l; beef & sheep 4.1 t DM
ha! yr!) and utilisation of total grass grown was down to around 50% with negative implications for
soil health and nutrient use efficiency from grassland (Anon, 2016). In Ircland, average grass utilised
on dairy farms in 2015 was 7.8 t DM ha! (Hanrahan ez 4/, 2018). In contrast, the Northern Ireland
GrassCheck monitoring service (www.agrisearch.org/grasscheck), has recorded on-farm yields of 14-16
t DM ha'l yr’1 with utilisation approaching 80% on the top 1% of best managed farms. However, as
detailed elsewhere, the efficiency of use of ingested herbage energy and protein is disconcertingly low at
around only 30% of total intake. Therefore, the key biological limit to livestock performance from grass
is not a grass production ceiling but animal intake and metabolisation. While this dynamic undoubtedly
has evolutionary roots as ruminants evolved to only achieve maintenance, plus one calving annually from
natural grassland, commercial targets seek to produce 5,000 L of milk from forage and beef live weight
gains in the region of 500 kg halyrl. This requires breeding advances in the intake and nutritional traits
of new cultivars to achieve an on-farm target of 80% utilisation.

Wilkins and Humphreys (2003), concluded that the traits which impact on nutritive value include crude
protein (CP) concentration, water soluble carbohydrates (WSC), neutral detergent fibre (NDF) and
organic matter digestibility (OMD). Selection for high WSC has been shown to improve crude protein
metabolism of grazed grass (Miller e al., 2001) and silage (Merry ez 4l., 2006), and to reduce nitrogen
(N) excreted in the urine.

Resilience breeding — animal intake drivers

The other pillar of utilisation is physical intake by grazing animals. Smit ez /. (2005a) have shown
significant differences between six perennial ryegrass (Lolium perenne L.) cultivars for sward surface
height (SSH), bulk density (BD), proportion of green leaf (PGF), tiller density (TD), tiller weight (TW),
length of sheath (LS), but not extended tiller height (ETH) or length of leaf blade (LLB). They further
reported (Smit e a/., 2005b) that herbage intake was significantly associated with SSH and PGE As
this was only observed in one of two experimental years, inconsistency might limit the on-farm benefits
from breeding advances in these intake characters. In contrast, a number of experiments have shown
that the greater the free leaf lamina (FLL) (Cashman, ez /., 2014; Wims ez al., 2013) and / or sward
leaf content (Beecher ez al., 2015; Flores-Lesama et al., 2006; Gowen et al., 2003) the greater the animal
performance. For example, Cashman ef 4/. (2014) and Wims ez 4/. (2013) found an average difference
of 1.6 kg milk cow™! day™! between grazed perennial ryegrass cultivars with the highest and lowest FLL
content. Furthermore, McDonagh ef al. (2017) showed that FLL length is a good indicator of grass
utilisation because as it increases, the pseudo-stem and true-stem contents decline, sward digestibility
rises and post-grazing sward heights reduce. These authors also found a strong relationship between
pre-grazing FLL length measured through the growing season in grazed swards and flag-leaf length (fll)
in spaced plants. In addition, Sampoux ez 4/. (2011), when comparing seven natural perennial ryegrass
populations and 21 cultivars from the last 40 years, found a clear association of leaf and lamina lengths
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with spring and summer DM yields. Their data showed a possible negative impact of long leaves on
sward persistency, but concluded that breeding for longer leaves and a high leaf elongation rate would
improve the interception efficiency of incident radiation during re-growth which they expect would most
significantly increase spring yields.

Tubritt ez a/. (2018) found significant differences in post-grazing or ‘residual grazed” heights (RGH) of
3.7 to 4.8 cm between 30 perennial ryegrass cultivars when cattle grazed. Disappointingly, there was also
a significant negative relationship between grazed yield and RGH as the lowest yielding cultivars had
the lowest RGH and vice-versa. There was also clear evidence that this relationship was not obligated
(R? = 0.41) as, for example, some cultivars with similarly good RGH values differed significantly by
around 3 ¢ DM ha'l in grazed-off grass yield. While consistency over and within years still needs to be
established, this evidence of cultivar diversity indicates a potential breeding trait to improve animal
utilisation. Furthermore, if ongoing investigation confirms that secondary head development is reduced
following lower RGH, this trait would also indicate enhanced herbage grazing quality on-farm, which is
known to further enhance utilisation (O’Donovan and Delaby, 2005).

The magnitude of the benefit to grassland farming of improved grass quality and intake has recently been
estimated from AFBI studies in Northern Ireland. Improving grass utilisation by 1t DM ha'!, combined
with improved grass quality, can potentially increase margin over feed costs by £204 — 334 ha'! yr'!l on
dairy farms or £160 — 218 ha'! on beef farms (Anon, 2016). This dairy benefit was largely driven by
reduced concentrate feed costs while the improved beef performance was due to a 21% ha! reduction
in concentrates, an increase of 19% ha’ in stocking rate and an improved live weight gain of 35% ha'l
from grass. Similarly, Teagasc figures show thata 1 t DM ha!increase in grass utilisation on dairy farms
in Ireland is worth an additional €181 net profit ha! (Hanrahan ez 4/, 2018).

Resilience breeding — environmental impact drivers

There is increasing regulatory pressure on grassland farming to mitigate emissions of GHG, reduce

nutrient losses to ground waters and to sequester carbon into soil sinks (ACRE, 2007). In the UK, 59%

of total agricultural ammonia emissions come from ruminant farming (24%: beef, 31% dairy, 4% sheep;

Misselbrook ez al., 2016) with agricultural livestock producing upwards of 9% of total anthropogenic

GHG emissions as methane and nitrous oxide (Gill ez 4/., 2010). In a less urbanised / industrialised region

such as Northern Ireland, ruminant emissions rise to over 70% of total emissions. In dairy cattle offered

35% concentrates and 65% fresh grass, livestock metabolism studies have shown that:

o of gross energy intake, 30% was lost in excretions, 6% as methane, 36% lost as heat, 23% retained in
milk with 5% retained in the body (Hynes ez 4/., 2016a);

¢ oftotal protein fraction, tracked as total N, only 27 and 2% was retained in milk and body respectively,
with 34% lost in faeces and 37% in urine (Hynes et 4l., 2016b);

o of the phosphate ingested, only 33% was transferred to milk with 3.5% retained and the remaining
63.5% excreted, almost entirely within faeces (Ferris e 4/., 2010).

A critical grass breeding challenge is, therefore, to decrease these losses by better transfer of the ingested
herbage into animal product. The nutritive composition of the grass has a major role to play here with
increased metabolisable energy content of herbage shown to improve conversion into animal product
which, for example, can lower nitrous oxide (N,0O) emissions by reducing N excretion in the urine
(Miller et al., 2001b). Increasing herbage WSC content has also been implicated in reducing enteric
methane eructation from ruminants (Martin ¢# 4/., 2010; Shibata and Terada, 2010). Here again there
is opportunity for breeding intervention as there are many studies reporting cultivar differences in, for
example, water soluble carbohydrate, crude protein, fatty acids, fibre digestibility, DM digestibility,
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(Downingand French, 2009; Gilliland ez /., 2002; Merry et al., 2006; Miller ez al., 2001; Tas et al., 2005;
Wilkins e# al., 2000) with varying evidence of improved intake and animal outputs.

Resilience breeding — performance consistency drivers

If farmers are to place greater reliance on grass for their livestock nutrient supply then sustained resilience,
as defined at the beginning of this paper, requires greater predictability and reliability across varying
growing conditions. Talbot (1984), in assessing the sources of variation in grass cultivar trials located
across the UK, concluded that years and locations imposed the biggest variances and were interchangeable.
Therefore, cultivar testing protocols that involve multiple years, locations and retesting cycles, identify
those that not only achieve higher overall performances but also have a greater resilience than those not
approved.

On a macro ‘EU-wide’ scale, Table 1 shows the number of cultivars registered on the EU Common
Catalogue of Varieties (www.cc.curopa.cu/varicties, 2017) for the most important forage grass species
compared to several major crop species. There are complex agri-economic factors underlying decisions
on which country or countries a breeder will submit a new cultivar for registration and subsequent
commercialisation, including testing costs, market volume and number of competing companies, as well
as the inability to penetrate that market without a local independent recommendation. Furthermore,
after making multiple national submissions to gain regionally approved performance data, breeders can
reduce ongoing maintenance costs by only retaining one member state registration for EU market rights.
So the data needs to be interpreted with considerable caution. Nonetheless, widely adapted cultivars are
preferable from the agribusiness aspect as production costs are lower if fewer cultivars are produced in
larger quantities. Given that the perennial grass species will not be re-sown annually as necessary for the
arable crops, and which mostly have higher value and higher volume markets, there is no evidence from
the numbers of registered cultivars that grasses are more climatically resilient than arable cultivars. This
would suggest that forage grass cultivars are not more widely adapted across Europe than arable crops.
The need for high rust (Puccinia spp) resistance in France or winterhardiness in Germany, which impose
large differentials in the regional adaptation of grass cultivars, is a contributing factor, but no greater than
among arable crops.

Table 1. Number of cultivars registered on the EU Common Catalogue 2017.

Forage grasses Perennial ryegrass 670" Italian ryegrass 248 Hybrid ryegrass 107
Meadow fescue 103 Tall fescue 324 Cocksfoot 160 Festulolium 44
Arable crops Barley 2-row 985 Barley 6-row 393 Wheat 2417 Durum 512
Oats 358 (+39 naked) Potato 1632 Sugar beet 1645 Linseed 182

" Estimated from total listing of 1093 amenity and forage cultivars.

Table 2. Comparison of recommendation consistency in the UK and Ireland 2010.

Total number of recommended perennial ryegrass cultivars 120
Proportion recommended by: four testing authorities 10%
three testing authorities 25%
two testing authorities 22%
one testing authority 43%
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At a national level, Long ez al. (2010) reported that of the 120 perennial ryegrass cultivars reccommended
in the UK and Ireland, only 10% were on all four recommended lists (England and Wales, Ireland,
Northern Ireland, Scotland) and 43% of the cultivars were only approved in one region (Table 2).

This confirms observations from studies on cultivar ranking consistency. Wilkins (1989) and Wims ez /.
(2009) reported re-ranking under different growing conditions and concluded that this justified the need
for regional recommended lists and explained regional variations in breeding gains reported by Wilkins
and Humphreys (2003). This is understandable as a cultivar that is dormant enough to survive a northern
British winter would be expected to have low spring yields in Co. Cork, Ireland, where the winter period
is much shorter and prolonged frost is uncommon. Conversely, cultivars that perform well in Cork by not
being winter dormant tend to suffer severe winter damage at northern sites. However, even in a relatively
confined and benign maritime region such as Northern Ireland, substantial production variations can
occur over relatively short distances. Table 3 shows the variation in yields and weather variances recorded
across 30 dairy and beef farms in the six counties of Northern Ireland, during May 2017. All of these
farms were operating to an optimum management level in what was not an extreme weather period and
yet growth in Armagh and Down was 0.95 t DM ha'! lower than the average of the other counties and
1.25 t DM ha'! less than Antrim, due to lower rainfall and increased soil moisture deficits.

When weather patterns are more extreme, even larger fluctuations in yields occur. For example, the
long term perennial ryegrass cultivar performance trial work at AFBI Crossnacreevy, Northern Ireland,
shows ten year average yields for perennial ryegrass of 12.3 t DM halyr! under a simulated grazing
management and 16.4 t DM halyr! under a conservation management, with an annual variation of
+ 5.5tand + 7.2t DM ha'lyr! respectively (Meehan, 2016). Such extremes can be unsustainable for
farmers who have committed the bulk of their livestock performance to grass production. Hence, in
2002 and 2013, bad weather in Northern Ireland so severely depressed grass yields that Government
had to provide a ‘weather aid’ and ‘fodder crisis’ support scheme for farmers, amounting to over £6.5 m.
By the end of August 2013, the main silage growing period, yields were down by 25 - 30%. Of the silage
that was made, average intake potential was down from 77 to 67%, ME was down from 11.0 to 10.1 MJ
kg'! DM and crude protein down from 13.6 to 10.4%, compared to the previous year, with the worst
samples having only intake potentials at 51%, ME at 7.7 M] kg'! DM and crude protein at 6.1%. Even the
average values equated to a reduction in milk yield potential from grass of -4.3 kg day™! cow! (at 8 kg day!
concentrate feed level) or a liveweight gain potential of -0.25 kg day™!, compared to 2001. Challenges of
this magnitude are currently beyond the capability of grass breeding to address either locally or EU wide.
The only partial remedial measures are available through local monitoring services such as GrassCheck
(www.agrisearch.org/grasscheck), which uses a growth prediction model to forecast expected grass yields
two weeks in advance.

Table 3. Variation in weather and grass growth parameters between NI countries for the 2017 GrassCheck dairy farms (McConnell, personal
communication).

Region Total rainfall Average daily Daily growth rate Total yield
(county) (mm) temperature (°C) (kg DM ha™® (tDMha™)
Antrim 499 12.0 101.9 3.16
Armagh 424 124 634 1.97
Down 353 11.9 60.3 1.87
Fermanagh 46.8 123 87.8 272
Londonderry 35.7 122 89.0 2.76
Tyrone 53.2 123 92.2 2.86
Average 439 122 824 2.56
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Nonetheless, commercially successful cultivars should not significantly re-rank in their key characteristics
within the scope of normal management practices and there is evidence to show this is the case.
McDonagh ez al. (2017) found that eight perennial ryegrass cultivars did not re-rank to any great extent
in production, quality or persistence, despite different N application rates, defoliation frequencies and
all with and without white clover inclusion. Similarly, Aldrich and Elliott (1974) found no re-ranking
between cutting and grazing systems. So, breeding programmes have delivered some level of resilience to
management variation in terms of relative cultivar performance, but not to more acute weather pattern
variations.

Resilience breeding — current breeder priorities

Given the considerable challenges posed by the breeding drivers discussed above, questions arise as to

what breeders are and can do to effectively address them. A ‘straw poll’ was conducted for this review,

in which forage grass breeders across Europe were asked to score their selection priorities for a total
of 33 traits, across five groupings, as cither A (very important to essential), B (somewhat important /
important) or C (useful / irrelevant):

e 8 productivity traits: total herbage production; spring herbage production; summer herbage
production; autumn herbage production; 1 cut silage yield; 27 cut silage yield; 34 cut silage yield;
overwinter / low temperature growth.

o 9 herbage quality: spring grass quality; summer grass quality; autumn grass quality; digestibility;
crude protein content; water soluble carbohydrate (WSC) content; fibre content; fatty acid profile;
tannin content.

e 4 structural parameters: lamina length; leaf area index; erect / prostrate habit; sward density.

e 7 resistance factors: rust resistance; mildew resistance; Drechslera resistance; other diseases,
persistence / longevity; drought tolerance; cold tolerance / winter kill.

¢ 5 specialist characters: nitrogen use efficiency; phosphorus use efficiency; utilisation under grazing;
livestock output measure; lower methane emissions.

For perennial ryegrass, only four traits were A-classed by all breeders (total and spring production,
spring quality and digestibility), with a further six A-classed by a majority of breeders (1% cut silage
yield, sward density, rust and Drechslera resistance, utilisation under grazing and persistence / longevity).
Fatty acid profile and tannin content were C-classed as irrelevant by all breeders, but otherwise there was
no clear consensus on the priorities of the remaining traits. Interestingly, one breeder had only a single
‘essential trait’ (total yield), while another breeder listed 23 of the 33 traits as A-class priority. Overall,
productivity and resistance traits retained high priority with herbage quality and structure less so, despite
their importance to animal productivity as already described (Table 4). Specialist characters were also
given a high priority, though there was little consensus on the priorities between breeders. A number of
‘additional’ characters were reported by the breeders, each largely specific to an individual breeder. These

Table 4. Percentage of traits in each group assigned to one of three importance classes.

Trait group’ Perennial ryegrass Hybrid ryegrass Tall fescue Cocksfoot Timothy

A B C A B C A B C A B C A B C
Productivity 5 3 14 5 50 0 38 38 25 38 50 13 38 38 25
Herbage quality 35 3 30 28 4 8 3 M4 2 4 33 2 4 33 2
Structural parameters 32 46 21 25 38 38 25 75 0 25 75 0 25 75 0
Resistance factors 52 38 10 43 50 7 29 43 29 29 U 0 14 86 0
Specialist characters 54 N 34 30 30 40 0 60 40 0 60 40 0 60 40

T Classes: A = very important/essential; B = somewhat important/important; C = useful/irrelevant.
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included fibre or cell wall digestibility, reheading, livestock wear, tillering, poaching / wear resistance
and seed yield.

Survey results were also received for hybrid ryegrass (Lolium hybridum), tall fescue (Festuca arundinacea),
cocksfoot (Dactylis glomerata) and Timothy (Phleum pratense). As summarised in Table 4, trait priorities
for hybrid ryegrass were largely in line with those for perennial ryegrass except, as a short term grass,
production characters were given greater weighting relative to the other traits. Compared to perennial
ryegrass, in the other three species, yield was less of a dominant characteristic, herbage quality was
of similar priority, structural parameters and resistance factors were no less than ‘important’ (except
tall fescue resistance) and special characters were much less important. The most frequent additional
character proposed by the breeders was seed yield.

These results reflect the challenge of breeding for genetic gain in a crop that does not have a singularity
of end-use and with the ultimate product depending on the efficiency of the ruminant ‘end-user’. When
viewed as a totality, they give some indication of the challenge of achieving a multifactorial resilience by
targeting progress across a wide diversity of traits.

All except one breeder reported that their germplasm resources were entirely either ‘elite/improved’
(existing commercial cultivars) or ‘adapted’ (of known favourable traits but not from existing cultivars).
This other breeder was using between 1 - 5% of ‘unadapted’ germplasm (of high genetic diversity without
trait assessment — e.g. wild populations) to breed both perennial and hybrid ryegrasses. So, virtually all
of the breeding effort is seeking to achieve improvements from within the genepool of current cultivars
and associated material. As of these forage grasses are allogamous, they require several maternal plants
of sufficient diversity to overcome the self-incompatibility genes (Klaas, 2011) and ensure commercially
viable seed production capability. This implants a greater phenotypic variance within grass cultivars
compared to autogamous or clonal cereals and makes recurrent selection successful.

The best evidence of this comes from the statutory Plant Breeders Rights registration schemes in the
UK. Table 5 shows the magnitude of differences between plants within registered cultivars for several
characteristics measured on spaced plants in Distinctness, Uniformity and Stability tests of perennial
ryegrass (data from AFBI Plant Testing Station, Crossnacreevy, Northern Ireland). These data are from
registered cultivars, which are therefore ‘uniform’ and so, show that a difference in heading date between
plants of 2.7 - 5.4 days can exist. Similarly, flag leaves can range between 3.6 - 6.1 cm in length and

Table 5. Magnitude of range within perennial ryegrass cultivars for spaced plant characters.

Character name Flowering date Spring angle Spring height Spring width Spring shape
units days degrees’ an ) m?
Maximum 54 124 1.7 13 0.28
Minimum 27 7.1 39 6.8 0.10

Average 3.8 9.8 8.6 9.1 0.18
Character name Tiller height? Plant width? Flag leaf length Flag leaf width Flag leaf area
units m ) m mm m?
Maximum 13.6 12.7 6.1 22 33

Minimum 9.0 7.7 36 12 17

Average 1.6 103 5.0 1.7 2.6

T Angle from ground level.
2 At ear emergence.

36 Grassland Science in Europe, Vol. 23 — Sustainable meat and milk production from grasslands



1.2 - 2.2 cm in width, giving a leaf area range of 1.7 - 3.3 cm?. The significance of this variation is that
McDonagh ez al. (2017) showed that differences in free leaf lamina, measured in swards, were a good
indicator of intake by grazing cattle and that these differences correlated closely to spaced plant measured
leaf length differences, both when swards were in the reproductive (R? = 0.88) and vegetative (R? = 0.99)
phases. Given that the sward and spaced plant measurements came from distantly separated locations and
different years, FLL / fll appears to be a trait that impacts on animal intake / utilisation and is amenable
to selection in breeders’ plant nurseries.

Therefore, there is variance within registered cultivars that can be exploited to improve some traits that
are important for animal performance and justifies breeders focus on using elite maternal germplasm.
However, to make progress on a multifactorial (resilience) basis may require more innovative approaches.
It was notable that only one breeder reported using molecular selection methods in their current breeding
programme, though several stated that they had future plans to do so. Genomic analysis can facilitate
multivariate selection to address the multifactorial resilience requirement, though the grasses have lagged
behind other crops in the use of these tools. This is partly due to allogamay, as it is harder to capture gene
variants within cultivars that are effectively populations compared to autogamous or clonal crops. Cost
has also been prohibitive in the past and although now becoming cheaper still represents a significant
investment. Typical estimates for a moderate genomic programme for grasses include a €300,000 cost to
develop the training population and €100,000 to annually verify and perform genotyping on progeny
material, with any novel phenotyping costs being additional. This would be a bare minimum approach
and yet may still be beyond the financial capacity of a grass breeding programme. So, the following three
recent examples of genomics in grass breeding have all involved regularly pumping prime investment
from public or academic funders.

o Theforage grass breeding programme of the Institute of Biological, Environmental and Rural Sciences
in Wales (www.aber.ac.uk/en/ibers), exploits its academic links within the University of Aberystwyth
to conduct ‘public good’ breeding and attract funding from Government (Defra, http://tinyurl.com/
klvedo?7) and research funders such as BBSRC (www.bbsrc.ac.uk), the Technology Strategy Board
(hetp://tinyurl.com/y7sq6c44) and a seed industry company.

o Teagasc, Oakpark, Ireland report development costs for their molecular grass breeding programme
at around €500 - 600,000 annum !, for a medium sized genomics screening capability, which has
required Government (DAFM) funding (www.teagasc.ic).

¢ DLF in Denmark linked with Aarhus University (www.au.dk/en) for a genomics programme in 2011
and after five years had examined around 1,800 ryegrass families, all with phenotypic data and had
identified 1.8 million DNA markers (approximately 1% of the 2.7 Gb ryegrass diploid genome). The
work has been further supported through a ‘public good’ methane emissions study, partnered with
Tystoftefonden (www.tystofte.dk) and funded under the Green Development and Demonstration
Program, Ministry of Environment and Food, Denmark (www.mst.dk/service/om-miljoestyrelsen).

Other grass breeders, such as DSV target specific traits, secking causal genes for characters in quality
traits (c.g. lignin synthesis) and plant structure (e.g. lamina length). There is a growing body of scientific
evidence and experience in cytogenetics, genotyping, next generation sequencing and bioinformatics to
support further progress in this area. Evidence of synteny across genera in the Gramineae (or Poaceae),
such as Brachypodium, rice (Oryza sativa), sorghum (Sorghum bicolor) and more recently the barley
(Hordeum vulgare) genome (Mayer et al., 2011), novel approaches such as TILLING (Manzanares ez L.,
2016), or categorisation of specific quantitative trait loci for e.g. leaf length in ryegrass (Barre, 2009) and
improved cell-wall degradability (Barri¢re ef al., 2003; Bolwell, 2000) are opening new opportunities.

Therefore, these examples indicate a new phase of opportunity to breed for greater resilience and to
expect breeding progress on a multifactor is no longer such an unattainable goal. However, the financial
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limits within grass breeding business models mean that companies currently can’t entirely self-fund
g g p y y
genomic breeding.

Resilience breeding — cultivar evaluation drivers

For many years, official evaluation schemes across Europe sought evidence of improvement in individual
traits, the most important of which were DM yield and persistency, with resistance to any acute
regional disease/climatic factor being a baseline requirement. Latterly, digestibility was introduced, but
improvement continued to be required on a trait by trait basis, with ‘overall performance’ only used for
marginal pass/fail decisions. It was accepted that these traits were detached from the animal product as
animal based trialling demands resources beyond what most testing authorities can provide or breeders
afford to fund. Hence, small plot field trials are expected to continue for large scale cultivar evaluations to
reduce candidate numbers to a smaller number of new clite performing cultivars (Conaghan ez 4/., 2008).
However, given the body of evidence presented above, showing the need for progress in characteristics that
are now known to impact on animal intake, nutrition and environmental footprint, a more multifactorial
approach to cultivar evaluation is clearly required. There are already a number of evaluation schemes that
use indices to provide an overall performance indicator for perennial ryegrasses.

The French small plot evaluation scheme (Reglement technique d'examen des varietes de plantes
fourrageres et a gazon; www.gnis.fr/ reglementation-semences), applies an index rating to cultivars after
they have passed the baseline evaluation criteria. Coefficients are applied to the yields (1 - 100% on
measured values and 1 - 9 for notes) for a range of characteristics (total and seasonal yields, reheading,
resistance to diseases, operational flexibility, flexibility of the foliage, persistence / sustainability and
nutritional value — total N composition / ADF content / soluble sugar content), to give an overall rating.
This allows for inferiority in some characters to be offset by favourable expression in others, but with
an elimination threshold set for characters of major agronomic importance, such as reheading and rust
resistance.

Similarly, the Dutch Plantum index for grasses (Protocol Beslissingen Opname en Afvoer Engels Raai
Voeder 2017 Commissic Samenstelling Aanbevelende Rassenlijst (htep://tinyurl.com/y6u4hbor)
assigns weighting and scale factors to total yield, first cut silage yield, crown rust and ground cover, with
minimum standards for winterhardiness and all but the first cut yield.

These indices attempt to represent the overall value of a cultivar for animal production, based on the small
plot characters, as listed. An alternative approach is to form indices based on the calculated financial value
to the farm business of the herbage produced. So DairyNZ use a Forage Value Index (http://tinyurl.com/
y6vbacb6) in New Zealand. This is calculated from the economic value of the seasonal yields on a regional
basis and each cultivar’s DM production level for each seasonal period. Cultivars are given a star rating
to indicate an estimated annual value to the farm of - $78 to + $29 (1 star) up to + $351 to + $458 (5
star), using an on-line selection tool. In Ireland, Teagasc have developed a Pasture Profit Index (PPL; www.
teagasc.ie/crops/grassland/pasture-profit-index) that provides predicted economic values for cultivars
that have been recommended by the Government (DAFM). This research based index (McEvoy ez 4L,
2011; O’'Donovan ¢t al., 2016), assigns a financial value to cach cultivar based on the seasonal (spring,
summer, autumn) and total yield, persistency and digestibility of the herbage produced in small plot
trials. In both of these financial based indices, there has been a very strong engagement of farmers and an
invigorated interest in grass cultivars, more production from grass and in reseeding with better cultivars.

Teagasc have now implemented a further level of farmer involvement by establishing a network of 66 farms

to evaluate 11 currently recommended cultivars, sown in monoculture under intensive grazing systems
(Byrne et al.,2017). The farmer monitors herbage production through weekly paddock cover estimations
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(O’Donovan et al., 2002) and uploads data into PastureBase Ireland (PBI), a farmer decision support
tool and database (Hanrahan ez 4/., 2017). Sward quality and ground score are measured by trained
technicians at fixed periods during the season. In 2017, there was a range of 1.9 t DM ha'! in total annual
DM production, 44 gkg'! DM for DMD and 0.7 for ground score. There are a number of implications
of this scheme. It requires a large number of farmers who will commit and adhere to the evaluation
scheme and incurs greater variances as not all cultivars are on all farms, sown in the same year and must
account for regional conditions and farmer practice differences. It also cannot be conducted until after
the initial small plot scheme has identified the few elite cultivars from among the many candidates. It
does, however, produce performance data under actual farm grazing, across the actual range of farming
conditions and greatly enthuses the ‘co-research’ farmers (and their neighbours). The final phase in this
PPI/ PBl initiative is to adopt characters as described in eatlier sections that enhance animal intake and
utilisation and reduce nutrient losses to the environment, so that the indices and evaluations comprise a
multifactorial calculation of key animal performance drivers.

An unexpected implication has been that some of these co-research farmers are moving away from using
mixtures to sowing single cultivars. As they have gained experience of using single cultivar swards and
identified specific ones on which their livestock has optimised, they have sought to expand the area
available to graze. Without this precision management experience, the loss in flexibility gained from
mixtures may be detrimental to less grass-skilled farmers. If this became common practice, there would
also be considerable problems for breeders and seed producers meeting the needs of a cultivar demanding
market that could change rapidly. However the ‘milchindex’ trademark has been successfully used by
DSV to market cultivars of high digestibility and quality in Germany as a premium brand in an otherwise
price sensitive market. This typifies the potential benefits that breeders might gain if grass cultivars were
more specifically defined for their animal performance potential to farmers.

Concluding remarks

It is widely accepted that improved efficiency of animal production from grass is the ultimate goal of
forage grass breeding for European temperate regions (Wilkins and Humphreys, 2003) and identifying
cultivar characteristics that can be highly utilised and influence animal performance is important from
all aspects of grassland (Wims ez al., 2013). Grass breeders must, as always, seck to be at the forefront of
such grassland improvement. Today, this is increasingly driven by the twin need to fulfil leading grassland
farmers’ requirements for quantifiable animal performance at grass and the regulatory imperatives to
reduce GHG loses to the atmosphere and nutrients to ground waters. As overviewed in this paper, there
is ample research evidence of grass characteristics that will enhance animal intake, metabolic utilisation
and so production from home-grown grazed and conserved grass. These traits will equally help lower
the environmental impact of ruminant farming. It is also clear, however, that in assessing the evidence
for such ‘animal-performance’ characters there are often qualifications needed regarding repeatability,
accuracy, magnitude of the value, interaction with and independence from other characters, as eluded
to. Notably, the evidence from Smit ez 4/. (2005b) of inconsistent animal performance responses to
expressed differences in grass structural traits indicates that it will be incumbent on farmers to manage
their swards with sufficient precision to fully gain from any such breeding advances. Leading grassland
farmers are, however, already operating at this level of expertise. Therefore, none of this should be an
impediment to grass evaluators now actively adopting novel characteristics, particularly as the use of
indices provides scope to account for any uncertainties, while still delivering a multifactorial assessment
of the animal value of new cultivars. With these in place, breeders will be able to target improvement in
multiple traits, which the straw poll indicated is within their current capability either by conventional
methods or through their ambitions around genomic selection. There is however, some evidence that
developing cultivars with high animal-value characters could lead to more use of single cultivar swards
with implications for the business models of breeding companies and seed producers.
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Taking the available evidence overall, it is clear that to improve animal performance at grass through
a strategy of resilience breeding does not require the discovery of further new traits or sources of new
levels of diversity than currently available among commercial breeding stocks. If cultivars are bred and
rewarded in evaluation tests for achieving greater resilience, defined as a ‘multifactorial’ estimation of
animal performance potential (with regional climate / disease resistance and management practice needs
met), this will be highly valued by leading farmers and environmental regulators. The benefit to breeders
is that once grass cultivars are individually recognised for their financial contribution to farm efficiency
and profitability, the opportunity to broker a seed price that better reflects their true value and cost
of development becomes an attainable goal. Most importantly, this should provide a greater financial
resource to invest in further breeding advances.
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Abstract

The majority of cows worldwide are fed indoors on a diet of mixed ration, while in areas with temperate
climates, such as Ireland and New Zealand, the feeding regime of dairy and beef herds is almost entirely
pasture-based. Animal feeding regimes and herd management practices are linked to differences in
organoleptic and nutritional quality attributes of milk, dairy and meat/beef products, with pasture-
based feeding systems being associated with superior quality produce. Consumers generally perceive that
milk and meat products produced from outdoor grazing pastures are ‘healthier’ than produce derived
from indoor feeding systems, based on animals fed typical indoor rations and concentrates. However,
while research has demonstrated differences in milk and beef quality based on different feeding systems,
data are limited on the impact of dairy and beef products produced from different feeding systems on
human health. In this review, we compare the nutritional quality of bovine milk, dairy and beef produce
from pasture feeding with indoor feeding systems and summarise the current data with regard to health
impacts of dairy and beef from different feeding systems, highlighting specific bioactive compounds
found naturally in these products as a result of feeding regime.

Keywords: milk, beef, nutritional quality, pasture-fed

Introduction

The composition of bovine milk and meat, in particular the fatty acid composition, can be significantly
influenced by the feeding regime. In many regions of the world including the United States, the Middle
East, Asia and parts of Europe, cows and cattle are fed indoors and receive a diet of grass/maize silages
supplemented with concentrates, known as total mixed ration (TMR). However, in Ireland and New
Zealand, they are typically fed outdoors where they have access to fresh pasture, which is why there is
a predominant seasonal calving regime and milk production system in Ireland. Pasture-based dairy and
beef products are popular amongst consumers as they are positively associated by consumers with good
animal welfare and more natural and healthier products (Verkerk, 2003). Specific feeding regimes and
herd management practices such as pasture feeding are linked to superior organoleptic and nutritional
quality attributes of milk, dairy and meat products (Haug ¢z al., 2007; Mann ez 4/., 2003).

Nutritional quality of milk

Milk and dairy products derived from it are among the most nutritious foods available for human
nutrition, being excellent sources of high quality protein and important sources of many minerals,
notably dietary calcium, magnesium and phosphorous, vitamins and bioactive compounds. Bovine milk
composition varies in response to animal nutrition and stage of lactation, but is generally composed of
5% lactose, 4% lipid, 3.2% protein and 0.7% mineral salts (Severin and Wenshui, 2005).

Bovine milk is an important source of dietary protein as it provides a source of essential amino
acids. The major proteins in milk include whey proteins (6.3 g11) and caseins (26 g I'!) (Severin and
Wenshui, 2005). A scoring system to describe dietary protein quality was proposed by the Food and
Agricultural Organisation (FAO) of the United Nations in 2013, called the digestible indispensable
amino acid score (DIAAS) (FAO, 2013) and dairy proteins have one of the highest DIAASs (Wolfe,
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2015). Furthermore, milk proteins contain latent bioactive peptides encrypted within their amino
acid sequences which are released upon proteolysis such as occurs in the gastrointestinal tract. These
bioactive peptides exhibit a range of biological activities including antihypertensive, antithrombotic,
cytomodulatory, immunomodulatory and antimicrobial activity, as examples (Mills ez 4/., 2011). The
mineral composition of milk is dependent on animal nutrition, stage of lactation and genetic factors
(Zamberlin, 2012). Mineral clements in milk and dairy products exist as inorganic ions and salts and
as part of organic molecules including proteins, fats and carbohydrates. While milk is a source of all the
essential minerals for human nutrition (Cashman, 2006), the most abundant minerals present in bovine
milk are calcium and phosphorous, mostly associated with the casein micelle structure, and it is also a
good source of magnesium and potassium. Animal diet does not significantly influence the content of
these minerals in milk. Milk is a good source of some vitamins, notably the fat soluble vitamin A and E
(found in the milkfat fraction), which are influenced by animal diet, with high levels reported in fresh
grass. It was reported that milk produced in summer months in Finland was three — four times higher in
vitamin E than that produced in winter, as a result of feeding regime (Syvaoja e al., 1985). Milk is also a
source of some water soluble vitamins especially riboflavin, thiamin and vitamin B12, which are derived
from a combination of animal diet and the rumen microbiota and vary with the stage of lactation. It was
reported that vitamin B12 concentration was six times higher in colostrum than in milk produced 39
days after calving, while folate concentration was nine times higher in colostrum (Duplessis et /., 2016).

More than 50% of the fatty acids in bovine milk are derived from the diet (Lindmark Minsson, 2008)
and over 50% of milk fatty acid content is composed of saturated fatty acids (SFA). While these fatty
acids have received negative attention in terms of human health, more recent research suggests that
the association between SFA intake and heart disease risk factors requires re-evaluation. Indeed, a
meta-analysis of prospective epidemiologic studies evaluating the association between SFA intake and
cardiovascular disease (CVD) in 2010 revealed there was no significant evidence to conclude that dietary
SFA was associated with increased risk of coronary heart disease (CHD) or CVD (Siri-Tarino et 4/,
2010). In 2015, a meta-analysis of 22 studies revealed an inverse association between dairy consumption
and overall risk of CVD and stroke (Qin ez 4/., 2015). Several of the SFA found in milk have been shown
to exhibit beneficial activities; butryic acid (C4:0) accounts for approximately 10% of all fatty acids in
bovine milk (Jensen, 2002) and has been associated with anti-cancer properties (German, 1999), and
lauric acid (C12:0) and capric acid (C10:0) were revealed to have antimicrobial properties (Petrone
et al., 1998; Sprong et al., 2001; Sprong et al., 2002). The long chain SFA found in milk, stearic acid
(C18:0) does not appear to raise serum cholesterol levels (Grundy, 1994). Bovine milk is also a source of
monounsaturated fatty acids (MUFAs) and polyunsaturated facty acids (PUFAs). The essential PUFAs,
omega 3 (a-linolenic acid, 18:3n-3) and omega-6 (linoleic acid, 18:2n-6), which cannot be synthesised
by humans and must be acquired from the diet, occur in milk at levels between 0.5 - 2.0 and 1 - 3 wt%,
respectively (Jensen, 2002). As well as exhibiting numerous beneficial effects 7 vitro and iz vivo (Connor,
2000; Siddiqi ez 4/., 2008; Dupertuis et al., 2007; Poulsen et al., 2007), these fatty acids are converted to
cicosanoids which play essential metabolic roles in the body. The Western diet has been associated with an
increase in the intake of n-6 fatty acids resulting in a dietary n-3 to n-6 fatty acid ratio of between 1:10 and
1:20 which is well above the desirable ratio of 1:1-4 (Molendi-Coste ez 4/, 2011). However, the ratio of
n-3 to n-6 fatty acids in milk is favourable compared to most other non-marine foods (Haug ¢ 4/., 2007)
and can be influenced via feeding regime, as discussed later. The bioactive conjugated linoleic acid (CLA)
has been associated with numerous beneficial effects and has been shown to provide protection against
cancer, diabetes, obesity and CVD based on iz vitro and in vivo studies in animals (Yang ez 4/, 2017).
Bovine milk is a source of CLA, particularly the cis-9, trans-11 isomer (c9t11 CLA), which accounts
for over 90% of total milk fact CLA (Stanton ef al., 2003). It is produced as an intermediate product in
the biohydrogenation of unsaturated fatty acids in the rumen, when dietary linoleic acid is converted to
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stearic acid by bacteria in the rumen and it can also be produced in the mammary gland from vaccenic
acid (C18:1, t-11) by the action of the enzyme delta9-desaturase (Kepler e 4., 1966).

Thefatin milk occursas milk fat globules are surrounded by the milk fat globule membrane (MFGM) which
is composed primarily of cholesterol, phosphatidylcholine, glycolipids, glycoproteins, sphingomyelin and
gangliosides (Ward ez al., 2006). The MFGM is recognised for its antimicrobial activity (Douéllou ez L.,
2017; Sanchez-Juanes et al., 2009) and has been associated with numerous health benefits (Spitzberg,
2005; Mills e 4/., 2011). Most recently, a randomised clinical trial in humans revealed that milk fat
delivered within an encapsulated MFGM structure does not impair the lipoprotein profile of humans
in contrast to milk fat without a MFGM (Rosqpvist ez 4/., 2015). Lactose, the major milk sugar and its
derivatives, have received increasing attention in light of their prebiotic activities (Schaafsma, 2008). In
this regard, it has been suggested that lactose be redefined as a ‘conditional prebiotic’ (Szilagyi, 2004).

Milk and dairy product quality from pasture-based feeding system
Milk and dairy produce from pasture differ from that produced from TMR diets fed indoors. This

was recently reported in a series of publications by Teagasc researchers as part of an ongoing research
programme addressing the potential benefits of dairy produce from pasture-based systems compared to
TMR systems. This work has already clearly shown benefits in terms of superior nutritional properties,
appearance, colour and flavour of milk and dairy products including butter and cheese from pasture-fed
dairy cattle (O’Callaghan ez 4/., 2016a,b, 2017). O’Callaghan ez 4/. (2016 a) investigated the impact of
different feeding systems on milk composition and quality over an entire lactation. Feeding a perennial
ryegrass pasture or a perennial ryegrass/white clover pasture resulted in milk with significantly higher
concentrations of fat, protein, true protein, casein and whey compared to milk from cows fed TMR
indoors. Moreover, milk of pasture-fed animals was two-fold higher in the ¢9t11 CLA content of milk,
which as mentioned above has been associated with numerous beneficial health effects. In addition,
pasture-feeding resulted in milk with significantly increased n-3 PUFAs, significantly decreased n-6
PUFAs and, therefore, an improved n-3 / n-6 ratio compared to TMR-based milk. The TMR-derived
milk had a significantly higher thrombogenic index compared to the pasture-derived milk. Thrombogenic
index is an indicator of the tendency for clots to be formed in the blood vessels and a higher index is
therefore undesirable.

Butter manufactured from milk produced on the perennial ryegrass pasture, perennial ryegrass / white
clover pasture and TMR were significantly different in terms of quality characteristics, nutritional
properties and consumer perception (O’Callaghan ef al, 2016b). Butter produced from pasture-fed
cows was superior in appearance, flavour and colour as confirmed by sensory panel data. Unsurprisingly,
the pasture-derived butters revealed improved nutritional properties including lower thrombogenicity
scores, higher ¢9t11 CLA and (-carotene concentrations. (-carotene is a precursor of vitamin A and
carotenoids such as 3-carotene exert several biological functions including antioxidant activities, tumour
inhibition and induction of apoptosis (Milani ez 4/, 2017). Feeding system also influenced the nutritional
properties of full-fat Cheddar cheese (O’Callaghan e 4l., 2017). Pasture-derived cheese was yellower in
colour than its TMR-derived counterpart which was positively correlated with increased B-carotene
content. Again, significantly lower thrombogenicity scores were reported for the pasture-derived cheese
as well as 2-fold higher levels of ¢9t11 CLA isomer and vaccenic acid, which is a precursor of CLA. The
pasture-derived cheeses had significantly higher n-3 fatty acid contents whereas the TMR-derived cheeses
had significantly higher n-6 fatty acid content.

Feeding system can significantly impact the technological properties of milk and dairy products, as has

being well recognised in relation to the spreadability of butter (Banks and Christie, 1990; Wood ez 4/.,
1975; Couvreur ¢f al., 2006; Hutraud ez al., 2007). We recently also reported similar findings in that
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significant differences were observed in the textural and thermal properties of butters manufactured from
pasture-derived and TMR-derived milks as a consequence of differences in fatty acid concentrations
(O’Callaghan ez al., 2016 b). Significantly higher hardness scores at room temperature were reported for
the TMR-derived butter compared to the pasture-derived butters which were attributed to the higher
SFA content (which approached significance) and the significantly higher concentrations of palmitic
acid in the TMR-derived butter. Onset of crystallisation for TMR butters also occurred at significantly
higher temperatures, a factor which would contribute to increased hardness at room temperature.
Volatile analysis revealed significant differences between butters and toluene was higher in pasture-
based products and identified as a differentiating flavour compound. In terms of sensory analysis, the
butter manufactured from grass-derived milk scored highest in terms of appearance, flavour and colour.
Similarly, the TMR-derived cheese exhibited increased hardness compared to the pasture-derived cheeses
at room temperature which was attributed to the significantly higher concentration of palmitic acid in

the TMR milk.

The results indicate that pasture-based milk contains significantly higher concentrations of fat, protein
and casein than milk produced from cows fed TMR diets indoors, and in particular, milk from pasture-
fed cows (grass with or without white clover) has significantly higher concentrations of healthy fatty
acids. Such data provide scientific substantiation for dairy produce from pasture-fed animals as superior,
from a compositional and nutritional perspective, to those derived from their indoor counterparts.
However, the long-term benefits of pasture-based produce on human health remains to be confirmed
through human clinical studies.

