
Sustainable meat and milk 
production from grasslands

Edited by

B. Horan
D. Hennessy

M. O’Donovan
E. Kennedy

B. McCarthy
J.A. Finn

B. O’Brien

Volume 23 
Grassland Science in Europe



Sustainable meat and milk 
production from grasslands

Proceedings of the 27th General Meeting 
of the European Grassland Federation

Cork, Ireland
17-21 June 2018

Edited by
B. Horan

D. Hennessy
M. O’Donovan

E. Kennedy
B. McCarthy

J.A. Finn
B. O’Brien



Published by
The Organising Committee of the 27th General Meeting of the European Grassland Federation, Teagasc, 
Animal and Grassland Research and Innovation Centre, Moorepark, Fermoy, Co. Cork, Ireland.

Copyright © 2018 
All rights reserved. Nothing from this publication may be reproduced, stored in computerised systems or 
published in any form or any manner, including electronic, mechanical, reprographic or photographic, 
without prior written permission from the publisher.

The individual contributions in this publication and any liabilities arising from them remain the 
responsibility of the authors.

ISBN: 978-1-84170-643-6
eISBN: 978-1-84170-644-3

Abstract submission and evaluation by 

Editing and production by
Wageningen Academic Publishers
P.O. Box 220 
6700 AE Wageningen 
The Netherlands
www.WageningenAcademic.com

Distributed by
European Grassland Federation EGF
W. Kessler, Federation Secretary
c/o Agroscope
Reckenholzstrasse 191
CH-8046 Zürich, Switzerland
E-mail: fedsecretary@europeangrassland.org

Wageningen Academic 
P u b l i s h e r s

OASES
Online Academic Submission and Evaluation System

www.WageningenAcademic.com
mailto:fedsecretary@europeangrassland.org


Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� V

Organizing Committee
President	 Prof. Frank O’Mara	 Teagasc
General Secretary	 Dr Deirdre Hennessy	 Teagasc
Chairperson	 Dr Michael O’Donovan	 Teagasc
Assistant Chairperson	 Dr Emer Kennedy	 Teagasc
Members	 Ms Margie Egan	 Teagasc
	 Dr Pat Dillon	 Teagasc
	 Dr Laurence Shalloo	 Teagasc
	 Mr Niall Ryan	 Department of Agriculture,  
		  Food and the Marine

Scientific Committee
Chair	 Dr Brendan Horan	 Teagasc
Members	 Dr John Finn	 Teagasc
	 Dr Deirdre Hennessy	 Teagasc
	 Dr Emer Kennedy	 Teagasc
	 Dr Brian McCarthy	 Teagasc
	 Dr Michael O’Donovan	 Teagasc
	 Dr Bernadette O’Brien	 Teagasc
	 Prof. Tommy Boland	 University College Dublin
	 Prof. Trevor Gilliland	 Agri-Food & Biosciences Institute
		  (AFBI), Northern Ireland



Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� XI

Table of contents

Foreword	 IX

Opening session

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	 3

Dillon P.G.

Ruminant grassland production systems in Ireland	 17
O’Donovan M., Hennessy D. and Creighton P.

Theme 1. 
Resilient plants for grass based ruminant production systems, 
adapting grassland systems to the dynamics of climate and resource 
availability

Breeding resilient cultivars for European grass based ruminant production systems	 29
Gilliland T.J., Hennessy D. and Ball T.

Influence of pasture-feeding on milk and meat product quality	 43
Stanton C. Mills S., Ryan A., Di Gioia D. and Ross R.P.

Comparison of grass utilisation performance of perennial ryegrass varieties	 54
Tubritt T., Gilliland T.J., Delaby L., McHugh N. and O’Donovan M.

Breeding grass varieties with increased magnesium content to prevent hypomagnesaemia in 
ruminants	 57

Lovatt J.A., Ander E.L., Broadley M.R., Bone P., Crout N.M.J., Graham N., Hayden R., 
Kendall N.R., Kumssa D.B., Lark R.M., Lovatt A.C., Palmer S., Penrose B., Skøt L., 
Thomson R., Wilson P. and Young S.D.

Yield stimulating legacy effect of sown legume abundance in a ley on the performance of a 
Lolium multiflorum following crop	 60

Fox A., Suter M., Widmer F. and Lüscher A.

Enhancing Sulla (Hedysarum coronarium L.) introduction to different soil types through 
inoculation with rhizobia strain	 63

Sitzia M., Manca C., Pintore A., Epifani G.P. and Loi A.

Red clover cultivars of Mattenklee type show higher yield and persistence than Ackerklee type	 66
Hoekstra N.J., De Deyn G.B. and Van Eekeren N.

The relationship between phenological development of red clover and its feed quality in mixed 
swards	 69

Nadeem S., Steinshamn H., Sikkeland E.H., Gustavsson A.M., Bakken A.K.



XII� Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands

Performance of legume-based annual forage crops in a Mediterranean environment	 72
Porqueddu C., Dettori D., Nieddu D. and Melis R.A.M.

Perennial ryegrass ploidy and white clover: how do they affect sward performance?	 75
Guy C., Hennessy D., Gilliland T.J., Coughlan F. and McCarthy B.

Improvement silage nutritive and hygienic value using viable lactic acid bacteria inoculant	 78
Jatkauskas J. and Vrotniakiene V.

Amazing Grazing; N use efficiency of 60 individual dairy cows under intensive grazing	 81
Klootwijk C.W., Zom R.L.G., Van den Pol-Van Dasselaar A., Van Middelaar C.E., Holshof G. 
and De Boer I.J.M.

Effect of soil type, lime and phosphorus fertiliser application on grass yield and quality	 84
Wall D.P., Fox I. and Bailey J.

Sustainable fertilisation of natural grasslands	 87
Díaz Fernández D. and Nagy G.

Framework for yield gap analysis in grasslands	 90
Schils R.L.M., Höglind M., Van Middelkoop J., Holshof G., Verloop J.J., Rijk B., 
Van de Ven G., Van den Berg W., Van der Schoot J.R. and Van Ittersum M.K.

Experimental simulation of intensive grazing and other management systems in a low mountain 
range	 93

Wolf M. and Laser H.

Evaluation of the Cornell Net Carbohydrate and Protein System version 7.0 for pasture-based 
systems	 96

Dineen M., Higgs R., McCarthy B. and Van Amburgh M.E.

Impact of pre-cutting herbage mass on cow performance and sward utilisation in zero-grazing 
systems	 99

McConnell D.A., Scoley G. and Gordon A.

Production and botanical composition of leys in a long-term cropping system experiment in 
northern Sweden	 102

Parsons D., Zhou Z. and Palmborg C.

The effect of pasture allowance on the performance of growing dairy heifers	 105
Patterson R., Morrison S., Laidlaw S. and Theodoridou K.

Magnesium and sulfur fertilisation – effects on foliar disease infection in perennial ryegrass	 108
Aavola R., Sooväli P., Tamm S. and Bender A.

The influence of nitrogen fertiliser and legume content on the quality of multi-species swards	 111
Adamovics A. and Gutmane I.



Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� XIII

The effect of heading date of perennial ryegrass on milk production	 114
Ankersmit E., Ensing E., Ter Horst A.C. and Van den Pol-van Dasselaar A.

Persistence of modern varieties of Festuca arundinacea L. and Phleum pratense L. as an 
alternative to Lolium perenne L. in intensively managed sown grasslands	 117

Becker T., Isselstein J., Benke M. and Kayser M.

Variations of the herbage energy to protein ratio in lucerne-based mixtures as influenced by 
cutting management	 120

Bélanger G., Thivierge M.-N., Tremblay G.F., Claessens A., Bertrand A., Lajeunesse J. and 
Seguin P.

Performance of Lolium spp., Festuca spp. and their mutual hybrids in Latvian conditions	 123
Berzins P., Rancane S., Stesele V. and Vezis I.

Understanding factors associated with the grazing efficiency of perennial ryegrass varieties	 126
Byrne N., Gilliland T.J., Delaby L., Cummins D. and O’Donovan M.

Using genome-wide selection to increase genetic gain for forage yield in a perennial ryegrass 
breeding programme	 129

Byrne S., Milbourne D. and Conaghan P.

White clover stolon growth characteristics under varying levels of nitrogen fertiliser	 132
Casey T., Hennessy D. and Egan M.

The effect of opening farm cover on early lactation milk and milk solids production	 133
Claffey A., Delaby L., Boland T.M. and Egan M.

Pasture allowance, duration and lactation stage: effects on early lactation production	 136
Claffey A., Delaby L., Lewis E, Boland T. and Kennedy E.

Breeding red clover (Trifolium pratense L.) for improved yield and persistence	 139
Conaghan P.

