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Abstract
Grasslands dorninate Swiss agriculture and cover nearly 80% of tl-re country's agriculturally utilised area.

Tl-rey form the basis for ruminant livestock production through the provision of high-quality roughage

rvfiich accounts for three quarters of the total dry rnatter of dairy corv rations, as averaged over the

r.vhole country. tVhile permanent grasslands dominate in mout-rtainous and less favourable regions, sor.vn

grasslands fomr an in.rportant part of the crop rotation (l /3) in the lowlar.rds. Sown grasslands for ir.rtensive

forage production typically consist of mixtures of 3 to 7 grass and legume species, taking advantage of
increased dry rnatter yield through overyielding or transgressive overyielding, conplenentary forage

cluality of the different species, weed suppression and symbiotic N, fixation. The Swiss-Standard-

lvlixtures Systern involves developn.rent and testing of species mixtures adapted to a broad range of
purposes and environmental conditions. These mixtures rely on the availability of high yielding cultivars

rvirh appropriare competitive ability and optirnal forage quality. Swiczerland's forage crop breeding

programme targets the improvement of the twelve prevalent forage grass and legume species ir-rcluding

ryegrasses, fescues and clovers. Breeding research focusing on elucidating the ger-retic control ofimportant
rraits and the developrnent of genomics-assisted breeding tools ensures e{ficient breedir.rg of improved

cukivars. Continuation ofthe intense collaboration in research for forage plant breeding and grassland

managemenr, with involvement of all the actors, wili be key to adapt sorvn grasslands to future cl.rallenges

and dernands.

KeJwords: species-mixtures, n.rultifunctionality, forage crop breeding, overyielding

Natural growth conditions
Li Switzerland grasslands cover nearly 80% of the agriculturaiiy utilised area (including alpine summer

pastnres). According to the2017 agricultural census (FOAG, 2018), grasslands comprise 124,000 ha of
temporary sown grasslands (8% ofthe agriculturally used area) and 609,000 ha ofpennanenc grasslands

(40o/o).In addirion, approximately 465,000 ha of alpine pasrures (3Io/o) are used for temporary grazing

during summer. The remainde r of agricultural Iand is n.rostly arable land (18%) or covere d by permanent

crops (3%).

Tl.ris dominance of grasslands can be largely explained by the environmental conditions - slope, altitude,
rair.rfall - that often do not allow elficient arable farming. As a consequence, grasslat-rds in Switzerland

occur in diverse environr.nental conditions (Figure 1). For exarnple, 95% of the pernanent grasslands on
agricultural land are locared belween 408 and 1,508 m a.s.l., on slopes between 1.3 and 620/o andwith
an annual precipitacion berween 850 and 1,913 mm. Even more diverse are conditions of the alpine
srlmmer pastures:950/o of them are located bet.,eeng4l and2,557 rn a.s.l., 6 and92o/o slope, and 888 and
2,162 mm of precipitation. In contrast, arable crops and temporary grasslands occrlpy a much narrower
environnrental niche. Their 95o/o lirnits are between 366 and 853 rn of elevation, 0 and 22o/o of slope and.
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Figure 1 . Density distribution of the environmental variables 0f elevation, sl0pe and precipitati0n in the flve major land use types in Switzerland.

Data were derived from 4.1 [4i0 observation points ofthe 5wiß Land Use statistics (FS0,2018), elevation and sl0pe ofSwissAlti3D (Swisstopo,

2017) and gridded precipitation data (MeteoSwiss,2016).

890 anc'l 1424 nrn of precipitation. Soil ploperties var-y as much as these main drivers of soil formatior.r

(Anelunget d|.,2018).

General principles of Swiss grassland systems

In Srvitzerland, the ovcrarching goal is sustair-rably productive, n-rultifur-rctional aud envirot-rmer-rtally

sounc'l grasslalrd systems. Tl-rre e specific objectives are pursued to achievc tl-ris. Tl-re first is the production
ofhigh-quality forages from all types ofgrasslands described above that enable livestock co be fed or.r a

grass-based rarior-r. This requires harvesting for-age at early developr-nent stage lvith high nutrient content

and an applopriate ferrilisation, and thus an intensive managernerlt. As a large proportion of Srviss farurs

cilnnor ploduce cer-eals or protein crops eficiently, duc to topographic and clin-ratic constraints, this

intcr-rsive grassland-ba.sed forage production also contributes to fecd-self-sr.rficier-rcy, to closed nutrient
cycles ar.rd to the re-cor.rpiing of the C and che N cycles. Ternporary grasslar.rds are the focus of the

second objective. For these types of grasslar.rds, thc full benefits of modern agricultural developmeut

shoulcl be made available to optirnise their ploduction. This ir-rvolr.es forage plant breedir.rg, grou'ing
higl'r perfom'ring elite cultivars, as n'ell as tl're developr-ner-rt of forage pltrnt n-rixtttres adapted to a rvide

rar-rge of cor-rdirions ancl t1,pes of utilisation. The third objective targcts ;in enl-ranced n-u,rltifur-rctior-rality