Variation within pasture-based systems

Seasonal variation in grass growth has been shown to significantly influence the fatty acid composition of
milk (Parodi, 1977; Riel, 1963; Stanton ez a/., 1997). For example, the CLA content of milk fat has been
reported to range from ~2 to 30 mg g™! fat (Riel, 1963; Stanton et al., 1997), with much of the variation
being attributed to seasonal influences on pasture quality. High CLA contents were reported in milk
from cows fed on pasture in spring (April and May, ~6.8 mg CLA/g fat) and low levels were reported
in mid summer and winter (~4.3 mg CLA g fat) (Kim ez al, 2009). There are seasonal variations in
the n-3 content of milk with higher levels reported in summer and lower in winter. A recent meta-
analysis of organic compared with conventional milk reports higher n-3 PUFA and CLA in organic
milk and these milk composition parameters showed strong positive associations with grazing intake. In
contrast, there were positive associations between concentrate, maize silage, hay and straw intake and SFA
content (Srednicka-Tober e 4/., 2016). Cullinane ez al. (1984) showed a seasonal variation in the fatty
acid composition of Irish butter including variations in the levels of butyric acid and C18-unsaturated
fatty acids.

Impact of different feeding systems on human health: milk

Studies investigating the differential effects of milk products produced from different diets and
management systems on human health are scarce and those which have been conducted have generated
mixed results. In a randomised controlled study, Werner ez 4/. (2013) investigated the impact of consuming
butter derived from mountain pasture-grazing cows compared to consumption of conventional Danish
butter on risk markers of metabolic syndrome in a 12 week study involving 68 healthy subjects. As there
were no differences in blood lipids and inflammation between groups at the end of the study, the authors
concluded that mountain pasture-derived dairy products were not healthier than those derived from
high input conventional systems despite the fact that cholesterol-raising SFAs were reduced by 20% in
the butter derived from pasture-fed cows. Consumption of butter naturally enriched with ruminant trans
fatty acids, of which vaccenic acid was the predominent isomer and equivalent to ~1% of daily energy, did
not significantly impact low-density lipoprotein (LDL) cholesterol levels in 61 healthy women following
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a four week study (Lacroix et 4/., 2012). The butter naturally enriched with vaccenic acid was produced
from selected cows fed concentrates, alfalfa and corn silage, with the addition of corn oil. In contrast,
consumption of butter with a naturally higher content of vaccenic acid and MUFAs did significantly
reduce total high-density lipoprotein (HDL) cholesterol in healthy young men in a double-blind,
randomised five week parallel intervention study, compared to the consumption of control butter with
higher amounts of SFAs (Tholstrup ez al., 2006). Consumption of dairy products naturally enriched with
CLA from pasture-fed cattle for 56 days did not significantly alter selected health risk factors (insulin
sensitivity, body composition, circulating lipids as well as other disease risk factors) in healthy women
when compared to consumption of dairy products with 3-fold less CLA, derived from grain-fed cattle
(Brown ez al., 2011). Livingstone e# al. (2012) reviewed nine long-term human intervention studies that
used modified dairy products (modified via cows’ diet) to determine the effects on CVD risk markers
where the majority of studies used modified butter and assessed changes in blood cholesterol as the main
risk marker. Overall, the results suggest that modified dairy products may be beneficial to CVD risk
in healthy and hypercholesterolacmic individuals; however, current evidence is insufficient and further
studies are warranted.

Nutritional quality of bovine meat

Red meat is an important source of dietary protein for many people. Beef, in particular, is also a source
of B vitamins and minerals including zinc and iron; indeed, it contains 2.5 times more iron than pork
and 5 times more iron than poultry (Micinski ez 4/, 2012). Interestingly, the European Environment
Agency reported that consumption of bovine meat in the EU decreased by nearly 14% between 2000
and 2013, coinciding with increased consumption of cheese and poultry meat (European Environment
Agency, 2017). This reduction in consumption of bovine meat stems from associations between red meat,
its saturated fatty acid content and risk of CVD and cancer. Of note, beef has a higher proportion of
the saturated fatty acid stearic acid (C18:0) compared to other meats, which is regarded as being neutral
in terms of raising blood cholesterol (Vargas—Bello—Pérez and Larrain, 2017; Grundy, 1994; EFSA,
2010). The link between beef and health risk is not the only reason for reduced consumption. Some EU
countries reported a decline in beef consumption due to the correlation with outbreak of diseases such
the bovine spongiform encephalopathy (Pires ¢z /., 2009). In this regard, correct consumer information
related to health risks and safety is very important.

Fat in meat occurs in the form of glycerol esters, cholesterol, phospholipids and fatty acid esters deposited
in intramuscular, intermuscular and subcutaneous adipose stores (Scollan ef /., 2017). The intramuscular
fat of beef varies between 20 - 50 g kg'! and contains 450 - 480 mg 100 g‘l of SFAs, 350 - 450 mg 100
g MUFAs and up to 50 g 100 g'! PUFA (Bessa et a/., 2015; Clonan ez al., 2016). The ratio of n-6:n-3
PUFA in ruminant meat is generally < 3.0, but in animals fed high amounts of cereal grains it has been
reported to exceed 5.5 (Scollan ez 4/., 2006; Sinclair ez a/., 2007). Beef is also a source of CLA, and #rans
fats, the proportions of which vary depending on the breed and production system of the animals. CLA
in retail beef has been reported to vary between 340 - 820 mg 100 g'! total fatty acids (Aldai ez /., 2009,
2010; Kraft, ez 4l., 2008).

A number of studies have investigated the association between meat consumption and mortality or
disease risk. The NIH-AARP Diet and Health Study investigated the link between meat intake and
mortality with a cohort of 500,000 people aged 50 - 71 years and concluded that intakes of red meat
and processed meat were associated with modest increases in total mortality, cancer mortality and CVD
mortality (Sinha ez /., 2009). This finding has been corroborated by other studies (Pan ez al., 2012;
Schwingshackl ez al., 2017). A systematic review and meta-analysis of 111 cohort studies to quantify the
dose-response between foods and beverages intake and colorectal cancer risk reported that colorectal
cancer risk increases by 12% for each 100 g day’1 increase in red and processed meat intake, while the
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risk decreases by 13% for each 400 g day™! increase of dairy products intake (Vieira ez 4/, 2017). In a
prospective cohort study of 51,683 Japanese people aged 40 - 79 years, Nagao ez al. (2012) concluded
that moderate meat consumption (up to ~100 g day™!) was not associated with increased mortality from
ischemic heart disease, stroke or total CVD. More recently, a meta-analysis of 24 randomised clinical
trials revealed that consumption of = 0.5 servings of total red meat / day does not impact blood lipids
and lipoproteins or blood pressure (O’Connor ¢z a/., 2017). But as Vargas-Bello-Pérez and Larrain (2017)
point out, there is no single definition of which meats are included in the term ‘red meats’ and most often
itincludes pork, beefand lamb and in some studies, processed meat as well. In this regard, in a systematic
review and meta-analysis of the evidence, Micha ez /. (2010) concluded that consumption of processed
meats, but not red meats, was associated with higher incidence of CHD and diabetes mellitus. Given
that modern evidence now questions the link between dietary SFA intake and CVD risk, it appears that
compounds such as heme iron and sodium, in addition to other preservatives, may in fact contribute to
the negative cardiovascular effects of certain meats (Mozaffarian, 2016).

Beef product quality from pasture-based feeding system

In the same way that ruminant animal feeding regimen alters the fatty acid profiles of milk, the fatty
acid profiles of ruminant meats can also be adjusted through diet, enabling the production of healthier
meat with decreased SFA contents and increased MUFAs and PUFAs. Pasture-based diets have been
shown to increase CLA and vaccenic acid (C18:1, t11) content of beef, to increase the cholesterol-
neutral fatty acid, stearic acid (C18:0), and reduce cholesterol-associated fatty acids including myristic
(C14:0) and palmitic (C16:0) acids (Daley ez 4/, 2010). In addition, pasture feeding has been associated
with increased B-carotene content in beef (Descalzo ez 4/., 2005), as well as increased vitamin E and
antioxidant capacity (De la Fuente ¢f al.,, 2009; Realini ez al., 2004) compared to grain-fed animals.
For example, the intramuscular fatty acid composition of beef was significantly improved by including
pasture in the diet (French ez 4/, 2000). Indeed, increasing pasture intake and decreasing the proportion
of concentrates resulted in a significant linear decrease in SFA concentration and in the n-6:n-3 PUFA
ratio and significantly increased CLA concentration. Meat derived from steers reared and finished
on pasture had higher concentrations of n-3 fatty acids, lower n-6:n-3 PUFA ratio, as well as higher
magnesium and lower potassium content compared to meat from steers finished on concentrates (de
Freitas et al, 2014). In a review of the literature examining the impact of forage feeding versus grain
finishing on beef nutrients in the United States, Van Elswyk and NcNeill (2014) concluded that ‘beef
cuts from cattle consuming mostly forage appear to be lower in fat than those from grain-finished beef,
largely at the expense of MUFA. However, the study by Van Elswyk and NcNeill (2014) also highlighted
issues associated with sensory quality since changing the fatty acid content of beef can influence colour,
flavour, sensory attributes and shelf-life (Scollan ez 4/, 2006). Steaks from pasture have been reported
to be less tender than steaks from grain-finished beef (Blanco ez 4/, 2017). In addition, the external
fat of pasture derived beef has been reported to be more yellow in colour (a consequence of increased
B-carotene in adipose tissue). While flavour acceptability varies in terms of individual preference and
cultural norms, trained sensory panellists reported that beef from pasture finished cattle lacked beef
flavour and presented greater off-flavours than beef from grain-finished cattle (Duckett e 4/, 2013).
Interestingly, a study investigating health information impact on the relative importance of beef attributes
includingits enrichment with PUFA and CLA on Spanish consumers revealed that informed consumers
are willing to accept meat with a higher amount of visible fat once it is enriched with beneficial fatty acids
(Kallas ez 4l., 2014) and a follow-on study revealed that informing consumers about beneficial fatty acids
would favour marketing of beef enriched in n-3 PUFA through animal diet (Baba ¢ 4/, 2016).

Human intervention studies investigating the impact of beef as a result of the animal feeding system

on human health are limited. A crossover dietary intervention involving 27 normocholesterolemic
men investigated the effect of consuming 114 g ground beef patties / week for five weeks derived from
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pasture-fed cattle (low MUFA) or grain-fed cattle (high MUFA) on cholesterol (Gilmore et al., 2011).
It reported that the grain-fed derived pattie significantly increased HDL-cholesterol from baseline.
Ten mildy hypercholesterolaemic men consumed hamburger patties derived from pasture-fed cattle
(MUFA:SFA = 0.95) for five weeks and following a three week washout period consumed hamburger
patties from grain-fed cattle (MUFA:SFA = 1.31) for another five weeks (Adams ¢z 4/, 2010). The high
SFA burger (from pasture-fed cattle) significantly increased plasma palmitic acid, palmitoleic acid and
triacylglycerols, decreased HDL cholesterol and had no effect on LDL-cholesterol. These studies reveal
that pasture-derived beef can positively impact blood cholesterol profiles. Further research studies on the
nutritional aspects of pasture-fed animals are, however, envisaged, in line with the increasing consumer
awareness, that a natural animal feeding is correlated with animal and human health and the consumer
desire for natural products, including animal derived ones (Gaggia ez 4/., 2011; Bolger ez al., 2017).

Conclusion

The nutritional composition, especially lipid profile and micronutrient (vitamin) composition of dairy
and beef products can be modified through the animal’s diet resulting in products which are nutritionally
more beneficial in terms of human health. The lipid composition of milk and meat, in particular, is
amenable to significant alterations generating fatty acid profiles which are more favourable towards a
healthy lifestyle. Many studies have clearly indicated the advantages of pasture-feeding regimens over
other feeding systems resulting in milk, milk-derived products and beef with increased PUFAs and CLA
and reduced SFAs. The resulting products can also differ in terms of their technological properties and
as we have seen with butter and beef, can differ in terms of texture and taste.

There is a paucity of studies investigating the influence of these products on human health. However,
those which have been conducted suggest that dairy and beef produced from pasture-fed animals have
the potential to favourably modify CVD risk factors. Further studies investigating the impact of pasture-
derived products versus their grain-derived counterparts on human health are required to validate these
findings. In addition, educating consumers on the role of the different fatty acids in promoting good
health and on the levels of these fatty acids in food products is essential, enabling consumers to make
informed decisions when choosing meat and dairy products as part of their daily diet.
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Abstract

Grass utilisation is a key factor contributing to the profitability of grassland farms. This study examined the
grazing utilisation of the 30 perennial ryegrass (Lolium perenne L.) varieties on the Irish Recommended
List 2016. Plots were grazed by dairy cows from March to November 2017 on 11 occasions. Pre-grazing
yield and height, post-grazing height and herbage removal were quantified. Varieties differed in grazing
utilisation (P < 0.001), with post-grazing heights ranging from 3.7 to 4.8 cm. ‘Residual grazed height’
(RGH) was derived to measure grazing utilisation as the difference between predicted post-grazing
height and actual post-grazing height. Most tetraploids outperformed diploids for grazing utilisation and
despite desirable RGH values being negatively associated with grazing yield, varietal diversity indicated a
potential for improvement. Further research is needed to determine the consistency of these differences
and to determine how to assign an economic value to this grazing efficiency trait.

Keywords: grass utilisation, profitability, perennial ryegrass, residual grazed height, grazing yield

Introduction

Increased herbage utilisation increases the profitability of grazing systems largely by reducing the need
for concentrate supplementation (Shalloo ez 4., 2004). Differences in perennial ryegrass (Lolium perenne
L.) traits such as total and seasonal herbage DM yield, persistence and quality are quantified in the Irish
Recommended List (RL) trials to promote superior varieties. A new total economic merit index, the
Pasture Profit Index (PPI), has been developed in Ireland to rank varieties by calculating the economic
potential of cach RL trait for ruminant production (O’'Donovan ez /., 2016). Grazing utilisation refers to
the proportion of leaf tissue removed by the grazing animals. Although it is not a RL trait, it is of interest
as it may reflect animal performance at grass and may also reduce the mechanical intervention required
to remove ungrazed herbage. Ungrazed herbage is undesirable as it reduces the quality of the sward
in the subsequent grazing rotation. It is, therefore, important to develop a means to quantify grazing
utilisation differences between varieties. The end use of such a ‘grazing utilisation’ characteristic would
be to introduce a new trait into the PPI that would add greater weighting to the economic value given to
varieties that support better animal performances. The objective of this experiment was to examine the
grazing utilisation of the 30 perennial ryegrass (Lolium perenne L.) varieties on the Irish Recommended
List 2016.

Materials and methods

All 30 varieties on the 2016 Irish RL were sown in 8 x 4.5 m plots in August 2016. The experiment was
a randomised block design with three replicates of each variety. Fifteen diploid varieties with a range
of heading dates were sown: AberChoice (09 June), AberMagic (31 May), Boyne (22 May), Clanrye
(06 June), Drumbo (07 June), Glenroyal (05 June), Glenveagh (02 June), Kerry (01 June), Majestic (02
June), Nifty (27 May), Piccadilly (03 June), Rosetta (24 May), Solomon (21 May), Stefani (02 June), and
Tyrella (04 June). Fifteen tetraploid varieties were also established: AberGain (05 June), AberPlentiful
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(09 June), Alfonso (04 June), Aspect (06 June), Astonenergy (02 June), Carraig (24 May), Delphin (02
June), Dunluce (30 May), Kintyre (07 June), Magician (22 May), Navan (06 June), Seagoe (28 May),
Solas (10 June), Twymax (07 June) and Xenon (11 June). The plots were rotationally grazed by dairy cows
from early March to November 2017 with eleven grazings achieved. The residency time in the plots was
never longer than 24 hours. Prior to each grazing a subsection of each plot was harvested with an Etesia
motor harvester to a height of 3.5 cm. Length and width of each harvested subsection was recorded to
determine herbage DM yield. Mown herbage was weighed and 0.1 kg dried at 90 °C for 8.5 hours to
determine DM content. A Jenquip rising plate meter was used to measure the pre- and post- grazing
heights. Herbage removed was determined at each grazing by adjusting the yield at 3.5 cm to the actual
height grazed. Data were analysed in SAS (2011) with the variables block, variety and grazing events
included in the model. The post-grazing height of each variety was predicted with a linear model, taking
account of the pre- and post- grazing heights of all varieties. This prediction was compared to the actual
post-grazing heights recorded after each grazing. The ‘Residual Grazed Height' (RGH) was calculated
as the average (3 blocks x 11 grazings) of the differences between actual post-grazing height achieved
and the predicted post-grazing height. A negative RGH value indicates that a variety is grazed to a lower
post-grazing height than predicted by the model and so had achieved good grass utilisation performance.
In contrast, a variety with a positive RGH was grazed to a higher post-grazing height than predicted and
so had a poorer utilisation capacity.

Results

Significant differences (P < 0.001) were found between varieties for pre-grazing height, post-grazing
height and the proportion of the sward height removed through grazing. AberGain had the highest pre-
grazing height at 11.8 cm, 2.2 cm higher (2 < 0.001) than Astonenergy, which had the lowest pre-grazing
height (9.6 cm). Astonenergy was also consistently grazed to the lowest post-grazing height, which was
1.08 cm lower than the highest post-grazing height recorded on Clanrye. Both AberGain and Xenon had
the greatest proportion of their sward height removed through grazing, whereas Glenveagh and Solomon
had the lowest proportion removed through grazing. The average predicted post-grazing height was 4.3
cm with a range of 4.1 to 4.5 cm. As the RGH values were defined as the difference between predicted
and actual post-grazing heights, varieties with the best grazing performance would have a negative RGH
and a high DM yield. These would be located in the top left quartile of Figure 1. Twymax was one of the
varieties with the best grazing potential as it achieved a RGH of -0.18 and a grazed DM yield of over 15 t
DM ha'l. Astonenergy had the best RGH value but also one of the lowest grazed yields of 13 ¢t DM ha'l.
In contrast, Clanrye produced the highest grazed yield of 16 t DM ha'! but had a positive RGH of around

I
16.5 1 1
= ' ®
w 16.0 7 ' Clanr
= ] . . ye
i ajestic
g 155 - :AberPIentlfuI JVl .[iosetta
£15.0 1 ATwymax I AberCheice  eprumbo Boyne
8 AberGain >°!as 1 Nifty oKerry
B1A5 | ____Aspecty e __ X | __2Glenroyal_ SPiccadilly ____
2140 avan 1
£ Xenon* Kintyre*DurﬂucE - I* .Abermaglc
_Qo 13.5 *C . MaglmanI Seagoe C-.ilenveagh
8130 | arrig eStefani N Solomon
o Astonenergy %
; Alfonso 1
@125 4 Delphin .Tyrella : ® =diploid; * = tetraploid
12.0 =T T T T T T T T T 1
-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4

Residual Grazed Height

Figure 1. Relationship between residual grazing height and grazed herbage yield.
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0.35, indicating that its actual post-grazing height was much higher than that predicted in the model.
A higher post-grazing height makes Clanrye one of the least well adapted for grazing use overall. It was
also notable that the tetraploid varieties were clustered largely on the left side of the graph with diploids
more to the right. Only two diploids (Stefani and Tyrella) had a negative RGH, but with lower grazed
yields than the other varieties. This indicated that tetraploids achieved a lower post-grazing height than
diploid varieties. The overall pattern from Figure 1 was that as variety yield potential increased the RGH
became more positive, and that varieties with negative RGH values tended to be lower yielding. There
was, however, evidence that this was not an obligated relationship. Varieties such as AberGain, Alfonso,
Aspect, Kintyre, Navan, Twymax and Tyrella had RGH values between -2.0 to -1.0, but differed in grazed
yield potential between 12.5 - 15.2 t DM ha’l, with Twymax and Tyrella the most extreme examples.
Furthermore, AberGain, Aspect, Glenroyal, Piccadilly and Solas had similar grazed yields but differed
in their RGH values.

Conclusion

Grass utilisation potential, as defined in this study, differed significantly between existing recommended
varieties. A negative relationship between grazed yield and post-grazing height exists among these
varieties. However, there is also clear evidence that some varieties did not conform to this relationship,
implying that genetic diversity exists. Of interest in this aspect is the superior performance of most
tetraploids compared with diploids with an equivalent grazed yield. The next steps will be to establish
if these differences are consistent over years and seasonally, and to determine how to attribute a PPI
economic value for this utilisation efficiency trait.
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Abstract

Hypomagnesacmia (‘grass staggers’) is a potentially lethal discase of ruminants which have a poor
capability for magnesium (Mg) storage in the body and must have sufficient Mg on a daily basis to
prevent deficiency and subsequent disease. A high Mg content Italian ryegrass (Lolium multiflorum L.)
cultivar (Bb2067) has been grown in a Mg fertiliser-response trial at two sites of contrasting soil Mg
status, where initial data has shown no effect of Mg fertilisation on DM yield but all lines demonstrate
a significant response to Mg fertilisation, while Bb2067 has consistently higher concentrations of Mg
at all external Mg levels in cuts analysed so far. An associated controlled environment screen is aimed
at identifying genetic markers linked to high Mg concentration in Bb2067 and will link to work on
perennial ryegrass (Lolium perenne L.) at IBERS where five markers have been found with significant
associations with tetany ratio. The markers will be used to develop new breeding material.

Keywords: Lolium, yield, magnesium, markers, cultivars

Introduction

Dietary magnesium (Mg) deficiency, caused by low dietary supply, and/or imbalance in relation to other
cations can cause a range of dietary deﬁciency outcomes in grazing ruminants known as hypomagnesaemia
(‘grass staggers’). Hypomagnesaemia is widespread with high fatality rate and an average acute annual
incidence of 1 - 4% in dairy cows but can reach levels of 20 - 30% in herds. Prevention is by supplying
additional Mg (Suttle, 2010).

This paper will present initial results of work where the aim is to obtain genetic markers from a high Mg
accumulating Italian ryegrass (Lolium multiflorum L.) cultivar (Bb2067). This variety was effective in
considerably reducing hypomagnesaemia in sheep (Moseley and Baker, 1991). This cultivar was grown in
a Mg fertiliser-response trial at two sites of contrasting soil Mg status along with a low Mg content cultivar
Bb2068 and cvs RvP and Alamo. A controlled environment screening will also enable the identification
of genetic markers in individual genotypes linked to high Mg concentration in Italian ryegrass which will
link to the IBERS breeding populations where five markers have been found with significant associations
with tetany ratio in perennial ryegrass (Lolium perenne L.). Ryegrass lines will be screened for these markers
to develop new breeding material.
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Materials and methods

Field plots (3 x 1.2 m) of four Italian ryegrass cultivars comprising Bb 2067 and Bb 2068, high and low
Mg-containing lines, respectively, and the control cultivars RvP and Alamo, were sown at a seed rate of
35 kg ha'l at IBERS, Aberystwyth on soil of the Rheidol series (Mg = 86 ppm, index = 2.6, pH = 5.8)
and SASA, Edinburgh on soil of the Macmerry series (Mg =193 ppm, index = 4.2, pH = 5.7) in summer
2016. All cultivars were subjected to four MgSO), fertiliser treatments (0, 30.15, 60.3 and 120.6 kg ha'!)
applied as foliar sprays after the first harvest. All plots were harvested seven times in the first harvest year
with a Haldrup forage harvester at a cutting height of 5 cm. Fresh weights were measured and DM yields
of each were calculated after drying a 300 g subsample from each plot in a forced draught oven at 80 °C
for 48 hours. The dried sub-sample was retained and milled, to allow determination of the Mg content.
The experiment was a completely randomised factorial design with four replicate blocks, four fertiliser
treatments and four cultivars. Dry matter yield and Mg concentration were analysed by analysis of variance
(ANOVA) using GenStat” Release 17 (www.vsni.co.uk, 2014) to discern any effects of location, fertiliser
treatment and Italian ryegrass variety. Mineral analyses of all cuts from 2017 are ongoing. Mg data for cut
2 at Edinburgh is presented in Table 1.

Results and discussion

Increasing Mg levels in forage to prevent the incidence of hypomagnesaemia has been a common aim
(Binnie ez al., 1996; Sleper et al.,2002). The use of Magnet/Bb2067 in the project allows the new technique
of marker assisted selection to be used on an existing variety with an established effect in hypomagnesaemia
prevention and the information gained can be used in breeding new germplasm. The cultivars in the
experiment differed significantly in DM vyield (Table 1) at both locations, with the modern cv. Alamo
significantly out-yielding the other cultivars. In turn, cv. RvP significantly out-yielded both Bb2067 and
Bb2068 at the two locations. There were no significant differences in DM yield between Bb2067 and
Bb2068 at both locations. The MgSO, fertiliser treatments did not affect yield. Previous work at both

Table 1. Total annual DM yield (t ha™') and magnesium concentration of four Italian ryegrass cultivars in the first harvest year subjected to four
MgS0, fertiliser treatments.!

Variety Aberystwyth Edinburgh Edinburgh
DM yield (tha™") DM yield (t ha™") Mg concentration cut 2 (mg kg™")
Bb2067 20.93 19.79 2,525
Bb2068 21.25 19.78 1,818
RvP - control 22.76 20.21 1,993
Alamo 2434 2117 2,002
*xx *xx *xx
SED 0.35 0.29 122
LSDys (cf. RvP) 0.70 0.59 245
Fertiliser treatment
Mgs0,_0 22.36 2051 1,440
Mgs0,_1 2214 20.06 1,904
Mgs0,_2 22.36 20.20 2332
Mgs0,_3 22.39 20.19 2,664
ns ns e
SED 0.35 0.29 122
LSDys 245
Fertiliser * variety ns ns ns

MgS0,_0=0kgha™,MgS0,_1=30.15kgha™", MgS0,_2=60.3 kg ha"" and MgS0,_3 =120.6 kg ha™'; total data is derived from a total of seven cuts.
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locations had demonstrated a consistent increase in Mg content at all cuts over two harvest years (Penrose
et al., 2017) and while Mg levels at Aberystwyth were not above 2000 mg kg! in spring or 2500 in
autumn, both levels suggested for hypomagnesaemia prevention (Todd, 1966). Mg levels at Edinburgh,
however, did exceed both levels. Furthermore, Bb2067 reduced hypomagnesaemia in sheep (Moseley
and Baker, 1991). Bb2067 had a significantly higher Mg concentration in Cut 2 at Edinburgh than the
other three lines which did not differ significantly from each other. Mg fertilisation had a significant
effect at all levels (Figure 1). All the lines showed a significant response to Mg fertilisation and Bb2067
had consistently higher concentrations of Mg at all external Mg levels (Figure 1).
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Figure 1. Magnesium concentration of four Italian ryegrass cultivars under four levels of fertilisation (Edinburgh, Cut 2).

Conclusion

Initial results on Bb2067 demonstrates that breeding for increased Mg uptake can be effective across a
range of soil Mglevels. Completion of mineral analyses of other cuts from both sites will provide a source
for discovering markers associated with increased Mg levels, which when linked to five markers having
significant associations with tetany ratio in perennial ryegrass (L. Skot. 2017, pers. comm.), can be used
to develop modern resilient cultivars to help prevent hypomagnesaemia.
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Yield stimulating legacy effect of sown legume abundance in a ley
on the performance of a Lolium multiflorum following crop
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Abstract

A field mixtures experiment was conducted in Ziirich over three years (2012-14) in which the sown
legume proportion was 86, 50 or 14% in the seed mixtures and 100 or 0% in monocultures. In the spring
0f2015, these swards were removed using herbicide and all plots were re-seeded with Lolium multiflorum
L. monocultures, with the aim of studying soil transferred legacy effects of legumes on the performance of
a following grass crop. The L. multiflorum L. was then harvested three times during 2015 (with the yield
from each cut being summed for analyses) and once in spring 2016. Nitrogen (N) concentration from
the combined harvests in 2015 was also recorded. A highly significant increase in the L. multiflorum L.
annual biomass yield was detected in all treatments where legumes were the preceding crop compared to
the non-legume monoculture in 2015 (P < 0.001). An effect continued into the following year, where
treatments containing > 50% of sown legume proportion had a significantly greater biomass than the
non-legume treatments (P < 0.01). Lastly, N concentration in the L. multiflorum L. sward from the
2015 harvest was also significantly increased in treatments with sown legumes over the non-legume
monoculture (P < 0.05). These results explain how legume-induced effects on biomass could be sustained
in mixed swards, even as the legume proportion declines to low levels, as had previously been observed
in the COST 852 agro-diversity experiment.

Keywords: legacy effect, legumes, biomass, N concentration, following crop

Introduction

Numerous benefits of grass-legume mixtures over conventional grass monocultures have been thoroughly
demonstrated, such as increased biomass yield, nitrogen (N) yield advantage and weed suppression (e.g.
Finn et al., 2013; Suter e al., 2015). A less investigated aspect of these mixtures, however, is whether
they induce any legacy effect in agricultural systems and what impacts such an influence may have on
the following crop in a rotation. Previous studies have indicated that legume-induced effects on biomass
can be sustained in mixed swards, even as the legume proportion declines to very low levels, e.g. the
COST 852 agro-diversity experiment (Brophy ez al., 2017). The present study progressed a step further
and targeted the performance of a following crop of Lolium multiflorum L. after the legume mixture
had been completely removed with the aim of deducing any legume-induced legacy effects transmitted

through the soil.

Materials and methods

Under the auspices of the EU-project AnimalChange, a field mixtures experiment was established at
Ziirich-Reckenholz (47° 26’ 12” N, 8° 31’ 51” E), conducted on a cambisol (top soil 42% silt, 26% clay,
pH =7.1) over a three year duration (2012-2014). The experiment utilised four model plant species, two
grasses (Lolium perenne L., cultivar (cv.) Alligator and Cichorium intybus L., cv. PunaIl) and two legumes
(Trifolium repens L., cv. Hebe and Trifolium pratense L., cv. Dafila). The legume proportion of the seed mix
was 86, 50 or 14% and 100 or 0% in monocultures, grown on a plot size of 3 x 5 m (Hofer ez 4/.,2016). In
the spring 0of 2015 (21 April), these preceding swards were removed using a glyphosate herbicide and all
plots were re-seeded via rotary harrow with a Lolium multiflorum L. monoculture. This following sward
was subsequently harvested three times during 2015 (26 June, 10 August and 24 September,) and once
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in 2016 (27 April) and the biomass was measured at each harvest. In each plot, aboveground biomass was
harvested in a central stripe of 5 x 1.5 m to a height of 7 cm using an experimental plot harvester (Hege
212, Wintersteiger). Nitrogen concentration was measured using on a CN elemental analyser. Datawere
analysed by analysis of variance.

Results and discussion

A highly significant increase in the L. multiflorum annual biomass yield was seen in all legume containing
treatments (even the 14% plots) compared to the non-legume monoculture in 2015 (Figure 1A, P <
0.001). Moreover, there was a linear trend of legume proportion on yield: the greater the sown legume
proportion, the greater the yield of L. multiflorum (P < 0.001). Legume effects continued into the
following year, though at a reduced magnitude, where treatments containing > 50% sown legumes had a
significantly higher biomass than the non-legume treatments (Figure 1B, P < 0.01). Even in spring 2016,
a positive linear trend of sown legume abundance on yield was observed (P < 0.01).

Nitrogen concentration from the biomass of the 2015 harvest was also significantly increased in all
legume-containing treatments compared to the non—legume monoculture (Figure 2, P < 0.05). This
increase in the performance of a following crop demonstrates an additional advantage to sowing legume-
containing mixtures. It also helps to provide an explanation for the observations of the aforementioned
COST 852 agro-diversity experiment, in which a yield stimulating advantage of legume-containing
mixtures were sustained even as the legume proportion in the mixture declined (Brophy et 4/, 2017).
The sustained positive influence on plant performance seen in this experiment may be a consequence
of previously suggested mechanisms, such as N being made available from decaying root exudates, or
an increase in soil organic matter derived from the fixation of atmospheric N, by the previous legume
component of the ley (Suter ez 4/., 2015).

Additionally, these results would suggest a role being played by the soil microbiome, as soil microorganisms
are mainly responsible for the mineralisation of organically-bound N (Schwartz et 4., 1991). Such a
possibility warrants further investigation examining both the composition and functional potential of the
microbiome and the role this may have played in the observed legume-induced legacy effect on following
crop performance.
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Figure 1. Biomass yield (t ha") (+ 1 standard error) from the harvest of the following crop Lolium multiflorum L. sward in 2015 (A) and 2016
(B) from plots which had a previous ley with a legume proportion in the seed mix of 0, 14, 50, 86 and 100%. Yields of three harvests were
summed to give the total annual yield in 2015 (A), while the first harvest of spring 2016 is shown (B). Asterisks denote a significant difference
to the sward containing no leqgumes. *** P < 0.001, ** P < 0.01, ns: P > 0.05.
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Figure 2. Nitrogen concentration (N-tot g kg™ dry weight) in biomass of the following crop of Lolium multiflorum L. from the 2015 harvest
from plots which had a previous ley sown with a seed mix containing 0, 14, 50, 86 and 100% lequme proportion. Asterisks denote a significant
difference to the sward containing no lequmes. *** P < 0.001, ** P < 0.01, ns: P> 0.05.

Conclusions

These results highlight additional advantages of sowing legume mixtures over grass monocultures, as they
demonstrated a soil transferred yield-stimulating legacy effect on the following crop in rotation. They
can also explain how legume-induced effects on biomass could be sustained in mixed swards, even as the
legume proportion declines to low levels, as was observed in the COST 852 agro-diversity experiment.
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Abstract

Sulla (Hedysarum coronarium L.) is a very nutritious and productive forage legume with great potential
for livestock in Mediterranean farming systems. Its cultivation in Sardinia is confined to areas where its
native specific rhizobium is available. Although a large proportion of Sardinian soils have the potential to
grow Sulla, its use is limited by the absence of the inoculation practice with appropriate rhizobia strain.
Forty three dairy sheep farms, located in different areas of Sardinia, were selected to introduce inoculated
Sullain paddocks (1or 2 ha) for the first time. The altitude of the sites ranged between 1 and 650 m above
sea level (a.s.1); soil texture varied between clay, sandy-clay to loamy soil with pH (H,O) ranging from 5.4
to 8.5. On each farm, plant establishment and nodulation scores were measured. Inoculation was shown
to be a successful means of establishing Sulla in soil considered hostile to the species.

Keywords: legumes, forage species, livestock farming, root-nodule bacteria

Introduction

The sustainability and profitability of grazing farm systems is related to the ability of the farmers to
match energetic requirements of ruminants with pasture production throughout the year. However, in
Mediterranean environments, because of the high variability of edaphic conditions, it is not always possible
to match the feed requirements with forages produced 77 situ, therefore, farmers need to acquire the extra
food from outside of the farm incurring extra costs to maintain animal condition score at acceptable levels.
Persistent and productive forage species are always sought by farmers, sometimes with great difficulty and
high costs because of high market prices and environmental constraints such as soil type and low annual
rainfall. Sulla (Hedysarum coronarium L.) is a productive, deep-rooted, short-lived perennial pasture
legume that is grown throughout Mediterranean countries (Foote, 1988). It is commonly found in clay
calcareous soil with alkaline pH. Its deep-rooted system gives it the capacity to maintain extended periods
of spring growth, and its perenniality allows rapid re-growth in the second autumn. Additionally, the
high nutritive value of Sulla improves milk production and, due to its condensed tannins content, has
anti-bloating and internal parasite control properties in sheep (Terrill ez al., 1992; Molle ez al., 2003).
The microsymbionts of Sulla display a high level of specificity for nodulation and nitrogen (N) fixation.
When effectively nodulated, Sulla plants have the ability to biologically fix large quantities of N, increasing
paddock fertility (Yates ez al., 2015). Although it is widely used as a forage legume in Mediterranean
Europe, only a limited area of Sulla is grown in Sardinia. Its cultivation is mainly confined to areas where
its native specific rhizobium is available and it is totally absent in the rest of the island. The objective of
this work was to demonstrate that Sulla can grow successfully in other Sardinian soil types as long as the
seed is inoculated with the appropriate rhizobia strain.

Materials and methods

Forty two dairy sheep farms, located in different areas of Sardinia, were selected to introduce, for the
first time, inoculated Sulla in paddocks of 1 to 2 ha. In 11 farms out of 42, tewo paddocks with different
soil characteristics were selected. In the other 31 farms, one paddock was seeded. Each paddock was
characterised and soil samples were taken to determine soil texture and chemical composition. Soil pH was
measured in 1:2.5 soil:water suspensions, the organic matter content was determined using the Walkley
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and Black (1934) method. Total N and available P were determined using the Kjeldahl and Olsen methods,
respectively, exchangeable K and Ca were determined by flame atomic absorption spectroscopy following
ammonium acetate extraction. Total calcium carbonate was determined quantifying the CO, produced
after acid dissolution and active carbonate was determined using the ammonium oxalate method.

A few hours before seeding, Sulla was inoculated with a Rbizobium sullae, strain WSM1592 (Yates et
al., 2015). Peat slurry was prepared mixing the peat with the seed coating adhesive (250 g of peat, 1000
ml adhesive per 25 kg of sced). Seed was inoculated by mixing the slurry with the seed and then seed
was pelleted with fine lime. A small area in each paddock was seeded with un-inoculated Sulla seeds as
a control. Paddocks were sown in autumn 2014. In each paddock, plant establishment numbers were
recorded approximately 45 days after seeding in 30 quadrats (900 cm? each) randomly positioned in each
paddock. Three months after seeding, 15 plants per paddock were carefully removed and roots carefully
washed and assessed for nodulation (Howieson and Dilworth, 2016). Paddocks were scored in 2014 and
2015 for ground cover and vigor (0 to 5). It is known that soil pH is the main constraint to optimal Sulla
nodulation and growth (Yates ef 4/, 2015); therefore the paddocks were separated in different pH groups.
The first group included 15 paddocks with soil pH < 6.5. The second group included 15 paddocks with soil
pH range between 6.5 and 7.5. The last group included 23 paddocks with pH > 7.5. Data were analysed by
Anova model. Differences between treatments were assessed by Duncan T tests (P < 0.05, SAS Institute,
2002).

Results and discussion

The altitude of the sites ranged between 1 and 650 m a.s.l; soil texture varied between clay, sandy-clay
to loamy soil. Soil fertility of the paddocks was generally high, however, the pH varied between 5.4
and 8.5 (Table 1). The un-inoculated plants across the three soil groups generally showed suboptimal
levels of nodulation, although it was greater in alkaline soils compared to the others, suggesting that
the background rhizobium levels were inadequate or the N fixation efficacy of the native rhizobia was
very poor (Table 2). On the other hand, inoculated plants were all moderately nodulated, showing no
symptoms of N deficiency and no significant differences between the paddock groups. Ground cover and

Table 1. Soil characteristics of the 53 paddock sown to Sulla. Values with different letters within column are significantly different (P < 0.05).

pH pH (H,0) Organicmatter TotalN  Exchangeable K Available P Total carbonate Active carbonate Exchangeable Ca
Range Average  gkg' gkg"  mgkg’ mgkg?  gkg? gkg' mg kg

<6.5 54-64 599(0.07) 28.65(3.66)  1.80(0.20) 242.7 (51.3) 13.50(221)  4.8°(4.84) 1.937(1.93) 1,960.1° (402)

6.5-75 6.5-7.5 6.94(0.08) 31.5(2.64) 2.02(0.16) 246.7 (56.8) 212°(2.93) 12.70(9.84) 8.47°(8.47) 3,593.3%(534)

>75 7.6-85 8.04(0.05 23.85(1.75)  1.78(0.11) 314.7 (53.6) 19.0% (1.46) 130.9%(37.25)  30.20°(8.54) 4,431.6*(302)

P <0.001 ns ns ns 0.054 0.003 0.024 <0.001

Table 2. Seedlings establishment, nod efficiency, crop scores (1 to 5) in 2014 and 2015. Values with different letters within column are
significant different (P < 0.05).

pH No. of Seedling  Nod efficiency Sowing year-2014 Second year-2015

paddocks  (nm?) Inoculated score Uninoculated score ~ Vigor score Ground cover score  Vigor score  Ground cover score
<65 15 182.9(21.8) 2.26(0.41) 0.432(0.25) 2170 (0.40) 2.38°(0.38) 32°(032)  1.34°(0.36)
65-7.5 15 205.6 (30.3) 3.06(0.21) 0.85% (0.41) 2.09°(0.32) 3.27%(0.24) 3442 (0.47) 1.57%(0.36)
>75 23 198.6(17.7) 2.97(0.28) 147%(0.27) 3.072(0.26) 3.432(0.23) 426°(0.20) 2.35%(0.27)
P ns ns 0.065 0.046 0.057 0.030 0.062
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vigor of the Sulla plants within groups and between 2014 and 2015 were similar; however, the group that
included paddocks with pH > 7.5 was always more productive (Table 2).

Conclusion

The results from this research show that inoculated Sulla can be grown successfully in different soil types
where the species is not traditionally recommended. Some of the paddocks had a challenging soil pH
(5.4) for the growth of Sulla; however, a proper inoculation practice seems to have partially overcome past
problems. Further studies are currently underway to select elite rhizobia strains for acidic soils and when
completed we will provide more information to promote the use of the Sulla species across a broader
range of environments.
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Abstract

Specialised dairy farmers have increased interest in multi-year red clover (Z7ifolium pratense L.)-ryegrass
(Lolium spp.) ley pastures because of their high productivity and protein concentration. However, the
adoption of such mixtures is restricted because of the poor persistency of many red clover cultivars
(cv.) currently used. Extending the duration of the clover ley would reduce costs for seeding and have
positive effects on yield, carbon sequestration and soil biodiversity. We aimed to assess dry matter yield
(DMY), persistence and nutritive value of four Mattenklee and four Ackerklee cv., and to investigate
the underlying plant morphological traits. We conducted a four-year field experiment with red clover-
ryegrass mixtures, in combination with a short-term pot experiment. In the field, Mattenklees showed
on average 42% higher production compared to Ackerklees in the third and fourth year. In the fourth
year, Mattenklees had slightly lower digestibility and protein concentration compared to Ackerklees;
however, the digestible dry matter and the protein yield were higher for Mattenklees. Both persistence
and nutritive value of the different red clover cv. were closely correlated to stem length. For stem length
there was close correlation between the pot and the field experiment, suggesting that this may be an
important trait for plant breeding.

Keywords: nutritive value, morphology, breeding, plant traits, Trifolium pratense L.

Introduction

In the Netherlands, there is increasing interest in red clover for ley pastures with dairy farmers, who see
its value and potential in terms of symbiotic nitrogen fixation, protein concentration and production
capacity (Iepema et 4/., 2006). One of the main constraints that restricts the adoption of such mixtures
is the poor persistency of the red clover cultivars (cv.) currently used by farmers (Iepema ez al., 2006).
Extending the duration of the clover ley beyond the two to three years currently achieved, would reduce
costs for seeding and have positive effects on carbon sequestration and soil biodiversity (van Eckeren
et al., 2008). In Switzerland, highly persistent and locally adapted red clover landraces, the so-called
‘Mattenklees, show a high level of survival after three growing seasons in swards mixed with grass
(as opposed to the traditional ‘Ackerklees’). We aimed to assess dry matter yield (DMY), persistence
and nutritive value of four Mattenklee and four Ackerklee cv., and to investigate the underlying plant
morphological traits.

