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Summary

The incentives of this thesis are some of the ehgls that grassland production in Belgium
are exposed to. First, more dry summer spells ezdigied due to climate change (IPPC,
2007). Second, more grass is cut and conservetbduerent trends in dairy production. Tall
fescue Festuca arundinace&chreb.;Fa) is a forage grass species that is expected te cop

with these challenges.
This thesis had three objectives:
1. to study the agronomy of Fa under Belgian cond#jon

2. to develop methods that could be used in breedirgyércome the main disadvatages of
Fa,

3. to breed an Fa Variety adapted to Belgian circuntsts.

1. We explored the available literature and (unpulel§hrial results in order to gain insight
in the main agronomic characteristics of Fa. We mamad the yield and the feeding
quality and of Fa with that of perennial ryegragslium perennelL.; Lp), which is
actually the most important forage grass speci&¥estern Europe. We found that Fa was
on average 20% higher yielding than Lp under faablea growing conditions. Under
drought growing conditions, we found even largexldiibenefits for Fa: in years with
severe drought periods, the annual yield of Fawpa 60 % higher compared to Lp. We
found that the main disadvantages of Fa were weidaligestibility and animal voluntary
intake compared to Lp. Digestibility of Fa is onesage over the whole year 5-10 %
points lower than that of Lp. The slow establishtngnFa, results in a low yield in the

first production season.

We hypothesized that the high yield and good droughkistance of Fa and the good
feeding quality of ryegrasses could be combineddwing both species in one sward, and
that these mixed swards would eventually leaddodgressive overyielding (yield of the
mixed sward higher than yields of swards compoddtieo highest yielding component).

To test this hypothesis, we conducted 3 fieldgrial

In a first field trial, we compared monospecificaads of Fa and Lp and swards sown with
different mixtures of both species with or withauhite clover. Mixtures differed in the
ploidy and the initial proportion of the ryegrassnponent in the seed mixture. The yield,

the feeding quality and the botanical compositibthe mixtures was tested over 15 cuts



in three successive years (2010 — 2012). The yeldee monospecific swards, were in
line with the results found in literature: averagmcer the three years Fa yielded 23 %
more than Lp but the digestibility of the organiatter of Fa was at least 5 % points lower
compared to Lp. The mixtures of both species didlead to the expected transgressive
overyielding: the yield of the mixtures was intediage to that of the monospecific
swards. Although the swards sown with mixturesafRd Lp were initially dominated by

Lp, this did not prevent Fa to become dominanhathird year of the trial.

The second trial was analogous to the first t@inmparing monospecific swards of Fa,
Italian ryegrassLolium multiflorum Lam.; Lm) and mixtures of both species with or
without red clover. Over a three years period (202D12), Lm overyielded Fa due to the
low yield of Fa in the first production year. Thegtrest yields were obtained with

mixtures of Fa and Lm, which combined the gooddyiel Lm in the first cuts of every

year and the good yield of Fa later in the seabahthe yield of the mixtures was not
significantly higher than that of the highest yialgilmonospecific sward. The digestibility
of Fa was 3 to 6 % points lower compared to Lm. iitvetures were dominated by Lm in

the first two years, but in the third year, the s¥gaevolved to pure Fa swards. This trial
learned us that sowing mixtures of Fa and Lm is@dgstrategy to overcome the low yield

of Fa in the first production year and that Lm &&nconceived as a cover crop for Fa.

In a third trial, we compared monospecific swarti&® and Lp and different mixtures of
both species with white cloveynder grazing management Apart from yield and
botanical composition, we also measured whetheetivas a difference in weed invasion
between the monospecific swards and mixtures. irast to a cutting management, we
found no higher yield of Fa compared to Lp due ighlenvironmental variation in this
trial. Neither did we find transgressive overyielglin the mixtures. The composition of
swards sown with seed mixtures containing 1/4 of wps approximately evenly
distributed between Fa and Lp in the third yeathef trial. We found no differences in

weed content between the different swards.

The determination of the botanical compositiontd species mixtures described above,
involved a lot of labour intensive hand sortingspiecies: cloveversusgrass; Farersus

Lp and Lm. We tested different NIRS (near infraretlectance spectroscopy) calibration
strategies to predict the botanical compositionfafage samples. We found that a
calibration strategy based on hand sorted sampldsamot of environmental variation
resulted in the most robust equations. We prop@sedilternative calibration strategy



based on hand sorted samples with added enviroameatiation. Applying these

findings to the samples of our trials resulted m eqjuation that predicted the clover
content of the forage samples well (root mean sgaaor of prediction (RMSEP) = 4 %),
but the prediction of the grass species was urigettsy (RMSEP of 8 % and 10 % for Fa

and Lp respectively).

The superior drought resistance of Fa compare@tis lgenerally explained by the deeper
rooting of Fa, but quantitative data on rooting thlegre relatively scarce. We determined
root biomass of Fa and Lp in different trials offetent locations. We found that root
biomass of Fa was between 1.5 and 4.2 times hitjiaer that of Lp below 30 cm saill
depth. The largest difference between Fa and Lpfaasd on locations with loam soils,
the lowest difference was found on a location vaittandy soil. For both species the root
biomass below 30 cm was higher in late summer dy eatumn compared to spring,

resulting in a more pronounced difference betwéerspecies in the former period.

. The main disadvantages of Fa are its low animalntakry intake compared to Lp, and its
slow early vigour after sowing. Provided good metthare available to select plants with
better animal preference or early vigour, breedngxpected to be able to improve these

traits.

Firstly, we tested if ruminant preference couldpbedicted without using ruminants. We
tested the correlation between sheep preferencieahmorphological parameters, swards
characteristics and rabbit preference for 16 taictie clones. We found that sheep
preference was negatively correlated with pre-gigsward height and leaf harshness and
positively correlated with rabbit preference. Altigh we gained more insight in the
factors influencing preference, our goal was ndiieaed: we could not predict the sheep
preference in a reliable way using leaf or swararatteristics.

Secondly, we tested whether digital image analyais be used to quantify ground cover
and early vigour of Fa in a repeatable way in ikl f Digital image analysis determined
the ground cover accurately under field conditiand allowed to distinguish significant

differences in ground cover, but we found sometsbaring to use the method efficiently
in a selection process for better early vigour af & high correlation between ground
cover and biomass yield was only found at the begm of the sward development.

Moreover, the method was cumbersome to use indlte hot all weather conditions were

suited for picture taking, and weeds biased theltsesHence, the method actually has
only limited value to select Fa for improved earigour.
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3.

In 2008 we started a Fa breeding programme. Thedbrg goal was to select a soft-
leaved variety with a good yield and a good rusistance that grows well under Belgian
conditions. We collected over 600 ecotypes, genek bmaterial and varieties and
established a nursery with over 6000 plants. Féamtp resulted in the synthetic variety
Femelle in 2012. We immediately applied for plamédaler’'s right and for the VCU

testing in Belgium.
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Samenvatting

De drijfveer van deze doctoraatsthesis zijn twedarggijke uitdagingen waarmee de
graslandproductie in Belgié het jongste decenniegogfronteerd wordt. Ten eerste is er een
toename van het aantal droogteperiodes ten gewvalgale klimaatopwarming. Ten tweede
neemt het belang van gemaaid grasland ten aanarehegraasd grasland toe ten gevolge van
het steeds groter aantal melkkoeien dat jaarrondtap gehouden wordt. Rietzwenkgras
(Festuca arundinace&chreb.Fa) is een grassoort waarvan we verwachten dat zeaesal

eigenschappen heeft om het hoofd te bieden aanuiteagingen.
Deze thesis omvat 3 onderzoeksdoelstellingen:
1. onderzoek naar de landbouwkundige waarde van regtzgras;

2. ontwikkelen van methoden die in de veredeling kungebruikt worden om de

voornaamste knelpunten van rietzwenkgras te vadiete

3. rietzwenkgras veredelen dat aangepast is aan Begamstandigheden.

1. Ons baserend op de literatuur en onderzoeksresukargeleken we de landbouwkundige
waarde van Fa met die van Engels raaigiasliym perennel., Lp), actueel de
belangrijkste grassoort in West-Europa. We vondah @k opbrengst van Fa onder
gunstige groeiomstandigheden, gemiddeld 20 % hwegsrdan die van Lp. Onder ernstige
droogteomstandigheden vonden we dat de jaaroplireagsFa tot 60 % hoger was dan
die van Lp. Fa heeft twee ernstige nadelen tenchpezivan Lp: de lage verteerbaarheid en
opname door het vee en de trage vestiging. We voddé de verteerbaarheid van Fa
gemiddeld 5-10 % eenheden lager is ten opzichteLpae trage jeugdgroei zorgt voor

een lage opbrengst in het eerste productieseizoen.

We onderzochten of het hoge opbrengstpotentieeleegoede droogteresistentie van Fa
enerzijds en de goede voederwaarde van raaigrassienzijds kan gecombineerd worden
in een mengteelt van beide soorten. We verwachitieh de complementaire
eigenschappen van beide soorten zouden leiden et opbrengstvoordeelm(a.w.
opbrengst van soortenmengsel hoger dan opbrengsimesest productieve soort). We
legden hiertoe drie veldproeven aan.
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In een eerste veldproef, vergeleken we reinteeltenFa en Lp en mengteelten ingezaaid
met verschillende zaadmengsels van beide graseoattelan niet met witte klaver. De
graszaadmengsels verschilden in het aandeel raaggrale ploidie van het raaigras. De
opbrengst, de voederwaarde en de botanische saitiagsvan het geoogste gras werd
gemeten in 15 sneden in 3 opeenvolgende jaren (2Q0Q2). Voor de reinteelten Fa en
Lp, waren de opbrengstresultaten conform met datedsn uit de literatuur: gemiddeld
over drie jaar was de opbrengst van Fa 23 % hoger die van Lp, maar de
verteerbaarheid van de organische stof van Fa &dey jaar ten minste 5 % eenheden
lager in vergelijking met Lp. De mengsels van FalLenleidden niet tot het verwachte
opbrengstvoordeel: de opbrengst van de mengsetsdagn die van de reinteelten van Fa
en Lp. Hoewel mengsels aanvankelijk gedomineerdi@redoor Lp weerhield dit Fa er
niet van langzaam maar zeker toe te nemen in betamgiiteindelijk de mengsels te

domineren vanaf het derde productiejaar.

De tweede proef was analoog aan de eerste proevergeleken reinteelten van Fa en
Italiaans raaigrad_flium multiflorumL.; Lm) en mengsels van beide grassoorten al dan
niet met rode klaver. Over een periode van drie (2@10 — 2012) was de opbrengst van
Fa niet hoger dan die van Lm ten gevolge van deréagpbrengst van Fa in het eerste jaar
na zaai. De hoogste opbrengsten in deze proef wdydkeaald met mengsels van Fa en
Lm, die de hoge opbrengst van Lm in het jaar na zambineerden met de hoge
opbrengst van Fa aan het einde van ieder groeseittoewel de mengsels gedomineerd
werden door Lm in de eerste twee jaar van de pmaflueerden de mengsels naar Fa
reinculturen in het derde jaar van de proef. Hieleidden we af dat het nadeel van de
trage jeugdgroei van Fa in het eerste productiesaikan opgevangen worden door een
mengsel te zaaien van Fa met een laag (1/8) aahoheehden. De verteerbaarheid van Fa

was 3 tot 6 % eenheden lager dan die van Lm.

In een derde proef vergeleken we reinteelten van Lpa en mengsels van beide
grassoorten met witte klaveonder begrazing Naast opbrengst en botanische
samenstelling, onderzochten we of er een versclas w onkruidkolonisatie in de

verschillende grassoorten en mengsels. In tegéngtébt de maaiomstandigheden, was
Fa niet significant productiever dan Lp onder bemrg, wellicht ten gevolge van de hoge
omgevingsvariatie. Evenmin vonden we een opbrengstieel van de mengsels. In het

derde jaar van deze proef waren Fa en Lp ongevelgk gertegenwoordigd in een
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mengteelt ingezaaid met mengsels van Fa en 1/4Wg.vonden geen verschil in

onkruidkolonisatie tussen reinteelten of mengteelte

Het bepalen van de botanische samenstelling van ha&boven beschreven
soortenmengsels vereiste veel arbeidsintensiedesoverk: klaver scheiden van gras en Fa
scheiden van Lp en Lm. We onderzochten de mogeiigkbm dit werk te verlichten via
NIRS (near infrared refelctance spectroscopy). Wig@leken verschillende strategieén
om vergelijkingen te calibreren die toelieten om l#anische samenstelling van de
mengsels te voorspellen. Vergelijkingen gebaseprthet de hand gesorteerde stalen die
veel omgevingsvariatie bevatten, leverden het bessrltaat. Werd deze strategie
toegepast op stalen uit onze proeven, dan weréléretrgehalte goed (root mean square
error of prediction (RMSEP) = 4%) voorspeld. Deuleten voor Fa en Lp waren
onbevredigend (RMSEP of 8 % en 10 % voor Fa erekpectievelijk).

Ten slotte gingen we op zoek naar een verklariray de betere droogteresistentie van Fa
ten opzichte van Lp. In de literatuur wordt dit sahil veelal verklaard door de diepere
beworteling van Fa ten opzichte van Lp, maar kwatidive gegevens hieromtrent zijn
schaars. Om deze leemte in de kennis op te vidlemonsterden we de wortelbiomassa
van Fa en Lp in verschillende proeven op versaidéelocaties tot op 90 cm diepte. Op
een diepte beneden 30 cm vonden we dat de womedlsiga van Fa tussen 1.5 en 4.2 keer
hoger was dan die van Lp. Het grootste voordeek s ten opzichte van Lp werd
gevonden op locaties met leembodems; het kleinstgdeel werd gevonden op een
locatie met een zandbodem. Wanneer bemonsterdiwelel late zomer of aan het begin
van de herfst was de wortelbiomassa hoger en velrererschillen tussen de soorten meer

uitgesproken.

De nadelen van Fa zijn in de eerste plaats ddetlage opname van Fa en in de tweede
plaats de trage jeugdgoei. Op voorwaarde dat goeehnoden voorhanden zijn om
planten te selecteren met een betere opname obredlere jeugdgroei, kunnen deze

eigenschappen door veredeling verbeterd worden.

Ten eerste, testten of we de voorkeur van herkauweor Fa kon voorspeld worden
zonder gebruik te maken van herkauwers. We ondetzocde correlatie tussen de
voorkeur van schapen enerzijds en bladmorfologidezigenschappen en voorkeur van
konijnen anderzijds voor 16 Fa klonen. We vondeindgavoorkeur van schapen negatief
gecorreleerd was met de grashoogte voor begrazeate emwheid van de bladeren en
positief gecorreleerd was met de voorkeur van kemj Hoewel we meer inzicht
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verwierven in de factoren die de voorkeur beinvémedereikten we ons doel niet: we
konden de voorkeur van schapen niet op een betam@wbanier voorspellen aan de hand

van de gemeten parameters.

Ten tweede testten we of digitale beeldanalyseatbebm de bodembedekking en
jeugdgroei van Fa op een herhaalbare manier teldremmder veldomstandigheden.
Beeldanalyse liet toe de bodembedekking accurdagpalen, maar we vonden een aantal
tekortkomingen om de methode te gebruiken in dectielvan Fa planten met een betere
jeugdgroei. Bodembedekking en opbrengst waren tslécheen beperkt groeistadium met
elkaar gecorreleerd. Bovendien was de methodeeaietoudig in gebruik in het veld: niet
alle weersomstandigheden lieten toe om bruikbar@sfde maken en de aanwezigheid
van onkruiden beinvloedde de resultaten. Bijgewagden we dat de methode actueel
slechts een beperkte waarde heeft om te selectecgneugdgroei.

In 2008 startten we een Fa veredelingsprogramma. vieledelingsdoel was om een
zachtbladig ras te selecteren met een goed oplipatgstieel en een goede
roestresistentie onder Belgische omstandigheden. wigamelden 600 ecotypen,
genenbankmateriaal en rassen, en legden een ee#ddtiaan met meer dan 6000
individuele planten. Vier van deze planten, met egnellente roestresistentie, gaven
aanleiding tot het synthetisch ras ‘Femelle’. Il2Mhebben we het ras aangemeld in de

Belgische rassenproeven en hebben we kwekersrachéaraagd.
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Chapter 1

Introduction and objectives




1.1 Taxonomy, Morphology and Geographical distribut ion of

Festuca arundinacea Schreb.

In the vegetative stage, tall fescle$tuca arundinace&chreb.Fa) is described as (Gibson
and Newman, 2001): A’ perennial grass producing large, loose, but some$ dense,
tussocks, normally without short rhizomes, and euthstolons. The lower sheaths are not
fused, and are smooth and rounded on the backld,igu2 mm, membranous with ciliate
auricles (cilia often few, and wearing off with ageeaves, dark-green, stiff, usually flat, 10—
60(105) cm long, (1)3-12 mm wide, distinctly ribkedabve, rough or smooth below only,
scabrous on margin, and tapering to a fine tifn"the vegetative stage, the ciliate auricles
(Figure 1.1) are the most straightforward character to distisiy Fa from related grass

species.

Figure 1.1 Ciliate auricle ofFestuca arundinacedsource: van der Meijden, 2005)

Fa is native to Europe, and has a wide geograptistilbution (Gibson and Newman, 2001):
“Festuca arundinacea is widely distributed as aveatyrass in temperate and cool climates
throughout Europe (north to 62°in Scandinavia), thoAfrica, west and central Asia, and
Siberia, but is absent from most of north, centratl eastern Russia. It occurs throughout

these areas except in the Faeroes, Iceland, nantierssia and Spitsbergen. In North-West



Europe, it is mainly limited to coastal areas ardutme Baltic, with some inland locations in

southern Sweden.”

The further geographical distribution of Fa is liea by climatic and topographical limitations
(Gibson and Newman, 2001)THe range of Festuca arundinacea in Europe corradgdn
the north in Scandinavia to a January mean of —5n@ altitudes < 200 m, and in the south
to a mean July temperature of 25°C. Within thisaaraverage yearly precipitation ranges
from 2000 mm in the Alps to < 500 mm in centrali®p@&. arundinacea occurs principally at
sea level but it has been recorded at 2760 m irHigh Atlas mountains of Morocco.”

Fa has many habitats. In the UK, Fa is found ompisty wet meadows and pastures, on
coastal cliffs, roadside verges, railway embanksamtd field margins. When present in salt
marshes it seems to be limited to an uppermost #uatels effectively freshwater and only
rarely subjected to tidal flooding (Gibson and Neamn2001). In Belgium, Fa is present
frequently in most regions, but its presence iseoin the region called ‘Kempen’ in the north
of Flanders and in the centre of Flanddtiggre 1.2 (Van Landuyt, 2006); both regions are
characterised by a sandy sdtiqure 1.3). The habitats of Fa in Belgium are mainly (inerd
of importance) roadsides, riverbanks and pastuea pbservations).

Fa is a polyploid species (Gibson and Newman, 200En is a (bivalent forming)

allohexaploid (2n = 6x = 42 chromosomes) (Berg ktl®79). The progenitor species are
meadow fescue F. pratensis Huds. (2n = 2x = 14) Bndlaucescens Hegetschw. & Heer.
(2n = 4x = 28). The identification of these progems has been confirmed using DNA

restriction fragment length polymorphisms (Xu et1&92).”



Figure 1.2 Distribution map of Festuca arundinacedFa) in Flanders (Belgium). Squares represent anrea
of 4 x 4 km2. The dots indicate the frequency of gsence of Fa in the 16 kilometer-squares (1 x 1 Km?
within these squares. Dots have 4 sizes: smallestes Fa present in 1-25 % of the monitored kilomete
squares, largest dots: Fa present in 76-100 % of éhmonitored kilometer-squares (source: Van Landuyt,
2006).
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Figure 1.3 Soil map of Flanders: 1. Antropogenic dl3, 3-8 sandy soil types, 9-11 sandy loam soil tgp, 12-
14 loamy soil types, 15-19 silty soil types, 28-26astal dunes, 30-37 polders. (source: Agiv, 2013)

1.2 Tall fescue as a forage grass species

Grassland in North-West Europe is dominated by na&gesl(olium sp.). In France, the EU
member state with the largest agricultural are@123 of forage grass seed was sold in 2011.
Italian ryegrassL(lium multiflorumLam.; Lm), perennial ryegrass.glium perennd..; Lp)

and orchardgrassDéctylis glommeratal.; Dg) being the most important species with



approximately 11108 t, 5995 t, and 2498 t sold {H@q2012). In Northern Ireland, UK with
its mild maritime climate, ryegrasses are even npoeelominant. In the period 1980-2004 for
example 78-86% of the forage grass seed sold irthBior Ireland, UK was Lp, with the
majority of the remainder being Lm and hybrid rygsg Lolium x boucheanuniKunth.)
(Gilliland et al, 2007). Perennial ryegrass can be used both fiinguearly varieties) or
grazing (intermediate and late varieties) whereasand hybrid ryegrass are mainly used for

cutting only management (Frame, 1992).

Fa is regarded as a secondary forage species th-M&st Europe, it can be used both for
cutting as for grazing (Frame, 1992). Only 180G the circa 20000 t of forage grass seed
sold annually in France is Fa (average 2007-20G®I$, 2013). In 2011, 23714 t of forage
grass seed was sold in France of which 2087 t vmaseEd (Haquin, 2012Ann0 2013, 203
varieties of Lp, 106 varieties of Lm against 39ietes of Fa were on the French national list
(GEVES, 2013); no Fa varieties are on the natidigtd of Belgium, the Netherlands or the
UK. (Pannecoucque, 2013; CSAR, 2013; NIAB, 2013).

In the United-States on the other hand Fa is onthefpredominant cool season perennial
grass species, occupying 12 to 14 million ha by318@d (Buckner and Bush, 1979). More
recently, 19 million ha of Fa pastures in the USArevreported (Bouton, 2007). Also in

Australia, Fa is an important forage species (Eestal, 1994).

Climate change and the decreasing importance dirngran dairy farming, however might
increase the importance of Fa in Europe (Rekeal, 2012).

1.3 Tall fescue and climate change

According to the predictions made by the intergowsntal panel on climate change (IPCC),
more dry summer spells are expected in North-Wesbfge due to climate change. Models
disagree on the magnitude and geographical detdilprecipitation change, but annual
precipitation is very likely to increase in mostrairthern Europe and to decrease in most of
the Mediterranean area. In central Europe, pretipit is likely to increase in winter but
decrease in summer. The risk of summer drougliasylto increase in central Europe and in
the Mediterranean area (IPCC, 2007). As ryegraaseselatively sensitive to drought stress
(Norris, 1982; Frame, 1992), interest in species Bxyandrestuloliumwhich are known to
have a relatively good drought resistance, is swreg (Gillilandet al, 2010; Graisst al,
2011; Mosimannet al, 2010; Reheukt al, 2011; Surraultet al, 2007). Fa is generally
regarded as the most drought resistant and highedding of these species.



1.4 Drought resistance of tall fescue

Wilman et al. (1998) tested eight forage grass species underesarought in Wales, UK.
Drought was imposed by restricting rain water asaggh transparent covers over the field
plots. Lm died out after 15 months, meadow fescuklp after 2 years of rain exclusion, but
Fa was still alive after four years of rain exctusi The better drought resistance of Fa was
explained by its greater number and biomass ofroompared to the other species in the 50—
100 cm soil layer. The deeper rooting of Fa comgpdoeryegrasses was confirmed by other
research (Van Eekeren et al, 2012; Durand and Giersg 2002; Derwet al. , 2012).
Research results of Turnetral. (2012) suggest that drought resistance of Fatismlg due to

its deeper rooting capacity. They compared the hdggical and physiological responses of
Lp, Fa and Dg under optimal and suboptimal irrig@atregimes in a pot trial (root depth
limited to 28 cm) under controlled environment.dfgeared to have the greatest scope under
moisture stress in terms of maintaining produdtiviind persistence. Leaf DMY was

consistently in the order Fa>Lp>Dg (Turregral, 2012).

Apart from its good drought resistance, Fa resis# to other kinds of abiotic stress: it is
believed to be very winter hardy and tolerant tmdling (Gilbert and Chamblee, 1965). In
addition, Fa was found to have a wider adaptabibityadverse soil conditions like poorly
drained soils, acid or alkaline soil compared toeotcool season grasses in the USA (Burns
and Chamblee, 1979). Buckraral. (1979) noted in the USA that Fa was not well agajb
grow on sandy soils having long periods of droudtitough natural populations of Fa are
less abundant on sandy soils, there are no inditathat Fa does not grow well in the sandy
soils of Europe, where most of the dairy indussrgoncentrated. In Jutland, Denmark, that is
characterised by a sandy soil, Fa is grown suaadssbn large dairy farms (own

observations).

1.5 Advantages and disadvantages of tall fescue

Fa is praised for its good drought resistance, soiess and high yield potential (see above),

but it has two main disadvantages that hamperubeess of the species.

Firstly, Fa has a lower voluntary intake and a lowgestibility compared td.olium sp.
Consequentially, the potentially higher herbagédyi® not necessarily translated into a higher
animal production (Eastoet al, 1994). The low voluntary intake of Fa is gengraliought

in relation to its leaf roughness (Gillet and JaHasart, 1965). In a Dutch study (Luten and
Remmelink, 1984) the voluntary intake and milk protibn of cows fed with cut Fa, Lp and
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Lm was compared. When fed fresh, mostly a sigmfigalower intake and lower milk
production was found for Fa compared to the ryesg®sWhen ensiled or hayed, the
harshness and intake difference withlium sp.decreased (Peratonet al, 2011; Luten and
Remmelink, 1984).

In addition to the lower voluntary intake, the dighbility of Fa is lower compared to Lm or
Lp in a comparable developmental stage (INRA, 12&i7en and Remmelink, 1984). These
properties of Fa hamper an effective feeding ofttigh genetic merit cows raised on most of
the North-West European dairy farms (Peyratdl, 2010).

Secondly, the establishment of a Fa sward is sl@amdrmore delicate compared to ryegrass
swards (Jadas-Hecart et Gillet, 1975), resulting iower yield in the first production year.
Wilman and Gao (1996) compared the establishmestvafds of different grass species after
spring sowing in Wales. In the year of establishingéne yield of Fa was 16% lower
compared to Lp. Some varietal differences do exst, even with the fastest establishing

varieties, the disadvantage continues to be prédadas-Hecart et Gillet, 1975).

An ideal grass species or grass sward combinesxitelent forage quality of Lp drolium
sp. in general and the resilience against abititsss of Fa oFestucasp. in general. This idea
led to the creation of intergeneifi@stucax Lolium hybrids orFestulolium(Thomaset al,
2003)

1.6 Festulolium # Festuca + Lolium

Festuloliumgenetically combines the advantaged-estucaandLolium in a single species
(Thomaset al, 2003; Humphreyst al.,2012).Festuloliumvarieties are characterised by the
specificLolium andFestucaspecies that are combined, and in the degree lwidigation: 2
complete genomes in amphiploidgrsusintrogression of some genes from one speciesein th
genome of another species (Ghesquigtreal, 2010). So far, the commercial success of
Festuloliumwas limited, mainly due to problems in seed préoidancand stability of the
varieties (Ghesquieret al, 2010).

Another option is to combine the advantages of Bp#ties by sowing a seed mixture of both
species. While irestuloliuma monospecific sward is created, the strategyining Festuca
and Lolium species results in a bispecies sward which may etk advantages and

disadvantages. A potential shifting in compositiantime may be disadvantageous while



interspecific interactions may have positive effetdading to transgressive overyielding
(Nyfeleret al, 2009; Huygheet al, 2012).

‘Overyielding’ is a concept borrowed from the theof agricultural intercropping. It occurs
when the yield of a mixed plot of two or more spscexceeds the average yield that would
have been obtained by growing species in monospewifards. ‘Transgressive overyielding’
occurs when a mixture yields more than any monapeswvard of the component species
(Drake, 2003). According to Drake (2003), overyietd can only result from niche
differentiation (complementarity) of species.

There are several reasons to presume a niche afifiation between Fa andlium sp.
Indeed, literature supports the idea that Fa andipm may be complementary species.
Firstly, Gilliland et al. (2011) compared growth of five grass species dufaur years on
three locations in Ireland. Lp had the lowest aadtle highest yield per degree centigrade
and per unit of photosynthetic active radiatiortha spring period under low temperature and
light intensity. The situation was inversed in thgmmer, under higher temperature and
photosynthetic active radiation: Lp had the highgsld, that of Fa was significantly lower.
The yield of Fa was again higher in the autumnadtumn, Fa keeps on growing later than
any other cool season grass species (Jadas-Hegilteg, 1975). So it can be concluded that

Fa and Lp have a complementary growth pattern.

Secondly, Fa has a higher root biomass in the despklayers compared to Lp and Lm
(Wilman et al, 1998; Van Eekerent al., 2010; Deruet al., 2012; Durand and Ghesquiére,
2002). The complementary rooting depth between mg Ba may be advantageous under
drought conditions and may limit or prevent lossofrients by leaching, which may result in

a better nitrogen use efficiency of a mixed sward.

Thirdly, the positive interactions between the spemay extend into the animal. Baetal,
(2012) found a significantly higher amount of runestape protein in Fa compared to Lp. In

this way, mixing Fa and Lp may lead to a more &ficN utilization by ruminants.

There is some evidence that mixtures of Fa and Lpg=a@ and Lm outperform swards
consisting of the single species. Wilman and G&96¢) compared the yield of Fa, Lp and Lm
and mixtures of both Fa + Lm or Fa + Lp during fiyears in Wales. Over the whole
experimental period, the vyields of Fa, Lp and Lnrevé7.0 t DM h#, 80.3 t DM h& and
75.1 t DM hé respectively. Very modest transgressive overyigdiccurred in the mixtures:
Fa + Lp and Fa + Lm yielded 80.7 t DM“hand 78.1 t DM ha respectively.The uneven



distribution of both species in the mixture miglavh precluded a further yield advantage of
the mixtures compared to the monospecific swardsh Bpecies in the mixture were sown at
the same density, which favoured Lm and Lp as tkpseies developed much faster than Fa

after sowing.

In a grazing trial in Switzerland, lasting for thrgears, two grass-clover mixtures either
dominated by Lp or by Lp plus Fa were compared (Masnet al, 2010). No differences in
grass growth nor in organic matter digestibilityviaeen the types of sward could be measured
in the first two years characterised by normalfedinUnder dry conditions, the mixture with

Fa showed the best performance.

1.7 Breeding of tall fescue

Breeding offers a potential strategy to tackle disadvantages of Fa. Varieties with softer
leaves and an increased animal preference have lreenin France (Rognkt al, 2010,
Emile et al, 1992). Owing to the high heritabilities for ntitre quality factors found by De
Santis and Chiaravalle (2001), a further progréste digestibility and intake preference of
Fa is expected.

Progress in early vigour through breeding is exgubdd be possible owing to the genetic

variance present in varieties of Fa (Swteal, 2009; Jadas-Hecart and Gillet, 1975).
The better the plants with the desired traits candentified in a breeding programme, the
faster the progress for that character will be.réfoee, it is important to develop methods that
allow phenotyping for a good early vigour and adjaaimal preference.
1.8 Thesis outline and research questions
This doctoral thesis can be divided in three magearch topics:

1. Agronomy of Fa under Belgian conditions

2. Phenotyping methods that are useful for Fa limged

3. The breeding of FEMELLE, the first Belgian vayief Fa

Hypotheses (H) and research questions (RQ) araiexpl below:

1.8.1 Agronomy of tall fescue under NW European con  ditions

The research started from hypothesisHIL){ “Fa is more productive, particularly under
drought stress, but has a lower digestibility amdnaal preference than Lp"To checkH1,
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Chapter 2 investigates the available literature and unpubtlistrial results with the aim to

answer following research questions

RQ1.1 How large is the yield difference between Fa amu under favourable growing

conditions?

RQ1.2 How large is the yield difference between Fa amd under drought conditions?

RQ1.3How large is the initial yield loss due to thewglestablishment of Fa compared to Lp?

RQ1.4How large is the difference in digestibility andake between Fa and ryegrasses?

Owing to the complementary characteritics of Fa gpdnd Fa and Lm, we hypothesize that
growing mixtures of both grass species may leaovtryielding.Chapter 3, 4andChapter

5 verify H2: “There is transgressive overyielding with mixtudsFa and Lp or Fa and Lm:
mixtures can vyield more than the monospecific swardf these species”.
Both mixtures and monospecific swards of Fa andagpvell as mixtures and monospecific
swards of Fa and LmChapter 3 and Chapter 4 respectively) were studied. Five research

guestions were put forward:

RQ2.1 Does transgressive overyielding occur in mixtweBa and Lp or Lm and if so at
what magnitude?

RQ2.2 What proportion of Fa and Lp or Lm in mixturesighest yielding and does it
constitute a transgressive overyield?

RQ2.3What is the effect of the ploidy of the ryegrasmponent in the mixtures?
RQ2.4How large is the difference in feed quality of thextures compared to the
monospecific swards?

RQ2.5Does adding clover to the mixtures alter the angféhe RQ2.1, RQ2.2, RQ2.3 and
RQ2.4?

The trials inChapter 3 and Chapter 4 were conducted under a cutting only regime. In
practice however, Fa and Lp swards are often gra@eazing involves factors that influence
grass growth like trampling by cows, depositionuohe and cow pads,... Therefore, Fa, Lp

and mixtures of Fa + Lp were compared in a gragiag)(Chapter 5).

Three additional research questions were put fatwar

RQ2.6 How large is the yield gain owing to transgressiveryielding in mixtures of Fa and
Lp under grazing management?

RQ2.7 Which proportion of Fa and Lp in the mixturesaading to the highest transgressive

overyielding under grazing management?

10



RQ2.8 What is the effect of the ploidy of the ryegrasmponent in the mixtures under

grazing management?

As in the trials studied i€hapter 3 andChapter 4, also monospecific swards of Fa, Lp and
Lm were included, the results of these trials catgplthe answer t®Q1.1, RQ1.3 and
RQ1.4given inChapter 2.

In Chapter 5, we further verifyH3: “Weed invasion is lower in Fa compared to Lp2A.p4,

owing to the better persistence of Fa”.

The research on species mixturesGhapter 3 to Chapter 5, involved a lot of labour
intensive sorting of grass and grass-clover sampiediterature, several equations were
presented to predict the botanical composition raissgrclover samples using Near Infrared
Reflectance Spectroscopy (NIRS).Ghapter 6 we testedH4 that:“NIRS calibration can be
used to develop an equation to predict the botdroanposition of mixtures of Fa + Lp with
white clover”. In literature different strategies were used tdam the calibrations. Our

research questions were:

RQ4.1 Which calibration strategy leads to the smallestedjtion error?
RQ4.2 How large is the prediction error when the be$ibcation strategy found iRQ4.1is
applied to the samples of the trials describeGhapter 3?

The deeper rooting of Fa is often cited to expth@better drought resistance of Fa compared
to Lp. Quantitative data however are scarce anefieet of soil, management and season on
the root biomass of both species is ignor€tapter 7 focuses on the difference in root
biomass between Fa and Lp with: “Fa has a higher root biomass than Lp below 30 loat

the difference is soil and season depende@trresponding research questions were: How
large is the effect of location (different soil, nagement and fertilisationRQ 5.1) and
season (spring or autumm@ 5.2 on root biomass of Fa and Lp below 30 cm.

1.8.2 Phenotyping methods useful for tall fescue br  eeding

As mentioned earlier, the two main disadvantageSaoére its low animal preference and its
slow early vigour after sowing. Provided good meth@re available to select plants with
better preference or early growth, breeding is etquketo be able to improve these traits.

We studied methods to ease the selection for anpmedérence and early vigour of Fa in a

repeatable way i€hapter 8 andChapter 9 respectively.
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Chapter 8 deals withH6: “Ruminant preference of Fa genotypes can be prediatithout

using ruminants”.

Corresponding research questions question the mto@gnof the correlation between sheep
preference and leaf morphological parametBi®q.1), sward characteristicRR(QQ6.2), rabbit
preferenceRQ6.3).

In Chapter 9, we testedH7: “Digital image analysis can be used to quantify gna cover

and early vigour in a repeatable way in the field”

We studied whether the method allowed detectingifsognt differences in ground cover
between grass species and varieties of the sanceesfeQ7.1). RQ7.2 provided an answer
to the question in which developmental stage thHterédinces between the varieties were

maximal.

Additionally we were interested inH8): “There is a good correlation between ground cover

measured by digital image analysis and biomassyrton”.

1.8.3 The breeding of FEMELLE, the first Belgian ta Il fescue variety

We hypothesized that there were enough argumetslieve that breeding is able to produce
improved varieties adapted to the Belgian enviramnaad grassland managemddf was
that: “Recurrent selection offers opportunities to breeslv Fa varieties with soft leaves and
a good rust resistance under Belgian condition$emelle’ is the first variety that was
created in this programm€&hapter 10 explains in detail how ‘Femelle’ was bred.

Finally, Chapter 11 gives a general conclusion and recommendationguftiner research.
Results fromChapter 2 to 10 are summarized and discussed by answering tharotse

guestions and validating the hypotheses listadbte 1.1.
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Table 1.1 Thesis outline in relation to the definethypotheses (H) and research questions (RQ)

Chapter

Thesis

incentive

There is a need for a forage grass species withesting properties
to respond to the future challenges of grasslandymtion in

Belgium; Fa might be a candidate.

Thesis

objectives

1. To study the agronomy of Fa under Belgian coorst 2-7
2. To develop phenotyping methods useful for Fadirey. 8,9
3. To breed a Fa variety adapted to Belgian cir¢cantes. 10

H1

Fa is more productive, particularly under drought gress, but 2
has a lower digestibility and animal preference tha Lp.

RQ1.1How large is the yield difference between Fa apdibder
favourable growing conditions?

RQ1.2How large is the yield difference between Fa apdibder
drought conditions?

RQ1.3How large is the initial yield loss due to thevglo
establishment of Fa compared to Lp?

RQ1.4How large is the difference in digestibility anddke

between Fa and ryegrasses?

H2

There is transgressive overyielding with mixtures bFa and Lp 3,4,5
or Fa and Lm: mixtures can yield more than the monepecific
swards of these species.

RQ2.1 Does transgressive overyielding occur in mixtwesa and
Lp or Lm and if so at what magnitude?

RQ2.2 What proportion of Fa and Lp or Lm in mixturedighest
yielding and does it constitute a transgressiveyoelel?
RQ2.3What is the effect of the ploidy of the ryegrasmponent in
the mixtures under cutting management?

RQ2.4How large is the difference in feed quality of thixtures
compared to the monospecific swards?

RQ2.5Does adding clover to the mixtures alter the an®fe
RQ2.1, RQ2.2, RQ2.3 and RQ2.4?

RQ2.6 How large is the yield gain owing to transgressive
overyielding in mixtures of Fa and Lp under grazingnagement?
RQ2.7 Which proportion of Fa and Lp in the mixturesdading to
the highest transgressive overyielding under goamanagement?