of grassland sysrelns, by means of dillerentiated and site-adapted r-nar-ragement intensity irt the fänlr and

regional scale. The fields rvirh rhe highest productior.r potentiirl should be r.nanaged intcr.rsively to produce

high quality forage, necessary for a grass-based ration for productive livestock. This intensity should

not exceed the carryir-rg capacity of the site and be adapted to the grou'th requirements of the forage

pl:rnr species ro gllarantee stable forage plant communities on the large areas ofpe rtnauent grassiar-rds. In

rerurn, rhe fie lds rvith a lorv production pote ntial shorild be rlranaged at lot'inte nsity to promote habitat

dir.clsity ar the farm scale irnd to contribr.rte to biodiversity conservatiolr (Huguer.rir.r-El ie et rt/., 2018).

Grass-based rations for dairy cows

Grassland-based milk production is of n.rajor irnportance in Srvitzerland. Tiaditior.ralll', herbage from

temporary arrd perrnanent grasslands provides the largesc proportion of feed for- rutlrinants. Dr.re

to climirtic and topographic r-estrictions, intensive maize-concentrate birsed dairy systems are usually

lirnited to the lor.vlar.rd area. In a survey conducte d ir.r 201 3, the feeding strategy ernd ration cornpositior.r

of 157 daily farrns (0.7% of milk-producir.rg farms) located in difibrent clirnatic zones of Sri'itzerlar.rd

ri'as investigated (L.rcichen et al.,2Ql6). On average, of the examined farms, thc proportion of fresh or
conscrve d herbage ir-r the year-ration r.vas about 76% on a dry matter basis. T1-ris proportion increase d rvith
irrcre asing altitude from 68% for farms in the lorvland,to78% in the hill region and 84% in the mountain
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zone. Feeding ofmaize silage shorvcd thc opposite trer-rd. Its proportion ofthe feed ration decreased from
18% in tl.re lorvland, 9% in the hill re gion to 3% in thc mountain zone. Substantial diIl'erelrces in l-re rbage

proportions n'ere obsen'ed benveen feedir-rg systelns. Silage-flee milk used fbr l-rard cheese productior-r

s',rs prodncecl rvitl'r a l'rigl.rer proportion of herbage (83%) than milk pr-oduccd fi-onl silage fee ding
(7ZoÄ).On averxge of all färms, tl're ration contained 11% cor.rccr.rtrates (DM). \7irh ar.r averirge n.rilk

yield of 6846 kg ECM corv-1 atrd 647 kgDNI cor"-l year"l, thc conccntrate utilisiltion u'as relatively lou'.

Concentrate utilisation increasecl rvith increasir-rg milk yield. Hon'ever, variation ir-r concentrate feeding

be rrvcen individual firrms u,ith similar rnilk yields rvas substantial, indicatir.rg a potcntial for optirr. isation
in some farms (Figure 2).

During the last decades, and especially since the abolitiorr of tl-re rnilk quota system in 2009, the Srviss

dairyproduction has undergolre rapid strr.rctural chirnges. Since 2009 the nurlrber of dairy farrns l.ras

slrorvn a subscantial decrease of -25o/o, ri'ith a sl-rift tor.vards bigger ur-rits and rnore inter-rsive feeding
systerns. Gr-asslar.rd-based fccding, including grazir.rg, is tl.rerefore actively supported ri'it1-r direct paymcnts

ir.r the frar.nervork of the Sr.r'iss agricultural policy. The ir.rtroductiorr of dre 'RAUS'-plogralnlne, airning to

plomote grazing, resulted in 85o/o of dairy co\\.s currently having acce ss to pastures for a mir-rin-rum of 26

clays per month fron.r ivlay I to October 31 (FOAG, 2018). In 2014 an additior.ralprogramme supporting
herbage feeding arrd lirniting concentrate utilisation l'as introduced. L-r ordel to participate ir-r this so-

called'GlvlF'-programme, farms are obliged to Llse a minirnal proportion of herbage in tl.re rar.ion (75o/o

DM, r,alley zone) and a rnaximurn lin-rit on the arnounts of conccntratcs (10%). In 2018 the average

participation at the pr-ogrilmmc \vas at 78% of thc grassland area o r 66'% of the farn.rs. lvleetir.rg the energy

den.rand of high perfomring rur.ninant Iivestock through a largely grassland-based forage ration rerr-rains ir

rnajor cl'rallenge for farr-ners. L-rcreasing tl-re starch content in forage legurnes such as red clover r-nay o{lbr
a valuable alte rnative to cereal birsed e nergy-compleme nts (Ruckle et a|., 2017) .