Plant diversity greatly enhances weed suppression in intensively managed grasslands	 142
Connolly J., Sebastià M.T., Kirwan L., Finn J.A., Llurba R., Suter M., Collins R.P., 
Porqueddu C., Helgadóttir A., Baadshaug O.H., Bélanger G., Black A., Brophy C., Čop J., 
Dalmannsdóttir S., Delgado I., Elgersma A., Fothergill M., Frankow-Lindberg B.E., 
Ghesquiere A., Goliński P., Grieu P., Gustavsson A.M., Höglind M., Huguenin-Elie O., 
Jørgensen M., Kadziuliene Z., Lunnan T., Nykanen-Kurki P., Ribas A., Taube F., Thumm U., 
De Vliegher A. and Lüscher A.

Phosphorus yield of forage grass species under intensive cutting management	 146
Cougnon M., De Vliegher A., De Frenne P. and Reheul D.

Fatty acids concentrations in forage species during growing season in Iceland	 149
Dalmannsdóttir S. and Kristjansdottir Th.A.



XIV� Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands

Combining grazing and high mineral efficiency	 152
De Haan M.H.A., Van Noord T., Meerkerk B., Philipsen A.P. and  
Van den Pol-van Dasselaar A.

Forage yield in a mixture composed by grasses with different growth strategies	 154
Duchini P.G, Guzatti G.C., Echeverria J.R., Américo L.F., Melo A.O. and Sbrissia A.F.

Is the growth strategy of perennial grasses linked to their persistence pathway?	 157
Duchini P.G., Guzatti G.C., Echeverria J.R., Américo L.F. and Sbrissia A.F.

The agronomic and biodiversity value of semi-natural grassland types under different grazing 
management	 160

Duignan L., Ó hUallacháin D., Finn J.A., Browne A., McGurn P. and Moran J.

Use of plant-wax fatty alcohols and n-alkanes as faecal markers to predict diet selection and 
intake for dairy cows grazing mixed grass/clover swards	 163

Egan M., Galvin N., O’Donovan M., Hennessy D. and Mayes R.W.

The effect of autumn closing date of pasture on spring herbage availability and sward characteristics	 166
Egan M., Looney C. and Claffey A.

Herbage mineral contents in grass and legume species	 169
Elgersma A., Søegaard K., Jensen S.K. and Sehested J.

Effects of coated Lolium perenne L. seeds on DM yield and forage quality following reseeding 
grassland in autumn and spring	 172

Elsaesser M. and Wurth W.

Suitability of soft leafed Tall fescue (Festuca arundinacea) in mixtures under grazing and cutting	 176
Elsaesser M., Wurth W. and Rothenhaeusler S.

Effect of season and species on the nutritive value of leaves of high stem trees	 179
Emile J.C., Barre P., Bourgoin F., Perceau R., Mahieu S. and Novak S.

Pasture production estimated with the Yield-SAFE model in silvopastoral systems established 
with different Pinus radiata D. Don densities	 182

Ferreiro-Domínguez N., Palma J.H.N., Rigueiro-Rodríguez A. and Mosquera-Losada M.R.

Selenium and fertiliser application schemes in hay fields	 185
Filley S.J., Wang G., Hall J., Pirelli G., Bohle M., Ates S. and Davis T.Z.

Pasture utilisation in a self-contained organic dairy grazing system in north-eastern France	 188
Fiorelli J.-L., Puech T. and Le Bris M.

Evaluation of drought tolerance in two accessions of smilo grass (Pipthatherum miliaceum L.)	 191
Franca A., Porqueddu C., Re G.A., Sanna F., Sulas L. and Melis R.A.M.



Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� XV

Predicting in vivo digestibility of perennial ryegrass using the neutral detergent cellulase 
method: updating the equation	 194

Garry B., O’Donovan M., Beecher M., Delaby L., Fleming C., Baumont R. and Lewis E.

Demonstrating the benefits on integrating livestock into arable rotations	 197
Genever E. and Vickers E.M.

Effect of nitrogen application rate on dry matter production of multispecies and perennial 
ryegrass swards	 200

Grace C., Boland T.M., Fritch R., Sheridan H., Kirwan L. and Lynch M.B.

Dry matter production of multispecies and perennial ryegrass swards under actual and 
simulated grazing	 203

Grace C., Boland T.M., Sheridan H., Fritch R. and Lynch M.B.

Festulolium in Ireland – seasonal yield and quality assessment	 206
Grogan D., Barth S., Grant J., O’Riordan E. and Hanley M.

The productivity of multi-species swards using three nitrogen fertilisation rates	 209
Gutmane I., Adamovics A. and Gulbe I.

Sward structure and biological nitrogen fixation potential of perennial ryegrass-white clover swards	 212
Guy C., Hennessy D., Gilliland T.J., Coughlan F. and McCarthy B.

Evaluation of potential of forage legume leaves as a protein source for organic pig farms	 215
Hakl J., Dostálová A., Sklenář J. and Klejzar T.

Match clover: optimal selection of clover species	 218
Hannaway D.B., Brewer L.J., Ates S., Anderson N.P., Wang G., Filley S., Daly C.,  
Halbleib M.D., Ringo C., Monk S., Moot D.J., Yang X., Chapman D.F. and Sohn P.

Development and persistence of reseeding legumes in permanent grassland under different 
cutting and fertilisation intensity	 219

Heine L., Thumm U. and Elsaesser M.

Herbage and milk production from grass-only and grass-clover swards	 222
Hennessy D., McAuliffe S. and Egan M.

Does white clover genotype affect the performance of grass-clover mixtures?	 225
Heshmati S., Tonn B. and Isselstein J.

Genotypic and environmental variance for white clover yield in a commercial breeding programme	 228
Hetherington K., Conaghan P., Milbourne D., Skøt L. and Byrne S.L.

Comparison of relative agronomic performance of several fertiliser formulations in perennial 
ryegrass pasture	 231

Higgins S., Stafford A., Catto W. and Bailey J.S.



XVI� Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands

Amazing Grazing: substantial fresh grass intake in restricted grazing systems with high stocking 
rates	 234

Holshof G., Zom R.L.G., Schils R.L.M., Philipsen A.P., Van den Pol-van Dasselaar A. and 
Klootwijk C.W.

Amazing Grazing: effect of cutting height and defoliation frequency on grass production and 
feeding value	 237

Holshof G., Zom R.L.G. and Van Eekeren N.

The phenological development of three ryegrass clones and the influence of initial silage cut on 
regrowth under silage management	 240

Hoppe G.M. and Gilliland T.J.

Comparison of total mixed ration and pasture-based diets on dairy cow milk and milk solids yield	 243
Hurley M.A., Boland T.M. and Hennessy D.

Effect of perennial ryegrass and white clover with perennial ryegrass forage on sward structure, 
in vivo dry matter digestibility and voluntary intake in individually housed sheep	 246

Hurley M.A., Garry B., Boland T.M. and Hennessy D.

Effect of management strategy on wilting of monocultures and mixture of red clover and 
perennial ryegrass	 249

Hynes D., Laidlaw S. and Ferris C.

Grass growth models for estimating digestibility and dry matter yield of forage grasses in Finland	 252
Hyrkäs M., Korhonen P., Pitkänen T., Rinne M. and Kaseva J.

Longer growing season with warmer autumn at northern latitudes – can farmers take an extra cut?	 255
Jørgensen M., Bakken A.K., Lunnan T. and Østrem L.

Functional evaluation of perennial forage legumes	 258
Jouany C., Cruz P., Fort F., Lecloux E., Theau J.P., Lambs L., Moussa I., Merah O. and Saint-
Pierre L.

Browsing preferences of tall fescue types and a common pasture mixture under cattle grazing	 259
Kaiser T., Pickert J. and Behrendt A.

Biomass production and forage quality under intensive and extensive grazing	 262
Kassahun T., Pavlů K., Pavlů V., Pavlů L. and Gaisler J.

Dry matter yield and plant density of alfalfa as affected by cutting schedule and seeding rate	 265
Katanski S., Milić D., Karagić Đ., Vasiljević S., Milošević B., Živanov D. and Ćupina B.

The effect of pre-graze mowing at different pre-graze masses on cow and pasture performance	 268
Kay J., Edwards P., Clement A. and Bryant R.

Forage grasses effectively use soil P-pools in low-PAAC soils in Finland	 271
Kykkänen S., Hartikainen M., Hyrkäs M., Virkajärvi P., Toivakka M. and Kauppila R.



Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� XVII

Botanical composition of grassland for silage in mountain districts of Norway	 274
Lunnan T., Todnem J. and Jørgensen M.