RQ2.8 What is the effect of the ploidy of the ryegrasmponent in
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the mixtures under grazing management?

H3

Weed invasion is lower in Fa compared to Lp2 or Lp4owing to

the better persistence of Fa. 5

H4

NIRS calibration can be used to develop an equatiaio predict 6
the botanical composition of mixtures of Fa + Lp wth white

clover.

RQ4.1 Which calibration strategy leads to the smallestztion
error?

RQ4.2How large is the prediction error when the befibcaion
strategy found in RQ4.1 is applied to the samplfehetrials

described in chapter 3?

H5

Fa has a higher root biomass than Lp below 30 cm bthe 7
difference is soil and season dependent.

How large is the effect of locatioRQ 5.1), and season (spring or
autumn) RQ 5.2?

H6

Ruminant preference of Fa genotypes can be prediatevithout 8
using ruminants.

How is the correlation between sheep preference and

leaf morphological parameteiRQ6.1)?

sward characteristicR(06.2)?

rabbit preferenceRQ6.3)?

H7

Digital image analysis can be used to quantify grond cover and 9
early vigour in a repeatable way in the field.

Does the method allow detecting of significantetiinces in ground
cover between grass species and varieties of the species
(RQ7.1)?

In which developmental stage differences betweervémieties are
maximal RQ7.2)?

H8

There is a good correlation between ground cover msured by 9

digital image analysis and biomass production.

H9

Recurrent selection offers opportunities to breed ew Fa 10
varieties with soft leaves and a good rust resistae under

Belgian conditions.
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Chapter 2

Agronomic performance of tall fescue compared to

perennial ryegrass and other cool season grass species




2.1 Introduction

As climate change is predicted to result in a highequency of extreme weather conditions
as hot and dry summers and wet and cold wintelarge parts of Europe (IPCC, 2007),
interest in tall fescue is growing. Tall fescle$tuca arundinace&chreb.Fa) is known to
be a very adaptable species growing well both ynadr in wet conditionsGhapter 1). In
addition, it is very winter hardy and has a verghhyield potential and can withstand high
mowing frequencies. Major drawbacks of this speareshowever slow establishment and its

poor acceptability to grazing animals and its lodigestibility (Frame, 1992).

We compared agronomic performance of Fa with thaittloer cool season grasses in North-
West Europe. As perennial ryegrag®lium perennel.; Lp) is the most important grass
species in EuropeChapter 1), we focused on the comparison of Fa with Lp. Véhmwssible,
we also compare with other cool season forage gspeszies: Orchardgras®dctylis
glomerata L.; Dg), Timothy grass RFhleum pratense..; Pp), Meadow fescue Hestuca
pratensisHuds.,Fp), Italian ryegrassLElium multiflorumLam.; Lm), Festulolium(Fl) and
hybrid ryegrassLlium x boucheanunKunth.; Lh). The questions we wanted to answer

were:

1. How large is the yield difference between Fa and uruer favourable growing

conditions?
2. How large is the yield difference between Fa andihger drought conditions?
3. How large is the initial yield loss due to the slestablishment of Fa compared to Lp?

4. What is the difference in digestibility and intdketween Fa and ryegrasses?

2.2 Method

The comparison was conducted based on Europeambl@iaed via a search in the principal
European journals and proceedings specialized asstand research and analysis of
(unpublished) results of trials. Literature compgrithe performance Fa and other forage
grasses is relatively scarce. We used publicatistes] intable 2.1to compare the agronomic

performance of Fa and Lp:
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Table 2.1 Published studies that allow comparisonf@erformance betweenFestuca arundinacegFa) and other cool season grass species: Lpolium perenne Lp2:
diploid Lp, Lp4: tetraploid Lp, Dg: Dactylis glomerata Fp: Festuca pratensisPp: Phleum pratense Lm: Lolium multiflorum, Fl: Festulolium, Lh: Lolium x
boucheanum Tr: Trifolium repens DMY: dry matter yield, DMC: dry matter content, C PC: crude protein content, DOM: digestibility of the organic matter, DMI:

dry matter intake, MP: milk production, NY: nitroge n yield. NA: data not available.

Management
Authors, _ _ ) N fertilisation Nr. cuts
_ Period Species Measurement Soil type — L
Location(s) of study (kg ha” yr™) (yr™)
Baertet al. (2012)Merelbeke, 2007¢ Fa, Lp, 250 and 3
_ DMY, CPC, DOM  Sandy loam
Belgium 2009-2010  Pp, Dg 150 3
Van Eekereret al. (2010) 2006¢ 250 mineral +
, Fa, Lp, Dg DMY, NY Sandy 4 (2007), 5 (2008)
Helvoirt, The Netherlands 2007-2008 232 slurry
Gilliland et al.(2010) Each location:
Fa +Tr,Lp2 +Tr, . .
Crossnacreevy, UK 2006* Medium loam 420, circa 10
Lp4+Tr, Pp+Tr, DMY )
Backweston, Ireland 2007-2009 Clay loam 210 and circa 10
Fp+Tr, Dg+Tr ) )
Moorepark, Ireland Medium loam 105 circa 10
Ponteset al. (2007) 2001°¢ Ecotypes of : Lp, DMY, CPC, DOM, N 120 and 3and 6
_ _ Granitic sand
Theix, France 2003-2004 Fa, Dg, Pp Flowering date 360 3and 6
Suraultet al. (2007) 2003* every 25d
. Fa, Lp, Dg, Fp DMY NA 180
Lusignan, France 2004-2006 every 45d
Wilman and Gao (1996) 1989¢ _ _ _ 5(1989), 7 (1990-
Fa, Lp, FI, Lh, Fp  DMY, tiller density Silty clay 50
Aberystwyth, UK 1990-1993 1992), 4 (1993)
Luten and Remmelink, (1984) 1973¢ DOM, CPC, DMC,
Fa, Lp, Lm NA NA NA
Lelystad, The Netherlands 1974-1978 DMI, MP

° sowing year a: autumn s: spring u: season unknown
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Baertet al. (2012) compared the dry matter yield (DMY) and dgyabf perennial fodder
grasses for biogas production. Tall fescue, pestmyegrass, timothy and cocksfoot were
sown in 2007 and assessed in 2008, 2009 and 20i&0triél was conducted on a sandy loam
soil in Belgium. The trial was a split plot desigith three replicates, with the species as main
plot factor and high N or low N (250 and 150 kg &'ly) fertilisation as subplot factor.

In Van Eekereret al. (2010) root biomass and DMY of individual grase@ps and grass
species mixtures were studied on a sandy soil & Nletherlands. Tall fescue, perennial
ryegrass, and cocksfoot and mixtures of these g@sses were sown in 2006 and compared
in 2007 and 2008. The grass received 250 kg Nyia from mineral fertilisation and 232 kg
N ha'yr? from cattle slurry. Only results for 2008 wereagpd.

Gilliland et al. (2010) studied the effect of nitrogen on DMY aminposition of grass clover
swards of six commonly grown grass species in ticel&he experiment was conducted on
three sites in the north, centre and south ofdtamd. The grass species involved in the study
were diploid and tetraploid Lp, Fa, Fp, Pp and Dgombination with white clover. The trials
were randomised complete block designs with thegdicates and three N levels: high
medium and low (420, 210, 105 kg N}y&?’). Each treatment was managed to maximize

DMY with a target of 10 cuts per season. Clovertennhwas determined in two cuts per year.

Whereas all previous studies compared cultivarslifiérent species, Pontest al. (2007)
compared the productivity and nutritive value obtgpes of temperate grasses found in semi-
natural pastures. Seeds of thirteen grass spewesgling Fa, Lp, Pp, Dg were collected in
their native habitat and sown in pure stands in1200 addition, one cultivar of Lp was
included. From 2002, a factorial design with twedks of cutting frequency (3 and 6 cuts
year') and two levels of N fertilisation (120 and 360 kg ha'yr') was imposed;
measurements were obtained in 2003 and 2004. ker ¢odeliminate differences in drought
resistance between the species, irrigation waseappklow a certain threshold value of soil

volumetric water content.

The study of Suraukbt al. (2007), focused on the drought resistance of paFp and Dg and

multi-species mixtures in the very dry summer 0®d20The (non-irrigated) trial was sown in
2003 and measurements from 2004 till 2006 were rtego Two cutting regimes were
imposed: a simulated cutting regime and simulatedigg regime, with cuts every 45 or 25

days respectively. For both cutting regimes, Nilfsation was 180 kg N hyr™.
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Wilman and Gao (1996) studied herbage productiah tdler density in five related grass
species, their hybrids and their mixtures on g silay soil in the south of Great Britain. Fa,
Lp, Fp, Lm, Lh and Fl were sown in the spring o829n three replicates. The yield was
measured from 1989 till 1993 with a fertilisatioh4®0 kg N hdyr™* and a cutting interval of

circa 5 weeks. In 1993, the trial was stopped aftestdeond cut.

Luten and Remmelink (1984) focused on the animdbpmance of animals fed with Fa, Lp
and Lm. Different intake experiments, in which guass was presented to dairy cows, were
conducted from 1974 till 1978. The quality of thexgs, the grass DM intake and the milk
production of the cows fed with the different grapgcies were measured. In all years except
1977 grass of the different species presentedaadhivs was harvested at the same height.
This was possible by altering cutting and fertiiiga regime so that grass in different growth
stages for each species was available at any mometf277, the intake of Fa cut at either 20
cm or 30 cm height was compared with that of Lp @u5 cm height. The experiments
followed a switch back scheme: at the beginninthefexperimental period, 24 lactating cows
were randomly attributed to one of the two grasscEs. In the middle of the experimental
period the grass species were switched, so thediach period, each cow was eating both grass
species. Individual grass intake and milk productiere recorded. Quality parameters of the

feed were measured on regular intervals.

In 1977 and 1978, also animal trials with conseryebs were conducted. In 1977 Fa and Lp
were mown when grass height had reached approXymd@ecm during spring or 20 cm
during summer. The grass was prewilted to a drytenabntent otirca 50 %. Intake trials
followed again a switch back scheme with 24 cowse Trials lasted 3 successive weeks;
silage intake and milk production were measuredcper. In 1978 the trial was repeated, the
grass was cut at approximately 40 cm in the fitgt and at approximately 25 cm in the 2

summer cuts.

Other, unpublished, results were obtained both fputnlic and private trials. Some of these
trials were designed to compare different speciahe same trialTable 2.2, whereas other
trials were (adjacent) variety trials of differesgecies Table 2.3. In the former type of trials
statistical comparison between Fa and other spe@sgossible; whereas in the latter type of
trials comparison between the species was notlgedsom a statistical point of view. Only if
the management for the different species was eandhif both trials were on the same field,

the results of these variety trials were taken adcount.
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Table 2.2 Unpublished studies that allow comparisorof the performance betweenFestuca arundinacealFa) and other cool season grass species: Lpolium

perenne Lp2: diploid Lp, Lp4: tetraploid Lp, Dg: Dactylis glomerata Fp: Festuca pratensisPp: Phleum pratenseLm: Lolium multiflorum, Fl: Festulolium, Lh:

Lolium x boucheanum Tr: Trifolium repens Tp: Trifolium pratense DMY: dry matter yield, DMC: dry matter content, D OM: digestibility of the organic matter;

DMI: dry matter intake.

Management

Name of trial Period Species Parameters Soil type N fertilisation Nr. cuts
Location(s) of study (number of varieties) (kg ha' yr" (yr'h)
ILVO_1 Merelbeke, Belgium  2013° Fa (4), Lp (4), FI(4), DMY Sandy loam 300 and 5

2012 Fp (2), Lh (2) 150 5
ILVO_2 Merelbeke, Belgium  2011° Fa(2),Lp (1), FlI (2) DMY, DMC Sandy loam Grass : 300 5

2012 with and without Grass-clover : 179 5

Tr+Tp

RvP Merelbeke, Belgium 1980° Fa, Lp, Fp, Pp DMY, DOM,  Sandy loam 400 3-4

1981-1984 DMI

° sowing year a: autumn s: spring
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Table 2.3 Variety trials in which Festuca arundinacegFa) varieties were grown adjacent to varieties ofther cool season grass species: Lpolium perenne Lp2:

diploid Lp, Lp4: tetraploid Lp, Dg: Dactylis glomerataFp: Festuca pratensisDMY: dry matter yield, DMC: dry matter content.

Management
Name of trial Period Species Parameters Soil type N fertilisation Nr. cuts
Location(s) of study (number of varieties) (kg hat yr?) (yrh
FR 2008°¢ Fa (11), Lp (11),Dg DMY,DMC Loam 250 4
Orchies, France 2009 (1), Fp (12)
FM Fa :2008® Fa (11) DMY Stony loam 180 3
Michamps, Belgium 2010-2011  Lp2(9) 4 cuts for Lp in
Lp : 2009° Lp4 (8) 2011
2010-2011
VCU trial 2009°%nd  Fa (4) DMY Each location: Each location:
Poperinge, Belgium 2010°%° Lp4 early (3) Loam 300 in 2011; 5 cuts in 2011,
Merelbeke Belgium 2011-2012  Lp4 intermediate(3) Sandy loam 350 in 2012 4 cuts in 2012
Lp4 late (3)
Lp2 late (5)

° sowing year a: autumn s: spring; a: cycle 1)yisle2 (see Figure 2.1 for clarification)
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In the autumn of 2011, a trial comparing the DMYdifferent varieties of Fa, Lp, Fp, FI, Lh
was established at the institute for agriculturad &isheries research (ILVO) in Belgium. This
trial will be named “ILVO_1". The trial was a splglot design with three replications. N
fertilisation was the main plot factor (High N oow N: 300 and 190 kg Har™ respectively),
varieties of the different species were the subfalotor. The trial included four varieties per
species for Fa, Fl, and Lp and two varieties pecks for Fp and Lh, the trial included also
nine breeding populations of Fa, results of thisemal are not reported here. Five cuts were
harvested in 2012.

In the spring of 2011 a trial comparing the yiefdsmgle grass species and the same species
in combination with clover was established at ILWOBelgium. This trial will be identified

as “ILVO_2". The grass species in the trial werd-2 varieties, one Lp variety and 2 Fl
varieties sown as pure grass or sown in combinatitim a mixture of white and red clover.
The trial design was a split plot design with tmegence of the clover as main plot factor, and
the varieties of the different grass species aplsulfactor. Five cuts were harvested in 2012.
N fertilisation was 300 kg Rayr™ for the pure grass plots and 179 kg'yrd for the grass
clover plots.

In the autumn of 1980 a vyield trial was establisla¢dhe former “RvP” (now ILVO) to
compare the yield of Fa, Lp, Pp and Fp under angutegime from 1981 till 1984. This trial
will be identified as “RvP”. The summer of the yd&®82 was dry. The species were not cut at
the same dates, but when they reached a certdthlgiel. Fp and Pp were not followed any
more after 1982 as the swards of both species decenated after two harvest years. N
fertilisation was high: 400 kg N Hgr. In 1981 the harvested forage was hayed, DOM and

DMI of the hays by young bulls were compared.

Results from variety trials of a private breedingmpany in the North of France were
available for the species Fa, Lp, Dg and Fp. Tiws will be identified as “FR”. The variety
trials were established on the same field in thengf 2008, in randomized complete blocks
with three replicates per species. Four cuts waredsted in 2009. In this chapter, the results
of eleven randomly chosen varieties per species@rgared. This number corresponded to

the number of registered Fa and Lp varieties irtrilaés.

Results of variety trials from “fourrages mieux”,nan governmental organisation bringing
forage science into practise in the south of Belgiwere available for Fa and Lp. This trial
will be identified as “FM”. The Fa variety trial @luded 11 varieties, the Lp variety trial
included 9 diploid varieties and 8 tetraploid vaes. The former trial was sown in the spring
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of 2008, whereas the latter was sown in the sping009. In order to tackle these different

sowing dates, only the yields for the years 201d 2011 were taken into consideration.

Additional results were obtained from the officVACU (value for cultivation and use) trials

for Lp and Fa in Belgium. In these VCU trials twaentical trials are sown in the spring of
two successive years. These two trials are calfetecl and cycle 2 respectively. In both
cycles, no observations are done in the sowing. yeacycle 1, yield is measured for three
years after the sowing year, and in cycle 2, yisltheasured for two years after the sowing
year Figure 2.1). Both trials are stopped at the same moment.

Year 2 Year 3 Year 4

Cyclel Yearl

Evaluation results

Cycle 2 Year 1 Year 2 Year 3
Sowing year
P observation year

Figure 2.1 Scheme representing VCU trials for forag grasses in Belgium.

Results for both Fa and Lp were available for 20092. Cycle 1 was sown in the spring of
2009, cycle 2 was sown in the spring of 2010. Batidls were conducted on four locations,
but only the yield from two locations (MerelbekedaPoperinge) was taken into consideration
since in the trials on these locations Fa and Lpevaeljacent on the same field and had the
same management (same cutting dates and ferbligaffhe Fa variety trial included three
reference varieties and one candidate variety. Ome/CU trial included one candidate
variety and two reference varieties in the categgoearly, intermediate and late tetraploid Lp
and three reference varieties and two candidateeties in the category late diploid Lp
(Pannecoucque, 2012; Pannecoucque, 2013).

The DMY results from established swards growing ernthvourable climatic conditions
reported in the above mentioned studies, were coadpalo eliminate the effect of the
differences in establishment speed between Fa pncekults from the sowing year in case of
spring sowing or first year after sowing in caseaoftumn sowing are commented in a
separate section. To eliminate the difference augdht resistance between the species, results

from year in which “dry” periods were reported, ammmented in a separate section.
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To eliminate the effect of seasonal differencegiiowth rate, only yield results for entire

years were taken into account.

In trials where data for all replicates were avaga analysis of variance was performed to
study the effect of grass species on the DMY. Bath were available for the trials ILVO_1
and ILVO_2. Analyses of variance were performeRirfR core development team, 2011)

using theaov() function.
2.3 Results and Discussion

2.3.1 DMY of established swards under favourable co  nditions

Table 2.4 gives an overview of results from studies wheradittons were favourable for
grass growth.e. no reported drought stress, high N input.

In the high N level of the study of Baettal. (2012), tall fescue yielded 20 % more relative to
the average yield of an intermediate and an eagslydriety. The highest yield averaged over
three years was obtained with Pp. No significaffedknces between the grass species were
found.

In the study of Van Eekerest al. (2010) on a sandy soil, both Fa as Dg yieldedifsogmtly
more than Lp. The yield of Fa was 11 % higher it of Lp.

In the study of Gillilandet al. (2010) at the highest N input and averaged oveetlyears,
Lp4 was the highest yielding species in the cerdral North site and Dg was the highest
yielding species in the South site. Averaged oklerthree sites however, Fa was the highest
yielding species. The yield of Fa (13.2 t'havas significantly higher than that of Fp (11.8 t
ha'), Dg (12.3 t hd) and Lp2 (11.8 t K. The yield of Pp (12.7 t Haand Lp4 (12.9 t hY
were on the same level as Fa. The clover contetfiteilarvested material was very low (< 8
%) as a result of the high N fertilisation, so gresence of the clover could only have had a

minor influence on the total yield.

The study of Pontest al. (2007) presented DM yields averaged over two ydeus N levels
and two cutting frequencies. Fa and Dg were therwst productive species, with yields that
werecirca 40 % higher than those of Lp. Pont&sal. (2007) pointed that the effect of a high
N fertilisation was highest for Fa and Dg, but ttiese species had a significant reduction in
DMY when cutting frequency was increased from thi@six cuts per year, whereas that of
Lp increased slightly under high cutting frequency.
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In Wilmann and Gao (1996), Fa was yielding lessithp (17480versus19370 kg DM h&

respectively) in 1990, the first year after sowihgthe second year, the yields were on the
same level (19970ersus19260 kg DM hd) and in the third year, Fa was yielding more than
Fa (18310versus17970 kg DM h&). Averaged over the three years, Lp was the highes
yielding species, Fa the second highest yieldiregigs. No statistics were performed on the

data of this study.

In the ILVO_2 trial, Fa was overyielding Lp with 20, (o = 0.008). There was an important
yield difference between the two Fl varieties. ‘ldykhad a yield close to that of Fa whereas
the yield of ‘Lifema’ was below that of Lp. ‘Hykors genetically very close to Fa, as it was
created by introgression of Lm genes into the Rzoge. ‘Lifema’ on the other hand is an
amphiploid Festuloliumcultivar (Lm x Fp): the complete genomes of th® tspecies were
incorporated into a single genotype (Ghesquédiad., 2010, Thomast al, 2003).

In the FR trial, Fa was yielding 30 % more than tig yield of Dg and Fp was similar and
between that of Fa and Lp. Similar results werentbun the FM trial: a 34 % higher yield for
Fa compared to Lp averaged over 2 years.

In the RVP trial, in 1981 and 1983, Fa was on ayedad % more productive than Lp.

In the VCU trial, in both cycles and on both looas, Fa was overyielding Lp. The smallest
difference between Fa and Lp was found in Merelbekke cycle 1 trial in 2011, where yield
of Fa (18946 kg DM Hayr?) was only 2 % higher than that of Lp (18541 kg D& yr?).
The largest difference was found in Poperinge endyxcle 1 trial in 2012, where the yield of
Fa (20987 kg DM ha yr') was 62 % higher than that of Lp (12987 kg DM*ha™).
Averaged over all varieties, cycles, locations gedrs, Fa had a yield of 19469 kg DM*ha

yr'and Lp a yield of 14715 kg DM Haresulting in a 32 % higher yield of Fa compared t
Lp.
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Table 2.4 Dry matter yields of Fa:Festuca arundinacealp: Lolium perenne Lp2: diploid Lp, Lp4:
tetraploid Lp, Dg: Dactylis glomerata Fp: Festuca pratensis Pp: Phleum pratense Lm: Lolium

multiflorum, FI: Festulolium, Lh: Lolium x boucheanumin different North-West European studies or

trials.
Author/Trial Yields (kg DM hayr™) DMY Fa/Lp (x 100)
Baertet al. (2012) Fa: 16283
Average 2008-2010 Lp:13540 120.3 (NS}
3 cuts yi*; 250 kg N hayr™ Pp:17853
Dg:16995
Van Eekereret al. (2010)
Fa: 15340
Average 2007-2008 110.9 (S)
Lp: 13830
4-5 cuts yt*
4o Dg: 15690
280 kg N hayr* (mineral +
organic)
Gilliland et al. (2010) Fa: 13200
Average 2007-2009 Lp2: 11800 111.9 (Fa/Lp2) (S)
and over three sites Lp4: 12900
10 cuts yr'; 420 kg N hayr™* Dg: 12300
Fp: 11800
Pp: 12700

Ponteset al. (2007)
Average 2003-2004 and over
N-levels and cutting

frequency

Fa ecotype: 12820
Lp ecotype: 8330
Pp ecotype: 8820
Dg ecotype: 12830
Lp variety: 9040

153.9 (Fa/Lp ecoptype)
(NA)

141.8 (Fa/Lp variety)

(NA)
Wilmannet al. (1996) Fa: 18350
Average 1990-1992 Lp: 19103 96.1 (NA)
450 kg N hayr* Fp: 16857
7 cuts yt* Lh: 17803
FI: 17610
ILVO_2
o Fa: 16113
Average varieties 120.5 (S)
Lp: 13301
Year 2012
Fl: 13962

300 N hayr®; 5 cuts yt*
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Table 2.4 continued.

Author/Trial Yields (kg DM hayr’)  DMY Fa/Lp (x 100)
FR Fa: 12948

Average varieties Lp: 9932 130.4 (NA)
Year 2009 Fp: 11902

250 N hayr™; 4 cuts y* Dg: 11645

FM Fa: 10069 134.1 (NA)
Average varieties Lp: 7509

Average 2010-2011
180 N hayr™; 3 cuts yt*

RvP Fa: 13545

Average 1981 and 1983 Lp: 11855 114.3 (NA)
400 N hayr®; 4 cuts yt*

VCU Fa: 19470 132.3 (NA)
Average varieties Lp: 14715

Average locations

Average 2011 and 2012

Average cycle 1 and 2

MEAN 122.5 (S)

#NS: no significant difference between Fa and Lpsi§nificant difference between Fa and Lp; NA: tatistics
available
® One sample t-tesalpha= 5 %)

Over all the trials, Fa was on average 23 % highedding than Lp2. The ratio of the DMY of
Fa and Lp (x 100) proved to be significantly highban 100 g <0.001). The largest

difference between Fa and Lp was found in Poeteal. (2007) in France, the smallest in

Wilman and Gao (1996) in the UK, where yield ofwps slightly higher than that of Fa. The
climate on both sites probably accounts for mosthif difference. In contrast to the semi-
continental climate in the Auvergne region where thrmer experiment took place, Wales,
where the latter experiment took place, has a tértteat is considered as ideal for the growth
of cool season grasses. Average annual rainfaates is over 1000 mm (Metoffice, 2013)

compared to 760 mm in the Auvergne (Pordeal., 2007). Moreover the temperatures are
milder in Wales throughout the season. ApparendlysHntrinsically higher yielding in most

growing circumstances present in North-West Eurtpé,Lp can yield as much as Fa under
very favourable circumstances for grass growth. Yie&l potential of Dg was on the same

level of that of Fa.
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2.3.2 DMY of young, establishing swards

Table 2.5gives an overview of the yield of Fa and Lp durthg establishment period. Yield
is given for the sowing year {yand for the first year after sowing;{yin the case of spring

sowing and for the first year after sowing in tlase of autumn sowing (Y.

In the case of autumn sowing the DMY of Fa in tinst fyear after sowing was around 8 %
lower than that of Lp in the ILVO_1 triap(= 0.008). In the RvP trial on the other hand, Fa
was overyielding Lp with 15 % in the first year. éldifference between both trials may be
attributed to sowing date: the sowing date of théQ 1 trial was 15 September, which is
seen as a limit date for the successful establishwfeFa swards, whereas the RvP trial was

sown in August 1980 (exact date unknown).

In the case of spring sowing the DMY of Fa was Iotiran that of Lp in the sowing year, but
the difference was not significarp € 0.47). Fa produced 2 % and 14 % less in the gpwin
year in the ILVO_2 trial and in Wilman and Gao (69®%espectively. In the first year after the
sowing year (), Fa was yielding 20 % more than Lp in the ILVQrial (p = 0.008), which

is close to what we found as average differencevdxat established swards Fa and Lp2. In
Wilmann and Gao (1996) DMY of Fa remained lowemtlihaat of Lp in y, but the yield
difference between both species was lowerningmpared to ¢ Reasons for the low yield of

Fa compared to Lp in this trial were discussed abov

It is important to note that it is difficult to gotify the annual yield in yafter spring sowing,

as the yield of the first cut(s) is generally bad®y the presence of weeds, and thus not
recorded. This was certainly the case in the ILV@ri&. Whether the complete DMY is
included in the trial of Wilmann and Gao (1996nis clear. In both trials, yield of Fa was
below that of Lp in y.
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Table 2.5 Dry matter yields (DMY) of establishing wards of Fa: Festuca arundinacea Lp: Lolium

perenne Lp2: diploid Lp, Lp4: tetraploid Lp, Dg: Dactylis glomerata Fp: Festuca pratensisPp: Phleum

pratense Lm: Lolium multiflorum, FI: Festulolium, Lh: Lolium x boucheanumin different North-West

European studies or trials in the sowing year () or in the first year after sowing ().

Author/Trial Yield (kg DM hayr™) DMY Fa/Lp (x 100)
Yo Y1 Yo Y1
Autumn Sowing
ILVO_1 Fa: 14884
Average varieties Lp: 16255
5 cuts yt* / Fl: 17042 91.6 (S}
300 kg N hayr? Fp: 12728
Lh: 18060

RvP
4 cuts yr; / Fa: 13880 115.0 (NA)
400 kg N hayr™ Lp: 12070
Spring Sowing
ILVO_2
Average varieties Fa: 8101 Fa: 16113
3 cuts yi* (yo) Lp: 8242 Lp: 13301 98.3 (NS) 120.5 (S)
5 cuts yi* (y1) Fl: 7778 Fl: 13962
300 kg N/ha
Wilman and Gao Fa: 10390 Fa: 17480
(1996) Lp: 12030 Lp: 19370
450 kg N hayr™ Fp: 10310 Fp: 16200 86.4 (NA) 90.2 (NA)
7 cuts yi* Lh: 11630 Lh: 17250

FI: 11120 Fl: 16830

#NS: no significant difference between Fa and Lpsi§nificant difference between Fa and Ip<( 0.05); NA:

no statistics available

Figure 2.2 presents the distribution of the DMY after autufnvVO_1 trial) and spring
sowing (ILVO_2 trial) in detail. Both trials tookigre at the same institute (same soil type)
and had a similar management (cutting frequencyNafettilisation). For both trials, the first
year after sowing @y was 2012. In the first three cuts of the autuilmwrstrial (Figure 2.23),

Fa was clearly overyielded by Lp, but the differethetween Fa and Lp decreased with every
cut and from the fourth cut on, Fa was more pradadhan Lp. Differences were significant
in each cutg < 0.01).
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In yo of the spring sown triaFigure 2.2b), the first cut was not measured due to the psen
of weeds. In the second cut, Fa was largely oviegtieby Lp f = 0.003), but from the third
cut on, Fa overyielded Lp (non significantly). lhet first year after sowing {y Fa
overyielded Lp in every cut except the second. dddhces between Fa and Lp were
significant in cut 4§ = 0.001), cut 5 = 0.005), cut 6§ = 0.015), cut 8ig = 0.003) and cut

9 (p =0.010).
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Figure 2.2 Dry matter yield (DMY) of Festuca arundinacegFa) and Lolium perenne(Lp) in the first year
after autumn sowing in the ILVO_1 trial (a) and in the sowing year (year O; cuts 2-4) and the first &

after spring sowing (year 1; cuts 5-9) in the ILVO 2 trial (b). Error bars: + standard deviation.

With the few available results, it was difficult tuantify the exact yield of Fa compared to
other species during establishment. ILVO trial 1 &hallowed the best comparison of the
yield of establishing Fa and Lp swards under spand autumn sowing: both trials were
conducted in the same time period, on the sameéygalunder a similar management. We can
conclude that under the conditions of these ttladsyield of Fa is 5-10 % below that of Lp in
the first production year, both after spring agm@fiutumn sowing. The year after the sowing
year in the case of spring sowing, Fa has itsyfeld potential.

2.3.3DMY under conditions of drought

Table 2.6 gives an overview of the DMY of Fa and other grapscies in studies were

drought stress occurred.

30



In Lusignan, France where the study of Surrailtal. (2006) was conducted, drought
occurred in the year 2005 with only 427 mm of riainhe whole year instead of 812 mm in a
normal year. Between February and June 2005, theitda rainfall amounted to 100 mm.
With only 87 mm of rainfall over the months AuguSgptember and October, no more grass
could be harvested after July 2005, resulting ity @ncuts in the plots with the slow cutting
regime (every 45 days). Fa and Dg had a compayadi under the drought conditions; both
species yieldectirca 65 % more than Lp. The negative effect of the dhuseemed to
persist in the following year for Lp: yield of Lmi2006 was close to that of 2005 and far
below the yield in 2004, while the growing conditsoin 2006 were better than those in 2004.
For Fa and Dg the yield in 2006 was on the sama Evin 2004, the year before the drought.

In Merelbeke, Belgium, were the RvP trial took gadrought occurred in July 1982: with

only 13 mm of rainfall instead of 76 mm normallyu®to this drought period, only three Lp

cuts could be harvested, whereas four Fa cuts narested. This resulted in an annual yield
for Fa that was 28 % higher than that of Lp, wherea 1981 and 1983 four cuts were
harvested for Lp, resulting in 10-15 % higher yitdd Fa compared to Lp.

Wilman et al. (1998) tested eight forage grass species underesarought in Wales, UK.
Drought was imposed by restricting rain water asaggh transparent covers over the field
plots. Italian ryegrass died out after 15 montheadow fescue and perennial ryegrass after 2
years of rain exclusion, but tall fescue was siiVe after four years of rain exclusion. The
better drought resistance of Fa was explained fyrieater number and biomass of roots
compared to the other species in the 50-100 cm lagdr. Two months after the rain
exclusion was installed, the number of roots wasted in a 1 m deep and 30cm wide trench
dug along the grass swards. Fa had twice as muth irothe 50-100 cm profile compared to
Lp. The higher root biomass and deeper rootingafMas confirmed by other authors (Van
Eekeren, 2010).
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Table 2.6 Dry matter yields (DMY) of swards of Fa:Festuca arundinacealp: Lolium perenneand Dg:
Dactylis glomerataunder drought stress in different North-West European studies. yougn: year in which

drought occurred.

Author/Trial Yield (kg DM hayr™) DMY Fa/Lp (x 100)

Ydrought 1 Ydrought Ydroughit 1 Yarought 1 Ydrought Ydroughit 1
Surraultet al.2007  Fa:12100 Fa:10700 Fa:13000 106.1 164.6 156.6
180 kg N hadyr* Lp:11400  Lp:7500 Lp:8300 (NA) (S) (NA)
3 cuts yeat Dg:12300 Dg:11100  Dg:12400
RvP Fa:13880 Fa:11600 Fa:13210 114.9 127.9 113.5
400 N hayr? Lp:12070  Lp:9070 Lp:11640  (NA) (NA) (NA)
4 cuts yt*

&NS: no significant difference between Fa and Lpsi§nificant difference between Fa and Igp<( 0.05); NA:
no statistics available

Although many of the important dairy regions in &ue are on sandy soils, data form trials
on sandy soil are lacking. Sandy soils are verycepisble to drought, but it is not clear
whether Fa has a good drought resistance on samltdyad whether Fa can exploit the
advantage of its deeper root system on sandy &lstypes of Fa are found on all types of
soil, but are scarce on sandy soils (Gibson andaw 2001; own observations) which

might be another indication that Fa might losedspetitive advantages on sandy soils.

Research results of Turnet al. (2012) however suggest that drought resistandalldiescue

is not only due its deeper rooting capacity. Theympared the morphological and
physiological responses of Lp, Fa and Dg undemugdteand suboptimal irrigation regimes in
a pot trial (root depth limited to 28 cm) under tolied environment. The irrigation
treatments involved applications of 133, 100, 68 88 % of the replacement water required
to maintain soil water potential at -10kPa. Takdee appeared to have the greatest scope
under moisture stress in terms of maintaining pectditly and persistence. Leaf DMY was
consistently in the order Fa > Lp > Dg. The relatreduction in leaf DMY compared to the
100 % water treatment was 78 % and 35 % for Linén@6 % and 33 % irrigation treatments
respectively. For Fa, the reduction was 66 and 32n%he 66 % and 33 % irrigation
treatments respectively. Dg showed the smallestivel reduction in leaf DMY because of
moisture stress: 52 % and 22 % in the 66 % and 38igation treatments respectively, but
Dg had a leaf DMY that was consistently lower thiaat of Fa. In a recovery period after the

trial, with sufficient water supply to allow optimgrowth, relative reduction of leaf DMY of
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plants that were previously growing under wateessrcompared to plants that were fully
watered throughout the experiment was 58 % and 5@ %p in the 66 % and 33 % irrigation
treatments respectively. For Fa and Dg, reductias fiom the same order of magnitude for
both species and smaller compared to Lp: 33 % arb or Fa and 35 % and 29 % for Dg in
the 66 % and 33 % irrigation treatments respectivEhe low DMY of Lp in the recovery
period was a result of the higher relative losgdafighter tillers in the plants subjected to

drought in Lp compared to Fa and Dg (Tureeal, 2012).

We can conclude that the yield advantage of Fa eoedpto Lp under drought depended on
the severity of the drought. Under severe droudtd,in the trial of Surraulet al. (2006), Fa

yielded 65 % more than Lp on a yearly basis.

2.3.4 Digestibility and intake by animals

Table 2.7gives an overview of studies in which the digestipof the organic matter (DOM)
of Fa and other grass species is compared. Theotheited to determine the DOM differed
between the studieS&ble 2.7).

In Baertet al. (2012), averaged over three years, Fa had a digegtthat was 7 % points
lower than that of Lp. This lower digestibility wéargely compensated by a higher DMY of
Fa compared to Lp, resulting in a significantly treg digestible organic matter yield for Fa
compared to Lp. Also in Pontest al. (2007), Fa is among the species with the highest
digestible organic matter yield. This higher digast organic matter yield makes Fa an
interesting species for biogas production, it hasvdver only limited value for animal

production as animal intake and performance ielgripfluenced by intrinsic digestibility.

In Ponteset al. (2007) the digestibility of a Fa ecotype relatieethat of a Lp ecotype varied
between 83 % in spring and 93 % autumn; obvioustydifference between the Fa ecotype
and the single Lp variety was larg&iaple 2.7).

In the experiments of Luten and Remmelink (198#%E tigestibility of the grass was
determined only in the years 1977 and 1978. In 1@vass of a similar height was harvested
for both species for every intake trial. This wazhiaved by applying different cutting
frequencies and N fertilisations on both speciesrAged over the 20 harvest dates in 1978,
the DOM of Fa was 3.6 % point lower than that of Lp

In 1977 Luten and Remmelink (1984) compared thestigility and intake of Fa and Lp with
a different growth stage. Long Fa (cut at approxatya30 cm) or short Fa (approximately 20
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cm height) were compared with Lp cut at approxirya2® cm height Table 2.8. The short
Fa had a digestibility that was slightly higherrtthat of Lp, whereas that of the long Fa was
lower. This indicates that an appropriate cuttingnagement can minimize the difference in
digestibility between Fa and Lp, but this could @ase the DMY advantage of Fa (Porges
al., 2007).

Table 2.7 Digestibility of the organic matter (DOM) of cut Fa: Festuca arundinacealp: Lolium perenne

Lp2: diploid Lp, Lp4: tetraploid Lp, Dg: Dactylis glomerata Fp: Festuca pratensisand Pp: Phleum
pratensein different North-West European studies or trials

Author/Trial/Method DOM (%) DOM Fa/Lp (x 100)
Baertet al. (2012) Fa: 65.6

Average 2008-2010 Lp: 72.8 90.0

3 cuts yt*; 250 kg N hayr? Pp: 61.7

in vitro pepsin-cellulase Dg: 63.8

Ponteset al. (2007) Fa ecotypé 62.6, 65.7, 67.5

Average 2003-2004 and over N- Lp ecotyp€: 75.7, 70.7, 76.3 82.7,92.9, 88.5
levels and cutting frequencies Pp ecotypé& 76.3, 74.9, 77.1

spring, summer, autumn Dg ecotypé: 67.3, 67.4, 70.2

in vitro pepsin-cellulase Lp variety® 80.4, 70.7, 790 77.9,92.9,85.4
Luten and Remmelink (1982) Fa: 73.7

Results of 1978 Lp: 77.3 95.3

Average over 20 harvest dates
Cut at same length

method not specified

RvP Fa” 71.2,70.7,67.1
Year 1981; Hay Lp® 63.5, 72.1, 72.3 112.1, 98.1,92.8
400 N hayr?! Fp® 63.5,72.1, 72.3

4 cuts yt*, cut 1-3
in vivo with fistulated sheep
Range 77.9-112.1

a: values for spring, summer and autumn respegtivel
b: values for first, second and third cut respedjiv

Although the management in the RvP trial was simita that of the other trials, the
digestibility of Fa hay in this trial was very cgo that of the Lp hay. The hay making
however biased the results. The first cut hay dhbspecies was not made at the same

moment, resulting in a quality difference in they lod both species. The field period to reach a
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sufficiently high DMC was longer for Lp comparedRa, which had a negative impact on the

digestibility of the Lp hay.