Advantages of multispecies mixtures

There is important evidence from experiments in ir-rter-rsively managed pr-oductivc grasslands that
mixtures perform belter than the average of all monocnltures (overyielding) or ever-r better thar-r tl-re bcst

per-fornring nronoculrure (transgressive ove ryielding) (revielr,ed by S anderson et a1.,2004,2007; Lirscl-rer

et al.,20l4t Phcnlar-r et a|.,2015). Cornpared to the averäge of n-ronocnltures, mixtures of legumes ancl

r.ronJegtrne species (n.rostly grasses) l-rad about 30% higl-rer biomass yield (Kirs.arn et a\.,2007; Nyfeler
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Figure 2. (A) Rati0n compositi0n of dairy farms (n=157) in dlfferent climatic zones 0r according t0 the produ(tion system (silage/hay). (B)

Concentrate utilisation and milk yield ofdifferent dairy farms in Switzerland.
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et al., 2009; Käcl.re r.rmeiste r et d|.,2072; Finn et nl., 2013; 2018; lvlalisch et al., 2017 ; Cong et dl., 2018),

irn;rroved rveed suppressior.r by up ro 80% (Flar.rkou-Linclberg, 2012; Suter e/ al.,2QI7; Cor.urolly er

a/.,2018), and ir.rcreased ternporal stabiliry of the yield (Haughey et n/.,2018). Significanr N input
tl.rrotrglr syrnbiotic N, fixation (Nyfeler et a|.,2071) lcd to enl'ranced total N yield (Sutel et a|.,2015)
compared to grass only srvards. Forage cluality of s*'ards containing legLlmes was iucreased cor-npare d to

grass sn'arcls (Gierus et a|.,2012;Ltscher et a|.,2014; I(üchenneister et a/.,2014). Legumes can increase

tl-re forage ir-rtake of r-nixed su,ards compared to pure grass star-rds due to a faster rate of digestior-r ar-rd

particle breakdou'n and due ro greater palatability (Dervhurst et nL.,2009 .Niderkorn et a|.,2017) and

sorne lcgumes can have positive effäcts clue to their secondary plant metabolites as conc]ensed tannins

(Mueller-Harv ey er al., 20 19).

Thesc beneficial efiäcts of mixtures rvere remarkably robust, they persisted over a rvide pedo-clin-ratic

gradierrt. In rl.re Agrodiversity Experiment (Finn ar a/., 2013; Kiru'an et al., 2014; ConnoIly et al.,

20i8), rvhich l-ras beer-r conducted from Atlantic to continental and frorn temperate to arctic boreal

conditior-rs, botl-r biomass yield and rvee d suppre ssiotr rve le grcater ilL rnixtures than in tl-re best perfom-ring

monoculrures ar thc great majolity of sites. h-r this experiment, N yield h;rs also be en proven to be

sigr-rificarrtly greater in grassJegurne t-trixtures than in grass monocultures at a.bott75o/o of tested sites

(Stter et n|.,2015). Morcover, i:ecent drougl-rt stress experiurents have revealed ber-reficial mixture effects

over rhe average for r-nonoculturcs, in tcr-ms of persistcnce uncler severe clrougl-rt (Hofer et a|.,2016;
2017; Finrr et a|.,2018). Robustness of mixture ber.refits rvas also evident over a rvide rar.rgc of species

proportiorls. In a three-year experiment, Nyfeler et ttl. (2009) demonstrated transgressive overyieldir.rg of
mixturcs' biornass yield at legun-re propor-tions betwcen 20 and 80%. Persistent r-nixture benefits at varying
species proportions u'ere also evider-rt ir-r the Agrodiversity Expe rimer-rt at all three experimentalye ars, u'ith
proporrionsralrgingbetu'eenabout 15and650/o,irrespecriveofthcspecicsinmixrures (Finneta/.,2013).
Despite a strong decline in legume ablu"rdance over the three years, beneficial mixture effects on yield
werc still sigr.rificar.rt in tl-rc third ye ar at 18 o:ut of 24 sites, altl'rougl'r the r.nagr.ritude of the mixture efl'ect

rvas smallel at sites ri'ith loter legun.re proportion (tsrophy et dL.,2017). Robusttress of mixture ber.refits

is furtl-rer r.u'rderlined by many expcrirnents in extensively rnänaged grasslands that have dcrnonstrated

overyielding (althougl-r nor transgressive) and higher ternporal stabilicy (Tilman r t a1.,2006: r,an Ruijver.r

ar.rd Ber-er.rdsc, 2007; Hector et nL.,2010; Craven et a|.,2018) in species-ricl"r srvards cor.npared u,ith tl.re

aver-age of the mor.roculturcs (Spehrt et a|.,2002; Hille Ris Larnbers et a/.,2004; Hooper and Dukes,

2004; Hooper et a|.,2005 Roscl.rer e/a/.,2005; jVlarquardet a/.,2009; iVlommer et a/.,2010). Extensivcly

managed, lorv-productive grasslar-rds ofter-r l-rave greater relevance for functior-rs other than production
(e.g. biodiversity conservation, maintaining food rvebs across trophic levels, touristic and recreational

virhies) and experimer-rtal evider-rce sllggests that species diversity is an important driver of e cosystem

furrctioning and rnnkifuncriorrality (IsbelI et a/.,201 1; Allan et nL.,2013; \fleisser et aL.,2Q17).