Materials and methods

A four-year field experiment was conducted at Esbeek, the Netherlands. Eight red clover cv. including four
Ackerklee landraces (cv. Avanti, Lemmon, Maro and Taifun) and four Mattenklee landraces (cv. Fregata,
Larus, Milvus and Pavo) were sown (270 viable seeds m2, ca. 7.1 kg ha'!) in a mixture with diploid
perennial ryegrass (cv. Mathilde, 30 kg ha!) in August 2011. The trial was arranged in a randomised
block design with four replicates and plots were 4 x 8 m. The trial was managed with a four-cut regime
and measurements were undertaken during 2012, 2014 and 2015. No measurements took place during
2013, as this year was deemed less relevant in terms of persistence. Total dry matter yield at each harvest
was determined by cutting a strip of 0.84 x 4 m within each plot with a front bar mower, leaving a
sward stubble height of ca. 6 cm. The samples were weighed and a sub-sample was dried in a forced-
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draught oven at 70 °C for 24 h for dry matter (DM) analysis. At each harvest, the red clover content
was determined on a fresh sub-sample of at least 200 g. The separated red clover sub-samples from the
1%t cut in 2015 were dried and analysed for crude protein (CP) and digestible organic matter in the dry
matter (DOMD). Before the first harvest in 2015, plant morphological measurements including plant
density, shoot weight, leaf: stem-ratio, specific leaf area and stem length were determined. In addition
to the field experiment, a pot experiment was established in a greenhouse, at Wageningen University, in
which the eight red clover cv. were sown in four replicates in August 2014. After eight weeks the plants
were harvested, morphological traits were determined and plants were oven dried at 70 °C for 72 h for
DM determination. For more details we refer to Hoekstra ez 4/. (2017). Data were subjected to analysis
of variance in Genstat to test for a cv. effect (n = 4) or a clover type effect (Mattenklee vs Ackerklee, n =
16). Spearman correlation coefhicients were conducted to determine the association between different
morphological traits, nutritive value and persistence indicators.

Results and discussion

In the field, the red clover DMY and to alesser extent the herbage DMY was significantly (P < 0.01) higher
for Mattenklees compared to Ackerklees during the third (2014, increase of 33 and 5% respectively) and
fourth (2015, increase of 54 and 8%) production year. The two types showed no significant difference
during 2012 (Table 1). This was in line with our expectations and indicates that the breeding effort into
more persistent red clover cv. is effective (Lehmann and Briner, 1998) under the local conditions in the

Netherlands.

Dry matter yield and persistence of the different red clover cv. were closely correlated to plant
morphological traits, in particular, stem length (Table 2). Higher stem length may give the red clover
a competitive advantage for light competition, resulting in higher yield and persistence, which was
also found by Herrmann ez 4/. (2008). The stem length was negatively correlated to red clover CP and
DOMD concentration (Table 2), which tended to be lower for Mattenklee compared to Ackerklee cv.
However, in the first cut in 2015, CP yield was 38% higher and DOMD yield was 10% higher for
Mattenklees compared to Ackerklees. Interestingly, for stem length, there was close correlation between

Table 1. Mean red clover and herbage dry matter yield (DMY) of the four Ackerklee (AK) and four Mattenklee (MK) ryegrass mixtures in 2012,
2014 and 2015.

Cultivar Red clover DMY (t ha™") Total herbage DMY (tha™!)
2012 2014 2015 Yield index' 2012 2014 2015 Yield index

Avanti (AK, 4n) 6.20de 7.4 4. glef 802 11.00¢ 12.44 10,60 98¢
Lemmon (AK, 2n) 5.9% 7.9 3.7 68 10.9%¢ 12.7¢ 104 92
Maro (AK, 4n) 7.7 9.10¢ 4ef 53 12.6° 1432 9.8¢ 792
Taifun (AK, 4n) 7.5% 7.9 5de 68 117 12.9bd 10.82b¢ 942
Fregata (MK, 4n) 6.72bcd 10.72 6.8 105b¢ 11.4b¢ 13.72bc 1162 1045
Larus (MK, 4n) 7.42¢ .12 8.4 116¢ 12.0% 13.82c 11.% 942
Milvus (MK, 2n) 5.4¢ 9.9% 6.3 125¢ 10.¢ 13.82c 11.% 1126
Pavo (MK, 2n) 6.40de 112 5.2d 822 11.6% 14,12 10,50 92
SED 0.58 0.86 0.53 149 0.59 0.61 0.45 73
Pvalue . * * x *
Mean Type AK 68 8.1 44 67 116 13.1 103 91

MK 65 107 6.7 107 13 13.8 1.1 100
Povalue ns ns * xx x

"Yield index = DMY 2015 / DMY 2012 X 100%.
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Table 2. Mean plant morphological traits in the field experiment during the first harvest in 2015 for Ackerklee (AK) and Mattenklee (MK) cv.
and coefficients of correlation of these traits with red clover yield and crude protein (CP) and digestible organic matter (DOMD) concentration
in 2015 and morphological traits in the pot experiment.

Morphological traits 2015  Mean Correlation (r)
AK MK SED P Clover DMY cp DOMD Morphology pot exp
Plant density (# m?) 211 325 217 xrx 0.93 *** -0.60 -0.58 na
Shoot weight (g plant™) 9.5 127 1.26 * 072 * -0.65 -0.57 0.68
Leaf: stem ratio (g g’1) 0.56 0.51 0.023 -0.28 0.63 0.49 0.68
Specific leaf area (cm? g DM™") 235 228 79 068 - 0.12 0.29 0.41
Stem length (cm) 386 47.6 1.52 *rx 0.85 ** 075 * 075 * 077 *

TP-value:- =P < 0.1;* = P < 0.05; ** =P < 0.01; *** = P < 0.001.

the measurements from the pot and the field experiment (Table 2). The apparent robustness of this
measurement strengthens the potential of this trait use in plant selection and breeding.

Conclusion

In line with our hypothesis, the Mattenklees showed a higher DMY in the third and fourth year of
production compared to the Ackerklees, indicating that these cv. are suitable for inclusion in a multiple
year grass-clover ley. Both persistence and nutritive value of the different red clover cv. were closely
correlated to stem length. Stem length showed close correlation between the pot experiment and the
field experiment, indicating that this may be an important parameter for breeding.
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Abstract

Red clover (Z7ifolium pratense L.) is an inferior competitor for light during spring growth in grass-clover
mixtures, whereas it can dominate the yield harvested later in summer. This leads to a disproportional
content of clover in total biomass between harvests, which may cause challenges for cattle feeding. We
have investigated whether inclusion of an early versus a late heading red clover variety could overcome
these challenges. In a field trial harvested three times per season, each of the varieties were grown together
with two different grass mixtures. The early variety was taller and heavier and constituted a higher
proportion of total biomass, but developed less leaves and shoots per plant than the variety initially
classified as late. Rate of phenological development of the two did not differ during spring growth, but
the early variety was at more advanced stages at the second and third cut in summer. The early variety
had lower crude protein and net energy concentrations at all harvests, whereas it contained more neutral

detergent fibre (NDF) and indigestible NDF.

Keywords: feed quality, phenology, Trifolium pratense L.

Introduction

Red clover (T#ifolium pratense L.) is often grown together with temperate grasses in mixed swards under
two - three cut systems to increase stability, DM yield and forage quality of mixed swards (Halling ez
al., 2002). During spring, red clover is an inferior competitor for light in erect grass stands and thus
constitutes a lower proportion of total biomass, whereas later in summer it may dominate the total yield
of moderately fertilised swards (Eriksen e al., 2014; Riesinger and Herzon, 2008). This disproportional
content of red clover in the first and later harvests may lead to differences in feed quality that may
cause challenges for farmers with difficulties in feeding with more than one type of silage at a time. The
competitive ability of red clover grown together with grasses may be related to its rate of phenological
development. So far, the varieties bred and approved for Norwegian conditions seem to be slow in their
development in spring. It has been suggested that earliness is negatively correlated with winter persistence
(Pulli, 1988). In this study, we have compared an carly and a late variety to study if growing carly varieties
could overcome the challenges of disproportionality in yield proportion and feed quality between the
harvests.

Materials and methods

A field trial was established in 2013 at a research farm (Kvithamar) of the Norwegian Institute of
Bioeconomy Research (NIBIO) in Stjordal, mid-Norway (63° 30 N, 10° 54 E; elevation 30 m a.s.L.).
Two red clover varieties, one classified as early and one as late by their respective breeders were each sown
together with two different grass mixtures according to a randomised block design with four treatments
in three replicates/blocks. One grass mixture was composed of Barpasto, Calibra, Dunluce, Prana, Storm,
Figgjo, Birger, Fia and Trygve varieties of perennial ryegrass (Lolium perenne L.), while the other grass
mixture consisted of the timothy (Phleum pratense L.) variety Grindstad and the meadow fescue (Festuca
pratensis Huds.) variety Fure. The late red clover variety was Betty (Swalof Weibull AB, Sweden) and the
carly variety was Atlantis (Norddeutsche Pflanzenzucht Hans-Georg Lembke (NPZ), Germany). The
grass-red clover mixture was sown at two seeding rates of 35 kg ha'! (S kg red clover + 30 kg ryegrass) and
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of 25 kg ha'! (5 kg red clover + 12.5 kg timothy + 7.5 kg meadow fescue). In 2014, three harvests were
taken (5 June, 21 July and 1 September) and 160 kg mineral N ha'! was supplied in a compound fertiliser
(distributed as 0.5, 0.25, 0.25 in spring, after the first and second cut, respectively). Rate of phenological
development of red clover plants was recorded as mean stage by count (MSC), modified from Moore
et al. (1991). Red clover proportion in the total biomass and leaf proportion of red clover plants were
recorded by manual sorting of subsamples from all plots in two replicates at each harvest. Forage quality
as described by the content of crude protein (CP), heat stable amylase neutral detergent fibre (aNDF),
NDF digestibility (NDFD) and net energy for lactation (NEL) was analysed by near infrared reflectance
spectroscopy after local calibration based on chemical analysis of a subset of samples at Dairy One Forage
Testing Laboratory in the USA. For each harvest, all parameters were analysed by analysis of variance
using the GLM procedure in SAS (release 9.3, 2002-2010, SAS institute Inc., Cary, NC, USA). Red

clover variety and grass mixture were regarded as fixed factors and block as random.

Results and discussion

The two red clover varieties did not differ in rate of phenological development and leaf proportion
at first harvest (‘Table 1). However, the carly variety Atlantis constituted a higher proportion of total
biomass of the grass-clover sward than the late variety Betty. The late variety Betty had higher NDFD
and higher concentration of CP and NEL than the early variety Atlantis. Differences in NEL were only
significant when red clover was grown together with the perennial ryegrass mixture (P < 0.05). At the
second harvest (Table 1), Atlantis was at a higher stage of phenological development and constituted a
higher proportion (0.54) of total biomass than Betty (0.32) did. Furthermore, Betty had a higher leaf

Table 1. Stage of phenological development expressed as mean stage by count (MSC) and feed quality of early (Atlantis) and late (Betty) red
clover varieties. Red clover proportion is presented as clover DM share of total biomass DM, while leaf proportion, crude protein (CP) and heat
stable amylase neutral detergent fibre (aNDF) are presented as g kg™ of clover DM. Clover NDF digestibility (NDFD) is presented as g kg™ of
NDF, while net energy of lactation (NEL) is presented as feed unit (FEm = 6.9 MJ kg'1 DM) per kg clover DM. Presented values are means for
two grass mixtures.!

Variety MsC Clover prop Leaf prop, g Pg aNDF NDFD NEL
kg DM kg DM gkg DM gkg' NDF FEmkg' DM

First harvest

Betty 1.62 0.08 850 260 350 770 0.95

Atlantis 1.66 0.14 780 210 360 690 0.93

S.E 0.13 0.03 0.60 5.90 1.70 10.8 0.01

Pvalue ns 0.05 ns <0.001 ns <0.01 <0.01

Variety X grass P value ns ns ns ns ns ns 0.03

Second harvest

Betty 1.63 032 900 190 380 550 0.79
Atlantis 253 0.54 590 170 410 500 0.77
SE 0.15 0.05 0.80 1.80 3.10 6.50 0.005
Pvalue <0.01 0.001 0.02 <0.01 <0.01 <0.001 ns
Variety X grass P value ns ns ns 0.01 0.03 ns 0.01
Third harvest

Betty 1.42 0.53 980 220 350 590 0.87
Atlantis 2.06 0.59 610 210 380 550 0.84
SE 0.12 0.04 0.30 2,90 240 8.10 0.006
Pvalue 0.01 ns <0.001 0.02 <0.01 <0.01 0.03
Variety X grass Pvalue ns ns ns ns ns ns ns

Tns = non significant (P > 0.05); S.E. = standard error.
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proportion, NDFD and higher concentration of CP and NEL. The aNDF concentration was lower than
for Atlantis. Red clover grown together with perennial ryegrass had higher CP and lower aNDF than
red clover grown together with timothy and meadow fescue (P < 0.05). Differences in NEL between
the varieties were significant only when sown with the perennial ryegrass mixture (P < 0.05). During
the third harvest (Table 1), a similar pattern (as observed in the second harvest) of variety ranking was
observed in phenology, morphology and forage feed quality parameters. Red clover proportion of total
herbage was much lower in the first harvest (0.08 and 0.14 for Betty and Atlantis, respectively) compared
with the second (0.32 and 0.54) and third harvests (0.53 and 0.59). This indicates that growing an carly
maturing red clover variety does not overcome the problem of low clover proportion in mixed swards
during spring. However, during the summer, the early variety Atlantis had a higher rate of phenological
development than the late variety Betty and could increase the clover proportion in mixed swards. The
early variety Atlantis had lower herbage feed quality in all cuts than the late variety Betty as seen by lower
NDFD and lower concentration of CP and NEL (except at the second harvest). One likely reason for
lower CP and NDF digestibility in the early variety Atlantis was the lower leaf proportion of total clover
plant biomass. The early variety Atlantis was taller (data not shown) and heavier than the late variety
Betty and was more competitive for light in mixed stands, but spent more energy on stem growth than
leaf growth, which results in lower feed quality.

Conclusion

The findings of the present study do not provide evidence that growing early varieties may overcome
the challenges related to disproportional content of red clover between the first and later harvests. The
rate of phenological development differed between the two investigated varieties in summer only, and at
this time, the phenological advancement was positively correlated to clover proportion but negatively to
forage feed quality. There may, however, be other varieties or germplasm available that are earlier heading
than the ones investigated here.
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Abstract

Legume-based annual forages could be pivotal for the sustainable intensification of forage production
in drought-prone environments. A three year study aiming to optimise the composition of these crops
was carried out under Mediterranean conditions (Sardinia). Four legumes (semi-dwarf and tall type field
pea (Pisum sativum L), common vetch (Vicia sativa L.) and Narbon vetch (Vicia narbonensis L.)) and
two cereals (triticale (x #riticosecale) and oats (Avena sativa L.)) were grown as pure stands and legume-
cereal mixtures. Dry matter yield (DMY), mixture composition and weed content were determined in
each cropping year. In addition, farmers were involved in crop visual assessment in two cropping years.
Both field pea tall type and common vetch showed the highest DMY in mixtures with oats (7.4 t ha'l),
and the highest legume content in mixtures with triticale. Narbon vetch yielded the lowest DMY. Vetch
monocultures and mixtures had the lowest weed content. The vetch-oat mixture obtained the top score
by farmers’ assessment. The results of this trial encourage the use of winter cereal-legume mixtures to
improve yield stability and productivity in Mediterranean environments.

Keywords: legume-cereal mixtures, yield stability, forage pea, Narbon vetch, common vetch

Introduction

In the Mediterranean Basin, typical animal added-value products sustain the agricultural economy. Their
production is based on extensive livestock systems, where rangelands, fallow and cereal stubbles are the
basis for feeding grazing animals. The insufficiency of feed protein and high-quality feed together with
the variability of DM production due to decreasing and more erratic rainfall (FAO, 2010) are the main
threats to these systems. Annual forage legumes could be advantageously used in mixtures with cereals to
ensure a high protein content in forage and possibly increase DM yield (DMY) relative to the mean value
sown as monocultures (Chapagain and Riseman, 2014). Currently, there is insufficient information on
the best legume species and type of cultivation for Mediterranean environments. In this study, we aimed
to optimise annual forage crop production by: (1) assessing legume-cereal mixed crops based on common
vetch (Vicia sativa L.), Narbon vetch (Vicia narbonensis L.) and forage pea (Pisum sativum L.); (2) using
the farmers’ participatory assessment to verify the end-user acceptance of novel crops.

Materials and methods

The experiment was carried out under rainfed conditions during three cropping years (2013 - 2016)
in north Sardinia, Italy (40°84’N, 8°82’E, 24 m a.s.l.). The climatic conditions of the site were warm
Mediterranean, long-term rainfall which was 550 mm y’l, mostly concentrated between October and
May. The soil was alluvial, with a pH of 7.8. Three legume species were tested: forage pea semi-dwarf/semi-
leafless type (cv. Kaspa; P1) and tall size/semi-leafless type (line 2/38b; P2), Narbon vetch (cv. Bozdag;
N) and common vetch (cv. Barril; V); together with the cereal oats (Avena sativa L., cv. Genziana; O)
and triticale (x riticosecale Wittm., cv. Vivacid; T). In total, 16 treatments were evaluated: six pure stands
(P1,P2,N,V, O, T), eight binary mixtures (PIT, P10, P2T, P20, NT, NO, VT, VO) and two 4-species
complex mixtures (P1P20T, VNOT). A randomised complete block design with four replications was
used to arrange plots. Plots were 4 X 3 m, and row spacing was 0.25 m. Sowing rates were 70 germinating
seeds m for P1, P2 and N, 140 seeds m™ for V, and 280 seeds m™ for O and T, which represent average
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values in ordinary crops at the site. Seed rates of each component were halved and reduced to one
quarter in binary and complex mixtures, respectively. Sowing took place in mid-November each year.
Pre-sowing fertilisation was 45 kg ha'! of P,Oq to all plots along with nitrogen (30 kg ha'! to cereal
monocultures and 15 kg ha'! to the mixtures). At the end of winter, nitrogen fertilisation was repeated
with the same modalities. Harvesting was undertaken in late-April, when cereals were at late heading/
early milky stage and small green seeds were present in legume pods. Crop DMY, and legume and weed
ratios were estimated on 1 m? sampling area in the middle of each plot, followed by oven drying of each
herbage component at 65 °C for 62 h. In 2014 and 2015, four groups of local sheep farmers (at least five
farmers per group) gave a synthetic visual appraisal of the potential value of crops prior to harvesting
in cach experimental replication for their own use on the basis of a nine-level score, (ranging from 1
= very poor to 5 = excellent, with 0.5 increments). Farmer’s scores on each plot were averaged before
data analysis. ANOVA was performed using the software Statgraphics Centurion xv, for DMY free of
weeds and for weed proportion of all crops using the fixed factor ‘crop’ and the random factors ‘cropping
year’ and ‘block within year’ Mean differences among treatments were separated by Tukey test at 0.05
probability level. ANOVA linear contrasts for DMY, weed ratio and farmers’ assessment were carried
out for monocultures vs mixtures, legume monocultures vs legume binary mixtures, binary mixtures vs
complex mixtures.

Results and discussion

Variation among crops was significant (P < 0.01) for DMY among years (Table 1). The highest DMY was
achieved on all combinations in 2016. The top-ranking crops for DM yield in 2015 and 2016 were T and
O monocultures, while in 2014 T and O had the lowest DMY. In the legumes monocultures, P2 had the
greatest DMY (6.3 t ha'l), followed by V and P1 (5.6 t ha!), while N had the lowest DMY (1.7 t ha'!).

Table 1. Dry matter yields of sown species (sSDMY), weeds proportion on total DMY (tDMY), legume ratio on sown tDMY and farmers’ visual
score of lequme-cereal crops (FAss, 2 years-average score).

Variety' sDMY Weed ratio Legume ratio FarmAss

(tha™) (on tDMY, tt) (onsDMY, t t)

2014 2015 2016 3yaverage 2014 2015 2016 2014 2015 2016 Score
P2-0 7.2 7.1 91 78 0.083 0.156 0.090 0535 0271  0.029 3.67
T 23 8.1 123 76 0201  0.098 0.036 - - - 317
V-0 6.2 7.6 88 715 0.038 0066 0.035 0592 0360 0.056 425
P1-P2-0-T 6 56 105 74 0.054 0141 0042 0728 0421 0.072 375
VT 6.3 5.2 103 73 0.043 0107 0105 0716 0752  0.268 an
0 38 7.6 103 72 0101 0074 0012 - - - 3.85
P2-T 56 6.3 9.1 70 0088 0.151 0.160 099 0515 0125 352
P1-T 5.2 54 101 69 0185 0212 0.166 0.628 0578  0.078 381
N-V-0-T 42 5.6 102 67 0171 0127 0056 0568 0457 0117 4.02
P1-0 5.2 6 85 66 0.069 0.094 0044 0646 0433  0.049 36
P2 8.7 6.5 37 63 0.083 0195 0574 - - - 3.57
N-0 47 42 85 58 0146 0143 0141 0155 0.8  0.005 336
v 56 59 55 57 0.01 0032 0207 - - - 415
P1 6.9 6.5 34 56 0109 0182 0555 - - - 415
N-T 3.1 35 93 53 0214 0274 0095 0238 0261 0.038 2.94
N 1.5 2 16 17 0472 0417 0726 - - - 31
mean 5.2 58 82 64 0129 0.154 0185 0574 0420  0.080
ls.d. 2.03 2.09 3.86 281 0235 0.193 0241 0235 0340 0.097 0.53

TP1 = semi-dwarf forage pea; P2 = tall size forage pea; N = Narbon vetch; V = common vetch; 0 = oats; T = triticale.
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The ANOVA linear contrasts (not shown) reported a ranking order for legume binary mixtures in which
V and P2- based were the best (7.4 t ha'!), followed by P1 mixtures (6.7 tha'!) and N mixtures (5.5 tha'!).
The DMY of O- and T- based mixtures, on average, was the same (7.0 t ha'l), as well as DMY of peas
or vetches-based mixtures (7.4 and 6.6 t ha'l, respectively). A significantly higher DMY of binary mixes
vs their monoculture was shown only where N was the component. According to our analysis, complex
mixtures showed a slightly higher DMY than binary mixtures, but the difference was not statistically
significant. The presence of weeds in crops increased significantly from the first to the third cropping
season. The best weed-controlling crops were T and O monocultures, V monoculture and its binary
mixtures regardless of the cereal, and peas in mixtures with O. The highest proportion of legumes was
recorded in 2014, when the cereals showed low DMY, but in 2015 and 2016 the legume average was
reduced. The legume proportion in binary mixtures also differed significantly among years. The highest
legume proportion was found in VT, P1T and P2T, followed by complex mixtures. These data indicate
that V, P2 and P1 have a strong ability to compete with cereals, while N is poorly competitive. The
farmers’ score awarded the best productive results in 2015 compared to 2014 (on average 3.8 vs 3.6). The
most appreciated traits in the evaluation of the crops were high DMY and easiness of harvesting. This is
why the highest scores were attributed to V monoculture and V-based mixtures. Semi-dwarf forage pea
monocultures and mixtures were well appreciated mostly as grain rather than forage crops. Tall size forage
pea and P2 mixtures, despite their high DMY, were penalised because they were considered difficult to
harvest. The scores of the previously mentioned crops did not significantly differ from those of the other
crops, except for N monocultures and its binary mixtures and T.

Conclusion

Our experiment over three cropping years showed that P2-O ensures the best levels of forage production
across years. However, its main disadvantage compared to V-based crops is its lower relative content of
legumes and the worst ability to control weeds as pointed out by the sheep farmer’s evaluation. The
stakeholders involvement showed to be very useful to address both selection programmes and the
proposal of new agronomic solutions.
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Abstract

Increasing herbage DM production and utilisation on-farm improves efficiency and sustainability. The
objective of this study was to investigate the effect of perennial ryegrass (Lolium perenne L.) ploidy and
white clover (Trifolium repens L.) inclusion on herbage DM production and grazing efficiency in an
intensive animal grazing system with high nitrogen (N) inputs and a high stocking rate (2.75 livestock
units (LU) ha'!). The study was a 2 x 2 factorial design, consisting of two perennial ryegrass ploidies
(diploid, tetraploid) and two white clover treatments (grass-clover, grass-only). Four sward treatments
(tetraploid-only, diploid-only, tetraploid-clover, diploid-clover) were evaluated over a full grazing
season at a system scale. Sward measurements were taken at each grazing occasion for three years (2014
- 2016). Tetraploid and grass-clover swards had a lower sward and tiller density leading to lower post-
grazing heights, and had a superior nutritive value when compared with diploid and grass-only swards,
respectively. White clover inclusion improved herbage DM production and grazing efficiency over a
number of grazing seasons; tetraploid and diploid swards maintained similar herbage DM production
but varied in sward structural characteristics leading to differences in grazing efficiency.

Keywords: Trifolium repens L., Lolium perenne L., ploidy, herbage DM production, grazing efficiency,
herbage nutritive value

Introduction

Approximately 0.80 of a dairy cow’s diet can consist of grazed herbage and conserved forage in Ireland
(O’Donovan et 4l., 2011), and the production and utilisation of increased quantities of this resource
can significantly increase the profitability of Irish dairy-farm enterprises (Dillon ez 4/, 2008). Improving
grassland management and increasing herbage DM production through the identification of perennial
ryegrass (Lolium perenne L.; PRG) cultivars suitable for grazing is vital to a sustainable dairy sector
(O’Donovan ez al., 2011). The inclusion of white clover (Z7ifolium repens L.; WC) in grass-clover (GC)
swards can increase herbage growth rates (Frame and Newbould, 1986) and improve herbage nutritive
value (Beever et al., 1986). Previous studies into WC use for dairy production systems (Ribeiro Filho ez
al.,2003; Humphreys ez 4/., 2009) have reported increased milk and herbage DM production. However,
the majority of these studies have been at low N levels (< 150 kg N ha'!) and a low stocking rate (< 2
livestock units (LU) ha'!) and are not operating at the N levels and high stocking rates which favour
optimum herbage DM production in grass-only (GO) systems. The objective of this study was to examine
the effects of PRG ploidy and WC inclusion on herbage DM production, utilisation and nutritive value
in an intensive animal grazing system, under high N levels (250 kg N ha'!) and high stocking rates (2.75
LU ha!) over a number of grazing seasons.

Materials and methods

A farm-systems grazing study (43.6 ha) commenced in 2014 at Teagasc, Clonakilty, Cork, Ircland;
75% of the swards were sown in 2012 and 25% were sown in 2013. The study was a 2 x 2 factorial
design; two PRG ploidies (tetraploid and diploid) and two WC treatments (GC, GO) resulting in four
sward treatments (tetraploid only, diploid only, tetraploid + clover, diploid + clover). Twenty blocks of
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four paddocks were created and balanced for location, topography and soil type. Each treatment was
randomly assigned in each block and blocks were designed to keep each treatment adjacent to each other
to maintain similar grazing management. Total farmlet area for each treatment was 10.9 ha. Each year,
120 spring-calving dairy cows were assigned to one of the four treatments, after calving, based on breed,
parity and calving date. All treatments were stocked at 2.75 cows haland grazed in a rotational grazing
system. Weekly monitoring of farm grass cover within each treatment was undertaken using a decision
support tool, PasturcBase Ireland (Hanrahan ez 4/, 2017) to produce a weekly grass wedge during the
grazing season. Target post-grazing sward height was 3.5 - 4.0 cm during the first and last rotations and
4.0 - 4.5 cm during the main grazing season. Inorganic N fertiliser was applied at 250 kg N ha'l year!
across all four treatments between mid — January and mid — September. Measurements were taken at
cach grazing (2014 - 2016) and included herbage DM yield, nutritive value, sward WC proportion,
sward and tiller density and post-grazing sward heights. Data were analysed using Mixed Models in SAS
(SAS,2011). Terms included in the model were PRG ploidy, WC inclusion, block, rotation and the PRG
ploidy x WC interaction.

Results and discussion

Diploid and tetraploid swards had similar annual herbage DM production (Table 1; P > 0.1; average:
16,220 kg DM ha'!). The GC swards produced an additional 1,467 kg DM ha™! compared to GO (P <
0.0001; GC: 16,954 kg DM ha'l; GO: 15,487 kg DM ha'!). Diploid swards were denser than tetraploid
swards (P < 0.001; + 9 kg DM cm™!) and GO swards were denser than GC swards (P < 0.05; + 9 kg DM
cm!). Diploid swards had a greater tiller density than tetraploid swards (P < 0.001; + 805 tillers m™2),
and the presence of WC reduced tiller density (P < 0.001; - 1,379 tillers m2). Sward density decreased
from 338 to 308 kg DM cm! from 2014 to 2016 (P < 0.001) and tiller density decreased from 4,774
tillers m to 3,283 tillers m2 from 2015 to 2016 (P < 0.0001). Both PRG ploidy (P = 0.001) and WC
inclusion (P < 0.001) had an effect on post-grazing sward height. Grass-clover swards had a lower post-
grazing sward height than GO swards (-0.41 cm) and tetraploid swards were grazed 0.15 cm lower than
diploid swards. Sward WC proportion decreased from 2014 to 2016 by 0.17 (P < 0.001), however, PRG
ploidy had no effect on sward WC proportion (Figure 1). Perennial ryegrass ploidy had an effect (P <
0.05) on all herbage nutritive value characteristics with the exception of crude protein (CP) content.
Tetraploid swards had greater organic matter digestibility (OMD; P < 0.01; +10 g kg'! DM™) values
and lower structural fibre (P < 0.001; neutral detergent fibre (NDF): -18 gkg'! DM'}; P < 0.001; acid
detergent fibre (ADF): -16 g kg'! DM™!) values throughout the grazing season compared to diploid
swards. Grass-clover swards had greater OMD (P < 0.001; +22 gkg'! DM!) and lower structural fibres
(P <0.001; NDF: -47gkg! DM'}; P < 0.001; ADF: -17 gkg! DM!) when compared with GO swards.

Table 1. Comparison of grazing and nutritive value parameters across the grazing season (2014 - 2016).!

Tetraploid only Diploid only  Tetraploid+ clover Diploid + clover PRG ploidy WC Year
Herbage produced (kg DM ha') 15,581 15,392 17,054 16,853 0.05 0.001 0.001
Post-grazing sward height (cm) ~ 4.22 443 3.87 3.96 0.001 0.001 0.001
Density (kg DM ha') 332 338 320 332 0.05 ns 0.001
OMD (g kg™ DM) 760.6 755.0 786.6 772.0 0.01 0.001 0.001
NDF (g kg™' DM) 453 463.9 398.5 416.8 0.001 0.001 0.001
(P (gkg™ DM) 197.6 194.4 240.0 2338 ns 0.001 ns

TOMD = organic matter digestibility, NDF = neutral detergent fibre, CP = crude protein, NS = P> 0.05.
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Figure 1. Average sward white clover content across the grazing season for each GC sward (tetraploid + clover (A) and diploid + clover (),
expressed by mean values; standard error represented by error bars).

Conclusions

In the range of treatments studied, WC inclusion resulted in higher productivity characterised by
increased herbage DM production, improved nutritive value and increased utilisation over three grazing
seasons. Varying sward composition with PRG ploidy led to improved nutritive value and favourable
grazing characteristics (lower post-grazing sward height, reduced tiller density) in tetraploid swards.
Overall, this study shows that it is possible to improve productivity by including WC in grass-based
production systems at high N levels in association with high stocking rates.

References

Beever, D., Dhanoa, M., Losada, H., Evans, R., Cammell, S. and France, J. (1986) The effect of forage species and stage of harvest on
the processes of digestion occurring in the rumen of cattle. British journal of nutrition, 56, 439-454.

Dillon, P., Hennessy, T., Shalloo, L., Thorne, F. and Horan, B. (2008) Future outlook for the Irish dairy industry: a study of
international competitiveness, influence of international trade reform and requirement for change. International Journal of
Dairy Technology, 61, 16-29.

Frame, J. and Newbould, P. (1986) Agronomy of white clover. Advances in agronomy, 40, 1-88.

Hanrahan, L., Geoghehan, A., O’Donovan, M., Griffith, V., Ruelle, E., Wallace, M. and Shalloo, L. (2017) PastureBase Ireland: A
grassland decision support system and national database. Computers and Electronics in Agriculture, 136,193-201.

Humphreys, J., Casey, . and Laidlaw, A. (2009) Comparison of milk production from clover-based and fertilizer-N-based grassland
on a clay-loam soil under moist temperate climatic conditions. frish Journal of Agricultural and Food Research, 189-207.

O’Donovan, M., Lewis, E. and O’Kiely, P. (2011) Requirements of future grass-based ruminant production systems in Ireland. Irish
Journal of Agricultural and Food Research, 1-21.

Ribeiro Filho, H., Delagarde, R. and Peyraud, J. (2003) Inclusion of white clover in strip-grazed perennial ryegrass swards: herbage
intake and milk yield of dairy cows at different ages of sward regrowth. Animal Science, 77,499-510.

SAS (2011) SAS version 9.3. SAS institute Cary, North Carolina, USA.

Grassland Science in Europe, Vol. 23 — Sustainable meat and milk production from grasslands 77
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Abstract

This paper investigates the effect of adding two different inoculant blends L.buchneri, L.plantarum,
Pacidilactici (11) and L.buchneri, L.plantarum (12) to medium wilted perennial ryegrass (Lolium
perenne L.) on fermentation variables, microbial composition and acrobic stability of the resulting silage
according to the DLG (Deutsche Landwirtschafts-Gesellshaft eV. / internationally acknowledged
German Agricultural Society) (90 d after ensiling for Objective land 49 d after ensiling for Objective 2)
using an iz vitro set-up with mini silo’s. Additives I1 and I2 increased (P < 0.05) the dry matter (DM)
concentration, crude protein content and decreased (P < 0.05) in silo DM losses to a similar extent
compared to the untreated control silage in both Objective 1 and Objective 2. Treatments I1 and 12
significantly increased fermentation rate of silages, resulting in a significantly better pH drop 3 d, 90 and
49 d after ensiling compared to the control silages, and produced significantly more lactate. Ammonia-N,
alcohols, and butyric acid concentrations in I1 and 12 silages were significantly lower compared to control
silage. Inoculant I1 produced more (P < 0.05) lactic acid in Objective 1 and Objective 2, and less acetic
acid in Objective 1. Treatments significantly reduced the amount of lactate reducing yeasts and of moulds
compared to control silage. Inoculant 12 was more effective for improving silage aerobic stability than I1.

Keywords: Lolium perenne L., silage, fermentation, aerobic stability

Introduction

To improve the fermentation quality and decrease nutrient loss during ensiling, lactic acid bacteria
(LAB) is applied to promote adequate lactic acid production, reduce pH in silage and improve safe
feeding of livestock (Kung, 2014; Li et al., 2016). Bacterial inoculants, based on homofermentative
LAB arc commonly added to silages to improve fermentation and increase dry matter (DM) and energy
recovery. Homofermentative LAB are used as inoculants to secure preservation during storage, while
heterofermentative LAB are applied to silage to reduce growth of aerobic spoilage strains at feed-out
(Milora ez al., 2015). Silage inoculants containing heterofermentative LAB, like Lactobacillus buchneri,
have already been proven to improve aerobic stability by augmented production of acetic acid, which
inhibits yeasts (Wambacq ez a/., 2013). The objective of this trial was to test the effect of two silage LAB
blends on fermentation characteristics and acrobic stability of perennial ryegrass (Lolium perenne L.)
silage according to the DLG (Deutsche Landwirtschafts-Gesellshaft e.V. / internationally acknowledged
German Agricultural Society) Guidelines for the testing of silage additives) 90 d (Objective 1 — improving
fermentation) and 49 d (Objective 2 — improving acrobic stability) after ensiling using an i vitro set-up
with mini silo’s.

Materials and methods

This study was a randomised block design (2 x 1 x 10 replicates) to analyse the effects of two silage
inoculants (L.buchneri, L.plantarum, Pacidilactici (11) and L.buchneri, L.plantarum (12)) on one silage
(forage). A negative control (C) was included for each tested product. The first cut form a 2-year old
perennial ryegrass (Lolium perenne L.) sward was used. Inoculants were applied at an application rate
of 300,000 cfu g'! forage. For Objective 1 the mini-silos were fully filled at a density of 1 kg DM 5 12
(1.89 kg DM at 31.76% DM content) and for Objective 2 mini-silos were fully filled insomuch that
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the density of the silage in the silos was two thirds of the recommended for Objective 1 (1.27 kg DM
at 31.76% DM content). The mini-silos were incubated for a period of 90 d for Objective 1 and for a
period of 49 d for Objective 2 at a constant temperature of 20 °C. For Objective 2 the silos were exposed
to air stress for one d at d 28 and d 42 after ensiling. In Objective 1 and Objective 2 the stock of yeasts
and moulds at the time of silage unloading and the pH value upon completion of the aerobic stability test
were determined. Silages were analyzed for DM content, lactic acid and volatile fatty acids (VFA), ethanol,
ammonia-N, number of yeasts and moulds and aerobic stability (AS). AS was defined as the number of
hours the silage remained stable before rising more than 3 °C above the ambient temperature. Data were
analysed as a randomized complete block by using Proc GLM of SAS, version 8.02, 2000 with treatment
as a fixed factor. Five replications per treatment were used. Significance was declared at P < 0.05.

Results and discussion

The DM (corrected for volatiles) concentrations were 2.9 and 2.7% greater (P < 0.05) and DM losses
were reduced by 56.6 and 51.0% (P < 0.05) for the inoculated I1 and I2 silages compare to uninoculated
treatment for Objective 1 (Tablel). The increased DM concentration and reduced DM losses in
inoculated silages can be related to improved silage fermentation (Li ez al, 2016). The I1 inoculant
produced significantly more lactate and significantly less acetate than inoculant I2. The pH values 3 days
and 90 days after ensiling were significantly lower in I1 silage. However, pH values after completion of
acrobic stability were numerically lower in 12 silage. Alcohol concentrations were lower (P < 0.05) in I1
than in I2 silage. Yeast and moulds number were significantly (P < 0.05) reduced by the application of
I1 and I2.

For Objective 2, treatments increased fermentation rate of perennial ryegrass silages, resulting in a better
pH drop 3 days and 49 days after ensiling by 0.57 and 0.54 units (P < 0.05) (I1) and by 0.36 and 0.44 units
(P < 0.05) (12), respectively, when compared with C silage (Table 1). Additives I1 and 12 reduced (P <
0.05) ammonia-N concentration by 34.6 and 29.8%, respectively, and alcohols concentration by 48.5 and

Table 1. Means for the fermentation, in-silo losses and microbial variables of perennial ryegrass silages untreated or treated with L.buchneri,
L.plantarum, Pacidilactici (1) and L.buchneri, L.plantarum (12) 90 d (Objective 1) and 49 d after ensiling (Objective ).

Objective 1 Objective 2

d n 12 LSDy g d n 12 LSDy g
Cor. DM, gkg™' FM 303.28 312.10° 311.38 2899 299.88¢ 310.04° 306.98 2374
Lactic acid, g kg™ DM 41.81¢ 61.872 55.83 5.413 27300 54,062 51.85 7.067
Acetic acid, g kg™ DM 219 17.24¢ 20.47° 1.509 19.99° 18.78? 20.30° 1.933
Butyric acid, g kg™ DM 0.93? 0.12b 0.15b 0.385 6.78? 0.92b 0.59¢ 2.255
Propionic acid g kg™' DM 018 0192 0.26° 0122 0.07° 0.09° 0.08° 0.140
Alcohols, g kg™ DM 7.26° 3.93¢ 5.07 0.515 8.16° 4200 4.96b 1.190
pHafter3 d. 4.99° 432 4.44b 0.035 5.20° 4.63¢ 4.84b 0.103
pH after 90 or 49 d. 4.50° 471 4210 0.059 4,65 411 4.21° 0.040
pH after AST 7742 4670 4.44b 0.433 8.80? 8.28b 8.13¢ 0.134
Ammonia-N, g kg total N~ 58.022 36.11¢ 42.08° 2.850 62.36° 40.79b 43.75 5.508
DM loss, g kg™ DM 53.04° 23.04° 26.00° 10.003 66.88° 31.34¢ 40.89° 7.635
Yeast, log cfu g™ FM 3.29° 131P 1.120 0393 6.13? 3.970 3.00¢ 0.551
Moulds, log cfu g' FM 3.012 1.22° 1.06° 0399 4.49? 1.94P 1.51¢ 0387
Aerobic stability, hours 79.20¢ 128.400 158.40° 12.448 54.00° 87.60° 99.60° 13.999

to,05 = 2.179; error df=12

" Dry matter, calculated dry matter losses and fermentation parameters are corrected for volatiles; < Means with different superscript letters within a row indicate significant
differences of P < 0.05; 11-12 — see text in the Materials and methods for explanation of treatments 11-12.
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39.2%, respectively, and did not allow butyric acid formation compared to the uninoculated treatment.
Both additive-treated silages had greater (P < 0.05) lactic acid content. Treatment I1 reduced (2 < 0.05)
the quantity of lactate reducing yeasts by 35.2% and reduced the quantities (2 < 0.05) of moulds by 2.3
times compared to control silage. Treatment I2 reduced (P < 0.05) the quantity of lactate reducing yeasts
two times and reduced the quantities of moulds three times (P < 0.05) compared to control silage.

Aerobic stability results of perennial ryegrass silages 49 d and 90 d after ensiling are shown in Figure 1.
Compared to the untreated silage, acrobic stability was improved (P < 0.05) for I1 and 12 by 64 h (2.7
days) and by 79 h (3.3 days), respectively, (Objective 1), and (P < 0.05) for I1 and 12 by 34 h (1.4 days)
and by 46 h (1.9 days), respectively (Objective 2).

Objective 1 (90 d) Objective 2 (49 d)
————— Ambient, °C ——— Ambient, +3°C - ----Ambient, °C —— Ambient, +3°C
—_—0C —— 1 ——C —— 11
—_— |2 —_—x |2
34
32
O 30
o 28
226
‘g 24
£ 22

2 20

© ©O© T N O ®© ©

OdN T © © O «—

- - - - N
h

exposure time,

Figure 1. Aerobic stability of the perennial ryegrass silages untreated or treated with (L.buchneri, L.plantarum, Racidilactici (11) and L.buchneri,
L.plantarum (12) 90 d after ensiling (Objective 1) and 49 d after ensiling (Objective 2).