Effect of post-grazing residual pasture height in spring on pasture quality in summer and autumn	 277
Macdonald K.A., Glassey C.B., Kay J.K. and Wims C.M.

Improving the phosphorus use efficiency of perennial forage species to enhance the 
sustainability of grassland based agriculture	 280

Marshall A.H., Collins R.P., Williams K., Han J.W., Corke F.M.K. and Doonan J.H.

Long term influence of botanical composition of alpine pastures on cow milk production	 283
Marușca T., Blaj V.A., Mocanu V., Andreoiu A. and Zevedei P.M.

Prediction of fatty acid content and composition of forages in the new INRA feed tables	 286
Maxin G., Glasser F., Doreau M. and Baumont R.

Comparison of pasture-based feeding systems and a total mixed ration feeding system on dairy 
cow milk production	 289

McAuliffe S., Gilliland T.J. and Hennessy D.

The effect of nitrogen on herbage production and sward white clover content in frequently 
grazed swards	 292

McAuliffe S., Gilliland T.J. and Hennessy D.

Perennial ryegrass cultivar: effect on herbage dry matter production and sward nutritive value	 295
McCarthy B., Guy C., Dineen M., McClearn B., Gilliland T.J. and Coughlan F.

The effect of grass ploidy and white clover inclusion on milk production of dairy cows	 298
McClearn B., Gilliland T., Guy C., Dineen M., Coughlan F. and McCarthy B.

Grazing behaviour of dairy ewes as affected by spatial and time allocation of forage crops	 301
Molle G., Decandia M., Giovanetti V., Manca C., Acciaro M., Cossu R., Serra M.G., Salis L., 
Cabiddu A. and Sitzia M.

Resilience of Festulolium in terms of productivity and impact on soil characteristics under 
machinery compaction	 304

Muhandiram N.P.K., Humphreys M.W., Fychan R., Scott M., Davies J.W., Theobald V.J., 
Sanderson R. and Marley C.L.

Validation of model based herbage quality estimations on minerotrophic fen grasslands	 307
Müller J., Sweers W. and Dittmann L.

Effects of cutting, burning and mulching on soil and plants in the Guinea Savanna-grassland	 310
Nwaogu C., Nwankwoala H. and Pavlů V.

Nutrients in the soil and herbage of tall sward-height patches under intensive and extensive grazing	 313
Pavlů K., Kassahun T., Nwaogu C., Pavlů V., Pavlů L., Gaisler J. and Homolka P.



XVIII� Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands

Performance of seed mixtures containing tall fescue (Festuca arundinacea Schreb.) for 
permanent meadows in mountain areas	 316

Peratoner G., Resch R., Figl U., Florian C., Bodner A. and Vitalone L.

Selective grazing and nutrient transfer through cattle interactively affects pasture vegetation	 319
Perotti E., Kunze N., Isselstein J. and Tonn B.

‘SiloExpert’ – a model for predicting grass silage quality	 322
Pickert J., Mersch F., Herrmann A., Hoffmann T., Thaysen J., Weise G., Weiß K. and 
Wellenbrock K.-H.

Decomposition and nutrient release of winter annual forages in integrated crop-livestock systems	 325
Da Pontes L.S., Oliveira F., Dos Santos B.R.C., Carpinelli S., Assmann T.S. and Da Fonseca 
A.F.

The effect of the partial replacement of grass silage with whole-crop silage on milk production	 328
Sairanen A., Palmio A. and Mäkisalo P.

Tagasaste (Chamaecytisus proliferus var palmensis) feeding value and dairy sheep performance 
in a poor Sardinian soil	 331

Salis L., Fanni S., Marrosu M. and Sitzia M.

Agroforestry as a potential tool to mitigate climate change	 334
Santiago-Freijanes J.J., Rigueiro-Rodriguez A., Aldrey J.A., Ferreiro-Domínguez N.and 
Mosquera Losada M.R.

Long-term effect of management on forage yield and botanical composition of an old pasture	 335
Sarunaite L. and Kadziuliene Z.

Amazing Grazing: science in support of future grass based dairy systems	 336
Schils R.L.M., Philipsen A.P., Holshof G., Zom R.L.G., Hoving I.E., Van Reenen C.G., 
Van der Werf J.T.N.,Galama P.J., Sebek L., Klootwijk C.W., Van Eekeren N., Hoekstra N.J., 
Stienezen M.W.J. and Van den Pol-Van Dasselaar A.

Contribution of urine spots to yields and nitrogen efficiency in pastures with different nitrogen 
fertilisation	 339

Seelen M., Isselstein J., Benke M. and Kayser M.

Prediction of breeding values and variance in (Lolium perenne L.) breeding populations	 342
Skøt L., Lovatt A.J., Palmer S.A., Grinberg N.F. and Kelly R.

Combined management of white and red clover for forage and seed production	 345
Slepetys J. and Slepetiene A.

The effect of Stymjod, an organic-mineral fertiliser, on Trifolium pratense L. biomass	 348
Sosnowski J., Jankowski K., Skrzypczyńska J., Wiśniewska-Kadżajan B., Malinowska E. and 
Truba M.



Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� XIX

The legume harvest of burr medic: first experiences with a brush prototype machine	 351
Spanu E. and Vargiu M.

Effects of Mn and Zn on root rot and biomass production in red clover (Trifolium pratense L.)	 354
Stoltz E. and Wallenhammar A.C.

Higher yields in formerly drought-stressed Lolium perenne and Cichorium intybus due to 
increased carbohydrate reserves, higher root biomass, and increased mineral soil N	 357

Suter M., Hofer D. and Lüscher A.

Xerothermic grassland as a source of forage for small ruminants	 360
Szewczyk W., Janus B., Grygierzec B., Kacorzyk P. and Nowacki P.

The nutritive value of alaska brome and tall fescue forage using different growing technologies	 363
Tamm U., Meripõld H., Tamm S. and Edesi L.

Variability of plant species composition and main functional groups in the Rengen Grassland 
Experiment	 366

Titěra J., Jürgen S., Pavlů V., Hejcman M., Pavlů L., Gaisler J. and Nwaogu C.

Optimisation of N fertilisation in Italian ryegrass (Lolium multiflorum L.) seed production	 369
Vanden Nest T., Vleugels T., De Vliegher A. and Rijckaert G.

Medicago polymorpha L.: a natural nitrogen resource for forage eco-systems improvement	 372
Vargiu M. and Spanu E.

Production capacity of forage legumes and persistence to root rot in organic mixed swards	 375
Wallenhammar A.C., Stoltz E., Omer Z. and Granstedt A.

Perennial ryegrass (Lolium perenne L.) economic selection indices: are cultivar rankings valid 
under intensive grazing?	 378

Wims C.M., Ludemann C.I. and Chapman D.F.

Influence of silage making or haymaking on different protein fractions	 381
Wyss U.

Comparison of nutrient and mineral content of herbage from pasture and fresh indoor feeding	 384
Wyss U., Ineichen S., Frey H.J., Schmid H., Akert F. and Reidy B.

Theme 2. 
Appropriate livestock for grasslands, key characteristics of animals 
adapted to and suitable for grasslands

Robust animals for grass based production systems	 389
Delaby L., Buckley F., McHugh N. and Blanc F.

Grazing by free-ranging red deer: effective management for semi-natural grassland conservation?	 401
Riesch F., Tonn B., Meißner M. and Isselstein J.



XX� Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands

Perspectives on the use of animal as replicate in grazing experiments	 404
Connolly J.

Can we motivate dairy cows to increase their grass intake by feeding low protein supplements?	 407
Zom R.L.G., Van Berkel I.A.J., Oegema M.D. and Holshof G.

Feeding zero concentrate to dairy cows	 410
Schori F.

Effect of long-term grazing on dry matter biomass production and heifer performance	 413
Pavlu V., Pavlů L., Gaisler J., Kassahun T., Hejcman M. and Pavlů K.

Comparing grass utilisation and herbage intake of elite New Zealand versus Irish ewes in the 
pre-weaning period	 416

McGovern F.M., Fetherstone N., Creighton P. and McHugh N.

Accuracy of the ytterbium-faecal index method for estimating intake of pasture-fed dairy goats	 419
Delagarde R., Belarbre N. and Charpentier A.

Influence of faba bean (Vicia faba, L.) silage on milk fatty acid profile of dairy cows	 422
Baizán S., Vicente F., Soldado A., Llano P. and Martínez-Fernández A.

Effect of pre-weaning nutrition on dairy heifer calf performance during the first season at pasture	 425
Barry J., Bokkers E.A.M., Murphy J.P. and Kennedy E.

Is selecting dairy cows for fat and protein contents an opportunity to maintain yearly compact-
calving systems?	 428

Bedere N., Disenhaus C., Ducrocq V., Leurent-Colette S. and Delaby L.