The DMI (dry matter intake) and milk production maeed in the trials with cut fresh grass
performed by Luten and Remmelink (1984) are sunuedrintable 2.9 Averaged over the

different trials in the different years, DMI of Eampared to Lp was 1 kg lower when cut at
the same height, resulting in a milk productiont tvas 1.4 kg lower for Fa. The differences

in intake and milk production were generally desimeg through the season.

In 1977 long Fa (cut at approximately 40 cm) orrska (approximately 20 cm height) were
compared with Lp cut at approximately 25 cm hei@fdable 2.8. The DMI of Lp in 1977
was lower than both the short as the long Fa. Thie production with Lp was in between
that of the short Fa and the long Fa. The relatiwehall differences in intake and DOM
reflects the longevity of the Fa leaves as inditdiy Lemaireet al. (2009): leaves of Fa had
an average life span of 38 d, whereas Lp leavesahaerage life span of only 22 days at an
average daily air temperature of 15°C.

Table 2.8 Average dry matter intake (DMI), milk production and digestibility of the organic matter
(DOM) of cows fed with Festuca arundinacea(Fa) either cut at approximately 40 cm (long) or at at

approximately 20 cm (short) or withLolium perenne(Lp) cut at approximately 25 cm in the trials of Luten
and Remmelink (1984) in 1978.

Fa short Falong Lp

Average length (cm) 28 47 30
DOM (%) 75.3 73.9 75.0
DMI (kg day* cow™) 13.2 13.5 12.8

Milk production (kg day cow') 13.0 10.2 12.6

Table 2.9 Dry matter intake (DMI) and milk productions of cows fed withFestuca arundinacegFa), or
Lolium perenne(Lp) in the trials of Luten and Remmelink (1984) average over the years 1975, 1976 and
1978.

DMI (kg day' cow™) Milk production (kg day cow™)
Fa Lp Fal/Lp(x100)Fa Lp Fa/Lp (x 100)
Average 1975, 1976, 1978 13.14.7 0.93 17.3 18.7 0.93

The evolution through the time of the digestibiligd the DMI of different grass species was
tested by Minsort al. (1961) in Hurley, UK. Fa, Pp, Dg, and Fp were sawithe spring of
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1959. In 1960 and 1961, grass was harvested ataremervals between the start of the
growth and ear emergence and fed freshly to sHeef®61, only Fa and Pp were harvested,
as the plots of the remaining species containednmoch unsown species. The apparent
digestibility of the dry and organic matter in eah was calculated from the weights of the
consumed DM or OM and the corresponding faecalwuithe evolution of the DOM and the

corresponding DMI are shown figure 2.3aandfigure 2.3b respectively.

Growth of Fa and Dg started earlier than that ofaR@ Fp. The digestibility decreased with
approximately around 0.4 units dafor Fa and Pp and around 0.5 units Héyr Dg and Fp
from the first harvest date on. Both in 1960 an@11,9he DOM was around 8 % points lower
for Fa compared to Pp at the same moment. Thetddieg of Dg fell very fast after the
emergence of the first ears (on day 114). In 19@@ke differences between Fa, Dg and Fp
were small. The DMI for Fa and Pp were much lowerlBP61 compared to 1960. No

explanation could be found for this difference bg tuthors.
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Figure 2.3 Evolution of the digestibility of the oganic matter (DOM) (left) and the dry matter intake
(DMI) of cut Festuca arundinacegFa), Festuca pratensigFp), Phleum pratensg(Pp), Dactylis glomerata
(Dg) over time (DOY: day of the year) (Redrafted akr Minson et al. (1961)).

Intake and milk production of cows fed with eith&x or Lp differed less when the grass was
ensiled Table 2.1Q. Luten and Remmelink (1984) found a higher intake corresponding
milk production with Fa compared to Lp in 1977.1878, intake was higher for Lp. It was
not clear why the milk production with the long Was higher than that of Lp, given that the
intake and the quality of the Lp were higher corspao Fa.

Also when hayed, the intake of Fa seems to beivelgtgood. In the RvP trial, Fa and Lp hay

from the first cut or from the second + third cutre presented to young bulls. Intake and
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growth was better for Fa compared to Lp with thstftut hay Table 2.1J). In the second and
third cut intake and growth was better with theHgy. It is however important to note that in
the first cut, the drying period of Lp was longemgared to Fa, which might have had a
negative influence on the quality of Lp.

Table 2.10 Average dry matter intake (DMI) and milk production of dairy cows fed with silage ofestuca

arundinacea(Fa) or Lolium perenne(Lp) cut at different heights in the trials of Luten and Remmelink
(1984).

Year Cutting height DMI Milk production
(cm) (kg day* cow") (kg day* cow?)
1977 Lp 20 11.8 10.6
Fa 20 12.3 10.7
Fa/Lp (x 100) 104.2 101.0
Lp 30 10.8 8.4
Fa 30 11.5 9.1
Fa/Lp (x 100) 106.5 108.3
1978 Lp 25 12.7 8.8
Fa 25 11.4 8.1
Fa/Lp (x 100) 89.8 92.0
Lp 40 12.4 9.0
Fa 40 11.1 9.4
Fa/Lp (x 100) 89.5 104.4

Table 2.11 Average dry matter intake (DMI) and growth of young bulls fed with hay of Festuca

arundinacea(Fa) or Lolium perenne(Lp) made from different cuts in the year 1981 in lhe RvP trial.

DMI Growth
(g DM day* kgLW?®"™ (kg day" bull™)
1% cut hay Lp 43.2 0.75
Fa 57.4 1.04
Fa/Lp (x 100) 133.0 139.2
2"+ 3%ut hay Lp 47.2 0.90
Fa 44.8 0.80
Fa/Lp (x 100) 94.9 88.6
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From the studies of Luten en Remmelink (1984), we conclude that the intake of freshly
cut Fa is generally lower than that of Lp in theneagrowing stage. Averaged over the trials,
both the intake and the milk production of the cded with Fa was 7 % lower compared to
Lp (Table 2.9. Fa harvested in an earlier stage than Lp, cosgied these lower intake and
milk production, but it was not clear which influmnthis had on the DMY of Fa compared to
Lp. The intake difference between the species sé¢mbe smaller when the grass was hayed
or ensiled. This is in accordance with the findiofi®eratoneet al. (2012), who did research
on the effect of forage conservation on the leatuie of different varieties of tall fescue.
Both drying and ensiling of tall fescue reduced rineghness of Fa leaves significantly: on a
scale of 0-9, drying reduced the roughness betdekmnd 1.7 points and ensiling between
2.1 and 2.4 points. Results of experiments whetakeand animal production of grazed Fa
and Lp were directly compared were not found, butin be expected that the difference in
intake between grazed Fa and Lp is at least equhlet difference found in fresh cut grass.
Emile et al. (1992) found a significantly higher animal prodantwhen cattle grazed a Fa

variety selected for high palatability comparedt@ference Fa variety.

2.3.5 Dry matter content

In the French reference tables for the feedingevaluforages, the DMC at ear emergence for
Fa was 19.5 % on average, whereas DMC of Lp was%gaINRA, 1978).

In the FR trial, the weighed average DMC for thery@009 and averaged over all the
varieties was 25.2 % for Fa, 25.1 % for Dg 23.20%dip and 21.7 % for Fp.

In the ILVO_2 trial on the other hand, Lp had ahd@gDMC than Fa. The weighed average
DMC for the year 2012, averaged over the two Faetias was 16.4 % whereas that of the
single Lp variety was 17.7 %. In the first and l&t cut, the DMC of both species was almost
equal, whereas in thd® 3 and 4" cut the DMC of Lp was superior to that of Fégure
2.4). The DMC of the grass harvested in the FR trias Wigher than that in the ILVO_2 trial,
the different management and the different haryeat may explain this difference. Moreover
only one Lp variety was included in the ILVO_2 lriwhereas in the FR trial 11 Lp varieties

were included.
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Figure 2.4 DMC of Festuca arundinacea(Fa), Festulolium (FI) and Lolium perenne(Lp) in 2012 in the

ILVO_2 trial. Error bars: + standard deviation.

In addition to the higher DMC, Jones and Prick@&8() found a higher rate of water loss of
cut Fa compared to Lp, Pp and Lm when dried inrdrotied-environment room and exposed
to a horizontal flow of air. Comparisons betweea $pecies were made on 6 occasions in the
period Mid-April till Mid-June. Fa dried faster thahe other species on every occasion, and
the time to reach 33 % DMC varied little betweer #ix harvests for Fa. In contrast, the
drying time for Lp and Pp increased to maximal ealin mid-May; by that time drying times
to reach a DMC of 33 % were greater by a factoeghor four than those for Fa. With
increasing maturity however, the drying time of tther species declined to values close to
that of Fa. It is very unlikely that this largeféifence in drying time between Fa and Lp found
by Pricket and Jones (1981) would hold if the grassald have been dried to a higher DMC.

The water soluble carbohydrate content on the dtaed was found to be lower in Fa and Dg

than in ryegrasses (Vignau-Loustau and Huyghe, 260Bket and Jones, 1981\hich
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makes it recommendable to ensile Fa and Dg witlglaeh DMC than ryegrasses in order to

obtain good grass silage.

2.4 Conclusion

The literature we consulted and the trial resukksamalysed support our research hypothesis:
generally Fa was found to be more productive thanblut digestibility of Fa was lower than
that of Lp. Generally, intake of Fa was lower comggato Lp, leading to a lower animal

performance.
Regarding our research questions, we can answer tha

1. Fa is on average 20 % more productive than Lp uriderth-West European
conditions. Under very favourable conditions foagg growth however, Lp can yield

as much as Fa.

2. Under drought conditions, the yield advantage of€&@mpared to Lp was dependent of
the severity of the drought. Under severe drougatyielded up to 60 % more than Lp

on a yearly basis.

3. Due to its slow establishment, Fa yields up to 1@8s than Lp in the first production

year, regardless of sowing season (spring or aytumn

4. DOM of Fa was found to be up to 23 % lower thart tifaLp. Based on the data of
Luten and Remellink (1984), DM intake of Fa by gtaiows was found to be 5 — 10 %
lower compared to Lp when fed fresh. HarvestingnFan earlier stage however could
remediate these disadvantages of Fa. When engsiledyed, the differences in intake
and animal production between Fa and Lp decreasgdasome cases Fa intake was

found to be higher than Lp intake.
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Chapter 3
Performance and quality of tall fescue and perennia |
ryegrass and mixtures of both species grown with or

without white clover under cutting management

Redrafted after: Cougnon M., Van Waes C., Baeand. Reheul D., 2013. Performance and
quality of tall fescue and perennial ryegrass arigtures of both species grown with or
without white clover under cutting management. émision after submission tGrass and
Forage Sciencen January 2013.

Partially based on: Reheul D., De Cauwer B., Couagilo and Aper J., 2012. What global
and/or European agriculture will need from grassland grassland breeding over the next
10-15 years for a sustainable agriculture. In B&thand Milbourne D. (edsBreeding

Strategies for sustainable forage and turf grasgromement.Springer, Dordrecht, The

Netherlands.




3.1 Introduction

More dry summer spells are expected in North-Wesbge due to climate change (IPCC,
2007). As perennial ryegraskofium perennel.; Lp), currently by far the most important
forage grass species in North-West Europe bothcéating and grazing management, is
relatively sensitive to drought stress, interestalhfescue Festuca arundinace&chreb.; Fa)
is increasingChapter 1)

As pointed inChapter 1, an ideal grass species or grass sward combiresxtiellent forage
quality of perennial ryegrass aolium sp. and the drought resistance and persistentad| of
fescue oiFestucasp.Festuloliumgenetically combines the advantage$&es$tucaandLolium
in a single species (Thomasal, 2003; Ghesquiére et al., 2010; Humphretyal.,2012).

There is some evidence that mixtures of Fa andutpesform swards consisting of the single
species. Wilman and Gao (1996) compared the yi€lHaoand Lp and a mixture of both
species during five years in Wales, UK. The seexturg contained equal amounts of seed of
both components. Over the whole experimental pettaalyields of Fa, Lp and the mixture of
both species were 77.0 t DMha80.3 t DM h& and 80.7 t DM harespectively (differences
were not significant). In the sowing year, the ¢ief Fa was 16 % lower than that of Lp,
whereas yields of Lp and the mixture were almosiaédrhe proportion of the Fa tillers in the
mixture increased from 4.8 % in the year of sowing7.8 % in the third year of the
experiment: the initial dominance of Lp, owing te faster early development, did not prevent

the Fa component to increase in time although bpareed by far the most abundant species.

In a grazing trial in Switzerland, lasting for thrgears, two grass-clover mixtures either
dominated by perennial ryegrass (16 ki ha + 10 kg hd Poa pratensis+ 4 kg h& Festuca
pratensis+ 3 kg h& Trifolium repen or by tall fescue (3 kg HaLp + 10 kg h& Poa
pratensis+ 15 kg hd Fa + 4 kg ha Trifolium repeny were compared (Mosimaret al,
2010). No differences in grass growth nor in organatter digestibility between the types of
sward could be measured in the first two yearsattarised by normal rainfall. Under dry
conditions, the mixture with tall fescue showed ltest performance.

In our study, several mixtures of Fa and Lp wemagared with monospecific swards of both
species. The mixtures differed in the ploidy of tievariety, and the proportion of Lp in the
seed mixture. Moreover, two management types wapkeal: plots were either fertilised with

a high mineral N dose or with a low mineral N ddsethe latter case white cloverr{folium
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repensL.; Tr) was added to the seed mixture. Yield, botanicahmosition and quality

parameters were followed for three successive yategsthe sowing year.
Our research hypotheses were that:

1. Mixtures of Lp and Fa are combining the advantagfelBoth species, resulting in a

higher and more stable yield compared to the mamip swards.

2. A small Lp fraction in the seed mixture offers gompportunities to obtain a sward

with an even species composition after three years.

3. A tetraploid Lp variety is less competitive andoals a quicker progression of Fa in

the mixture.

4. The management influences the interaction betweesmnBd Lp.
3.2 Materials and Methods

3.2.1 Trial design

The trial was sown in April 2009 on a very homogame sandy loam soil in Merelbeke,
Belgium. The land had been used for three yearsrable land before the trial was
established. The soil was analysed in 2007: théKE) of the soil was 5.5, the soil organic
matter content was 1.4 % and P and K content wdrearid 8 mg (100 g dry soi)
respectively. The trial consisted of two adjacaiiitsals; a pure grass trial” and a ‘grass-
clover” trial. Both trials were randomized complete blabésigns with three replicates; plot
size was 7.8 m2 and the gross area of each trigl 262 m=2. In the pure grass trial,
monospecific swards of Fav. ‘Castagne’ (Fa), diploid Lp (Lp23v. ‘Plenty’ and tetraploid
perennial ryegrass (Lp4). ‘Roy’ were compared with mixtures of Fa and Lpxkdres were
created by substituting 1/4 or 1/8 of the Fa sdBdkp2 or Lp4 seedsT@able 3.1). Sowing
densities were 1500 germinating seedsimall cases. Annual fertilisation was 300 kg N*ha
11kg P ha and 270 kg K HA The concept of the grass-clover subtrial wasria With the
concept of the pure grass trial, but all seedingsiies were supplemented with 700
germinating seeds M(approximately 5 kg K8 of ‘Merwi’ a medium leafed white clover
variety. Annual fertilisation was 165 kg N ha32 P h# and 258 kg K ha Throughout the
text the abbreviations indicated table 3.1 will be used to identify the different sward

compositions in the trials.
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Table 3.1 Sowing density (number of germinating sels m?) for Festuca arundinaceaFa), diploid and
tetraploid Lolium perenne(Lp2, Lp4) and mixtures of both grass species witlr without Trifolium repens
(Tn).

Sward Diploid perennial Tetraploid perennial _
N Tall fescue White clover
compositions ryegrass ryegrass

Pure grass trial:

Fa 1500 0 0 0
Lp2 0 1500 0 0
Lp4 0 0 1500 0
1/8Lp2 1312 188 0 0
1/8Lp4 1312 0 188 0
1/4Lp2 1125 375 0 0
1/4Lp4 1125 0 375 0
Grass-clover trial:

Fa+Tr 1500 0 0 700
Lp2+Tr 0 1500 0 700
Lp4+Tr 0 0 1500 700
1/8Lp2+Tr 1312 188 0 700
1/8Lp4+Tr 1312 0 188 700
1/4Lp2+Tr 1125 375 0 700
1/4Lp4+Tr 1125 0 375 700

3.2.2 Measurements

Five cuts were harvested in 2010, 2011 and 204blé 3.2. Plots were mown and weighed
with a Haldrup (Haldrup, Logstor, Denmark) plot vester. At each cut, samples of + 150 g
were taken on the harvester for determination efdty matter content (DMC), crude protein
content (CPC) and the digestibility of the orgamiatter (DOM). Samples were dried for 24 h
at 60 °C and ground (Brabender shear mill) to paks\m sieve. The near infrared reflectance
spectroscopy (NIRS) spectra of the ground sampkse wollected with a Foss NIRSystems
5000 (FOSS-NIRSystems, Silver Springs, MD, USA) éldcan 2.85.1 software (Infrasoft
international, Port Mathilda, PA, USA). The NIRSuatjon for CPC was based on 396 grass
and grass-clover samples that had been analyst#teljeldahl method. The NIRS equation
for DOM was based on 396 grass and grass-clovepleamnalysed according to Tilley and
Terry (1963). In 2010 and 2011, the 20 samples weak spectrally most distant from the

calibration samples were analysed using the re¢eremethods for CPC and DOM in order to
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expand the calibration library. Ten supplementaayngles were chosen ad random, and
analysed using the reference methods for validaifahe equations for CPC and DOM. The

root mean square error of prediction (RMSEP) wdsvi®.38 % for CPC and below 1.72 %

for DOM; the bias (the mean difference betweenwee chemistry lab value and the NIRS

value) was -0.02 % for CPC and -0.28 % for DOM.

A second sample was taken for the determinatiorthef botanical composition of the
harvested material. At least 1 % of the fresh yieldeach plot (corresponding to weights
between 150 and 300 g) was separated by handhatdifferent species and the fresh and dry

weights were recorded.

Table 3.2 Harvesting dates in 2010-2012

Cut 2010 2011 2012

1 27 April 2 May 11 May

2 2 June 14 June 18 June

3 19 July 18 July 25 July

4 24 August 22 August 5 September
5 4 October 10 Octoberl5 October

The N-fixation by the white clover was estimatedading to the total N difference method
(Carlsson and Huss-Danel, 2003). This method isdas the assumption that the difference
in nitrogen yield (NY) in plots with and withoutasler with the same mineral N fertilisation is
explained by N fixation. Since the N applicatiofifetied in the pure grass trial and the grass

clover trial we applied a modification and calcatai fixation as follows:

Nfixation: NYgrass—cIover' NYpure grass'" (Nfertilisatiorbure grasSNfertiIisatiorbrass—clove)
NY was calculated using the CPC and DMY of eaclh. plo

After the final cut in 2012, sward tiller densityas determined on the pure grass trial. Two
random sward samples of 20 cm x 20 cm were dugoeuiplot. The sward samples were

decomposed into individual tillers, tillers wereteadl per grass species and counted.

Meteorological data were obtained from an officradteorological station at approximately 3
km from the experimental sitdppendix 1). Dry spells occurred in the early summer of 2010
(83 mm of rainfall instead of 157 mm normally frokpril 15 till June 3d"), in the spring of
2011 (33.8 mm of rainfall instead of 135.3 mm ndtynfrom March £ till May 20 and in
August-September 2012 (49.4 mm instead of 96.6 nummally from August T till
September 10). The summers of 2010, 2011 and 2012 were relgtivet, so the occurring
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dry spells did not really hamper grass growth drizcabky. Two cold winter periods occurred:
December 2010 was the coldest December month 4i866, with freezing temperatures
below -10 °C; and in February 2012, it was freeZorgl5 successive days, with minima until
-15°C. No excessive heat periods occurred duriageitperiment. Nevertheless, the year 2011

was the warmest since the start of the Belgiarstegion of meteorological data in 1833.

3.2.3 Data analysis

Analyses of variance were computed using dlog() function in R (R Development Core
Team, 2011). Although the two subtrials, were aglj@¢o each other and covered a small area
on a very homogeneous soil, the experimental dedigmot allow statistical comparison
between the results of the subtrials: the treatmehtoth trials did not appear in the same
blocks. Data with and without clover were analysssparately, using a model for a
randomized complete block design (Crawley, 2007h).ebhch trial the different sward
compositions were considered as a fixed factor wéhen levels, replications as a random
factor with three levels. Multiple comparison of ans between the mixtures was done using
the TukeyHSD(Yunction. For the anova of the proportion of Faha grass DMY, there were
only four levels as the swards with only one spedentained either 0 % or 100 % Fa. A
supplementary anova was performed to model theteffiethe initial proportion of Lp seeds
in the seed mixture and the ploidy of the Lp on FEaeproportion in the DMY. Analysis of
covariance (ANCOVA) was performed to model whetiher effect of the Fa content (FaC) on
total DMY and DOM of the mixtures was purely linear quadratic. The analysis was done
with thelm() function, and the minimum adequate model (i.e.rtwelel that minimised the

Akaike’s information criterion) was selected wittestep()function (Crawley, 2007).
3.3 Results
3.3.1 Pure grass trial

3.3.1.1 DM vield

Both the monospecific swards and the mixtures éshaa well in 2009. In 2010, Fa
significantly outyielded Lp2 and Lp4 in the firshéhthe third cut Table 3.3. Lp2 yielded

significantly more than Fa in the fifth cut. Ovéetfive cuts, the yield of Fa was significantly
higher than that of Lp2 and Lp4. The vyield of thextores was between that of the

monospecific swards.
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In 2011 Fa significantly outyielded Lp2 and Lp4tire first two cuts. In the fourth and the

fifth cuts there were no significant yield diffes. The yield of the mixtures was mostly

between that of the monospecific swards. Over the ¢uts Fa and all mixtures except

1/4Lp2 yielded significantly more than Lp2 and Lp4.

Table 3.3 Dry matter yield (kg ha') for Festuca arundinacegFa), diploid and tetraploid Lolium perenne

(Lp2, Lp4) and mixtures of both species (indicatedn Table 3.1) in 15 successive cuts (C1-C15) in #e

successive years (2010-2012).

1/4Lp2 1/4Lp4 1/8Lp2 1/8Lp4 Fa Lp2 Lp4 Sign.
2010
c1 3574 3783 3897 4047 398F 3388* 3113 *
c2 4920 4819 5188 4556 4746 5104 4806 NS
C3 1908 2075 250 2278° 2953 1170 1447
C4 1653 1574 1595 1665 1658 1557 1315 NS
C5 2267 2350 2189" 2393° 2149 2527 2368
Subtotal 14318 14600 15363 14934 15487 13748 13046 ***
Relative (Fa = 100) 92.5 94.3 99.2 96.4 100.0 88.8 84.2
2011
C6 4303" 4646 4927  4399" 499F 3345  3957° xwx
C7 1907 1939° 2383 1968 2549 1623° 1357  wx
Cs8 2226 2080° 23985 2333  2258% 205%° 1844
C9 2309 2138 2217 2517 2084 2403 2206 NS
C10 2346 2367 2408 2503 2478 2376 2200 NS
Subtotal 1308% 131760 1432f 13716 14357 11798 11555 ***
Relative (Fa = 100) 91.1 91.7 99.7 95.5 100.0 82.2 80.5
2012
Cc11 4448 4737 5076 4654 4984 2979 2983  wx
C12 3244 3401 3778 3174 3936 3680 3241 NS
C13 4168 4086° 4613  4206° 4435" 3649° 3170
C14 2558  249F  2828" 2498 2944 1704 1623
C15 564> 587 664" 602" 690  543° 481
Subtotal 14974 1530f 16958 1513F 16988 12550 11499
Relative (Fa = 100) 88.1 90.1 99.8 89.1 100.0 73.9 67.7
Total 42379 43070° 46643"° 4378F° 46832 38094 36099 *+*
Relative (Fa = 100) 90.5 92.0 99.6 93.5 100.0 81.3 77.1

A: Significance of the anova model with the sevearsl compositions as fixed factor and the thredicaies as
random factor. (Significance codes: *:< 0.001, **:p < 0.01, *:p < 0.05, NS;p > 0.05). Values in the same
row not sharing a same superscript are signifigatifferent from each othep(= 0.05, Tukey test).
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In 2012, Fa significantly outyielded Lp2 and Lp4ah cuts except the second. The yield of
the mixtures was close to that of Fa or slightlgher than it; mixtures overyielded Lp2 and
Lp4. Over the five cuts, Fa had again the highésidyand 1/8Lp2 had a yield that was
closely to that of Fa.

The yield gap between Fa and Lp grew every yeawi€lded 13 %, 22 % and 35 % more
than Lp2 in first, second and third year afterybar of establishment respectively. Every year
Lp2 overyielded Lp4 slightly, but this differenceasvin none of the years significant. Over
the 15 cuts in the three growing seasons, Fa anthixtures were yielding significantly more
than Lp2 and Lp4.

The minimal adequate model describing the effe¢ta€tontent (FaC) and year on total DMY
was a linear model for 2010 and 2011 with a difiéiatercept but a common slope for both
years. The DMY of the mixtures increased with 28g5DM ha' for each extra % point in
FaC. For 2012, the quadratic term was significZhe model explained 83 % value) of
the total variability Table 3.4, Figure 3.}

Table 3.4 Regression coefficients for minimal ade@te Ancova models for the dry matter yield (DMY),
digestibility of the organic matter (DOM) and crude protein content (CPC) of mixtures of Festuca

arundinacea (Fa) and Lolium perenne (Lp) as a function of the Fa content in the DMY (RC). (Y=
I+a.(FaC)+b.(FaC)?) (Significance codes: ***p < 0.001, **: p< 0.01, *:p< 0.05, NS;p > 0.05).

Year | a b R2
DMY 2010 13460 ** 285**  -0.071 NS
2011 11624 *** 285*=*  _0.001 NS 0.83
2012 12023 *¥** 285*x (0,197 ***
DOM® 2010 81.0**  -0.084 *** /A
2011 77.1**  -0.065* /A 0.95
2012 78.3**  .0.084 *+ [A
CPC 2010 12.9**  -2.48*10%* /A
2011 13.5%**  .2.48*10%* /A 0.73
2012 12.1%*  -2.48*10%* /A

A: / : the quadratic term was not included in theimal adequate model
B: regression based on weighted average overtall cu
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Figure 3.1 Regression of the dry matter yield (DMY)on the Festuca arundinaceacontent (FaC) in
mixtures of Fa andLolium perenne.

Three of the fifteen cuts were preceded by a drbpghiod where Fa was clearly superior to
Lp. A first drought period preceded th& 8ut of 2010, with only 19.3 mm instead of 67.4
mm of rain from the 1 of June till the 8 of July resulting in a 2.5 times higher yield fea
compared to Lp2. The yields of the mixtures werevben 1.6 and 2.1 times higher than that
of Lp2. In the spring of 2011, the first cut wagqeded by six weeks of very dry weather, but
the yields were very high for both Fa and Lp. Aftes first cut, it remained dry for another 18
days, resulting in a big yield gap between Fa apdnLthe second cut: Fa yielded 57% more
than Lp. A third drought period occurred in theHitut of 2012: the DMY of Fa was higher
than that of Lp2, but this difference was not laripan the difference found in the fifth cut in
the years 2010 and 2011.

3.3.1.2 Botanical composition

In the first year after sowing the proportion of iRaall mixtures was lower than the sown
proportion Table 3.5. FaC was increasing over the years: over all EatS was between 40
% and 64 % in 2010, between 54 % and 83 % in 2@Hlbatween 69 % and 89 % in 2012.
Within each year it mostly decreased after the titg (Figure 3.2). FaC was significantly

49



higher when the initial proportion of Lp in the deemixture was 1/8 compared to 1/4 and

when Lp2 was the companion species compared tqTLadle 3.6.

Table 3.5 Content ofFestuca arundinacea (FaC) in the dry matter yield, dry matter content (DMC),

digestibility of the organic matter (DOM), crude protein content (CPC) and N vyield (NY) forFestuca

arundinacea(Fa), diploid and tetraploid Lolium perenne(Lp2, Lp4) and mixtures of both grass species

(indicated in table 3.1) in three successive yeaf8010-2012). Data are weighted averages over alltsu

1/4Lp2 1/4Lp4 1/8Lp2 1/8Lp4 Fa Lp2 Lp4 Sign

2010
FaC (%) 5024 39.6 644 55.F
DMC (%) 226" 216" 22.F% 216"
DOM (%) 77.2° 782 748 759
CPC (%) 12.8 12.6 12.7 130

NY  (kgNha') 293.4° 294.8" 3134 311.7
2011

FaC (%) 679 539 828 7086
DMC (%) 214 209 214 208"
DOM (%) 726 74T  71.3 727
CPC (%) 13.4 13.0 13.2 133

NY  (kgNha') 281.F* 274.6™ 303.4 291.3"
2012

FaC (%) 798 694 836 858
DMC (%) 20.8 20.4° 217 205"
DOM (%) 71 728 7085 70.8°
CPC (%) 12.1 11.8 11.7 122

NY (kgNha') 2884 2885 317.0° 293.9

100 ¢ 0 ok
223 223 208 *
727 805 814 wm
125 129 129
309.9 283.6° 270.f *

100 ¢ 0 ok
21.F 217 198w
704 76.0 77.9
133 137 135
305.6 258.3° 250.F

1000 0O o* i
20.8™ 21.9 199 *
69.8 77.6 79.F xxx
119 121 120
324.3 2424 2209

NS

NS

NS

A: Significance of the anova model with the sevearsl compositions as fixed factor and the thredicafes as

random factor. (Significance codes: *5:< 0.001, **:p < 0.01, *:p < 0.05, NSp > 0.05.). Values in the same
row not sharing a same superscript are signifigatifferent from each othep(= 0.05, Tukey test).
# The botanical composition of the monospecificslsavas not taken into account in the statistioalyses.
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Table 3.6 Effect of ploidy and proportion of Lolium perenne (Lp) in the initial seed mixture and the

interaction of both factors on the Festuca arundinacea(Fa) content in the total DMY of swards with

mixtures of both species (indicated in table 3.1)Significance codes: ***:p < 0.001, **: p < 0.01, *:p <

0.05, NS:p > 0.05).

Pure grass trial Grass-clover trial
Year Ploidy Proportion Interaction Ploidy Proportion Interaction
2010 ok ok NS NS ok NS
2011 ok ok NS NS o NS
2012 * ok NS NS * NS
2010-2012 *** ok NS NS il NS

FaC (%)

100
!

80
|

—e— 1/4Lp2
A 1/4Lp4
—+— 1/8Lp2
—— 1/8Lp4
T T T T T T T

2 4 6 8 10 12 14

Cut

Figure 3.2 Evolution of the tall fescue content (Fa) in the dry matter yield in four mixtures of Festuca

arundinacea (Fa) and Lolium perenne (Lp) (indicated in table 3.1). Evolution over 15 ats in three

successive years (2010-2012).

The tiller density, recorded after the final cut 2012, indicated that the mixtures were

dominated by Fa at the end of the triklgure 3.3). Lp2 had a significantly higher tiller
density than the mixtures and all the other swampositions |§ = 0.0011): 4771, 3142 and

2754 tillers nf for Lp2, Lp4 and Fa respectively. Tiller densitythé mixtures was between
2571 and 2712 tillers ¥for 1/8Lp2 and 1/4Lp2 respectively. There was rftedénce in Fa

tiller density between mixtures and pure pa(0.16).
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Figure 3.3 Tiller density (October 2012) in a swardf Festuca arundinacegFa), diploid and tetraploid
Lolium perenne(Lp2, Lp4) and four mixtures of Fa and Lp (indicated in table 3.1). Error bars: + standard

deviation. Bars not sharing a common letter are sigjficantly different from each other (Tukey; p = 0.05).

3.3.1.3 Quiality

The DMC of Lp2 and Fa was on the same level irtlinee years; Lp4 on the other hand had
a significantly lower DMC in all yearsTable 3.5. The DMC of Lp4 was on average 2 %
points lower than that of Lp2. The DMC peaked ia third cut of 2010 and in the second cut
of 2011, probably due to the dry weather precetliege periodsHigure 3.4). The DMC of

the mixtures had values between these of the puaieds.

In every year DOM was significantly lower for Fangpared to Lp2 and Lp4Téble 3.5.
Annual mean digestibility of Fa was at least 5 %nfslower compared to Lp2. Particularly
in the first two cuts of 2010, the third cut of 204nd the first cut of 2012 differences between
Fa and Lp2 were high: 8.9 % points, 8.6 % pointg, & points and 14.0 % points
respectively Figure 3.5. Lp4 was averaged over the three years 1.4 %dgoiore digestible

than Lp2; this difference was significant in 2011.

The effect of FaC on the CPC of the mixtures was dhear. The minimal adequate model
contained a different intercept for each year, armbmmon slope for the three yearalfle
3.4). The model explained 73 9R{value) of the difference in CPC in the mixtur&€sg(re
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3.7b). An increase of 1 % point of FaC in the mixturesulted in a decrease of the CPC with
2.48x10° % points

No quadratic terms were included in the minimalca@g#e model describing the effect of FaC
and year on the DOM: the effect of FaC on the DOBkMinear Table 3.4. The model
included a different intercept for every year, ancoon slope for 2010 and 2012 and a
different slope for 2011. The model explained 9%™%value) of the total variabilityFigure
3.79. An increase of 1 % point of FaC in the mixturesulted in a decrease of the DOM with
-0.084 % points in 2010 and 2012 and with -0.06pdits in 2011.

In none of the years, significant differences wiexend in the CPC between the grass species
or the mixtures Table 3.5. Within the year 2010 CPC fluctuated more thar2@il and
2012: CPC of Fa was 4.8 % point and 3.8 % pointgetahan that of Lp2 in the third and
fourth cut respectivelyHigure 3.6). Probably this was due to a dilution effect, ashfad a

higher DMY in both cuts compared to Lp2.

The higher DMY of Fa resulted in a significanthgher NY for Fa compared to Lp4 in 2010
and higher than both Lp2 and Lp4 in 2011 and 2@H2allel with DMY, the NY difference

between Fa and Lp2 grew with sward age: 26, 4782kly N h& yr' in the 2010, 2011 and

2012 respectively. NY for the mixtures was gengraétween that of Fa and Lpgble 3.5.
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Figure 3.4 Evolution of the dry matter content (DMQ) content over 15 cuts in three successive year®(®-
2012) for diploid or tetraploid Lolium perenne(Lp2 or Lp4), Festuca arundinaceaFa) and mixtures of

both species (indicated in table 3.1).
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Figure 3.5 Evolution of the digestibility of the oganic matter (DOM) content over 15 cuts in three
successive years (2010-2012) for diploid or tetragt Lolium perenne(Lp2 or Lp4), Festuca arundinacea

(Fa) and mixtures of both species (indicated in tdb 3.1).
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Figure 3.6 Evolution of the crude protein (CPC) cotent over 15 cuts in three successive years (202012)
for diploid or tetraploid Lolium perenne(Lp2 or Lp4), Festuca arundinaceaFa) and mixtures of both

species (indicated in table 3.1).
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Figure 3.7 Regression of the digestibility of the rganic matter (DOM) (a) and crude protein content

(CPC) (b) on theFestuca arundinacedFa) content (FaC) in mixtures of Fa and.olium perenne.
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3.3.2 Grass-clover trial

3.3.2.1 DM Yield

Despite the significantly higher yield of Fa+Tr ilne second and the third cut of the year
2010, there were no significant yield differencestween the means of the sward
compositions over the whole yedraple 3.7. In the second year, Fa+Tr was significantly
overyielding Lp+Tr in the first two cuts, resultimg a 29 % significantly higher annual yield
for Fa+Tr compared to Lp2+Tr. In 2012, Fa+Tr hasigmificant higher yield in the last three
cuts, but over the whole year there was no sigmitidifference between the means of the
sward compositions. Over the 15 cuts in the thesesg/Fa+Tr and 1/8Lp2+Tr were yielding
significantly more than Lp2+Tr and Lp4+Tr; Fa+Trsvaveryielding Lp2+Tr with 20 % and
Lp4+Tr with 19 %.

3.3.2.2 Botanical composition

In none of the years, there was a significant ¢i@the grass species or grass species mixture
on the weighted average clover content in the Isdededry matterTable 3.8. For both grass
species and mixtures, the clover content in thedstied material was higher in the second
year (19.9 % - 26.3 %) compared to the first y&8t& % - 22.5 %), but it decreased again in
the third year (11.7 % - 15.3 %). Within each yehere was a clear seasonal pattern: low
clover content in spring, steeply increasing insbenmer and decreasing again in the autumn
and winter. In the third cut of 2010, which was qaeéed by a drought period, the TrC
increased stronger in combination with Lp thaneambination with FaKigure 3.8): the TrC
increased from 18, 14 and 18 % for Fa, Lp2 and lgspectively in the second cut to 23 %
for Fa and 30 % for Lp2 and Lp4 in the third cut.
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Table 3.7 Dry matter yield (kg DM ha') of Festuca arundinacea(Fa), diploid and tetraploid Lolium

perenne (Lp2, Lp4) and mixtures of both grass species inotnbination with Trifolium repens (Tr)

(indicated in table 3.1) in 15 successive cuts (Q115) in three successive years (2010-2012)

1/4Lp2 1/4Lp4  1/8Lp2 1/8Lp4 Fa Lp2 Lp4 Sign.