The mechanisr-n bcl-rind snch mixture belrefits is a better utilisation of the available glou'tl-r r-esources

due to species nicl-re con-rplcmeutarity änd positive ir-rterspecific interactions. The rnajor driver rvas tl-re

legurnes'ability for symbiotic Nr. fixation, u'l-rich allou,s the production of rnore biomass rvith less N
fertilisation. Due to symbiotic N, fixatior.r and its growth stimulation of the legumet pirrtner species

(Hoglr-Jenscn and Schjocrr-ing, 1997; Nyfeler et a/.,2011) total nutrient uptake fror.r.r soil ar.rd fertiliser
(N and P) are enl.ranced ir.r grass-lcgume mixrures (Hoekstra et a1.,2075; Husse a/ a|.,2017). Atthe
sarrre tilne, nitrate leaching has not been considered as a problern in mor,vn swards based on grass-legnrne

mixcures, eve n if fe rtilised rvith up to I 50 kg N ha- 1 year- 1 
. This is in contrast to pure legume srvards and

higlrly N-fer-tilised pure grass sr.vards, ."r'her-e leaching car.r be problernatic (Loiseau et al., 2001; Nyfeler,

2009). Lorv amollnts of nitrate Ieaching in mixtures, despite tl.reir substantial N ir.rput fror.r.r syrnbiosis,

car.r be explained by ( 1) the eficient N uptake of cl-re l-righly producrive grass specie s, (2) the symbiosis

taking place inside the piant, (3) be ir.rg;r sre adily florving N source, (4) whicl.r is runed according ro rhe
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srvardt N clcmand (Härtrvig, 1998). All four firctors prevcnt periods rvith l-righ concentrations of re :rctive

N fol1s ir-r tl-re soil. In lir-re rvitl-r this, nitrous oxide et-uissions l-rrrve also be en four-rd to be lori'er it'r grass-

legurrrc rnixrnres compaL'ed rvith N-fertiliscd pure grass sn ards (Scl-ule er e/a l.,Z0l4) or srvards u'ith vcr-y

l,r.:u l.g.r,rr. proporrior-rs, rvhich rvere ir-r turn inter-rsivcly fertilised bccause of missing N, fixatior-r (Fuchs

ct a/.,2018). Besides cornplcmentarity in N,6xing abilit1,, tl.rere is also evider.rcc that compleureutarities

in seasonal and annual growth pattems ancl also in rooting deptl-rs significantly colttribute to urixttlre

berrefirs (Nyfeler et a|.,2009; Mon'rner et al.,z}l}iHofer et a|.,2016; Husse et n|.,2016,2017).

Designing optimal rnixtures

Impor-tant disrinctions of the r-csulcs of agricultural expcriueuts ir-r ir-rcensively uranaged grasslar-rds,

col.rpared rvirh biodiversity experiments in extensively managed grasslands, are that (1) beneficial

nixrgrc efi'e cts occnrred at lorv levels of species richl-re ss, anc-l that (2) transgressive overyielding rvas

often achieved. In conrrast, a n-reta-analysis oflorv productive grasslands revcaled that, averaged over

all expelirncnts assessed, the rnost species-ricl-r urixtures had l2o/o less yield tl.rau the l.rigl-rest yielding

rrrorrocnlrtrres (Cardinale et a\.,2007),tholrgh thc rnixtlrles wele clearly r-nore species rich. T1-ris ririses thc

qucstion of l'rorv mixrures should be designed to be most suitable for forage production.

From the Ilattening of the slope of the plar.rt species ricl.rr.rcss-productivity relationship observe d tot'ards

lrigl-r species richr.ress in n.rany biodiversity experiments (e .g. \(cisser et a\.,2017), it can be expected tl.rat

the effect of adding suppler-ncntary species to productive four-species urixtures rvill be r-nucl-r rl'eakcr than

r1-rc e{lbct betrr,een rnonocukurcs and the four-species mixtures. L-r addition, rve stlggcst that trirusgressive

overyieldir-rg in intensivcly rn,rnagcd grassland experiments rvas related to a targeted selection of the specie s

b,rsed olr prior- kr.rorvleclgc. This selectiolr firstly focused on the best-perfolrnir.rg for:age plar.rt species

(forage yield and quality) ur.rder the givcr.r grou'th conditiolts aud tnanagencllt intensity. Secondll', the

cornpler-ncnrarity of rrairs among species rvas tnaximised by con-rbining specics rr'itl-r diflerences ir-r tl-reir

symbioric N, fixatior.r abilit;', rooting depth, irnd seasonal and annuirl growth pattenl. Such a strategl'

seems mosr promisir-rg ro enhance yield and other ecosysteur services (Lüscl-rcr et,1/..,2011; Storkey er

at,, 2015) and differs fror.n tl-re random species asserr.rblir.rg de sign of urat.ry biodiversity experit.nents in

1e11, producrive sysrems. The nun-rber of species necessary to optirnize the benefits of mixtttres becomes

incre asir-rgly uncertain u,ith an increase in the uumber of functior-ts expected from the mixture. In theory,

eacl-r supplen.rcntary specie s could bring bene fits for an e cological function poorly suppor-ted by the other

species, and tl-rus, ir could be expected that a large numbcr of species u'ouid promote n-rultifur-rctionirlity.