Conclusions

Inoculants I1 and I2 generally had a positive effect on perennial ryegrass silage characteristics (in
both Objective 1 and Objective 2) in terms of a greater content of nutrients (DM), a more efficient
fermentation, resulting in lower pH, improved fermentation products profile and a lower DM loss.
Inoculants were effective in limiting the degradation of protein, lowering the growth of moulds and
enhancing silage AS.
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Abstract

The Dutch dairy sector aims to improve nitrogen (N) use efficiency (NUE) of intensive dairy farms
while supporting grazing. To gain insight into the NUE of intensive dairy farms, we need insight into the
NUE at cow level. We performed a 2 x 2 factorial grazing trial with 60 Holstein Friesian cows (7.5 cows
ha’l), in which we compared NUEy of individual cows under two grazing systems, i.e. compartmented
continuous grazing (CCG) and strip grazing (SG) and two levels of dictary rumen-degradable protein
balance (OEB), i.e. low and high (a difference of 500 g OEB cow™! day!). Grass and supplementary intakes
and faecal and milk outputs were quantified and analysed for N content, during two weeks in July and
September 2016. Results showed a higher NUE for cows in CCG (39%) compared to cows in SG (36%)
in July, due to a lower grass (N) intake in CCG. Low OEB showed a higher NUE,; (40%) compared
to high OEB (34%). Our results are key to exploring strategies to improve NUE, of farms that apply
innovative grazing systems.

Keywords: Amazing Grazing, intensive, nitrogen, efﬁcicncy, system

Introduction

The Dutch dairy sector aims to improve nitrogen (N) use efficiency (NUE, ) of intensive dairy farms, while
supportinggrazing. ManagingNUE is challenging, especially in grazing systems, due to seasonal variation
in grass quantity and quality. An imbalance between grass intake and supplementation (concentrates and
roughages) at cow level can result in ineficient grassland utilisation or suboptimal feeding. Whereas
underfeeding will decrease milk production levels, overfeeding will lead to excessive nutrient excretion.
During grazing, the concentrated excreta patches exceed plant requirements locally and increase the risk
of nutrient losses to the environment. Improving NUEy can be extra challenging under intensive grazing
as there is knowledge deficit regarding grass intake and utilisation in novel intensive grazing systems. The
aim of this study was to analyse the NUE of 60 individual dairy cows under intensive grazing, testing
two novel grazing systems and two levels of protein intake from supplementary feed.

Materials and methods

A grazing trial was performed with 60 mid-lactation Holstein Friesian cows (7.5 cows ha!) at Dairy
Campus, Leeuwarden, the Netherlands. The grazing trial was set up asa 2 x 2 factorial design, in which we
compared NUE of two novel intensive grazing systems, i.. compartmented continuous grazing (CCG)
and strip grazing (SG), and two levels of dietary rumen-degradable protein balance (OEB), i.c. low and high
(a difference of 500 g OEB cow™! day™). The novel grazing systems (Holshof et 4/., 2018) were rotational
systems in which the cows were offered fresh grass daily to maximise grass intake and utilisation. The
CCG system was set up as a six day rotation system in which the average grass height was kept constant
and the size of the plot was sufficient to match grass growth with grass intake. The SG system was set up
as a 30 day rotation system in which daily grass allowance matched grass intake. The OEB contrast was
created by feeding concentrates with different ingredient formulations, one with sugar beet pulp (- 50
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OEB) and one with rapesced meal (+ 50 OEB). Further details on cow characteristics, treatment groups
and diet compositions are provided by Zom et 4/. (2018). The cows were pastured from 09:00 - 16:00 h
and supplemented with a mixture of maize silage and soybean meal and concentrates (5.5 kg DM) in the
cubicle house.

The NUE per cow was determined during two intensive measurement periods of 13 d in July (P1) and
September (P2) in 2016. Individual grass and supplementary intakes, and faccal and milk outputs were
quantified as described by Zom et 4/. (2018). The N content of these inputs and outputs was analysed.
Urinary N excretion was considered to be the balancing item. Nitrogen use efficiency was calculated as:
milk N / feed N and, to explain the results, N digestibility was calculated as: (feed N - facces N) / feed
N. The statistical programme GenStat 18 was used for a two-way ANOVA with grazing system and OEB
level as factors.

Results and discussion

In P1, NUE was higher in CCG (39%) than in SG (36%) (P = 0.003), mainly because the N intake via
grass was lower in CCG than in SG (Table 1). The higher grass intake in SG compared to CCG confirms
our expectations, as SG is expected to ensure a higher constant supply of fresh grass. In P2, however, NUE,
did not differ between CCG and SG (P =0.723), because the lower grass intake in CCG was compensated
for by higher OEB content of the grass (84 gkg DM™! in CCG vs 65 gkg DM ! in SG). High OEB resulted
in alower NUE (34%) compared to low OEB (40%) (P < 0.001; Table 1), despite the higher N output
via milk for high OEB (160 g cow! day?) compared to low OEB (144 g cow™! day™).

Table 1. The effects of grazing system and dietary rumen degradable protein balance on the nitrogen (N) use efficiency of 60 individual dairy
cows under intensive grazing.

P! Treatment groups? GS? OEB* GS*OEB3#
(CG-H 6L SG-H SG-L P P P
Total feed (kg DM cow™' day”) 1 193 183 18.8 18.1 0.249 0.01 0.678
2 18.9 18.0 18.9 17.5 0.579 0.006 0.518
Total feed N (g cow™ day™") 1 472 354 480 375 0.071 <0.001 0.424
2 447 360 454 351 0.924 <0.001 0.419
Grass (kg DM cow™" day™) 1 41 42 46 49 0.014 0.477 0.559
2 28 34 3.6 3.8 0.033 0.159 0.547
Grass N (g cow™ day™) 1 140 132 161 166 0.002 0.881 0.44
2 13 139 128 14 0.395 0.058 0.502
Milk (kg cow! day’1) 1 30.8 25.8 31.0 259 0.834 <0.001 0.937
2 289 25.2 29.4 255 0.619 <0.001 0.903
MilkN (g cow’! day’1) 1 170 148 166 144 0.255 <0.001 0.986
2 150 144 153 142 0.921 0.081 0.618
Faecal N (g cow™ day™") 1 162 152 146 140 <0.001 0.023 0.481
2 136 148 146 131 0.67 0.811 0.054
UrineN (g cow! day’1) 1 140 54 168 91 <0.001 <0.001 0.541
2 159 68 155 78 0.758 <0.001 0.484
NUENS (%) 1 36 42 34 39 0.003 <0.001 0.24
2 34 40 34 41 0.723 <0.001 0.817
N digestibilityﬁ (%) 1 66 57 70 63 <0.001 <0.001 0.281
2 69 58 68 63 0.463 <0.001 0.179

TP = period; 1= July, 2 = September; 2 (CG = compartmented continuous grazing, SG = strip grazing, H = high rumen degradable protein balance, L = low rumen degradable
protein balance; 3 GS= grazing system; * OEB = rumen degradable protein balance; > NUE, = nitrogen use efficiency in milk N/ feed N; 6N digestibility = (feed N - faeces N) / feed N.
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Differences in NUE between the four treatment groups were influenced by differences in N digestibility
of the diet. A high NUE; was associated with a relatively low N digestibility of the diet, whereas a
low NUE, was associated with a relatively high N digestibility of the diet. This is because a higher
N digestibility resulted in a relatively larger share of N excretion via urine than via milk. In P1, N
digestibility was higher in SG than in CCG (P < 0.001), which can be explained by the relatively higher
N intake via grass (Table 1). Period 2 did not show a similar result due to a lower grass N content for SG.
Nitrogen digestibility was higher for high OEB than for low OEB (2 < 0.001), which can be explained
by the higher N intake from concentrates in high OEB. Compared to other studies, we found relatively
high values for NUE (average 37%), and relatively low values for N digestibility (average 64%). Milk
N output was relatively low, especially for low OEB (144 g cow! day!), but in proportion to the low
feed N intake this results in a high NUE. The low N digestibility, can be explained by a relatively large
share of N excretion via faeces (143 g cow! day‘1 forlow OEBand 148 g cow’! daly'1 for high OEB), and
a relatively small share of N excretion via urine (73 g cow™! day™! for low OEB and 156 g cow™! day! for
high OEB). The relatively low digestibility and high N excretion in facces might partly result from our
assumption regarding N recovery rate of grass. Van den Pol-Van Dasselaar ez 4/. (2006) indicated that the
recovery rate of grass supplemented with maize silage might be higher than the one we assumed based
on Mayes ez al. (1986b). Differences in urinary N between the low and high OEB groups might partly
be explained by an increasing efficiency in urea-N recycling with a decreasing protein content of the diet
(Russell et al., 1992).

Conclusions

Results showed a higher NUE; in CCG (39%) compared to SG (36%) in P1 due to a lower grass N
intake. Low OEB showed a higher NUE (40%) compared to high OEB (34%). In general, we found an
increase in urinary N excretion, an increase in N digestibility and a decrease in NUE with an increase
in total N intake. We found a relatively large share of N in faeces and low share of N in urine. This might
have implications for the actual local environmental impact of intensive grazing as urine N is the major
contributor to nitrate leaching. The results of this study are key to exploring strategies to improve NUE
of farms that apply innovative grazing systems.
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Abstract

High soil fertility levels are essential to maximise grass growth over an extended grazing season. The
implementation of sustainable nutrient management practices on grassland farms is critical for
maintaining sustainability within grassland systems. The objective of this study was to identify the
optimum management of lime and chemical and organic phosphorus (P) fertilisers for grass production
across grassland soils representing the main mineral soil types in Ireland. A series of experiments
were conducted across pot, microcosm and plot scales to investigate the effects of lime and fertiliser
treatments on soil fertility and grass yield and quality. These studies showed a large P lock up potential
of different mineral soils in Ireland. On high yielding grassland soils, a positive grass yield response to P
fertiliser application across a range of background soil P fertility levels was found. The addition of lime
significantly increased soil pH, soil test P and grass P recovery. Targeting slurry applications to low pH
soils represented a greater return on P input compared to chemical P. Overall, these studies show that
soil specific nutrient advice can be integrated on grassland farms to increase P efficiency and improve the
economic and environmental sustainability of grassland farming systems.

Keywords: soil type, lime and phosphorus fertiliser, grass yield

Introduction

An adequate phosphorus (P) supply is required to maintain grassland productivity for intensive grassland
farming systems. Phosphorus levels in Irish soils are naturally low and P availability is also strongly related
to soil pH status. A recent survey of grassland soils used for agriculture shows that 63% of samples
were sub-optimum for pH, highlighting a key factor leading to underperformance of Irish grasslands.
The increased adoption of grazing management systems by farmers has been promoted as conferring
advantages in terms of profitability and environmental sustainability, however, the accrual of these
benefits are dependent on high quantities of grass production over a long growing season. In addition,
careful management of these nutrients in fertilisers and organic manure applications on farms is required
due to their potential negative effects on aquatic environments, and this is tightly regulated at farm level
under the EU Nitrates Directive (S.I. No. 31 of 2014). Previous research conducted at Johnstown Castle
has shown large variability in native soil nutrient supply and response to applied fertilisers across different
soil types in Ireland (Sheil ez /., 2016). Current advice does not account for differences in soil P dynamics
and potentially different P supply to grass as affected by soil type and soil pH level. The objectives of this
project were to investigate the relationships between soil pH and P fertiliser with soil P availability, grass
yield and grass P concentration across different soil types and fertility gradients at multiple scales. To
achieve these objectives, a series of studies at various scales, i.e. soil incubations, soil-plant microcosms,
and on-farm grass plot trials in four regions across Ireland, were established. These experiments allowed
for an in-depth investigation of soil P, herbage P concentration and fertiliser P response on these different
soil types in Ireland.
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Methods

Soil incubation experiment

Soil was collected from 22 grassland sites (to 10 cm depth) representing a range of agricultural soils in
Ircland. On hundred g (dry weight equivalent) of soil was incubated under acerobic conditions at 15 °C
and 80% water filled pore space for 12 months. Phosphorus treatments consisted of a control (0 kg P
ha'!), dairy cattle slurry and chemical P (100 kg P ha'!) all with and without lime addition (5 t ha'!) and
chemical only P treatments (50 and 150 kg P ha'!). After 12 months, these soil and fertiliser incubations
were analysed for pH, Morgan’s extractable P and K, and Mehlich IIT P, Al, Fe and Ca. The effects of soil
type, pH, soil P fertility and P fertiliser type on soil pH and P availability were investigated.

Grass microcosm studies

For this study, 22 vegetated soil microcosms (30 cm diameter x 40 cm deep) representing a range of mineral
soil types were developed and seeded with perennial ryegrass (Lolium perenne L.) and left outdoors under
one climatic regime at Teagasc, Johnstown Castle, Research Centre. Soil fertility treatments of lime (1.5t
ha'!) and P fertiliser as either dairy slurry (20 kg P ha'!) or chemical P (20 and 40 kg P ha'!) were applied
annually to four replicates of each soil type, in addition to an untreated control. SulphaCAN (300 kg N
ha'and 16 kg S ha'!) and Muriate of Potash (375 kg K ha'!) were applied annually in three equal splits
post-harvest. Herbage yield and nutrient offtake were determined in four harvests per annum from 2015
to 2017. The effects of soil type, pH, soil P fertility and P fertiliser type and rate on grass yield response
and P recovery in grass were investigated.

Long term field plot trials

Four regional grassland trial sites were established, each within the Irish agricultural catchments (Wall ez
al.,2011). These grassland sites had a range in soil P fertility from low to very high. At each experimental
site a seven fertiliser treatment (N x P) factorial plot experiment, replicated four times, was established as
arandomised complete block design. Treatment plots of 6 x 2 m were sown with a perennial ryegrass mix.
The treatments included four rates of N (0, 100, 200, 300 kg ha! yr'!) applied as SulphaCAN (26.6% N
and 5% S) and three rates of P (20, 40, 60 kg ha! yr'!) applied as triple super phosphate (16% P). Grass
was harvested to 4 mm on a monthly basis and DM vyield and grass nutrient content determined. Soil
sampling was conducted at the start of each year between 2013 and 2017 and used to assess changes in
soil pH, soil test P and K levels.

The data generated in these experiments were analysed using ANOVA and stepwise multiple linear
regression modelling in SAS 9.4.

Results

The results from the soil incubation experiment indicate that the interaction of soil type with soil pH
had a significant effect on soil test P (STP) response to chemical and organic P applications. There was
a significant increase in STP from lime applications alone and when in combination with chemical and
organic P sources across all sites (Figure 1). There was no significant difference between chemical and
organic P treatments when lime was applied; however, organic P had significantly higher STP than
chemical P applications (100 kg P ha!) without lime addition. These results show the large P lock up
potential of different mineral soils in Ireland.

Results from the microcosm studies show the large grass DM vyield potential of Irish mineral soils. The

addition of lime significantly increased soil pH, STP and crop P across all treatment combinations. Soil
pH correction prior to P application had a significant effect on maximising P fertiliser use efficiency.
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Figure 1. Mean change in soil test phosphorus levels (mg kg™) in response to applications of lime, chemical phosphorus or organic phosphorus
across 22 mineral soil types.

At field plot scale, there were positive grass yield responses to P fertiliser applications at all sites, including
those with high STP status. The overall P balances identified ranged from 15 - 43 kg P ha'lyr'l. As
expected, high applications of P on low STP soils showed the greatest potential to build STP, however,
the rate of STP change was soil specific. High P fertility soils showed the greatest decline in STP with
negative P balance and results indicate that a slightly positive P balance was required to maintain STP
at optimum levels.

Conclusions

Liming for pH correction plays a pivotal role in regulating soil P availability and fertiliser P use efficiency
in grassland systems. Optimising soil pH in combination with STP is necessary to optimise grass yield
potential from soil P resources. Targeting slurry applications to low pH soils represented a greater return
on P when compared to chemical P. Annual soil nutrient balance (e.g. P inputs — P offtakes) can have
more long term effects on soil fertility and grass yield and quality as soil P reserves respond more slowly
to fertiliser management, as either drawdown or build-up, over time. These results demonstrate the
requirement for soil specific fertiliser reccommendations.
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Abstract

In Hungary most of the grasslands are utilised extensively and the yield is determined by natural
conditions. Oversowing, irrigation and mineral fertilisation is prohibited on the majority of grasslands
by nature conservation regulations. For this reason steps were taken to increase the productivity of
natural grasslands through the application of organic fertilisers. In a field experiment, in Karcag Research
Institute, the effect of a biocompost on the sward composition of natural grassland was investigated.
This compost meets the requirements of sustainable fertilisation both on Nature2000 areas and Agri-
environment Schemes (AES). Four treatments were compared: a control and three compost rates (10
tha'l, 20 t ha'l, 30 t ha! fresh weight). Ground cover (GC), GC of different plant groups and GC of
individual species measurements were taken in May in each of the three experimental years (2015 - 2017).
Results of the experiment presented are GC, GC of different plant groups and of some specific grass
species, as well as on interspecific responses among plant groups to biocompost application. Applying
compost caused an increase in GC of tall grasses and a reduction of short grasses. Changes in GC of
legumes were also experienced.

Keywords: sustainable fertilisation, natural grasslands, Hungary

Introduction

Sustainable grassland management is encouraged through Agri-Environment Schemes (AES) (Stoate ez
al.,2009) throughout Europe. These regulations support sustainable fertilisation of grasslands to maintain
the grasslands’ ecosystem services. Biocompost is considered a sustainable fertiliser even on grasslands
due to its fully organic origin. Some examinations of species richness of grasslands participating in AES
found more species on moderately manured grasslands than on unfertilised ones (de Sainte Marie, 2014).
Similar results were observed in preliminary field trials in Karcag Research Institute in Hungary. Thus, an
experiment was undertaken to investigate the effect of a biocompost on grasslands at the same research
institution. As the compost is made of on-farm materials, does not contain artificial substances and does
not increase the GC of undesirable plants it can be considered a sustainable method of fertilisation.

Materials and methods

The experiment commenced in 2015 on a natural grassland on solonetz soil type. The sward was rich in
species dominated by Festuca pseudovina Hack. and Alopecurus pratensis L. Treatments were: control and
three compost rates (10 tha'l, 20 tha'l, 30 tha'! fresh weight, hereafter referred to as T0, T10, T20, T30,
respectively). The experimental was a randomised block design and each plot was 10 x 30 m. Biocompost
was applied in February 2015, in October 2015 and in October 2016. Chemical composition of the
biocompost is presented in Table 1.

Measurements were undertaken in May and September by visual estimation as per Baldzs (1960).
Applying this method, three sampling arcas (2 X 2 m) were used in each experimental plot, divided into
32 sections to estimate the ground cover (GC) of certain species. As GC was estimated, individual species
were grouped as tall grasses (‘hay grasses’), short grasses (‘grazing type’), legumes and other herbs. Data
were analysed using SPSS (ANOVA and correlation analysis). This paper presents the results of three
years (2015 - 2017) on sward composition measured before first cut in late May.
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Table 1. Main contents of the compost.

DM oM N P K (€] Mg
percentage by mass (wt%) 60 50 25 19 5 18 0.7

Results and discussion

The application of biocompost reduced the openness of the sward (uncovered area) in the first year. In
2016 and 2017, no open spaces were found in the treatments. The closed sward on TO treatments was
most likely due to good precipitation experienced in springtime (Table 2).

The increase in biocompost rates increased the GC of tall grasses. As a consequence, the GC% of short
grasses decreased.

Table 2. GC responses of sward groups to compost treatment.!

Year Treatment Tall grasses Short grasses Legumes Other Uncovered
2015 10 9.77 + 2,67 64.06 + 4.6° 11.72+5.18% 12.89+0.782 1.56 + 1.82

T10 18.75 + 8.0720 52.34+2.71° 13.28+2.99 15.23+3912 039+0.78%

120 2461+ 484 49.61+9.23% 10.94+3.13% 14.84+5342 0.00b

T30 4023 £6.8¢ 40.23 +8.69¢ 7.03 £2.99 1250 +4.232 0.00b
2016 70 18.75+3.38 46.88 + 4.422 17.96 + 1.562 16.41+5.782 0.00

T10 30.01+5.62 23.44+6.51° 32.81+7.440 13.67 3912 0.00

120 29.69 + 12.56° 16.8 £ 4.49 39.84 +8.61° 13.67 +3.46° 0.00

T30 66.8+13.1b 11.72 +1.56¢ 938 +7.65 12.11 £ 449 0.00
2017 70 5.47 +1.56° 50.78 £ 10332 11334234 32421072 0.00

T10 10.94+1.8° 53.13£12.17 15.63 + 16.73? 20.31+7.76° 0.00

120 17.19 +3.13¢ 40.23 £9.66% 17.19 11,552 2539+ 5% 0.00

T30 35.55+5.324 37.11+6.8 7.03 £8.222 2031+46b 0.00
1P<0.05.

Table 3. Interspecific reactions to compost treatment in short grasses group.

Year Treatment Festuca rupicola Festuca pseudovina Poa pratensis
2015 T0 16.85 +5.28 79.42+£4.82 3.73£1.62
110 8.08 +4.21 81.29£5.21 10.64 +6.37
120 9.45+7.89 70.96 +10.31 19.59+6.92
T30 8.61+8.88 66.18 +5.86 252057
2016 T0 8.14+£3.21 89.27£5.23 2.59+339
10 1032+7.83 73.02£5.02 16.67 £10.73
120 6.12+£4.13 75.37£20.37 18.51+19.6
T30 3.57+£7.4 48.21£3.57 48.21£3.57
2017 T0 1021+3.7 85.83£2.24 3.96+£1.79
110 7.35+2.57 7432 £9-03 18.34+9.26
120 0.93+1.85 64.96 +11.78 3412+13.52
T30 0.0 30.83 £13.82 69.17 £ 13.82
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The GC % oflegumes increased from T0 to T10, and from T10 to T20, but the highest rate of biocompost
reduced the GC% in these treatments, most likely due to the repressive effect of tall grasses. There was no
significant effect of treatment on the GC of other herbs. Alopecurus pratensis L. and Poa pratensis L. were
able to increase their GC % within their plant group, thus we presume these species have better nutrient
response than others. For example, among short grasses, P pratensis increased their GC %, while at the
same time the GC % for two local grass species (Festuca rupicola and E pseudovina) decreased (Table 3).
The correlation analysis showed that these interspecific changes were always significant, and in most cases
they were highly significant (P < 0.01; Table 4). Asyield potential and quality of P pratensis is better than
those for Festuca species mentioned before, the compost application may increase both yields and quality
of herbage produced on grasslands.

Table 4. Correlation between short grass species and treatment.

Year Correlations
F. pseudovina P, pratensis Treatment F. rupicola

2015 F pseudovina 1 -0.750™ -0.857" 0.539"
P pratensis 1 0.800™ -0.572"
Treatment 1 -0.600"
F. rupicola 1

2016 F pseudovina 1 0.726™ -0.880" 0.572"
P pratensis 1 0.765™ -0.558"
Treatment 1 -0.637"
F. rupicola 1

2017 F pseudovina 1 -0.823™ -0.845" 0.827™
P pratensis 1 0.892 -0.732"
Treatment 1 -0.807"
F. rupicola 1

™ Correlation is significant at the 0.01 level (2-tailed); " Correlation is significant at the 0.05 level (2-tailed).

Conclusions

Results of the experiment show that a better soil nutrient status due to biocompost application may
favour tall grasses. Higher biocompost rates will reduce sward legume content.
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Abstract

Yield gaps estimated for current crop production have received little attention in grassland science.
This paper provides a coherent approach for quantifying yield gaps in grasslands, addressing the specific
methodological challenges. A preliminary assessment of yield gaps in the Netherlands and the Rogaland
region in Norway shows relative yield gaps, i.e. between water limited yields and actual yields, of 24 and
37%, respectively.

Keywords: grassland production, modelling, potential yield, actual yield, yield gap

Introduction

The yield gap between potential and actual crop production is a useful indicator to identify areas for
sustainable production increases to meet increasing demand. Until now, yield gaps have mainly been
quantified for arable crops (www.yicldgap.org; Van Ittersum ez 4/., 2013). The lack of attention for
grassland can be attributed to several factors. First, forage from grassland is an internal farm product
and not a cash crop. Despite its importance, grassland productivity contributes only indirectly to farm
financial performance. Second, the methodological complexity of estimating grassland production may
have hindered progress. These scientific challenges and the global importance of grasslands justify research
in this direction. The objective of this contribution is to present a coherent approach for quantifying yield
gaps in grassland and to conclude with examples for the Netherlands and Norway.

Theoretical production ecology

Potential yield (Yy) is the yield of a crop cultivar grown without any water and nutrient limitation
and the absence of biotic stress. It is determined by radiation, temperature, atmospheric CO, and the
genetic attributes of a particular crop cultivar. Water limited yield (Yyy,) is also affected by precipitation,
evapotranspiration, soil type and topography. Nutrient limitations may further restrain crop growth. In
the European context, nitrogen (N) limitation due to the Nitrate Directive is very relevant and, therefore,
the water and N limited yield (Yyy) is a useful benchmark as well. The actual yield (Y ,) is defined as
the on-farm yield. The yield gap (Y ;) under rain-fed conditions is the difference between Yy, and Y ,.

Framework for grassland

Yields (YP, YW, Yy Y A) may be established by empirical or model-based approaches and need to be
quantified for a given time frame and geographical unit. Given the lack of empirical data for some regions,
Van Ittersum ez al. (2013) recommend using crop models to estimate Yp, Yy, and Yy for homogenous
agro-climatic zones. Still, experimental data of yields under optimal management are needed to calibrate
and validate the simulations. Reliable assessment of Y, requires robust statistical data with sufficient
temporal and spatial resolution. Overall, quantifying yield gaps requires a wide variety of data on
climate, soils, land use, management and yields. Here, we focus on elements relevant for grasslands. First,
a meaningful benchmark should consider function (production, biodiversity), botanical composition
(monocultures, mixed swards), ploidy (diploid, tetraploid), variety, heading date (carly, late), sward age
(newly sown, temporary, permanent), management (cutting, grazing), and harvest stage (continuous
grazing, rotational grazing, silage, hay). As it is challenging to acquire spatially explicit data at this level
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of detail, we propose a tiered system, using the best available data in a specific region. Second, grassland
production can be defined at several stages along the chain from aboveground standing biomass to animal
intake. Commonly used are gross production (excluding the stubble), net production (excluding harvest
losses) and net feed intake (excluding conservation and feeding losses). Third, yields are traditionally
expressed in fresh matter, dry matter or organic matter, whereas in livestock systems it may also be
relevant to consider the energy or protein value.

The Netherlands

Grasslands are mainly used in intensive dairy farming with high stocking rates and nutrient inputs. In
2016, the total area of 975,000 ha comprised 71% permanent and 25% temporary grasslands, while 4%
were natural grasslands. On mineral soils, perennial ryegrass (Lolium perenne L.) dominates, whereas on
organic soils, species such as rough-stalked meadow grass (Poa trivialis L.) are also common. Grasslands
are cut all year round, or cut once or twice a year in combination with grazing.

Statistical data on Y, are available for two to six regions. Between 1990 and 2015, the overall average
net DM yield was 9.0 t ha'! year‘l. Assuming harvest and grazing losses of 20%, it equates to a gross DM
yield of 10.8 t ha'! year! (Table 1).

Two suitable datasets for empirical assessment of Yy, or Y exist. One set comprises 311 experiments,
mainly cutting trials with varying N inputs. The greatest DM yields varied from 10 to 20 t hal year,
observed at N inputs of 250 to 870 kg ha'! year!. The mean maximum DM yield was 14 t ha! year'l.
These values may be considered as estimates of Yy, on swards of varying age. Another set involves 180
cultivar experiments with N inputs similar to those on commercial farms. The maximum DM yield varied
from 7.6 to 21.2 t ha'l year!, with an average of 16.3 t ha'! year'!. These values could be considered as

estimates of Yy, for young perennial ryegrass swards with the newest varieties.

The Y}, Yy and Y Were also estimated with the empirical model GRAS2007 (Holshof and Van Den
Pol-Van Dasselaar, 2014). Yields were simulated for 25 years for five weather stations and 18 soil types.
The average gross Y, in a combined cutting and grazing system was 15.7 t ha'l year’l. Yy was 9% lower
(Table 1). Reducing the N input by 50% reduced the yields (Y;) by an additional 10%. This approach
results in a provisional estimate of Y, (Yy,-Y,) of 3.5 t ha! year! or 24% of Yw, of which 43% can be
attributed to N limitation (Yy-Yyn)-

Norway

Grasslands are the most important source of forage for ruminant systems. Due to the relatively short
growing season (four - eight months) a large proportion of grass is harvested for winter feeding. In 2016,
the total area of 650,000 ha comprised 73% temporary and 27% permanent grasslands. In regularly
renewed swards timothy (Phleum pratense L.) dominates, often with red clover. In areas with mild winter
conditions along the southwest coast, perennial ryegrass swards are common. Typically, swards are cut
two - three times per year, or four times on the best locations in the south. Pasture intake varies between
farms, mainly depending on pasture availability.

Table 1. Modelled estimates of Y, YW, Y\ and statistical estimate of Y,, and the resulting Yo all expressed as gross DM yield (t ha! year’1).

Country (region) Yp Yu Yun Y, Yo (YY)
Netherlands 15.7 143 12.8 10.8 3.5
Norway (Rogaland) 138 129 123 8.1 438
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Statistical data on Y Rt available for 18 regions from several decades. Between 2000 and 2016, the
overall average net DM yield was 6.2 t ha! year!. The lowest regional net DM yield (Y ) was estimated
for Finnmark in NW Norway (3.2 t ha'! year!). The greatest net DM yields were observed in Rogaland
in SW Norway, of 7.4 t ha'! year!, which is equivalent to a gross DM yield of 8.1 ha! year'!, assuming
10% losses (Table 1).

Several datasets suitable for empirical assessments of Y or Yy are available. Here, we estimate Yyn
based on 60 cultivar trials carried out between 1998 and 2013 including the most commonly grown
timothy cultivar during recent decades (Grindstad), and using normal farm practice in the arca where
the trials are carried out. The average gross DM yield was 11.1 ¢ ha! year! for low-altitude regions in
southern Norway and 9.8 t ha'! year! for north Norway and high-altitude regions in the south. These
values could be considered as regional estimates of Y for young timothy swards with the best varieties.

For Rogaland, Yy, and Yy, for timothy swards were estimated with the process-based model BASGRA
(Hoglind et al., 2013). A soil type with intermediate water holding capacity (100 mm) was simulated.
The simulated overall average Y, was 13.8 t ha! year! (Table 1). Taking account of water limitation
(Yy) reduced yields by 7%. Simulations were not performed for Yy, but, based on empirical data, a
25% reduction in N input reduces yields by an additional 5%. This results in a provisional estimate of Y
(Yy-Y,) of 4.8 t hal year!, or 37%, of which nearly 15% can be attributed to N limitation (Yyg-Yrgp)-

Conclusions

The challenges for yield gap assessment in grasslands were identified and an approach for yield gap
estimation was proposed. A preliminary assessment of yield gaps in the Netherlands and the Rogaland
region in Norway show a yield gap of 24 and 37% of Yw, respectively.
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South-Westphalia University of Applied Science, Department of Agriculture, Liibecker Ring 2, 59494
Soest, Germany

Abstract

Grazing is generally believed to have a lower potential in primary production, both in terms of output per
unit of land area and forage yield stability, compared to cut grassland. But even without taking variables of
individual farms into account, extreme weather fluctuations may alter this assumption. A randomised field
experiment compared different grassland management systems under identical environmental conditions.
Treatments included simulated grazing, a silage cut system and a mix of simulated grazing and silage cut
systems. The results showed higher crude protein and energy yields for the high frequency simulated
grazing treatment than for the four cut treatment. Even higher yields were possible with a treatment in
which intensive grazing followed a single cut in spring. Thus, changes in grassland management systems
can improve the forage production for dairy farms.

Keywords: grazing, simulation treading, permanent grasslands, yield

Introduction

Feeding dairy cows based on permanent grasslands has a wide range of ecological benefits (Eisler ez 4/,
2014). System comparisons in the low mountain ranges of Germany showed that locally adapted grazing
management can perform better compared to many indoor production systems (Liitke Entrup ef 4/,
2016). This was often the case if large amounts of expensive supplementary feed had to be imported
into the farm. Pastures can produce high quality fodder for ruminant nutrition at very low cost. During
grazing, plant-animal interactions often initiate an increase in the nutritive value. Energy and crude
protein contents can increase in pasture plants which are kept under permanent grazing pressure in low
height swards (Loaiza et 4l., 2016). To allow the comparison of primary production in different grassland
management systems, a randomised experiment was designed, which includes the simulation of different
grazing systems.

Materials and methods

At the grassland research station in western Germany (410 m above sea level), an experiment was
established in 2011 in the form of a partially randomised block design. The primary production of plots
(1.25 x 8 m) seeded with a standard mixcure GII (47% Lolium perenne L. varieties, 20% Festuca pratensis
Hudson, 17% Phleum pratense L., 10% Poa pratensis L., and 6% Trifolium repens L.) was compared after
the implementation of the treatments. The four management treatments were conventional continuous
simulated grazing (CCG) at four dates, continuous intensive rotational simulated grazing (CIG), starting
in early spring, intensive simulated grazing preceded by one silage cut (SIG) and four silage cuts without
any simulated grazing (SCM). Cutting was undertaken with a Haldrup F-55 (cutting height 5 cm). A
lawnmower tractor (John Deere X155R) was used to simulate the intensive grazing of the complete
plots. This way the sward was homogeneously cut (4 cm), as soon as the sward height (7 - 10 cm) and
environmental conditions allowed it. Following each mowing, trampling by cows was simulated with
a tractor-pulled compaction roller (550 kg) on which iron replicas of bovine claws were welded. All
treatments received the same fertilisation level (230 kg nitrogen (N) ha'! year!, 60 kg N ha'! in mineral
form). Since 2014, the simulated grazing treatments received randomly distributed spots of biogas
slurry (1.5 1 each) to simulate the faccal output of grazing cows. The N amounts for the slurry spots
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were calculated according to the stocking rates recommended by a grazing calendar (Berendonk and
Verhoeven, 2014). With the exception of CIG all treatments received 70 kg N ha'! in spring. After silage
cuts slurry was applied uniformly onto the plots at a rate of 50 kg N ha'! twice. For each plot the harvest
was weighed and a sample of approximately 500 g dried at 60 °C for 24 h. Nutritional contents were
determined by an analysis with near-infrared spectroscopy (NIRS™ 5000, Foss). Statistical analysis was
performed with Excel 2010 and R (Version 3.01.). The data were compared via Student’s t-tests. Non-
homogeneous variances accompanied the treatments.

Results and discussion

Generally the net energy lactation (NEL) and crude protein (CP) contents of the CIG and SIG treatments
were higher than those in the herbage from CCG and SCM (Figure 1). This could be explained by
increased white clover contents within the CIG and SIG plots. No difference was found between these
treatments after June. During drought events CP- or NEL-contents of CIG did not differ significantly
from SCM.

Comparisons showed that the yields of CIG and SIG were more constant (Table 1), despite contrasting
climate conditions. In 2015, early flowering was common for the treatments CCG and SCM. This
limited their vegetative growth. Energy and protein yields were significantly higher for CIG and SIG,
except in 2013.

2013 I 2014 | 2015 |

NEL (MJ kg-1DM) Crude Protein (g kg-1)
9 B & B & & & & &

(3]
(3]
IEEY:

Figure 1. Herbage crude protein and net energy lactation (NEL) contents for the management treatments at each cut or simulation of grazing.
Error bars show the confidence intervals for the data distributions (at 95%, n = 6).
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Table 1. Means (n = 6) and standard deviations (s.d.) for the dry matter (DM), crude protein (CP) and net energy lactation (NEL) yields for each
single year and as a mean for all four years. Letters indicate significant differences (P < 0.05) according to pairwise t-tests.

Year Treatments’ DM (kg ha™") (P (kgha™) NEL (GJ ha™)
mean s.d. mean s.d. mean s.d.
2013 (G 9,531 555 1,586 89 56.22 403
ae 6,515¢ 689 1,506 177 43.9¢ 4.84
SCM 9,820 836 1,660 125 59.12 6.06
SIG 7,903b 869 1,5412 123 50.6%¢ 551
2014 (G 8,2162 709 1,3900¢ 210 50.00 5.06
ae 7,8580 368 1,943 309 57.02 7.17
SCM 8,5212 970 1,365¢ 235 50.6° 5.58
SIG 9,153 542 1,830 165 59.62 270
2015 G 6,581¢ 396 1,170 85 4.0 2.66
ae 7,678 597 1,726* 126 49.62 3.57
SCM 6,384¢ 369 1,115b 87 401 245
SIG 8,5602 713 1,6112 159 54,02 4.45
2016 G 8,519 1,379 13670 294 50.2¢ 8.41
ae 9,110 955 2,0832 251 61.72 6.51
SCM 8,6922 1,037 1,359 237 51.8% 578
SIG 9,8012 574 1,918 17 60.92 3.76
all G 8,212 1,340 13790 233 49.40 7.49
ae 7,790 1,137 1,8142 308 53.12b 8.75
SCM 8,3542 1,493 13750 261 50.40 8.44
SIG 8,8542 962 1,725 214 56.32 5.81

TG = Conventional continuous simulated grazing, /G = continuous intensive simulated grazing, SCM = silage cuts without any simulated grazing, SIG = silage cutin spring followed
by intensive simulated grazing.

Conclusions

The treatments with the simulation of intensive grazing were able to outperform the other treatments in
crude protein yields during some years. If the following years affirm these findings, it seems reasonable
for advisers and farmers to include grazing into their practices.
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Abstract

The use of nutritional models in pasture-based systems is limited. Conflicting reports surrounding
constraints to more efficient milk production from such systems suggests a need for application of
models to integrate animal nutrient requirements and dietary supply. One such model is the Cornell
Net Carbohydrate and Protein System (CNCPS), which is used to formulate the rations of millions of
cattle around the world every day. Therefore, our objective was to evaluate the ability of the CNCPS
version 7.0 to predict milk yield from the supply of metabolisable energy (ME) and metabolisable protein
(MP) in pasture-based systems. A data set was compiled consisting of 49 dictary treatment means from
nine controlled pasture-based studies. Simulation results demonstrated the capability of CNCPS v7.0
to predict ME or MP allowable-milk, and when evaluated on the basis of first limiting nutrients, ME
supply was first limiting in 94% of the evaluations with coefficient of determination (R?) = 0.67. Further
improvement of the predictive ability of the model when simulating high quality pasture diets could be
achieved through more in-depth feed chemistry analysis and through investigation of 7 vivo variables,
such as forage passage rate and microbial interactions, especially protozoa growth and turnover.

Keywords: dairy cow, milk production, pasture, CNCPS, nutritional models

Introduction

In order to consistently and predictably increase milk solids production from pasture, an understanding
of the energy and amino acids supply to the animal and their subsequent metabolism is required. The
Cornell Net Carbohydrate and Protein System (CNCPS) is a mathematical model designed to evaluate
the nutrient requirements of cattle over a wide range of environmental, dietary, management and
production situations (Van Amburgh er 4/, 2015). The model also uses estimations of carbohydrate
and protein degradation and passage rates to predict the extent of ruminal fermentation, microbial
growth and the absorption of metabolisable energy (ME) and metabolisable protein (MP) throughout
the gastrointestinal tract (GIT). In the most recent update, v7.0 (Higgs and Van Amburgh, 2016), the
entire GIT model has been rebuilt, allowing the CNCPS to advance from a static to a more dynamic and
mechanistic model. New capability, involving fractionation of pools and degradation rates for nitrogen
and neutral detergent fibre (aNDFom), has also been included (Ross, 2013; Raffernato, 2011). This new
structure has the ability to model new GIT degradation and passage properties whilst accounting for
growth of bacteria and protozoa. Nutritional models help determine the animal’s nutrient requirement
demands, which change across physiological stages, while also quantifying the supply of nutrients, which
is highly variable from pasture-based diets. Therefore, application of the CNCPS has the potential to help
quantify the nutrient(s) first limiting production output and feed conversion efficiency.

Materials and methods

A data set was compiled to evaluate the ability of the CNCPS model to predict milk yield from the
supply of ME and MP. Lactation trials, undertaken between 2010 and 2017, were used, with cows in
different stages of lactation (early, mid, and late). In total, nine pasture-based experimental studies were
selected, with 49 treatment means evaluated. The data set consisted of a range of supplements and pasture
inclusion levels. Criteria for inclusion required each study to report (a) a description of the ingredients
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and chemical analysis of the ration fed for each treatment, (b) measured DM intake and (c) milk yield and
milk composition for each treatment. Animal information required to run a simulation in the CNCPS
included a description of environment, stage of lactation, stage of pregnancy, body weight (BW), body
condition score (BCS) and their change over the period studied. For the majority of studies, limited
information was presented on the chemical composition of the diets. In this situation, information
reported by the study was used and uncertain values were matched, based on crude protein (CP) and
aNDFom, to the closest perennial ryegrass variety in the CNCPS feed library. Table 1 describes the
experimental data used to create the evaluation data set.

Results and discussion

Outputs from the model are shown in Table 1. Both MP (g day!) and ME (Mcals day™!) supply are the
main output variables. Metabolisable protein is differentiated into the amount of MP from microbial
supply with the remainder coming from either feed protein that escaped ruminal degradation or from
endogenous material. In terms of ME supply, the model allows identification of not only how much
substrate is degraded and utilised but also in which GIT compartment it occurs e.g. aNDFom digestion
is proportioned between rumen (73%) and post-rumen digestion (5%; Table 1). These variables help
determine a model-predicted allowable milk yield according to the first-limiting nutrient (MP or ME).
In our evaluation, model-predicted milk yield was regressed on the observed milk yield and results
demonstrated the capability of CNCPS v7.0 to predict the first-limiting nutrient with coefficient of
determination (R?) = 0.67 with a slope of 0.84 and intercept of 3.57 for the studies included in this data
set (Figure 1).

In 94% of model simulations, ME supply was first limiting milk production. This correlates with the
reported feed chemistry, since the diets evaluated typically contained high levels of CP and aNDFom,

with low non-structural carbohydrate inclusion. While prediction capability is not as precise and

Table1. Description of the production data input and model output for the evaluation data set.

Item Mean SD Minimum Maximum
Diet composition, % of DM
Crude protein 189 2.5 13.8 254
Neutral detergent fibre (aNDFom) 34.7 6.0 25.5 51.6
Sugar 9.9 2.0 6.5 13.6
Starch 3.8 4.1 0.1 18.0
Forage inclusion 81.7 143 52.2 100
Animal inputs
Current body weight, kg 5N 23 434 576
Body condition score, 1-5 scale 28 0.2 25 36
DM intake, kg day™’ 17.4 21 136 212
Milk yield, kg day™ 235 5.1 128 319
Milk true protein, % 33 0.2 3.0 38
Milk fat, % 4.2 0.8 34 1.7
Model outputs
Metabolisable protein (MP) supply, g day’1 2,045 322 1,470 2,804
Microbial protein, % of MP 68 6 43 77
Metabolisable energy supply, Mcals day™® 449 5.5 340 56.2
aNDFom intake, g day’1 6,000 1,115 4300 8,900
Rumen degraded, % aNDFom 73 6 56 82
Total tract degraded, % aNDFom 78 6 62 85
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. * y=0.84x+ 3.57
- Rz=0.67

0.0 T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
First-limiting MP or ME allowable milk, kg day-!

Figure 1. Observed versus Cornell Net Carbohydrate and Protein System v7.0 predictions for first-limiting MP or ME allowable milk.

accurate as previous evaluation of CNCPS v6.5 for confinement systems (Van Amburgh ez 4/, 2015), it
is important to consider the limitations of this data set for evaluation purposes. For accurate prediction
capability, it is essential that the refined inputs required for model simulation are available. In this
evaluation, it was required to make a considerable amount of assumptions surrounding the diet feed
chemistry. Development is required to both increase the size and range of the CNCPS feed library
for pasture-based systems to more accurately quantify nutrient supply. Additionally, investigation into
variables such as passage rates, post-ruminal flow of nutrients and microbial growth may help increase
the precision and accuracy of v7.0 for pasture-based systems.