+Tr
2010
c1 4189 4085 4561 4375 4831 3808 3745 NS
c2 4085 3677 4207 3746 3950 4531 3852 NS
C3 158%  1784™  196F* 167%° 2365 1013  1316°
C4 1316° 1316  1479* 1353° 1660 1187 1079  w*
C5 1902 1793 1915 1639 1928 1673 1571 NS
Subtotal 13067 12655 14123 12789 14733 12212 11568S
Relative (Fa = 100) 88.7 85.9 95.9 86.8 100.0 82.978.5
2011
C6 5144  5388" 5654° 5469° 6079 4388 5118  **
c7 2028 1972  2418" 1988° 2855 1293 138
Cs8 1979  189°F 2026 176Ff 2069 1838 1783 *
C9 2963 2781 2969 2854 2776 3002 2904 NS
C10 2268 2100 2266 2300 2215 1928 1795 NS
Subtotal 14378 141326° 15326° 14377 15994 12446 12981f° **
Relative (Fa = 100) 89.9 88.4 95.8 89.9 100.0 77.881.2
2012
C11 5130 5243 5456 5173 5382 4325 4450 NS
C12 3621 3323 3719 3429 3605 3793 3520 NS
C13 3687  3504" 3887 3843 3829 3509° 297F
C14 3038 3024 3214 3209° 3330 2739° 2474  w
C15 794 726" 83F 825 829 671" 536 ok
Subtotal 16262 15820 17107 16479 16975 15037 1395S
Relative (Fa = 100) 95.8 93.2 100.8 97.1 100.0 88.682.2
Total 43707 42606° 46556 43640° 4770f 39693 38496 **
Relative (Fa = 100) 91.6 89.3 97.6 91.5 100.0  83.280.7

A: Significance of the anova model with the sevearsl compositions as fixed factor and the thredicaies as
random factor. (Significance codes: *{5:< 0.001, **:p < 0.01, *:p < 0.05, NSp > 0.05.). Values in the same
row not sharing a same superscript are signifigatifferent from each othepE 0.05, Tukey test).
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Table 3.8 Content ofFestuca arundinacegFa) and Trifolium repens(Tr) in the dry matter yield (FaC and
TrC), dry matter content (DMC), digestibility of th e organic matter (DOM), crude protein content (CPC)
and N yield (NY) for Fa, diploid and tetraploid Lolium perenne(Lp2, Lp4) and mixtures of both grass
species in combination with Tr (indicated in table3.1) in three successive years (2010-2012). Data are

weighted averages over all cuts.

1/ALp2 1/4Lp4 1/8Lp2 1/8Lp4 Fa Lp2 Lp4  Sign

+Tr
2010
FaC (%) 3284 287 470 456 793 (O 0’ ok
TrC (%) 206 207 204 194 207 188 225 NS
DMC (%) 194 188 201 196 202 217 189 NS
DOM (%) 777 787 76.6° 778 753 81.F 813
CPC (%) 159 162 158 159 157 148 159 NS

NY (kgNha') 332.f 3288 357.0 3249 3680 288.7 294.F *
2011

FaC (%) 44% 383 562 487 778 (O 0’ *

TrC (%) 263 199 242 222 225 242 235 NS
DMC (%) 194 188 191 191 195 19.0 183 NS
DOM (%) 72.3° 73.f 716 72.0° 701 767 77.8
CPC (%) 175 169 173 168 169 177 177 NS

NY (kgNha') 402.3° 381.2° 4240 385.7° 431.f 352.9 366.8 **
2012

FaC (%) 676 60.8 77.f 770 883 (O o *

TrC (%) 132 134 141 138 117 153 139 NS
DMC (%) 191 185 193 188 188 191 175 NS
DOM (%) 716 722 707 710 699 765 77.3
CPC (%) 143 142 145 146 145 150 149 NS

NY (kgNha) 3732 360.1 393.9 3831 3941 3604 331.9 NS

A: Significance of the anova model with the sevearsl compositions as fixed factor and the thredicaies as
random factor. (Significance codes: *{5:< 0.001, **:p < 0.01, *:p < 0.05, NSp > 0.05.). Values in the same
row not sharing a same superscript are signifigatifferent from each othep(= 0.05, Tukey test).

# The botanical composition of the monospecificsgrawards was not taken into account in the staist
analyses.
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The Fa content in the total dry matter yield dié@rsignificantly between the mixtures in the
three yearsTable 3.8. The highest Fa contents were found in the mextuBLp2+Tr: 47 %,

56 % and 77 % in 2010, 2011 and 2012 respectivdig. lowest Fa contents were found in
the mixture 1/4Lp4+Tr: 29 %, 38 % and 61 % in 202011 and 2012 respectivelygble
3.8). The effect of the ploidy of the Lp on FaC was significant, but the effect of the initial
proportion of Lp in the mixtures was significantamery year Table 3.6. The contribution of

Fa to the total dry matter yieldiQure 3.99 was generally increasing through the years, but
within a year there was a decreasing trend thatimasse to the importance of the Tr content
in the dry matter yield. The contribution of Fath@ grass dry matter yieléigure 3.9b) was

very similar to that recorded in the pure grasd {Rigure 3.2).

TrC (%)

—°— Fa+Tr
—A— Lp2+Tr
— Lp4+Tr

T T T T T T T
2 4 6 8 10 12 14

Cut

Figure 3.8 Evolution of theTrifolium repenscontent (TrC) in the dry matter yield of grass-clover mixtures
combining white clover with diploid or tetraploid Lolium perenne(Lp2 or Lp4) and Festuca arundinacea

(Fa) over 15 cuts in three successive years (2010t2).

3.3.2.3 Quality

In none of the years, significant differences wierend in CPC or DMC between the different
grass-clover mixturesl@ble 3.8. The trends were however the same: Fa+Tr and TpBad

a comparable DMC, Lp4 had a lower DMEidure 3.10. Due to the clover presence, the
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differences in DMC between the species, were smiddén in the pure grass trial. The CPC in
the grass-clover trial was higher and less conskeant in the pure grass trial. Parallel with the
TrC, CPC increased near the end of each se&sguré 3.11).

The DOM of Lp2+Tr and Lp4+Tr was in all years siggantly higher than that of Fa+Tr and
the grass species mixtures with clover. The DOMra#Tr was 5.8, 6.6 and 6.6 % points
lower than that of Lp2+Tr in 2010, 2011 and 201&pextively. DOM of the grass species
mixtures with clover was between that of the twasgr monospecific swards with clover
(Table 3.8, Figure 3.1

The NY in 2010 and 2011, differed significantly Wween the grass species and the mixtures
of the two grasses + white clover. NY of Fa+Tr, sieard composition with the highest NY,
was 79, 78 and 34 kg N har? higher than that of Lp2+Tr, the lowest N-yieldisgard
composition, in 2010, 2011 and 2012 respectively.

2010

FaC (%)
FaC (%)

9 /i
A |
l
| > 1/4Lp2+Tr " 1/4Lp2+Tr
| A~ 1/aLpa+Tr —A— 1/4Lpa+Tr
1 1/8Lp2+Tr —— 1/8Lp2+Tr
o - : %= 1/8Lp4+Tr o 4 =% 1/8Lp4+Tr
T T T T T T T T T T T T T T
2 4 6 8 10 12 14 2 4 6 8 10 12 14
Cut Cut
(@ (b)

Figure 3.9 Evolution of theFestuca arundinacegFa) content in the TOTAL dry matter yield (DMY) (a) or
in GRASS DMY (b) over 15 cuts in three successiveegrs (2010-2012) in four mixtures of Fa andlolium
perenne(Lp) with Trifolium repens(Tr) (indicated in table 3.1).

60



2010

2011 2012

DMC (%)
20
l

—O— Lp2+Tr
A Lp4+Tr
— Fa+Tr
—X— 1/4Lp2+Tr
1/4Lp4+Tr
—¥— 1/8Lp2+Tr
1/8Lp4+Tr

T T T T T T T
2 4 6 8 10 12 14

Cut

Figure 3.10 Evolution of the dry matter content (DMC) content over 15 cuts in three successive years
(2010-2012) for diploid or tetraploid Lolium perenne(Lp2 or Lp4), Festuca arundinacegFa) and mixtures

of both grass species witfArifolium repens(Tr) (indicated in table 3.1) .

& 2010 2011 2012

CPC (%)
15
|

Cut

Figure 3.11 Evolution of the crude protein conten{DMC) content over 15 cuts in three successive year
(2010-2012) for diploid or tetraploid Lolium perenne(Lp2 or Lp4), Festuca arundinacegFa) and mixtures

of both grass species witfArifolium repens(Tr) (indicated in table 3.1) .
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DOM (%)
70

Lp2+Tr
Lp4+Tr
Fa+Tr
1/4Lp2+Tr
1/4Lp4+Tr
1/8Lp2+Tr
1/8Lp4+Tr
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2 4 6 8 10 12 14

Cut

Figure 3.12 Evolution of the digestibility of the eganic matter (DOM) content over 15 cuts in three
successive years (2010-2012) for diploid or tetragt Lolium perenne(Lp2 or Lp4), Festuca arundinacea

(Fa) and mixtures of both grass species withirifolium repens(Tr) (indicated in table 3.1).

3.3.2.4 N fixation

The estimated N fixation by the white clover randemn 142 kg N hayr™ for Lp2+Tr in
2010 to 258 kg N h&yr? for Fa+Tr in 2012. Over the three years period highest N
fixation was found in Fa+Tr: 611 kg N h@able 3.9.

Table 3.9 Calculated N-fixation (kg N ha) by Trifolium repens (Tr) in association with Festuca

arundinacea (Fa), diploid and tetraploid Lolium perenne (Lp2, Lp4) and mixtures of both species

(indicated in table 3.1) as calculated according tthe N difference method.

Year 1/4Lp2 1/4Lp4 1/8Lp2 1/8Lp4 Fa Lp2 Lp4
+Tr

2010 175.7 171.0 180.6 150.2 195142.1 161.0

2011 253.2 238.6 252.6 2264 257326.6 248.1

2012 173.8 160.6 1659 178.2 158.2807.0 200.0

Total 602.7 570.2 599.1 5548 611.875.7 609.1

Relative (Fa = 100) 98.6 93.3 98.0 90.7 100.004.2 99.6
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3.4 Discussion

3.4.1 Pure grass trial

Averaged over three years, Fa had a 23 % higher DMYi Lp2. This corresponded very
well with the average value found for Fa DMY relatito Lp2 DMY under favourable
conditions inchapter 2 In agreement with the trial of Wilman and Gao98)p the yield
difference between the two species increased witidsage. Organic matter digestibility was
consistently lower for Fa compared to Lp, resulim@ weighted average DOM that was 5 %
points lower for Fa compared to Lp2 per year. Baldirly in the first cut of each year, which
is generally the most important both in terms ofaldy and quantity, differences in
digestibility were important: up to 14 % points lemfor Fa compared to Lp2 in 2012 when
the first cut was delayed due to the wet spring fiigh difference in DOM in the first cut can
be explained by the earlier growth of Fa compaedp (Gilliland et al, 2011) which
resulted in a more advanced growth stage for Fapeaoma to Lp when the first cut was
harvested.

The higher DOM and lower DMC we found for Lp4 comgmhto Lp2 were in accordance
with Burns (2012), who found, averaged over sevggals and varieties, 1.5 % points lower
values for DMC and 1 % point higher values for D@ Lp4 compared to Lp2. In contrast
with Burns (2012) dry matter yield of Lp4 in ouralrwas on average lower compared to Lp2.

Every year, Fa exported more N than the N appligdeltilisation. Lp on the other hand
exported up to 58 kg Hayr less than the applied quantity of N. The diffeeric NY
between Fa and Lp2 was high: up to 27 % of the éksing in 2012. Since the residual
mineral N in the 0-90 cm solil layer, measured dfterlast cut in 2011 and 2012 was very low
(< 5 kg N hd) (results not shown) for both species, we hypadtieethat more N has been
incorporated in stubbles and/or in soil organicterafSOM) in a Lp sward compared to a Fa
sward. The higher tiller density found in Lp swatalerpins this assumption. Differences in
SOM accumulation between species have been repedei@r: Van Eekeren et al. (2010)
found lower SOM and lower soil organic N under aasWof two years oldDactilys
glomeratacompared to Fa and Lp. As root biomass of Faeeted to be higher than that of
Lp, differences in SOM probably originate in leafrtover, which is known to be faster in Lp
than in Fa (Lemairet al, 2009).

Although we expected Fa and Lp to interact podiivceie to their complementary growth

pattern and rooting depth, no transgressive oveiyig (i.e. mixtures more productive than
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the most productive monospecific sward) was foumthe mixtures. The relation between the
DMY and the Fa content was linear (+ 28 kg DMY pepoint FaC), except in the year 2012
where the yield of the mixtures was higher comparedvhat we expected from a linear
model. This is in line with the results of WilmandaGao (1996): in their experiment the
mixture of Fa and Lp had a yield that was in betwéeat of the pure Fa and Lp. The
persistent and consistent transgressive overyiglidiand by Nyfeler et al. (2009) was mainly
explained by the presence of legumes in the mixtfteer than by the interaction of different
grass species. We also found a strong yield effectover in the mixtures: both the DMY as
the NY were higher in the grass-clover trial congolaio the pure grass trial with half of the N

input.

The relation between the DOM and CPC of the mixdwed FaC was also linear: DOM and
CPC of the mixtures could be predicted from th@itanical composition and the DOM and
CPC of the pure swards. The higher DOM for Lp4 cared to Lp2 resulted in a slightly
higher DOM in the mixtures with Lp4 compared to L@®&ving to the high imprecision of the

regression, the relationship between CPC and Fadnganclusive.

Under favourable conditions, yield and quality paeters of the mixtures were in between
the results of the monospecific swards. Under dnbsggess, Fa suffered much less than Lp,

which was reflected in the yield of the mixtures.

In the first year of the experiment, the grass gsemixtures were well balanced, but in the
last year Fa was dominating the mixtures with aisiterO % Fa in the total DMY. The
management in the pure grass trial was more fabteirfor Fa than for Lp according to
Suraultet al, (2006) who found that Fa increased in mixturedenrhigh compared to low N
fertilisation (250 kg N hd versus60 kg N h&) and under infrequent compared to frequent
cutting (every 45 daysersus25 days), which is close to the management intoal: The
effect of the initial proportion and the ploidy die Lp variety on the Fa content in the
mixtures persisted until the final year of the expent. Lp4 was more resistant to the
competition of Fa compared to Lp2. The faster gdbaover and establishment after sowing
of Lp4 compared to Lp2 can explain this differenthe seasonal pattern in the FaC in the
mixtures corresponded with the growth pattern ofhbspecies found by Gillilaneét al.
(2011): The higher DM production per unit of phagtathetic radiation of Fa compared to Lp
under winter-spring climatic conditions resultedairsharp increase of FaC in the first cut of

every year, followed by a decrease of the FaC & gbcond cut due to the higher DM
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production per unit of photosynthetic radiationwtio of Fa compared to Lp under conditions

met in the spring-summer.

Tiller densities of Fa swards or swards composedaomixture of Fa and Lp, were
approximately 40 % lower compared to Lp2 swardssWwards are thus more open than Lp2

swards.

3.4.2 Grass-clover trial

Averaged over three years Fa+Tr yielded 20 % mioa@ Lp2+Tr, which is slightly lower
than the yield gain found in the pure grass tifdlere was no effect of the grass species or
grass species mixture on the clover content irhtr@ested material. This is in contrast with
the findings of Gillilandet al. (2010) who found lower clover content in combioativith Fa

or Lp4 compared to Lp2 averaged over three locatiorireland over a period of three years.
In a trial comparing the effect of different cugjifrequencies and N rates on the yield of tall
fescue mixed with white clover in Scotland, (Frarh@73) compatibility between Fa and Tr
was weak: with a cutting frequency of 6 cuts pearyand an N fertilisation of 161 kg N ha
yr! the clover content declined from 17.2 % in thstfio only 2.5 % in the second year.
Both in our trial as in the trials of Gillilanet al. (2010) the compatibility between Fa and Tr

seemed to be good.

The effect of the Lp content in the seed mixtumaamed significant through the three years
of the trial, but in contrast to the pure grasaltthe effect of the ploidy of the ryegrass on the
Fa content was not significant. The lower N festiion in the grass-clover trial had no
substantial influence on the evolution of Fa cohierthe dry matter yield as in both trials the
evolution of the Fa content was similar. This isagreement with Pontext al. (2007), who
found no difference in response to high N (360 kgaN yr®) or low N (120 kg N ha yr?)
between Fa and Lp.

Although the presence of the highly digestible elomitigated the differences in digestibility
between Fa and Lp, the differences in DOM betweaATIF and Lp2+Tr were comparable
with the differences in the pure grass trial. Ngndicant difference was found in CPC
between the different sward compositions. Overtkinee years, the NY in Fa+Tr was 19 %
higher than in Lp+Tr. As residual soil nitrogen vimsow 30 kg N hd yrin 2011 and below
11 kg N h& yr?! (results not shown), we stick to the same hypdshas formulated in the
pure grass trial. Clover content certainly did mftuence the results: in none of the years Tr
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content differed significantly between the swardhpositions and in 2011 and 2012, Tr was

higher in Lp2+Tr compared to Fa+Tr.

Although the two trials were conducted as differgials, their small area and close vicinity
on a very homogeneous soil and their similar mama&ge, stimulate to comment on some
trends. The presence of the clover in the swardapeosated largely for the lower N

fertilisation in the grass-clover trial. DMY of trevard compositions in the grass-clover trial
were equal or a little higher than the correspogdward compositions in the pure grass trial.
The NY in the grass-clover trial was up to 120 kd&t yr' higher compared to the same
grass sward composition in the same year in the grass trial, with a fertilisation that was

135 kg N h& yr’ lower.

The N fixations we calculated were higher than whkies found by other authors under a
similar management. In a three years trial in tloetiNof Germany Ingwersen (2002) found
average N fixations between 32.6 and 95.4 kg Nyrd in perennial ryegrass - white clover
swards with a mineral N fertilisation of 100 kg B*tunder a cutting management (4 cut)yr
Boller et al. (1987) found values for N fixation between 50 &b kg N hd in perennial
ryegrass white clover mixtures in Switzerland watffertilisation of 120 kg N hhand 5 cuts

per year.

Particularly when expressed in terms of N fixatpmr unit of clover DMY, the values in our
trial were high. We found 67-103 kg N (ton cloveM®)™ compared to 26-36 kg N (ton
clover DMY)* in Boller et al. (1987), 54-60 kg N (ton clover DMY)in Ingwersen (2002) or
31 kg N (ton clover DMYY in the review of Carlsson and Huss-Danell (20@i)mate, soil

and previous crops may explain the differences. sthilein Bolleret al. (1987) had a high soil
organic matter (SOM) content compared to the sbdw experiment (3.4 %Wersusl.4 %

SOM). The small amount of mineralized N from SOMyhtihave boosted the N fixation in

our trial.

The DMY of Fa+Tr was 20 % higher than that of Lp2-6Wer the three years period. This
difference was higher than that found by Gillilagidal. (2010). Over a three years period,
averaged over three locations in Ireland they foued%, 7.8 % and 11.9 % higher dry matter
yield for Fa compared to Lp2 in combination with itghclover and with an annual N
fertilisation of respectively 105 kg N #2210 kg N h& and 420 kg N hHaand a cutting
management of 10 cuts yrThe higher cutting frequency in the trials of lBihd et al.
(2010) may be responsible for lower yield differemchan in our trial. Indeed, Pontisal.
(2007) found that the herbage yield of grass spdie Fa andHolcus lanatud.., that are
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highly productive under a low cutting frequency,swaore reduced under a high cutting
frequency than that of Lp. Furthermore, the higblewver content in the sward with Lp
compared to the sward with Fa in Gillilaatlal. (2010), and the wetter climate in Ireland may

also contribute to this difference.

3.5 Conclusion
Regarding our research hypotheses, we can conakifiglows:

1. We found no higher yield in the species mixturespared to the monospecific
swards. The yield of the mixtures was in betweexnt tii the single species. The effect

of mixing the species was mainly additive withoaspive nor negative interactions.

2. Although the species composition in the mixtures well balanced in the first cuts,
the tall fescue content quickly rose, to dominatemixtures from the second year on.
The effect of the initial proportion of Lp in theed mixture remained significant until
the third year. The results of our trial suggest timder the management we applied,
the proportion of Lp in the seed mixture shouldhigher than 1/4 to obtain an evenly
mixed sward in the mid-long term. The exact praporthowever can not be

recommended based on the results of this study.

3. Contrary to what we expected, tetraploid perennjagrass competed better with Fa

than diploid Lp.

4. The presence of white clover and a lower N fedtlsn did not alter the interaction
between Fa and Lp. The grass DMY continued to beimated by Fa from the third
year on and tetraploid Lp competed better withHaan tdiploid Lp.
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Chapter 4
Performance and quality of tall fescue and ltalian ryegrass
and mixtures of both species grown with or without red

clover under cutting management

Redrafted after: Cougnon M., Van Waes C., BaertPdinsard L. and Reheul D., 2013.
Rendement de mélanges de fétuque élevée et deasy-djltalie avec ou sans trefle violet en
Belgique. In revision after submissionRourragesApril 2013
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4.1 Introduction

Interest in tall fescueHgstuca arundinace&chreb.;Fa) in North-West European conditions
is increasing for two main reasons (Rehetull, 2012). Firstly, the good drought resistance
of Fa compared to other grass species can overdoyngeriods that are believed to become

more frequent due to climate chan@hépter 1).

Secondly, dairy production in western Europe ishaag towards less grazing for different
reasons (Van den Pol-van Dassekiaal, 2008; Van den Pol-van Dasselaar, 2012). A result
of this evolution is that more grass is cut and filesh or preserved as silage or hay. Italian
ryegrass l(olium multiflorumL.; Lm), tall fescue andrestuloliumare the species that are
traditionally recommended for cutting only managetm@&rame, 1992). Lm is praised for its
very easy establishment and its high yield in tearyof sowing. It produces highly nutritious
and digestible forage. Disadvantages of Lm areeltdive lack (depending on the varieties) of
persistency, its susceptibility for crown ruftug¢cinia coronataCorda) and its low drought
resistance. Fa on the other hand establishes slouwtly a low yield in the year of sowing, but
once established Fa is very high yielding, perststnd resists well to abiotic stress like
drought, frost and flooding. Apart from the slowaddishment, the main disadvantages of tall

fescue are the lower palatability and digestibitibmpared to ryegrasseShapter 1).

A consequence of the the lower voluntary intake toedlower digestibility of Fa is that the
higher herbage production of Fa is not necesstalyslated into a higher animal production
(Eastonet al, 1994). In a Dutch study (Luten and Remmelink,4)98&oluntary intake and
milk production of cows fed with cut Fa, perenmgkgrass and Lm were compared for four
years. When fed fresh, mostly a significantly lowatiake and lower milk production was
found for Fa compared to the ryegrassesapter 2). On average, the dry matter intake was
13.7 kg day for Fa and 14.7 kg ddyfor Lm resulting in a milk production of respeatiy
17.3 kg cowtday® and 18.2 kg cotday*. When silage of the different species was fed, the

differences in intake between the species disappear

Altough much breeding work was done to increasggraust resistance, crown rust remains
an important threat for the productivity of Lm sdsiin the late summer (Oerietl al. 1999;
Schubingeret al, 2012; Chavegt al, 2009). Fa is also prone to crown rust infectiowl a
some genotypes are very susceptible, neverthelgsemerally suffers less from rust infection
than the ryegrasses (own observations).
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In the same developmental stage, the dry mattelenbfDMC) of Fa is higher than that of
Lm. At the end of the stem elongation phase, FaahB81C that is on average 2.8 % point
higher than that of diploid Lm (INRA, 1978). Partye to this higher DMC of Fa, the drying
time to reach 33 % DM under controlled circumstanesas found to be shorter for Fa
compared to Lm (Jones and Prickett, 1981): thendrtime needed to reach a DMC of 33 %
for Fa was in all developmental stages around @Béreas the drying time needed to reach a
DMC of 33 % for Lm was between 25 and 80 h depandim the developmental stage. This
high drying rate makes Fa particularly suited fay lor silage making.

It is clear thatFestucasp. andLolium sp. in general and especially the species Fa amd L
have complementary properties. Both can be comlgeeeétically in the form ofestulolium
(Thomaset al, 2003; Humphreyst al, 2012) or either physically by sowing mixturesooth
speciesChapter 1).

Wilman and Gao (1996) compared the yield of monao$peswards of Fa and Lm and of a
mixture of both species in which seed proportioresevequal. Over a 5 years period, the
yields of Fa and Lm were 77.0 t DM "hand 75.1 t DM hé respectively, whereas the
mixture of both species yielded 78.1 t DM™hawhich is a yield gain of hardly 1.5 %
compared to the most productive monospecific swiarthe sowing year, the yield of Fa was
27 % lower than that of Lm. In the fifth year oktexperiment on the other hand, Fa yielded
31 % more than Lm in which the yield was partiathgintained by the invasion of unsown
species. The yield of the mixture was 93 % of tiedyof the Lm monospecific sward in the
year of sowing and 92 % of the yield of the Fa nepazific sward in the last year of the
experiment. Tiller densities of the different smscin the mixture were recorded in the first
three years of the experiment. The proporitionha&f Fa tillers on the total amount of grass
tillers in the mixture increased from 6.4 % in ge&ar of sowing to 17.8 % in the third year of
the experiment. The uneven distribution of bothcggsein the mixture might have precluded
the yield advantage of the mixtures compared tontle@ospecific swards. As both species
were equally represented in the seed mixture, L indially favoured as this species is
developing much faster than Fa after sowing.

Adding a leguminous crop to a mixture of grass msegenerally has a net positive effect on
the performance of the mixture (Nyfeler al, 2009; Luscheet al, 2012). The legimunous
crops that are generally recommended for cuttingagament are lucern&lédicago sativa
L.) and red clover Trifolium pratenseL.; Tp) (Deprez et al, 2004b; Frame, 1992).
Persistence used to be problematic in both spdmiggersistence of the latest varieties of red
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clover has improved substantially. Marsheilal. (2012) compared the yield of twelve red
clover varieties in combination with a companioasy in Wales, UK. In the three production
years of the trial, the clover variety had a sigaifit effect on the yield of the mixture. In the
third production year the most persistent clovarerg had a contribution to the yield of the

mixture that was 2.6 times higher than that ofl&@st persistent variety.

In our study, monospecific swards of Fa and Lm difigrent mixtures of both grass species
were compared. The mixtures differed in the plaadiyhe Lm variety, and the proportion of
Lm seeds in the seed mixture. Moreover, two managértypes were applied: plots were
either fertilised with a high mineral N dose or lwia lower mineral N but sown in

combination with Tp. Yield, botanical compositiondaquality parameters were followed for

three successive years.
Our research hypotheses were that:

1. Mixtures of Lm and Fa are combining the advantaafelsoth species, resulting in a

higher and more stable yield compared to the mamip swards.

2. A small fraction of Lm in the seed mixture offersogl opportunities to obtain a sward

with an even species composition after three years.

3. Mixing Fa with a tetraploid Lm variety offers Faetlbest opportunities to develop

owing to the open growth habit of tetraploid Lm.

4. Adding red clover to the mixture further increasles mixture effect and influences
the interaction between Fa and Lm.

4.2 Materials and Methods

4.2.1 Trial design

The trial was sown on the %0of September 2009 on a sandy loam soil in Meralpek
Belgium. The land had been used for three yearsrable land before the trial was
established. In September 2007, the pH(KCI) was th® carbon content of the soil was 0.6
%. The trial consisted of two adjacent subtrialSpare grass trial” and a ‘grass-clovef
trial. Both trials were randomized complete blodsigns with three replicates; plot size was
7.8m2. In the pure grass trial, monospecific swanfl$-a cv. ‘Castagne’ (Fa), diploid Lm
(Lm2) cv. ‘Melclips’ and tetraploid Italian ryegrass (Lm4y. ‘Melquatro’ were compared
with mixtures of Fa and Lm. Mixtures were creatgdshbstituting 1/4 or 1/8 of the Fa seeds

72



by Lm2 or Lm4 seedsT@ble 4.1). Sowing densities were 1500 germinating seedsmall
cases. Annual fertilisation was 300 kg N*ha0Okg P ha and 270 kg K h& The concept of
the grass-clover trial was identical to the concepthe pure grass trial, but all seeding
densities were supplemented with 600 germinatirgiser? (approximately 12 kg h8 of
the red clover variety ‘Merviot'. Annual fertilisan was 120 kg N h§ 35 kg P hd and 270
kg K ha’. Throughout the text the abbreviations indicatetable 4.1will be used to name
the different sward compositions in the trials.

Table 4.1 Sowing density (number of germinating seés m?) for Festuca arundinaceaFa) diploid and

tetraploid Lolium multifliorum (Lm2, Lm4) and mixtures of both grass species witlor without Trifolium

pratense(Tp).

Sward compositions Tall fescue Diploid Italian ryegrass Tetraploid Italian ryegrass Red clover

Pure grass trial:

Fa 1500 0 0 0
Lm2 0 1500 0 0
Lm4 0 0 1500 0
1/8Lm2 1312 188 0 0
1/8Lm4 1312 0 188 0
1/4Lm2 1125 375 0 0
1/4Lm4 1125 0 375 0
Grass-clover trial:

Fa+Tp 1500 0 0 600
Lm2+Tp 0 1500 0 600
Lm4+Tp 0 0 1500 600
1/8Lm2+Tp 1312 188 0 600
1/8Lm4+Tp 1312 0 188 600
1/4Lm2+Tp 1125 375 0 600
1/4Lm4+Tp 1125 0 375 600

4.2.2 Measurements

Five cuts were harvested per year in 2010, 2011284® {Table 4.2. Harvest protocol,
determination of nutritive quality, botanical congggimn and N fixation were as described in
the ‘Material and Methods’ section diapter 3.

Additionally, after the last cut in 2012, each plothe pure grass trial was scored visually on

a 1-5 scale (where 1=50 % soil cover and 5=80 %cswker) for sward density.
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Meteorological data were obtained from an officradteorological station at approximately 3
km from the experimental sité\fpendix 1). Several dry spells and cold periods occurred
during the experimental period. Details can be tbumthe ‘Material and Methods’ section of

chapter 3.

Table 4.2 Harvesting dates in 2010-2012

Cut 2010 2011 2012

1 22 April 26 April 2 May

2 27 May 30 May 13 June

3 28 June 27 June 23 July

4 9 August 1 August 22 August
5 27 September 29 September 8 October

4.2.3 Data analysis

Same procedures were followed as described in fiéddeand Methods’ section ahapter
3.

4.3 Results
4.3.1 Pure grass trial

4.3.1.1 DM yield

Both species established well during the autumnsamdived well the winter of 2009-2010.
In 2010, the first production year, Fa yielded #igantly less than Lm, due to its low DMY
in the first three cuts. Although Fa yielded sigrahtly more than Lm in the last two cuts of
2010, this was insufficient to compensate for thedr DMY in the first cuts. For the whole
year, Fa yielded 14000 kg DM hagainst 17000 kg DM Hafor Lm2. All of the mixtures
had a higher DMY than the single grass specie®i2they combined both the good DMY
of Lm in the first cuts and that of Fa in the lagb cuts. The highest yield was obtained with
the mixture 1/8Lm4 with a yield of 17572 kg DM h@rable 4.3.

In 2011, Fa yielded slightly more than Lm, but td#ference was not significant. Fa
overyielded Lm2 in the second cut, and Lm2 and limthe fourth and the fifth cut. As in
2010, the highest DMY was again obtained by thetunéx1/8Lm4 with 17926 kg DM Ha
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The three other mixtures yielded less than the $bweelding single grass species (Lm4)

(Table 4.3.

Table 4.3 Dry matter yield (kg ha') for Festuca arundinacea(Fa) diploid and tetraploid Lolium

multiflorum (Lm2, Lm4) and mixtures of both species (indicatedn table 4.1) in 15 successive cuts (C1-
C15) in three successive years (2010-2012).

1/4Lm2 1/4Lm4 1/8Lm2 1/8Lm4 Fa Lm2 Lm4 Sign
2010
c1 3763 3562 3503  3501° 2134° 4370°F 4092
c2 473F 4889 4632  4720°F 3369 4486°  455(0° @+
C3 3718 3985° 3558° 4162 2137 3661° 3775  **
c4 1986° 1937 2216* 2051* 2419 1621° 1787 ¢
C5 3120 3049 3173 3139 3940° 2870° 2743
Subtotal 17317 17427 17082 17572 14000° 17009 16942 **
Relative (Fa=100)123.7 1244 1220 1255 1000 1215 121.0
2011
C6 4906 5566 5058 6031 4294 6880 6585 NS
c7 2178 2348 2251 2477 2865° 2183 2494 *
Cs8 2040 1879 2024 2033 1954 2068 1951 NS
C9 1922  1851™ 2161* 1823 2454 1612°  1711°  wm
C10 5198™ 5342°™ 5132 5561* 5909 4611° 4175 @ **
Subtotal 16238 16985 16626 17926 17476 17354 16915 NS
Relative (Fa = 100) 92.9 97.2 95.1 102.6  100.0 99.3 96.8
2012
Cc11 4438 4459 4187 4682 4291 4385 3985 NS
C12 6375 6315 6030 6360 5837 6194 5927 NS
C13 5130 4961 4853 4846 4675 5145 4842 NS
Cl4 2109 2096 2181 2100 2434 1973 1921 NS
C15 1664 1738" 1768° 1716 2056 1357 1472 =
Subtotal 19716 19569 19018 19703 19294 19054  1846NS
Relative (Fa=100) 102.2  101.4  98.6 102.1  100.0 98.8 95.7
Total 53271 53977 52726 55201 50770 53417 52004 NS
Relative (Fa=100) 104.9  106.3 103.9 108.7 100.0 1052 102.4

A Significance of the anova model with the sevearsixcompositions as fixed factor and the threeicafds as
random factor. (Significance codes: *5:< 0.001, **:p < 0.01, *:p < 0.05, NSp > 0.05.). Values in the same
row not sharing a same superscript are signifigatifferent from each othep(= 0.05, Tukey test).
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In 2012 there were no significant DMY differencedvieeen the mixtures or the monospecific
swards but Fa was yielding 1.2 % more than Lm248do more than Lm4. Fa was yielding
significantly more than Lm in the last cut. Mixtuté8Lm4, the highest yielding mixture in
2010 and 2011, overyielded again the grass montgpewards, but it was slightly
overyielded by the mixture 1/4LmZ#ble 4.3.

Over 15 cuts in the three growing seasons, DMY rbtl differ significantly between the
species or the mixture. Fa had a DMY of 50770 kg Bé#, Lm2 of 53417 kg DM H& and
Lm4 of 52004 kg DM ha, but the highest yield was obtained with the nmigtli/8Lm4 with
55201 kg DM h&. This mixture combined the high yield of Lm in tfiest cuts and the good
yield of Fa in late summer: DMY of the first cut2010 was 85 % of the DMY of Lm4, while
DMY of the final cut in each year was at least 8@fthe yield of pure Fal@ble 4.3. This
resulted in a total DMY that was 8.7 % higher tli&m and 6.1 % higher than Lm4. High
DMYs of Fa in year 2 and 3 could not compensatettier low DMY in the first growing
season, resulting in the lowest DMY for Fa. Inalts, the DMY of Lm4 tended to be lower
than that of Lm2 but in none of the cuts this ddfece was significant. Over all cuts, Lm2
was yielding 2.7 % more than LmZgble 4.3.

The linear model that described the effect of taecéntent in the DMY (FaC) on total DMY
contained a different intercept and a differentdyatic term for each yeaféble 4.4). The
model explained 58 %R{ value) of the variation in DMY between the diffetesward
compositions. The convex shape of the graphs ol 20 2012 irfigure 4.1, suggest that
there was generally a negative effect of mixingard Lm in these years. In 2010 on the other

hand, the graph was concave, suggesting a positeet of the mixturesRigure 4.1).

Three of the fifteen cuts were preceded by a dropghiod. In the third cut of 2010, the
drought did not seem to hamper growth of Lm: Lm weaseryielding Fa. In the second cut of
2011, Fa was the highest yielding sward compositwith a DMY that was significantly
higher than that of Lm2, whereas in 2010 and 20&#&n the second cut was not preceded by
drought, Lm yielded more than Fa. In the fifth ofi2012, the DMY of Fa was 52 % higher
than that of Lm2. But it is not certain that thighrer DMY of Fa can be ascribed to the higher
drought resistance of Fa as in 2010 and 2012, saalga yielding more than Lm in the fifth

cut.
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Table 4.4 Regression coefficients for minimal adegie Ancova models for the dry matter yield (DMY),
digestibility of the organic matter (DOM) and crude protein content (CPC) of mixtures of Festuca
arundinacea(Fa) and Lolium multiflorum (Lm) as a function of the Fa content (FaC) in thedDMY. (Y=
I+a.(FaC)+bh.(FaC)?) (Significance codes: ***p < 0.001, **: p< 0.01, *:p < 0.05, NS;p > 0.05).

Year | a b R2
DMY 2010 17300** /A -0.33%**

2011 17001*+* /A 3.08*10%**  0.58

2012 19105** /A 3.72%1 0%+

DOMC 2010 75.95%* 5GA*10F***  3.43*10
2011 75.26* 5.64*18** -1.70*10%* 0.83
2012 73.72%*  5.G4*I(** 3.43%10 M

CPC® 2010 11.87** 1.40*10** /B
2011 14.57** -1.10*10** /B 0.90
2012 10.5*%*  1.40*10*+* [ °®

A: /:the linear term was not included in the miom adequate model
B: /:the quadratic term was not included intfieimum adequate model
C: regression based on weighted average overtsll cu
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Figure 4.1 Regression of the dry matter yield (DMY)on the Festuca arundinaceacontent in the DMY

(FaC) in mixtures of Fa andLolium multiflorum.
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4.3.1.2 Botanical composition

Although the FaC was increasing over the yearsyas generally lower than the sown
proportion. In 2010, FaC was between 11.1 % inrtiveture 1/4Lm4 and 26.1 % in the
mixture 1/8Lm2 whereas the proportion of Fa seadbése mixtures was 75.0 % and 87.5 %
respectively Table 4.5. Within each year, the FaC was decreasing irfiteethree cuts, and
increased sharply in the last two cuEsg(re 4.2). This pattern is in accordance with the
observations of DMY: In the first cut, the mixturdeshave more like Italian ryegrass whereas
in the later cuts, Fa becomes more dominant. Qheethiree years, the highest Fa proportion
was found in 1/8Lm2. In every year, the effectha initial Fa proportion in the seed mixtures
on FaC was significant: the higher the initial Fagwortion, the higher FaC. In 2010 and 2011,
the effect of ploidy of the Lm variety in the mixés was significant: a higher FaC in
combination with Lm2 compared to Lm4. Over the ¢hyears, both the effects of the initial

proportion of Lm in the seed mixture as the ploadyhe Lm were significanfliable 4.6.