For grassltrnd communities it is still contentious rvl'rether this holds true (Gamfeldt ar.rd Roger,2017;

Meyer et a|.,2018). Althougl-r tl.re diversiry-multifunctionality relation in iutensivcly rnanagcd grasslands

has not yet been evalr.rated tith rlore than four species, tno- aud four-species nrixtttres sLrppoltcd

n.rultiple functions aud increased tnttltifut.tctiot"rality (Suter et aL.,2019).

The Swiss- Standard-Mixtures Systern

Grorvth conditior-rs as rvell as management objcctives vary u'idely among fart-ns. Consequently, for

pracrical use, a variety ofdisrincr mixtures that cover this broad range of needs are reqttired. The product

range of the systern of Su,iss-Star-rdärd-lvlixtures cor-tsists of forcy-six seed mixtures, ri'l-rich oIle r nrixtures

r.vith a higl'r versariliry of use as s'ell as mixturcs especially designed for mou'ing or grazing'

Tl-re duratiot-r of the ley is an important factor for the seed mixture cotnposition and the classificatior-r

of tfie r.nixtures in the system (Täble 1). Widl ir.rcr-easing duration, the nturber of specics in the seed

mixrure is increase d. Essentialll', rhis is donc co optimise the componetrts' time-dePe ndent perfortnance

(ternporal niche over the years). The suitability for distinct types of utilisation depends mait.rly on the

rnain legumes in thc seed mixrure. fhc wealth of possible species cotnbinations allou's for adaptation
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Table 1. Most important standard mixtures with their main species, duration, expected mean clover pr0p0rti0n, environmental requirements,

range of utilisation and estimated market share.l

Mixture

rhe agricultural policy in Switzerland in the early 1990s. This developrnent could also be observed in the

number of species of the mosc species-rich mixture in the systern: in 1955 and 1988, it contained 8 and

9 species, respectively, whereas tn 2017 ir contained 47 species. Also, the increase in the total number

of species ir.rcluded in the system, and, thus being raded, is impressive: it rose from 27 in 1988 to 99 in
2017. The success of seed n.rixtures depends heavily on the availability of high per:forrning cultivars of the

differer.rc species adapted to the respective environments. Alchough the irnportance of competition and

coexistence for successful breeding of forage crops for mixtures has long been recogr.rised (Hill, 1990;

Lüscher andJacquard, 1991; Lüscher et al., 1992), selection offorage grasses and legumes still depends

largely on population-based improvement of individual species (Posselt, 2010). However, targeced

breeding efforts have resulted in a broad set of cultivars suitable for being cultivated in multispecies

mixrures (Stter et a1.,2019).

Breeding forage crops adapted to a broad range of environments

The climatic conditions and cultivation systems outlined above call for forage crop cultivars adapted to

local conditions and a broad range ofapplications. Therefore, Agroscope, the Swiss competence centre

for agricultural research, rnaintains a large breedingprogramme covering the twelve prevalent forage crop

species: perennial ryeg rass (Loliurrz perenne),Italian ryegras s (L. muhiflorurn),hybridryegrass (Loliuzn x
hybridurn),meadowfescue (Festucapratensls),tallfescue (F.arundinacea),redfescue (F.rubra),Kenatcky
bluegrass (Poapratensis),cocksfoot (Dactllisglomerata),redclover(Tiifoliurnpratense),whiteclover(Z
repens), sainfoin (Onobrl,chis uicirfoha) and birdsfoot trefoil(Lotus corniculatus). The programme results

in a broad number of diplold and tetraploid (for ryegrasses, meadow fescue and red clover) cultivars
regularly lisred in Swiss and internarional lists of recommended cuftivars (Sver et aL.,2019).

Breeding efforts mainly focus on the improvement of dry matter yield under fiequent cutting, the
seasonal distribution ofyield, persistence over several growing seasons, forage quality, resistance to biotic
and abiotic stresses and improvement ofseed yield. For perennial ryegrass, specific breeding targets are

tolerance to dry and hot surnme rs, winrer survival, and the ability ro persist at higher altitudes. In addition,

very early heading cuitivars that combine a high yield in springwitl-r a rapid regrowth and a longvegetation

period are developed. Italian ryegrass is prirnarily selected for the abiiity to survive two winters as well
as dry and hor summers, while in meadow fescue the focus lies with a high level of endophyte (Epichloä

uncinatum) ir.rfection for better fimess and improved competitive ability during surnrrer (Malinowski at

al., 1997). In order to exploit the high drought tolerance oftall fescue, genotypes are selected with 6ne,

flexible ieaves, which indicare good palatability, in combinarion with a high digestibility. In red clover,

the breeding progranme focuses on persistence breeding based on old Swiss 'Mactenklee' germplasrn,

rvhich was developed over decades ofon-fann seed production (Kölliker et a|.,2003). In addirion, red

clover types with low phyto-estrogen content or types that are suitable for grazing are selected. In white
clover, breeding focuses on dual-purpose cultivars (i.e. alternating mowing or grazing use) and a limited
proportion of cyanogenic genotyPes.