Conclusions

With the data set and assumptions used in this evaluation, the CNCPS v7.0 has an acceptable predictive
capability for milk production. This analysis also suggests that generally, ME is the nutrient limiting
milk production under the conditions evaluated here. One of the limitations for better predictive ability
could have potentially been due to the restricted feed chemistry available, compared to what the model
requires. That said, this evaluation indicates the opportunity to refine nutrient supply to the animal under
pasture conditions.
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Abstract

Zero-grazing is a management technique which is gaining interest on dairy farms in north-west Europe.
Limited evidence exists as to the impact of pre-cutting herbage mass on grass utilisation and dairy cow
performance under zero-grazing management practices. This study compared the performance of cows
managed within a conventional grazing system, with housed cows offered fresh grass cut by zero grazing
technology. In a 15-week continuous design experiment, 63 spring—calving Holstein Friesian dairy COWS
were allocated to one of three grassland management strategies: (1) full-time grazing, (2) housed and
fed zero-grazed grass from low herbage mass swards, or (3) housed and fed zero-grazed grass from high
herbage mass swards. All treatments were offered concentrate at a rate of 6.5 kg cow! day’l. Herbage
utilisation, animal performance and animal behaviour were measured. Zero-grazing improved total
grassland utilisation by 23% compared to full-time grazing (P < 0.001). Whilst zero-grazing low herbage
mass swards resulted in comparable animal performance to grazing, high herbage mass swards resulted in
20.26kgcow! day! reduction in milk fat + protein yield. Consequently, farmers operating zero-grazing
regimes should maintain pre-cutting herbage masses below 4,000 kg DM ha'! above ground level to
optimise sward utilisation and animal performance.

Keywords: zero-grazing, perennial ryegrass, dairy, milk production, grass utilisation

Introduction

Well-managed forages remain among the most cost-effective feedstuffs on dairy farms in the United
Kingdom (UK; Kingshay, 2015). With increased global demand for, and fluctuations in both the
availability and cost of imported feedstuffs, efficient forage utilisation has been identified as a key driver
of profitability on UK dairy farms. The use of grazed grass for dairy cows can result in lower-cost feeding
systems (Peyraud and Delaby, 2001), however, research has shown that the supply of fresh herbage
alone is insufficient to support optimal dry matter intake (DMI) and, consequently, milk production
in high yielding cows (Kolver and Muller, 1998). Although grazing strategies such as increasing pasture
allowance can encourage higher levels of DMI (Bargo et al., 2002), low pasture utilisation reduces both
forage quality and cost-effectiveness of the feeding system. Consequently, strategies that encourage high
pasture utilisation whilst maintaining grass DMI are required to maximise the use of fresh herbage in
dairy cow feeding systems.

Novel strategies such as zero-grazing (ZG) secking to both improve sward utilisation and lower dictary
costs of dairy cows are gaining considerable interest on UK dairy farms. However, relatively little is
known about the impact of ZG on cow performance, grassland utilisation or economic performance. This
study sought to compare grassland utilisation and the performance of lactating dairy cows under three
differing grassland management strategies: (1) full-time grazing, (2) housed and fed ZG grass from low
herbage mass swards, or (3) housed and fed ZG grass from high herbage mass swards.
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Materials and methods

The 15 week study was conducted during summer 2017 at the Agri-Food and Bioscience Institute (AFBI)
research farm, Hillsborough, Northern Ireland (54°27°N; 06°04 W). Sixty three Holstein-Friesian dairy
cows were allocated to one of three grassland management strategies: (1) full-time grazing, (G) (2)
housed and fed ZG grass from low herbage mass swards (ZGL), or (3) housed and fed ZG grass from
high herbage mass swards (ZGH). Treatment groups were balanced for calving date, pre-experimental
milk yield, milk fat and protein concentration, live weight, parity and genetic merit. Target pre-grazing
herbage mass for the G and ZGL treatments was 3,200 to 3,600 kg DM ha'! above ground level, and
4,200 to 4,600 kg DM ha'! above ground level for the ZGH treatment. Eighteen hectares of established
perennial ryegrass (Lolium perenne L.) were subdivided into 1 ha treatment plots, allocated randomly
within six blocks. Grass was managed in a rotational cutting/grazing cycle with fresh herbage allocated
daily. Grass for both ZG treatments was harvested daily at 9 am via specialised ZG machinery (GrassTech,
Ireland). Target post-grazing cover was 1,800 kg DM hal, with grazed areas topped to reach target
residual as required. All treatments were supplemented with a grazing concentrate at an average rate
of 6.5 kg cow! day’l. Individual daily milk yield, daily live weight and weekly milk composition were
recorded. Step count and lying behaviour was recorded via leg mounted activity sensors (IceRobotics Ltd.,
Scotland). Grass intake data was determined using automated feed bins (Biocontrol, Norway) for ZGL
and ZGH treatments, and herbage offtake for G treatment cows. Pre- and post-grazing herbage mass
was determined twice weekly with a cutting bar (Agria, Denmark) and daily using a rising plate meter
(Jenquip, New Zcaland). Herbage compositional quality was determined twice weekly via near infrared
spectroscopy (Foss, Denmark). Total herbage utilisation was determined by measuring consumed and
available herbage both in-field and at feed out. Data was analysed using ANOVA in Genstat 16.2 (VSN
International Ltd, 2013). Animal performance and behaviour data was analysed by repeated measures
(ReML) using an antedependence order 1 model. Herbage data was analysed as a linear mixed model
(ReML).

Results and discussion

The higher pre-grazing herbage mass exhibited by the ZGH treatment (4,772 kg DM ha'!) was associated
with a significant reduction in grass quality when compared with the G and ZGL treatments (Table 1).

As expected herbage utilisation was significantly higher from the ZG treatments compared with G (P <
0.001). However, the ZGH treatment exhibited a longer rotation length and slower re-growth, owing

to stage of maturity at cutting, compared with the G and ZGL treatment. This resulted in the ZGH

Table 1. Observed herbage utilisation and compositional quality for each of the three grassland management strategies.’2

G 6L IGH sed P-value

Pre-grazing herbage mass (kg DM ha™") 3,6122 3,666% 4,772 125.8 <0.001
Post-grazing herbage mass (kg DM ha™) 2,064 1,560° 1,620° 52.8 <0.001
Total herbage utilisation (%) 7222 91.9 86.2° 238 <0.001
Rotation length (days) 25.42 25.9 46.1b 1.67 <0.001
Herbage composition (g kg™ DM)

Dry matter 15.2 147 152 0.73 ns

Nitrogen 41 41 3.9 0.21 ns

Acid detergent fibre 29.52 30.220 31.3b 0.56 0.009

Metabolisable energy 12 11,10 109 0.10 0.009

16 = Grazing, ZGL = Zero-grazing, low herbage mass sward, ZGH = Zero-grazing high herbage mass sward, sed = standard error of the difference.
2 Superscripts denote significant differences between treatments.
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exhibiting the lowest stocking rate (4.3 cows ha'!) compared to the G and ZGL treatments (4.9 and 5.0
cows ha’l, respectively).

Animal behaviour was significantly influenced by treatment, with ZGL and ZGH cows exhibiting an
additional lying time of 2.0 and 2.2 hours day™, respectively compared to G (P < 0.001, Table 2). In
addition, G cows displayed a 239 and 226% increase in step count compared to the ZGL and ZGH
treatments, respectively reflecting the extra energy expenditure associated with grazing. However despite
this additional energy expenditure, milk yield was greatest for the G treatment and milk fat + protein
yield was comparable to ZGL cows (Table 2). In contrast, both milk yield and milk fat + protein yield
were significantly lower for the ZGH treatment, a difference most likely attributable to the lower herbage
quality and herbage DMI (12.7 kg DM cow™! d!) observed with the ZGH treatment relative to G or
ZGL (14.8 kgand 13.2 kg DM cowldl, respectively).

Table 2. Impact of grass management strategy on the performance and behaviour of lactating dairy cows over a 15 week period.'-2

G 6L ZGH sed P-value
Milk yield (kg cow™" day™) 27.0¢ 25.5 3.7 0.66 0.001
Milk fat (g kg™") 40.72 443b a7 1.00 <0.001
Milk protein (g kg™") 35,0 34,52 33.8° 0.45 0.041
Milk fat + protein yield (kg cow™" day™) 2,06 1.99 1.802 0.047 <0.001
Lying time (minutes cow™ day™") 5972 716> 728 20.7 <0.001
Step count (steps cow™' day™") 10,134 42072 4,485 261.8 <0.001

1 = Grazing, ZGL = Zero-grazing, low herbage mass sward, ZGH = Zero-grazing high herbage mass sward, sed = standard error of the difference.
2 Superscripts denote significant differences between treatments.

Conclusions

Whilst ZG offers the potential to achieve high levels of in-field grass utilisation, feeding high herbage
mass swards negatively affects dairy cow performance. Consequently, farmers should seek to maintain pre-
cutting herbage masses below 4,000 kg DM ha'! to optimise sward utilisation and animal performance
under ZG management.
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Abstract

A long-term experiment was established at three locations in northern Sweden in the late 1950’ to
examine the production and environmental effects of cropping systems with increasing intensification.
This included leys from one to five years in length. Previous reports for this experiment have shown an
inverse relationship with loss of carbon and length of ley. This report focuses on the ley component of the
systems. The variability in ley yield between seasons was considerably greater than the variability between
different treatments, with no significant increasing or decreasing trend over time. This suggests that ley
yield is not influenced by the long term cropping system. Clover dominated biomass in the first two years
but became a minor component of leys in the third and subsequent years in cropping systems A and B.
The results highlight the stabilising effect of leys in cropping systems.

Keywords: crop rotation, forage crop, legume, ley

Introduction

Long-term experiments serve as important resources to investigate management strategies on system
outcomes (e.g. crop yield, soil chemical, biological and physical properties). During the second half of
the 20th century, farming activities became increasingly specialised in Sweden, leading to the separation
of cropping farms and livestock farms. Concern rose as to how this specialisation would influence soil
properties and crop yields (Bergkvist and Oborn, 2011). A cropping system experiment was initiated in
the 1950’ in northern Sweden and is one of the oldest of SLU’s long-term experiments. The experiment
included four cropping systems, which differed in the number of years of leys in a six-year rotation.
Analysis of results from the experiment has so far focused on impacts on the soil. For example, cropping
systems with three or five years of ley in the rotation resulted in lower soil bulk density and greater
soil carbon than cropping systems with one or two years of ley (Ericson, 1994; Jarvis ez al., 2017). The
objective of this paper was to assess the long-term effects of the different cropping system treatments on
the yield and composition of the ley phase.

Materials and methods

A cropping system experiment was initiated at three sites in the 1950’ in northern Sweden. This paper
only details the results from the site at Offer (63.14 N, 17.75 E), established in 1956. There were four
experimental treatments (A, B, Cand D) representing different six-year cropping systems with increasing
intensity of annual cropping. A was a livestock-focused system, with five years of ley and one year of barley
(Hordeum vulgare L.), with ley under-sown. B was also focused on livestock production and included a
typical length ley (three years) with three years of annual fodder crops. C was balanced between crop and
livestock production, with a shorter than normal ley (two years) and four years of annual crops (including
cereals, grain legumes and potatoes). D was a completely annual cropping system, with one year of ley
cultivated as a green manure, thus the results are not included in this study. All six phases of each cropping
system were present each year and there were two replicates per site. Ley species used were red clover
(Trifolium pratense L.), timothy (Phleum pratense L.) and meadow fescue (Festuca pratensis Huds.) Leys
were initially sown under barley and harvested two times per year. A more detailed description of the
experimental design and agronomic management is in Zhou ez 4/. (2018). The data used for the analysis
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are from cropping systems A, B and C, from years 1964 to 2008. Cropping system A is the only treatment
with fourth and fifth year leys. All significant effects were at the P < 0.05 level.

Results and discussion

For first year leys, the median yields and yield distributions were similar for the three cropping treatments
(Figure 1). The variability between years was greater than the variability between treatments. For year two
and three leys, there was no significant difference between median yields for treatments A and B. Although
it appears in Figure 1 that there are lower yields in fourth and fifth years, there was no significant effect,
likely due to the variability between years.

Red clover content in the first and second year leys was significantly higher than in the third, fourth or fifth
year (Figure 2). In the first and second year cropping system C tended to have a greater clover content than
cropping system A or B. The higher red clover content for cropping systems with a greater proportion of
annual cropping may be due to the reduced incidence of diseases. By year three the clover content of the
ley had declined to approximately 10% of DM and clover was an insignificant component. Clover content
of the second harvest was significantly higher than for the first harvest for ley years one to three (Figure 3),
consistent with the common perception of red clover botanical composition in Swedish leys.
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Figure 1. Boxplot of first to fifth year ley yields, in cropping systems A, B and C. The box and whiskers represent the 5t, 25t, 50t 75t and
95t percentiles.
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Figure 2. Percentage clover content in each cropping system (A, B and () in the first harvest of first to fifth year leys. Error bars are one standard
error.
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Figure 3. Percentage clover content in the first (H1) and second harvest (H2) of first to fifth year leys. Data for cropping systems A, B and Care
combined. Error bars are one standard error.

Conclusions

There were minimal effects of cropping system treatments on ley yields, suggesting that systems with an
annual cropping focus can still include a productive ley component. Results also confirm the dynamics
of ley clover content within and between years. These results highlight that ley yields are relatively stable
regardless of the cropping system but also the challenge of maintaining the legume component in longer
term leys.
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The effect of pasture allowance on the performance of growing
dairy heifers

Patterson R.1"2, Morrison S.1, Laidlaw S.! and Theodoridou K.2
! Agri-Food and Biosciences Institute, Hillsborough, UK; *Queen’s University Belfast, UK

Abstract

Maximising the proportion of grazed grass within the diet of dairy heifers and the achievement of
sufficient growth for 24 month calving, will impact on the profitability and sustainability of the dairy
enterprise. Grazed grass provides a high protein, low fat diet and remains the cheapest source of high
quality feed in ruminant livestock systems. Limited research has looked at the grazing management
factors that influence heifer performance. Industry guidelines for pasture allowance (PA) vary from 2.0
to 3.0% for growing cattle. The objective of this study was to investigate the PA for replacement dairy
heifers, to achieve optimal animal and pasture performance. Holstein heifers (n = 72) were assigned to
three PA treatments at 1.8, 2.4 and 3.0% live weight (LW) allowance of grazed grass d"!. Heifer LW and
body condition score were recorded. Compressed sward heights were measured on animal entry and exit
to each paddock. Pasture allowance of 3.0% LW kg'! DM of grazed grass allocated animal? d'!, had a
significant improvement in the growth of Holstein heifers compared to lower PA’s. A decrease in pasture
utilisation was observed whilst grazing area was increased as a result of higher PA and pasture quality
was not significantly affected.

Keywords: heifers, grass, pasture allowance, pasture utilisation

Introduction

Heifer rearing contributes a significant cost to dairying systems, yet can be the most commonly
overlooked component (Boulton er 4/., 2015). The dairy industry has experienced significant change
over recent decades, however, heifer rearing practices post-weaning remain relatively unchanged. Heifers
achieving target weight is key, as failure adversely affects milk production and can result in reduced
fertility (McNaughton and Lopdell, 2013). Grazed grass provides a high protein, low fat diet and remains
the cheapest source of high quality feed (Shalloo ez al., 2004). Pasture allocation is recognised as a key
factor in animal production due to its effect on herbage intake (Mayne, 1996). Pasture allowance (PA)
will also affect pasture utilisation (PU) and the nutritional value of the sward in subsequent rotations
(Combellas and Hodgson, 1979). The objective of the study was to investigate the optimum PA for
replacement dairy heifers, to achieve optimal animal and pasture performance. The study hypothesis was
that with increasing PA, a greater proportion of heifers would achieve or exceed target weight gain, whilst
the pasture utilisation and quality would be reduced.

Materials and methods

The study was carried out at AFBI Hillsborough. Holstein heifers (n = 72) were assigned to three PA
treatments at 1.8, 2.4 and 3.0% live weight (LW ) allowance of grazed grass d"!. Paddock area was flexible
and calculated based on the kg DM demand for the heifers. Treatment groups were set up in triplicate,
with groups comprising eight heifers, average five months old with an average weight of 155 kg. The study
commenced on 6 April 2017 with a 14 day rotation length (two day paddock residency) in place up to 1
June 2017. Thereafter, a rotation length of 25 days was practiced (three and a half day paddock residency).
Each replicate was split into seven blocks (A to G) and further subdivided into paddocks specific to
treatment with 1,215, 1,742 and 2,310 m? total area available for 1.8, 2.4 and 3.0% PA, respectively. To
manage surplus grass production, 46% of the total paddock areas were used for silage production until
mid-July and extra grazers were incorporated. They remained separate from the treatment groups and
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were managed daily, to achieve similar post-grazing heights as the treatment groups in the paddock.
Heifer LW and body condition score (BCS) were recorded fortnightly using a manually operated and
calibrated weighbridge (Tru Test Ltd, UK). Compressed sward heights were measured with a rising plate
meter (Jenquip, New Zealand) and recorded on animal entry and exit to each paddock. Herbage mass was
calculated using a predetermined equation calibrated at AFBI Hillsborough (Dale, 2010) and validated
weekly by taking grass clippings (Bosch, UK) of 0.2 x 1 m across five random plots within each paddock
(total 1.0 m?) cut above 4 cm. Samples collected were weighed fresh and submitted for laboratory analysis
to determine the oven DM (dried at 60 °C for 72 h). Water soluble carbohydrate (WSC), crude protein
(CP), acid detergent fibre (ADF) and metabolisable energy (ME) were determined via near infrared
spectrometry (0.2 m? above 4 cm). Additional samples were retained frozen for assessment of pasture
composition. Daily DM intakes were crudely estimated by subtracting the kg DM left available following
grazing, from the kg DM allocated, divided by the duration and number of heifers. Paddock area was
measured using a measuring wheel (Forge Steel, UK) to the nearest 0.1 m. The data were analysed using
GenStat (VSN International, 2015). Data gathered at multiple time points on individual heifers were
analysed using repeated measures analysis with correlation between multiple observations of each heifer
modelled using a power model of order 1. The main effects of PA and time and their interaction were
assessed, taking account of the random effects of paddock and the time intervals observed.

Results and discussion

The differing PA’s in this experiment had a significant (P < 0.001) effect on the LW performance of the
grazing heifers as shown in Figure 1. Heifers offered 3.0% PA recorded an average daily LW gain of 0.82
kg d ! over 159 days at grass, compared to 0.75 kgd! and 0.64 kg d! at 2.4 and 1.8% PA, respectively. This
could be attributed to the significant effect (P < 0.001) that PA had on estimated daily average intakes.
The average consumption by 3.0% PA heifers was 1.2 kg DM more d"! compared with 1.8% PA heifers.

Grazing arca (GA) required was significantly affected (2 < 0.001) by PA (data not shown). The 1.8% PA
required an average of 66% of the GA that the 3.0% PA heifers required, whilst 2.4% PA required 84%
of the GA of 3.0% PA. The 1.8% PA and 3.0% PA had a difference in stocking rate of 1,077 kg LW ha'!
on average across the study.

Pasture utilisation was significantly affected (P < 0.001) by PA. The 1.8% PA treatment had the highest
average PU of 81.5%, whilst the 2.4 and 3.0% PA exhibited PU’s of 72.4 and 67.3% respectively. As
shown in Figure 2, there were variations in PU amongst months, however, the effect of PA remained
consistent. Pasture allowance has previously been shown (Combellas and Hodgson, 1979) to affect the
nutritional value of the sward in subsequent rotations as a result of PU effects. In this study, no significant
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Figure 1. Effect of pasture allowance on heifer live weight.
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Figure 2. Effect of pasture allowance on pasture utilisation.

effect was found between PA and pasture quality in terms of CP, ME, DM, ADF and WSC. The 3.0%
PA showed a greater range and increased fluctuation in ME and ADF over the lower PA throughout
the season (data not shown), highlighting the selective grazing behaviour of heifers grazed at higher PA.

Conclusion

Achieving a greater proportion of heifer growth from grazed grass will improve rearing efficiency.
Evidence from this study has shown Holstein dairy heifers’ can exceed LW gains of 0.80 kg d! from
grazed grass, without concentrates. Pasture allowance of 2.4% gave a LW gain of 0.75 kg day’!, a PU
of 72% and required 84% of the GA of the 3.0% balancing animal and pasture performance. Pasture
allowance of 3.0% had a reduced increase in LW gain, with an increased LW gain of 0.04 kg d'! between
1.8 and 2.4% PA, over 2.4 and 3.0% PA.
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Magnesium and sulfur fertilisation — effects on foliar disease
infection in perennial ryegrass

Aavola R, Soovili P., Tamm S. and Bender A.
Estonian Crop Research Institute, J. Aamisepa 1, 48309 Jogeva, Estonia

Abstract

A three-year field experiment demonstrated that magnesium (Mg) and sulphur (S) supplementation in
addition to standard nitrogen, phosphorus and potassium fertilisation significantly (2 < 0.001) reduced
the crown rust (Puccinia coronata; PC) infection of 33 perennial ryegrass (Lolium perenne L.) cultivars
cultivated in Mg-deficient soil. The coverage of leaf area by pustules was reduced from 2.6 to 2.4 points
ona I to 9 scale, with one designating the absence of discase. Leaf spot (Drechslera siccans; DS) infection
with supplemental Mg-S treatment was increased by 0.1 points (2 < 0.001) in relation to standard
fertilisation. Crown rust resistance of the tetraploid cultivars was significantly (P < 0.001) better than
diploid cultivars, but tetraploid cultivars were more susceptible to DS (P < 0.001). Leaf spot was more
injurious to perennial ryegrass than PC as its symptoms developed earlier in summer and occupied a
larger leaf area (4.0 and 2.5 points, respectively).

Keywords: diploid, tetraploid, crown rust, leaf spot, resistance

Introduction

In Estonia, fungal discases annually infect perennial ryegrass (Lolium perenne L.; PRG). Crown rust
(Puccinia coronata; PC) infestation has a negative correlation with herbage DM vyield (Dracatos ez
al., 2010). Leaf spot (Drechslera siccans; DS) also limits the successful adaptation of PRG varieties
(Wiewiora, 2012). Destruction of the leaf tissue following DS infection reduces the photosynthetic
surface of the plant (Agrios, 1997). Inherent resistance of the grass cultivars is important to secure high
forage production, palatability and quality. Balanced nutrition protects the plants from new infections
(Agrios, 1997). We hypothesised that a PRG plants’ inherent resistance against fungal pathogens will be
enhanced as a consequence of application of a deficient nutrient. We assessed the effect of supplemental
magnesium (Mg) and sulphur (S) fertilisation on the two major foliar discases in PRG.

Materials and methods

A three year field experiment was carried out at the Estonian Crop Research Institute (58°27’ N, 26°46°
E). There were two treatments, viz. with and without Mg-S supplement, imposed on a field fertilised with
nitrogen (N), phosphorus (P) and potassium (K). Both treatments comprised 33 (16 diploid and 17
tetraploid) PRG cultivars sown in four replicates to the plots 6.4 m? in size. The sowing rates were 30 and
45kg hal, respectively. Before sowing, a compound fertiliser Kemira Power 18-9-9 was applied at a rate
of 50kgN ha'l, 11 kgP haland 21 kgK ha'l. Each of the repeated top-dressings with the same fertiliser
was equal to 60 — 13 - 25 kgha! of N, P and K. The annual rates of N, P and K totalled 120 - 26 - 50
kg halin 2004, 240 — 52 — 100 kg ha! in 2005 and 180 - 39 - 75 kg ha'l in 2006. The Mg content in
the soil was measured before sowing by the Mehlich III method. As soil Mg was inadequate (105 mg
kg!) for grass cultivation, Mg fertiliser (15% Mg, 3% Calcium and 19% S) was applied to half of the
experimental field before sowing. The application of 400 kg ha'! of Kemira Mg fertiliser was calculated
to meet the Mg requirements of PRG during the three year experiment. The trial was sown in May 2004
in a randomised complete block design onto Calcaric Cambisol, clay loam in texture. The foliar diseases
were scored directly before the harvests of PRG. There were nine scorings during three years (Figure 2).
Visual estimation, on a scale of 1 - 9, was based on the percentage of foliage area covered by pustules or
lesions of the pathogen. The scores between 1 and 9 mean: 1 = no disease, 2 = trace of disease, 3 = 5%,
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4=10%, 5 =25%, 6 = 40%, 7 = 60%, 8 = 75% and 9 = > 75% of the foliage covered with symptoms.
Data were analysed by single factor ANOVA and Fisher’s LSD test using statistical software Agrobase™20.
The significance of differences between the means of the ploidy groups of PRG cultivars and the fertiliser
treatments were tested with 95% probability.

Results and discussion

Two thousand and four was characterised by abundant precipitation. Monthly mean air temperatures
exceeding the long-term averages between August and October favoured the proliferation of both
diseases from late August. In 2005, September in particular, air temperatures were warmer than the 90
y average. Although the precipitation remained below optimum for grass growth in June and July, DS
started to proliferate. Two thousand and six was extremely hot and dry and was the most stressful to PRG.
The monthly mean air temperatures consistently exceeded the long-term averages. Grass growth ceased
because the high temperatures were accompanied by severe water deficiency (10 mm in July). However,
PRG did not escape from DS. The effect of a rainy second half of August was expressed by a remarkable
increase in the infection of both discases by 28 September (Figures 1 and 2).

Mg-S fertiliser supplement exceptionally favoured the development of PC in October of 2004 by 0.6
points (pts.) relative to NPK fertiliser treatment. As a mean of the year 2004 there was no effect of
fertiliser treatment on PC infection rate (Table 1), whereby the tetraploid cultivars were significantly (2
< 0.001) more resistant (by 0.6 pts.) than diploids. In 2005, the tetraploid cultivars fertilised with Mg-S
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Figure 1. Crown rust infection (scale of 1-9, 1= no infection, 9 = >75% covered with symptoms) of 16 diploid (2 x) and 17 tetraploid (4 x)
perennial ryegrass cultivars at two fertilisation treatments: nitrogen (N), phosphorus (P) and potassium (K) or NPK + magnesium (Mg) and
sulphur (S) over three years.
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Figure 2. Leaf spot infection (scale of 1-9, 1= no infection, 9 = >75% covered with symptoms) of 16 diploid (2 x) and 17 tetraploid (4 x)

perennial ryegrass cultivars at two fertilisation treatments: nitrogen (N), phosphorus (P) and potassium (K) or NPK + magnesium (Mg) and
sulphur (S) over three years.
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Table 1. ANOVA of the disease scores in 16 diploid and 17 tetraploid perennial ryegrass cultivars at two fertilisation treatments: nitrogen
(N), phosphorus (P) and potassium (K) or NPK + magnesium (Mg) and sulphur (S) in 2004 - 2006. 1 = no infection, 9 = >75% covered with
symptoms. Significance *** P < 0.001; ** P < 0.01; ns = P > 0.05, not significant.

Year Crown rust Leaf spot

NPK NPK+Mg-S  LSD P-value NPK NPK+Mg-S  LSD P-value
2004 31 33 0.12 ns 3.6 3.7 0.09 **
2005 2.6 21 0.Mm *rx 39 4.1 0.07 bl
2006 2.2 17 0.12 *rx 42 43 0.09 ns
Mean 2.6 24 0.07 *rx 39 40 0.05 bl

resisted PC the most. However, in 2005 and 2006, at the first observation there was no difference between
the two ploidy levels in terms of PC infection. In August 2005 and 2006, the positive effect of MG-S
fertiliser supplement on the suppression of PC became evident irrespective of the ploidy of PRG. In these
years the MG-S$ fertiliser supplement significantly (P < 0.001) reduced the infection in comparison with
the standard NPK treatment. Greater differences were observed between the fertilisation treatments and
less between the ploidy groups of PRG.

Variation of scores caused by Mg-S fertilisation or ploidy of PRG was less for DS (Figure 2) than for
PC. Although the changes in DS infection in response to fertilisation treatments were vague, the
Mg-S supplement tended to favour the pathogen. Supplementary Mg-S fertiliser made both diploid
and tetraploid PRG cultivars significantly (by 0.2 and 0.1 pts., respectively) more susceptible to DS.
Tetraploid cultivars resisted DS significantly (2 < 0.001) better (by 0.3 - 0.4 pts.) than diploids in both
fertilisation treatments. Braverman (1986) found that tetraploid cultivars were less infected by Drechslera
spp- than diploids. Leaf spot appeared to be more injurious than PC in our test site. This is evidenced
by earlier infection of the swards (15 June 2005), while PC developed its symptoms more than a month
later. The maximum coverage of leaves by the symptoms (6.0 pts.) was caused by DS in the NPK+Mg-S
treatment.

Conclusions

Supplementary Mg and S in addition to NPK fertilisation exerted a highly significant (P < 0.001) effect
on PRG cultivars. Crown rust infection was reduced by 0.2 and DS increased by 0.1 pts. The tetraploid
cultivars had significantly better resistance against both PC and DS (by 0.2 and 0.3 pts., respectively).
Leaf spot appeared to be a more injurious pathogen than PC — mean scores 4.0 and 2.5, respectively.
Different dynamics and peaks during the annual infection indicate that DS proliferates at drier weather
and cooler temperatures than PC.
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The influence of nitrogen fertiliser and legume content on the
quality of multi-species swards

Adamovics A. and Gutmane L.
Latvia University of Agriculture, Lield iela 2, Jelgava 3001, Latvia

Abstract

Field trials were carried out to examine the effects of two nitrogen fertilisation application rates, NO and
N120, on the quality of multi-species grass and legume-grass swards for grazing. Twelve mixtures were
grouped into four sward types: mixtures composed only of grasses (G); white clover (Trifolium repens
L.) and grass (Tt + G) mixtures; white clover, red clover (T7ifolium pratense L.) and grass (Tt + Tp +
G) mixtures; bird’s-foot trefoil (Lotus corniculatus L.) and grass (Lc+G) mixtures. Dry matter (DM)
yield was analysed for the following quality indicators and the content of minerals: crude protein (CP),
neutral detergent fibre (NDF), acid detergent fibre (ADF), net energy for lactation (NEL), iz vitro
digestibility, phosphorus (P) and calcium (Ca). Increasing the N fertiliser application rate from 0 to 120
kg ha'! contributed to a significant increase in CP content for all mixtures (on average 21 g kg'!) and
phosphorus content increased for legume-grass mixtures (on average 0.4 g kg'!). The ratio of legumes
and the legume species used in swards determined the quality and the mineral content of the herbage.
Legume-containing mixtures achieved a higher CP and Ca content in comparison with grass—only swards
at both fertilisation rates.

Keywords: herbage quality, mineral content, grass-legume mixture, nitrogen fertilisation

Introduction

Legumes are one of the main groups of plants that can improve forage quality. The use of nitrogen (N)
fertilisation contributes to increases in DM vyield, but, at the same time, has a negative effect on sward
legume content (Soegaard and Nielsen, 2012). Crude protein (CP) content is closely related to the
proportion of legumes in sward. The type of legumes used in grass-legume mixtures could affect the sward
protein content more than the rate of N fertiliser applied (De Vliegher and Carlier, 2008; Meripold ez al.,
2016). Some researchers have found no significant effect of species or mixtures on the nutritive value of
herbage, while increasing the rates of N application can cause a significant increase in CP (Moloney ez al.,
2016). The objective of this research was to determine the influence of N fertiliser application rate on the
herbage quality and botanical composition of multi-species swards in the second production year under
the agroclimatic conditions of Latvia.

Materials and methods

Field trials were conducted at three experimental sites in Latvia on soil types: sod- calcareous soil (pHy
6.7, the phosphorus (P) and potassium (K) level - 60 mg kg ! and 144 mg kg, respectively, and organic
matter — 24 - 28 g kgl of soil), sod-podzolic soils (pH 7.1, the P and K level - 253 and 198 mg kg'!
respectively, and organic matter - 31 g kg'!), and sod stagnogley soil (pH 6.33, the P and K level - 93
and 111 mg kg’l, respectively, and organic matter — 23 g kg’l). At each of the three sites, the same 12
mixtures were sown in June 2014 without a cover crop, in 10 m? plots with three replications. The multi-
component swards were composed of Phleum pratensis L., Dactylis glomerata L., Lolium perenne L., Lolium
boucheanum L., Festulolium, Festuca pratensis L., Festuca arundinacea L., Festuca rubra L., Poa pratensis L.,
Trifolium pratense L., Trifolium repens L., and Lotus corniculatus L., and grouped in four types: mixtures
composed only of grasses (G); white clover (77ifolium repens) and grass (Tr + G) mixtures; white clover,
red clover (T7ifolium pratense L.) and grass (Tt + Tp + G) mixtures; bird’s-foot trefoil (Lozus corniculatus
L.) and grass (Lc + G) mixtures. The chemical composition of the plants was determined for the first cut
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using the following methods: DM - dried; CP - by modified Kjeldahl; nuteral detergent fibre (NDF) and
acid detergent fibre (ADF) — by Van Soest. Net energy for lactation (NEL) was calculated on the basis of
the chemical composition of DM using digestibility coefficients and full-value coefficients, according to
the formula NEL = (0.0245 x (88.9 - (ADF% x 0.779)) — 0.12) x 4.184 (Volden and Nielsen, 2011). The
mineral elements P and Ca were analysed by atomic adsorption spectrometry. The average data from the
second production year at three experimental sites were statistically analysed using the two-way analysis of
variance with mixture type and fertiliser as factors and the difference among means was detected by LSD
at the P < 0.05 probability level (Excel for Windows, 2003).

Results and discussion

The CP content of the DM yield of multi-species swards in the second production year was essentially
influenced by the botanical composition of mixtures and the N rate. Grass-only mixture type (MT) had
a significantly lower CP content in comparison with legume-containing MT (Table 1). There were no
significant CP differences between different legume-containing MT, either at NO or N120 treatment.
The increase in N fertiliser rate from 0 to 120 kg ha! contributed to a significant CP content increase in

the herbage of all MT.

Legumes accumulated more Ca than grasses and this is a reason for the significantly higher Ca content in
alllegume-containing MT in comparison with grass-only M T, which is in agreement with Juknevi¢ius and
Sabiene (2007). There was no significant effect of N application on Ca content. For all legume-containing
MT, N application negatively affected the proportion of legumes in the sward compared to unfertilised
plots (Figure 1).

The differences in P content between grass and legume-containing MT were small but statistically
significant. The N rate increase contributed to a significant P content increase for legume-containing MT.

Grass-only MT had a significantly higher NDF content in comparison with legume-containing MT
at both N rates. There were no significant NDF differences between different legume-containing MT.
Nitrogen rates had no significant effect on the NDF content in either grass or legume-containing MT.
Significant N application effects on ADF content, NEL and DM digestibility were not found. Mixture
type did not significantly affect ADF content, NEL and DM digestibility.

Table 1. Average herbage quality of grass-only and grass-lequme swards in the second year of sward use.!

Mixture type (MT)  Nrate, kgha™' (N) Contentin DM, gkg™! NEL, MJkg™'DM  Digestibility, % of DM
Crude protein  NDF ADF (€] P

G NO 104.6 568.8 345.2 48 35 59 62.0
N120 126.5 560.6 326.6 48 3.6 6.0 63.4

T+G NO 164.4 483.1 285.1 9.8 3.8 6.3 66.7
N120 184.1 447.5 2945 10.0 4.1 6.3 65.9

Tr+Tp+G NO 166.8 481.4 285.0 10.7 3.8 6.3 66.7
N120 185.9 4411 289.0 11.0 4.0 6.3 66.4

lc+G NO 166.3 465.4 276.4 9.6 3.6 6.4 67.4
N120 189.7 451.4 309.5 9.5 4.2 6.1 64.8

Mean 161.0 487.4 301.4 8.8 3.8 6.2 65.4

LSDgesN 9.59 ns ns ns 0.1 ns

LSDp o5 MT .50 7836 ns 414 027 ns

LSDg g5 N/ MT ns ns ns ns ns ns

"ns — not significant; NEL - net energy for lactation.
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Figure 1. Proportions of the groups of herbage species (%) applying two N fertiliser rates (on average three soil types): G: grasses; Tr + G: white
clover, grass; Tr + Tp + G: white clover, red clover, grass; Lc + G: bird's-foot trefoil, grass.

Conclusions

Increasing the N fertiliser rate from 0 to 120 kg ha'! contributed to a significant CP content increase in
the DM yield of all mixture types. The use of legume-containing swards can contribute to a better quality
of herbage — a higher CP content and alower NDF content. Legume-containing mixtures for forage may
optimise Ca content, thus improving the quality of forages.
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Abstract

Perennial ryegrass is the most common grass species used in the Netherlands. Usually a mixture of
different varieties with different heading dates is sown when reseeding. The objective of this research
was to examine the effects of mixtures with synchronous heading dates on dairy cow milk production.
A mixture with mid heading varieties and a mixture with late heading varieties were sown at the Aeres
Innovation Centre Dronten, the Netherlands, in autumn 2015. The first harvest in 2016 was mown
beginning of May. As effects of heading dates are mainly expected to occur during the time of flowering
in late May/early June, a grazing experiment was carried out during the second harvest of 2016 and 2017.
The September 2016 harvest was also grazed and all other harvests were mown. During the three grazing
periods, two herds each containing 14 spring-calving dairy cows were allocated to graze the two different
mixtures. Results of the first experimental grazing period (26 May to 14 June 2016) showed a higher
energy content and digestibility of the mixture with late heading varieties. There was no significant effect
of heading date on milk production in the three grazing periods.

Keywords: heading date, milk production, perennial ryegrass

Introduction

Perennial ryegrass (Lolium perenne L.) is the most common grass species used in the Netherlands. Usually
a mixture of different varieties with different heading dates is sown. Gowen ez /. (2003) concluded for
Ireland that later heading grass varieties have a beneficial effect on the milk production performance
of spring calving dairy cows. The objective of this research was to examine the effects of two different
mixtures with synchronous heading dates on dairy cow milk production in the Netherlands.

Materials and methods

A perennial ryegrass mixture with an expected mean heading date 23 May (consisting of mid heading
varieties) and a perennial ryegrass mixture with an expected mean heading date of 3 June (consisting
of late heading varieties) were sown on two parcels with an area of 5 ha each on clay soil at the Acres
Innovation Centre Dronten, the Netherlands, in autumn 2015. Both mixtures contained 40% tetraploid
and 60% diploid perennial ryegrass varieties. The varieties were all chosen from the Dutch National
recommended list. The first harvest in 2016 and 2017 was mown beginning of May. As effects of
differences in heading dates are mainly expected to occur during the time of flowering in late May/early
June, a grazing experiment was carried out during the second harvest period of 2016 (26 May to 14
June) and 2017 (27 May to 12 June). All other harvests were mown (July 2016, August 2016) except the
September 2016 harvest, which was also grazed (5 September to 18 September). The experiment ended
12 June 2017.

Throughout the experimental period (2015 - 2017), the two parcels were treated identically with respect
to grazing dates, mowing dates and fertilisation (dates and application rate). The mean N application rate
was 345 kg N halyrl, During the three grazing periods, two herds each containing 14 spring-calving
Holstein-Friesian dairy cows were allocated to graze the two different mixtures. At the beginning of the
grazing period, both herds were randomised over the parcels and matched with respect to lactation stage,
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days in milk and milk production. During the grazing periods, pre and post grazing yields were measured
daily cither using a Tempex (Eijkelkamp) or a Jenquip rising plate metre, which were both validated for
Dutch conditions (Holshof and Stienezen, 2016). VEM (Dutch energy unit), OMD (organic matter
digestibility), crude protein content and soluble sugar content of the grass were determined twice per
week. Milk production was measured twice per day during milking. Fat and protein content of the milk
was measured weekly.

Because of the case-control design of our study, independency cannot be assumed and hence repeated
measure ANOVA to test for possible effects of treatment on the daily milk production (kg milk cow™!).
Factors included: TimePoint (Null, Start, FirstMiddle, SecondMiddle and End) and Treat (M: mixture
with mid heading varieties, L: mixture with late heading varieties). Milk production was measured for
three days prior to the experiment (Null). The experimental grazing period was divided into four equal
time windows (i.e. Start, FirstMiddle, SecondMiddle and End). Analyses were performed using IBM
SPSS version 22. Alpha was set at 0.05. Corrections for assumed sphericity and multiple comparisons
were used when applicable by means of the Huyhn-Feldt and Bonferroni corrections, respectively. Post-
hoc tests were performed between treatment groups (i.e. M and L) for every level within the TimePoint
factor. A t-test was used to test for possible effects of treatment on grass yield and quality.

Results and discussion

The expected effects of differences in heading dates are mainly expected to occur during the flowering
period (late May/carly June). Results of the first experimental grazing period (26 May to 14 June 2016)
showed that, on average, time did influence the obtained milk production as evident from the significant
main effect of TimePoint (F(4,52) = 19.873; P < 0.001; 7]2 =0.605); Figure 1.

No significant effect of Treat was found (P > 0.05). A significant interaction of TimePoint x Treat was
obtained (F(4,52) = 3.720; P < 0.05; n* = 0.222). Differences in milk production between treatments
over the different time points gave rise to this interaction. Post-hoc analyses, however, showed no
significant differences between treatment for any of the time periods (all P > 0.05).

In the first grazing period (26 May to 14 June 2016), DM yield of the mixture with the late heading
varieties exceeded the DM yield of the mixture with the mid heading varieties. For both treatments, the
daily herbage allowance for the grazing dairy cattle was set ad [ibitum. Mean pre grazing grass height
was 21 cm and mean post grazing grass height was 13 cm. There were no significant differences in grass
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Figure 1. Milk production per time period for the two treatment groups (M = mixture with mid heading varieties, solid line; L = mixture with
late heading varieties, dotted line) during the grazing period of May / June 2016. Error bars denote mean = SEM (standard error of the mean).
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intake between the two herds. The mean daily grass intake was 16 kg DM cow . The VEM and OMD
were higher for the mixture with the late heading varieties than for the mixture with the mid heading
varieties (Table 1).

O’Donovan and Delaby (2005) found that the better sward quality of mixtures with late heading dates
allowed cows grazing to improve their milk production performance in Ireland. The higher energy
content and digestibility of the mixture with the late heading varieties in the flowering period of 2016
did not lead to differences in milk production in the Netherlands. Furthermore, there were no significant
differences in milk production and grass quality between treatments in autumn 2016 and in the flowering
period of 2017 (P < 0.05; results not shown). The weather conditions during the flowering period in
2017 were quite extreme and may have affected the results. High temperatures (25 - 30 °C) and drought
prior and during the grazing period induced early flowering, leading to a difference in flowering between
mid heading varieties and late heading varieties of only two - three days instead of the expected 11 days.

Table 1. Grass quality parameters for the two treatments (mixture with mid heading varieties and mixture with late heading varieties) during
the first grazing period of 2016 (mean =+ SEM; SEM=standard error of the mean, n.s. = not significant at 0.05 level.

Mid Late Pvalue
VEM', kg”' DM 891+36 940 + 17 0.005
OMD?, % DM 76.88 £ 0.58 80.16 £0.62 0.027
Crude Protein, g kg™ DM 13347 134+6 ns.
Soluble Sugar, g kg™' DM 194420 232+ 11 ns.