Compact-calving systems are better suited to dual-purpose than dairy cow breeds, particularly 
when nutrient supply is limited	 431

Bedere N., Disenhaus C., Leurent-Colette S. and Delaby L.

Effect of plant extract based additive against coccidiosis development of lambs	 434
Chabrillat T., Kumprechtova D., Illek J. and Kerros S.

Effect of stocking rate and breed on dry matter intake and milk production efficiency	 437
Coffey E.L., Delaby L. and Horan B.

Biological performance of Holstein, Jersey, and Holstein × Jersey cows on Irish dairy farms	 440
Coffey E.L., Horan B. and Berry D.P.

Dairy cows eating grass produce milk with a higher proportion of fat-soluble antioxidants	 443
De La Torre S., Vicente F. and Royo L.

Effect of stocking rate on pasture performance and lamb carcass output	 446
Earle E., McHugh N., Boland T.M. and Creighton P.



Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� XXI

The impact of ewe prolificacy potential and stocking rate on the efficiency of lamb production	 449
Earle E., McHugh N., Boland T.M. and Creighton P.

The effect of genetic merit on post-weaning lamb performance at grass	 452
Fetherstone N., McHugh N., Creighton P., Boland T.M. and McGovern F.M.

Interaction of early lactation pasture allowance and duration on cumulative milk production	 455
Kennedy E., Delaby L., Roche J.R., Horan B. and Lewis E.

Interaction of early lactation pasture allowance and duration on dry matter intake	 458
Kennedy E., Delaby L., Roche J.R., Horan B. and Lewis E.

Predicting dry matter intake of grazing dairy cows using near infrared reflectance spectroscopy	 461
Lahart B., Kennedy E., McParland S., Condon T., Galvin N., Boland T.M. and Buckley F.

Effects of feeding strategy on milk production and body condition score of dairy cows with 
differing genetic merit	 464

Lahart B., Parr M.H., O’Sullivan M., Boland T.M. and Buckley F.

Comparative grazing behaviour of beef suckler cows of diverse genetic merit	 467
McCabe S., McHugh N., O’Connell N., and Prendiville R.

Combining cattle and sheep on pasture: how do farmers organise the sharing of grass resources?	 470
Mugnier S. and Cournut S.

An agro-ecological dairy cattle system to allow all year round grazing	 473
Novak S., Chargelègue F. and Emile J.C.

Reproductive efficiency, body condition score and survival of dairy cows of divergent genetic merit	 476
O’Sullivan M., McParland S., Pierce K.M., O’Sullivan K. and Buckley F.

The effect of Economic Breeding Index and feeding treatment on 305 d production and 
lactation profile	 479

O’Sullivan M., McParland S., Pierce K.M., O’Sullivan K. and Buckley F.

Effects of feeding strategy on fertility and performance in dairy cows with differing genetic merit	 482
Parr M.H., Lahart B., O’Sullivan M., Boland T.M. and Buckley F.

Finishing late-maturing suckler steers and bulls from pasture: effect of concentrate 
supplementation	 485

Regan M., Lenehan C., Moloney A.P., O’Riordan E.G., Kelly A.K. and McGee M.

Grass-based suckler steer weanling-to-beef production systems: Effect of breed and slaughter age	 488
Regan M., McGee M., Moloney A.P., Kelly A.K. and O’Riordan E.G.

Effect of production system on the health and performance of Holstein bulls during their first 
summer	 491

Rutherford N., Lively F. and Arnott G.



XXII� Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands

Effect of pre-grazing herbage mass on behavioural characteristics of dairy cows	 494
Schori F., Rombach M. and Südekum K.H.

The possibility of renovation of pastures for horses using an undersowing method	 497
Stypiński P. and Prończuk M.

Behavioural pattern of dairy cows in an automatic milking system with a 4-way grazing setup	 500
Werner J., O’Leary N., Umstatter C. and O’Brien B.

Exploring the possibility to indirectly predict dry matter intake in lactating dairy cows	 503
Williams M., Kennedy E., O’Sullivan K., Lahart B., Byrne D.T., Boland T.M. and Buckley F.

Theme 3. 
Environmental influences on grassland systems – consequences of 
climate change, mitigation strategies, and impacts on ecosystems

The carbon sequestration of grassland soils – climate change and mitigation strategies	 509
Klumpp K. and Fornara D.A.
Huguenin-Elie O., Delaby L., Le Clec’h S., Moreno G.M., Teixeira R.F.M. and Schneider 
M.K.

A meta-analysis on the impacts of climate change on the yield of European pastures	 535
Dellar M., Topp C.F.E., Banos G. and Wall E.

Impact of climate change on grass growth at two sites in Ireland	 538
Ruelle E., Delaby L. and Hennessy D.

Life cycle assessment of grassland-based dairy production systems in Switzerland	 541
Zumwald J., Braunschweig M., Nemecek T., Schüpbach B., Jeanneret Ph., Roesch A., 
Hofstetter P. and Reidy B.

Dynamic LCA model for estimating environmental effects of Finnish beef production 
(FootprintBeef )	 544

Järvenranta K., Virkajärvi P., Pulkkinen H., Huuskonen A., Nousiainen J., Hietala S. and 
Pesonen M.

Net primary productivity and soil carbon balance of different forage production systems	 547
Malisch C.S., Reinsch T., Kluß C., Herrmann A., Loges R. and Taube F.

Nitrogen and phosphorus fluxes of grassland-based dairy production systems on mixed farms in 
Switzerland	 550

Dorn K., Menzi H., Hofstetter P. and Reidy B.

Long-term trend in perennial ryegrass (Lolium perenne L.) delineator cultivar heading dates 
from 1984 to 2016	 553

Hoppe G.M., Morrow E. and Gilliland T.J.



Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� XXIII

Response of plant functional traits to temperature along an alpine gradient of altitude	 556
Poetsch E.M., Lenzen D. and Schellberg J.

Semi-natural habitats on intensive grassland farms in Ireland	 559
Larkin J., Sheridan H., Finn J.A., Denniston H. and Ó hUallacháin D.

Grassland yield and nitrogen uptake as influenced by urea or ammonium nitrate based fertilisers	 562
Forrestal P.J., Harty M., Carolan R., Lanigan G., Krol D., Hennessy D., Wall D., Watson C. 
and Richards K.

Effect of nitrogen and phosphorus fertilisation and their interaction on nitrogen-phosphorus 
ratio of grass	 565

Van Middelkoop J.C.

New nitrogen fertilisation experiments challenge the old yield responses of forage grasses in 
Finland	 568

Kykkänen S., Hyrkäs M., Korhonen P., Hartikainen M., Toivakka M., Kauppila R.,  
Kärkönen A. and Virkajärvi P.

Prediction of grassland values by phytosociological or agronomical approach	 571
Mesbahi G., Bayeur C. and Plantureux S.

Intercomparison of nutritive value simulations in three process-based timothy grass models	 574
Persson T., Höglind M., Van Oijen M., Korhonen P., Palosuo T., Jégo G., Virkajärvi P., 
Bélanger G. and Gustavsson A.M.

Eco-efficient milk production in northern Germany inspired by the Irish rotational grazing system	 577
Loges R., Mues S., Kluß C., Reinsch T., Lorenz H., Humphreys J. and Taube F.

Ley production potential as affected by climate change at high latitudes	 580
Baadshaug O.H., Skjelvåg A.O. and Trnka M.

Herbage legumes enhance soil fertility in crop rotation	 583
Bender A., Tamm S. and Aavola R.

Identifying the drivers of changes in the relative abundances of species in agroecosystems	 586
Brophy C., Finn J.A., Lüscher A., Suter M., Kirwan L., Sebastià M.T., Helgadóttir Á., 
Baadshaug O.H., Bélanger G., Black A., Collins R.P., Čop J., Dalmannsdóttir S., Delgado I., 
Elgersma A., Fothergill M., Frankow-Lindberg B.E., Ghesquiere A., Golińska B., Goliński P., 
Grieu P., Gustavsson A.M., Höglind M., Huguenin-Elie O., Jørgensen M., Kadziuliene Z., 
Kurki P., Llurba R., Lunnan T., Porqueddu C., Thumm U. and Connolly J.

Soil faunal and plant diversity of dairy and semi-natural grasslands on peat	 589
Deru J., Bloem J., De Goede R., Brussaard L. and Van Eekeren N.

Alpine pasture vulnerability and adaptation strategies to climate change: the LIFE 
PASTORALP project	 592

Dibari C., Argenti G., Bassignana M., Staglianò N., Bellocchi G. and Bindi M.