100
|

2010 3 2011 3 2012

80
|

60
|

FaC (%)

1/4Lm2
1/4Lm4
1/8Lm2
! ! 1/8Lm4
T T B T - T T

2 4 6 8 10 12 14

tHid

Figure 4.2 Evolution of theFestuca arundinaceaontent in the dry matter yield (FaC) over 15 cutsn three
successive years (2010-2012) for four different mixes of Festuca arundinacea(Fa) and Lolium

multiflorum (Lm) (indicated in table 4.1).
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Table 4.5Festuca arundinaceaontent in the dry matter yield (FaC) (%), dry matter content (DMC) (%),
digestibility of the organic matter (DOM) (%), crude protein content (CP) (%) and N yield (NY) (kg N &
Y for Festuca arundinacegFa) diploid and tetraploid Lolium multiflorum (Lm2, Lm4) and mixtures of

both species (indicated in table 4.1) in three suessive years (2010-2012). Data are weighted averageer

all cuts.
1/4Lm2 1/4Lm4 1/8Lm2 1/8Lm4 Fa Lm2 Lm4  Sigh
2010
FaC (%) 16y 11.* 26Ff 149 100 O o* *
DMC (%) 19.7 187 207 189 207 185" 174 =
DOM (%) 749 754" 743 749> 738 767 765
CPC (%) 124 119 120 124 133 119 118

NY (kgha) 3363 331.8 3284 347.8 2989 3251 3204 NS
2011

FaC (%) 376 296 554 392 100 O o’ ok
DMC (%) 20.2°  19.8° 214 209> 227 207 18.6 **
DOM (%) 73.0 738 72 729 695 753 756 o+
CPC (%) 149 147 13.9° 139" 138 146 145 =

NY (kg ha') 381.6 383.1 368.7 397.7 376.8 406.0 391.9 NS
2012

FaC (%) 4486 372 644 528 100 O o’ *
DMC (%) 21.f 203" 217 21.F 216 205 188 =+
DOM (%) 71.7 72.5 715 71.6 70.7 737 732 NS
CPC (%) 11.% 109" 11.3 116 120 10.6° 103 *

NY (kgha') 360.8 340.9° 342.9* 364.3 371.7 321.8" 2988 *

A: Significance of the anova model with the sevearsl compositions as fixed factor and the thredicaies as
random factor. (Significance codes: *{5:< 0.001, **:p < 0.01, *:p < 0.05, NSp > 0.05.). Values in the same
row not sharing a same superscript are signifigatifferent from each othep(= 0.05, Tukey test).

# The botanical composition of the monospecificglsavas not taken into account in the statisticalyses.
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Table 4.6 Effect of ploidy and proportion ofLolium multiflorum (Lm) in the initial seed mixture and the

interaction of both factors on the Festuca arundinaceacontent (FaC) in the total DMY of swards sown
with mixtures of both species (indicated in table 4). (Significance codes: ***:p < 0.001, **: p < 0.01, *:p

< 0.05, NS:p> 0.05).

Pure grass trial Grass-clover trial
Year Ploidy Proportion Interaction Ploidy Proportion Interaction
2010 ** o NS * o NS
2011 — — * NS — *
2012 NS * NS NS * NS
2010-2012  *x* ok NS NS * NS

4.3.1.3 Quality

Fa had a higher DMC than Lm in almost every simgie(Figure 4.3. Only in some summer
cuts (e.g. in the  cut of 2010 and 2012), DMC of Lm was higher duectown rust
infection. Over a whole year, Fa had a DMC that atkast 1 % point higher than that of
Lm2 and 3 % point than that of LmZgble 4.5.

DMC (%)

Lm2
Lm4

Fa
1/4Lm2
1/4Lm4

AL

‘ ‘ 1/8Lm2
o ! ! 1/8Lm4
T T = T T T T

2 4 6 8 10 12 14

Cut

Figure 4.3 Evolution of the dry matter content (DMC) over 15 cuts in three successive years (2010-2D12
for diploid or tetraploid Lolium multiflorum (Lm2 or Lm4), Festuca arundinacealFa) and mixtures of
both species (indicated in table 4.1).
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Each year, the DOM was between 3 and 6 % pointsridov Fa compared to LnTéble 4.5;

this difference was significant in 2010 and 201e Treatest differences in DOM between Fa
and Lm were found in the first cut of each yeartha first cut of 2011 the DOM of Fa was 8
% points lower than that of Lm4, in 2012 the difflece was even 11 % points. As the first cut
is very important in terms of DMY, this had a gr@apact on the DOM of the total DMY
(Figure 4.4). In later cuts, the differences were much sma#ded in some summer cuts (for
example the fourth cut in 2010 and third cut in 20he digestibility of Fa was higher than
that of Lm because of flowering stems in Lm whiath mot occur in FaKigure 4.4).

Lm2

Lm4

Fa

1/4Lm2

1/4Lm4
; ‘ 1/8Lm2

2 ! ! 1/8Lm4

T T = T T T T

2 4 6 8 10 12 14

AL

Figure 4.4 Evolution of the digestibility of the oganic matter (DOM) over 15 cuts in three successiwears
(2010-2012) for diploid or tetraploid Lolium multiflorum (Lm2 or Lm4), Festuca arundinaceaFa) and
mixtures of both species (indicated in table 4.1).

In 2010 and 2012, CPC of Fa was significantly higian that of Lm, whereas the inverse
was true in 2011Table 4.5. The CPC of Fa fluctuated less than that of IEgyre 4.5).
Although Fa had a significantly higher CPC in 2009 NY was lower than that of Lm due to
its lower DMY. In 2012, the highest DMY in combirat with the highest CPC of Fa
resulted in a NY that was more than 50 kg N hégher than that of Lm. NY was always
higher than N fertilisation: a NY up to 400 kg N“hwas measured in 2011, whereas N
fertilisation was 300 kg N Aa(Table 4.5.
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DMC, DOM and CPC of the mixtures were intermediatéhat of the monospecific swards.
In the linear model describing the effect of FaGha mixtures on total DOM, both linear as
quadratic effects were significant for each yegahle 4.4. The model explained 83 %R
value) of the variation in DOM between the diffeareward compositions. The convex shape
of the graphs of 2010 and 2012figure 4.6a suggest that there was generally a negative

effect of mixing the Fa and Lm on DOM in these gear

The effect of FaC on CPC contained no significamdyatic effect and was purely linear,

with a different intercept for every yeardgble 4.4 Figure 4.6b). The same positive slope

was found for 2010 and 2012: an increase of Fa@ Who point resulted in an CPC increase
of 0.014 % points. A negative slope was found @t 2 an increase of FaC with 1 % point
resulted in an CPC decrease of 0.011 % points.nideel explained 90 %R value) of the

variation in CPC in the mixtures.

CPC (%)

Lm2

Lm4
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Figure 4.5 Evolution of the crude protein (CPC) cotent over 15 cuts in three successive years (201012)
for diploid or tetraploid Lolium multiflorum (Lm2 or Lm4), Festuca arundinacegFa) and Fa, Lm2 and

mixtures of both species (indicated in table 4.1).
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Figure 4.6 Regression of the digestibility of the rganic matter (DOM) (a) and crude protein content

(CPC) (b) on theFestuca arundinaceaontent (FaC) in mixtures of Fa and_olium multiflorum

4.3.1.4 Tiller density and ground cover

At the end of the trial in October 2012, the tiltensities of Fa, Lm2 and the four mixtures
were on the same level: 3067 tiller fior Fa and 3134 tillers ffor Lm2. The lowest tiller
density was found for Lm4 (1805 tillers@n significantly lower tiller density compared to
1/4Lm2 [Figure 4.7). The number of Fa tillers in the mixtures was sigmificantly lower

compared to the pure Fa swapd<0.201).
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Figure 4.7 Tiller density (October 2012) in swardsof Festuca arundinaceaFa) diploid and tetraploid
Lolium multiflorum (Lm2, Lm4) and mixtures of both species (indicatedn table 4.1). Error bars: £
standard deviation. Bars not sharing a common letteare significantly different from each other (Tukey; p
=0.05)

Although the tiller density of Fa and Lm was on #ane level, the ground cover in Fa and
Lm swards was different. The average scores fourgiaover were 5.0 for Fa, 2.0 for Lm2
and 1.0 for Lm4. The scores for ground cover fer itiixtures were between 4.3 for 1/8Lm2
and 3.0 for 1/4Lm2Rhotograph 4.)).
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Photograph 4.1 General aspect and ground cover ofigloid Lolium multiflorum (Left) and Festuca
arundinacea(Right) after 15 cuts in 3 successive years (2020412). Photographs taken on 8/10/2012.

4.3.2 Grass-clover trial

4.3.2.1 DM Yield

Like in the pure grass trial, Fa+Tp yielded lesantihm+Tp in the year of sowing, due to its
significantly lower DMY in the first two cutsT@ble 4.7. Fa + Tp had a DMY of 15889 kg
DM ha', whereas Lm2+Tp, the highest yielding mixture, aagield of 18749 kg DM Ha
The DMY of the mixtures was intermediate in 2010.
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Table 4.7 Dry matter yield (kg ha') of Festuca arundinacedFa) diploid and tetraploid Lolium multiflorum

(Lm2, Lm4) and mixtures of both species (indicatedn table 4.1) in combination with Trifolium pratense
(Tp) in 15 successive cuts (C1-C15) in three sucse® years (2010-2012).

1/4Lm2 1/4Lm4 1/8Lm2 1/8Lm4 Fa Lm2 Lm4 Sigh.
+Tp

2010
c1 3627 3685 3471 3435% 2695° 4108 3893 *
c2 4018 4710°  4251* 4375 3649 4502 4166* *
C3 3597 4151 3926 = 4147 2837 41894158 NS
C4 2513 2608 2795 2707 2879 2514 2233 NS
C5 3467 3462 3744 3563 3829 3436° 3364° *
Subtotal 17216 18615 18187 18226 15848749 17815 NS
Relative (Fa = 100) 108.4  117.2 1145 1147 100.0 1180 112.1
2011
C6 7399 7092 6239 6558 6151 6300 5899 NS
C7 2873 29727 2825 2657 2409 2961* 3090° *
Cs8 2447 2493 2528 2381° 2268 2728 2522% *
C9 2584 2913 2697 2765 3104 2766 2769 *
C10 4920 5050 5005 5184 5614 4819 4928 NS
Subtotal 20218 20521 19295 19545 1954619573 19207 NS
Relative (Fa = 100) 103.4  105.0  98.7 100.0 100.0 100.1 98.3
2012
Cc11 5051 5484 5527 5616 4904 5517 4981 NS
C12 6555 6642 6727 6894 6519 6344 6704 NS
C13 5098 5497 5369 5375 5174 5532 5443 NS
C14 3358 3481 3431 3407 3717 3567 3252 NS
C15 1744 1863 1824 1782 2358 1504 1594  xx
Subtotal 21805 22967 22879 23074 2267R465 21975 NS
Relative (Fa = 100) 96.2 101.3 1009 101.8 100.0 99.1  96.9
Total 59239 62103 60360 60844 581060787 58997 NS
Relative (Fa=100) 101.9 106.9 103.9 1047 100.0 1046 1015

A: Significance of the anova model with the sevearsl compositions as fixed factor and the thredicaies as
random factor. (Significance codes: *:< 0.001, **:p < 0.01, *:p < 0.05, NS;p > 0.05). Values in the same
row not sharing a same superscript are signifigatifferent from each othep(= 0.05, Tukey test).

In 2011, the mixtures 1/4Lm2+Tp and 1/4Lm4+Tp wdhe highest yielding sward

compositions with yields over 20000 kg DM hawing to their very high yields in the first
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cut (Table 4.7. In 2012, Fa was overyielding Lm; but the higheMY was obtained by the
mixture 1/8Lm4+Tp (23074 kg DM Ha.

Over all cuts in three years, Fa+Tp and 1/4Lm4+Tgrenthe lowest respectively highest
yielding swards with yields of 58106 kg DM hand 60844 kg DM hérespectively. The low
DMY of Fa+Tp in the first two cuts in the year afteowing was not compensated by the
higher DMY later on. The yields in the grass-clotral were between 10 % and 15 % higher
compared to the same grass swards without redrclove

4.3.2.2 Botanical composition

In 2010 and 2012 significant differences were founthe Tp content in the DMY (TpC) of
swards with a single grass species: in 2010 TpEatiTp was more than twice as high as in
Lm2+Tp: 53 %versus25 % respectivelyTable 4.8; in 2012 TpC were 31 %ersusl8 %
respectively. TpC in the swards with two grass Egewas mostly intermediate. Given the
relatively high N fertilisation, the contributionf dp to the DMY was considerable: it
decreased from values between 53 and 24 % inrsteyar of the trial to values between 31
and 17 % in the third year of the trial. There maslear seasonal pattern in the TpC: low in
the first three cuts, sharply increasing afterttiied cut. In Fa+Tp, the TpC was fluctuating
less compared to Lm2+Tp and Lm4+Tiidure 4.8): in 2010 for example, TpC fluctuated
from 7 % in the first cut to 55 % in the fifth cmt Lm2+Tp whereas in Fa+Tp, TpC remained
between 49 % in the first cut and 64 % in the fowt in Fa+Tp.

The contribution of Fa to the total DMY in the mixés of two grass species and clover was
very modest compared to the sown quantity of sbetiveen 12 % and 6 % in the first year,
and between 10 and 24 % in the third y8able 4.8. A significant effect of the proportion
of Fa seeds in the seed mixture on the Fa propomidghe DMY was foundTable 4.9: the
lower the Lm proportion in the seed mixture, thghter the FaC. The effect of the ploidy of
the Lm in the mixture on the FaC was significanR010: on average a 6.5 % points higher

FaC in the mixtures with Lm2 compared to Lm4 (FaC).

Each year, the Fa proportion in the total DMY dases in the first two cuts and increased in
the last two cutsHigure 4.99. The increase in the proportion of Fa in therlatgs was less
sharp in the grass-clover trial because the prapodf Tp generally increased in the last two
cuts. The proportion of Fa in the grass DMY folla@he seasonal pattern similar to that in the
pure grass trialHigure 4.9h).
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Table 4.8 Content ofFestuca arundinacegFa) and Trifolium pratense(Tp) in the dry matter yield (FaC
and TpC), dry matter content (DMC), digestibility of the organic matter (DOM), crude protein content
(CPC) and N yield (NY) for Fa, diploid and tetrapldd Lolium multiflorum (Lm2, Lm4) and mixtures of
both grass species (indicated in table 1) in combkation with Tp in three successive years (2010-2012). Data

are weighted averages over all cuts.

1/4Lm2 1/4Lm4 1/8Lm2 1/8Lm4 Fa Lm2 Lm4  Sign.

+Tp

2010

FaC (%) 6.1 5.1° 124 83 413 o o* ok
TpC (%) 29.9° 30.9° 356 324 5297 259" 242° |
DMC (%) 17.3* 178 179" 174" 168 183 16.8 *
DOM (%) 75.4° 7568 746° 745° 737 763" 76.8
CPC (%) 16.6 159 167 168 195 146 158
NY (kgha') 458.4 4726  485.7 489.1  496.3 438.2 439.9 NS
2011

FaC (%) 7.6 4.6 9.9" 11.6 506 0 o* i
TpC (%) 38.8 420 40.8° 427" 494 408" 39.8F wx
DMC (%) 18.4 17.6 17.6 17.2 175 173 163 NS
DOM (%) 75.6* 75.0 75.0Y 752 727 764 764 v
CPC (%) 17.2 178 182 18.F 197 176" 182t *=
NY (kgha') 555.8 5756 560.7 567.6 600.8 551.3 5587 NS
2012

FaC (%) 9.8 10.4 17.1 23.7 69.5 ¢ 0’ NS
TpC (%) 178 229 229 237 305 180 17.2 =
DMC (%) 17.0 16.9 17.4 16.7 165 182 169 NS
DOM (%) 70.6>™ 717  70.4™ 70.2° 694 717 T71.F =
CPC (%) 15.% 148 152* 165 16,5 13.7° 14.2° *

NY (kgha') 537.6° 5442 5555%' 610.7 600.7 460.68 499.8 *

A: Significance of the anova model with the sevemarsl compositions as fixed factor and the thredicafes as
random factor. (Significance codes: *:< 0.001, **:p < 0.01, *:p < 0.05, NS;p > 0.05). Values in the same
row not sharing a same superscript are signifigatifferent from each othep(= 0.05, Tukey test).

# The botanical composition of the monospecificglgavas not taken into account in the statisticalyses.
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Figure 4.8 Evolution of the Trifolium pratense (TpC) content in the dry matter yield of grass-cleer
mixtures combining red clover with diploid or tetraploid Lolium multiflorum (Lm2 or Lm4) and Festuca

arundinacea(Fa) over 15 cuts in three successive years (202012).
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Figure 4.9 Evolution of theFestuca arundinaceacontent (FaC) in (a) the TOTAL dry matter yield or (b)
the GRASS dry matter yield, over 15 cuts in three iccessive years (2010-2012) for four different gras
mixtures of Festuca arundinaceaand Lolium multiflorum (Lm) with Trifolium pratense(Tp) (indicated in

table 4.1).
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4.3.2.3 Quality

Apart from the year 2010, no significant differesagere found for DMC. The significantly
lower DMC found for Fa+Tp in 2010 can be explairgdthe higher TpC content in Fa+Tp
(Table 4.8, Figure 4.1

Each year, the DOM was significantly lower for F@+dompared to Lm+Tp. The DOM of
Fa+Tp was 2.6, 3.7 and 2.3 % points lower thanD@M of Lm2+Tp in 2010, 2011 and
2012 respectively. The DOM of the mixtures wasrmtediate Table 4.8, Figure 4.1).

The CPC was clearly influenced by the TpC in theXDNh the years 2010 and 2012, when
Fa+Tp had a significantly higher TpC than Lm+Tp,CC®llowed the same patteriigble
4.8). The seasonal pattern found in CH&g(re 4.12 was parallel to that found in TpC: a
decrease in the first two cuts, a sharp rise inldhe seasons and less fluctuation in Fa+Tp

compared to Lm+Tp.

In 2010 and 2011, the highest NYs were obtainett Wia+Tp (496 kg hhand 601 kg Ha
respectively) but differences between the sward posiions were not significanfTéble
4.8). In 2012, Fa+Tp, the sward composition with tighbst CP, and 1/8Lm4+Tp, the sward
composition with the highest DMY, had NYs that wesignificantly higher than these of
Lm2+Tp and Lm4+Tp. NY was intermediate in the otmxtures.
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Figure 4.10 Evolution of the dry matter content (DMC) over 15 cuts in three successive years (2010-2p1
for diploid or tetraploid Lolium multiflorum (Lm2 or Lm4), Festuca arundinacedFa) and mixtures of

both grass species witArifolium pratense(Tp) (indicated in table 4.1).
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Figure 4.11 Evolution of the digestibility of the eganic matter (DOM) over 15 cuts in three successiv
years (2010-2012) for diploid or tetraploidLolium multiflorum (Lm2 or Lm4), Festuca arundinacegFa)

and mixtures of both grass species witfirifolium pratense(Tp) (indicated in table 4.1).
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Figure 4.12 Evolution of the crude protein conten{CPC) over 15 cuts in three successive years (2010-
2012) for diploid or tetraploid Lolium multiflorum (Lm2 or Lm4), Festuca arundinacedFa) and mixtures

of both grass species witfrifolium pratense(Tp) (indicated in table 4.1).

4.3.2.4 N fixation

The red clover N fixation as calculated with thediference method ranged from 293 kg N
ha'yr® for Lm4+Tp in 2010 to 425 kg N Hgr' for 1/8Lm4+Tp in 2012. Over the three
years the highest N fixation was found in Fa+Tplle 4.9: and the lowest in Lm2+Tp, with
N fixations of 1190 kg hdand 937 kg HArespectively.
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Table 4.9 Calculated N-fixation (kg N hd) by Trifolium pratense (Tp) in association with Festuca
arundinacea (Fa), diploid and tetraploid Lolium multiflorum (Lm2, Lm4) and mixtures of both grass

species (indicated in table 4.1) as calculated acding to the N difference method.

Year 1/4Lm2 1/4Lm4 1/8Lm2 1/8Lm4 Fa Lm2 Lm4
+Tp

2010 302.1 320.8 337.3 321.3 377.4 293.1 299.5

2011 354.2 372.5 372.0 349.9 404.0 325.3 346.8

2012 357.1 383.3 392.6 425.9 409.0 318.8 381.2

Total 1013.4 1076.6 11019 1097.1 11909B7.2 1027.5

Relative (Fa =100) 85.1 90.4 92.6 92.2 100.0 78.86.3

4.4 Discussion

Over the 15 cuts, no DMY advantage of Fa comparddt was found in the pure grass trial.

Several factors have contributed to this result.

First, the establishment of Fa was slower thandham. Fa yielded 18 % less than Lm in the
first year. In the study of Willman and Gao (19963, yielded 27 % less than Lm in the year
of sowing. The smaller yield difference found inraiudy is probably due to the autumn
sowing of our trial, while Wilmann and Gao (199@phed spring sowing and considered the
sowing year as the first production year.

Second, the persistence of Lm in the third year al@s/e the expectation: even though the
ground cover by the Lm tillers was fairly low attbnd of the experiment, yield remained on
a high level in the third year. Under practicalcamstances (wheel tracks, less favourable
growing conditions) Lm is expected to be less gtesit.

Third, no severe summer drought occurred duringetkpeerimental period; so Fa could not
take advantage of its better drought resistancepeosa to Lm. In our trial, there was no clear
evidence that Fa was more productive in dry permmsapared to Lm. In the second cut of
2011, which was preceded by a very dry spring, Ba welding more than Lm, whereas in
2010 and 2012 Lm was the more productive speciéseisecond cut. The lower yield of Lm
in 2011 might also result from the very high Lmlgien the first cut. In the fifth cut of 2012,
preceded by a dry September month, Fa overyieldednore than in the previous years, but
this could also be explained by the decreasinggierse of the Lm.
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Although the mixtures seemed to combine the higihdydf Lm in the first cuts after sowing
and the good yield potential of Fa in the late swnrouts, no significant transgressive
overyielding was detected. Again, the very goodddaoons for grass growth during the

experimental period may explain this non-effectnating Fa and Lm.

Even if the mixing of Fa and Lm did not lead torsfggant transgressive overyielding, the

experiment proved that the low yield in the firstsafter installing a pure Fa sward could be
tackled by sowing a mixture of Fa with a small pgn of Lm seeds: mixtures in which 1/8

of Fa seeds were substituted by Lm seeds yieldadynas much as pure Lm swards. The
initial dominance of Lm in the mixtures studied W{lman and Gao (1996) did not prevent
the increase of the abundance of the most persispecies in the mixture leading eventually
to a pure Fa sward. At the end of the trial the benof Fa tillers and the ground cover in our
plots with mixtures were not significantly diffetefrom the pure Fa plots. Lm4 produced
significantly less tillers than Lm2, leaving mongase for the Fa to develop. Particularly the
plots sown with 1/8Lm4 looked like the pure Fa plat the end of the trial. So Lm can be
seen as a cover crop for Fa. Apart from tetrapkaidan ryegrass, the short lived, Westerwold
ryegrass could be an interesting partner to ob&aipure Fa sward without having the

drawback of the low Fa yield in the first cuts.

The effect of the ploidy of the Lm was the inverge what we expected: we found
significantly lower Fa proportions in combinationitiv Lm4 compared to Lm2. In

combination with Lm4, Fa was particularly suppressethe first three cuts, but in the later
cuts, Fa was increasing steeper in combination Wwitid than with Lm2. This means that
once the Lm4 grew less vigorously, the Fa had emosgace to develop, which is in
accordance with the more open sward formed by LomMpared to Lm2. As indicated above,
the highest yield was obtained in mixtures with Lrvhiich indicates that differences in
functional traits like rooting pattern, growth pmati, plant height and crop density are
probably larger between Fa and Lm4 compared to Lexplaining the higher benefit of
mixtures with Lm4. Fa and Lm proved to be completagn early vigour of Lm, good

summer and autumn yield and persistence of Fa.réoged by Huyghet al. (2012) further

research on the right genotypes and sowing desdibie both species might optimize the

advantage created by this functional diversity.

The values found for DMC were in accordance witlhuga found in literature: DMC of Fa
between 1 and 2 % points higher than Lm2 (INRA,8Qbnes and Prickett, 1981) and Lm2
between 1 and 2% points higher than Lm4 (Tabaetcal, 2004). Even tough we used a
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recent Fa variety, the digestibility of Fa was gigantly lower compared to Lm. Particularly

in the first cut of each year the difference betwEa and Lm was important. A higher cutting
regime in spring (e.g. an earlier first cut ancethistead of two spring cuts) could mitigate
this difference in DOM. There was no clear differenn CPC between Fa and Lm: the
observed differences were mostly explained by difiees in DMY, neither was there a clear
indication that the NY for one of both species vgher. For all quality parameters, the
values found in the mixtures were generally intetiae to values found in the monospecific
swards. The convex shape of the regressions oDtBl in function of the FaC in the

mixtures suggested that the DOM of the mixtures geserally lower than expected from a
weighted average of the DOM of the monospecificreaaThis could be explained by the
seasonal pattern both in the DOM and in the FaChafirst cut, when the FaC in the
mixtures was generally high, the DOM of Fa wastieddy low. Whatever the underlying

reason or the magnitude of this negative effect bgythe quality of the forage produced by
the mixtures, evolved in line with the botanicahgmosition of the mixture. The effect of the
FaC in the mixtures on the CPC content was punegal: an increase of FaC with 1 % point
resulted in an CPC increase of 0.014 % points ih02&nd 2012 and resulted in an CPC
decrease of 0.011 % points in 2011. The CPC ointhe¢ure corresponded to the weighted

average values of the monospecific swards

In combination with clover, the yield disadvantagfeFa in the I year after establishment

was on the same level as in the pure grass tind.gfowth of the red clover in the first three
cuts was insufficient to compensate for the slotat@shment of the Fa, resulting in a lower
yield for Fa+Tp over all the cuts. The use of atom& of Fa and Lm supplemented with red

clover was an interesting option to tackle the jo&ld of Fa in the first cuts.

Unlike in the pure grass trial, the contributionF# to the total DMY or to the grass DMY
was not steadily increasing over the years, anairegd on a low level. The Fa proportion in
the grass DMY was below that in the pure grass fiebably the competition from both Lm
and Tp was too strong for Fa to establish well tmdvolve to a pure Fa sward in the long
term. A lower proportion of Lm seeds in the initsded mixture and/or a less persistent Lm

variety may create more opportunities for Fa toobee dominant over time.

Overall, the TpC of the swards was relatively highs well known that clover grows better
when established in former arable land (Bommel@®;720The clover content was higher and
more regular in combination with Fa than with Lrasulting in higher CPC and higher N
yields. Mc Bratney (1984) also found that Fa wagoad companion grass for red clover,
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based on a six years trial in Northern Irelandwhich combinations of different red clover
varieties with each of three companion grasses veemapared. Tall fescue was the
companion grass species with the most regular clowatent in the DMY. In our trial TpC in
the Fa+Tp sward was around 40 % when averagedtbgethree years, which corresponds
with the proportion of legumes needed in a graEgyitmes sward to obtain the largest benefit

of the legumes in the sward (LUscle¢al, 2010).

Our trial was not designed to determine the N fo@tbut a good estimation was possible as
the pure grass trial, the reference in the N diffiee method, was adjacent to the grass-clover
trial. The N fixations we calculated were very high300 kg ha yr?). The values were in the
same range as those found by Depgeal. (2004) or Boller and Nosberger (1987) for red
clover with perennial ryegrass, but they were astiéwice as high as the values obtained with
the equation of Carlsson and Huss-Danell (2003)faMead N fixations between 40 kg N (ton
clover DMY)* for Fa+Tp in 2011 and 100 kg N (ton clover DMYjor Fa+Tp in 2012,
whereas Carlsson and Huss-Danell (2003) calcukteaveraged N fixation of 31 kg N (ton
clover DMY)!. A factor that might have contributed to this s was that the clover
contents found in our trial were close to the 40edel that is generally regarded as the
optimal clover content to maximize the nitrogeratien (Nyfeleret al, 2011). The very low
organic matter content in the soil, resulting invary low soil N availability from

mineralisation is another factor that might hawmstated the N fixation.

The presence of red clover in the mixtures lowetteel DMC of the harvested material
compared to the pure grass trial. This is obviassthe DMC of bolting Tp is around 4 %
point lower compared to Italian ryegrass that stagading (INRA, 1978). The DOM on the
other hand was positively influenced by the presesfahe clover compared to the pure grass
trial. The difference in digestibility between FadaLm in combination with red clover was

decreased to less than 4 % points.

Over the 15 cuts the grass-clover mixtures yielaielgéast 10 % more DM than the pure grass
swards. This higher yield was obtained with 60 %s I8l fertilisation and resulted in a 40 %
higher N yield. In the study of Nyfelat al. (2009), grass-clover mixtures, fertilised with 50
kg N ha' yr?, produced yields comparable to grass monospesifards fertilised with 450

kg N ha yr if the legume proportion was 50 to 70 %.
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4.5 Conclusion

Over a period of three years, Fa did not overyigid Although Fa was more productive than
Lm in the second and third year after sowing, tlmald not compensate for the low yield of
Fa in the first production year. No evidence wamfbthat mixtures of Fa and Lm were more
productive than the highest yielding monospecifiasl. The substitution of a small part of
Fa seeds by Lm seeds is a good strategy to contpefiosdhe low yields of a pure Fa sward
in the first production year. The Lm can be regdrdes a cover crop: its abundance declines
leaving finally a nearly pure Fa sward. Adding otalver to the single grass species or to the
mixtures of Fa and Lm brought a substantial yieddddit with 180 kg N hayr™. In the three
species (Fa+Lm+Tp) mixture the competition of bath and Tp prevented Fa to become

dominant.
Regarding our research hypotheses, we can conttiatle

1. Although every year mixtures of Fa and Lm had tighést yields in the pure grass
trial, we found no significantly higher yield witthe mixtures compared to the
monospecific swards. Mixtures of Fa and Lm combittesl high yield of Lm in the
first cuts after sowing and the good yield potdntiFa in the late summer and

autumn.

2. In all years, the FaC was significantly higherhe mixtures with 1/8 compared to 1/4
of Lm seeds in the initial mixture. A proportion @f8 of Lm seeds in the initial
mixture was sufficient to have a yield on the sdevel as that of pure Lm in the first

cuts after sowing and resulted in a sward thatdeasinated by Fa after three years.

3. Contrary to what we expected, FaC was significahigher in combination with Lm2
compared to Lm4 in 2010 and 2011. Especially infifst cuts of each year, Lm4

suppressed Fa more than Lm 2.

4. Adding Tp to the grass compositions led to a higpdtY and NY with less N
fertilisation compared to the pure grass sward® ifteraction between Fa and Lm
was not altered by the presence of Lm, but the ebitign of both Fa and Tp was too

strong for Fa to establish well after three years.
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Chapter 5
Performance of tall fescue and perennial ryegrass a nd
mixtures of both species grown with white clover un der a

management of mowing the first cut followed by graz ing
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5.1 Introduction

The yield of tall fescueRestuca arundinace&chreb.fFa) was found to be higher than that of
perennial ryegrasd.¢lium perennel.; Lp) under cutting managemerti{apters 2, 3. In
chapter 3, we hypothesized that mixtures of Fa and Lp mifgdd to transgressive
overyielding, but no transgresssive overyieldingsi@und under cutting only management.
As management may influence the interaction betvgpegies, the results found under cutting
management may not be generalized. Hence the hsgistkested in this Chapter was that

transgressive overyielding can occur under a manageof cutting combined with grazing.

Significant management x genotype interactionsteéxiperennial ryegrass varieties (McEvoy
et al, 2010) and it is very likely that such interacBomlso occur between species, meaning
for example that Fa is more productive than Lp uraeutting management, but that this

situation is inconsistent under a grazing managémen

Generally, the yield of grazed grassland is lonanpared to that of cut grassland. Wigts
al. (2010) found a 25 % higher yield for cut compa@drazed perennial ryegrass when both
were defoliated at the same frequency in IrelandniB and Chessnut (1991) found, both
under a 3 weeks as well as under a 4 weeks dibolimterval, a 10 % higher yield for cut
compared to grazed perennial ryegrass in Northeslarid. Trampling damage (Binnie and
Chestnutt, 1991; Phelast al, 2011) and deposition of faeces and urine (Van Blelvan
Dasselaaet al.,2008) are the two main reasons for the lower yoélgrazed compared to cut

grassland.

Gaps in the sward created by hoof trampling, codspdeposition or freezing damage can
easily get colonised by species like dandelidargxacum officinaleF.H.Wigg.), annual
meadow grassPea annual.), greater plantainRlantago majorL.) and docks Rumexsp.)
(Bullock et al, 1995), decreasing the yield potential of the siand the quality of the
harvested herbage. Hence, colonisation by weedespean be seen as an indicator of non-

persistency of a sward.

Lp is the cool season grass species that is bagteito intensive grazing, whereas Fa is the
most robust of all cool season grass species (Frag82). Mixing both grass species might
result in a positive interaction eventually leadinga higher and more stable yield (Huyghe
al., 2012). Research by Wilmann and Gao (1996) sugddbat seed mixtures of Fa and Lp
should be dominated by Fa owing to the higher eadgur of Lp compared to Fa.
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Our research hypotheses were that under a combiaedgement of mowing early spring

growth and grazing:
1. Mixtures of Fa and Lp lead to transgressive ovéuaiyng.

2. A small Lp fraction in the seed mixture offers gogpportunities to obtain a sward

with an even species composition in the mid-lommte

3. Atetraploid Lp variety is less competitive compate a diploid Lp variety and allows

a quicker progression of Fa in the sward.

4. Weed invasion is lower in Fa compared to Lp2 or,lgAling to the better persistence

of Fa.
5.2 Materials and Methods

5.2.1 Trial design

The experimental field was sown on thé"2sf April 2009 on a sandy loam soil in Melle,
Belgium. The land had been used as grazed grasstanaver 10 years before the
establishment of the trial. In March 2009, the exgsgrass sward was killed with a herbicide
(1440 g glyphosate Hy The dead sward was cultivated, ploughed andydtarrowed to
obtain a fine seedbed. One variety of diploid per@ryegrass (Lp2¢v. ‘Plenty’ one variety
of tetraploid perennial ryegrass (Lped. ‘Roy’, two varieties of tall Fescue (Fand Fa) cv.
‘Castagne’ anatv. ‘Callina’ respectively and six mixtures of Fand Lp2 or Lp4 Table 5.1)
were sown. Mixtures were created by substituting 1/8 or 1/16 of the kaseeds by Lp2 or
Lp4 seeds. Plots were sown in a randomized compi&tek design with four blocks;
individual plot size was 49 {7 x 7 m). Pure grass species and grass speci¢sres were
all sown at a density of 1500 viable seeds ithis corresponded to a seed densitgiafa 25

kg ha' for Lp2, 40 kg ha for Fa and 50 kg hafor Lp4. Grass seeds were broadcast sown by
hand and incorporated by harrowing. Afterwards péits were oversown with white clover
cv. ‘Merwi’ at 700 viable seeds ™(circa 5 kg had'). Clover seeds were mixed with sand for
broadcast sowing. Finally, the seedbed was corselidwith a Cambridge roller.

5.2.2 Management

In the year of sowing, the trial was cut a firsteiin mid June and grazed by dairy heifers for
the rest of the season. Stocking rate was regulatedaintain a sward height above 6 cm.
Fertilisation was 100 kg N Han the year of sowing. In the years 2010 till 20dairy cattle
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slurry was injected as soon as the bearing capatitye land was sufficient (end February —
mid March). The average injected dose was 42.5h#dgr™ with an average composition of
4.0 kg N, 0.6 kg P and 3.5 kg K per 1000 | sluegpectively, resulting in a slurry fertilisation
of 170 kg N hayr?, 38.3 kg P hayr® and 149 kg K h&yr™ on average. An additional 150 kg

N ha'yrtas mineral fertiliser was applied in two or threscfions from May till August.

In 2010 and 2011 a first cut was harvested fogsilaaking in May, and the trial was grazed
with dairy heifers for the rest of the season. Tdjected herbage was topped at the end of the

growing season.

The experimental field, lying within a larger pastuhat was continuously stocked, was
fenced after the slurry application in 2012, inerdo restrict the grazing to well defined
periods. This was needed allow the determinatiarpinatter yield (DMY) by cutting.

Table 5.1 Sowing density (number of germinating sels m?) of Festuca arundinacegFay, Fa,) diploid and

tetraploid Lolium perenne(Lp2, Lp4) and mixtures of Fa with Lp2 or Lp4, differing in the proportion

and ploidy of the Lp component in the mixture, grow in association withTrifolium repens(Tr)

Fa Lp Tr

‘Callina’ ‘Castagne’ ‘Plenty’ (2x) ‘Roy’ (4x) ‘Merwr’
Fa 0 1500 0 0 700
Fa 1500 0 0 0 700
Lp2 0 0 1500 0 700
Lp4 0 0 0 1500 700
1/4Lp2 O 1125 375 0 700
1/4Lp4 O 1125 0 375 700
1/8Lp2 O 1312 188 0 700
1/8Lp4 O 1312 0 188 700
1/16Lp2 O 1406 94 0 700
1/16Lp4 O 1406 0 94 700

5.2.3 Measurements

At the end of May 2009, the botanical compositibthe establishing swards was determined
by counting the numbers of Fa, Lp and Tr seedlingsur randomly selected squares of 0.25

m x 0.25 m per plot. No measurements were conduet2d10 and 2011.

In 2012 DMY was recorded at approximately 6 weekkervals during the growing season (21
May, 3 July, 21 August and 2 October). DMY was deiaed by cutting a strip, afirca 3 m

long in the centre of each plot with a reciproagiottade mower with a blade of 1.25 m wide;
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cutting height was 5 cm. Attention was paid to @ata different location in each plot in two
successive cut3.he cut herbage was weighed and the exact lengtaaf cut strip measured.
A subsample was dried for 16 h at 75°C for the meitation of the dry matter content.
Another subsample was separated into the diffespaties: Fa, Lp, Tr and unsown species

(including weeds) and the fresh and dry weightthese fractions were determined.

After each DMY determination, the sward was inteelyi grazed by dairy heifers till a sward
height of approximately 5 cm (a period between 8 &ndays). Grass growth during the
grazing windows was not recorded as we were notvelll by the owner of the animals to

install cages, protecting strips from grazing.

In addition to the weed content in the DMY, thatswietermined on four occasions in 2012,
the abundance of the individual plants of dandetiod greater plantain was determined at the
end of June 2012. These two species were monitasethoth weed species are typical for
grazed pastures and because they were presentplotal of the trial. Their abundance was

determined in the plots LaFa, Lp2, Lp4, 1/4Lp2 and 1/4Lp4. A metal frame measyil x

1 m was dropped at three random spots in eachaptbthe numbers of individual dandelion

and greater plantain plants within the frame wenented.

Meteorological data were obtained from an officreteorological station on the experimental

farm (Appendix 1).

5.2.4 Data analysis

The abundance of Fa and Lp in the establishingdsvaere compared with the proportion in
the seed mixtures using a chi-square tpst 0.05) (Snedecor and Cochran, 1967). Plots for
which the null hypothesis (i.e. seedling distribatiin swards corresponds to distribution

expected from seed mixture) was rejected, wereauderd from the trial.