Alrhough red and whice clover with their high protein content complement the dietary composition

of forage grasses in mixtures, pure grassland-based diets are often energy lirnited. Although so far not
exploited in forage crop breeding, structural carbohydrates such as starch have the potential to increase

feed value by improving the energy content ofgrassland-based diets. The first studies in red clover have

shown significant differences in starch content in different red clover genotypes accotlnting for up to

one rhird of their dry matrer biornass (Ruckle et al.,2QI7). Although harvesr-losses and post-harvest

degradation limit a full exploitation of starch in the ruminant diet, the genotypic differences indicate

suitability of improvemenc of this promising craic through targeted breeding. This may even be more

pron.rising in rvhite clover, which is used predominantly for grazing. Starch content has been shown to
be significandy higher when plant material is harveste d by the end of the day as compared to the end of
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Mainlegumes Maingrasses Number Duration Mean Water

ofspecies(a) cloverTo availability
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30
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7

6

9

8

6

4

7

9

0
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Va.aa
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CC, AG

+

+

v.o..
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Salvia

Humida

i/lontagna
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diverse
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diverse

diverse
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-10

++

0

4+

4+

4+

4+

38

35

30

47
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20
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a

a

a

a

V
V

V̂

availability: ++ wet, + humid, 0 balanced, occasionally dry, -- often dry, --- regularly dry; altitude: V bel0W   above 900 m a.s.l.; utili5äti0n: a sujtable, O medium.

to various environtnental conditions, the most imporrant of which are temperacure - derermined by
altitude and exposition - and water availability.

The constant change in agricultural practice and the progress in plant breeding are considered by frequenr
adaptacion of the system and the composition of the seed mixtures. Since the establishmenr of the
standard mixtures in 1955 (Frey, 1955), l5 revisior.rs have been conducted, including 120 changes in the
product range (removal or addition of mixtures) and the same number of adjustments of existing seed
mixtures. Since the establishmenc of the standard mixture sysrem, one of rhe driving factors has been
the intensification of agricultural production sysrems. This is clearly manifested by an increase in the
perce ntage of mixtures containing white clove r from 27 to 48o/o and of mixtures containing perennial
ryegrass from32 rc 48o/o between 1955 and 2017 (Suter et a1.,2017). Neverrheless, more mixtures for
less intensive, and even extensive utilisation, were parr of rhe sysrem in2017 than in 1988 (Lehrnann et
al., 1988), reflecting the introduction of environmental schemes and rhe irnpact of a paradigm shift in
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tl.rerrigl.rtu,henalargepropor-tionsofstarchl.ravebecndegrrrdecl(Ruclde €tn/.,2017,2018).Therefore,
evcr-ring grazing of rvhite clovcr stancls offers a valu:rble option to exploit u'hite clover genotypcs nirh
higl-r starcl-r conrenr and ofüer an iltträlctive :rlteluativc to cereal-based feed supplements. Hol,ever-, a

more clctailecl ur-rclerstar-rding of st:rrch tnctabolistn iu recl clover and the developrnent of gcnon-rics-bascd
brcccling tools arc needec{ bcfbre starch c:ru be ir-rcor-porated as a trait in clover bleedingprograrnlnes.

Sairrfbir.r preserlts another: forage legrune rl'ith attractive forage qualities (I(ölliker //zz t.,ZO17).Tl-re specics
has beeu shos't-t to coutain considcrable alnounts of condcr-rsed tar-rnins rvl-rich l-rave been shot n to reducc
blo:rt, diminisl-r gastro-ir-rtestinal parasites irnc'l tnay .rlso h,l,e the porcntiai ro lorver- lnerhane emissior-rs
(Mtrcller-Harvey et a/.,2019). An extensive evaluatiolr of 27 sair.rfoin accessior.rs from a rvor.lclrvicle
collection sl-rorvcd largc variability in tl-re contenr of conder-rsed tannins r.vhich could be exploitecl
tlrrouglr breedilrg (Malisch et aL.,2015). Aldrough a predominantly outcrossir.rg species, high iates of
self-fertilisatiotr have been obse rve d for sainfoir.r under artificiirl directed pollinarion (I(ernp f et al.,2015).
This could enable tl.re dcvelopn.rer.rt of homogenous ir.rbred lines facilitatir.rg the in.rprovcmenr of rarnnin
conrenr tl-rrougl-r molecular marker assistecl breeciing appr.oaches.

For all species, the Agroscope br-eeding progralrlnc i.s n-rainly based or-r recrlrrent phenotlpic selectiolr
ro improve the breeciir.rg populatior.rs. ir.r spaced-plar.rc nurscries, irrclividual genorypes are selecred for
de.sired traits such as disease resistance, forage qualiry or per-sisrence.'Il-r. ,..ä of tl-r. firrt gener-arion of
a nerv variety is produced via opeu pollir.ratior.r anong selected elite plants after clor.ring i,.r 

" 
poly.ros

(grasses) or directly in thc nursely (clovcr'). In a halfsib progeny test the besr progenies 
".. 