XXIV� Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands

Does sward management affect carbon storage under upland permanent pasture?	 595
Forster D., Fraser M.D., Rowe R. and McNamara N.P.

Climate sensitivity of Hungarian grasslands	 598
Halasz A., Tasi J., Bajnok M., Szabo F. and Orosz S.

Effect of silage harvest date and fertiliser rate on modelled N2O and total greenhouse gas 
emissions from pasture-based suckler beef systems	 601

Herron J., O’Brien D., Curran T. and Moloney A.P.

Options for sustainable intensification of Irish grassland-based dairy systems: an assessment of 
the nitrogen balance	 604

Hoekstra N.J., Schulte R.P.O., Forrestal P., Hennessy D., Lanigan G., Müller C., Shalloo L. 
and Richards K.

Nitrogen flow on an organically managed beef farm in Hokkaido	 607
Hojito M.

The Biodiversity Exploratories: a large-scale framework project for functional biodiversity research	 610
Klaus V.H., Fischer M., Hamer U., Hölzel N., Kleinebecker T., Prati D., Schäfer D. and 
Allan E.

Magnitude, drivers and mitigation of nitrous oxide emissions from ruminant urine and dung 
patches	 613

Krol D.J., Carolan R., Minet E., McGeough K.L., Watson C.J., Forrestal P.J., Lanigan G.J. 
and Richards K.G.

Methane emissions and milk carbon footprint of dairy cows at grazing or fed with a 
concentrate diet	 616

Lessire F., Scohier C. and Dufrasne I.

Grazing practices in three European countries: results of a survey in dairy farms	 619
Lessire F., Scohier C., Kristensen T., Reding R., Lioy R., Reuter W., Elias E. and Dufrasne I.

Energy expenditure and methane emissions of grazing dairy cows at two levels of pre-grazing 
herbage biomass	 622

Loza C., Gere J., Orcasberro M.S., Casal A., Carriquiry M. and Astigarraga L.

Modelling the impact of new EFs on grassland fertiliser GHG emissions estimates from Irish 
dairy systems	 625

Lynch J.

Silvopastoral agroforestry - an option to support sustainable grassland intensification	 628
McAdam J.H.

A climate change mitigation strategy for the grasslands of the Falkland Islands	 631
McAdam J.H., Rendell N. and Poole M.



Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� XXV

What is the role of nutrient management in grassland to achieve and sustain good water quality?	 634
McDonald N.T., Shortle G., Wall D.P. and Mellander P.-E.

Seasonal effects of drought on plant and microbial phosphorus concentration	 637
Meisser M., Vitra A., Buttler A. and Mariotte P.

Modelled consequences of climate change on fodder production in selected milk-exporting 
countries	 640

Moreau J.-C., Madrid A., Brocard V. and Souverain F.

Earthworms and grassland productivity: impact of the New Zealand flatworm and slurry	 643
Murchie A.K.

Estimated nitrous oxide emissions from nitrogen fertiliser use on multispecies grasslands 
compared to monocultures	 646

Murphy P.N.C., Higgins S., Grace C., Lynch B.M., Tracy S., Fritch R., O’Rourke S.M. and 
Sheridan H.

An evaluation of nutrient balances at the whole-farm and field scale on 21 Irish dairy farms	 649
Murphy P.M., Murphy P.N.C. and Wall D.P.

Agri-environment measures for grassland habitats: halting the decline of biodiversity, or a 
missed opportunity?	 652

Ó hUallacháin D., Sheridan H., Keogh B. and Finn J.A.

Recent soil fertility trends on intensive Irish dairy farms	 655
O’Donovan M., Goldwin F., Geoghegan A. and O’Leary M.

How long should a fen grassland field trial last? Reflections on the dry matter yield of a 
nitrogen fertilisation field trial on northeast German fen grassland over 55 years	 658

Pickert J., Behrendt A. and Käding H.

Impacts of long-term fertilisation on plant functional traits and diversity of grasslands on 
Reunion Island	 661

Randrianarivony L., Tillard E., Rivière E., Salgado P., Blanfort V., Lecomte P. and 
Taugourdeau S.

The role of nitrification inhibitors for increasing sustainability on grassland farms	 664
Richards K.G., Forrestal P., Krol D., Hennessy D., Carolan R., Watson C.J., Minet E., 
Ledgard S. and Lanigan G.

Does conservation status influence the temporal development of agriculturally used permanent 
grassland in Germany?	 667

Röder N., Ackermann A. and Rudolph S.

Link between the number of grazing days and the mineral nitrogen fluxes in grazing systems	 670
Ruelle E., Hennessy D. and Delaby L.



XXVI� Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands

A national typology for High Nature Value farmland in Ireland	 673
Sullivan C.A., Finn J.A., Ó hUallacháin D., Green S., Matin S., Meredith D., Clifford B. and 
Moran J.

Dynamic of herbaceous biomass during the wet season in the Sahel	 676
Taugourdeau S., Ndiaye O., Diatta O. and Assouma M.H.

Balancing energy transition in Germany: how will it influence permanent grassland? A Delphi-
study	 679

Ukhanova M., Schoof N., Neher L. and Luick R.

Grazing for carbon	 682
Van den Pol-van Dasselaar A., Chabbi A., Cordovil C.M.D.S., De Vliegher A., Die Dean M., 
Hennessy D., Hutchings N., Klumpp K., Koncz P., Kramberger B., Newell Price J.P., 
Poilane A., Richmond R, Rocha Correa P.F., Schaak H., Schönhart M., Sebastià M.T., 
Svoboda P., Teixeira R.F.M., Van Eekeren N. and Van Rijn C.H.

Dairy farming and biodiversity: seeking for a better balance	 685
Van Eekeren N., Erisman J.W., De Wit J., Koopmans C., Cuijpers W. and Oerlemans N.

Effect of digestate application, N fertilisation and forage species on biomass and biogas production	 688
Virkajärvi P., Hyrkäs M., Kykkänen S., Pyykkönen V., Laakso J., Kekkonen P., Ervasti S. and 
Luostarinen S.

The multi-functionality of grasslands for delivering soil based ecosystem services	 691
Wall D.P., Bondi G. and O’Sullivan L.

Theme 4. 
Social and economic impacts of grass based ruminant production

Social and economic impacts of grass based ruminant production	 697
Van den Pol-van Dasselaar A., Becker T., Botana Fernández A., Hennessy T. and Peratoner G.

Effect of dairy cow feeding system on milk composition and processability	 709
Gulati A., Hennessy D., Lewis E., O’Donovan M., McManus J.J., Fenelon M.A. and 
Guinee T.P.

Fatty acids and lipo-soluble antioxidants in milk from dairy farms in the Atlantic area of Spain	 712
Botana A., González L., Dagnac T., Resch-Zafra C., Pereira-Crespo S., Veiga M., 
Lorenzana R., Fernández-LorenzoB. and Flores-Calvete G

Effects of grassland extensification on yield, forage quality and floristic diversity	 715
Klingler A., Resch R. and Poetsch E.M.

The net contribution of ruminant production to the protein supply for humans	 718
Laisse S., Baumont R., Veysset P., Benoit M., Madrange P., Rouillé B. and Peyraud J.L.



Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� XXVII

Designing economic instruments to maintain and enhance hay meadow biodiversity in south-
west European mountain areas	 721

García-de-la-Fuente L., Guzmán Otano D., Mora Cabello de Alba A., Nobre S. and 
Brau-Nogué C.

Factors associated with profitability in pasture-based systems of milk production	 724
Hanrahan L., McHugh N., Hennessy T., Moran B., Kearney R., Wallace M. and Shalloo L.

Sulphur improves feed quality in intensively managed grassland in Germany	 727
Junklewitz P., Berlin K. and Basten M.

Contrasting diets and milk composition on Galician dairy farms	 730
Botana A., Resch-Zafra C., Pereira-Crespo S., Veiga M., González L., Dagnac T., 
Lorenzana R., Fernández-Lorenzo B. and Flores-Calvete G.

Perennial ryegrass with/without clover on two farms in Flanders: Part I – crop yield and 
botanical composition	 733

De Vliegher A., De Boever J., Van Waes C. and Vanden Nest T.

Perennial ryegrass with/without clover on two farms in Flanders: Part II – nutritive value of 
fresh material and silage	 736

De Vliegher A., De Boever J., Van Waes C. and Vanden Nest T.

Peas as a cover crop for clover and lucerne installation in Flanders	 739
De Vliegher A., Van Waes C. and Vanden Nest T.

Joint technical and economic assessment of feed autonomy in organic cattle farms	 742
Faux A., Guillaume M., Decruyenaere V. and Stilmant D.

Ecosystem services provided by hay meadows in Iberian mountain areas: evolution and perspectives	 745
García-de-la-Fuente L. and Azevedo J.