Analyses of variance (anova) to test the effedhefdifferent grass species and mixtures on
herbage yield, botanical composition and preseiaicot weeds were performed using the
aov()function in R (R core development team, 2011). i@ve@mpositions were considered as
a fixed factor, replications as a random factorlthdle comparison of means was done using
the TukeyHSD(function. Dicot weeds counts were square roossftamed before analysis.
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5.3 Results

5.3.1 Seedling density

The abundance of the seedlings corresponded tprtportions of Fa and Lp in the seed
mixtures in all but four plots. In these four plotee chi square test indicated a significant
deviation from the expected proportion. Hence, él@sts were excluded for analysizaple

5.2). As two of the four 1/8Lp4 plots did not have #nected ratio of Fa and Lp seedlings,

this sward composition was completely excluded ftbmanalysis.

Two months after sowing, the average number ofsgaasl clover seedlings was 597 and
112 mi? respectively Table 5.3. Although the grass seedling densities tenddskthigher in
the Lp plots compared to the Fa plots, no significtifferences were found nor in grass, nor

in clover seedling density.

5.3.2 Dry matter yield

Annual DMY in 2012 varied between 12016 kg DMHar Fa and 10004 kg DM h&for
Lp4. The DMY of the mixtures was between that af ttonstituent species. Differences in

annual DMY were not significanTéble 5.4).

The first cut accounted for more than 50 % of ttaltDMY. Only in the third cut, significant
yield differences appeared: the DMY of the swartBlL.p2 and 1/16Lp2 was significantly
higher than that of Lp4T@ble 5.4).
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Table 5.2 Grass seedling numbers dfestuca arundinacegFa) and Lolium perenne(Lp) in swards sown
with mixtures of both species in association witirrifolium repens (indicated in Table 5.1) measured 2

months after sowing in four squares of 25 cm x 25

Fa Lp Total Chisquare
Block 1 1/4Lp2 125 35 160 0.83°
1/4Lp4 83 32 115 0.4%
1/8Lp2 114 25 139 6.96
1/8Lp4 120 22 142  1.16°
1/16Lp2 173 15 188  0.96°
1/16Lp4 186 15 201  0.50°

Block 2 1/4Lp2 109 24 133 3.43°
1/4Lp4 101 39 140 0.61°
1/8Lp2 121 20 141 0.37°
1/8Lp4 96 24 120 11.22
1/16Lp2 143 11 154 0.21°
1/16Lp4 158 11 169 0.02°

Block 3 1/4Lp2 121 36 157 0.36°
1/4Lp4 94 32 126 0.0F
1/8Lp2 157 26 183  0.49°
1/8Lp4 104 23 127 7.3T
1/16Lp2 144 12 156  0.58°
1/16Lp4 132 10 142 0.18°

Block4 1/4Lp2 99 45 144 3.0¥
1/4Lp4 108 49 157 3.23°
1/8Lp2 117 14 131 0.39°
1/8Lp4 162 25 187 0.13°
1/16Lp2 114 10 124 0.70°
1/16Lp4 102 15 117 15.27

A: Chi-square test to test whether seedling abucelam swards corresponded to abundance expectedsieed
mixtures (Significance codes: **Hh < 0.001, **:p< 0.01, *:p < 0.05, NSp > 0.05).
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Table 5.3 Average seedling number (i) of Festuca arundinacegFa), Lolium perenne(Lp) and Trifolium
repens(Tr) in swards sown with two Fa varieties (Fa Fa,), diploid or tetraploid Lp (Lp2, Lp4) and
mixtures of both species in association witfrifolium repens (indicated in Table 5.1) measured 2 months

after sowing.

Fa Lp Total Tr

1/4Lp2 454 140 594 124
1/4Lp4 386 152 538 131
1/8Lp2 507 89 596 122
1/16Lp2 574 48 622 126
1/16Lp4 599 49 648 112
Fa 587 0 587 112
Fa 509 0 509 90
Lp2 0 606 606 86
Lp4d 0 624 624 102
Significancé NS NS

A: Significance of the anova model with the swanmmpositions as fixed factor and the four replicatss
random factor. (Significance codes: *{§:< 0.001, **:p < 0.01, *:p < 0.05, NSp > 0.05)

Table 5.4 Dry matter yield (kg DM ha?) in grazed swards ofFestuca arundinaceaFa,, Fay), diploid or
tetraploid Lolium perenne(Lp2 and Lp4) and mixtures of both species in ass@tion with Trifolium repens

(indicated in Table 5.1) in four successive cuts i2012.

Cut

1 2 3 4 Total
1/16 Lp2 5450 2899 1607 1478 11433
1/16 Lp4 5919 2390 1427 1604 11334
1/8 Lp2 5962 2500 1715 1584 11761
1/4 Lp2 5855 2581 1345 1418 11199
1/4 Lp4 6112 2220 1336* 1334 11002
Fa, 5761 2938 1404 1913 12016
Fa 5557 2927 148CG" 1339 11302
Lp2 5508 2292 978" 1639 10416
Lp4 6268 1822 713 1202 10004
Significancé NS NS  ** NS NS
Mean 5821 2508 1333 1501 11163

A: Significance of the anova model with the swanmmpositions as fixed factor and the four replicatss
random factor. (Significance codes: *{5:< 0.001, **:p < 0.01, *:p < 0.05, NSp > 0.05) Values in the same
column not sharing a same superscript are significaifferent from each othep( 0.05, Tukey test).
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5.3.3 Botanical composition

In all cuts, the Fa content (FaC) in the DMY diéfdr significantly between the sward
compositions. Based on the annual DMY the FaC veawden 77 % in the mixture 1/16Lp2
and 48 % in the mixture 1/4Lp4dTéble 5.5. In all sward compositions, FaC generally
increased through the season.

Table 5.5 Festuca arundinaceaFa) content (%) in the dry matter yield (DMY) in grazed swards sown

with mixtures of Fa and diploid or tetraploid Lolium perenne(Lp2 and Lp4) in association withTrifolium

repens(indicated in Table 5.1) in four successive cutai2012.

Cut Cut

1 2 3 4 1-4
1/16 Lp2 741 757 846 877 71.7
1/16 Lp4 66.64 76.3 81.7" 747 714
1/8 Lp2 62.8° 61.8 73.9° 70.4* 65.0%
1/4 Lp2 488 529 5558° 575 514
1/4 Lp4 438 494 474 624 417
Significancd  *** *k *kk *x *kk

A: Significance of the anova model with the swanimpositions as fixed factor and the four replicadss
random factor. (Significance codes: *{5:< 0.001, **:p < 0.01, *:p < 0.05, NSp > 0.05) Values in the same
column not sharing a same superscript are significaifferent from each other (p = 0.05, Tukeyt}es

In all swards, the clover contents (TrC) in the DM¥re very low Table 5.6. Clover was
completely absent in the first cut, resulting imr& below 5 % in the total DMY. The highest
TrC were found in the fourth cut: 8 % in combinatiwith Lp4 and only 1 % in combination

with 1/16Lp2. Differences in TrC were never sigecaint Table 5.6.
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Table 5.6 Trifolium repens content (%) in the dry matter yield (DMY) in grazed swards of Festuca
arundinacea(Fa;, Fa), diploid or tetraploid Lolium perenne(Lp2 and Lp4) and mixtures of both species

in association withTrifolium repens(indicated in Table 5.1) in four successive cuta 2012.

Cut Cut

1 2 3 4 14
1/16 Lp2 0O 07 08 10 06
1/16 Lp4 0O 08 18 26 1.2
1/8 Lp2 0O 09 18 25 13
1/4 Lp2 0O 08 30 25 18
1/4 Lp4 0 20 40 32 22
Fa 0O 23 18 27 13
Fa 0O 12 33 38 17
Lp2 0 24 51 63 35

Lp4 0 3 72 84 43
Significancé NS NS NS NS NS

A: significance of the anova model with the swanthpositions as fixed factor and the four replicassandom
factor. (Significance codes: ** < 0.001, **:p < 0.01, *:p < 0.05, NSp > 0.05)

The main weed species in the harvested biomass, wem@der of importance: dandelion,
greater plantain, creeping buttercipaqunculus repenk.) and broad leaved docR{mex

obtusifoliusL.). Particularly in the first cut, the contriboti of weeds to the biomass was
high: between 6 % in Lp4 and 19 % in 1/4Lp4. In eaf the cuts, significant differences in

the weed content were found between the sward csitigoos. Over all cuts, the lowest weed

content was found in FdTable 5.7).

In June 2012, when the abundance of dandelion amatey plantain was determined, the
highest abundance of dandelions (103) mas found in Lp4 and the lowest (15in Fa. In
the swards 1/4Lp2 and 1/4Lp4, the abundance ofemm$ was intermediate: 48 and 81
dandelions i respectively. The effect of sward composition @mdelion abundance was
never significant = 0.174). Neither was the greater plantain abunelg§me 0.302) Table

5.8).
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Table 5.7 Weed content (%) in dry matter yield (DMY) in grazed swards ofFestuca arundinaceaFay,

Fa,), diploid or tetraploid Lolium perenne(Lp2 and Lp4) and mixtures of both species in ass@tion with

Trifolium repens(indicated in Table 5.1) in four successive cuta 2012 .

Cut Cut

1 2 3 4 14
1/16 Lp2 17751 24 31 80
1/16 Lp4 86 6 48 42 6.0
1/8 Lp2 148 28 55 51 6.8
1/4 Lp2 176 6.2 6.9 55 8.1
1/4 Lp4 185 6.7 9 9 111
Fa 122 64 1 23 5.8
Fa 152 64 26 6.2 7.9
Lp2 10.8 2.7 10.1 8.8 8.3
Lp4 6.2 43 11.7 11 85

Significancé NS

NS NS NS NS

A: Significance of the anova model with the swanimpositions as fixed factor and the four replicadss
random factor. (Significance codes: *{§:< 0.001, **:p < 0.01, *:p < 0.05, NSp > 0.05)

Table 5.8 Abundance (i) of dandelion (Taraxacum officinale and greater plantain Plantago majoj

plants in grazed swards ofFestuca arundinacegdFa;, Fay), diploid or tetraploid Lolium perenne(Lp2 and

Lp4) and mixtures of these species in associationittv Trifolium repens (indicated in Table 5.1) in June

2012.

Dandelion Plantain

1/4Lp2 47.6 0.5
1/4ALp4 81.2 0.8
Fa, 14.5 1.8
Fa 40.0 1.2
Lp2 66.6 3.2
Lp4 100.6 15
Significancé NS NS

A: Significance of the anova model with the swanimpositions as fixed factor and the four replicadss
random factor. (Significance codes: *{5:< 0.001, **:p < 0.01, *:p < 0.05, NSp > 0.05)
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5.4 Discussion

Seedling density in ka Fa, Lp2 and Lp4 was very similar, which indicated tthihe
germination energy of the different seed lots wiaslar. It is not clear why the Fa and Lp

seedling abundance in some plots did not corresfmtite expected proportion.

Fa was consistently overyielding Lp2, high coeffid®mf variation however prevented the
difference from being significant.

Only in the third cut, significant yield differercewere found in the different sward
compositions. Higher yields were found for the s¥gasown with the mixtures 1/8Lp2 and
1/16Lp2 compared the swards sown with Lp4. Trangplilamage may explain this lower
yield of Lp4 and its mixtures: June and July 20tewery wet months with 248 mm of rain
compared to 151 mm normallpgpendix 1), resulting in an intensive trampling damage in
the grazing period that followed th&?2ut. Lower tolerance to trampling of Lp4 compated
Lp2 was reported earlier (Frame, 1992). We can aplgculate on the effect of the non-
recording of the grass growth during the grazingdeivs on the DMY results, but we think
that a full record would not have changed ranks.

Three years after the sowing of the trial, FaC sat#k significantly influenced by the initial
Lp proportion in the seed mixture. The Lp propartio the DMY was always higher than the
Lp proportion in the seed mixture. Both speciesenaontributing approximately equally to
the DMY in the swards with 1/4 Lp.

The clover seedling abundance two months after repwias between 86 and 131 seedlings
m? for the swards sown with Lp2 and 1/4Lp4 respetfivAlthough this was below the
target of 150 white clover plantsthree months after sowing set by Frame (1995YHer
successful establishment of perennial ryegrassewthitver swards, the clover was very well
established by the autumn of 2009 (no quantitadsta available), but it declined sharply in
2012. Previous research confirms that it is ditfito maintain white clover content on a high
level in the conditions encountered in this trial.a trial established in 1996 in Schleswig-
Holstein, Germany with a management similar tortteagement in our trial: grazed grass
clover fertilised with 20m3 cattle slurry figr™* and 100 kg mineral N Hgr?, Ingwersen
(2002) measured a TrC of 14.9, 7.0 and 3.9 in da#s/1997-1999 respectively.

A factor that might have contributed to the low TisGhe establishment of the trial in former
grassland. Bommelé (2007) showed that TrC was highgerennial ryegrass-white clover

swards established on former arable land comparéartner grassland. In combination with
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a mineral fertilisation of 100 kg N Hathe TrC averaged over 2002-2004 was 47 % in the
swards on former arable land and 18 % in sward®woner permanent grassland. When the
mineral fertilisation was 300 kg N fiaTrC was 17 % in swards on former permanent arable
land and 6 % in swards on former permanent gragshilliams et al. (2003) however
proved that there were important varietal diffeenin the adaptability of white clover to
grazing and high N fertilisation. They found thatre white clover varieties in sheep grazed
swards, consisting of perennial ryegrass and wdhiteer, continued to deliver a contribution
of 15 % to the DMY after ten years of grazing arithwa fertilisation of 200 kg N hayr ™.

Although Fa swards are reported to have a sigmifigdower tiller density than Lp2 swards
(Chapter 3), these more open swards did not lead to highesion by weed species in our
trial. Both the weed biomass as the abundance miel@n plants were lowest in Fand
highest in 1/4 Lp4 and Lp4 respectively. It is wiatlown, that once Fa has established, it is
very competitive towards other species. The diffees in weed biomass between the species
were not significant due to the high variation fdun weed presence between the plots. The
non-uniform distribution of the dandelion plantsultb partially be explained by the
experimental design that did not allow uniform seaith over the whole experimental area.
Honek et al. (2005) found that 40-60 % of dandelion seed raafisfin the direct
neighbourhood of parent plant. As the original pestsurrounding the experimental plot
contained a lot of dandelions, the outer plotshef trial were expected to be subjected to a
higher dandelion seed rain. Indeed: seven out eftém plots with the highest dandelion

presence were plots adjacent to the original pastur

5.5 Conclusions
Regarding our research hypotheses, we can conakiftglows:
1. No transgressive overyielding was found in the mies$ Fa + Lp.

2. A proportion of 1/4 Lp in the seed mixture led tosward in which Fa and Lp

contributed approximately equally to the dry mattietd, three years after sowing.

3. The Fa content in the swards with tetraploid Lp was significantly higher than in

the swards with diploid Lp.

4. No significant difference in weed abundance nordveentribution to the DMY was

found between the sward compositions.
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Chapter 6
Comparison of NIRS calibration strategies for the b otanical

composition of grass-clover mixtures

Redrafted after: Cougnon M., Van Waes C., DardelAneBaert J. and Reheul D., 2013.
Comparison of near infrared reflectance spectrog@atibration strategies for the botanical
composition of grass-clover mixtures. Publishedrenin Grass and Forage Sciencdoi:
10.111/gls12031.
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6.1 Introduction

In grassland research dealing with mixtures ofeddht forage species, the contribution of the
different species in the yield is often of interdést example in research on sward dynamics of
mixed swards@hapters 3, 4and5). Forage crop breeders, grassland researcheifaianers
have an interest in the competitive ability of specsince in many countries swards are sown
with mixtures of grass and legume species. Impoddferences in the compatibility of white
clover (Trifolium repend..; Tr) and perennial ryegraskdlium perennd..; Lp) genotypes to
grow in association with each other were found €¢Edgha and Schelpers, 1997; Annicchiarico
and Proietti, 2010; Wulfes and Taube, 2010; Wilsagh al, 2003). Also in grass species
mixtures, compatibility differences were found beém varieties. Sugiyama and Nakashima
(1991) found significant differences in relativentgbution of difference tall fescué-¢stuca
arundinacea Schreb.; Fa) varieties growing in association with orchardgra®actylis
glomerata L.; Dg). The availability of a handsome and efficient hoet to assess the
compositon of mixed swards may stimulate breederbréed for a “coexistence between
species”. The incentive is important since mixedasls may take advantage of niche
differentiation and functional biodiversity (Huygkeal, 2012).

Visual estimation of the botanical composition isfast method, but is very subjective.
Separation of a cut sample into the different dtunestts is very precise but is often too labour
intensive for large field experiments or breedimggrammes. NIRS (near infrared reflectance
spectroscopy) can predict the botanical composittbra sample both fast and precise,

provided an equation is available.

NIRS equations are widely used in grass varietyuaw@n trials to assess nutritive quality of
new candidate varieties (Burns, 2012). NIRS equatiare based on calibration samples.
These are samples for which both the NIRS spectdatiae reference values are available.
Reference values are obtained by analysing the lsamajth a reference (laboratory) method
for the parameter for which the equation is buMhemometrics are used to link the
multivariate information in the NIRS spectra toeamce values found for the different

samples (Naes, 2002).

Several equations to predict the botanical comjposdf multi species swards by NIRS have
been developed in the past. These calibrationdbearlassified according to (1) the species
and the number of different species for which thkbcation was built, (2) the magnitude of

the calibration population and its specific use é)dhe calibration strategy used.
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(1) Mostly, equations were built to discriminatevieeen grass and one or more leguminous
species. Discriminations have been made betwegedfis grass and a specific legume, for
example tall fescueersuswhite clover in Petersest al. (1987); between non specified
grassewyersuswhite or red clover in Wachendoet al. (1999) or between functional groups

for example grasseg&rsusleguminous species in Lochetral. (2005a).

Equations which aim to discriminate between diffiérgrass species were built by Colenean
al., (1985) and Chataignet al, (2010).

(2) The objective of the calibration can be to prethe composition of a “closed population”
for example a well defined trial with species mnesl (Surraultet al, 2006) or a “open
population” for example clover content in swardsyuzg in phenological growth stages, in

grass species and in nitrogen fertilization anchatic conditions (Wachendoet al, 1999).

(3) Different strategies can be used to build @bcation according to the way in which the
composition of the samples is determined. The mstwaightforward way to build a calibration
is by separating samples (harvested from multiggecswards) into their different
components, weighing the different species, recamgothe original samples, drying and
grinding the samples and finally recording the $@edCalibration samples obtained in this
way are called “real samples” (Shafiral, 1990; Pitmaret al, 1991, Wachendorét al,
1999; Surraultet al, 2006). An alternative is mixing dried and groucdmponents to
compose a whole new set of samples differing in phaportions of their components.
Samples obtained in this way are called “artifigdgamples” (Pitmaet al, 1991; Colemart
al., 1985; Locheet al, 2005a; Surraulket al, 2006). The plant material used in this strategy
is harvested in swards sown with a single spewbg;h eliminates the labour intensive hand

separation.

An even simpler strategy is to collect the Né$éRectra of dried and ground material of
“botanically pure samples” (i.e. samples taken frewards with a single species) and to use
these spectra to estimate the composition of nesturThis strategy is based on the
assumption that spectra of mixtures can be obtdiyddchearly combining the spectra of the
botanically pure samples. This strategy is calkeudpoint calibration” (Colemaet al, 1990;
Locheret al, 2005a, 2005b).

Pitmanet al. (1991) compared the three strategies mentionedealsguations based on real,
artificial and pure samples were built and validatéth a same, independent set of actual

pasture samples (real samples). Despite the ewteal@dibration statistics of the equations

115



based on the artificial samples, the validationisias were very poor. Using a calibration
based on pure samples improved the results budateln statistics remained poor.
Calibration based on real samples gave the bagdtse¥he comparison between the methods
was not entirely justified, as the numbers of galilon samples and the origins of the material
were not equal in the tested strategies. Up to mon,.explanation is missing why calibrations
based on artificial samples and/or pure samples maostly failing in predicting the

composition of real pasture samples.

In order to disentangle this problem, we repeated domparison made by Pitman al.
(1991) using fully comparable plant material anthg®qual numbers of samples with a fully
comparable botanical composition. The equationsewailidated with the same set of real
samples. On top of this we developed a calibrastoategy, based on adding variation to the
spectra of artificial samples. The rationale fois tfourth strategy was based on our own
observation that spectra of artificial samples aonless spectral variation than spectra of real
samples (Cougnoet al, 2012).

Our research hypothesis was that NIRS calibratim loe used to develop an equation to
predict the botanical composition of mixtures of tascue, perennial ryegrass and white

clover. The questions we wanted to answer were:

1. Which calibration strategy leads to the most rolaagtations resulting in the smallest

prediction errors?

2. What is the prediction error when the best calibrastrategy is applied to the samples

of the trial described inhapter 3?
6.2 Materials and Methods

6.2.1 Plant material

Plant material was collected in the year 2011, frowo trials comparing the yield and
botanical composition of Lp or Fa with Tr or mix¢grof both grass species with Tr. These
trials were described inhapter 3 (cutting only management; referred to in this chagats
trial 1) andchapter 5 (mixed cutting and grazing management; referrenh tiis chapter as
trial 2).

At each cut (5 cuts/year for the trial describedcclmapter 3; first cut of 2011 of the trial
described irchapter 5) a representative sample (150-300 g of fresh nadtef the harvested

material of each plot was separated into the diffeispecies and the fresh weights of the
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species were recorded. After the separation, mast@ontaining two grass species (both Fa
and Lp) were treated differently from mixtures @ning only one grass species. The
separated material from the plots with Fa + Lp whs recomposed. The separated material
from the plots with Fa+Tr or Lp+Tr was not recomgadsbut pooled per species over the
replications resulting in one pure sample for eatthe four species (Fa, Lp2, Lp4 and Tr)
per cut and per trial. Finally all samples weredr{16 h, 75 °C) and ground (Brabender shear

mill) to pass a 1mm sieve.

The origin and the construction of the samplesesgnted irtable 6.1 Each cut in both trials
delivered one pure sample for each of the fourlsisgecies. On top of this we collected 83
separated and recomposed samples with three camdtépecies: 60 samples came from trial
1 (4 mixtures Fa+Lp+Tr x 3 replicates x 5 cutsg thmainder of the samples came from the
spring cut in trial 2. As the botanical compositisithin the plots in trial 2 was expected to be
less homogenous compared to trial 1 due to theirgramanagement, an extra sample was
taken per plot on two of the four blocks in trial & one sample got lost we finally ended

with 23 samples: 4 mixtures x 4 reps + (4 mixtwésreps) - 1.

The plant material described above was used to ammgdifferent calibration strategies.
Finally, we used the best of these four stratewidsuild an equation for the determination of
the botanical composition of the trial describecciapter 3. Over the 15 cuts in the three
successive years, 180 samples containing Fa, L an@re hand sorted for determination of
the botanical composition (3 years x 5 cuts/yedrsward compositions x 3 replicates). We

collected the NIR spectra from all these samples.
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Table 6.1 Number of samples used and their origirC1-C5: first to fifth cut.

Trial 1 Trial 2
Samples were... ClC2 C3 C4 C5 C1 Total
1 grass species
and clover
Fa Separated, pooled perspecies 1 1 1 1 1 6
Lp2 over replicates, dried, ground1 1 1 1 1 1 6
Lp4 1 1 1 1 1 1 6
Tr 1 1 1 1 1 1 6
Total 4 4 4 4 4 4 24
2 grass species
and clover
1/4ALp2+3/4Fa Separated, recomposed, 3 3 3 3 3 6 21
1/4ALp4+3/4Fa dried, ground 3 3 3 3 3 6 21
1/8Lp2+3/8Fa 3 3 3 3 3 °5 20
1/8Lp4+3/8Fa 3 3 3 3 3 6 21
Total 12 12 12 12 12 23 83

& one lost sample
6.2.2 Four calibration sets

Four different sets of calibration samples werdtlwath the available plant materiafFigure

6.1). The first set consisted of the 83 hand separaeidrecomposed samples; these samples
are “real samples’Higure 6.19. As hand separating is the reference methodtermee the
botanical composition, equations should alwaysdielated with real samples. Therefore, the
set of 83 real samples was split in a calibratieinasid a validation set. Half of the samples of
each cut were assigned to the calibration set §d4fpkes) and the remaining 41 samples were

assigned to the validation set.

A second calibration set consisted of artificiaingées Figure 6.1b): for each of the 42 real

samples in the calibration set, an artificial saanwith the same botanical composition was
made, by physically mixing the powders of pure siasn the proportions found in the real
sample. As a result the number of samples anddtanizal composition was identical in both

the real and artificial calibration set.

A third calibration set (again with the same numbérsamples and identical botanical
composition as in the real calibration set) wadtkwy making linear combinations of the

spectra of the pure samples. So this third calimatet had no physical samples but was a set
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of spectra. The spectra were calculated &{@biX p2 j+CXpaj+diX1r)); &, b, G, d, being
the proportion of Fa, Lp2, Lp4 and Tr respectivielythei-th sample of the 42 real samples
and Xeaj Xip2,j Xipsa, X1rj being the spectra of the four pure species injiecut Figure
6.19. We called these linear combinations of spedréficial spectra”.

A fourth calibration set was obtained by addingiateon to the spectra of the artificial
samples Figure 6.1d). The added variation was the difference founavbeh spectra of real
and artificial samples with the same botanical cositppn. Among the spectra of the real
calibration samples, twelve spectra (two from eadhof the first trial and two from the single
cut in the second trial) were chosen randomly adected by subtracting the spectra of the
12 corresponding artificial samples resulting in df#ectra differences. These 12 spectra
differences were added to each of the spectraeod2hdifferent artificial calibration samples,
resulting in 504 (12 x 42) new spectra. This sespdctra was called “artificial spectra with

added variation”.
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Figure 6.1 Calibration strategies for the distincton of 2 species A and B based on: (a) real sampléb)
artificial samples, (c) artificial spectra, (d) artificial spectra with added variation. H=Harvest; S=Separate;
R=Recompose; D=Dry; G=Grind; N=collection of NIR sgctrum; M=Mixing powders in known

proportions; L= Making linear combinations of specta with scalars (a, b); V=Adding variation
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6.2.3 Collection of spectra and calibration

The spectra of the pure species and of the realadifitial samples were collected on the
same day with a Foss NIRSystems 5000 and ISIs@m12software. One quartercup was
scanned per sample. The inverse reflectance (IRY)(Was measured from 1100-2500 nm in
steps of 2 nm, resulting in 700 datapoints per tsper All equations were calculated with
WinISI 1l 1.5 using the partial least square regi@s method. A data pre-treatment was
performed before regression: the first derivativethe spectra was taken (with gap 4 and
smoothing 4) and scatter correction using SNV ¢&ah normal variate) and detrend was
applied (Shenk and Westerhaus, 1993). Principalpcomnt analysis and calculation of
Mahalanobis distance were performed in WinISI (&hemd Westerhaus, 1991).

6.2.4 Linear combinations and adding variation

The linear combinations of the spectra of the botdly pure samples, needed to create the
artificial samples, were calculated in R (R Deveh@nt core team, 2011). The 24 (6 cuts x 4
species) spectra of botanically pure species wagrereed from WinilSI as a 24 x 700 matrix,
which was imported in R using tmead.table()function. This matrix was split in six 700 x 4
matrices, each containing the spectra of Fa, Ljp2, and Tr for one cut). The 42 x 4 matrix
with the proportions of Fa, Lp2, Lp4 and Tr for kaif the 42 real calibration samples was
also imported. Using a loop, each row of the mainth the proportions was multiplied with
the matrix containing the pure spectra of the gppate cut, resulting in a 42 x 700 matrix.

This matrix was exported using theite.table()function and imported in WinlISlI.

The addition of spectral variation to each of thgfieial samples, creating the artificial
spectra with added variation, was also performedRinrA 24 x 700 matrix including the
spectra of the 12 selected real samples and tlweri@sponding artificial samples and the 42
x 700 matrix containing the spectra of the 42 iarif samples were imported in R using the
read.table()function. The 12 spectra of the artificial samplesre subtracted from the 12
corresponding real samples, resulting in a 12 xm@&ix containing the spectral differences
between real and artificial samples. Using a ldbpse 12 spectral differences were added to
each of the 42 spectra of the artificial samplesulting in a 504 (12 x 42) new spectra of
artificial samples with added variation. This 504780 matrix was exported using the

write.table()function.

121



6.2.5 Comparison of the models

For each of the calibration sets, an equationHergrediction of the proportion Fa, Lp and Tr
in the dry matter was built, called eq. 1 till dq(Table 6.2. Standard errors of calibration
(SEC), Standard errors of cross-validation (SECM) the determination coefficient of the
linear regression between the predicted and tleearte values (RSQ) were calculated for the
four equations. The four equations were validatétl e validation set of 41 real samples.
Root mean square error of prediction (RMSEP), biad the ratio of prediction to deviation
(RPD), which is the ratio of the standard deviatainthe reference values to the RMSEP,
were calculated (Shenk and Westerhaus, 1993). &abr @f the spectra of the real calibration
samples, artificial calibration samples and artficalibration spectra, the Neighbourhood H
(NH) value, which is the Mahalanobis distance cfpactrum to its closest neighbour, was
calculated (Shenk and Westerhaus, 1993).

Table 6.2 Calibration sets on which different equabns were based

Equation Calibration set
1 42 real samples
2 42 artificial samples
3 42 artificial spectra
4 504 artificial spectra with added variation

The different calibration strategies were compasédtistically by calculating confidence
intervals for the ratios of the standard errorghefprediction errors (SEP), taking into account
the paired nature of the prediction errors (Fed996; Naeset al, 2002). Confidence
intervals for the ratios of the SEPs obtained il equation based on real samples (eq. 1)
and each of the three other equations were cagzulita confidence interval excluded 1, the
SEPs were different at the 5% significance levell #éhe results obtained with the two

methods were considered as different.

6.3 Results and Discussion

As the calibration strategies used to build eged.,, 2 and eq. 3 were based on an equal
number of calibration points with the same compasjt a direct comparison of these

strategies was appropriate. Both the calibratida ard the validation set contained samples
with a very diverse compositiod §ble 6.3. The validation set used to compare the different
calibration strategies was a subset of our realptesn Hence, the validation set was not

completely independent. The results shown her@@lsevaluable in the closed population of
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samples of the concerned trials. This is not prollc as it was not the aim of this
experiment to present the performance of the aldoms, but merely to compare different
strategies to develop calibrations. The same ppiesi would apply to a larger dataset,
validated with a real, independent dataset (fomgta plant material harvested on a different
site).

Table 6.3 Distribution of the botanical composition(% by dry weight) of the samples in the calibratio

sets and in the common validation set (SD=standarkviation).

Calibration set Validation set
Mean SD Min Max Mean SD Min Max
Fa 49.3 16.9 18.4 89.0 535 15.2 26.5 93.9
Lp 324 118 11.0 60.1 28.2 138 5.7 66.9
Tr 182 11.7 0.0 41.3 18.3 109 0.4 41.1

6.3.1 Real samples vs. artificial samples and artif  icial spectra

The standard errors of calibration (SEC) were higioe the equation based on the real
samples (eq. 1) compared to the calibrations basedrtificial samples (eq. 2) or artificial
spectra (eq. 3)T@able 6.49. The RMSEP on the other hand, was lower for ecprhipared to
eg. 2 and 3 for the three species involved. Fortlihee equations Tr was the species which
was best predicted (the lowest RMSEP, highest RFB)le 6.4, which was no surprise as
the difference in chemical composition between etcand grass is higher than between two
grass species.

Eq. 1 had an RPD higher than 2 for Fa, Lp and direfy. 2 and eq. 3 the RPD was below 2
for the three species. As an RPD of 2 is generaifjarded as the minimum for a suitable
calibration, only eq. 1 was considered as suitablgredict the composition of the validation

set Table 6.4).
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Table 6.4 Calibration and validation statistics offour equations for the prediction of the botanical
composition of forage samples containing-estuca arundinacea(Fa), Lolium perene (Lp) and Trifolium
repens(Tr). SEC: standard error of calibration (%); SECV : standard error of cross-validation (%); RSQ:
R squared value; RMSEP root mean square error of pediction (%); Bias: average difference between the
predicted values and the reference value of the vdhtion samples; RPD: ratio of standard deviation 6

validation samples and RMSEP.

Calibration Validation
SEC RSQ SECV RMSEP Bias RPD
Equation 1 Fa 37 092 6.1 5.4 -1.2 2.8
Lp 50 0.87 7.8 6.1 14 23
Tr 25 095 3.9 2.9 04 38
Equation 2 Fa 36 094 49 15.6 9.1 1.0
Lp 33 094 5.0 15.9 74 09
Tr 14 098 1.9 6.8 07 16

Equation 3 Fa 1.8 098 23 14.3 06 1.1
Lp 18 098 22 21.7 -6.8 0.6
Tr 0.7 099 0.9 13.9 8.0 0.8

Equation 4 Fa 19 098 24 6.0 03 25
Lp 19 098 24 7.7 05 1.8
Tr 0.6 099 0.8 3.5 -0.7 3.1

Confidence intervals for the ratio of the SEPs gt with eq. 1 and eq. 2 were [0.35, 0.60],
[0.41, 0.68] and [0.26, 0.48] for Fa, Lp and Trpedively. For eq. 1 and eq. 3, the
confidence intervals of the ratio of the SEPs wér83, 0.61], [0.26, 0.49] and [0.20, 0.36]
for Fa, Lp and Tr respectively. This means thatsttaedard deviations of the prediction errors
obtained with the calibrations based on artifick@mples or on artificial spectra were
significantly higher for the three species; hertee @équation based on real samples predicted

the botanical compositions of the samples in tHelagon set significantly better.

The different performances of the equations basedrtficial samples and artificial spectra
on one hand and the real samples on the other bamdoe understood from a principal
component analysig-igure 6.2. Two clear trends can be observed. Firstly, tures of the

artificial samples and the artificial spectra alinoserlapped, indicating that the spectral
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information contained in both types of spectra wewy similar. This was confirmed by the
study of the NH distances, the Mahalanobis distape®veen a sample and its closest
neighbour. Averaged over all cuts, the NH valuesvben the artificial samples and the

artificial spectra were almost equakple 6.5.
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Figure 6.2 Scores of spectra of real and artificiasamples and of artificial spectra plotted in theirfirst

three principal components

Table 6.5 Neighbourhood H values (means and stand&deviation) of real samples, artificial samples ath

artificial spectra calculated in their principal components. C1-C5: first to fifth cut.

Trial 1 Trial 2 Mean
C1 c2 C3 C4 C5 C1
Real samples Mean0.096 0.110 0.091 0.086 0.122 0.185 0.126

Stdev 0.061 0.040 0.048 0.041 0.050 0.120 0.086

Artificial samples Mean 0.013 0.011 0.024 0.028 0.074 0.025 0.028
Stdev 0.065 0.007 0.009 0.017 0.060 0.019 0.031

Artificial spectra Mean 0.014 0.010 0.025 0.023 0.072 0.027 0.028
Stdev 0.021 0.008 0.008 0.023 0.052 0.021 0.031

Secondly, the real samples occur in larger, witlands than the artificial samples or artificial

spectra. The mean NH distance was at least twibggador the real samples compared to the
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artificial samples. The standard deviation on the dstances between the points was also
larger for the real samples, except for the fiftih @f the first trial. Averaged over all cuts, the
mean NH distance between the real samples wadifoas higher than the distance between
artificial samples; standard variation was twicdag.

We can conclude that less variation is presertiénspectra of artificial samples and artificial
spectra compared to real samples even though ttamibal composition of both types of
samples was the same. The variation present inah#ation samples is not spanned by the
cloud of artificial samples which may be the reatamthe weak performance of eq. 2. To
prove this hypothesis, we tried to add relevantiatian to the artificial samples, and

compared the performance of the resulting equatittinthe equation based on real samples.

6.3.2 Artificial spectra with added variation

Adding relevant spectral variation to the artificeamples was expected to enhance the
prediction ability of the calibrations based onsitasamples. Indeed, the equation based on the
artificial spectra with added variation (eq. 4) fpoemed well: RMSEPs were on the same
levels as these obtained with the real samplablé 6.4 and the RPD’s were higher than 2
for Fa and Tr. Confidence intervals for the ratfalee standard deviations of the prediction
errors of eq. 1 and eq. 4 were [0.82, 1.39], [0@4] and [0.69, 1.16] for Fa, Lp and Tr
respectively, which means that there was no sigamti difference in the performance of the
equation based on real samples and the equatiead loaisartificial spectra. The values of the
artificial spectra with added variation spanned wmle space filled by the real (validation)

samples in the first three principal componefhigire 6.3).
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Figure 6.3 Scores of the artificial spectra with aded variation (artif. spect. + var.) plotted in thefirst three

principal components of the spectra of the real anthe artificial samples.

From the observations above, we concluded thawvdak performance of eq. 2 and eq. 3 were
based on a lack of variation in the spectra ofaftiéicial samples and artificial spectra. As the
variation in botanical composition in both setsamples was exactly the same, the difference
has to be explained by other spectral variatioginating from factors excluding the botanical
composition. However, the main sources of spestahtion (different cuts, different trials,
ploidy of the perennial ryegrass, drying, grindinggre identical for both sets. The only
source of spectral variation present in the readas and absent in the artificial samples,
was the variation caused by different plots. Asdated above, the pure material from the
plots sown with only one grass species and clowas pooled over the replicates of the same
cut, resulting in one pure sample per cut for egméries. By acting like this we diminished
the labour which was one of the prerequisites ofresearch. We did not expect this to have
any effect on the calibration, as the trials weggywniform, and the variation coefficients for
dry matter yield, crude protein content and didpigly of the organic material were very low
(data not shown). The difference between the mnedltlae artificial samples may find its origin
in the post harvest handling and behaviour of thatpmaterial. Different authors (Lochet

al., 2005a; Coleman et al., 1990) suggest that tiseaedifference in particle size distribution
whether a specific species was ground solely @r mixture, but these effects are believed to
be largely eliminated by the mathematical treatnagmtied on the spectra. Another source of

variation between the real and artificial samplaghinbe due to the interaction of species
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growing together in a mixture compared to specigsvig in a pure stand. A similar
suggestion was made by Surraetlial. (2006), who explained the difference between aedl
artificial samples by stating that the spectrahaigres of grasses growing in pure stands and
mixtures are different. This interaction effectespecially true when one of the species is
clearly dominant. Indeed, there is a clear morpiokd difference between a species growing
in a mixture where it is dominated by another spgcand the same species growing in a pure
stand. Whether the spectra of species growing ne gtands or in mixtures are different,

remains to be proven.

Whatever the reason or origin may be, it is remakahat apparently small differences in

spectral variation in the calibration samples haveige influence on the resulting equations.

One way to increase the spectral variation in thi@cal samples is to harvest pure material
from more plots since apparently a pure sample&goh species in the real samples is needed

to obtain the same amount of variation in the iaréif samples as in the real samples.