TVEM = Dutch energy unit; 1VEM = 6,9 kJ net energy for lactation; OMD = organic matter digestibility.

Conclusions

Two perennial ryegrass mixtures with synchronous heading dates (a mixture of mid heading varieties and
amixture of late heading varieties) were tested during three grazing periods in 2016 and 2017. Results of
the first grazing period (26 May to 14 June 2016) showed a higher energy content and digestibility of the
mixture with late heading varieties. There was no significant effect of heading date on milk production
in the three grazing periods.
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Abstract

Demands on grass swards are changing. Adaptation to climate change and interactions with management
and site are becoming more important. In order to investigate the potential of two alternative grass
species to Lolium perenne L. (Lolium pr.), we set up a field experiment with modern varieties of Festuca
arundinacea Schreb. (Festuca ar) and Phleum pratense L. (Phleum pr.) with Lolium pr. as a reference
on three sites — a clay, a peat and a sandy soil. Each of these grasses were sown as the main species in
mixtures with Poa pratensis L. and Trifolium repens L. and subjected to different management schemes
as distinguished by frequency of defoliation. We tested how yields and sward composition changed over
time. Differences in yield proportions in the third year were significantly influenced by main species, site
and their interaction. Remaining yield proportions of main species were smallest on peat on all sites.
Festuca ar. showed the highest persistence, followed by Lo/ium pr. Yield proportions of Phleum pr. were
especially small on peat where it had been replaced by Holcus lanatus L. We conclude that when yield
stability is of concern, new varieties of Festuca ar. are an interesting alternative, especially on peat land.

Keywords: persistence, variety, Festuca arundinacea, Phleum pratense, Lolium perenne

Introduction

The introduction of valuable forage species is a proven measure to make grasslands more productive
(Frame, 1992). After renovation, the composition of the new sward will undergo changes and the success
of the renovation will depend greatly on site conditions and management. It is often the case that after
some time sown mixtures are replaced by species and varieties that had not been sown. The vegetation
development is influenced by use as grazing or cutting. Lolium perenne L. (Lolium pr.) survives longer
in the sward under grazing and is well adapted to clay soils and a more maritime climate (Frame, 1992).
Water supply, drainage and the amount of organic matter influence the development of swards as well —
peat lands are particularly difficult to manage. Climate change is expected to lead to a higher probability
of drought periods in summer and this will especially affect grass growth on sandy and peat soils. With
this background we aimed at testing alternative grass species to Lolium pr. Festuca arundinacea Schreb.
(Festuca ar) is highly competitive and shows a good persistence under cutting and drought but also a
good tolerance to water logging (Suter ez 4/., 2009; Cougnon ez al., 2013). Unlike before, new varieties
have softer leaf tissue, less silicate and are much better accepted by livestock (Suter ez 4., 2009). Phleum
pratense L. (Phleum pr.) is sensitive to a high frequency of defoliation, but provides a good feed value and
a tolerance to cold periods (Héglind ez 4/., 2010; Suter ez al., 2009). We set up a three-year experiment
with different mixtures and management on sites with differing soils (‘Table 1).

Materials and methods

The experiment was established in autumn 2013 on three sites (sandy soil, peat soil, clay-marsh soil)
in north-west Germany. The main species Lolium pr., Festuca ar., and Phleum pr. were accompanied by
Trifolium repens L. and Poa pratensis L. and subjected to a simulated grazing regime, a mixed regime with
a first cut followed by simulated grazing and a cutting-only regime (Table 1). The experimental layout
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Table 1. Set up and management of the experiment.

Factor Steps Notes
Mixture Lolium perenne cv.Sponsor Sown mixture = 25 kg ha™" main species + 3 kg Poa pratensis (cv. Lato) + 3 kg Trifolium
(main species) Festuca arundinacea cv. Elodie repens (cv. Rivendel)

Phleum pratense cv. Barpenta

Management Grazing (sim.) Simulated grazing with 7 cuts; mixed with 6 cuts, and cutting-only with 4 cuts per year
Mixed
Cutting-only

Site Sand / Geest landscape Experiment repeated on three different sites; 3 years; 3 blocks; split-plot design

Clay / Marsh land
Peat / Moor land

at each site followed a split-plot design with the treatment management forming sub-blocks within three
main blocks (replications) and mixtures (plots) randomly allocated to the sub-blocks. Cutting for the
simulated grazing started between 05 and 15 April, the mixed plots and the cutting system were harvested
between 15 and 25 May for the first time. The cutting-only plots were harvested every six weeks after the
first cut. Plot size was 1.5 x 7.0 m and harvested in total with a remaining stubble height of 4 cm. Grab
samples of 500 g were used to determine DM content and for further analyses. All plots received 320 kg
nitrogen (N) hal, 75 kg phosphorous (P) ha'l, and 150 kg potassium (K) ha! per year; after an initial
supply of N (60 kg N ha'!) in March together with P and K, the remaining N was applied after each cut.
Mass proportions of each species were determined by separation of grab samples from every plot in July
of the third year. For statistical analysis we used the Ime function from the nlme package (Pinheiro ez
al., 2017) in R Studio (RStudio Team, 2016). Site, mixture/sward composition and management were
considered as fixed factors in a mixed model approach; replications in blocks and sub-blocks were taken
as random factors.

Results and discussion

The sward composition at the end of the third year was, depending on site and mixture, distinctly different
from the sown mixtures (Figure 1). The remaining proportions of the main species did not differ greatly
between simulated grazing, mixed and cutting. Management had no significant effect on persistence, but
persistence differed amongsites (P < 0.003) and mixtures (P < 0.001) and mixtures responded differently
in their development to site conditions (P = 0.0043). Comparing the main species as an average of the
three management regimes and sites (Figure 1), remaining proportions of Phleum pr. were lowest (48%)
and those of Festuca ar. the highest (89%) with proportions for Lolium pr. being only slightly less (76%)
than Festuca ar. All proportions of the main species were most reduced on the peat soil (P < 0.05) and
particularly for Phleum pr. with values as low as 20% compared to 75% for Festuca ar. and 59% for Lolium
pr. Generally, the persistence of the main species correlated with the annual yield in the third year (r =
0.56; P < 0.001) and even more so with yield at the sampling date (r = 0.60; P < 0.001). Phleum pratense
L. showed the greatest reductions and was displaced by Holcus lanatus L. on the peat soil and by the
accompanying grass Poa pratensis L. on the sandy and clay soil. On the peat soil the reduction of Phleum
pr. was already evident in the first year. Despite these changes in sward, composition yields were much less
affected. In the third year, Phleum pr. and Holcus lanatus L. did produce good yields on the peat soil (8.8
t DM ha'!), but the combination of increased proportions of Poa pratensis L. with less Phleum pr. on the
sandy and clay soil in particular, produced yields (12.1 t ha'l) that were similar to Lolium pr. (11.6 t ha'!
on sand; 13.7 t ha'! on clay). Festuca arundinacea Schreb. based mixtures proved to be most competitive
and even managed to persist on the peat soil (11.5 t ha! on peat; 16.6 tha! on sand; 18.1 t ha! on clay).
Other studies also observed a good persistence and yield stability of Festuca ar. on peat soils (Kalzendorf
and Hinrichsen, 2017).
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Figure 1. Persistence of the sown grass species: proportion of the main species of the total sward composition after three years as averaged over
the three types of managements (sim. grazing, mixed, and cutting-only), median, box and whiskers. FeAr: Festuca arundinacea, LoPe: Lolium
perenne, PhPr: Phleum pratense. Different letters indicate significant differences among means.

Conclusions

The use of Festuca ar. might help to reduce the frequency of sward renovations on peat soils and thus
reduce the mineralisation of organic carbon in the soil. Combining Lolium pr. and Festuca ar. is also an
interesting option and could result in stable forage production during dry periods, especially on lighter
soils, and a good forage quality. However, caution needs to be used when generalising the results as variety
choice may impact persistency.
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Abstract

The herbage energy to protein ratio affects ruminant N use efficiency butlittle is known about its variation
in lucerne (Medicago sativa L.)-based mixtures. We determined the effects of four cutting management
strategies (cuts at carly bud with an autumn cut; early bud with no autumn cut; early bloom with an
autumn cut; early bloom with no autumn cut) and four lucerne-based mixcures (Lucerne; Lucerne +
Timothy (Phleum pratense L.); Lucerne + Tall fescue (Schedonorus phoenix (Scop.) Holub); Lucerne +
Timothy + Meadow fescue (Festuca elatior L.)) at three successive harvests on the herbage ratio of water
soluble carbohydrates (WSC) to crude proteins (CP) over three post-seeding years at three climatically-
contrasted sites in eastern Canada. The herbage WSC:CP ratio was greater at the first harvest than at the
second and third harvests for all lucerne-based mixtures and cutting management strategies. The herbage
WSC:CP ratio at the first harvest was greater for cutting strategies with an autumn cut than without
an autumn cut. Pure lucerne had the lowest herbage WSC:CP ratio at the three harvests. The greater
herbage WSC:CP ratio at the first harvest, for cutting strategies with an autumn cut, and in mixtures that
included grasses is explained by a lower proportion of lucerne in the harvested herbage.

Keywords: herbage species, carbohydrates, proteins, energy, cutting

Introduction

Enhanced efficiency of nitrogen (N) utilisation and enhanced milk yield were reported for cows fed
grasses or lucerne with a high non-structural carbohydrate concentration (Miller ez 4/., 2001; Brito ez al.,
2009). For improved N utilisation by dairy cows, a dictary combination of high energy availability and
reduced total N concentration has been suggested for better microbial protein synthesis in the rumen
(Bryant ef al., 2012). Parsons ez al. (2011) concluded that the herbage water soluble carbohydrates
(WSC):crude protein (CP) ratio, ranging from 0.5 to 2.4, was negatively correlated with N excreted
in the urine. In studies conducted in eastern Canada, the herbage WSC:CP ratio varied from 0.39 to
0.70 among 18 legume-grass binary mixtures (Simili da Silva ez 4/., 2013) and from 0.64 to 1.04 among
cight legume-grass complex mixtures (Simili da Silva ez 4/., 2014). These results obtained from the first
two harvests of the first post-seeding year provided useful and novel information on the possibility to
improve the balance between herbage readily-available energy and proteins. However, no study has ever
been conducted in Canada on the effects of the stage of development at harvest, the herbage mixtures
harvested for silage or hay and time of year on the herbage WSC:CP ratio. Our objective was to determine
the effects of cutting management strategies based on the stage of development at cutting combined or
not with an autumn cut, lucerne-based mixtures with different grass species and harvests from different

periods during the growing season on the herbage WSC:CP ratio.

Materials and methods

An experiment was established in 2013 at three sites in eastern Canada with a climate gradient:
Normandin, 1359 growing degree-days (GDD, 5 °C basis); Saint-Augustin-de-Desmaures, 1712 GDD;
and Sainte-Anne-de-Bellevue, 2098 GDD. The experiment was conducted over three post-seeding years
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(2014 t0 2016). Four cutting management strategies (cuts at the carly bud stage with an autumn cut; cuts
at the early bud stage with no autumn cut; cuts at the early bloom stage with an autumn cut; cuts at the
early bloom stage with no autumn cut) and four lucerne-based mixtures (Lucerne; Lucerne + Timothy;
Lucerne + Tall fescue; Lucerne + Timothy + Meadow fescue) were arranged with four replications in a
randomised complete block design with split-plot restriction with cutting management strategies as main
plots and lucerne-based mixtures as sub-plots. The herbage was cut in each plot with a self-propelled flail
harvester to a 7 cm height at least three times per year. At each harvest a herbage sample of around 500
g was dried at 55 °C for three days and analysed for WSC and CP concentrations (Simili da Silva ez 4L,
2013). The proportion of lucerne was assessed at each cut by hand separation of a sample from a 50 x 50
cm area in each plot. Data were assessed across treatments by analyses of variance with years and sites as
random effects and cutting management strategies, lucerne-based mixtures and the first three harvests
during the growing season as fixed effects.

Results and discussion

Cutting management strategies, lucerne-based mixtures and harvests significantly affected the herbage
WSC:CP ratio. The effect of the cutting management strategies and lucerne-based mixtures, however,
varied with the harvests as indicated by their significant interaction with harvests. Averaged across the
three post-seeding years and the three sites, the herbage WSC:CP ratio was significantly greater at the
first harvest than at the second and third harvests for all cutting management strategies (Figure 1A)
and lucerne-based mixtures (Figure 1B). The herbage WSC:CP ratio at the first harvest was greater for
cutting strategies with an autumn cut than without an autumn cut and the lowest at the second and third
harvests with cutting at the carly bloom stage of development with no autumn cut (Figure 1A). Pure
lucerne had the lowest herbage WSC:CP ratio at the three harvests and the ratio tended to be greatest
in Lucerne + Timothy + Meadow fescue at the first harvest and in Lucerne + Tall fescue at the second
and third harvests (Figure 1B).

The generally greater WSC:CP ratio for cutting strategies with an autumn cut, mixtures of lucerne
with grasses and the first harvest can be in part related to a lower proportion of lucerne in the mixture.
Averaged across years and sites, the proportion of lucerne was the lowest with cuts taken at early bud
and an autumn cut (54%) and the greatest with cuts taken at carly bloom and no autumn cut (75%).
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Figure 1. Herbage water soluble carbohydrate (WSC) to crude protein (CP) ratio for the main effects of four cutting management strategies
(A) and four lucerne-based mixtures (B) at the first, second and third harvests during the growing season. Data are averages of three post-
seeding years over three sites, L: Lucerne, Ti: Timothy, Tf: Tall fescue, Mf: Meadow fescue. Within a harvest, different letters indicate a significant
difference at P < 0.05.
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The proportion of lucerne was also lower with Lucerne + Timothy (68%), Lucerne + Tall fescue (56%),
and Lucerne + Timothy + Meadow fescue (51%) than with pure lucerne (82%), and lower at the first
harvest (55%) than at the second (71%) and third harvests (68%). Overall, the herbage WSC:CP ratio
was negatively correlated to the proportion of lucerne in the mixture (r=-0.57, P < 0.001, » = 560).
Herbage grasses are known to have greater WSC and lower CP concentrations than herbage legumes.

Conclusions

Our results confirm that cutting management strategies, companion grass species and harvests
corresponding to different periods during the growing season affect the herbage energy to protein ratio in
lucerne-based mixtures. The herbage WSC:CP ratio was greatest at the first harvest, for cutting strategies
with an autumn cut, and in mixtures that included grasses due a lower proportion of lucerne in the
harvested herbage. Research is ongoing to provide on overall perspective of the effect of those three
factors on herbage yield and all attributes of nutritive value.
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Performance of Lolium spp., Festuca spp. and their mutual
hybrids in Latvian conditions

Berzins P., Rancane S., Stesele V. and Vezis 1.
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Abstract

Interspecific hybridisation is carried out with the aim of combining the best properties of each species
in one cultivar: quality and yield potential of Lolium spp., winter-hardiness of Festuca pratensis L. (Fp)
and persistence of Festuca arundinacea L. (Fa). Depending on the parent and their genome proportion,
the hybrids of xFestulolium (FL) tend to vary greatly, providing different productivity, forage quality,
persistence, etc. The aim of our studies was to evaluate and compare the commercial cultivars of Lolium
perenne L. (Lp), Fp, Fa, FL and FL hybrids differing in parental origin over four consecutive climatically
different years (2013 - 2016). The data shows that the DM yield (DMY) depending on the ley year and
wintering conditions varied between 4.71 and 6.17 ¢ ha'! for Lp; 5.94 and 8.13 t ha'! for Fp; 8.46 and
10.95 t ha'! for Fa. Very different DMY (3.88 - 12.81 tha'l), often greater than that of the parent species,
were measured for FL hybrids, depending on their parental origin and species on which cytoplasmic base
they were developed. Significant fluctuations in terms of DMY of Lp and some FL hybrids were observed
in the 2" season after a very cold winter, however, individual hybrids showed an outstanding ability to
rejuvenate the sward during vegetation.

Keywords: Festulolium, breeding, species, DMY, persistency

Introduction

In the Latvian climate, Lolium perenne L. (Lp) is often not sufficiently winter-hardy and persistent
(Berzins et al., 2017), therefore, interspecific hybridisation is performed by mutual pollination of Zp,
Festuca pratensis L. (Fp) and Festuca arundinacea L. (Fa). Festuca spp. and Lolium spp. are closely related
in evolutionary terms, therefore they can be hybridised successfully (Ostrem ez 4/., 2013). Important
requirements for X Festulolium (FL) hybrids are combining productivity, growth potential and forage
quality of Lolium spp. with a stress tolerance, including cold resistance and winter-hardiness of Festuca
spp- (Thomas e 4l., 2003). Both, Lp and FL usually survive well in the 1% winter after sowing. In the
following years, depending on winter conditions and cultivar, survival can be sufficiently high (70% - 90%)
or it can decrease dramatically (Berzins e a/., 2017). However, FL has the ability to rejuvenate reasonably
well after adverse winter conditions. These abilities depend greatly on the characteristics of each cultivar.
The most interesting for Nordic and Baltic conditions are festucoid type FL cultivars (crosses between
Lolium multiflorum L. and Fz) due to their high yield ability and persistency (@strem and Larsen, 2008;
Halling, 2012). In Latvia, the main focus is directed towards developing hybrids with Fz (Lp x Fa; Fp x
Fz) and the main challenge is to improve palatability and forage quality of these hybrids.

Materials and methods

The potential of FL for forage production in Latvian conditions was investigated by comparing three
promising Latvian FL hybrids differing in parental origin with commercial cultivars of FL (Vizule, Perun,
Felina) and parental species: Lp Spidola (4n), £p Silva, and Fz Swai. Seeding rate of 25 kg ha'! was used
for all cultivars. The field experiment was established in a randomised complete block in four replicates
on 20 August 2012 and conducted from 2012 to 2016 in the central part of Latvia (56°37° N, 25°07’ E)
in sod-podzolic sandy loam soil (Eutric Retisol - WRB 2015) with 5.3 pH KCl, 27.0 gkg ' organic matter
content, 167.1 mgkg! plant available phosphorus (P,05) and 88.0 mg kg! potassium (K,0). The DM
yield (DMY) was recorded from an accounting area of 10 m? using three cuts per season (1% cut at the
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beginning of heading; 20d and 31 cue (aftergrass) 30 - 40 days after previous mowing). Visual scoring
of culm formation (1 - 9 scale), species cover in the sward (%) and leaf softness (1 - 9 scale) by touch at
different stages of development were performed. Relative fodder value (RFV), what is relative number
for comparison of fodder quality (for high-quality fodder it should exceed 100) was calculated from acid
detergent fibre (ADF) and neutral detergent fibre (NDF) content of the forages at 1°* and 2" harvesting,
The field was not fertilised before sowing; in the production years, ammonium nitrate was used three
times per year (in total 180 kg nitrogen (N)): in carly spring just after the beginning of vegetation and
after the 1%t and 2™ cut (60 kg N per application). In addition, in autumn after harvesting, complex
fertiliser, providing 15:30:75 kg ha' N, P,0; and K, O respectively, was used. In all experimental years,
meteorological conditions at the test site were within the normal range, except for unfavorable wintering
conditions during 2013/2014, when for about three weeks black frost (-20 to -25 °C) with cold winds
were present. The experimental data were processed by the analysis of variance (ANOVA); differences
between means were detected by least significant difference (LSD) at the 0.05 probability.

Results and discussion

Due to unfavorable conditions at the test site during 2013/2014, many swards of Lp and FL were severely
damaged. The majority of swards partly renewed themselves over the following season and provided a
satisfactory DMY in the following years. The FL hybrid PSP (Fp x Lp), originated from Fp cytoplasm,
was least affected by black frost (Table 1).

No winter damage was observed for Fp, Fz and FL hybrids that originated from FZz as species within the
genus Festuca have a higher level of general stress tolerance than Lp (Ostrem ¢z al., 2013). The DMY of
these species and hybrids after the severe winter conditions in the 2nd ley year were higher than in the I**
ley year: DMY ranged from 8.13 t ha'! for Fp to 12.81 t ha'! for the FL hybrid GNK (Zp x Fz), which
overall proved to be the most productive over four ley years. Despite good winter-hardiness, Fp does not
survive much longer than Zp and FL (Table 2). That is why it is necessary to develop hybrids with Fz,
which are persistent and highly productive species. During four ley years Fz and its hybrids with Lolium
spp. and Fp were distinguished by their high productivity and persistency, which, however, produced
fodder of lower quality. The main problem was the harsh-leaved sward of Fz that significantly reduced
the palatability of the grass. The hybrids with Fz showed slightly improved leaf softness; on a9 point scale
they scored 4 and 5 points, whereas Fz scored 3 points (Table 2).

Table 1. The DM yield (DMY) and proportion of aftergrass (2" and 3" cut) of different grass species swards in four ley years (2013-2016).!

Origin**  Cultivar/ DMY, tha™ DMY % toLp DMY of aftergrass
FLhybrid* 1%tleyyear 2" leyyear 3'leyyear 4tleyyear Average of 4 years % of total yield % relative to Lp

Ip Spidola  6.17¢ 4710 5.77¢ 5.56b¢ 5.55¢ 100.00 4.70 100.00
Ipxfp  Vizule 7.642 5.63¢ 7.984 6.000 6.814 122.64 45.13 103.28
ImxFp  Perun 7.42b 3.88f 672  511¢ 5.78¢° 104.09 48.14 110.16
Fpxlp  PSP* 7.62% 6.56¢ 7.25 5.46b¢ 6.72¢ 121.02 38.00 86.96
Fp Silva 6.46¢ 8.13¢ 7.25¢4 5.94b 6.94¢ 125.04 4336 99.23
ImxFa  Felina 8.082 10160 1099 714 9.09b 163.76 5231 119.71
IpxFa  GNK* 7.89% 12.812 11610 715 9.872 177.67 58.51 133.88
FpxFa  PatNa* 642 9.63b¢ 8.60¢ 5.57b¢ 7.56¢ 136.07 58.42 133.69
Fa Swai 8.462 1095 10.340 5.54bc 8.82b 158.90 56.02 128.19
LSD, 0.88 0.91 0.85 0.53 0.46

0.05

1%%1p - Lolium perenne; Fp - Festuca pratensis; Lm - Lolium multiflorum; Fa - Festuca arundinacea; means with different superscript letters differ significantly within columns (P < 0.05).
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Table 2. Assessment of FL hybrids in field conditions and their relative fodder value (RFV).

Origin** Culti-var/FL Culm forma-tionin Soft-ness of Species coverin the Relative fodder value AverageRFVin  RFVrelative
hybrid* after-math,1-9  leaves,1-9 sward in4th ley year (RFV) proportion of DMY to Lp %
% %toLp 1t cut 2" cut
Lp Spidola 40 9.0 58.0¢ 100.0 123.91%  108.05 116.98 100.0
LpxFp Vizule 6.0 9.0 52,04 89.7 12415 100.54¢ 113.49 97.0
LmxFp Perun 8.0 9.0 43,09 74.1 112.28 128.942 120.30 102.5
foxLp PSP* 40 9.0 60.0¢ 103.5 126.052 106.78b 118.73 101.5
fp Silva 1.0 9.0 53.04¢ 91.4 97.87¢ 116382 105.90 90.5
LmxFa Felina 20 40 78.0% 1345 103.76°  110.54% 107.30 917
LpxFa GNK* 2.0 3.0 80.0° 1379 102.24%  105.43b 104.10 89.0
fpxFa PatNa* 2.0 5.0 80.0° 1379 100.66°  119.382 111.60 95.4
Fa Swai 20 3.0 7.0 1224
LSDy g5 8.40 2.4 19.11

1% p - Lolium perenne; Fp - Festuca pratensis; Lm - Lolium multifiorum; Fa - Festuca arundinacea; means with different superscript letters differ significantly within columns (P < 0.05).

Hybrids of L, originating from Fz (PatNa and GNK), are highly productive but the relative fodder value
(RFV) showed that their nutritional value is lower than that of Lp and FL hybrids originating from Fp.

Conclusions

We have succeeded in developing several perspective FL hybrids that show greater productiveness and
persistence, but the activities should be continued to further improve the palatability and forage quality
of Lp and Fp hybrids with Fa.
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Abstract

Herbage utilisation is of primary importance to grassland farmers due to its strong association with
farm profit. On commercial grassland farms, grazing efficiency of grass varieties can influence herbage
utilisation. To understand grazing efficiency, the interaction between plant and animal is critical;
mechanically simulated grazing protocols are limited in the information they provide. The objective of
this paper was to understand the grazing cfficiency of perennial ryegrass (Lolium perenne L.) varieties
by identifying grazing traits for use as selection criteria by breeders to develop varieties with improved
grass utilisation. Fifty five perennial ryegrass varieties, both diploid and tetraploid with intermediate
and late heading dates, were sown in plots. Swards were rotationally grazed by lactating dairy cows in
2015 and 2016. Sward structural, morphological and chemical characteristics were measured and related
to grazing efficiency, as measured by post-grazing sward height. Varieties were shown to differ in their
level of grazing efficiency (P < 0.001). Tetraploid varicties had significantly (2 < 0.001) greater grazing
eficiency than diploids with post-grazing sward heights of 3.8 and 4.1 cm, respectively. Increased free leaf
lamina (2 < 0.001), tiller mass (P < 0.05) and dry matter digestibility (2 < 0.01) of varicties were shown
to significantly improve grazing efficiency.

Keywords: Lolium perenne L., variety, sward characteristics, ploidy, heading date, grazing efficiency

Introduction

The production and utilisation of increased quantities of grazed grass can significantly increase the
profitability of Irish dairy-farm enterprises (Dillon e 4/., 2008). Current variety evaluations are mainly
focused on herbage yield and put little emphasis on herbage utilisation. It is difficult to effectively
include herbage utilisation as a breeding objective. The absence of herbage utilisation from National
and Recommended list evaluations, and the difficulty of assessing it on large numbers of accessions,
has generally deterred breeders/evaluators from including it in their programs. Swards are known to
adapt their sward structure, morphology and chemical properties in response to lower post-grazing
sward height, which is a survival mechanism to escape severe defoliation and depletion of plant reserves
(Briske, 1996). This creates a sward ideally suited to animal grazing, varieties are not all equally able to
adapt. Post-grazing sward height has been reported as an indicator of this grazing efficiency characteristic
(McCarthy ez al., 2013). Varieties that form ‘grazable’ swards, i.c. swards that can be consistently grazed
to a post-grazing sward height of 3.5 - 4 cm have a higher content of green leaf and digestible nutrients
whilst having reduced stem and senescent material (Tufion ¢ al., 2014). Swards with this characteristic
consistently support the highest percentage of herbage utilisation with no effect on sward production
(McCarthy et al., 2013, Tufion et al., 2014). The objective of this paper was to further understand the
grazing efficiency of perennial ryegrass (Lolium perenne L.) varicties by identifying grazing traits for use
as selection criteria by breeders/evaluators to develop and select varieties with improved grass utilisation.
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Materials and methods

The grazing study was undertaken at Teagasc Moorepark, Fermoy, Cork, Ireland, over two grazing
seasons (2015 and 2016). Fifty five perennial ryegrass varieties were examined (15 intermediate heading
diploids, 10 intermediate heading tetraploids, 18 late heading diploids, 12 late heading tetraploids)
which comprised both recommended and candidate varieties for the Republic of Ireland’s National/
Recommended list sowing 2014. The experiment was a randomised complete block design with three
replicates of each variety. The plots were sown in 3 x 7 m plots in August 2014 at a rate of 31 and 40 kg
ha'! for diploid and tetraploid varieties, respectively. Ten sward height measurements were recorded in
each plot pre- and post- grazing using a Jenquip rising plate meter. From each plot three selected herbage
samples were taken for quality analysis, cut at 4 cm from grazings 2 - 7 in 2015 and 3 - 7 in 2016, and
analysed for dry matter digestibility (DMD), water soluble carbohydrate (WSC) and crude protein (CP)
by near infrared spectroscopy. Sward structural characteristics were measured during the reproductive (12
April to 20 June) and the vegetative (2 July to 6 September) growth phases in both years. Seventy tillers
were randomly selected from each plot, cut at ground level and oven dried at 90 °C for 24 h, with 50
used to measure tiller mass and 20 tillers used to determine the proportion of leaf, true stem, pseudostem
and dead material, pre-grazing extended tiller height (ETH), extended sheath height (ESH) and free
leaf lamina (FLL) in the grazed horizon (above 4 cm). Tiller density was determined seasonally for each
plot (March, July and November) of each year. Data were analysed using Mixed Models in SAS (SAS,
2011). Terms included in the model were variety, ploidy, heading date, block, rotation and the ploidy x
heading date interaction.

Results and discussion

All parameters measured were significantly different (P < 0.001) between years and grazing rotation with
no interaction between ploidy and heading date observed. For a trait to be considered as selection criteria
it had to be influenced by variety (Table 1) and be shown to cause a significant change in post-grazing
sward height in either ploidy or heading date groups and have a significant negative Pearson’s correlations
with post-grazing sward height. Only FLL (2 = -0.41), tiller mass (+* = -0.51) and DMD (+* = -0.57)
met this criteria. Increased FLL was shown to significantly (P < 0.001) reduce post-grazing sward height
across ploidy and heading dates by -0.030 cm and -0.060 cm, respectively, per unit increase. For every
1 g DM increase in tiller mass post-grazing sward height decreased by -0.054 cm and -0.098 cm within
ploidy and heading date groups, respectively. For each unit increase in DMD, post-grazing sward height
was reduced by -0.004 cm and -0.008 cm within ploidy and heading date groups, respectively. Pre-grazing
sward height is an important factor (P < 0.001) as it is positively correlated with post-grazing sward
height (7? = 0.46). The use of post-grazing sward height as an indicator of grazing efficiency is justified
as it accounts for 92% of the variation in the quantity of herbage removed.

Conclusions

This study shows that varieties differ in their grazing efficiency leading to herbage utilisation differences.
Ploidy and heading date influence grazing efficiency; ploidy influences a wide range of sward canopy and
quality characteristics which regulate grazing. Pre-grazing sward height had a significant effect on grazing
efficiency demonstrating the role management has in achieving high grass utilisation. Free leaf lamina,
tiller mass and DMD were identified as reliable indicators of a variety’s grazing efficiency. A combination
of these parameters have the potential to deliver varieties ideally suited to grazing regimes if used as key
selection criteria by plant breeders. This study shows the importance of plant and animal interactions
when evaluating varieties. Future grass variety evaluations should test and publish information on a
variety’s grazing efficiency to provide direction to both breeder and farmer.
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Table 1. Sward characteristic differences between ploidy and heading date groups under animal grazing.

Trait Ploidy Heading date Variety
D' T P-value I L P-value s.e P-value
Herbage removed 5.1 5.4 Hrx 53 5.2 ** 0.03 *rE
Post-grazing characters
Post-grazing residual (cm) 4.1 38 wxE 39 40 ** 0.03 e
Extended tiller height (cm) 8.6 8.1 ** 83 8.4 NS 0.10 **
Extended sheath height (cm) 4.5 4.2 ** 4.2 45 * 0.15 NS
Pre-grazing characters
Pre-grazing height (cm) 9.4 9.0 *rE 93 9.2 ** 0.14 *rE
Morphological
Extended tiller height (cm) ~ 27.3 29.2 e 28.8 27.7 i 0.27 e
Extended sheath height (cm) 8.4 8.7 NS 8.9 8.2 ** 0.23 *
Free leaf lamina (cm) 19.0 20.5 i 20.0 19.5 NS 0.16 i
Leaf proportion 0.66 0.67 NS 0.67 0.67 NS 0.014 NS
Pseudostem proportion 0.16 0.15 NS 0.15 0.16 NS 0.004 NS
True stem proportion 0.08 0.08 NS 0.09 0.07 ** 0.006 *
Dead proportion 0.10 0.09 ** 0.09 0.10 NS 0.008 *
Tiller mass (g DM™") 0.06 0.08 *rx 0.07 0.07 NS 0.001 **
Chemical composition
DMD (g kg™ DM) 819.8 833.2 bl 824.0 829.0 X 1.75 el
WSC (kg™ DM) 174.5 1922 bl 179.8 186.8 X 5.45 bl
(P (gkg™ DM) 176.4 178.8 ** 1783 176.8 NS 1.82 bl
Sward density
Tillers (m?) 4,837 3,679 bl 4,176 434 NS 102.0 NS
Ground score (0-9) 42 3.7 i 3.8 40 * 0.06 e

1D = Diploid, T = tetraploid, | = Intermediate, L = Late, NS=P>0.05, * = P < 0.05, ** = P < 0.01, *** = P < 0.001.
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Abstract

Genetic gain in forage species has been low in comparison to other crops. Reasons include a long selection
cycle, an inability to select for ‘harvest index’, an inability to exploit heterosis, and less investment. Indirect
selection using genome-wide markers offers an opportunity to accelerate genetic gain for forage yield in
perennial species by enabling multiple cycles of genomic selection (GS) to be performed in the same time
it takes to perform a single cycle of conventional selection. However, in order to take advantage of GS in
forage breeding we must overcome some of the challenges to its implementation and modify genotypic
selection schemes to take full advantage of GS. In this paper we present results evaluating GS models for
first cut silage in a tetraploid perennial ryegrass (Lolium perenne L.) population. Predictive abilities of
between 0.19 and 0.23 for first cut silage were achieved. As multiple cycles of GS can be completed in
the time it takes to complete a single cycle of conventional genotypic selection this translates to over a

three-fold greater breeding gain with GS.

Keywords: Lolium perenne L., genomic selection, yield, forage breeding

Introduction

Accelerating the rate of genetic gain in perennial ryegrass (Lolium perenne L.) for traits such as forage
yield, persistency and nutritional value is the focus of many forage breeding programmes. A typical
progeny-based (half-sib/full-sib families) recurrent selection scheme takes five to six years from producing
and evaluating families to crossing selected plants to generate an improved population. There is the
potential to reduce this to a single year using DNA based selection strategies such as genomic selection
(GS), thereby accelerating the rate of genetic gain in forage breeding. However, there are challenges
that need to be overcome before the benefits of GS can be realised in perennial ryegrass breeding. One
such challenge is the existence of limited useful linkage disequilibrium (LD) in many perennial ryegrass
breeding populations. Limited LD impacts GS by requiring (1) near full genome coverage with molecular
markers and (2) impractically large training populations. Strategies for applying GS in forage grasses
that overcome these challenges have been proposed (Hayes ef a/., 2013) and are based on reducing the
effective population size and, thereby, increasing LD. Despite these challenges, there have been a number
of promising examples of GS in forage grass breeding (Annicchiarico et al., 2015; Fe et al., 2016). In this
study we have selected a small training population developed from a restricted base that is expected to
have substantial useful LD. Parental plants were genotyped and half-sib progeny phenotyped, and the
data used to evaluate GS for forage yield.

Material and methods

A late heading tetraploid perennial ryegrass cultivar with strong performance on the Irish Recommended
List in 2012 was used as a starting population for further rounds of selection. This cultivar had been
derived by intercrossing 75 plants from each of four full-sib families. Individual plants from this cultivar
were established in a replicated polycross nursery in 2013 to produce 109 half-sib families for field-
evaluation. Half-sib families were established in sward plots (6.0 x 1.5 m) in Oak Park, Carlow, Ireland
in 2014. The plots were sown in two replicates and managed under a four cut silage regime. First-cut
silage was harvested in 2015 (21 May) and 2016 (12 May). Plots were cut dry to touch and fresh weight
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recorded. Maternal plants were genotyped using a genotyping-by-sequencing approach and sequence data
was aligned to the reference genome (Fe ez al., 2015) for variant calling as previously described (Byrne ez
al., 2017). We used a simplified procedure for genotype calling (Li et al.,, 2014) that did not distinguish
between the three heterozygote states, which is challenging in the absence of very high sequence read
depth (> 60 X). The first cut silage yields were used to evaluate GS. We evaluated various approaches
for genomic prediction: (1) using genomic-BLUP based on the relationship matrix derived from the
genomic data, (2) three Bayesian approaches and (3) using the ensemble learning algorithm random
forest regression, which can account for correlation and interaction among variables. Genomic-BLUP
was carried out with the R package rrBLUP (Endelman, 2011), Bayesian approaches (Bayes A, Bayes B,
and Bayesian Lassos) were carried out with the R package BGLR (number of iterations = 5,000, burn-
in = 500 and thinning = 5), and random forest regression was performed with the R package random
forest (Liaw and Wiener, 2002) with the number of variables (P) at each split set to 1/3(P), terminal
node size of 5, and 500 trees per forest. We performed Monte-Carlo cross validation by assigning 80%
of the population as training with the remainder used for testing and repeated this 500 times. The mean
predictive ability was determined as the average Pearson correlation coefficient between predicted and
observed phenotype over all iterations. Variance components and BLUPs were determined in Imer (Bates
et al., 2015) and marker-based heritability with 95% confidence interval was determined with the R
package Heritability (Kruijer ez al., 2015).

Results and discussion

The mean first cut silage yield (fresh weight) in the population was 35.17 t ha'! in year one and 35.07
t hal in year two. Repeatability (broad-sense heritability, H?,) for first cut silage yield was moderately
high at 0.36 and a marker-based estimate of heritability (h? ) was determined as 0.12 (95% CI; 0.06 -
0.25). Whereas the marker-based estimates of heritability only account for additive genetic variation,
the heritability in a broad-sense includes non-additive genetic variation. Importantly, the evaluation of
GS in this study is focussed on predicting only the additive genetic variation (parental breeding values),
ultimately reflectinghow GS will be applied in forage breeding. We discovered 45,569 Single Nucleotide
Polymorphisms (SNPs), genotyped each maternal plant at each SNP and collected phenotypes on the
half-sib progeny. Predictive ability for first cut silage ranged between 0.19 and 0.23 depending on the
predictive model with little difference between models (Table 1).

These predictive abilities are in line with results from similar studies of the perennial forage grasses alfalfa
(Medicago sativa L.) and switchgrass (Panicum virgatum L.) using similarly sized training populations to
evaluate forage yield (Annicchiarico ez al., 2015; Ramstein ez al., 2016). The fact that we could achieve
moderate predictive accuracies for first cut silage with such a small training population and less than
50,000 SNPs is likely a result of the restricted population used in our study. The estimated extent of LD
(above background levels) in this population ranged between 2.5 and 10 centimorgan depending on
linkage group. Even with moderate accuracies of prediction, GS can be advantageous by enabling a cycle
of selection to be performed in a much shorter time frame than conventional selection. Furthermore, as

Table 1. Predictive ability for first cut silage using different genomic selection models. The mean of 500 cross-validations is shown.

Genomic selection model Pa’

Genomic BLUP 0.22
Random forest 0.22
Bayesian A 0.20
Bayesian B 0.19
Bayesian Lasso 0.23

T Predictive ability (mean of 500 cross validations).
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genotyping costs reduce it is anticipated that much higher selection intensities can be employed, which
will further improve the relative selection efficiency of GS over conventional selection. Improvements in
predictive accuracies are also likely with larger reference populations and will improve over generations
as LD increases and GS models are updated. Strategies to control for inbreeding in such closed recurrent
selection schemes have already been proposed (Lin et 4/, 2017).

Conclusions

The relative selection efficiency of GS over conventional selection for first cut silage yield is 3.2, assuming
no degradation in predictive ability over generations and a narrow sense heritability of 0.12. The increased
eficiency is being driven by our ability to complete multiple cycles of GS in the time it takes to complete
a single cycle of conventional selection. These findings should encourage the implementation of GS to
increase genetic gain for perennial ryegrass yield.
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Introduction

White clover (Trifolium repens L.; clover) can increase the sustainability of grass-based dairy systems. The
inclusion of clover in perennial ryegrass (Lolium perenne L.; grass) swards can increase herbage growth
rates (Frame and Newbould, 1986) and maintain a higher nutritive value. Intensive grass-based systems
usually rely on high nitrogen (N) fertiliser rates to ensure an adequate supply of herbage for grazing.
However, many studies suggest that clover in grass/clover swards does not persist under high N levels
and high stocking rates (> 2.5 LU ha'l; Frame and Newbould, 1986). The objective of this study was to
determine the effect of varying levels of N fertiliser on clover stolon dynamics in an intensive grazing
system.

Materials and methods

The study was conducted at Teagasc, Animal and Grassland Research Innovation Centre, Moorepark,
Fermoy, Co. Cork, Ireland. This experiment compared the effect of N fertiliser on white clover sward
dynamics in grass/clover swards receiving 150 or 100 kg N ha'! yr'! (C1150 and CI100, respectively) in
an intensive grazing system. In July 2017, 60 clover stolons in each treatment were identified and marked.
Measurements included clover stolon elongation and nodal appearance measured every two weeks, and
stolon width measured every two months between July and December 2017. Data were analysed using
Mixed Models in SAS (SAS, 2011). Terms included in the model were N fertiliser rate, block, rotation
and the N fertiliser rate x rotation.

Results and discussion

The rate of N fertiliser application had a significant effect (P < 0.05) on stolon elongation; the C1150
treatment had a greater stolon growth rate than the C1100 treatment (5.9 cm and 3.9 cm, respectively).
The Cl150 treatment had a greater (P < 0.05) stolon length compared to the C1100 treatment, 12.97 cm
and 11.6 cm, respectively, which is contrary to Harris ef 4/. (1996) who reported that N fertiliser rate did
not have an effect on stolon growth at 0 and 200 kg N ha'l. The Cl150 treatment had a greater number
of nodes per plant compared to the C1100 treatment, 6.1 and 4.5 nodes per plant, respectively. There was
no significant effect of treatment on stolon width (0.254 cm).

Conclusions

Increasing the rate of N fertiliser application from 100 to 150 kg N ha! increased stolon elongation and
nodal appearance.
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Abstract

Grass availability in spring is highly variable. Including grazed grass in the diet of early lactation dairy cows
can result in improved animal performance. The objective of this experiment was to determine if a high
opening farm cover (OFC) can impact on early lactation milk production in a spring calving system. In
spring 2017 (6 February — 25 April), 45 cows were randomly assigned to one of three (n = 15) OFC; High
(H) (974 kg DM ha'!), Medium (M) (863 kg DM ha!) and Low (L) (624 kg DM ha!). All cows were
allocated an equal daily grazing area. Post-grazing sward height and daily herbage allowance (DHA) were
measured daily and pre-grazing herbage mass (> 3.5 cm) twice weekly. Milk yield was recorded daily and
composition once weekly. There was a significant effect of treatment on daily milk yield (2 < 0.05); the H
treatment had greater production than the M treatment (+1.9 kg cow™!). Milk composition did not differ
with treatment. Daily herbage allowance was greater (P > 0.05) on the H treatment than the L treatment,
with the M treatment intermediate. Higher OFC increases grass availability on the farm which increases
DHA, resulting in increased milk production performance.