Comparing lamb’s meat quality of autochthonous sheep breeds Sarda and Mallorquina under 
different feeding management systems	 748

Gutiérrez-Peña R., Delgado-Pertiñez M., Manca C., Addis M., Guzmán-Guerrero J.L. and 
Sitzia M.

Impact of different forage types on the volatile and sensory properties of bovine milk	 751
Kilcawley K.N., Faulkner H., O’Callaghan T.F., Auliffe S., Hennessy D., Stanton C., 
O’Sullivan M.G. and Kerry J.P.

Low farm investment and poor herding practices may pose risks to cow welfare in expanding 
dairy herds	 754

Mee J.F. , Marchewka J. and Boyle L.A.

Extended grazing of suckler bulls: effect on the compositional and sensory qualities of beef	 755
Mezgebo G.B., Moloney A.P., McGee M., O’Riordan E.G., Marren D., Richardson R.I. and 
Monahan F.J.



XXVIII� Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands

Colour and sensory characteristics of longissimus muscle from grass-fed or concentrate-fed heifers	 758
Moloney A.P., McElhinney C., O’Riordan E.G., Monahan F.J. and Richardson R.I.

Farmers’ perceptions on the apple orchard silvopasture in Galicia (NW Spain)	 761
Mosquera-Losada, M.R., Ferreiro-Domínguez N., Rois-Díaz M. and Rigueiro-Rodríguez A.

The effect of cow feeding system on the composition and quality of milk and dairy products	 762
O’Callaghan T.F., Hennessy D., McAuliffe S., Sheehan D., Kilcawley K., Dillon P., Ross R.P. 
and Stanton C.

Associating cow characteristics with sub-optimal mobility in dairy cows in Irish pasture-based 
systems	 765

O’Connor A., Bokkers E.A.M., De Boer I.J.M., Hogeveen H., Sayers R., Byrne N., Ruelle E. 
and Shalloo L.

Microbial quality of milk from grass based production systems and impact on milk powder quality	 768
Paludetti L., Kelly A.K. and Gleeson D.

Milk price volatility- does it affect the relative profit ranking of dairy herds in Ireland?	 771
Patton J.

Grass-to-maize silages ratio affects dairy milk yield and milk fatty acids composition	 772
Pereira-Crespo S., González L., Botana A., Veiga M., Resch-Zafra C., Dagnac T., 
Valladares J., Lorenzana R. and Flores-Calvete G.

Suburban context modifies the way dairy farmers reason the role of grasslands in forage 
management	 775

Petit T., Martel G., Le Guen R. and Couvreur S.

Dairy cows with higher genetic merit for maintenance have a lower live-weight	 778
Ramsbottom G. and McParland S.

How four typical Swedish production systems for lambs affect sensory attributes of the meat	 780
Stenberg E., Arnesson A., Wallin K., Olsson V., Wendin K., Karlsson A.H. and 
Arvidsson-Segerkvist K.

The impact on sheep performance of incorporating daffodil production within grazed upland 
permanent pasture	 783

Vallin H., Davies J.R.T., Rowlands E.G. and Fraser M.D.

Milk yield and milk composition characteristics of grazing and all-silage dairy systems	 784
Veiga M., Botana A., González L., Resch-Zafra C., Pereira-Crespo S., Lorenzana R., 
Dagnac T., Fernández-Lorenzo B., Plata-Reyes D.A. and Flores-Calvete G.

Theme 5. 
Big data and smart technologies in grassland

A review of big data, smart and precision technologies in pasture-based dairying systems	 789
Shalloo L., Leso L., McDonagh A., Geoghegan A., Werner J. and O’Leary N.



Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� XXIX

Influence of pasture characteristics and time of day on dairy cow behaviour predicted from 
GPS-data	 807

Riaboff L., Bedere N., Couvreur S., Aubin S., Goumand E., Magnier J., Madouasse A., 
Chauvin A. and Plantier G.

A partial budgeting tool to assess investments in precision dairy technologies	 810
O’Leary N., Ahrend A., McDonagh A, O’Brien B. and Shalloo L.

Multi-temporal estimation of forage biomass in heterogeneous pastures using static and mobile 
ultrasonic and hyperspectral measurements	 813

Möckel T., Fricke T. and Wachendorf M.

Effects of biodiversity on ecosystem functioning in a grassland experiment ( Jena) and 
implications for management	 816

Meyer S.T., Eisenhauer N., Jochum M. and Weisser W.W.

Amazing Grazing: feed wedge and cutting window for grazing systems with high levels of 
supplementation	 819

Stienezen M.W.J., Philipsen A.P., Schils R.L.M. and Van den Pol-van Dasselaar A.

Optimising grass silage quality for green biorefineries	 820
Rinne M., Jalava T., Stefanski T., Kuoppala K., Timonen P., Winquist E. and Siika-aho M.

Evaluation of ECMWF weather forecasts and their inclusion in an Irish grass growth model	 823
McDonnell J., Brophy C., Ruelle E., Lambkin K., Fealy R., Shalloo L. and Hennessy D.

Use of PLS Regression as a tool for rapid estimation of herbage intake in grazing cows	 826
Acciaro M., Decandia M., Manca C., Giovanetti V., Dimauro C. and Molle G.

Measuring grass growth using satellite technologies	 829
Berry P.M., Hockridge B., Blacker B., Whiteley I., Smith G. and Genever E.

Optimisation of artificial neural networks to predict digestibility of perennial ryegrass using 
near infrared reflectance spectroscopy	 830

Burns G.A., Hoppe G., Young G., Jonston D. and Gilliland T.J.

Evaluation of near infrared reflectance spectroscopy calibration selection techniques	 833
Burns G.A., O’Kiely P. and Gilliland T.J.

A new approach to N fertiliser advice on grassland in the Netherlands	 836
Bussink D.W., Ros G.H. and Van Eekeren N.

Ambient conditions and production system influence oxygen isotope composition of water in 
milk from cows (Bos taurus)	 839

Chen G., Schäufele R. and Auerswald K.

GenoGrass: a low cost, high throughput genotyping platform for perennial ryegrass	 842
Curran N., Barth S., Hodkinson T.R., Byrne S. and Milbourne D.



XXX� Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands

UAV based mapping of grassland yields for forage production in northern Europe	 845
Davids C., Karlsen S.R., Ancin Murguzur F.J. and Jørgensen M.

Using RGB remote sensing for biomass prediction in temperate grassland	 848
Grüner E., Möckel T., Graß T. and Wachendorf M.

PastureBase Ireland: a grassland decision support system and national database	 851
Hanrahan L., Geoghegan A., O’Donovan M., Griffith V., Ruelle E., Wallace M. and  
Shalloo L.

Producing solid biofuels from semi-natural grasslands invaded by Lupinus polyphyllus	 854
Hensgen F. and Wachendorf M.

Feasibility of UAV based low-cost monitoring in a horse grazed grassland	 857
Hoffmeister D., Curdt C., Lussem U., Tonn B. and Schmitz A.

Amazing Grazing: grass growth measurements with remote sensing techniques	 860
Hoving I.E., Starmans D.A.J., Booij J.A., Kuiper I. and Holshof G.

Novel baling foils and selected properties of preserved haylage	 863
Kacorzyk P., Kasperczyk M. and Szewczyk W.

Watching grass grow: a spatial and geoclimatic analysis of grass growth in Ireland	 866
Knapp E., Magnan A., O’Donoghue C., Donnellan T. and Green S.

Assessment of the state of meadows degradation in Middle Wieprz River Valley PHL060005, 
eastern Poland	 869

Kulik M., Warda M., Stamirowska-Krzaczek E., Tatarczak M., Ciesielski D.,  
Bzowska-Bakalarz M., Bieganowski A., Dąbrowska-Zielińska K., Kiryła W., Turos P. and 
Trendak M.

Associations between cow behaviour at pasture, weather conditions and day length	 870
Leso L., O’Leary N., Werner J., Kennedy E., Geoghegan A. and Shalloo L.

Evaluation of a novel grassland monitoring index based on calibrated low-cost UAV imagery	 873
Lussem U., Hollberg J., Menne J., Schellberg J. and Bareth G.

The use of radar satellite images for the detection of cutting frequency of grassland	 876
Malß S., Grant K., Wagner M., Siegmund R. and Hartmann S.

Grasshopper: micro-sonic sensor technology enables enhanced height measurement by a Rising 
Plate Meter	 879

McSweeney D., Coughlan N.E., Cuthbert R.N. and Halton P.

The development of an in-field livestock performance hub for grazing cattle	 880
Morrison S.J., Lively F.O., Brown A., Dawson B., Jahren E. and Patterson R.