Surraultet al. (2006) noticed that broadening a calibration basedartificial samples with
some real samples greatly improved the performaficieir calibration. The strategy we
used to improve the performance of the artificeahples was to increase the variation in the
spectra of the artificial samples by adding theataim present in the spectra between real and
artificial samples with an identical botanical camspion. No new reference values were
added, just differences between spectra. The numbapectra in the fourth calibration
strategy was inflated a lot, but the number ofnexiee values did not change.

6.4 Implications for practise

Although good calibrations for botanical compositieased on botanical pure samples were
described (Locheet al, 2005), our findings suggest there is more adggnta taking time
and effort to use real samples, that represerthallvariables which would affect the NIRS
spectra, rather than creating artificial sampld®e Bbour required to separate samples can be
reduced by following a strategy in which relevapédral variation is added to the available
reference values (Fernandez Pieebal, 2010). By scanning a restricted set of samples fo
example on different days (with different temperatand humidity), the variation due to
different scanning circumstances can be addedltthalreference samples. The variation
present between the spectra of a particular speg®msn as a single species in different
locations or managed under different circumstamc@sother source of variation that may be

added to make a calibration more robust for botmiomposition.
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In some cases the use of a calibration strateggdbas real samples is not possible (e.qg.
because the species for which the calibration it &e very difficult to separate). In that case
a calibration strategy based on botanical pure &smman be used keeping some important

points in mind.

There is not much gain in mixing physically onlyfeav botanically pure samples to obtain

series of artificial samples with a whole rangecompositions. Our results and results of
Locheret al(2005a) and Colemaet al.(1990) and Pitman et al.(1991) indicate that acting
like this merely creates linear combinations ofcsgze of pure samples. It is the spectral
variation in the pure samples that is of the ggataportance and spectral variation can be

added to the spectra using a strategy as presientieid article.

6.5 Application to mixtures of chapter 3

We learned above that best calibration equatiomstiie determination of the botanical
composition are based on real samples that indildbe spectral variation that is present in
the validation set. With this knowledge, we built aquation for the prediction of the
botanical composition of the samples collectedhia trial described ichapter 3. The 15
harvested cuts in the three successive years geder@0 hand sorted samples containing Fa,
Lp and Tr and the corresponding spectra. In eathtlvel samples harvested in block 1 were
attributed to the calibration set, resulting inailration set of 60 samples: 4 samples taken
from every cut. Like this we were sure that all tanes and all cuts were evenly represented
in the calibration. The equation based on thisbecation set was used to predict the botanical
composition of the 120 samples taken in block 2 ar@able 6.6. SEC, RSQ and SECV
were from the same order of magnitude for the thspecies. For the three species, a
significant relationship between the predicted #mel reference values was found, wiA
values of 75 %, 67 % and 84 % respectivélg(re 6.4).
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Table 6.6 Calibration and prediction statistics forthe equation determining the botanical compositiorof
forage samples harvested in the trial described iohapter 3 containing Festuca arundinacegFa), Lolium
perenne(Lp) and Trifolium repens(Tr). SEC: standard error of calibration (%); SECV : standard error of
cross-validation (%); RSQ: R squared value; RMSEP oot mean square error of prediction (%); Bias:
average difference between the predicted values aride reference value of the validation samples; RPD
ratio of standard deviation of validation samples ad RMSEP; Fa: tall fescue; Lp: perennial ryegrass;Tr:

white clover.

Calibration (n=60) Prediction (n=120)
SEC RSQ SECV RMSEP Bias RPD

Fa 3.6 095 7.4 8.0 -0.1 19
Lp 3.7 093 8.7 9.8 11 17
Tr 3.3 090 54 4.2 0.7 24

Reference Fa proportion (%)
Reference Lp proportion (%)

Predicted Fa proportion (%) Predicted Lp proportion (%)
(a) b)

100
1

y=1.6+0.95x R2=0.84 p<0.001

Reference Tr proportion (%)

0 20 40 60 80 100

Predicted Tr proportion (%)
(c)

Figure 6.4 Relationship between predicted proportin of (a) tall fescue (Fa), (b) perennial ryegrasd p)
and (c) white clover (Tr) in 120 forage samples whit equation based on 60 calibration samples and

botanical composition determined by hand sorting.

130



The prediction was better for Tr compared to thesgrspecies. RMSEP was more than twice
as large for Fa and Lp compared to Tr. Only fortiie RPD was above 2, indicating that the

equation was not suited to predict the Fa and bpgntion in the samples.

This better prediction of Tr compared to the gig®scies is obvious. Firstly, the difference in
chemical composition between clover and grassaatgr than between Fa and Lp resulting in
larger spectral differences between Tr and thesgspscies compared to Fa and Lp. Secondly,
sorting the grass species was hard in some cudst avery probable that in some samples,
the Fa and Lp proportion found by hand sorting aea a little bit from the reality.
Particularly in the cuts taken later in the seasdren the grass growth was lower, sorting was
difficult. This was not the case in sorting Tr fragrass: in all cuts it was very easy to separate
clover material from grass material and every sbdample was thoroughly checked for
clover presence. The sorting errors can partiatijan the higher SEC and RMSEP found
for Fa and Lp compared to Tr. The magnitude of #uarce of error is not known for this
trial. The calibration was based solely on samfiles block 1, so possible variation present
between blocks was not included in the calibrat®iven the small size of this trial, and the
very uniform land on which it took place, it is yamprobable that the absence of this source

of variation had a negative influence on the prigalicresults.

These results are in line with the results foundChygtaigneet al. (2010) who built equations
to predict the clover and grass species composiatfionultispecies forage mixtures containing
Tr, Fa, Lp and Dg. An equation based on 3607 aidifiand real samples from two different
harvest years was validated with 80 independehsesaples. They found RMSEPs of 3.3 %,
5.4 %, 9.0 % and 7.3 % for Tr, Fa, Lp and Dg respely. Wachendorgt al. (1999) found an
SEC and SECV of 5.9 % and 6.5 % for the deternonatf white clover content in 183
forage samples originating from different trials.

We can conclude that in trials where determinatibolover content is of importance, labour
can be saved by sorting only a part of the sanfpbes every cut, to build an equation and to
determine botanical composition of the remaindethef samples using the calibration. For
determining the content of individual grass specpediction errors were larger, and the
statistics were suggesting that the calibration wat adequate to predict the Fa and Lp
contents. The results of the equation for Fa andmight be improved by adding more
calibration samples to the equation, but this ieglinore labour and decreases the interest of

building an equation.
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6.6 Conclusion

The performance of equations for the predictiomatanical composition based on atrtificial
samples or artificial spectra was not satisfyingisTweak performance could be explained by
a lack of spectral variation originating from fagt@xcluding the botanical composition in the
artificial samples relative to the real samplesdifdd the variation among artificial and real
samples to the artificial calibration samples abowto obtain a calibration which performed
nearly as good as the calibration based on reablsamBased on this experience, we
recommend a calibration strategy based on diveasd borted samples, rather than making a
lot of artificial samples that contain relativelw spectral information. Adding environmental
variation to the spectra of the calibration sampléswvs obtaining a robust calibration with a

minimum of hand separated samples.
Regarding our research questions, we can conchade t

1. A calibration strategy based on hand sorted samphed contain as much

environmental variation as possible gave the leestlts.

2. When 1/3 of the hand sorted samples fidrapter 3were use to build an equation, Tr
was predicted with an RMSEP below 5 %. For Fa apd the prediction was
unsatisfactory: RMSEP of 8 % and 10 % respectiwaye found.
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Chapter 7
Root depth and biomass of tall fescue compared to

perennial ryegrass

Redrafted after: Cougnon M, Deru J, van EekereBa¢rt J and Reheul D, 2013. Root depth
and biomass of tall fescue vs. perennial ryegilas$ielgaddttir A. and Hopkins A. (ed$he

role of grasslands in a green future — Threats gadspectives in less favoured areas.

Proceedings of the $7symposium of the European Grassland Federatiokursyi, Iceland,
2013:285-287.




7.1 Introduction

Tall fescue Festuca arundinace&chreb.a) has good drought resistance compared to other
grass specieChapter 2). Although the drought resistance of Fa compaocedyégrasses is
explained by the deeper rooting of Fa particularlydeeper soil layersChapter 1),

guantitative data on rooting depth and root biontdggass species are scarce.

Durand and Ghesquiére (2002) measured with a meptiabe that Fa extracted water until
180 cm deep whereas water extraction of Italiagmna®s Lolium multiflorumL.; Lm) was
limited to 80 cm in a deep soil in Lusignan, Frantieey found similar root biomass for Fa
and Lm in the 0-50 cm layer of the soil and in bgplecies the top 0-25 cm horizon contained
approximately 80 % of the root biomass. In anotlesearch in Lusignan, France, Gonzalez-
Dugo et al. (2005) measured root biomass, specific root leagith root length density of Fa
and Lm. Soil cylinders with a length of 25 cm werdracted until 1 m deep. Lm and Fa had
respectively 78 % and 62 % of their root biomasshim first 25 cm layer. The maximum
difference between Lm and Fa was found in the 2%blayer where Fa root biomass
doubled that of Lm. The specific root length on thther hand was markedly different
between the species, with a mean value of 95°damFa and 181 g thfor Lm. This resulted

in a larger estimated root length density for Lni(&m cn®) compared to Fa (5.8 cm &hnin

the first 25 cm of the soil, but in very similarlwas deeper in the soil.

Van Eekereret al. (2010) measured root biomass of Fa and Lp growmg sandy soil in the
south of the Netherlands. Soil cylinders with agkbnof 10 cm were extracted until 30 cm
deep. Fa had the highest root biomass in the 102Goil layer and in the 20-30 cm soil

layer.

From these scarce results it is not clear whetherdeeper rooting of Fa compared to Lp
occurs in all soil types and under different mamaget conditions. We compared the rooting

depth of Fa and Lp in different field trials inclad both species. We hypothesised that:
1. Below 30 cm root biomass is consistently higherfarcompared to Lp

2. Soil type, grassland management and sampling seas®ninfluencing root

biomass of both species
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7.2 Material and Methods

Four yield trials comprising both Fa and diploid iygre sampled for root biomass. Trials
were located on different soil types and conduateder different management regimes
(Table 7.1). Throughout this chapter, the different trialdlwe named by the trial numbers
reported intable 7.1 All trials were complete randomized block desigrith three replicates.
In the Belgian trials located at Melle, MerelbekedaPoperinge the sampled Fa and Lp
varieties were ‘Castagne’ and ‘Plenty’ respectivdiore details on the trials in Merelbeke
and Melle can be found ichapter 3 andchapter 5respectively. In the Dutch trial located in
Helvoirt the Fa and Lp varieties were ‘Barolex’ dBdrgala’ respectively. Using a root auger
(Eijkelkamp, Giesbeek, the Netherlands), soil @dirs with a radius of 4 cm and a height of
15 cm were extracted on six depths (0-15, 15-3648045-60, 60-75, 75-90 cm) in the
Belgian trials (1A, 1B, 1C, 2 and 4). In the Duticials (2A and 2B) soil cylinders with a
radius of 4 cm and a height of 10 cm were extraotedeven depths (0-10, 10-20, 20-30, 30-
40,40-50, 50-60, 60-70 cm). Two samples of eachhdegre pooled per plot. Soil samples
were stocked at -18°C prior to washing. Soil wasivea from unfrozen samples with tap
water on a sieve with mesh width (0.4 mm); no diton was made between dead and living

roots. Finally the roots were dried for 24 h at@5°

Table 7.1 Trial identification, soil type and managment regime.

: . _ . Sampling :
Trial Location Sowing date Soil type dat Management regime
ate
1A Melle (B) April 2009 Sandy 2714/2011 Mowing (1st cut) followed by
B loam 16/10/2011 grazing
C 1/10/2012 350 kg N yf*
"2A  Helvoirt September  Sand 13/5/2011 Cuting (4 cuts  yépr
B (NL) 2007 5/8/2011 300 kg N yi*
S Merelbeke = Sandy @~ Cutting (5 cuts yed)
3 April 2009 Y 15/10/2012 9 vedh
(B) loam 300 kg N yi*
S Poperinge " 'Cutting (5 cuts yed)
4 pering April 2009 Loam 7/11/2012 9 veay
(B) 300 kg N yi

For each individual location and sampling date, ¢ffect of the grass species on the root
biomass at the different depths was tested usimegveay analysis of variance (anova). The
effect of the season (spring vs. autumn or summenhe root biomass below 30 cm was

tested in Melle (trial 1A versus 1B) and Helvoi®A( versus 2B) using two way anova with
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season and species as fixed factors. Statistios pgformed in R using theov() function (R

Development Core Team, 2011).

7.3 Results

7.3.1 Effect of location

The total root biomass (0-90 cm layer in trial8,14; 0-75 cm layer in trial 2) was higher for
Fa compared to Lp in the trials 1A, 3 and 4, whenegathe trials 1B, 1C, 2A and 2B root
biomass of Lp was higheiréble 7.2, Table 7.3 Only in trial 3, a significantly highep(=
0.03) root biomass was found for Fa. Averaged @letrials, 85 % and 92 % of the root
biomass of Fa and Lp respectively was found irOH3® cm soil layer.

The root biomass below 30 cm depth, was signiflgamgher for Fa compared to Lp in the
trials 1C, 3 and 4. In these trials, the root bissaelow 30 cm represented 16 %, 19 % and
20 % for Fa and 8 %, 10 % and 6 % respectivelheftbtal root biomass. When considering
only the samples measured in autumn (trials 1B,2BC 3 and 4), the largest differences were
found in trial 3 and 4, where Fa root biomass vespectively 3.6 and 4.2 times higher than
that of Lp. The smallest differences were foundthe trials 1B and 1C, where Fa root
biomass was respectively 1.5 and 1.6 times higten that of Lp. Averaged over all trials
sampled in autumn, the root biomass below 30 cmesgmted 8 % and 17 % of the total
measured root biomass for Fa and Lp respectively.

7.3.2 Effect of season

Both in trial 1 as in trial 2, measured root bioswaglow 30 cm was lower in spring (1A and
2A) than in summer/autumn (1B and 2Bjigure 7.1). In trial 1, the season effect was
significant < 0.001): the root biomass below 30 cm wasl1.6 aidithes higher in autumn
compared to spring for Fa and Lp respectively. &tfiect of grass speciep € 0.06) and the
interaction between species and seapon (.08) were marginally significant: it seemsed that
Fa had a higher root biomass than Lp and that tieeteof species was smaller in spring
compared to autumn. The interaction between specidsseason was not significant. In trial
2, the season effect was again significgnt(0.04): root biomass below 30 cm was 3.0 and
1.3 times higher in late summer compared to sgdondgra and Lp respectively. The effects of
grass speciep (= 0.18) and the interaction between species and se@s@ not significant(

= 0.12).
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Table 7.2 Root biomass (g dry matter M) of Festuca arundinacegFa) and Lolium perenne(Lp) measured
at 6 depths in the 0-90 cm soil layer measured irasdy loam and loamy soils. (Trial codes indicatedni
table 7.1) (Significance codes: ***p < 0.001, **: p< 0.01, *: p< 0.05, NS;p > 0.05).

Trial 0-15cm 15-30cm  30-45 cm45-60 cm 60-75 cm 75-90 cm 0-90 cm
1A Fa 10823 167.0 47.0 26.9 17.6 10.1 1350.9
Lp 8475 183.3 32.2 14.6 11.0 6.2 1094.8
NS NS NS NS NS NS NS
1B Fa 7633 108.8 48.6 36.5 37.0 37.4 1031.6
Lp 811.7 162.6 39.9 31.6 23.7 13.1 1082.6
NS NS NS NS NS * NS
1C Fa 730.9 142.8 59.5 39.3 37.4 26.1 1036.1
Lp 894.1 118.2 35.1 28.3 13.8 13.8 1103.3
NS NS NS NS * NS NS
3 Fa 841.0 181.0 113.1 55.0 42.4 38.3 1270.8
Lp 509.3 106.5 53.6 13.1 15 1.0 685.0
NS * * * * NS *
4 Fa 7423 71.7 53.1 58.8 45.8 28.5 1000.1
Lp 692.0 62.4 24.4 125 5.2 2.1 798.7
NS NS NS * * kk NS

Table 7.3 Root biomass (g dry matter M) of Festuca arundinacedFa) andLolium perenne(Lp) measured
at seven depths in the 0-70 cm soil layer on a sandoil. (Trial codes indicated in table 7.1) (Sigficance
codes: ***; p< 0.001, **: p< 0.01, *: p< 0.05, NS;p > 0.05).

0-10 10-20 20-30 30-40 40-50 50-60 60-70 0-70

Trial
cm cm cm cm cm cm cm cm
2A Fa 669.1 83.6 42.6 44.7 15.8 11.8 10.0 877.6
Lp 1039.2 911 76.4 63.4 14.6 8.9 5.1 1298.7
NS NS NS NS NS NS NS NS
2B Fa 821.2 195.6 120.5 101.8 42.2 55.1 45.6 0382.
Lp 1263.5 165.6 135.6 55.6 40.2 18.7 7.9 1687.1
NS NS NS NS NS NS NS NS
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Figure 7.1 Root dry matter (DM) biomass ofFestuca arundinacedqFa) andLolium perenne(Lp) measured

below 30 cm soil depth in different trials (trial @des indicated in table 7.1)

7.4 Discussion

The result found for total root biomass, 1121 § averaged over all trials, was in line with
the results found by other authors. Averaged ovpergod of five years on grassland with
different grazing managements and fertilizationsjddk and Hrabe (2003) found an average
grass root biomass of 976 g*in a sandy loam soil in the Czech Republic in @H200 cm
soil layer. Eekereet al. (2010) found root biomasses of 1034 §,ia17 g nf and 135 g i

for the 0-10cm, 10-20cm and 20-30cm layers respalgti These values are averages over
five different grass species and grass specieumstunder a cutting regime on a sandy soil

in the Netherlands.

Except for one location, no consistent differenceshe root biomass over the whole soil
profile between Fa and Lp were found: the roots@mein the upper layer (0-30 cm) of the
soil dominated the root biomass in the total peofihd the root biomass seemed to be similar
for both species. In addition, the presence of mitgmaterial in the upper layers complicated

the washing of the roots resulting in high variaidor root biomass in the upper layer.
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Below 30 cm, root biomass of Fa was consisteniydrighan that of Lp, particularly on the
deep, fertile soils found in Merelbeke and in Popg. The difference in root biomass below
30 cm between the species was least pronouncedeasandy soil in Helvoirt. A part of this
difference could be attributed to differences implng depth: 70 cm in Helvoirt compared to
90 cm in the other trials. The effect of this diffiet sampling depth is expected to be small as

few roots were growing in the pure sand found beféem in Helvoirt.

At the end of the growing season root biomass wagiseh, and the difference between the
species was larger compared to spring. Also froenpifactical point of view, sampling was
easier in autumn compared to spring. The highvgaiér content in spring made it difficult to

extract the deepest soil cores.

The results did not allow to draw conclusions oer #ffect of management (grazing or
cutting) on the root biomass: the locations diffeb®th in soil as in management. The largest
differences between Fa and Lp however were obseovedood soils under an intensive

cutting management.

No distinction was made between living and deadstodlthough most of the roots remaining
on the sieve were living roots, it is not excludledt presence of dead root material biased the
results: the breakdown of the coarser Fa roots intighslower than that of the fine Lp roots,

resulting in a higher proportion of dead roots nueed in Fa compared to Lp.

7.5 Conclusions

Regarding our research hypotheses, we can conttiatle

1. When measured in autumn or late summer, root bisrohga below 30 cm was
consistently higher compared to Lp. Fa root biomaas between 1.47 and 4.2
times higher than Lp root biomass. The root bionetsw 30 cm represented 8 %

and 17 % of the total root biomass for Fa and Igpeetively.

2. Root biomass was higher in late summer/autumn coedp@ spring. The highest
difference in root biomass between Fa and Lp wasdan autumn, on a sandy
loam soil under intensive cutting management. Dkt difference was found on

a sandy soil under intensive cutting management.
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Chapter 8
Factors influencing preference of tall fescue genot  ypes for
grazing sheep

Adapted from: Cougnon M., De Koker J., Fievez \d &eheul D., 2013. Factors influencing
animal preference of tall fescue genotypes. Acckptebe published in “Quantitative traits
breeding for multifunctional grasslands and tufPtoceedings of the 80meeting of the
EUCARPIA Fodder Crops and Amenity Grasses Section.
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8.1 Introduction

The low voluntary intake and digestibility of td#scue Festuca arundinace&chreb.; Fa)
compared to ryegrassedso{ium sp) are limiting the use of Fa in grassland basediycbon
systems found in North-West Européh@pter 2). Particularly under grazing or when fed
fresh, Fa voluntary intake is suboptimal. The ietak ensiled or hayed Fa is better than that
of fresh Fa (Luten and Remmelink, 1984; Opitz vab&feldet al, 2004), probably because
ensiling decreases the leaf harshness of Fa (Perabal, 2011). As soft leaved genotypes
proved to have a higher animal preference in trst (@illet and Jadas-Hecart, 1965; Jadas-
Hecart, 1982; Rognkt al, 2010), the softness of the leaf blades, detemnioyetouching the
plants, is used in breeding to select genotypeh witigher preference. Scoring for leaf
softness is highly subjective and demands a leixperience. Moreover leaf softness is a very
complex trait influenced by e.g. leaf dimensiond pfant architecture. Repeatable, stable and
guantifiable methods producing results matchinghvahimal preference may advance the

breeding of varieties with improved animal prefe®n

Total grass intake by ruminants is influenced b+ gnd post-ingestion factors. Pre-ingestion
factors influence the short term intake of grasaniauthors called this short term intake
“palatability” (Tava et al, 1995; Aderibigbeet al, 1982; Kendal and Sherwood, 1975;
Buckner and Burrus, 1962; Buckner and Fergus, 1®&@erseret al, 1958). Palatability
however is subject to various interpretations, banconfounded with preference and is
therefore not a recommended term (Alletnal, 2011). Examples of factors affecting short
term intake are leaf blade length and sward heiBhtre et al, 2006). Once the rumen of
ruminants is filled, the retention time of the gralmits the further intake of grass.
Digestibility and shear strength of grasses arengas of factors influencing post-ingestion
intake (Inouéet al, 1994a). The term “preference” is a measure aitiked intake of different
forages, where access to forage is unrestrictelér{&t al, 2011). Preference integrates the
effects of both pre-and post-ingestive factorstmnintake; it describes an animal’s response
but makes no assumptions about mechanisms detegrie response (Hodgson, 1979).

The early work of Buckner and Burrus (1962) and e and Fergus (1960) showed that it
was possible to improve intake and quality of Faulgh breeding. The progress in the intake
and quality of Fa varieties developed in Francehwdifferent breeding strategies was
guantified by Emileet al. (1992, 1997). they compared the varieties ‘Lulefeth variety

selected for softer leaves and improved intake ‘@takine’, a reference variety. In a three

years grazing trial comparing both varieties, cgnazing ‘Lubrette’ produced on average 11
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% more milk than cows grazing ‘Clarine’ (Emig al, 1992). Averaged over different trials,
the DOM was 5 % points higher in ‘Lubrette’ compmhreto ‘Clarine’.
The most straightforward method to improve intaké-a is to use grazing ruminants in the
breeding process (Petersen al, 1958; Jadas-Hecart, 1982). Preference of theedraz
varieties (or genotypes) is determined by subjecsisoring, by observing grazing time of the
animals or by dry matter yield determination befarel after grazing (so called difference-
method). This last method is from a theoreticahpoif view the method that gives the best
idea about preference, but it is often subjectey \igh coefficients of variation (Petersen
al., 1958; Shewmakeet al, 1997). Jadas-Hecart (1982) found correlation faoehts (r)
between 65 % and 92 % for correlation between pate scoring on a 0-10 scale and the
difference method in a trial comparing the prefeeeaf 15 Fa varieties grazed by sheep on 6

occasions in two successive years.

The use of a so called “through cafeteria” (Gi#étal, 1983), in which cut grass of different
varieties (or genotypes) is presented to sheepwalto quantify the preference of different
varieties very precisely. A practical advantagethed use of a cafeteria trial compared to a
grazing trial is that the DMY of the compared gepais/varieties can be determined first. A
drawback of the use of the cafeteria trials comgphaoegrazing trials is that the effect of the

canopy/sward structure on the preference of tHerdiiit genotypes is eliminated.

For practical reasons most preference trials haes Iperformed with sheep; there is however
limited evidence that cattle and sheep have theegamference. In a study comparing the
preference by sheep, goats and steers among haighdftall fescue varieties (Burret al,

2001) preference between the different animalssiagar.

Animal trials are not easy to manage and have ar&peatability as the preference of the
animals is difficult to quantify exactly. For thesmasons, both breeders and researchers have
been looking for (quantifiable) methods that catel well with grazing preference by

animals.

Leaf softness, as determined by touching plantsa@rds, was found to correlate well with
preference: in a two years trial Jadas-Hecart (L&82d correlation coefficients close to 50
%. In soft leaved varieties of tall fescue, silinideeth prevalent on the borders of the leaves
were reduced to bulb like structures (Rogrtlal, 2010). The presence of silicified dentations
on leaf margins in cocksfooDéctilys glomeratawas found to be a dominant character (Van
Dijk, 1964), and it is likely that also in tall fege this is the case. Silicified teeth are only one
aspect of leaf softness in tall fescue: the higippreciated and soft leaved Italian ryegrass
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(Lolium multiflorum) also has silicified teeth on its leaf margins fowbservations). Breeders
observed that in elite material, the correlatioiwaen leaf softness and animal preference is
decreasing (Rognkt al, 2010). Suteet al. (2009) found that in tall fescue variety trialset
varieties with the highest digestibility were necessarily those with the softest leaves.

Grass leaf mechanical properties, tear and sheangth, have been related to animal
production since a long time (Evans, 1967; Kneebal®60). The hypothesis is that
mechanical properties reflect the ease with whiehforage can be ingested by the animal,
and can be reduced to a particle size that fagtpassage through the rumen (Mackinebn
al., 1988; Henryet al, 1997). Sclerenchyma, the main load bearing compoim grass leaf
blades (Vincent, 1982), is mainly made out of deBe, hence tensile strength of the leaves is
a good measure for fibre content and influenceeadtigility. Mackinnoret al. (1988) selected
perennial ryegrass for low and high shear strenfiie. low shear strength population had a
leaf shear force that wasrca 41 % lower than that of the population with thghishear
strength. Inouét al. (1994a) estimated that the masticatory load talkorown the leaves to
particles smaller than 1 mm was 27 % lower in thpypation with the low shear strength, but
no significant differences were found in the rateparticle breakdown, voluntary intake or
animal performance in a trial where sheep werewigd grass of the two populations (Inoué
et al, 1994b).

Methods used to measure the mechanical propeftigsass differ a lot between studies and
often have been copied or were adopted from fodtboe industry. Eastoet al. (1989) and
Inouéet al. (1994a) measured shear force with a Warner-Bragstiear machine developed
for assessing tenderness of meat. Brydrdl. (2008) developed a punch and die apparatus
that allowed to measure the shear force of a greaiber of leaves simultaneously. Heety

al. (1997) point that shear strength measurementsgfapplied perpendicularly on leaf
length direction) are superior in rapidity and ragability of measurements compared to tear
strength (force applied in leaf length directiongasurements in which the clamping of the

leaves often leads to breaking at the clamp.

Macadam and Mayland (2003) studied the relationshipaf strength to cattle preference in
eight Fa varieties. Shear strength was found todgatively correlated with preference. A
weakness of this study was that leaf mechanicgbgaties and animal preference were not
tested simultaneously: animal preferences used dyablam and Maylanet al. (2003) were
derived from Shewmaket al. (1997). Moreover, part of the measurements waeeed on
single clones grown in a growth chamber.
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Morphological characteristics of grass leaves dred 9ward canopy structure influence the
ease with which grass can be grazed. Daily herbagke of the grazing ruminants closely
reflects the weight of the material harvested pier. In studies with sheep in grazing cages on
grass swards with different heights and densiBeslinsonet al. (1991) found that mean bite

weight was positively correlated to surface heigklso in grazed perennial ryegrass, leaf
blade length explained most of the variation presenshort term intake rates between

different varieties: the longest varieties hadlitghest intake rate (Bared al, 2006).

Chemical composition has an important influenceirdake. Generally, it is accepted that
fiber content and digestibility are negatively a@vated with preference and intake (Bagte
al., 2006; Macadam and Mayland, 2003; Easl, 2005; Wilmanret al, 1996). Evidence for
this relation however is scarce for tall fescuerdbwer, in elite material of perennial ryegrass
the correlation between digestibility, intake amihaal performance was found to be low (Tas
et al, 2005; Orret al, 2003). Taset al. (2005) found that the progress in dry matter
digestibility (DMD) and, water soluble carbohydraf@/SC) concentration and neutral
detergent fibre (NDF) content in Lp varieties dat fead to a significantly higher DM intake
nor milk production in dairy cows fed with cut gsadn a study of Oret al. (2003) sheep
intake of different perennial ryegrass varietieswat correlated with green leaf mass, tiller
density, or WSC concentration. A significant caatiEn between intake and digestibility was

found in only one of the two experimental years.

Mayland et al. (2000) found a significant positive relation beéne non-structural
carbohydrate content and cattle grazing prefereamegght tall fescue varieties. In an Italian
study relating differences of primary metabolitesFa varieties to animal preference, water
soluble carbohydrate content was highly relatepréderence (Tavat al, 1995). A weakness
of this study was that the animal preferences efdifferent varieties were not tested in this

study, but were estimated from leaf flexibility.

Also secondary metabolites, were related to praterend animal intake of forages. Kendall
and Sherwood (1975) found a negative correlatiotwéen preference of meadow voles
(Microtus pennsylvanicysand alkaloid levels in reed canarygrass. Relatign between

volatile components content and animal intake waggssted in perennial ryegrass
(Aderibigbeet al, 1982) and tall fescue (Taw al, 1995), but clear evidence is lacking.
Scehovic (1986) on the other hand proved in a eaéettrial with sheep that volatile

components of Fa had a repellent action. Tall fegaice was sprayed on cut Italian ryegrass,
and the other way around. The sheep preferenceeoltdlian ryegrass, sprayed with the Fa
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juice, was clearly decreased compared to an Italiagrass control, whereas the effect of the

Italian ryegrass juice on the Fa preference wagsaeu

None of the above mentioned factors alone couldigréhe preference of grazing animals.
Whereas most of the studies focused on the rekdtiprbetween Fa preference and one factor,
the aim of our trial was to compare preference wilifferent quantifiable factors
simultaneously. Only factors that could be eassgessed in a breeding programme were

included.
Our research hypotheses were that:
1. Sheep can be used to distinguish between clonéa of a consistent way.

2. Grazing preference is positively correlated withflblade length, pre-grazing sward
height and DOM and negatively correlated with lbafshness, leaf shear strength,
leaf shear force and dry matter content.

3. Rabbits and sheep have a similar preference.
8.2 Material and Methods

8.2.1 Trial establishment

A grazing trial was established in March 2011 csaady loam soil at the experimental farm

of Ghent University in Melle, Belgium.

The plant material for this trial was selected icl@aal nursery of the Fa breeding programme
(Chapter 10). The nursery contained 423 clones originatindnbbaim ecotypes and varieties.
This clonal nursery was planted in the autumn &2@er clone ten plants were planted with
a space of 0.5 m between and within the rows. Tdirout the year 2010 the clones were
scored for rust resistance, (re)heading, leaf mmsh and vigour. In the autumn of 2010,
sixteen clones with good rust resistance were tdor the establishment of the grazing trial
(Table 8.1). Attention was paid to select clones with coritrsmorphogenetic traits: broad
versusfine leaves, dark greeversuslight green leaves, softersushard leaves. The plants
were dug out in the spring of 2011 and divided iatdeast 240 ramets of 3-5 tillers per

selected clone.

The plots were planted with the ramets of a sinfp@e spaced 0.20 m between and within
the rows, resulting in plots of 1.2 x 2.0 m withngé&cally identical plants. The trial was
planted as a randomized complete block design feitin replicates. Between blocks, and
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between blocks and fences, 2 m wide corridors \weven with an amenity type of tall fescue
(4 g m?). In the establishment year 2011, plots were meisce every month during the
growing season with a lawn mower at a height ofmb Eertilization in 2011 was 50 kg N 'ha
1 425 kg K hd and 21.5 kg P ha The plots were kept free of weeds using herbiide
(clopyralid + MCPA + fluroxypyr). No measurementen performed in the year 2011.
Adjacent to the trial, a tall fescue pasture wdal#dished. Half of this area was sown with the

variety Callina, the other half with the varietystagne. Rhotograph 8.1

Photograph 8.1 View of the trial plots. (April 2013

In addition, 12 ramets of each of the 16 clonesewsanted in a spaced plants trial with four
blocks. In each block, three ramets of each oflthelones were planted randomly with 0.5 m
between and within the rows. To prevent weeds énlilocks, plants were planted upon root
cloth. Between the blocks, and between the blocksthe fence, 2 m wide corridors were
sown with an amenity type of tall fescue (4 §)niThe spaced plants trial was fenced to allow

grazing by rabbitsRhotograph 8.2.
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Table 8.1 Origin and characteristics of tall fescueclones selected for grazing trial. Meaning of thecores: Rust susceptibility: 0 no rust-5 very suspéble; Re-

heading: 0: no reheading, h little reheading, H fulreheading. Leaf harshness: 1:very soft and flexie leaves, 5 very hard and harsh leave blades

Clone Type Variety/Origin Rust susceptbility Re-headingeaf harshness Remarks

1 Ecotype Ihringen, Germany0 H 4.5 Very broad leaves

2 Variety Barolex 0 0 2.2 Fine leaves, light greetour

3 Variety Barolex 0 0 2.0 Fine leaves

4 Variety Lekora 0 H 2.75

5 Variety Barolex 1 H 2.0

6 Variety Elodie 0 0 1.75 Light green colour, shiny

7 Variety Barolex 0 0 15 Very fine, short leaves

8 Variety Barolex 0 0 15 Fine leaves

9 Variety Barolex 0 0 2.25 Erect growth habitus

10 Variety Barolex 0 0 1.25

11 Variety Barolex 0 0 15 Very fine leaves

12 Ecotype Hamme, Belgium 1 0 3.0 Erect growth taabbroad leaves
13 Ecotype Melle, Belgium 0 0 2.5

14 Ecotype Melle, Belgium 0 0 2.3

15 Ecotype Drongen, Belgium 0 0 4 Erect growth tushiharsh leaves
16 Ecotype Oppem, Belgium 0 H 4 Short, broad leadak green colour
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Photograph 8.2 View of the spaced plants trial graed by rabbits (July 2012)

8.2.2 Measurements

Between April and September 2012 morphologicalaldes, quality variables and grazing
preference by sheep were measured in 4 experimaarialds (23 April, 9 July, 13 August, 28
September). On each occasion pre-grazing swardhthéegf blade length, leaf blade width,
leaf blade shear force, leaf blade shear strengthleaf harshness were measured. These

measurements took place the day before sheep Waned to graze the trial.

Pre-grazing sward height was measured with a tpfhlate meter on four randomly selected
spots per plot (Bransbst al, 1977). The plate measured 20 cm x 20 cm and veaierof 1
mm thick aluminium. In the middle of the plate, th@vas a hole with a diameter of 1 cm. To
measure sward height, the plate was laid gentlthersward, and a plastic ruler through the
hole indicated the distance between the plate laadriound.

Ten well developed tillers per clone were harvesattlomly from the four plots the day

before grazing started. Leaf blade length, leafl®laidth and leaf blade shear strength were
measured on the youngest adult leaf of each tillee leaf blades were clipped with scissors
at the collar and the length from the ligule to tipewas measured using a ruler. Leaf blade
width was measured with vernier callipers at 1/&efdistance between the ligule and the tip.
Macadam and Mayland (2003) found that leaf widtls wanstant in this part of the leaf blade.
Shear force, the maximum load needed to causedgealt a 90° breaking angle to the length
of the leaf, was measured using a texture analjdeyd Instruments Ltd, Leicester, UK)

equipped with a square cutting blade with a thicknef 1.02 mm. The leaf was mounted on

the slotted testing table with paper clips so that leaf was sheared at 1/3 of the distance
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between ligule and tip. The blade was moving thhothg leaf at a rate of 50 mm rin_eaf

shear strength [N mi} was calculated by dividing leaf shear force [\]lbaf width [mm].

Leaf harshness was scored by two plant breedeenasrdinal scale from 1 (very soft and
flexible leaf blades) to 5 (very hard and roughvke&lades). Leaf colour was scored only in
the first and the last growing period on an ordisedle from 1 (very light green) to 5 (very

dark green).

One sample of 500 g of fresh material per clone ewdlected by clippingirca 125 g of grass
from each plot (clipping height 5 cm) and by poglithe material over the replicates. This
pooling was necessary because the plots were tab snharvest the amount of grass needed
for a reliable determination of the dry matter emit(DMC) and the digestibility of the
organic matter on every plot without jeopardizihg further observations. The samples were
dried for 16 h at 75°C. The dried samples wereeaditbo pass through a 1 mm sieve and the
apparently rumen degraded organic matter (RDOMN{®eer, 1991) was determined from

the samples of experimental periods 1, 2 and 4.

Before sheep were allowed to graze the plots, tha between and around the blocks was
mown with a lawn mower at 5 cm height. The trialswsocked with sheep that had been
grazing for at least two weeks on the tall fescastyres adjacent to the trial. Stocking density
was regulated to allow complete grazing of thd triacirca one week. The number of sheep
varied between 4 ewes with two lambs each in tis¢ éxperimental period to four ewes and
one ram on the last grazing occasion. The sheep widrer from the Flemish sheep breed
either ‘Bleu du Maine’ crossbred sheep. In accocdamwith Jadas-Hecart (1982) and
Shewmakeret al. (1997), grazing preference was scored every mgraman ordinal scale
from O (no grazing at all), 1 (between 0 and 10f%tanding biomass eaten) to 9 (between 80
and 90 % of standing biomass eaten). As soon asclome had reached a score of 9,
measurements were stopped and the post-grazingl sveéght was measured, in the same
way as the pre-grazing sward height. The valugbefirst scorings were called “preference
begin” (aftercirca 24 h grazing) the final scorings were called “prefice end” (at least one
plot with score 9). At the end of a growing pergiteep were removed from the trial and the
whole trial area was mown with a lawn mower at 5 fveight to remove the non-grazed
herbage. Prior to the first grazing, a fertilizatiof 50 kg h& N, 82 kg hd K and 35 kg ha P
was applied. After each grazing, 50 kg'and 25 kg haK were applied.

Parallel with the sheep grazing, four female rabbfta local breed were allowed to graze the
spaced plants trial. During each experimental pegibindividual plants were scored twice on

150



an ordinal scale from 0 (no grazing at all), 1 en 0 and 10 % of standing biomass eaten)
to 9 (between 80 and 90 % of standing biomass kaiée observation that discriminated

most between the clones, was withheld.