Keywords: herbage allowance, pasture availability, early lactation, milk production

Introduction

The supply of feed in the form of grazed grass generally exceeds the feed demand of spring-calving dairy
cows from mid-April to mid-September. There is, however, little grass growth from November to February
(Dillon ez al., 1995), resulting in low grass availability in early spring when a significant quantity of milk is
produced in spring calving milk production systems. Positive effects of including grazed grass in the diet of
early lactation cows on animal and sward productivity have been reported (Kennedy e 4/., 2007, McEvoy
et al., 2008). Dry matter intake (DMI) in early lactation is a critical factor influencing animal performance
and increasing daily herbage allowance (DHA) can result in increased milk production (Kennedy ez 4/,
2007). The increase in DMI post calving to peak intake capacity occurs at a vulnerable period in the grazing
season. As a result, it is essential to ensure adequate herbage is available to support DMI requirements until
grass growth equals animal demand on farm. If grass is not available in adequate supply in early spring,
concentrate supplementation is required in conjunction with grass silage to achieve similar production to
cows on a high grass DHA (Kennedy ef 4/, 2005). In recent years data from Pasturebase Ireland (Hanrahan
et al., 2017) has shown that farms in Ireland do not have sufficient herbage amassed at turnout in spring
(opening farm cover; OFC) to meet feed demand, particularly as herd size increases and this warrants an
investigation into the effect of OFC on the early lactation milk production of a spring calving dairy cow.

Materials and methods

An experiment was established at Teagasc, Animal and Grassland Research Innovation Centre,
Moorepark, Fermoy, Co. Cork, Ireland in 2017. Opening farm cover, the average grass available on per
hectare basis on 1 February prior to the commencement of grazing, was visually quantified using the farm
cover technique described by O’Donovan ez 4/. (2002). A range of OFC’s was established by imposing
three closing management treatments during autumn 2016. A proportion of the farm was closed each day
using the autumn rotation planner (Teagasc, 2009) from (1) 25 September to 9 November to achieve a
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high OFC (H); (2) 10 October to 24 November to achieve a medium OFC (M); and (3) 24 October
to 9 December to achieve a low OFC (L). In spring (6 February — April), 45 (12 primiparous and 33
multiparous) spring calving dairy cows were selected and blocked according to calving date, lactation
number, breed, pre-experimental milk production variables (day three to eight), pre-experimental body
weight and body condition score and randomly assigned to one of three treatments (H, Mand L) (n = 15).
All treatments were stocked at 2.9 cows ha'l. All cows were allocated a fixed daily area as specified by the
spring rotation planner (‘Teagasc, 2009). Fresh pasture was allocated after each milking and on-off grazing
(Kennedy ef 4/., 2011) was used as a management tool to graze in inclement weather. Pre- (PreGSH) and
post-grazing sward height (PostGSH) were measured daily using a rising plate meter (Jenquip, Feilding,
New Zecaland). Herbage mass (> 3.5 cm; HM) was measured twice weekly by cutting two strips from cach
paddock to be grazed next with an Etesia mower (Etesia UK Ltd., Warwick, UK). Daily herbage allowance
was calculated using the measured herbage mass and the area allocated to the cows to determine kg grass
DM offered per cow. All treatment groups were offered the same quantity of concentrates per cow and the
quantity fed on a daily basis was determined by the requirement of the M treatment to maintain a grazing
residual > 3.5 cm. All cows received a total of 215 kg concentrate over the experimental period. Silage was
supplemented to an individual treatment when PostGSH dropped below 3 cm. Milk yield was recorded
daily (Dairymaster, Causeway, Co. Kerry, Ireland) and milk composition (fat and protein concentrations)
was measured weekly using MilkoScan 203 (DK-3400, Foss Electric, Hillered, Denmark). Milk solids
(MS) yield was calculated as the sum of milk fat and protein yield. Milk production variables were analysed
using PROC MIXED in SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). Terms used in the model
included treatment, breed, parity, days on experiment and pre-experimental milk production variables.
Herbage variables were analysed using PROC MIXED. The terms included in the model were treatment,
week and rotation.

Results and discussion

The OFC on 1 February was 974, 863 and 624 kg DM ha™! for the H, M and L treatments, respectively.
Treatment had a significant effect (P < 0.05) on daily milk yield. The H treatment had a greater daily milk
yield (23.5 kg cow!) compared to M (21.6 kg cow!), with the L intermediate (22.3 kg cow™!) (Table 1).
There was, however, no significant effect of treatment on milk solids yield (H=1.89,M=1.82and L =
1.81 kg MS cow! daily). Milk composition was similar for all treatments (fat = 47.7 gkg™! and protein =
34.3 gkg!). In the current study DHA was significantly greater for the H compared to the L treatment (P
< 0.05; +3.2 kg DM cow!). A total of 77, 89 and 99 kg silage DM cow ! were offered to the H, M and L
treatments, respectively. There were also significant differences in total DMI (grass + silage + concentrate)
(P < 0.05); H had a daily intake of 16 kg DM cow! while the L had a daily DMI of 12.3 kg DM cow! and
the intake of the M treatment was intermediate (14.2 kg DM cow!). Treatment had a significant effect on
pre-grazing HM (P < 0.05), the H treatment had a pre-grazing HM of 1,355 kg DM ha! (+ 388 kg DM
ha'! greater than the L treatment), the pre-grazing HM of the M treatment was intermediate (1200 kg DM
ha'!), similar to Roche et 4. (1996) who found significantly lower HM on late closed swards compared to
carly closed swards the following spring. There was no effect of treatment on PostGSH (3.79 cm).

Table 1. The effect of opening farm cover high (H) (974 kg DM ha™"), medium (M) (863 kg DM ha") and low (L) (624 kg DM ha'") on daily milk
and milk solids yield, and milk composition during the experimental period (6 February to 25 April).

Treatment’ H M L Standard error P-value
Milk yield (kg cow™) 23.5° 21.6b 2.3 0.48 0.027
Fat(gkg™) 46.9 48.8 475 0.1 0.435
Protein (g kg™") 34.2 35.2 334 0.05 0.099
Milk solids yield (kg cow™) 1.89 1.82 1.81 0.051 0.421

T Treatments within a row with the same letter are not significantly different.
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Conclusions

The results of this experiment show that achieving a higher OFC in spring can support greater levels of
milk production as a result of higher DHA and higher total DML Further investigation is required to
determine the effect of OFC on total lactation production and the effect of the grassland management
strategies adapted in this study on herbage production and sward characteristics.
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Abstract

Spring grass availability can be a big challenge for Irish dairy farms due to limited over winter growth.
The objective of this experiment was to determine the effect of pasture allowance (PA) offered for varying
durations in early lactation on cumulative milk (MY and milk solids yield (MSY), bodyweight and body
condition score. Intake capacity (IC) was calculated for the control group (C) and they were offered a
100% PA. The remaining treatments were offered 60% PA for cither two (x2) or six weeks (x6) from
week one (E), three (M) and five (L) of experiment. All cows received 100% IC from week 11. After
10-weeks C had a greater MY than all treatments (+ 151 kg cow™!). The E60 x 2 and L60 x 2 treatments
had similar 10-week MSY to C (121 kg cow™!), and C was higher than all other treatments (+ 11 kg cow”
1. Cumulative production at 33-weeks was higher for the C and E60 x 2 compared to L60 x 6. Despite
immediate effects on milk production during periods of low grass availability, PA can be reduced with
minimal effect on total lactation production with the exception of an extended restriction at peak milk
production. However, other aspects of production need to be considered.

Keywords: pasture allowance, early lactation, dairy production

Introduction

Pasture availability in early spring can be highly variable, due to prevailing climatic conditions with many
farmers experiencing short term deficits throughout the first and second grazing rotation. PastureBase
Ireland data (Hanrahan ez al.,, 2017) has shown large variation in spring growth on farm, with year-to-year
variation as high as 40%. Dry matter (DM) intake in carly lactation is critical as cows reach peak milk
production and peak DM intake; therefore, it is essential to determine the repercussions of restricting
pasture during this period. Previous research has focused on supplementation strategies to overcome
deficits in grass supply, however, supplementation can reduce grass utilisation (Kennedy ez 4/., 2007)
and increase production cost. In recent years studies have shown that post-grazing sward height can be
used as a short term tool to control pasture allowance (PA) in early lactation without impairing total
lactation performance (Ganche et 4l., 2013; Crosse et 4l., 2015). However, PA was controlled for a period
of ten weeks in these experiments with actual PA deficits unlikely to extend for this period in practical
circumstances, therefore, the current experiment looked at the impact of shorter term reductions. The
objective of this study was to determine the effect of reduced PA offered for varying durations at different
stages in early lactation, on short term and total lactation production.

Materials and methods

The experiment was undertaken at Teagasc Moorepark, Animal and Grassland Research and Innovation
Centre, Fermoy, Co. Cork, Ireland from 14 March to 31 October 2016. The experiment was a randomised
block design that consisted of seven grazing treatments. A total of 105 cows (30 primiparous) were
randomly assigned to cach of the treatments (n = 15). Cows were balanced on breed, calving date, parity,
days in milk (DIM), pre-experimental milk production, BW and BCS gathered during the two weeks
prior to commencement of the experiment. The control group (C) were allocated a PA representing 100%
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of their intake capacity (IC; Faverdin ez 4/, 2011), which takes cognisance of parity, age, DIM, BW and
BCS, diet characteristics and potential milk production amongst other factors. The remaining treatments
were allocated 60% of the PA offered to the C treatment for a period of either two (x2) or six weeks (X6)
from week one (E), three (M) or five (L) of the experiment. Once their respective 60% PA durations had
finished, all treatments received 100% of IC. From week 11 all cows grazed as a single herd. All PA were
offered above 3.5 cm; post grazing sward height was not restricted. While treatments were imposed, herds
grazed separately but adjacent to one another, separated by temporary electric fences. All cows received
a fresh PA after each milking until all treatments had ceased in week 11. Herbage mass (HM; > 3.5 cm)
was measured twice weekly by cutting eight 10 m strips from the grazing area. Pre- and post-grazing
sward height was measured on a daily basis using a rising plate meter (Jenquip Rising Plate Meter, New
Zealand). Milk yield (MY) was recorded on a daily basis. Milk composition was determined weekly
from one successive evening and morning milking. Fat and protein concentrations were measured using
MilkoScan 203 (DK-3400, Foss Electric, Hillerod, Denmark). Bodyweight and BCS (I1toSscale: 1=
emaciated, 5 = extremely fat) in increments of 0.25; (Lowman e a/., 1976) were also measured by a trained
independent observer on a weekly basis. Milk and milk solids yield (MSY) were summed following the
first ten weeks of the experiment and also at the end of the experiment (week 33). Bodyweight and BCS
at the end of each period were also analysed. Variables associated with production were analysed using
PROC MIXED models in SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). The models contained
terms for treatment, breed, parity, DIM and pre-experimental production covariates. These covariates
were centred within breed and parity.

Results and discussion

After ten weeks on experiment, C had significantly higher cumulative MY than all other treatments (+
151 kg milk cow™). The EG0 x 2 and M60 x 2 had similar production to E60 x 6 and M60 x 6 and L60
x 2. However, L60 x 2 produced more milk than L60 x 6 (+ 82 kg milk cow™!). The L cows were at peak
milk production (59 DIM, # 11 days) at the onset of their 60% PA treatment and this may have had a
greater negative impact on subsequent milk production when compared to PA reductions imposed at
other stages of carly lactation. The E60 x 2 and L60 X 2 treatments had similar MSY to C (121 kg MS
cow'!) over the ten weeks, however, the M60 x 2 treatment and all 60 x 6 PA treatments had significantly
lower MSY than C (- 11 kg MS cow™; Table 1). There were similar numerical differences between all 60 x
2 treatments and their respective 60 X 6 treatments, which demonstrates that the six week reduction may
have a more severe effect on MSY. Bodyweight and BCS were similar for all treatments at week ten (477
kg cow and 2.83, respectively) and, therefore, further investigation is required regarding indicators of
energy status throughout the ten weeks to determine the true effect of reduced PA on the cow. There was
atendency (P = 0.079) for C and E60 x 2 to have greater total MY than the L60 x 6 treatment (Figure
1). The greater loss in production observed by the L60 X 6 treatment group at ten weeks was reflected in
total performance compared to C (- 416 kg cow™!). There was no effect of treatment on the remaining
variables analysed (323 kg MS cow’!, 512 kg BW, 2.83 BCS).

Table 1.The effect of pasture allowance (60 and 100%) and duration (2 and <6 weeks) in early (E), mid (M) and late (L) early lactation on ten
week cumulative production - milk yield (MY), milk solids yields (MSY), bodyweight (BW) and body condition score (BCS).!

Treatment Control (100) E60x2 E60x6 M60x2 M60x6 L60x2 L60x6 SE P-value
MY (kg cow™) 1,603 1,496 1,431b¢ 1,468 1,429b¢ 1,487 1,405¢ 27 0.001
MSY (kg) 1240 118%¢ 113%¢ 114 110¢ 1212 116% 25 0.014
BW (kg) 487 476 456 488 481 47 482 153 0.816
BCS 276 278 2.83 279 2.88 2.85 2.89 0.036 0.076

" a-c- values not sharing common superscript are significantly different.
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Figure 1. Total milk production for the 33-week experimental period.

Conclusions

While allocating a 60% PA can reduce MY and MSY in the short term, this study demonstrates that a
greater reduction in total production occurs when PA is reduced at peak milk production. However, prior
to this, reduced PA has minimal effect on total performance once PA is restored to 100% of IC. This
suggests that reducing PA has the potential to become a tool to overcome short term grass deficits prior to
cows reaching peak milk production. However, further investigation is required to determine the effects
of such reductions on other factors influencing dairy cow production such as health, fertility and welfare.
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Breeding red clover (Trifolium pratense L.) for improved yield
and persistence

Conaghan P.
Teagasc, Animal and Grassland Research and Innovation Centre, Oak Park, Carlow, Co. Carlow, Ireland

Abstract

Red clover (Trifolium pratense L.) is a tap rooted, nitrogen (N) fixating legume primarily used for silage
production. It is capable of producing high yields of high quality forage resulting in greater animal intakes
and higher levels of animal performance in terms of milk and protein yields than grass silage alone. Red
clover is typically viewed as short term crop with a life span of about three years, with yields declining
substantially over time. As such, its uptake in regions operating primarily permanent grassland-based
livestock systems, such as Ireland, is low. Teagasc initiated a new red clover breeding programme in 2007
to improve the main weaknesses in red clover. This paper outlines the new breeding programme’s goals,
methodology and results to date. This includes a new red clover cultivar, T10108D, offering 21% higher
yields and 42% higher ground cover compared to Merviot, the benchmark control cultivar, in the second
harvest year of trials across Northern Ireland, Scotland and Wales. Multisite and multiyear field trials
confirm that the programme has been highly effective at improving the target traits.

Keywords: Trifolium pratense L., yield, persistence, breeding, selection

Introduction

Red clover (T7ifolium pratense L.) can offer considerable benefits to livestock systems. Two of the main
attractions of red clover are its contribution of nitrogen (N) to grassland by fixing atmospheric N and its
high nutritive value and intake characteristics for livestock. Swards with a high red clover content (e.g.
75% of 12 t DM ha'! year'!) would be expected to fix in excess of 200 kg N ha! year! (Black ez al., 2009).
The feeding value benefits of red clover in comparison with grass are due to a number of factors including
faster rates of digestion and particle breakdown in the rumen, more non-ammonia N reaching the small
intestine and a higher efficiency of energy utilisation. These feeding value benefits have translated to mean
liveweight gains in beef cattle offered red clover silage of 1.04 kg day™! compared to grass silage of 0.59
kg day! (Phelan ez al., 2015). Despite its considerable attractions, the use of red clover in permanent
grassland-based livestock systems, which predominate in Ireland, is low. This is primarily due to yields
declining significantly over time giving a short term lifespan of about three years and its poor persistence
under frequent cutting and grazing. The goal of plant breeding is to create new phenotypes, improved in
one or more important characteristics, in the most efficient manner possible. Recognising the significant
benefits of red clover, Teagasc initiated a red clover breeding programme for the first time in 2007.
The target was to improve red clover in terms of dry matter (DM) yield and persistence. This paper
summarises the progress of this programme and includes trial results of a newly bred red clover cultivar.

Materials and methods

The source population for the breeding programme consisted of two commercial diploid red clover
cultivars. A random sample of surviving plants was taken from sward plots of the selected cultivars which
had been sown in a mixture with perennial ryegrass (Lolium perenne L.) and managed under a 4 cut
silage system for the previous 6 years. The selected plants were subjected to phenotypic and genotypic
selection. Phenotypic selection was based on recording flowering date and intercrossing in isolation later
flowering plants to produce a new cultivar. Genotypic selection was based on among-and-within full-sib
family selection. Full-sib families were produced by pair crossing selected plants using bumble bees as the
pollinator. The full-sib families were established in a mixture with perennial ryegrass in replicated sward
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plots and subjected to a 4 cut silage regime for 2 harvest years. Harvest 1 was taken at early flowering
(mid-May). Harvests 2 and 3 were taken at 6 wecks regrowth. Harvest 4 was taken in mid-October.
Dry matter yield, persistence, disease resistance and flowering date were recorded. Selected plants were
intercrossed in isolation to produce a new cultivar. One cultivar (T10108D) from the new breeding
programme has to date been submitted to the UK Recommended/National List trials where it was
evaluated under the UK National List protocol (Animal and Plant Health Agency, 2017) which includes
replicated, multisite and multiyear monoculture trials across Northern Ireland, Scotland and Wales.

Results and discussion

T10108D was compared against two carly flowering, benchmark cultivars: Merviot (diploid) and Amos
(tetraploid) (Table 1). Early flowering cultivars give two similar conservation harvests and subsequent
lower yield harvest(s). Late flowering cultivars give a greater proportion of their yield at the first harvest
(Frame et al., 1998). T10108D vyielded 33 and 39% of its annual production at Harvest 1 in Harvest
year 1 and 2, respectively, suggesting that selection for later flowering did not dramatically shift flowering
time. Nevertheless, TI0108D was certainly more persistent than the control cultivars as evidenced by
substantially higher ground cover and yields at all harvests in Harvest year 2. Selection for later flowering
may have positively contributed to improved persistency as later flowering cultivars tend to have more
numerous growing points than carly flowering cultivars (Frame ez 4/., 1998). Establishing the source
population from survivors taken from a 6 year old sward may also have contributed to improved
persistency. Previous studies have shown that significant selection pressures act upon the sward over
time resulting in a genetic and morphological shift in the surviving population which may contribute
to better agricultural fitness (Collins ez 4/., 2001). Although the yield of T10108D also declined in the
second Harvest year 2, the difference in yield between Harvest year 1 and year 2 was substantially less
than that of the control cultivars.

Table 1. Red clover dry matter yield and percentage ground cover from UK Recommended/National List trials (adapted from NIAB Statistics).!

Harvest year/cultivar Yield (t dry matter ha™) Percentage
Harvest 1 Harvest 2 Harvest 3 Harvest 4 Annual ground cover
Harvest year 1
Merviot 5.61 an 2.77 157 12.47 50
Amos 483 3.9 2.9 1.50 13.16 53
T10108D 430 391 292 1.82 12.96 56
LSD 1324 13.9
Harvest year 2
Merviot 427 2.68 1.98 0.90 9.59 36
Amos 448 3 224 0.75 10.31 45
T10108D 477 336 2.82 131 11.59 51
LSD 2,012 123

"Harvest 1, 2, 3 and 4 yields from Aberystwyth, Wales; Annual yield and autumn ground cover score mean of Crossnacreevy, Northern Ireland, Aberdeen, Scotland and Aberystwyth,
Wales; LSD = least significant difference.
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Conclusions

A new red clover breeding programme targeted at improving red clover yield and persistency was
established by Teagasc. Multisite and multiyear field trials confirm that the programme has been highly
effective at improving the target traits with a new cultivar maintaining considerably higher yields and
ground cover than the control cultivar into the second harvest year. Further genetic gains can be expected
from repeated rounds of recurrent selection.
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Abstract

Weed suppression was investigated in a field experiment across 31 international sites. The study included
15 plant communities at each site, based on two grasses and two legumes, each sown in monoculture
and 11 four-species mixtures varying in the relative proportions of the four species. At each site, one
grass and one legume species was selected as fast establishing and the other two species were selected for
persistence. Average weed biomass in mixtures over the whole experiment was 52% less (95% confidence
interval, 30 to 75%) than in the most suppressive monoculture (transgressive suppression). Transgressive
suppression of weed biomass persisted over each year for each mixture. Weed biomass was consistently
low and relatively similar across all mixtures and years. Average sown species biomass was greater in all
mixtures than in any monoculture. The suppressive effect of sown forage species on weeds in mixtures
was achieved without any herbicide use. At each site, weed biomass for almost every mixture was lower
than the average across the four monocultures. The average proportion of weed biomass in mixtures was
less than in the most suppressive monoculture in two thirds of sites. Mixtures outyielded monocultures,
and mixture yield comprised far lower weed biomass.
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Introduction

A major challenge to agroecosystems is to increase agricultural production to meet an increased demand for
food production (Liischer ez al,, 2014) while sustaining the environment and flexibly adapting to climate
change. The use of multi-species mixtures (plant diversity) in intensively managed systems has been proposed
as one strategy to improve agricultural sustainability. Plant diversity potentially provides a substitute for
many costly agricultural inputs (Isbell ez 4/, 2017). Here we focus on the use of plant diversity to suppress
weed biomass in intensively managed grasslands. Uncontrolled weed growth can represent a major source of
inefficiency, diverting nutrients, water, light and labour to an undesirable form of biomass, while herbicide
use incurs significant environmental and economic costs. In pastures, weeds can impair forage quantity and
quality resulting in reduced animal production, and increase the need for reseeding with its consequent
costs. If diversity helps in maintaining a low level of weeds in pastures (and increases yield) it can increase
the sustainable production of higher quality forage compared to systems relying on monocultures.

Using data from the 31-site Agrodiversity field experiment (Kirwan ez 4/, 2014) which used four-species

mixtures (two grasses and two legumes), we addressed the following questions:

1. Do monocultures of grassland species differ in their suppression of weeds?

2. Are weeds transgressively suppressed by mixtures of grassland species? (Weed biomass in mixture being
less than weed biomass in the most suppressive monoculture.)

3. Isweed suppression by mixtures affected by differences in species’ relative abundance?

4. Isvariation in weed biomass less in mixtures than in monocultures?

Materials and methods

We conducted a co-ordinated continental-scale field experiment across 3 1sites to investigate these questions.
At each site the study included 11 four-species mixtures, varying in the relative proportions of two grass
and two legume species. The four species were also sown in monoculture. The four species used were not
the same at all sites, at each site species were selected that suited local conditions, the two grasses being
selected from non-fixing grasses Dactylis glomerata L., Festuca arundinaca, Lolium perenne L., Lolium
rigidum L., Phleum pratense L., Poa pratensis L. and the two legumes from N,-fixing species, Trifolium
repens L., Trifolium pratense L., Trifolium ambiguum L., Medicago sativa L., Medicago polymorpha L. At
cach site, one grass and one legume species was selected as fast establishing (G and L) and the other two
species were selected for persistence (Gp and L;,). Mixtures were designed to reduce reliance on fertiliser
nitrogen. We first summarised information on the suppression of weed biomass across the 15 communities
for each of the three years and across years. We tested at each site for transgressive suppression of weeds. To
address questions 1 to 4 we used a version of diversity interactions modelling (Connolly ez 4/., 2013). This
uses a mixed model to relate weed biomass per plot to sown proportions of each of the four species and also
includes a diversity effect to estimate the effect of various mixtures on weed yield.

Results and discussion

Previously, we showed strong effects of plant diversity in enhancing total biomass, biomass of sown species
and N capture across the 11 four-species grass-legume mixtures (Finn ef 4/., 2013; Suter ¢t 4/., 2015). Here,
we summarise results from Connolly ez 4/. (2017) showing similar strong effects of mixtures on weed
suppression in the same experiment.

Averaged across all sites, weed biomass in mixtures over the whole experiment was 52% less (95% confidence
interval 30 to 75%) than in the most suppressive monoculture (transgressive suppression). Transgressive
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suppression of weed biomass persisted over time, being found in each year for each mixture (which varied
in sown composition between 20% to 80% grass). Weed biomass was consistently low and relatively similar
across all mixtures and years (Figure 1(a)). Harvested biomass of sown species (weeds excluded) was much
greater in mixtures (Figure 1(b), Finn ¢f 4/, 2013) and total biomass had less weeds. Within a site, weed
biomass varied much less in mixtures than in monocultures.

Across sites, the growth conditions differed remarkably from Mediterranean (Spain, Sardinia) to sub-Arctic
(Iceland, north Norway). Yet, at each site the weed biomass for almost every mixture was lower than the
average weed biomass across the four monocultures. The average proportion of weed biomass in mixtures
was less than in the most suppressive monoculture in two thirds of sites. Transgressive suppression of weeds
was maintained across years and was independent of site productivity. Mechanisms behind these results are
discussed in Connolly ez /. (2017).
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Figure 1. Annual weed biomass and sown species biomass (t DM ha™") for each mixture (1 to 11) and for each monoculture (a fast establishing
grass (Gp), a persistent grass (Gp), a fast establishing legume (L;) and a persistent lequme (L,) for each of three years; (a) weed biomass values
predicted from Generalised-Diversity_interactions model, (b) total biomass averaged over sown densities and sites.
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Conclusions

Weed invasion can be diminished through combining forage species selected for complementarity
and persistence traits in systems designed to reduce reliance on fertiliser nitrogen. In this study, total
harvested biomass from mixtures was not only much greater (Figure 1(b), Finn ¢ 4/., 2013) but also
comprised far less weeds. The effects of diversity on weed suppression were consistently strong across
mixtures that varied widely in species proportions and over time. The level of weed biomass did not vary
greatly across mixtures that varied widely in proportions of sown species. These findings suggest that the
composition of the mixtures need not be tightly controlled either at sowing or subsequently, making the
system easier to manage. We conclude that these diversity benefits of weed suppression, which occurred in
parallel with increased forage yields and nitrogen capture in intensively managed grasslands, are relevant
for the sustainable intensification of agriculture and are achievable through practical farm-scale actions.
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Abstract

Soils in Europe that are used for intensive dairy and meat production generally contain more phosphorus
(P) than needed to maintain high yields. To prevent losses of P from agricultural soils to the environment,
the use of manure is legally restricted. In Flanders (Northern Belgium), the use of manure is limited, or
even prohibited, on soils with a high P concentration. On these soils, crops with a high P yield are desired,
in order to partly mine out the plant available soil P pool. In a three year field trial, the DM yield and
foliar nitrogen (N) and P concentrations of tall fescue (Festuca arundinacea Schreb.), perennial ryegrass
(Lolium perenne L.) and Festulolium were compared under an intensive cutting management. Although
tall fescue was the species with the lowest P concentration in the foliage (3.66 g P kg DM™1), its high yield
(14,173 kg DM ha'!) resulted in the highest P yield of 51.9 kg P ha'l, compared to 47.4 kg P ha'! and
42.3 kg P ha'! for perennial ryegrass and Festulolium respectively. However, the advantage of tall fescue
compared to the other species to mine out soils proved to be modest.

Keywords: tall fescue, Festulolium, perennial ryegrass, P leaching, nitrogen use efficiency

Introduction

In many regions of the world, soil phosphorus (P) deficiency restricts crop yields severely. Tropical
and subtropical soils are predominantly acidic and often extremely P deficient with high P-sorption
(fixation) capacities (FAO, 2004). In several regions of North-West Europe, on the other hand, the soils
are saturated with P, particularly in regions with intensive livestock production and/or sandy soils. In
these regions, P losses from agricultural land threaten biodiversity as well as several ecosystem functions
such as the provisioning of clean water. This accumulation of P in the soils originates from an imbalance
between the import of nutrients through concentrates and fertiliser and the export through milk and/
or meat on livestock farms. In a study of 255 representative dairy farms, on different soil types in the
Netherlands, farm gate surpluses of 269 kg N ha'! yr'! and 18.9 kg P hal yr'! were found in the period
1998-2000 (Aarts et al., 2005). To tackle the environmental problems associated with P loss towards
the environment, national and European legislation is restricting the use of manure on soils where the P
concentration is above a certain threshold. Due to the legally restricted low supply of manure, the supply
of other nutrients (nitrogen (N), potassium (K), magnesium (Mg)) decreases and forces the farmers to
apply expensive mineral (N, K) fertilisers. In Flanders, for instance, the soils are classified in five classes
according to their soil P concentration (P extracted with ammonium lactate corresponds to the plant
available P in the soil) with a corresponding P fertilisation limit for cach class: e.g. grassland soils in class
II (‘optimal content’; between 190 and 250 mg P kg™! dry soil) can receive up to 38.7 kg P ha! whereas
on soils in class IV (‘high content’; more than 500 mg P kg! dry soil) P fertilisation is restricted to 30.1
kg P ha'l. Hence, farmers are keen to grow crops with a high P yield which can eventually lower the P
content of the soil and thus allow a higher use of manure. The aim of this study was to evaluate the P yield
potential of the grass species tall fescue (Festuca arundinacea Schreb.), perennial ryegrass (Lolium perenne
L.) and Festulolium and to evaluate their potential to eventually mine out the soil.
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Materials and methods

A field plot trial, comparing two single varieties of three different grass species (tall fescue (Festuca
arundinacea Schreb.), perennial ryegrass (Lolium perenne L.) and Festulolium) under an intensive cutting
management, was sown in the spring of 2011 on a sandy loam soil in Merelbeke (50° S9N, 3° 47" E),
on the experimental fields of ILVO. Individual plots measured 8.4 m? and were sown in three replicates.
The soil had a pH-KCl of 5.7, contained 1.12% of soil organic carbon and 160 mg P-AL kg’1 dry soil.
Between 2012 and 2015, five cuts were harvested annually. Fertilisation amounted to 300 kg N ha'!
yr! and 205 kgK hal yr'l. As the P concentration of the experimental field was just below optimal for
grasses, there was no P fertilisation. In 2015, a representative variety for cach species (‘Barolex’ for tall
fescue, ‘Meloni’ for perennial ryegrass and ‘Lifema’ for Festulolium) were sampled at each cut. The plant
material was dried and analysed for P content. Biomass P-concentrations were obtained after digesting
100 mg of each sample with 0.4 ml HCIO, (65%) and 2 ml HNO, (70%) in Teflon bombs for 4 h at
140 °C. Phosphorus was measured calorimetrically according to the malachite green procedure (Lajtha ez
al., 1999). The P yield for the three varieties were calculated for each cut by multiplying P concentration
with herbage production, and compared using one-way analysis of variance in R. Multiple comparisons
of means was done with the TukeyHSD function in R.

Results and discussion

In the fourth production year of the swards (2015), the dry matter yield of tall fescue was 20% greater
than that of perennial ryegrass (Table 1), which is in accordance with carlier studies (Cougnon ez 4/.,
2013). Although the P concentration of tall fescue was lower than that of Festulolium and perennial
ryegrass, the greater yield of tall fescue resulted in a significantly greater P yield for tall fescue (Table 1).
The capacity of tall fescue to extract more nutrients from the soil can be explained by its deeper rooting
and greater root biomass, particularly at greater depths, compared to perennial ryegrass and Feszulolium.
Cougnon ez al. (2017) found that, in a trial on the same soil and under a similar management as the
present study, the ratio between the root biomass of tall fescue and that of the mean of the other species
in the study (perennial ryegrass, Festulolium and meadow fescue (Festuca pratensis L.)) increased from
1.41 in the 5 - 15 cm layer to 5.82 in the 75 - 90 cm layer of the soil.

Although the P yield of tall fescue is greater than that of perennial ryegrass, the practical implications
to mine out soils are rather restricted. Imagine one wants to lower the P concentration in the soil
layer 0 - 30 cm from 300 mg P kg'! soil (class I1I) to 200 mg P kg'! soil (class II). In a soil with a bulk
density of 1,450 kg m, 435 kgP ha'! should be extracted from the soil to obtain the desired reduction.
With the yields obtained in this study, it would take nine and ten growing seasons for tall fescue and
perennial ryegrass to reach this threshold, respectively. In reality, it will take even longer as some P is also
extracted from deeper soil layers. In addition, while the pool of plant available P is depleted, there will

Table 1. Dry matter yield, Phosphorous (P) yield and the P concentrations of three forage grass species grown in 2015.1

Species Yield Pyield P concentration
kg DM ha™ kgPha™ gkg?!

Perennial ryegrass 11,887b¢ 4742 0.03992

Tall fescue 14,1732 51.92 0.0366°

Festulolium 10,962 423 0.0386®

Significance *rx ** **

"The significance of the species effect on these parameters is indicated in the last row as: ** P < 0.01, *** P < 0.001. Values in the same column with a different letter are statistically
different.
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be redistribution from other more stable P sources to the labile, plant available, pool which slows down
the decrease of the labile pool (De Schrijver ez 4., 2012). Hence, the advantage of growing tall fescue
compared to perennial ryegrass to mine out the soil P pool is restricted.

Conclusion

The P yield of tall fescue was 9.0% greater than that of perennial ryegrass and 22.6% greater than that
of Festulolium. Hence, tall fescue is a better candidate to mine out soil P than perennial ryegrass or
Festulolium, although the differences in mining capacity are modest.
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Abstract

Composition of fatty acids in forage species can affect the fatty acid profile of meat and dairy products.
The aim of this study was to quantify the concentrations of fatty acids of five forage species; timothy
(Phleum pratense L.), tall fescue (Festuca Arundinacea Schreb.), perennial ryegrass (Lolium perenne L.),
red clover (Trifolium pratense L.) and white clover (Trifolium repens L.) four times during the growing
season for two years in south-west Iceland. The concentrations of fatty acids varied with phenological
stage during the growing season, with the greatest value of total fatty acids in the spring, reduced levels
in July and increasing levels towards the end of the season. There were also significant differences in
fatty acid concentrations between years and between species, but no interaction with year. a-linolenic
(18:3%-3), linoleic (18:27-6) and palmitic (16:0) acids were the predominant fatty acids in all species.
The omega-3 fatty acid, 18:3%-3, was the most abundant and accounted for most of the variation. Red
clover had the highest concentration of total fatty acids and 18:3#-3.

Keywords: phenological stage, timothy, perennial ryegrass, tall fescue, red clover, white clover

Introduction

As a consequence of biohydrogenation in the rumen, ruminant fat is usually high in saturated fatty
acids. Plants are the main source of 18:27-6 and 18:3#-3 in the food chain because humans and animals
lack the ability to introduce double bonds beyond the 9 carbon. The major fatty acids in the cell
membranes of plants are stearic acid (18:0), oleic acid (18:1%-9), linoleic acid (18:27-6), a-linolenic
acid (18:37-3), palmitic (16:0), palmitoleic (16:17-7) and palmitolenic (16:37-3). Production of fatty
acids is affected by various environmental factors in addition to management strategies (Arvidsson ez 4/.,
2013). Cabiddu ez al. (2009) showed that polyunsaturated fatty acids (PUFA) in forage vary scasonally
and the seasonal pattern of fatty acid composition seems to be mostly related to the phenological stage
of the plants. PUFAs are high in spring and early summer, then decrease and increase again in autumn;
however, there are significant differences between species (Boufaied e al., 2003; Cabiddu ez 4/., 2009).
Consequently, composition of fatty acids in forage species can affect the fatty acid profile of meat and
dairy products. Nudda ez 4/. (2005) found that the composition of milk fat in sheep’s milk is seasonal and
mainly dependent on fatty acid composition of grazing crops. Similarly, Mel “uchovi ez a/. (2008) found
the same seasonal variations in CLA content in sheep’s milk fat and the same has been found in bovine
milk fat (Kala¢ and Samkovd, 2010). The aim of this study was to measure how the fatty acid content of
forage species changed throughout the growing season.

Materials and methods

A field experiment with three replicate plots was established in spring 2005 at the experimental station
Korpa (64° 09’ N) to compare the fatty acid composition of forage species. The experimental plots were
cut twice, in early July and middle of August. Plots were fertilised with 120 kg nitrogen (N) ha! in
spring and 60 kg N ha'! after first harvest each year. Mean temperature was 6, 11.2, 13.5 and 11 °C in
May, June, July and August, respectively, in 2007 and 8.9, 11.1, 12.8, 11.5 °C, respectively, in 2008. To
measure the fatty acid concentration, above ground samples were collected from five species; timothy
(Phleum pratense L.; cv. Adda), tall fescue (Festuca Arundinacea Schreb.; cv. Norild), perennial ryegrass
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(Lolium perenne L.; LoRa9401 from Norway), red clover (Trifolium pratense L.; cv. Betty) and white
clover (Z¥ifolium repens L.; cv. Norstar). Samples were taken four times during the growing season, at
the beginning of the months of June, July, August and September in 2007 and 2008. Experimental fields
were harvested after the second and third sampling; therefore, samples in August and September were
from regrowth. For each sample, approximately 50 g of above ground growth was immediately wrapped
in aluminium foil and frozen in liquid N. The samples were then freeze-dried and ground in a ball mill.
Fartty acid concentrations were analysed by gas chromatography on one sample for each variety at each
sampling date. Extraction of fatty acids was performed according to Browse ez a/. (1986). ANOVA was
performed by Genstat v13.3 with species and measure date as factors and year as repeated measurements.

Results and discussion

All species showed seasonal variations in total fatty acid content and the content of 18:37-3, with highest
values in the spring, reduced values in July when plants were at a mature phenological stage and increasing
values towards the end of the season when sampling from regrowth (Table 1). The results support carlier

Table 1. Fatty acid composition of five fodder species, total saturated fatty acids (SFA), total unsaturated fatty acids (PUFA), mg g'1 DM, and the
ratio of unsaturated and saturated fatty acids, average of two years.

16:0 16:1 18:0 18:1 18:2 18:3 Total SFA PUFA PUFA:SFA
Timothy. Adda
1June 4.07 0.73 0.30 0.51 1.94 4.45 12.24 475 6.38 136
1 July 2.84 0.60 0.23 0.46 0.97 2.09 8.00 3.52 3.38 0.98
1 August 3.82 1.68 0.24 0.29 1.26 3.7 nn 4.56 5.18 1.14
1 September 3.48 1.54 0.24 0.29 1.48 3.92 12.02 4.22 5.96 141
Tall fescue. Norild
1June 4.07 0.67 0.18 0.61 171 7.78 15.35 4.51 9.54 2.04
1 July 3.5 0.69 0.12 0.50 1.01 4.06 10.11 3.51 5.38 1.52
1 August 3.94 1.25 0.16 0.37 1.20 517 12.89 441 6.85 1.55
1 September 452 1.53 0.23 0.41 139 547 14.62 5.24 7.44 145
Ryegrass. LaRa%9401
1June 439 0.95 0.29 0.55 1.29 3.82 12.03 4.93 5.58 1.12
1July 3.13 0.71 0.22 0.43 0.63 1.88 7.73 3.62 2.95 0.82
1 August 3.67 1.06 0.24 0.30 0.86 3.02 9.99 425 437 1.01
1 September 4.09 1.46 0.28 0.27 0.65 232 10.25 481 3.69 0.77
Red clover. Betty
1June 4.98 1.02 0.43 0.74 4.25 13.13 2533 6.06 17.51 2.89
1July 4.76 0.80 0.43 0.32 4.26 10.40 AW 5.67 14.79 2.61
1 August 479 132 0.58 0.49 3.46 1351 24.99 6.00 17.13 2.85
1 September 5.20 1.63 0.42 0.44 3.65 12.3 24.69 6.33 16.17 2.56
White clover. Norstar
1June 5.62 1.24 0.43 0.75 2.86 10.00 21.90 6.68 13.19 1.97
1 July 5.48 1.20 0.46 0.64 2.66 8.84 20.33 6.52 11.94 1.83
1 August 5.68 137 0.49 0.57 248 9.88 21.60 6.83 12.83 1.88
1 September 6.07 1.72 0.46 0.47 273 9.68 243 7.24 12.98 1.81
Species *xx * *xx * *xx *xx *xx P *xx *xx
Measure date *xx *xx * *x *x *% *% *xx *x ns
Date X Species ns ns ** ns ns ns ns ns ns ns
S.e.d. Species 0.145 0.094 0.017 0.073 0.153 0.652 0.889 0.154 0.720 0.128
S.e.d. Date 0.130 0.084 0.015 0.065 0.137 0.583 0.795 0.147 0.644 0.114

S.e.d. Date x Species  0.291 0.188 0.033 0.145 0.306 1.303 1.777 0.328 1.440 0.255
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studies of Boufaied ez 4/. (2003), Mel "uchovi ez 4. (2008) and Cabiddu ez 4/. (2009) showing different
seasonal patterns of the fatty acid profile throughout the growing season related to the phenological
stage of the plant. It was warmer in 2008 than in 2007; this was reflected in a generally higher content
of PUFA in 2008, but with no interaction between years. Therefore, the two years are used as repeated
measurements in the data analysis. Results are similar to Boufaied ez 4/. (2003) and Mel "uchovi ez al.
(2008), with seasonal variations in fatty acids primarily related to variations in 18:3%-3, with 18:37-3,
16:0 and 18:272-6 the most abundant fatty acids. Legumes (red and white clover) had the highest total
fatty acids, 18:3%2-3 and the highest ratio of PUFA:SFA. Red clover, which had the highest 18:3%-3
content in this study, is known to increase the levels of 18:37%-3 acid in cow’s milk (Dewhurst ez /., 2003)
when cows are fed with clover silage. Interestingly, lambs grazing red clover produced meat with higher
proportions of 18:27-6 and 18:37-3 compared with lambs grazing perennial ryegrass (Fraser ez al., 2004).

Conclusions

Seasonal variations in fatty acid concentrations, together with differences between species, indicate that the
ruminant’s total intake of fatty acids, especially 18:37-3, can be increased by managing grazing strategies.
Red clover had the highest quantity of fatty acids. Grazing cultivated clover mixture fields can be a worthy
option to increase the fatty acid content, particularly omega-3 in the diet of livestock. Grazing in spring
or at an early phenological stage may also increase PUFA intake of livestock. The study also demonstrates
the effect of climatic variations on fatty acid content reflected in the variation between years.
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Abstract

In the Netherlands many farmers assume pasture grazing for dairy cows to be less efficient in terms of
mineral utilisation than indoor housing systems. The gross annual grass yield is assumed to be lower as
well. Since 2016, Dutch dairy farmers are obliged to use the ANCA-tool (Annual Nutrient Cycling
Assessment) to show the mineral efficiency of their farms. Farmers claim that pasture grazing leads to a
worse ANCA performance than indoor housing. This claim puts pressure on pasture grazing. Therefore,
a study was performed to analyse the effect of grazing on mineral efficiency. The analysis of a dataset
containing 2,725 ANCA results of Dutch dairy farms showed that the average phosphorus and nitrogen
excretion for farms that apply pasture grazing for their cows for less than 1000 hours cow ! yr'! were not
significantly different from the indoor housing systems. On farms that apply grazing for more than that,
the mineral excretion was higher. Measures were identified to improve the mineral efficiency, e.g. less
young stock, feeding additional roughage and concentrate low in protein and phosphorus. This study
shows that farms with restricted grazing can combine grazing and mineral efficiency.

Keywords: ANCA, excretion, grazing, nitrogen, phosphorus, mineral efficiency

Introduction

The environmental impact of nutrient losses from dairy farms is an area of concern as farms increase in herd
size and stocking rates. Dairy farmers in the Netherlands are allowed to apply more manure on their farm if
they can prove that the average excretion of nitrogen (N) and phosphorus (P) per cow is below the general
excretion standards set by the government. For this purpose, the Annual Nutrient Cycling Assessment
(ANCA) tool (Aarts et al., 2015), which is compulsory for all dairy farms, was used. It calculates the
nutrient efficiency, excretion of N and P at farm level, N and P yields in crops and the complete N, P and
carbon cycle at farm level. Harvested feed, grazing hours and purchased feeds are basic inputs required
to calculate the mineral cycles. Many dairy farmers assume that pasture grazing leads to low calculated
nutrient efficiencies causing higher N and P losses compared to indoor housing. The gross annual grass
yield of grazing is assumed to be lower as well. These assumptions lead to negative perceptions of grazing
by farmers. This study aimed to analyse the effect of grazing on mineral efficiency using the ANCA tool.