,.1..t.d 
",.,,1allou'ed to pollinerre ro creare seed of rhe new candidate varier;,. The perfonnar-rce of tl-re net, cancliclate

is teste d in three-year plot trials on several sircs. Akl-rough dris brce ding process has proven very e fficient
and yieldcd ir large number of successful cultivars over rhe y."rr,.orlront challer"rges r,r.h 

", 
evolving

pathogen Populations, char-rging er-rvironrnental cor-rditior-rs and novel cons,,n-,., d.n-r",rd, ask for cor-rsrirnt
refiuetneut of the breeding process. A detailed understanding of the genetic conrrol ofkey target traits
ar-rcl the development of genon'rics-assisted brceding lrethods offer aclditional means fo. rl-r.iarg.t.d
improvemenr of forage crop cultivars.

For example, in Italiar.r ryegrass, a major cprilntirarive tr:rir locus (QTL) explaining rnole rl.ran 60% of tfie
phelrotypic variauce of resistance to traccerial ll,ik (cause d by Xnnthomon), trunr/,rrrn, pv. gmnünis) was
iderrtifieci (Sruder et a|.,2006). Furtl.rer charactclisation of rhe QTL region r.rsing a poot.a sequencing
approach allorved to idcntify sequenced characterised markers and candidate g",r., pot.nti"lly involve.1
irr X/g resistance (Knorst et a/., 2018). Sirr-rulatior-r of marker-assisred s.lecrion urir-rg rh.r. rnarkers
resulted in a dccrease in the :rverage marke r score of up to 28%o, indicaring rhc suitabili,y if rh.r. markers
for tnarker-assisted irt-rprovement ofXzg resistance in kalian ryegrass. In ad.lition, colrpararive genomic
arralysis ofseveralXrgisolates :rnd cotnparison to orherX. translucens pvs. idenrifiecl a settf u,"riq,.r! g.,l.ti.
feattrrcs poter.rtially involved ir.r pathogeniciry of the parhogen (Herselralr-r et dt.,2017).f1is cl"etailed
infortnation on host rcsistance and pathogen vir-ulence rvill not or-riy further irclvance ourkr-rorvleclge of
tl-ris corr.rplex host-pathoge n interaction, but also allori, for tl.re development of refined bre e ding metüds.

Proof of concept for rn:irker-assisted introgressior-r of disease resisrance in Italiar-r ryegrass rvas giver-r for
the cron'n rust-causing fungal pathogen Purcinia clronata f. sp. lolii.A single r.narker linkecl to a crou,n
rust QTL orr lir.rkage gloup 2 ofltalian ryegrass (Sttder et a\.,2007) rvas,,r.J,o introgress resisrance frol1
the progeny of a bi-parental r.r.rappingpopulation inro difibrent breedingpopulationJ. While phelorypic
se le ction alone resulted in an in-rprovem ertt of 2.5 disease scores (l-rrir-rg a s."1. from 1 to 9), ,ir-rgl._rrrark.r_
assisted selection r-esulted in an improvemenr of 5.52 disease scores (Kolliker et al.,2016).
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Gene tic resources and their value for breeding

In contrast to rnany field crops like niaizc, u'herc thc ri'ild fomr of the cultivated species no longer exists,

t'ild and serni-natural forurs of common forage species still cxist alongsicle cLlrrellt cultivars (Boller and

Gleenc,2010). Since forirges are less don.resticated tl.ran field clops (Harlan, 1983), the closencss of rvild

ar-rd cultivated forms eases the use of r-ratural plant ger-retic rcsorlr-ccs (PGR) for breedir-rg. Nacural or'

ser.ni-natnral per-rna1)ent grasslands harbour forage ecotype populatior.rs highly adapted to their l.rabitats,

sl.rorvingvariatior.r for a ralrge of adaptive traits like car cmcr-gerlce ar.rd grorvtl.r habit (e.g. Peter-Schn.rid

et a\.,2008). Vritl.r ar.r area larger than 500,000 ha, corr-espolrdir.rg to 34o/o of total agricultural area

(FSO,20l8), Su'iss pemraner.rt gr-asslands, rvhich are spleacl over a large range of alticude and climatic

cor.rditior.rs (Figure 1), ther:efore make a u'ealth of natr.rral gene tic variatior.r. Following the proposition of
Hertzsch (1959), the source of a breedingprogran.rme should bc base d or.r plants found or.r old pemranent

gr:asslands u'ith an association similar for- the respcctive situation. Accordir-rg11', ecotypes from per-nanent

grasslar-rds l-rave been use d as the startir-rg poir-rt for selection in Su'itzerlarrd at Agroscope, as in r-nany othe r
forage breeclingprograrlunes in Europe since the begilrning of the 20tl'century (e.g. Humphreys, 2005).