Development of an optimum grass measurement strategy for precision grassland management	 883
Murphy D.J., O’Brien B. and Murphy M.D.



Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� XXXI

A national methodology to quantify the grass credentials of Irish dairy farms	 886
O’Brien D., Moran B. and Shalloo L.

Performance of grass varieties in terms of dry matter production on commercial Irish grassland 
farms	 889

O’Donovan M., Treacy E., Byrne N., Greene D., O’Leary M. and Geoghegan A.

Portable NIRS: a novel technology for the prediction of forage nutritive quality	 892
Patton L., McConnell D., Archer J., O’Donovan M. and Gilliland T.J.

Impact of harvesting technique and storage duration on perennial ryegrass nutritive quality 
deterioration	 895

Patton L., McConnell D. and Gilliland T.J.

‘Smart grazing’: modelling grass growth in rotationally grazed pastures	 898
Peters T., Reinsch T., Loges R., Malisch C., Kluß C. and Taube F.

Methods for spatially explicit estimation of NATURA 2000 grassland forage quality using 
satellites	 901

Raab C., Riesch F., Tonn B., Meißner M., Balkenhol N. and Isselstein J.

Multispectral imagery from UAVs to classify and monitor vegetation change in semi-natural 
grasslands	 904

Roberts B.P., Snooke N., Neal M.J., Bunting P. and Fraser M.D.

LiDAR-based estimation of extensive grassland biomass invaded by large-leaved lupine 
(Lupinus polyphyllus Lindl.)	 907

Schulze Brüninghoff D., Möckel T., Hensgen F. and Wachendorf M.

Traceability of pasture milk: how much maize are the cows fed?	 910
Tams T., Müller J. and Wrage-Mönnig N.

Nutrient transfer by cattle through different spatial patterns of grazing and non-grazing behaviour	 913
Tonn B., Hüppe C., Kunze N., Noll C., Raab C. and Isselstein J.

Comparison of two non-destructive techniques to determine DM yield in the tropics	 914
Villalobos L.A and Wingching-Jones R.

Validation of new algorithms for the RumiWatch noseband sensor to detect grazing behaviour 
of dairy cows	 917

Werner J., Viel J., Niederhauser J., O’Leary N., Umstatter C. and O’Brien B.

Estimation of yield and height of legume-grass swards with remote sensing in Northern Sweden	 920
Zhou Z.J. and Parsons D.



XXXII� Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands

Theme 6. 
Knowledge transfer to stakeholders

Towards sustainable European grassland farming with Inno4Grass: an infrastructure for 
innovation and knowledge sharing	 925

Krause A., Becker T., Feindt, P.H., Huyghe C., O’Donovan M., Peeters A. and 
Van den Pol-van Dasselaar A.

Suitable cows for grass-based systems: what do stakeholders do in France?	 937
Ollion E., Brives H., Cloet E. and Magne M.A.

Evaluation of horse farmers’ knowledge and attitude towards grassland management	 940
Schmitz A. and Isselstein J.

A case study on the adoption of grazing skills and technologies on the Teagasc BETTER sheep 
farms	 941

Campion F.P., Lynch C. and Diskin M.G.

Eurodairy: a bottom-up approach to transfer innovations on grass to European farmers	 944
Brocard V., Rankin J., Korevaar H., Menghi A. and Keatinge R.

Dairylink Ireland – ‘best use of resources to drive profit’	 947
Keown C.

Accuracy of visual assessment of the plant stand type for the estimation of forage quality	 950
Peratoner G., Kasal A., Florian C. and Pramsohler M.

Increasing beef production from grass and grazed forage by using farmers as mentors	 953
Pick S., Genever E., Wheeler K., Jones M. and Morgan C.

Grass10 – an extension campaign to improve the level of grass production and utilisation	 956
Maher J. and Bogue F.

How French Chambers of Agriculture contribute to maintaining and developing grasslands	 959
Baste F.

Better Farm Beef Challenge Northern Ireland	 962
Breen F. and Weatherup R.N.

Developing TechnoGrazing beef systems in England	 965
Daniel J., Reilly B., Genever E. and Thorley K.M.

HerbValo – a method for calculating annual pasture utilisation by dairy cows at paddock level	 968
Delagarde R., Robic Y., Leurent-Colette S. and Delaby L.

Teagasc/Irish Farmers Journal BETTER Farm Beef Programme	 971
Dillon A., Cox T. and Greaney J.



Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� XXXIII

Grassland-based beef production: a case study on the economic impact and ecosystem services 
in a Limousin cattle farm	 974

Faux J. and Faux A.

Soil compaction: an issue for German grassland farmers?	 977
Fick J. and Gnutzmann N.

Adoption of grass measurement and management technologies in dairy discussion groups	 980
Garvey N., Ramsbottom G. and Lynch M.B.

Analysis of innovation brokering systems related to grasslands across Europe	 983
Goliński P., Van den Pol-van Dasselaar A., Golińska B., Paszkowski A., Nilsdotter-Linde N., 
O’Donovan M., Melis R.A.M., Czerwińska A., Delaite B., Bauer A., Florian C., Baste F., 
Fradin J., Gauder P., De Kort H. and Krause A.

What are the main challenges to improve ewe productivity in Ireland and Europe?	 986
Keady T.W.J., Gautier J.M., Morgan-Davies C., Carta A., Gavojdian D., Ocak S., Corbière F., 
Ruiz R. and Beltrán de Heredia I.

What sources are used by stakeholders in Ireland and Europe to obtain information on ewe 
productivity?	 990

Keady T.W.J., Gautier J.M., Morgan-Davies C., Carta A., Gavojdian D., Ocak S., Corbière F., 
Ruiz R. and Beltrán de Heredia I.

Sharing best practice in discussion groups encourages farmers to achieve top results	 993
Mäkilä R., Ellä A. and Storberg J.

Temporary grassland – an optimal alternative in crop rotation systems	 996
Mocanu V., Ene T.A., Marusca T., Blaj A.V., Andreoiu A. and Mocanu V.

Benefits and limitations of agroforestry livestock systems: stakeholders perception in Galicia	 999
Mosquera-Losada M.R., Villada A., Ferreiro-Domínguez N. and Rigueiro-Rodríguez A.

Knowledge transfer through the CAFRE dairy herd	 1002
Mulholland M.

The influence of an Irish sheep monitor farm programme in terms of practice change	 1005
Mulkerrins M.J., Gottstein M. and Lynch M.B.

A new curriculum to effectively transfer grazing knowledge to students	 1008
Nolles J.E. and Van den Pol-van Dasselaar A.

‘Out in the field’: supporting grassland management through discussion groups	 1009
O’Dwyer T. and Macken-Walsh A.

Assessment of on-farm hypocalcaemia prevention protocols for pasture-based dairy herds	 1012
Patton J., Fagan J., Fagan S., Murphy D., Brady C. and Sheehan M.



XXXIV� Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands

Research and farming working together to develop grassland varieties resilient to extreme 
weather events to mitigate climate change	 1013

Powell H.G., Fychan R., Marley C.L., McCalman H.M. and Humphreys M.W.

Establishing national benchmarks of N and P balances and use efficiencies on Irish grassland 
farms	 1016

Thomas I.A., Buckley C., Kelly E., Dillon E., Lynch J., Moran B., Hennessy T. and 
Murphy P.N.C.

Keyword index	 1019

Author index	 1029



Grassland Science in Europe, Vol. 23 – Sustainable meat and milk production from grasslands� 265

Dry matter yield and plant density of alfalfa as affected by 
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Abstract
Alfalfa cutting schedule is a more significant factor in achieving high quality, high yields and stand 
persistence than numerous cultural practices such as irrigation, fertilisation, pest control, sowing 
management, variety selection, etc. The objective of this research was to determine dry matter (DM) 
yield and plant density of alfalfa stand as affected by the three different cutting schedules: C 1 - early (first 
flower, 5 cuts), C 2 - medium (late flower, 4 cuts), and C 3 - late (green pod, 3 cuts), and two seeding 
rates: S1-8 kg ha-1 and S2-16 kg ha-1, during 2009 - 2011. The numbers of plants per square metre were 
determined six weeks after sowing, in the spring 2010 and in spring 2011. In each year and over a two 
year total, C 3 had significantly lower DM yield than other treatments. Alfalfa harvested at the C 1 stage 
produced higher total DM yield (45.0 t ha-1) than harvesting at the C 3 stage (36.4 t ha-1). Cutting 
schedule did not influence plant populations of alfalfa stand. The final plant densities were approximately 
the same in all cutting treatments (early - 90; medium - 85; late - 90 plants m-2). The analysed agronomic 
traits were not significantly affected by seeding rate.