Materials and methods

In this study 2,725 ANCA results from Dutch dairy farms spread over the Netherlands were collected
from the years 2013 and 2014. The farms were divided into six groups based on the hours grazing cow™! yr'!
(Table 1). The effect of grazing on mineral efficiency was tested using a one-way Anova test and a Tukey
post hoc test in SPSS version 24.

Results and discussion

Restricted grazing up to 1000 hours cow! yr'! did not affect excretion of N and P ! milk produced
compared with indoor housing (Table 2). The excretion for grazing categories with more than 1000 hours
grazing cow ! yr'! was significantly higher. This is at least caused by the high N and P content of grazed
grass. The effect size (Eta-squared) of grazing category on excretion was 0.133 for both N and P (Table
3), which indicates that the level of mineral excretion was affected by other factors as well. Measures were
identified to improve the mineral efficiency. Promising measures were less young stock, feeding additional
roughage and concentrate low in N and P.
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Table 1. Grazing groups and corresponding number of dairy farms in each group.

Grazing hours (cow™ yr)
0 (indoor housing)

1-720

721-1000

1001-1,500

1,501-2,000

> 2,000

Number of dairy farms
847
501
361
596
207
213

Table 2. Average excretion per pasture grazing category.

Grazinghcow'y" N (kg ton™" milk produced) Homogeneous groups” P,0, excretion (kg ton" milk produced) Homogeneous groups*
0 (indoor housing) 16.69 A 5.67 A

1-720 16.48 A 5.65 A

721-1000 16.65 A 5.74 A

1,001-1,500 17.35 B 5.98 B

1,501-2,000 18.66 C 6.42 C

>2,000 19.42 D 6.87 D

* Different groups are significantly (P < 0.05) different from each other.

Table 3. Effect size of pasture grazing (hours cow™ yr! on excretion).

Effect size Nitrogen excretion (kg ton” milk produced) Phosphate excretion (kg ton” milk produced)
Eta-squared 0.133 0.133

Conclusion

This study shows that farms with restricted grazing can combine grazing and mineral efficiency. The

average N and P excretion for farms that applied grazing for less than 1000 hours cow’! yr’1 were not

significantly different from indoor housing systems.
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Abstract

Pastures composed of species belonging to different niches are better able to capture resources and
maximise their forage yield. This work aimed to test the central hypothesis that dominant perennial grasses
with different growth strategies can coexist and be productive in intensively managed environments.
Populations of Arrhenatherum elatius L. (exploitative), Festuca arundinacea Schreb. (conservative), and
Dactylis glomerata L. (moderately exploitative) were evaluated as monocultures or mixtures for two years.
Fertilisation was performed to maintain high levels of soil fertility and the pastures were defoliated when
grasses reached a height of 20 cm to a residue of 10 cm. The proportion of the three species in the
mixture remained unaltered throughout the experimental period. Although no transgressive overyielding
was observed, the mixture produced the same forage yield as the most productive monoculture, even
with 68.1% of its post-cut biomass being composed of Dactylis glomerata L., the monoculture with the
lowest forage yield. Moreover, overyielding was more influenced by leaf production. The results presented
here show that a mixture of temperate perennial grasses with different growth strategies is persistent,
productive and can increase leaf production when grown in fertile environments and subjected to
frequent and lenient defoliations.

Keywords: complementarity, intercropping, monocultures, overyielding, leaf production

Introduction

Grasslands have been treated as multifunctional ecosystems, the functions of which may be improved by
increased biodiversity (Pasari ez 4/, 2013) due to complementarity between species belonging to different
functional groups. According to Roscher e a/. (2007), the complementarity in mixtures composed of
dominant species becomes saturated with few species (three in that case) and, furthermore, species with
different growth strategies (conservative vs exploitative) can coexist in fertile environments (Gross ez
al,, 2007), mainly when grazed (Borer ef al, 2014). Moreover, cut or grazing management strategies
based on light interception criteria (or corresponding to pasture height), which prevent the sward
from intercepting more than 95% of the incident radiation, have been observed to efficiently minimise
stem clongation and maximise leaf production (Da Silva ez 4/, 2015). When the pre-grazing targets are
associated with moderate/lenient grazing intensity (proportions of defoliation lower than 50% of the
initial pre-grazing height) high herbage intake rates is ensured (Mezzalira ez 4l., 2014). Thus, this work
aimed to test the main hypothesis that dominant perennial grasses of different growth strategies can
coexist and be productive in fertile environments and be subjected to frequent and lenient defoliations.

Materials and methods

The experimental area was divided into 12 plots of 45 m? (5 x 9 m). Monocultures of Arrhenatherum
elatius L. ‘SCS314 Santa Vitdria® (exploitative; A. elatius), Festuca arundinacea Schreb. ‘Quantum II’
(conservative; F arundinacea), Dactylis glomerata L. ‘Ambar’ (moderately exploitative; D. glomerata) and
a mixture of these species were repeated three times and evaluated for two years from May 2014 to June
2016. The four pastures were sown at a seed rate of 15 kg ha'l. The cuts were performed when the pastures
reached 20 cm in height (pre-cutting height), and were cut to 10 cm. The pre-cut height corresponded
to the average canopy condition that intercepts 95% of the incident radiation during the full vegetative
development stage. After soil analyses, phosphorus and potassium were applied each autumn to maintain
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a highly fertile environment, and nitrogen fertilisation was performed every 40 days as urea, with the
application of 30 kg N ha! (270 kg N ha'! y'!) during the first experimental year (2014/2015), and SO
kg N ha'! (450 kg N ha'! y'!) during the second experimental year (2015/2016). Forage net yield, as
well as the yield of leaves and stems of each species, was calculated as the difference between the current
pre-cutting biomass and the previous post-cutting biomass in two frames (70 cm x 20 cm) per plot.
Overyielding was determined for the community and populations of each species and its parts (leaves
and stems) as proportional deviations from the expected yield (and ), according to Loreau (1998). Forage
net yield was subjected to analysis of variance including the effects of treatment, season, year and their
interactions. Averages were compared using the Tukey test at P < 0.05. Relationships between total and
plant parts for each species were determined using Reduced Major Axis (RMA) regression.

Results and discussion

The highest forage net yields were observed for F. arundinacea, A. elatius and the mixture, which were
similar and the lowest were observed for D. glomerata (Figure 1). In the mixture, D. glomerata was the
species present in the highest proportion, makingup 61.3% of the pre-cutting biomass, whereas A. elatins
and F. arundinacea were present in equal proportions, each making up 18.6% of the pre-cutting biomass.
It is probable that the more prostrate growth habit observed for D. glomerata allowed it to occupy a
larger area during pasture establishment. There were no effects of treatment X season or treatment X year
interactions (P > 0.05) on forage net yield.

Overyielding from A. elatius in all seasons ( of 0.76, 0.72, 0.84, and 0.99 from winter, spring, summer
and autumn, respectively) and from F. arundinacea in spring and summer ( of 0.69 and 1.04, respectively)
were responsible for the total mixture overyielding (Figure 2). Leaf was the main determinant of total in
the three species because of the low stem yield, which made up 19.6, 5.1, and 6.5% of forage net yield for
A. elatius, F. arundinacea, and D. glomerata, respectively.
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Figure 1. Forage net yield of pastures of Festuca arundinacea Schreb. (Fa), Arrhenatherum elatius L. (Ae), and Dactylis glomerata L. (Dg), grown
in monoculture or in a mixture. Data are the means of three replicates over two years (n = 6).
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Figure 2. Reduced major axis (RMA) regressions between total and for leaves (empty circles) and stems (filled circles) of populations of (A)
festuca arundinacea Schreb., (B) Arrhenatherum elatius L., and Dactylis glomerata L. (C) grown in a mixture. Circles are values for each plot and
season. The dotted line represents a 1:1 ratio.

Conclusions

The present results show that the establishment of mixtures of grass species with different growth
strategies in fertile environments and subjected to cuttings that decrease light competition is productive,
persistent and may favour pasture leaf production.
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Abstract

It is hypothesized that the growth strategy of perennial grasses determines their persistence pathway
regardless of neighbouring species. Thus, species with contrasting growth strategies (Arrbenatherum
elatins L., Dactylis glomerata L. and Festuca arundinacea L.) were evaluated as both monocultures and in
a three-species mixture for two years in an intensively managed environment. Plants in all four treatments
were stable throughout the experimental period. Overall, 4. elazius had the highest rates of mortality and
tiller appearance and . arundinacea had the lowest. A. elatius produced a large number of tillers across
all seasons, but the longevity of the tillers was the lowest among the three studied species. F. arundinacea
and D. glomerata had numerous cohorts of tillers that were produced only during autumn-winter, but
the half-lives of their tillers were six and three times longer than that of 4. elatius tillers, respectively.
No differences were observed in the tillering dynamics of the three species in monoculture or in mixed
swards. The results suggest that competitive perennial grasses (like 4. elatius) exhibit a high turnover of
tillers throughout the year and, therefore, their persistence is dependent on regular favourable tillering
conditions (water and input of nutrients), while more conservative species (like ¥ arundinacea) demand
large amounts of resources at specific times of the year to re-establish their populations.

Keywords: conservative species, exploitative species, tiller survival, tiller appearance, tillering dynamics

Introduction

The ability of a pasture to maintain its tiller population over time is directly related to its persistence.
In a review, Matthew ez 4/. (2013) identified different tillering dynamics for ten forage grass species
and highlighted that pasture persistence occurs due to two factors: high tiller birth rates (TBRs) and
high tiller survival rates (TSRs) over time. According to Cruz ez al. (2002), grassland species, including
various C3 plants (Pontes ez al., 2012), can be classified into different “functional types’ depending on
their growth strategies. Consequently, the most exploitative species have a greater ability to use available
resources and renew their tissues than do more conservative ones, and, therefore, they have a greater
number of axillary buds capable of generating new tillers (Davies, 1974). Therefore, we hypothesized
that under intensive management (i.e. reduction of resource competition), population stability and,
consequently, persistence of perennial grasses occurs through distinct mechanisms depending on the
growth strategy of the plants, regardless of the composition of neighbouring species. Therefore, pastures
with exploitative species are more dependent on a high number of tillers throughout the year than those
formed by more conservative species.

Materials and methods

The experimental area was divided into 12 plots of 45 m? (5 x 9 m). Monocultures of 4. elatius cv.
SCS314 Santa Vitdria (exploitative), . arundinacea cv. Quantum II (conservative), and D. glomerata cv.
Ambar (intermediate) and a mixture of these species sown in the same proportions were replicated three
times on 13 June 2013. Treatments were randomly assigned to plots. The four pastures were sown at a
rate of 15 kg ha"l. When the pastures reached 20 cm in height (pre-cutting height), they were cut to 10
cm (post-cutting height, defoliation intensity of 50%), and all cut material was removed from the plots.
Phosphorus (P) and potassium (K) were applied (after soil analysis) each autumn to maintain a highly
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fertile environment, and nitrogen (N) fertiliser was applied every 40 days as urea at a rate of 30 kg N ha'!
(270 kg N ha'! y'!) during the first experimental year (2014-2015) and 50 kg N ha! (450 kg N ha'! y'1)
during the second experimental year (2015-2016). Tiller population dynamics were evaluated in two
20-cm-diameter polyvinyl chloride (PVC) rings (0.0314 m?) per plot. 22 tiller cohort evaluations were
carried out from June 2014 until July 2016 in which tillers were identified as alive, emerged or dead. The
population stability index (PSI) was calculated according to Matthew and Sackville-Hamilton (2011),
and the half-life of tillers was calculated according to Korte (1986). Tiller death rate (TDR), TBR,
TSR, PSI, half-life of tillers and the total number of emerged tillers were calculated by seasons. Means
were estimated using LSMEANS and differences between them were compared with Tukey’s test at a
5% significance level.

Results and discussion

Arrhenatherum elatius developed cohorts with many tillers (more than 3,000 tillers m2) in all seasons.
On the other hand, F. arundinacea and D. glomerata produced numerous cohorts mainly during autumn
and winter (Figure 1).

The proportion of D. glomerata, A. elatius, and F. arundinacea tillers in the mixture treatment were
52.4, 24.3 and 23.0%, respectively. The highest and lowest TDR and TBR occurred in A. elatius and
E arundinacea, respectively, but A. elatius tillers exhibited the lowest longevity, whereas F. arundinacea
tillers had the highest (half-life of 41 and 231 days, respectively, P < 0.001). This result could be a response
to the high tissue flow that has been observed in more exploitative species (Cruz ef al., 2002) and,
consequently, the number of buds available to develop new tillers (Davies, 1974). Comparing seasonal
patterns within the year, 4. elatius, D. glomerata, and the mixture had the highest TDR during the spring
and summer, whereas in F. arundinacea, the rates were constant throughout the year. Population recovery
in A. elatius began in summer while recovery in F. arundinacea, D. glomerata, and the mixture only
started in autumn. These results are similar to those of Ryle (1964) who found a negative relationship
between temperature and tillering in C; species. However, this response pattern was less obvious in 4.
elatius, which kept young tillers available for sward recovery after defoliation even during unfavourable
conditions (e.g. warmest season for C; species). This characteristic is generally observed in exploitative
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Figure 1.Tillering dynamics of Arrhenatherum elatius (A), Festuca arundinacea (B) and Dactylis glomerata (C) populations sown in monoculture
or a three-species mixture (A. elatius, grey; £. arundinacea, black; D. glomerata, white) (D) throughout the experimental period. Different fill
patterns in the monoculture diagrams (A-C) represent tiller population density from each of the 22 tiller cohorts.
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species (Nelson, 2000). As a consequence, the A. elatius population was unstable only in spring, whereas
the other treatments showed slight population instabilities during both spring and summer. No effects
of cultivation method (monoculture or mixture) or the interaction of cultivation method x season on
TDR and TBR were observed in the three studied species (P > 0.05). Thus, cultivation method did not
affect the PSI of the A. elatius, F. arundinacea and D. glomerata populations (mean values of 1.04 (SEM =
0.023,2=0.2580), 1.07 (SEM = 0.021, P = 0.6099) and 1.06 (SEM = 0.016, P = 0.5071), respectively).

Conclusions

Our study indicated that exploitative perennial grasses express high tiller turnover throughout the year
and, therefore, are constantly dependent on favourable conditions (e.g. water and input of nutrients)
for tillering to persist. However, although conservative species have longer-lived tillers, they demand
a greater amount of resources at specific times to re-establish their tiller population. Moreover, under
intensive management, the characteristics of neighbouring species do not affect the tillering dynamics
of the target species.
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Abstract

Traditional grazing regimes are likely to be the most effective and sustainable way to maintain the rich
biodiversity of semi-natural grasslands within Annex I priority farmland habitats on the Aran Islands. A
key question for the sustainable management of Aran pasturelands is does the available forage resource
alone meet livestock nutritional requirements? We investigated the seasonal variability of forage mineral
status, nutritional quality, annual aboveground net primary production, grassland utilisation and
botanical composition on representative grasslands on 25 farms across the three Aran Islands over two
years. Multivariate analysis identified two principal grassland communities: winter-grazed pastures and
summer-grazed pastures. Forage quality parameters exhibited community-dependant seasonal variation
(e.g. crude protein ranged from 5 to 23% DM), and forage types were seasonally deficient in phosphorus,
copper, zing, selenium and cobalt. Yields ranged from 508 t0 5,256 kg DM halyear!, and sward species-
richness ranged from 11 to 43 plants per 4 m2. Results suggest mineral imbalances and deficiencies affect
Aran forages, and winter-grazed forages alone do not meet the nutritional requirements of the suckler
cow. This knowledge will be used to develop an optimal-grazing management model that promotes
biodiversity and sustains livestock production on semi-natural grasslands.

Keywords: calcareous grasslands, forage quality, forage production, AranLIFE

Introduction

The agricultural landscape of the Aran Islands is largely a mosaic of rare Annex I European farmland
habitat types of high conservation value — limestone pavement, orchid-rich calcareous grassland and
machair; 75% of total land arca (4,500 ha) is designated as Natura 2000 under European legislation.
Typical farm holdings are relatively small-scale with below national average stocking rates (< 0.5 LU
ha'!), and contain an exceptionally high proportion of semi-natural grasslands. Grazing is essential for
the conservation management of these semi-natural calcareous grasslands. However, it is not known if
the forages meet the nutritional requirements of livestock. The objective of this study was to determine
the production potential within these grazing systems and ascertain whether the forages meet livestock
nutritional requirements. Information will be used to develop optimal grazing (for biodiversity) and
supplementary feeding management guidelines that ensure habitats are managed for biodiversity and
production outputs. This study is part of the larger EU LIFE-funded AranLIFE project (2014 to 2018).

Materials and methods

Forage quality sampling was performed on 50 randomly selected sites, i.e. two land parcels from 25
farms across the three Aran Islands (Inis Mér, Inis Medin and Inis Ofrr). Forages were collected from
homogeneous stands of vegetation over ten sampling dates between March 2015 and January 2017 and
analysed for DM, nitrogen (N; Dumas method), crude protein (CP) (N X 6.25), ash, acid detergent fibre
(ADF), and neutral detergent fibre (NDF) (Van Soest ef al., 1991) at the Agri-Food and Biosciences
Institute, Northern Ireland. In addition, 76 forage samples were analysed for dietary minerals, i..
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phosphorus, magnesium, calcium, sodium, potassium, chloride, manganese, copper, zinc, selenium, cobalt
and iodine (Inductively Coupled Plasma — Mass Spectrometry), during May 2015 and January 2016.
Annual above-ground net primary production (ANPP) was quantified as kg DM ha'! per annum using
the moveable cage (1 x 1 x 0.4 m) method (Mc Naughton ef 4/, 1996), across nine representative sites.
Forages were cut to ground level within a 0.5 x 0.5 m quadrat and oven-dried to constant weight (60 °C
for 48 h) to determine percentage DM. Botanical surveys were carried out between June and July 2016
using national methodologies (O’Neill et al., 2013). Non-metric multidimensional scaling ordination
and hierarchical, agglomerative, polythetic cluster analysis (PC-ORD vers. 4; Euclidean relative distance
measure and Ward’s linkage method) was used to identify vegetation types (McCune and Grace, 2011).

Results and discussion

The main management activity within semi-natural grassland habitats was grazing and spring—calving
suckler cow/drystock herd was the prevalent farm enterprise. Grazing systems on the Aran Islands can
be decribed as ‘reverse transhumance’ agriculture; livestock graze the relatively more exposed pastures on
the south side of islands from November to April, and once spring-calving commences, herds are moved
to sheltered fields to the north from mid-April to October. Reflecting management trends, multivariate
analysis identified two vegetation types. For the purpose of this paper they are called ‘winter-grazed
pastures’ (WGP) and ‘summer-grazed pastures’ (SGP). Summer-grazed pastures had low to moderate
plant species-richness and higher ANPP (Table 1). The production potential of SGP enables repeat (two
to three) rotational grazing between April and October. In contrast to SGP, WGP had the highest levels
of plant species-richness and lower ANPP. In general, WGP are grazed once after the growing season - a
practice that it likely to promote the higher plant species-richness found in this grassland type.

There is a clear trend of declining CP concentrations in WGP from May onwards (Figure 1), with
the lowest feeding value (indicated by lower CP and higher ADF concentrations) recorded between
November and March. The feeding value of winter forages reach an annual low in March when cows are
typically well into the last trimester of gestation and nutritional demands are highest. Mineral analyses
data indicate that Aran forages are seasonally deficient throughout the year in P, Cu, Se and Co (National
Research Council, 2000). Mineral supplementation is required to reduce the likelihood of mineral
deficiencies arising in the herd.

Table 1. Mean (SEM) of species richness per 4 m2, annual dry matter (DM) yields and forage quality variables for broad vegetation types on
the Aran Islands.

Grassland types (sites) Summer-grazed pasture (18) Winter-grazed pasture (38)
Species no. (per 4 m?) 21(0.6)** 34 (0.4)**

Yield (kg DM ha™! annum™) 5,580 (941)** (4) 1,760 (420)** (5)

Dry matter (g kg'1) 227.0 (10.8)** 381.3(17.6)**

Crude protein (g kg’1 DM) 153.1(7.2)** 100.3 (3.5)**

Acid detergent fibre (g kg’1 DM) 307.7 (7.1)** 324.5 (11.7)**

Phosphorous (%) 0.28(0.01) 0.12 (0.007)

Selenium (mg kg’1) 0.08 (0.01) 0.11(0.007)

Cobalt (mgkg™) 0.05(0.02) 0.02 (0.002)

Copper (mgkg™") 7.65(0.4) 5.30(0.18)

**¥P < 0.01 = Significant differences between grassland types.
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Figure 1. Seasonal changes to () crude protein (CP) and (b) acid detergent fibre levels (ADF) in winter-grazed pasture and summer-grazed
pasture. Error bars: + 2 SE. Horizontal line (bottom) indicates main grazing period for each pasture type.

Conclusions

The semi-natural calcareous grasslands sampled throughout this study are priority Annex I habitats for
conservation under the EU Habitats Directive and are dependent on grazing for their survival. However,
results from this study indicate that the grazing potential of pastures with the highest species-richness,
i.e. WGP, do not fully meet nutritional demands of livestock — especially when cows are in late stages of
pregnancy. The grazing management system that has been developed by farmers on the Aran Islands to
best suit the forage supply throughout the year involves a cyclic pattern of loss and gain (cows gain weight
on SGP when forage quantity is abundant and quality is high and slowly lose weight on WGP when forage
quantity is limited and quality is low). This management system exploits compensatory growth on SGP
and minimises supplementary feed costs but depends on optimum management of suckler cow energy
reserves throughout the year so that compensatory gain after restriction and reproductive efficiency (e.g.
timely estrus) is not negatively affected. From this work, nutritional advice can be tailored to suit the
grazing system by identifying times when additional appropriate supplementary feeds may be required,
thereby maximising livestock production within grazing systems that maintain high plant diversity.
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Abstract

The objective of this research was to investigate the most appropriate method of diet selection for mixed
perennial ryegrass (PRG)/white clover (clover) swards - -alkane or long-chain fatty alcohols (LCOH).
A data set consisting of #-alkane and LCOH concentrations of PRG and clover fractions was used from
previous PRG intake studies. There were two grazing treatments, PRG/clover with 150 kg N ha'l y'!
(Cl150) and PRG/clover with 250 kg N ha'! y'! (CI250). The sward clover content for the C1150 and
CI250 was 326 + 13.1 and 212 + 12.3g kg’1 DM, respectively. The 7-alkane method indicated that
selected diet clover content was 237 and 161 g kg’l DM, for the ClI150 and CI250, respectively. The
LCOH method indicated that selected diet clover content was 300 and 203 g kg’1 DM for the ClI150
and CI250 treatments, respectively. It is concluded that diet selection from animals grazing mixed PRG/
clover swards can be quantified. Both the LCOH and #-alkane methodology allow for individual diet
selection to be investigated, however, the LCOH method indicated a greater proportion of the diet
consumed by grazing animals was clover compared to the z-alkane method, which was closer to the
measured clover content in the sward.

Keywords: diet selection, long-chain fatty alcohols, 7-alkane

Introduction

White clover (Trifolium repens L.; clover) has a higher nutritional quality than perennial ryegrass (Lolium
perenne L.; PRG), and mixed PRG / clover swards can increase dairy cow voluntary DM intake (DMI)
compared to PRG only swards (Egan ¢z al., 2017). Grazing animals have the option to select their diet
from a sward and many factors can influence diet selection (Rutter ez al., 2004). The forage selected
by grazing animals is usually of a higher quality than the forage being offered (Minson, 1990), and in
mixed PRG / clover swards, clover is usually preferred over PRG (Rutter ez 4/., 2004). The scope for
diet selection depends on the heterogeneity of the sward from which the grazing animal is feeding and
the spatial distribution of different plant components (Fraser e 4/, 2006). This study was designed to
compare the use of z-alkane technique and the plant-wax long-chain fatty alcohol markers (LCOH)
when estimating diet selection of dairy cows offered mixed PRG/clover swards.

Materials and methods

A grazing experiment was established at Teagasc, Animal and Grassland Research Innovation Centre,
Moorepark, Fermoy, Co. Cork, Ireland. This experiment compared herbage and milk production from a
mixed PRG/clover sward receiving 250 kg N ha'! y'! (CI250) or 150 kg N ha'l y'! (Cl150) (Egan ez al.,
2015). Sward clover proportion was determined prior to grazing by hand separating plucked samples into
PRG and clover fractions and determining DM proportions as described by Egan ez 4/. (2017). Individual
DM intake (DMI; n = 40) was measured using the 7-alkane technique (Mayes ez 4/, 1986) as modified
by Dillon and Stakelum (1989). Sample periods were May 2015 (measurement period 1 (MP1)) and
August 2015 (measurement period 2 (MP2)). All cows were orally dosed twice daily, after milking,
for twelve consecutive days with paper pellets (cellucotton stoppers, Carl Roth GmbH, Karlesruhe,
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Germany) containing approximately 500 mg of dotriacontane (C, #- alkane). From day seven to 12 of
dosing, faecal samples were collected from each cow twice daily, before morning and evening milking.
On days six to 11 of each dosing period, two herbage samples of approximately 15 individual PRG snips
were manually collected with a Gardena hand shear mimicking the grazing defoliation pattern observed
on previously grazed swards. Diet selection was measured by taking additional herbage samples from
the CI250 and Cl150 treatments and manually separating into approximately 100 g each of fresh PRG
and clover. The concentrations of n-alkane and LCOH were measured for the grass and clover samples
individually and were used in the calculation of diet selection. The PRG/clover ratio consumed was
estimated from the concentrations of the odd-chain 7-alkanes (C27, C29, C31 and C33) and using
even-chain LCOH (C24, C26, C28 and C30) separately, using an iterative routine (Microsoft Excel
Solver) that calculates the DMI of PRG and clover required to produce 1 kg DM of facces. The iterative
routine minimises the sum of squares of the discrepancy between the observed individual 7-alkane
and/or LCOH faecal concentrations, using faccal recovery rates based on (Ferreira ¢t 4/., 2015) and
expected individual faecal 7-alkane and LCOH concentrations calculated from the 7-alkane and LCOH
concentration of the individual PRG and clover forage components. The proportions of PRG and clover
in the individual cows’ diets were calculated from the outputs from the iterative routine. Total forage
DMI was determined using the conventional z-alkane technique using the estimated diet selection of
each cow from the z-alkane and LCOH methodology for diet selection and the alkane concentrations
in relevant separated PRG and clover fractions to calculate the C32 and C33 alkane contents of the total
consumed diet. Data were analysed using a mixed model and Proc Regin SAS with terms for treatment,
method, measurement period and the associated interactions. Data are presented as least square means
+ standard error.

Results and discussion

Grazing treatment had a significant effect (P < 0.001) on sward clover content. The Cl150 treatment
had a greater sward clover content compared to the CI250 treatment, (326 + 13.1and 212 + 12.3 gkg!
DM, respectively). Previous research has shown that z-alkanes and LCOH can be used successfully to
determine diet selection (Fraser e 4/., 2006) in hill PRG mixtures containing a wide range of vegetation
species. The current study was determining diet selection of two species (PRG and clover). Methodology
used had a significant effect (P < 0.001) on the estimation of the diet selected by the grazing animals
(Table 1). The LCOH method indicated that a greater proportion of the diet consumed by grazing
animals was clover compared to the z-alkane method for the Cl150 treatment (300 * 6.6 and 237 +
7.1 g kg'! DM, respectively) and CI250 treatment (203 + 7.0 and 161 # 7.2 gkg'! DM, respectively).
Accuracy of diet-composition estimates varied (P < 0.05) between methods, with the LCOH presenting
a higher accuracy (0.971) compared to the z-alkane (0.913). When the methods were compared with
the measured sward clover content (i.c. the hand separations pre-grazing), the LCOH method predicted
clover content more closely to that of the actual clover content present in the sward, compared with the
n-alkane method (Table 1). The DMI of clover and total diet estimated using LCOH diet selection
markers were significantly higher (P < 0.001) than the values obtained using only 7-alkanes as diet
selection markers (Table 1). The combination of LCOH with 7-alkanes produced the best estimates of
diet composition and DMI when compared to z-alkanes alone, similar to (Ferreira et al., 2015).
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Table 1. The use of the n-alkanes and long-chain fatty alcohols (LCOH) as markers for determining diet selection in dairy cows on a mixed
perennial ryegrass/white clover sward (PRG/clover) receiving 150 kg N ha™ yr™? (C1150) and a PRG/clover sward receiving 250 kg N ha™! yr!
(C1250). Data are mean values for measurement period 1 (May 2015) and 2 (August 2015).

n-Alkane LCOH P-Value

a1so 1250 a150 250 SE Treatment  Method
Measured sward clover' proportion (g kg™ DM) 326 212 326 212 123 0.001 -
Selected clover content (g kg'1 DM) 237 161 300 203 7.5 0.001 0.001
Total DMI2 (kg DM dT) 15.5 16.2 16.6 16.9 0.43 NS 0.001
Clover DMI (kg DM d") 3.6 26 49 34 0.21 0.01 0.001

T Clover — white clover.
2DMI - Dry matter intake.

Conclusions

The results of this study show that diet selection and DMI from animals grazing mixed PRG/clover
swards can be quantified. Both the LCOH and #-alkane methodology allow for individual diet selection
to be investigated, however, the LCOH method indicated a greater proportion of the diet consumed by
grazing animals was clover compared to the #-alkane method, which was closer to the measured clover
content in the sward. The combination of LCOH with #-alkanes allows for a more accurate measurement
of diet selection and herbage DMI on mixed swards.
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The effect of autumn closing date of pasture on spring herbage
availability and sward characteristics

Egan M., Looney C. and Claffey A.
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Abstract

Previous studies have shown that grazed grass is the cheapest feed available for pasture-based systems of
milk production and can make a major contribution to the diet of lactating dairy cows. The objective of
this study was to examine the effect of autumn closing date on over winter herbage production and sward
characteristics. There were three autumn closing managements: Early (25 September -9 November),
Normal (10 October — 24 November) and Late (25 October — 9 December). Over winter herbage mass
(kg DM ha'!) and perennial ryegrass (Lolium perenne L.) tiller density (plants m2) were measured on
four and two occasions, respectively, between December and early February. Delaying the closing date
in the autumn significantly (P < 0.01) reduced the availability of herbage in early February. Daily over
winter growth rates were lower (P < 0.05) on the Late closed treatment compared to both the Early and
Normal (4.5 and 7.5 kg DM ha'! day’!, respectively). Every one day delay in closing from 25 September to
9 December reduced spring herbage availability by 16.3 kg DM ha'! d"!. Perennial ryegrass tiller density
was not significantly affected by the closing date. In conclusion, earlier closing of swards in autumn can
increase over winter growth rates and spring herbage availability.

Keywords: grass growth, perennial ryegrass, tiller density, autumn closing

Introduction

Grazed grass is the cheapest source of forage for ruminant production systems in Ireland (Finneran ez 4/.,
2012), and increasing its proportion in ruminant diets can reduce the total costs of production (Dillon
et al., 2005). In spring calving dairy systems in Ireland the supply of feed in the form of grazed grass
generally matches or exceeds demand from mid-April to mid-September (Dillon et 4l., 1995). However,
grass production and utilization are restricted by climatic conditions in autumn and winter (Herrmann
et al., 2005). The growth of perennial ryegrass (PRG; Lolium perenne L.) during the winter period is
characterised by a reduction in leaf appearance rate and an increase in the leaf senescence rate (Hennessy
et al., 2008) due to low soil and air temperatures (Parsons and Chapman, 2000) and low levels of solar
radiation. As a result, the net herbage accumulation during the winter is low. The management of grass
swards during the preceding autumn is crucial for ensuring the availability of grass during the spring
period (Carton ez al., 1988; Hennessy e al., 2006). The objective of this experiment was to investigate
the effect of altering autumn closing date on over winter herbage production and sward characteristics.

Materials and methods

The experiment took place at Teagasc, Animal and Grassland Research Innovation Centre, Moorepark,
Fermoy, Co. Cork, Ireland in 2016 and 2017. Forty-eight paddocks were established and randomly
assigned to one of three autumn closing strategies (n = 16); Early (25 September - 9 November), Normal
(10 October - 24 November) and Late (25 October - 9 December). Swards were grazed in rotation by
90 (n = 30) spring calving lactating dairy cows on each treatment. Herbage was allocated to cows on a
daily basis based on available herbage mass (> 4 cm) to achieve a target post-grazing sward height of 4
cm. Post-grazing sward heights were measured daily using a rising plate meter (Jenquip, Feilding, New
Zealand). Herbage mass (> 4 cm; HM) was determined in each paddock on 9 December, 30 December,
20 January and 10 February using an Etesia mower (Etesia UK Ltd., Warwick, UK). Over winter growth
rates (kg DM ha'!) were calculated from the change in herbage mass between each measurement period.
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The proportions of leaf, stem and dead material of PRG tillers were measured in February 2017. A sample
of PRG tillers were taken at random locations across a “W” transect, cut to ground level using a blade, and
a40-g subsample was then dissected into the green leaf lamina, stem and dead components 4 cm above
ground level. The components were sorted, weighed and dried for 16 h at 90 °C for DM determination.
160 turves (10 per paddock) (10 cm x 10 cm) were removed at random from each treatment on two
occasions (15 December and 19 January) to estimate PRG tiller density. The PRG tillers in each turve
were separated and counted, as described by Jewiss (1993). Data were analysed using PROC MIXED
in SAS with terms for treatment, measurement period and the associated interaction. Fixed terms were
treatment and measurement period, and random terms were paddock.

Results and discussion

In the current study herbage mass generally increased over the winter period, however, the rate of increase
varied depending on the closing treatment. Daily over winter growth rates were lower (P < 0.05) on the
Late (4.5 kg DM ha'! d1) closed treatment compared to both the Normal and Early treatments (7.5
and 7.9 kg DM ha'! d'!, respectively). The lower over winter growth rates resulted in a significant (P <
0.01) reduction in herbage mass in February. In the current experiment each day delay in closing from
25 September to 9 December resulted in a reduction in herbage mass in February of 16.3 kg DM ha'!
d’! (Figure 1). The reduction in spring herbage mass due to delayed closing date observed in the current
study is similar to O’Donovan e a/. (2002) who found a reduction of 15.0 kg DM ha'! for each day delay
in autumn closing, while Roche ez a/. (1996) and Carton ez al. (1988) found a reduction of 13.5 and 11.8
kg DM ha'l, respectively. In the current study, delaying the autumn closing date resulted in a significantly
(P < 0.05) higher proportion of green leaf in the sward in February on the Late (0.77 gkg! DM) closing
treatment compared to both the Normal and Early treatments, 0.68 and 0.69 g kg'! DM, respectively,
similar to Ryan ¢z 4/. (2010). Additionally, the Late closing treatment tended (P = 0.57) to have a lower
proportion of dead material compared to the Normal and Early treatments, 0.09, 0.12 and 0.13 g kg'!
DM, respectively. Perennial ryegrass tiller density was not significantly affected (2 > 0.05) by closing date
in the current study, similar to Ryan ez /. (2010). Perennial ryegrass tiller density increased (P < 0.01)
over the winter period, from 2418 plants m™ in December to 3102 plants m™ in January.
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Figure 1. The relationship between autumn closing date and spring (early February) herbage mass (kg DM ha™). The relationship is described
by the equation y = 16.307x — 471.18, RZ = 0.5504.

Grassland Science in Europe, Vol. 23 — Sustainable meat and milk production from grasslands 167



Conclusions

Earlier closing of swards in autumn resulted in increased herbage mass the following February. Delaying
autumn closing date reduced herbage mass by 16.3 kg DM ha! day! in February. Green leaf content
was greatest in the Late closed swards. The overall net extra herbage in spring can provide a significant
saving in alternative feeds in a spring calving system. The results from this study are from one year and
the experiment will be continued for a number of years.
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Abstract

Herbage minerals affect the performance of grazing and grass-fed cattle. In silages, knowledge of herbage
minerals is needed to balance supplements in indoor feeding rations. Herbage phosphurous (P), calcium
(Ca), magnesium (Mg) and potassium (K) contents in four grasses and four legumes were investigated
in binary grass-legume mixtures under a silage cutting regime. Data were collected in May and August
during two harvest years in replicated plots. Herbage samples were hand-separated and individual species
were analysed. The contents of Ca and Mg were higher in legumes than in grasses, but grasses had higher
P and K contents than legumes. Differences were found among legume and grass species in contents of
P, Ca and Mg; only legumes differed in K content. Outcomes are discussed in relation to cattle nutrition
requirements and options for designing grassland mixtures for sustainable agricultural systems.

Keywords: mineral, grass, legume, animal requirement

Introduction

In ruminant diets, herbage is an important natural source of minerals. Knowledge about the mineral
content of grassland species at silage cuts during the season is needed to balance supplements in indoor
feeding rations in order to meet the requirements of livestock production. Information on the mineral
content of grass-legume mixtures is limited. Therefore, a field experiment was conducted on a sandy
soil with seven two-species forage mixtures sown in replicated plots; annual yields and nutritive values
were reported by Elgersma and Seegaard (2016). The aim of this experiment was to study macromineral
contents of grasses and legumes, grown in mixtures, in spring and summer. The hypothesis of this
experiment was that mineral contents would differ among species and between functional groups, i.c.
grasses and legumes.

Materials and methods

Perennial ryegrass (Lolium perenne L.; ‘PR’) was sown with ecach of four forage legumes: red clover
(Trifolium pratense L.; RC’), lucerne (Medicago sativa L.; ‘LU’) and birdsfoot trefoil (Lotus corniculatus
L.; ‘BT”) while white clover (T7ifolium repens L.; “WC’) was sown with each of four companion grasses:
PR, hybrid ryegrass (Lolium boucheanum Kunth; ‘HR’), meadow fescue (Festuca pratensis Huds; ‘MF’)
and timothy (Phleum pratense L.; “TT"). Grass and mixtures were sown in 2006 in a small-plot (1.5 x
8 m) cutting trial with 4 replications in Denmark. Plots were fertilised with 300 kg total nitrogen (N)
halin cattle slurry, applied in four applications during the growing season of 100, 80, 60 and 60 kg N
and were irrigated at drought stress. Plots were harvested five times in 2007 and four times in 2008 with
a Haldrup forage harvester at a residual stubble height of 7 cm. Dry matter (DM) yield and botanical
composition were determined at each harvest during two years. Results of all nine harvests have been
reported previously (Elgersma and Secgaard, 2016). Following harvests of spring growth in May and
second regrowth in August, hand-separated samples were analysed for each species in two replicates;
for white clover and perennial ryegrass, samples were taken from the perennial ryegrass — white clover
mixture. Samples were digested with a mixture of nitric acid and perchloric acid according to the AOAC
procedure no. 996.16. Elements (phosphorus (P), calcium (Ca), magnesium (Mg) and potassium (K))
were determined using ICP-MS on an X-Series Il instrument from Thermo Fischer (Bremen, Germany).
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Due to technical problems, K contents were not measured in 2007. Effects of species, harvest date and
year were analysed using the MIXED procedures of SAS, and pairwise comparisons of species are
presented among legumes growing with perennial ryegrass and among grasses growing with white clover,
respectively.

Results and discussion

Differences were found among legume and grass species in contents of P, Ca and Mg, but K content
differed only among legume species (Table 1). Averaged across years and seasons, P contents were lower
(P < 0.001, not shown) in the legumes functional group than in the grasses, i.e. 2.8 versus 3.7 g kg -1
respectively. Among legume species, WC and RC had the highest P contents and LU the lowest (Table
1). Among grasses, PR had the highest P content and TT had the lowest. The mean value in TT equalled
that in WC.

The Ca contents were, on average, much higher (P < 0.001) in legumes than in grasses, i.c. 13.3 versus
42 gkg -1 respectively. Among legumes, Ca contents were highest in WC and LU and lowest in BT.
Among grasses, PR and MF had higher Ca contents than HR and TI. The Mg contents were also higher
in legumes (P < 0.001) than in grasses, i.e. 2.3 vs 1.4 gkg !, respectively. Red clover had the highest Mg
content in the legume group and TT the lowest in the grass group. The K contents were lower in legumes
(P < 0.05) than in grasses (19 and 23 gkg !, respectively). Birdsfoot trefoil had the highest K content
(Table 1).

Mineral concentrations were similar in May and August in legumes except for the Mg content being
higher in August whereas for Ca, the effect of harvest date varied due to species (S) x harvest (H) and
H x year (Y) interactions (Table 1). In grasses, mineral contents were higher in August than in May, in
particular for P and K; this effect was least found in TI (not shown). The K:(Ca+Mg) and K:Mg ratios
were calculated and generally showed similar patterns between species, harvests and years. In legumes,

Table 1. Phosphorus (P), calcium (Ca), magnesium (Mg), and potassium (K) contents (g kg DM ) of eight species that were grown in two-
species grass-leqgume mixtures. Data is derived from cuts in spring (May) and summer (August) in each of two harvest years.

Legumesin PRmix P Ga Mg K! GrassesinWCmix P Ga Mg K!

RC 3.02 13.3b 2.9 19 PR 442 49 1.4 25
W 2.5¢ 14.% 22 15¢ Tl 3.1¢ 3.5 1.2b 22
BT 28 1.1 200 2@ MF 3.5 47 1.4 24.2
WC 3.1 1472 21b 18 HR 3.8 3.7 1.4 233
P-value P-value

Species (S) <0001 <0001 <001 <0001 S <0001 <0001 <0001 NS
Harvest (H) NS <0.05 <0001 NS H <0001 <0001 <0001  <0.001
Year (Y) NS <0.001 <0.001 nal Y <0.001 <0.01 NS n.a
SxH <0.01 <0001 NS <0.05 SxH <0001 <001 <0.0001  <0.01
SxY NS NS NS na. SxY NS <0.05 NS na.
HxY <0.05 <0.001 NS na HxY NS <0.05 NS na
SEA 0.09 0.55 0.09 14 SE. 018 0.21 0.05 15
NRC 35 6.2 22 6.0 NRC 35 6.2 22 6.0

TK contents were only determined in year 2.

2\Within a column, values without a common superscript are significantly different; P-values are shown.
3n.a.=not applicable.

45 E. = standard error.

5 Dairy cow requirement (g kg DM ) in rations (NRC, 2001).
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trends were similar to those found for their numerator, the K content, namely the highest value for BT in
May (Table 1). In grasses, TT had the highest values for the ratios in May, while the K content showed S
x H interactions (Table 1) namely higher values for PR, HR and MF in August than in May, but similar
values for TI during both harvest dates. Contents of Ca and Mg were high in legumes but below cow
requirements in grasses (Table 1).

As hypothesized, contents of minerals differed between the grasses and legumes functional groups. The
concentrations of elements in plants may be affected by availability of nutrients in soil and competition
between ions during uptake by plant roots. Reciprocal interactions regarding uptake exist between Mg
and K or Ca. In grass tetany, the animal