Although br-e eders t"rorvadays rely tnore on crosses betu'e en cultir.ars, neu'collections of adapted ecotype

populatior.rs still bcar the potcntial to implovc the breedir.rg pool. For thc example of Italian ryegrass,

irrtroduced to northenl Srvitzerland in the early 19'l'century (Stcbler- ar.rd Scl-rröter, 1883),BolIer et al.

(ZOO9) have sl-rorvn that the average performance in terms ofyield, r,igour, ancl resistance to snon'monlcl
of 20 ecotypes collectcd across Su'itzcrland ir-r 2003 u,as supcr-ior to currently recorlunended cultivars.

In this study, resistance to cro\vl1 rust and lcaf spot werc the only traits rvhere cultivars outperformed
ecot)?es. For Italian ryegrass, in contrast to rneadorv fescue, no clear distinction bctu'ecn ecotlpes and

cultivars could be made based on get-retic markers, indicating cor-rtinuous exchange benvecn these trr,o

grotrps (Peter'-Schrnid et d|.,2008). Unlike other forage species rvherc neu'ly collccted ecotypes arc often
crossed rvith existing breeding materials, new lt:rlian ryegrass ecotype collectior-rs rvele directly used ir-r

the developrnent of nerv varieties at Agroscope. For exan-rple, the variety Oryx (first se ed produced in
1993, liste d in 2000) rvirs creared frorn e cotypes collected ln 1987 after just one cycle of selectior.r among

space d plar.rts in the nurse ry follorve d by one cycle of selection arlrong lialf-sib families. The neu' r,ariety

Rabiosa (first seed produced in 2005, listcd in 2015), l4rich is currer.rtly lanking best in the Srviss list
of recon'rrrended forage varieties (Ster et a1.,2015), u'as creatcd from ecocypes collcctcd ir"r 1996 irfter

ni'o cycles of selection among spaced plants follorved by one cycle of selection among half-sib families,

Tl.ris direct use of ecotypes for the cr-elrtion of hlgh perfon.nir-rgvarieties clearly demor.rstrates the high
value of adapted (semi-) natural populations in perrnanent gr-asslands, and this has rneann4.rile also been

recognised by rhe public. Since 1999, the Fedcral Ofirce for Agricultr.rre has be en rr.rnr.ring a national action

plan for cor-rser\.i1tio11 arrd r.rse ofplar-rt genetic resources. Witl-rin this programrne, Agroscope has colle cte d

accessions of different forirge species for ex-situ conservation. This collection cor-nprises irccessions of
forage grasses r-nainly dcrivcd fron-r e cotypes, but irlso accessions of forage legur-nes that l'er-e derive d

r-nainly from landraces, as ir-r thc case ofled clover. ivlost accessiotrs have been describecl n-rorphologically

ar-rd agronornically in several projects, of rvhich thc data ilre now ai'ailable in a uational clatabase (rvrvrv.

bdn.ch). Descr-iption of tl'resc gcnctic resources is ongoir.rg, as for- cxample in the EU-funded EUCLEG
project (rvl'rireucleg.cu),."i'here red clover accessions are phenotypically and genotlpically analysed. To

prorect the cor-rtinuous adaptatior-r of ecotypes in their place of origir-r at a national level, spccial support

measLues are cnrrently testec'l by the S$'iss federatior-r in a pilot project since 2018 for effexive in-situ

conscr-vation of forage ecotypes together rvith the farmers. All these rreaslrres rvill help to protect aud

valorise these ger-retic resources for ir successful plant breeding ir-r the futur-e.
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Conclusions

Roughage frorr grasslands provicles the basis for runrinar.rt livestock producrion, tirereby rnaking avaluable and sustainable'se of local natural resources ir-r n-rany co'nrries of alpine regions 
"r-ra..,r*"iEurope' Manage'rent. pr:acrices, the breeding of adaptecl .ultiu"rr, and optirnised se ecl mixtures forvarious purposes and site co'dirions have allori.d 

" 
u.i i.rigi., l.uel to be ,"".ir.d in te''s .rpr"il*riri.y

and sustainability' However, challe'ges such as .l.r",rgi.,g1ii,.r-,atic condirions, new evolving par6ogenpopulacions, increasing nutrienr ,..qirir.,.,.r.r.rr, of .o*, äue to incre asing milk yi.ldr, .h"igi,.,g i".r',structures and consumer de'ra'ds, all call for constant refinement of"gr"rrl".rd *rrg.rT.;r^"ra
utilisation. fhis can only be acl.rieveil by combining progress on all the äiff.r.r,r ,."t., är gr"rrt"rra
systems' Developments in the area of n.roleculargene_tic.s and genomics, but also high th.ougf.,pur 

"r,dhigh precision phenotyping, offer promising tooli to b.reed rhe"besr g"no,yp.r. Exploitation of posiriveinteractions in tl.re pla't-soil-rnicrobiorne sysrem will allow rh. i.odu.iio,, oi r,'or. for"gJ or, 
"nindividual field rvith ferver i'puts, and site-adapted and. diver-si6.d ma,r"g"menr incensiries arnong fieldsof a fa'n or region wili allow increased mulcifunctionality of oo, gr"rrl"id sysrems.
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