Keywords: alfalfa, cutting schedule, plant density, seeding rate, yield

Introduction
Alfalfa (Medicago sativa L.) is very highly regarded as a forage crop because of its high adaptability, great 
yield potential and high nutritional value. The forage yield of alfalfa depends on many factors, primarily 
on growing conditions, cultural practices and varieties. Moreover, harvest timing is the most powerful 
tool under the alfalfa grower’s control to impact yield and quality. Alfalfa maturity at time of cutting 
strongly influences dry matter (DM) yield (Orloff and Putnam, 2010). Cutting at later stage (full flower) 
increased DM yield by 18% when compared with earlier cutting (first flower), whilst prolonging the 
productive life of the alfalfa field (Lloveras et al., 1998). Alfalfa cut at earlier stages (i.e. pre-bud or early 
bud) has high forage quality but DM yield reduces. Conversely, alfalfa cut in the later stages (flowering) 
is higher yielding but lower forage quality (Orloff and Putnam, 2006). According to Sheaffer et al. (1988), 
cutting at the first flower stage generally resulted in the best combination of seasonal herbage and nutrient 
yield and persistence. The successful establishment of an alfalfa stand depending on seeding rate has 
long been a focus of studies. According to Bradley et al. (2010), planting alfalfa at different seeding rates 
from 4.5 to 18 kg ha-1 do not produce higher DM yield. The objective of this research was to determine 
the DM yield and plant density of an alfalfa stand under three cutting schedules and two seeding rates.

Materials and methods
The trial was carried out at the Experimental Field of Institute of Field and Vegetable Crops in Novi Sad, 
Serbia. The soil was a chernozem with good physical properties (pH 7.5 in KCl, 6.4% CaCO3, 23.5 mg 
P2O5 100g-1 and 40.0 mg K2O 100g-1 of soil). The experiment, a randomised complete block design 
with three replications in a split-plot arrangement, was set up in the spring of 2009. The experimental 
treatments included i) two seeding rates: S1-8 and S2- 16 kg ha-1 and ii) three cutting schedules at 
different phenological stages, according to Kalu and Fick (1981): C 1 - early (first flower, 5 cuts), C 2 
- medium (late flower, 4 cuts) and C 3 - late (green pod, 3 cuts). During the 2010 - 2011 influence 
of investigated factors on DM yield (t ha-1) was tested. Plant density was determined by counting the 
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number of live plants in randomly placed quadrat (1 m2) in each plot. The initial counting of plants was 
performed at the five trifoliate leaf stage, then in the spring of 2010 and 2011. Green forage yield was 
determined by cutting the plot area and the fresh weight was determined immediately. The plots were cut 
at a stubble height of 7 cm, using the forage harvester Cibus. Subsamples of 300 g from each plot were 
weighed fresh and again after drying for 96 h in a forced-air oven at 50 °C to determine DM content. The 
annual and two year total DM yield was calculated by summing the individual cuts annually for the two 
year period. The four alfalfa cultivars used in the experiment (Banat VS, Nijagara, NS Alfa i NS Mediana 
ZMS V) did not show statistically significant differences in tested variables so the data are not reported. 
Results were analysed by the analysis of variance and tested by the LSD test.

Results and discussion
Of the two factors used in this experiment, seeding rate and cutting schedule, the latter had a significant 
effect (P < 0.01) on DM yield of alfalfa. Early cutting (C 1) had the greater DM yield (20.7 t ha-1) 
in 2010, while in 2011 the greater DM yield was obtained with the medium (C 2) cutting schedule 
(24.6 t ha-1). In 2010 and 2011 and over a two year total, there is no DM yield difference between cutting 
at C 1 and C 2 stage, while the cutting at C 3 stage had significantly lower DM yield than other treatments 
(Table 1). These results are in line with Scheaffer et al. (2000), who found that cutting frequency, or more 
accurately, the maturity of the alfalfa at the time of harvest, determines forage yield. Seeding rate did not 
affect DM yield. In both production years, increasing seeding rate did not result in significant increases 
in the DM yield of alfalfa, which is in agreement with Heerden (2012), who found no DM yield increase 
with increasing alfalfa seeding rate from 6 to 12 kg ha-1. The DM yields and plant density obtained under 
three cutting schedules over two seasons are presented in Table 1.

In this study, both higher seeding rate and more frequent cutting of stand did not increase density of 
alfalfa plants (Table 2). Plant density, six weeks after sowing, was 9% higher for S1 (290 plants m-2) than 
S2 (263 plants m-2). The difference was not statistically significant. In spring 2010, both seeding rates 
had similar densities (210 and 213 plants m-2) and in 2011 (year 3), plant density was 88 plants m-2 for 
both seeding rates.

Results obtained in our study support the findings of Hall et al. (2010), who claimed that there is no 
significant impact of higher seeding rates on density of alfalfa plants. Plant density, with all cutting 
schedules, decreased over the three years of investigation. In the spring of 2010, plant density averaged 
201, 203 and 230 plants m-2, for C 1, C 2 and C 3. There were no differences among the cutting schedules. 
In 2011, plant densities were approximately the same in all cutting treatments (C 1 - 90; C 2 - 85; C 3 - 90 
plants m-2), so taking three, four or five cuts per year did not affect plant density.

Table 1. Effect of cutting schedule (C) on dry matter yield (t DM ha-1) and plant density (number of plants m-2) of alfalfa stand during 2009 
- 2011.

Cutting schedule (C) DM yield (t ha-1) Plants m-2

2010 2011 2-year total Initial plant density

(29 June 2009)

29 March 2010 Final plant density

(15 March 2011)

C 1 20.7** 24.3** 45.0** 281NS 201NS 90NS

C 2 19.8** 24.6** 44.4** 274NS 203NS 85NS

C 3 17.9 18.5 36.4 275NS 230NS 90NS

lsd 1.6 1.4 1.9 52 34 7

NS - non significant; * significant P < 0.05; ** significant P < 0.01.
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Conclusion
Cutting schedule or seeding rate did not influence alfalfa plant density. Results of these investigations 
showed that cutting schedule had a significant effect on DM yield of alfalfa. This factor did not influence 
plant density. The more frequent cutting did not cause thinning of alfalfa stand. In both production 
years, alfalfa harvested at the early flower stage produced higher DM yield than harvesting at the green 
pod stage.

Acknowledgements
This study is a part of the project TR31024 of the Ministry of Education and Science of the Republic 
of Serbia.

References
Bradley K., Kallenbach R. And Roberts C.A. (2010) Influence of seeding rate and herbicide treatments on weed control, yield, and 

quality of spring-seeded glyphosate-resistant alfalfa. Agronomy Journal 102, 751-758.
Hall M.H., Dillon J.M., Stambaugh H.J., Hebrock N.S., Caddel J.L., Owens V.N., Sulc R.M., Undersander D.J., and Whitesides 

R.E. (2010) The effects of seeding rate on older stands of glyphosate-tolerant alfalfa. Agronomy Journal 104(4), 1096-1099.
Heerden J.M. (2012) The influence of seeding rate on the production of grazyed dryland lucerne in the Overberg and Heidelberg 

Vlakte. Grassroots 12(4), 33-35.
Kalu B.A. and Fick G.W. (1981) Quantifying morphological development of alfalfa for studies of herbage quality. Crop Science 21, 

267-271.
Lloveras J., Ferran J., Alvarez A. and Torres L. (1998) Harvest management effect on alfalfa (Medicago sativa L.) production and 

quality in Mediterranean areas. Grass and Forage Science 53, 88-92.
Orloff S. and Putnam D. (2006) Cutting schedule strategies to maximize returns. In: Proceedings of the 36th California Alfalfa & 

Forage Symposium, 11-13 December, Reno, NV.
Orloff S. and Putnam D. (2010) Adjusting alfalfa cutting schedules for economic conditions. In: Proceedings of the 40th California 

Alfalfa & Forage and Corn/Cereal Silage Mini-Symposium, 1-2 December, Visalia, CA. Sheaffer C.C., Lacefield G.D. and 
Marble V.L. (1988) Cutting Schedules and Stands. In: Hanson A.A. (eds) Alfalfa and Alfalfa Improvement, Madison, Wisconsin, 
USA, pp. 411-437.

Sheaffer C.C., Martin N.P., Lamb J.F.S., Cuomo G.R., Jewet J.G. and Quering S.R. (2000) Leaf and stem properties of alfalfa entries. 
Agronomy Journal 92,733-739.

Table 2. Effect of seeding rate (S) on dry matter yield (t DM ha-1) and plant density (number of plants m-2) of alfalfa stand during 2009 - 2011.

Seeding rate (S) DM yield (t ha-1) Plants m-2
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