8.2.3 Data analysis

The effect of the different clones and differenpesimental periods on leaf blade length,
width, shear force, shear strength and pre-grazward height were tested using two-way
analysis of variance (anova) using #mv() function in R (R development core team, 2011).
In case of significanperiod:cloneinteraction, data were split per experimental querand

analysed with one-way anova.

Leaf harshness, sheep and rabbit preference ahddieaur were scored on an ordinal scale
and were not normally distributed, neither homoaséd. Hence, the effect of the different
clones on these variables was tested using nonp&ianone-way anova (Kruskall-Wallis
analysis). The Kruskall-Wallis test and the mulipgtomparison of treatment means was
performed in SPSS version 19 (IBM Corp., New YWKA).

The absence of replicates in the DMC and RDOM datglicated that no anova for these

variables could be performed.

Regression between different variables was perfdrmigh thelm() function. To cope with
the different units of the different variables, negsion between the preference of the sheep
and other variables was done after standardisafitime variables using thezale()function.

All variables that were measured in all plots iremyvperiod were averaged and brought
together in a multivariate dataset, resulting i @bservation per variable for each clone in
each experimental period. The relationship betwaenariables was analysed by principal
component analysis, using th@incomp() function. A biplot in the first two principal

components was drawn using thiplot() function.

A multiple linear regression model was fitted testtataset to find out which of the measured
morphological variables predicted the sheep praterdest. The minimum adequate model
was obtained by minimizing the Akaike’'s informatiamiterion (AIC) using thestep()

function.
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8.3 Results

In the summer of 2011, parts of the swards of ddizand 14 were infected by bacterial wilt
(Xanthomanas translucemw. graminig and died partially. No observations were perfatme
on the plots of these clones. No extreme weathentevthat could have hampered the grass
growth or influenced the grazing behaviour of theep occurred in the growing season of
2012 Appendix 1)

8.3.1 Animal preference

Sheep preferences for the clones in the clondsdatrithe beginning (preference_begin) and
the end (preference_end) of each experimental gpenie given irtable 8.2 In each period,
the effect of the clones on the preference scoras significant. Significant differences
between the clones preference scores were foutne deginning of the experimental periods
2, 3 and 4 and at the end of the experimental ger8oand 4. In all periods the clones 3,7 and

16 were the among the most preferred and cloneahd2l5 among the least preferred.
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Table 8.2 Preference scores for fourteen tall fesewclones grazed by sheep in four experimental peds in
2012 either at the begin or either at the end of #hexperimental period. 0 (no grazing at all), 1 (keveen O

and 10 % of standing biomass eaten) to 9 (betweef &nd 90 % of standing biomass eaten).

Preference_begin Preference_end

Experimental period Experimental period

1 2 3 4 1 2 3 4
Clonel 08 03 03" 13 73 73 23° 43

2 0° 0.8 o0° 1.3° 43" 7.8 3 4.8°
3 05 78 70 63*% 7* 9o 84 81*
4 0.8F 3 25 53* g* g 7.3* 7.6%
5 0.8 2.8 20* 3.8% 55*% 89 58 g.5%
6 3.8 45" 40% 45% 73% 85 6.3% 7.3
7 3.8 45" 50* 6.8 8° 8.8 758 8.4°
8 1.8 15" 18* 23% 55 g1 4.8 5g¥
9 35 5 40 48* 75% 89 ¥ 7.5
11 1* 2.3 28* 48* 5% 9 5 F 763
12 1% 1.8 1.3* 35% 73 74 43% 6.0
13 0.5% 22 03" 2.0* 6.8* 81 4% 65
15 0.3 0.8° 0.8* 1.8* 65* 75 4% 6.0

16 1* 65¢ 40* 6.3 68* 9 78 84

Significancd  ** ek ek ke ek ok ke ek

A : Significance codes: ***p < 0.001, **;p < 0.01, *:p < 0.05, NSp > 0.05. Values in the same column with a
different letter are significantly differenp & 0.05)

A significant correlation was found between thendtadized preference scores at the
beginning of each period and at the end of eaclog€ly = 0.62X;R2= 0.37,p < 0.001)
(Figure 8.1). At the end of the experimental periods diffeesin preference between the
clones decreased. Obviously, this was a resulh@fdiecreasing availability of forage of the
preferred clones. Therefore, preference at thenbayy of the experimental period was used
as reference parameter to compare sheep prefaretieeremainder of this chapter.
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Figure 8.1 Relationship between standardized prefence scores of sheep grazing fourteen tall fescueq,
11-13, 15, 16) clones in four experimental periodsn 2012 measured either at the beginning of an
experimental period or either at the end of an expé@mental period (Y = 0.62X; p< 0.001, Rz = 0.37)
Significant differences in rabbit preferences wienend in the experimental periods 2,3 and 4
(Table 8.3. The clones 3,7 and 16 were among the most peefeclone 1,2 and 8 were the

least preferred.
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Table 8.3 Preference scores for fourteen tall fesewclones grazed by rabbits in four experimental péods
in 2012. 0 (no grazing at all), 1 (between 0 and 26 of standing biomass eaten) to 9 (between 80 a80 %

of standing biomass eaten).

Period
1 2 3 4
Clonel 2.9 23 2.7 2.4
2 1.4 1.8 0.8 1.8
3 25 3% 5.2 6.7"
4 1.9 3.8 4.8 5. 7
5 1.9 3.8" 3.2 3.2
6 2.5 3.8 4.0 3.8
7 27 5.9" 5.2 5.9*
8 21 3.6" 2.1 2.6
9 1.9 3.8" 3.8 4.1
11 2.2 3.6 3.2 3.4
12 3 2.9 4.3 4.3
13 2.3 3.8 4.0" 4.3
15 25 3.8 3.3 4.3
16 2.9 8.2 7.7 7.9
Significancé NS *ox Kok wkk

A : Significance codes: ***p < 0.001, **:p < 0.01, *;p < 0.05, NSp > 0.05. Values in the same column with a
different letter are significantly differenp £ 0.05).

8.3.2 Leaf blade morphology

Significantperiod:cloneinteractions were found for leaf blade length, tjdshear force and
shear strengthT@ble 8.4. When separated per period, the effectciine was highly
significant in every growing period for every measiiparameterT@ble 8.4. Clone 1 and 15
had the longest and widest leaves in the four derand clone 11 the shortest and smallest
leaves in the four periods. Clone 1 had the highesdtshear force in the four periods. The
lowest leaf shear forces were found in clone 8eanqa 1, clone 11 in periods 2 and 3 and
clone 7 in period 4. The highest leaf shear stlengiere found for clone 4 in period 1 and
clone 1 in periods 2, 3, 4. The lowest shear sthengere found in clone 8 in period 1 and for
clone 11 in periods 2, 3 and 4. Notwithstandingdigmificant period:clone interactions clone
1 and 15 had the longest and the widest leaf bladtesthe highest leaf shear forces over all

periods Figure 8.2). The highest leaf blade shear strengths weredfdonthe clones 1 and
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12. Clones 7 and 11 had the shortest and smadlases with the lowest shear forces and
shear strengthg-{gure 8.2).
Table 8.4p-values for ANOVA for the effect of clone and expeémental period on leaf blade morphological

variables of fourteen tall fescue clones in four gerimental periods in 2012. Significance codes: ***p <
0.001, *: p< 0.01, *:p< 0.05, NS:p > 0.05.

Length Width Shear force Shear strength

Main effects + interaction

Clone *%x% *%k% *%k% *%k%k
Perl Od *%k% *%k% *%% *%k%
Clone x Period ok ok rxk rxk

Main effect of Clone per period

Clone Period 1 Kk *ohk ok ok
Clone Period 2 Kk *ohk ko ok
Clone Period 3 Kk *ohk ok ok
Clone Period 4 *kk *xk *kk *kk

Significant correlation was found between sheacdand leaf width (Y = 0.87X) < 0.001,
R2=0.76) Figure 8.39 and between leaf shear force and leaf sheargthr¢ = 0.90X;p <
0.01,R2=0.81) Figure 8.3h).
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Figure 8.2 Leaf blade length (a), width (b), sheaforce (c) and shear strength (shear force/width) (dfor

fourteen tall fescue clones in a grazing trial wittrsheep. Data are averages over four experimental peds

in 2012. Error bars: + standard deviation.
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Figure 8.3 (a) Regression of normalized leaf shedorce on normalized leaf blade width (Y = 0.87Xp <
0.01,R2=0.76) (b) regression of normalized leaf shear foe on normalized leaf shear strength (Y = 0.90X;

p < 0.001,R2=0.81) for fourteen tall fescue clones (1-9, 18,115, 16) in four experimental periods in 2012

8.3.3 Sward characteristics

In every period, highly significant differencgs< 0.001) were found in the leaf harshness of
the clones. Averaged over all periods, clones 1XEntad the hardest leaves, clone 3, 8 and
11 the softest leavebigure 8.439.

A significant period:clone interaction was foundtie pre-grazing heightp € 0.001). When
separated per period, the effect of clone on pagigg sward height was highly significapt (
< 0.001) in every growing period. The highest prazgng sward heights were for clone 15 in
period 1 and period 2; clone 1 in period 3 and €2 and 13 in period 4 with heights of 22.3
cm, 14.3 cm, 14.4 cm and 14.3 cm respectively. [bhest pre-grazing sward heights were
for clone 7 in period 1; clone 5 in period 2; clohk in period 3 and clone 7 period 4 with
heights of 11.9 cm, 9.1 cm, 10.8 cm and 9.5 cmewsgely. Averaged over all periods the
clones 1, 2 and 15 had the highest and clones B The lowest pre-grazing sward heights
(Figure 8.4b).
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Figure 8.4 Characteristics for fourteen tall fescueclones in four experimental periods in 2012: (a)rdinal

scores for leaf harshness (1:very soft — 5:very hdy (b) Pre-grazing sward height. Error bars: + stardard
deviation.

8.3.4 Quality variables

Significant differences in sward colour were foundhe first experimental periogh € 0.001)
and in the fourth growing periog € 0.001). Averaged over both periods, clones 2Ganere
the lightest green and clone 13 and 16 the dagtesn Figure 8.53.

No clear differences were found in the DMC of thanes, except in clone 6 that had a DMC
that was consistently below that of the other ctofégure 8.5h). Averaged over the three
growing periods in which RDOM was measured, clof€533 mg (g DMY), 6 (502 mg (g
DM)™) and 3 (482 mg (g DM} had the highest RDOM and clones 1 (455 mg (g BM)3
(454 mg (g DM)) and 16 (445 mg (g DM) the lowest RDOMKigure 8.59.
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Figure 8.5 Sward characteristics for fourteen tallfescue clones in four experimental periods in 201Za)
ordinal scores for sward colour(1:very light green— 5:very dark green) averaged over the first and ta
fourth experimental periods, (b) dry matter contentof the harvested grass averaged over the first, send
and third experimental periods, (c) apparently rumen degraded organic matter content of the harvested

grass averaged over the first second and fourth eepimental periods. Error bars: + standard deviation.

8.3.5 Factors affecting preference

Regression was performed to elucidate the effeatdi’idual variables on preference. Leaf
harshness influenced sheep preference negatively {.36X;p = 0.007,R2 = 0.11). The
preference was higher for clones 3 and 16 and Idareclones 2 and 8 than expected from
their leaf harshnesgigure 8.6).
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Figure 8.6 Relationship between standardized shegpeference scores and standardized leaf harshness f
fourteen tall fescue clones (1-9,11-13, 15,16) geakin four experimental periods in 2012 (Y = -0.36Xp =
0.007,R2=0.11).

The negative effect of pre-grazing sward heighsbeep preference (Y = -0.66j< 0.001,
R2= 0.43) was consistent for most clones. Exceptesqerimental period 1, clone 3 had a
preference that was higher than expected fromnits @ height Figure 8.7). Obviously, there
was negative correlation between sheep preferendepast-grazing sward height (Y = -
0.74X;p < 0.001,R2= 0.54).

Rabbit and sheep grazing preference correspondiéd¥ve 0.69X; p < 0.001,R2=0.47), but
in the second experimental period sheep preferércelone 3 was higher than what was

expected from rabbit preferendedure 8.9).

There was only a weak relationship between thelizafe morphological variables and sheep
preferenceR?values were below 0.10 for all variables. Prefeeewas negatively correlated
with leaf blade length (Y =-0.27)f = 0.047,R2= 0.07) Figure 8.99 and leaf blade shear
strength (Y = -0.30Xp = 0.025,R2 = 0.09) Figure 8.9d). Slopes were not significantly
different from O for leaf blade widtlp(= 0.24) Figure 8.9b) and leaf shear forcg € 0.073)
(Figure 8.99. Surprisingly, leaf blade length had no significeelationship with pre-grazing
sward heightf = 0.64).
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Figure 8.7 Relationship between standardized sheepreference scores and standardized pre-grazing
sward height for fourteen tall fescue clones (1-91113, 15,16) grazed in four experimental periods i2012
(Y =-0.66X; p <0.001R2=0.43).
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Rabbit preference

Figure 8.8 Relationship between standardized shegypeference scores and standardized rabbit preferemc
for fourteen tall fescue clones (1-9,11-13, 15,16dazed in four experimental periods in 2012 (Y = @9X; p
<0.001,R2=0.47).
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Figure 8.9 Relationship between standardized shegpreference scores and (a) standardized leaf blade
length (Y = -0.27X;p = 0.047,R2 = 0.05), (b) standardized leaf blade width (Y = -06X; p = 0.24,R2 =
0.02), (c) standardized leaf shear force (Y = -0.X4 p = 0.073,R2 = 0.06) and (d) standardized leaf blade
shear strength (Y = -0.30X;p = 0.025,R2= 0.09) for fourteen tall fescue clones (1-9,11-185,16) grazed in
four experimental periods in 2012.

Although clone 16, one of the most preferred cloresl clone 2, one of the least preferred
clones, were respectively dark and light greenetlneas no significanip(= 0.26) relationship

between colour and sheep prefererkigyre 8.10.

DMC had a significant (Y = -0.38Xp = 0.014,R? = 0.14) negative influence on preference
(Figure 8.1J), but no clear clone effect appeared. The expeariaigperiod on the other hand
seemed to influence the preference: the DMC iffiteseperiod was clearly higher compared

to the other periods.
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Figure 8.10 Relationship between standardized shegpeference scores and standardized sward colourifo
fourteen tall fescue clones (1-9,11-13, 15,16) geain four experimental periods in 2012 (Y = 0.15Xp =
0.26,R2=0.005).
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Figure 8.11 Relationship between standardized sheepreference scores and standardized dry matter
content for fourteen tall fescue clones (1-9,11-135,16) grazed in 3 experimental periods in 2012 (¥ -
0.38X;p=0.014,R?2=0.14)
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There was no significant effect of RDOM on sheegfgrenceg = 0.43). Clone 16, one of the
most preferred, was among the clones with the [bREM (Figure 8.12).

The regression coefficients of all the variableat tvere measured in every experimental
period on every plot were summarized in a corretathatrix Table 8.5. Leaf blade length,

width, shear force and shear strength were altipeli inter-correlated{able 8.5.

3 *  April 2012
+ July 2012
*  August 2012

16
16 3

19

12 9

Sheep preference

15 13

RDOM

Figure 8.12 Relationship between standardized sheepreference scores and standardized apparently
rumen degraded organic matter (RDOM) content for faurteen tall fescue clones (1-9,11-13, 15,16) grazed
in 3 experimental periods in 2012 (Y =-0.13Xp = 0.43,R2=0.02)

The first two components of the principal comporemlysis explained 77 % of the variance
in the multivariate dataset, where PC 1contribdted48 % and PC 2 for 29 %.igure 8.13
shows a biplot of the first two principal comporgerthe points represent the scores of each
clone in the four experimental periods and the arsctepresent the loadings of each variable
in the first two principal components. The loadirgsthe first principal component can be
interpreted as a contrast between clones with Bo#, leaves (clones 3, 7 and 11) on one
hand, and clones, with long, wide, harsh leaveddaslith a high leaf shear force and a high
shear strength (clones 1 and 15) on the other [fagdre 8.13. The loadings of the second
principal component can be interpreted as a cdnbetsveen clones that are disliked both by
rabbits as by sheep (Clone 2, 15) with a high pezigg sward height and clones that are
liked by both animals with a low pre-grazing swéaweight (Clone 3, 7, 16)F{gure 8.13.
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Over all experimental periods, rabbit preference g@ne-grazing sward height were the
variables that correlated best with sheep preferdhable 8.5. This was reflected in the
multiple linear regression model. In the minimunea@ate model the effects of pre-grazing
sward height, leaf blade harshness and rabbitemete were significan@ble 8.6.

Table 8.5 Correlation matrix for variables measuredon fourteen tall fescue clones grazed by sheepfwur
experimental periods in 2012. PB: sheep preferendeegin period, PE: sheep preference end period, LL:

leaf blade length, LW: leaf blade width, SF: sheaforce, SS: shear strength, HO:pre-grazing sward hght,
H1: post-grazing sward height, HAR: leaf harshnessRP: rabbit preference

PB PE LL LW SF SS HO H1 HAR RP

PB 1 0.62 -0.27 -0.16 -0.24 -0.30 -0.66 -0.74 -0.36.69

PE 1 -0.17  0.07 -0.04 -0.11 -0.44 -0.63 -0.22 0.46
LL 1 0.80 0.86 0.79 0.06 0.44  0.58 -0.10
LW 1 094 081 0.06 0.23 0.72 0.14
SF 1 095 0.04 0.31 0.72 0.03
SS 1 0.04 0.33 0.66 -0.04
HO 1 0.57 0.25 -0.51
H1 1 0.27 -0.55
HAR 1 0.13
RP 1

166



0.3

0.1

PC2

- SBL

-0.2 -0.1

-0.3
|

-0.4

16

11

-0.4 0.3 -0.2

-0.1 0.0

PC1

0.1

0.2 0.3

Figure 8.13 Biplot of the first two principal compments (PC) for nine variables measured on fourteetall

fescue clones grazed by sheep in four experimentpériods in 2012. PB: preference begin period, PE:

preference end period, LL: leaf blade length, LW: éaf blade width, SBL: leaf shear force, SS: leaf slar

strength, HO:pre-grazing sward height, HAR: leaf hashness, RP: rabbit preference.

Table 8.6 Minimal adequate multiple linear regres©n model to predict sheep preference from

morphological variables, sward characteristics andyrazing preference of rabbits measured on fourteen

tall fescue clones grazed by sheep in four experimil periods in 2012. Significance codes: ***p < 0.001,

** p<0.01, *:p<0.05, NSp > 0.05.

Coefficients

p-value

Intercept

Pre-grazing sward height

Harshness

Rabbit preference

5.19

R2=0.71

-0.22
-0.84
0.84

8.9xID **
0.011 *
1.4 xt0 **
8.2x10
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8.4 Discussion

Scoring for the mass of grazed biomass allowedidigtating between preference of clones
in a significant and consistent way. With the eximapfrom the first experimental period, the

preference ranks of the clones were similar inyegperimental period. Seasonal differences
in sheep preference for tall fescue varieties vieuad in Jadas-Hecart (1982). Earliness of
the clones might have influenced these prefereankimgs. Preference differences were not
only found between clones with a different origiit also between clones originating from

the same variety. Clone 2 and clone 3 for exampiginated from the same soft leaved

variety, the former was one of the least preferngile the latter was one of the most

preferred.

Shewmakeret al. (1997), found a correlation coefficient of 92 %tveeen the preference
scores of eight varieties 30 h and 48 h after the ef a experimental period. In our trial, the
correlation coefficient between preference scorehat beginning and at the end of the
experimental period was lower (37 %), but we fouodgreat influence of time when scoring
took place on the sheep preference ranks.

Scores for grazing preference were more discrinmgatdt the start compared to the end of the
experimental period. In the trials of Jadas-He¢h#82) preference was also scored several
times during each experimental period. The scothg discriminated most, was used to
compare the varieties. Averaged over all experialgmeriods, preference scores for 15 Fa
varieties were between 1.6 and 5.3 on a scalestasitequal to the scale used in our research.
The values found in our trial, averaged over thperdods, were in the same range (0.5 - 5.4).
The faster decrease in herbage mass of the mdstnek material in the beginning of the
trials, favours the grazing of the less preferreatemal later, resulting in smaller differences.
Differences in preference in our trial were largesten roughly half of the biomass of the

most preferred clones was grazed.

The leaf characteristic most positively associatgth preference across the experiments of
MacAdam and Mayland (2003) was leaf width (r = .9his trait was negatively correlated
with preference in our trial (r = -0.16). The sreallzariation in leaf blade width and length
and different leaf morphology in the study of Maaid and Mayland (2003) compared to our
trial might explain this difference. In our studiverage leaf blade widths and lengths varied
between 5.5 mm - 10.2 mm and 144 mm - 370 mm ré&spbG; whereas average leaf widths

and lengths in the study of MacAdam and Maylandd80aried between 4.7 mm - 7.3 mm
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and 405 mm — 487 mm respectively. So, the vari@tidbe study of MacAdam and Mayland
(2003) were all relatively similar in leaf morphghp compared to the clones in our study.
MacAdam and Mayland (2003) explained the positiekatronship between leaf width and
cattle preference by a higher ratio of mesophyllstauctural tissue in the wide leaved
varieties. This hypothesis was not valid in oualiras leaf width was positively correlated
with shear strength (r = +0.81), which implicatbattfiber strength or number is increasing
with leaf width

The correlation found between leaf shear strengthsheep preference found by MacAdam
and Maryland was also negative (r = -0.16), butdbeelation was stronger in the present
study (r = -0.30). These differences can be expthiby several factors: the different leaf
morphology of the plant material used in both &jighe use of sheegs. cattle, the use of

clonesvs.varieties.

Although the leaf harshness of the clones in dat #aried widely, the correlation between
preference and leaf harshness (r = -0.36), was evdhlan the value found in Jadas-Hecart
(1982) (r = -0.54). The effect of leaf colour oref@rence was not significant in our trial.
Jadas-Hecart (1982) on the other hand found afigni positive correlation between leaf
darkness and sheep preference, but this correla@smot consistent over years and seasons.
Vigour was negatively correlated with preferencethe trials of Jadas-Hecart (1982): the
slowest growing varieties were most preferred. Binobservations were found in our trial:
the rather hard leaved but dark green and slow iggpelone 16 was consistently among the

most preferred clones.

Pre-grazing sward height had an important negafiect on sheep preference (r = -0.66).
Surprisingly leaf length was not correlated witreqgrazing sward height. Hence, sward
height was merely a result of plant habitus. Clom&th an erect growth had a high pre-
grazing sward height and were disliked (clone T%)e reason for this could be that erect
growing clones stings the muzzle of the grazingrahi Leaf length was negatively correlated
(r = -0.25) with sheep preference. Our sheep pedeclones with rather short leaves or long
leaved with flexible (non-erect) leaves, that proehll short swards. This finding contrasts
with what is found in intake trials with cows gnagion perennial ryegrass, where sward
height has a positive effect on intake rates (Betia, 2006; Peyrauét al, 1996).

Post-grazing sward height had an even higher ativel (r = +0.74) with sheep preference
compared to pre-grazing sward height, but this wlagous and was of limited practical
importance: this variable cannot be measured withbeep grazing.
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The use of animals that select forage on an lopatiad scale than sheep may be useful in
plant breeding, particularly in the early stagea dfeeding programme when plant material is
scarce and replicates are not obvious. But ligtleniown about the correlation of preference of
small herbivores and grazing ruminants. Preferardall fescue varieties by meadow voles
and by sheep did not correspond in trials perforimge&endall and Sherwood (1975). In our
trial on the other hand, rabbit and sheep prefereucrelated well (r = 0.70). We expected
that the sward characteristics would have less itapoe for rabbit preference compared to
sheep preference, as rabbits grazed individuabkaather than swards, but this could not be

confirmed in this trial.

Digestibility measurements and dry matter measunésngere no more than indicative in this

trial, as replicates were absent for these varsalilbere seemed to be no direct effect of both
variables on the preference in our study. An irgténg observation was that the three clones
with the best digestibility originated from variesi whereas the clones with the worst
digestibility originated from ecotypes, which indies that breeding led to a better

digestibility indeed. Also in other studies, cledfifects were absent: Gillet al. (1983) found

a good correlation between sheep preference mebsutiee trough cafeteria and digestibility

between species; but within species the relatignsfais less clear.

The large morphological differences in our trialgiti have masked the more subtle effect of
digestibility. The effect of digestibility, on prfence of grazed tall fescue should be studied
in more detail, with clones with a similar morphgyo Given the positive relationship found
between water soluble carbohydrate content anciignete in tall fescue varieties found by

Maylandet al. (2000), it would be interesting to include alsis thactor in further studies.

The parameters with the highest correlation witkeghpreference were rabbit preference, leaf
harshness and pre-grazing sward height, but ov#rallpredictive value of the measured
prameters was low. A model including these thraarpaters, explained 71 % of the variation
found in sheep preference. The results suggestrdthle preferred clones were soft, fine
leaved and low growing, but that not all cloneswitese properties were preferred (eg. clone
11). With the knowledge we have now, animal prefeeetrials remain the best method to

make progress in animal preference for tall fescue.

8.5 Conclusions

Most of our research hypotheses were confirmedhisyttial:
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1. Significant differences in preference occurred, riinest preferred and least preferred

clones were consistently the same throughout tifereint experimental periods

2. Preference was negatively correlated with leaf dleohgth and shear strength, pre-
grazing sward height and leaf harshness. Effecteaffblade width, shear force and
colour were not significant. There seemed to beeffiect of dry matter content and

digestibility.
3. Sheep and rabbit preferences were positively cigel
Further conclusions of this trial that are usefutall fescue breeding:

* The genotypes preferred by grazing sheep are dbnsodt and fine leaved and are
low growing. The inverse is not necessarily trugft eind fine leaved types are not

necessarily preferred.

* During animal trials, discrimination between ther®s was best when the most

preferred clones were eateinca 50 %.

» Rabbit preference correlates well to sheep preterenhis can be useful in the early

stages of breeding, when the available plant natisrscarce.
For practical use in breeding however some questiemain to be answered:

* What is the minimal plot surface that allows releapreference scoring? The plot size
and number of replicates in our trial were largeugh to see preference. In breeding
however, where plant material and labour are mastire, even smaller plot size and

a reduced number of replicates would be preferable.
* How good is correlation between sheep preferendecatile preference?

* Which is the best growth stage for comparing Faoggres?

8.6 Acknowledgements

The author is grateful to Marc Seynaeve for prowgdine sheep, to the Laboratory for Animal
Nutrition and Animal Product Quality (LANUPRO) fohe RDOM analyses and the use of
the texture analyser and to Johan De Koker, FraakyPeteghem and Jean-Pierre Vermaerke

for their techical assistance during the experiment

171






Chapter 9
Quantifying early vigour and ground cover using dig ital
image analysis

Adapted from: Cougnon M., Verhelst J., De Dauw Kd &eheul D., 2012. Quantifying early
vigour and ground cover using digital image analysi. Barth S. and Milbourne D. (eds)

Breeding Strategies for sustainable forage and twalss improvemenp.147-153. Springer,
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9.1 Introduction

Plant breeders use ground cover as a parameteeasure early vigour or density of grass
swards. Especially in tall fescuégstuca arundinaceachreb.;Fa) selection for faster
development and ground cover is useful as talluess characterised by a weak early vigour
often resulting in a delicate establishment witlv Igields in the first production season
(Chapter 2). Lewis and Garcia (1979) suggested that earlpwigf tall fescue could be
improved by selecting for the presence of coleeypiilers in the seedling stage. Hayes (1976)
on the other hand, suggested to select for highnsgmoot growth rate to improve early
vigour of tall fescue. Whatever the underlying mamay be, from a selection point of view,
the reliable identification of plants, families populations possessing a strong early vigour is

a prerequisite for further progress.

Discontinuous scores of ground cover are curramgld to assess this trait qualitatively, but
this scoring is subjective and has a low repeatgbiThe use of digital image analysis could
allow quantification of the covered ground areairepeatable way. The method to quantify
ground cover is basically simple. The number oegrpixels in a digital image of the crop are
counted and expressed as a proportion of the pimelse whole image. The operator has to
set limits to define which pixels are green, anasthovered by plant material, and which are
not. The use of digital images to analyse grouncgecaas successfully used in several crops
thus far. Purcell (2000) measured soybean canopgrage and light interception with digital
imagery. Behrens and Diepenbrock (2006) used dligitage analysis to describe canopies of
oilseed rape during the vegetative stage. Theyldped a regression that allowed to predict
the leaf area index of oilseed rape fields fromugib cover. Richardsoat al. (2001) used
digital image analysis and a commercial softwarekpge to quantify ground cover in
turfgrass swards. Ground cover obtained with digitaage analysis was compared with
ground cover as scored by five trained evaluatimngge analysis produced a much lower
variance than the subjective scores, resulting amensignificant differences. A macro was
developed (Karcher and Richardson, 2005) to perfground cover analysis on batches of
digital images, minimizing the time needed to asalya high number of similar digital

images.

Also Lock et al. (2004) tested the accuracy of digital image prsiogsfor quantification of
ground cover in turf grass. In addition to the haagpration and lightness (HSL) colour space,
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they improved robustness of the method by usingng#ac classifiers: objects below a

certain size or shape were not seen as grass landeeglected.

Although previous research suggested that digitabie analysis can be used by breeders/crop
scientists to distinguish between ground cover iferent genotypes, varieties or crops in
practise, this was proved nor illustrated so fartlermore, there is no information available
on the correlation between the ground cover anadstig biomass. The first objective of this
study was to test whether analysis of digital insaga@n quantify ground cover in a repeatable
way in variety trials. The method was tested battian controlled environment as under field
conditions. Secondly, correlation between groungec@and aboveground biomass production

of establishing grass swards was investigated.r€@garch hypotheses were that:

1. Digital image analysis can be used in a breedirggramme with Fa to measure
ground cover in a repeatable and precise way botlerucontrolled as well as under

field conditions.

2. There is a good correlation between ground coveiammass production.
9.2 Material and Methods

9.2.1 Plant material

The method of ground cover quantification usingitdigmage analysis was tested in three
distinct experiments. In two of these three expenta the relation between biomass and
ground cover was studied. As the aim of the expemiiwas to study the performance of a
method rather than comparing the early vigour afet@s, the varieties are identified by

numbers.

The first experiment compared the early vigour mfendifferent Fa varieties (Variety 1 —
Variety 9) from different European breeding comeaniTo widen the differences in early
vigour two perennial ryegrasktdlium perennd.., Lp) varieties, one diploid variety (Lp2x)

and one tetraploid variety (Lp4x), were also inelddn the trial resulting in the comparison
of eleven grass varieties. The first experiment e@sducted in a controlled environment in

order to minimize the effect of environmental vida on the early vigour.

On three occasions in 2009 (31 July, 3 Septemlail8MNovember) three plastic containers-
measuring 42 cm long 39 cm wide and 8 cm deep-peety were filled with a mixture of
steamed sandy-loam soil and peat in a 1:1 ratio @adted with grass seedlings. Grass

seedlings were planted instead of sown in the augrsin order to have an equal number of
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uniformly developed plants in each container. Geated seeds were planted in the
containers at a density of 1000 plant$ in rows 3.3 cm apart and with a distance of 3 cm
within the rows. Five days prior to planting, theeds were germinated on moist paper in Petri
dishes in a room with a temperature of 20°C angla fegime of 12h dark-12h light. Only
uniformly germinated seeds were transplanted inctirgainers. All containers were planted
on the same day. After planting, the containereviilansferred to an unheated greenhouse on
three flood benches; no supplementary light wasigea. On each flood bench one container
of each variety was placed in a random order. Amsas the first true leaf of the fastest
growing seedlings was visible, the containers waretographed in a room with artificial
light on regular time intervals. Each container \wasunder a camera (CANON eos 50D with
lens EF-S 17-85 mm) which was mounted on a statid avhorizontal arm stretching 75 cm
above the soil level in the containers. When th®pg of the fastest growing varieties was
closed the experiment was terminated and the albowed dry matter yield (DMY) of each
container was determined by cutting the grass shtmars atirca 1 cm height and drying the
material for 16h at 75°C.

Through this chapter, this experiment that wasicaf@d three times in 2009 will be called
“greenhouse experiment”. In the early summer ragibn, digital images were taken on 6
occasions (10/8, 18/8, 21/8, 24/8, 28/8 and 31i8)the late summer replication on 9
occasions (from 9/9 till 30/9 with three day int&s) and in the autumn replication on 7
occasions (26/11, 3/12, 9/12, 18/12, 22/1, 26/2 #548). In the autumn experiment, the
measurements were terminated before closure ofc#m@pies since a part of the plants

succumbed to frost damage.

In the second experiment, pictures were takenfiala@ trial. The trial compared the yield of
two varieties of Fa (variety 1 and variety 2) andigloid and a tetraploid variety of Lp (Lp2x
and Lp4x). The trial was established on 15/4/20@9ao0sandy loam soil in Merelbeke,
Belgium. Seeds were sown with a plot seeder witbvadistance of 12.5 cm at a density of
1500 germinable seeds’mThe trial design was a randomized complete blitk three
replications; individual plot size was 7.8 m2. Dajiimages were taken on three occasions
from 20/5 till 17/6 with two weeks intervals. A cama (CANON eos 50D with lens EF-S 17-
85 mm) was mounted on a stand with a horizontal giretching 1 m above the ground. The
photographed area wagca 30 cm x 45 cm and contained two rows. As no ptmp@gainst

natural light was provided, digital images wereetakvhen it was cloudy or when no direct
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sunlight was shining on the plots. Through thisptlg this experiment will be called “field

experiment |”

In a third experiment, digital images were taked Biomass was harvested simultaneously on
a trial comparing cover crops. Six winter ry@eCale cerealé.) varieties (Variety 1-Variety
6), one variety of Italian ryegraskdlium multifforumL.) and one variety of lopsided oat
(Avena strigosécehreb.) were sown on two different dates : 22/82and 14/10/2010 on a
sandy soil in Kruishoutem, Belgium. Although thigk did not include Fa, we collected data
in this trial to validate the method in an expemta setting with autumn sowing and with a
management close to agricultural practice (presefiaeeeds and crop residues). Given the
very similar growing pattern of Fa and the monocover crops, we supposed that the
outcome of this trial would also apply to Fa. Thk@e&imental design was a split plot design
with three replications. Main plot factor was thewsng date and subplot factor the
species/varieties. Plots were sown with a 3 m veided drill (row distance 12.5 cm) at a
density of 300 seeds tfor the rye and oat and 2000 seed$ for the Italian ryegrass.
Individual plot size was 30 m2. On six occasiormr{r24/10/2010 plots were photographed
with an interval ofcirca 20 days (24/10, 12/11, 11/12, 31/12, 16/01 7/G2hgia portable
stand with a horizontal arm on which a camera (FUM FinePix F470) was mounted 1.5 m
above the ground. Each photograph covered an afeapproximately 2.5 m2. The
photographs were taken on cloudy days with no tisenlight. On two occasions (20/1/2011
and 12/2/2011) standing aboveground biomass wasrdigted, by cutting all plantlets just
above the ground, on a surface of 1 m2 per plotoddh this chapter, this experiment will be

called “field experiment I1”.

9.2.2 Image analysis

All digital images were saved in the JPEG (JoinbtBgraphic Experts Group) format with a
resolution of 3456 x 2304 pixels in the first ah@ second experiment, and with a resolution
of 2048 x 1536 pixels in the third experiment. Iragalysis was done with Image J, a public
domain, Java-based image processing program (Iagé13), using the threshold_colour
plugin (Landini, 2013). The threshold_colour plugilows the user to search a digital image
for a specific color or a range of color tones.ngsthis plugin, the original colour images
were transformed into binary images where all @xvered by plant material in the original
image (green) had value 1 and all other pixelsugdo litter) had value 0. Digital images
were processed in the Hue (H), Saturation (S), HBngss (B) colour space. In this colour
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space, each pixel in a digital image has a valuedch of the three dimensions ranging from
0 to 255. Pixels with different colours can be dad in groups by putting limits on the values
of H, S and B. These limits are commonly calledeshold values. Ground cover was
calculated as the number of pixels that had valoesl, S and B within these limits, divided

by the total number of pixels.

Classification of pixels was further improved bitay into account the geometry of the
groups of selected pixels. In order to reduce theber of pixels representing soil and
wrongly classified as plant material, groups ofegtéxbelow a certain size could not be
classified as plant material. Distinction of grougfspixels representing developing dicot
weeds and developing grass plants, was based onhitfeer circularity (4 x1 X

(area/perimeter?)) of the former compared to tkteda

Threshold values for H, S and B that discrimindietiveen green pixels and other pixels and
minimum size and circularity of groups of pixelathepresented grass plants, were searched
by trial and error on a random subset of 10 % lodligital images taken on the same occasion
(called “batch” hereafter). Once the right threshedlues were found for a particular batch, it
was analysed in an automated way using a macratdripr this macro were a batch of digital

images and threshold values; output was the groawer for each digital image in the batch.

9.2.3 Data analysis

Analysis of variance for the ground cover was penied using theaov() function in R (R
Development Core Team, 2011). Varieties and/orispegere treated as a fixed factor, and
block as a random factor. Treatment means were amdpusing thdukeyHSD(Jfunction.

Regression was performed using lim€) function.
9.3 Results

9.3.1 Greenhouse experiment

As the plant material in the greenhouse experimer@s photographed under controlled,
artificial light, threshold values resulting in optl discrimination between plant and soil
were very similar for every batch of pictures inegv experiment. Optimal distinction

between the plant material and the bare soil wasdawith threshold values between 26 and
30 for H, 0 for S and 60 for B. At the end of trelg summer and late summer trials, when

the canopy was nearly closed, a slightly higheuedbr H was needed to include the shaded
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grass pixels lower in the sward. Exclusion of otgesith a size smaller than 250 pixels and
with circularity greater than 0.2, prevented snealtular patches of algae growing on the soill

surface to contribute to ground cover.

In the early summer and late summer experimentfgreinces in ground cover between the
varieties were minimal on the first occasion thiatyyes were taken, but the differences in
ground cover increased with time and were maximhémwthe fastest growing varieties
reached a ground cover of around 80 %. Once thig p@s reached, the increase of ground
cover slowed down and the differences between Hreeties decreasedriure 9.1a and
Figure 9.1b). Due to frost damage, the autumn experiment wasihated before maximal
differences in ground cover were reached. By thme tground covers for Lp2x and Lp4x
were 35 % whereas variety 9, the slowest growingdfeety, had a ground cover of only 15
% (Figure 9.19.
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Figure 9.1 Evolution of mean ground cover in relatbn to sward age for three tall fescue varieties (\fa,
Var8 and Var9) and one perennial ryegrass varietyl(p2x) in a greenhouse experiment that was repeated

in (a) early summer (planting date: 31/7/2009), (bJate summer (planting date: 3/9/2009) and (c) in
autumn (planting date: 18/11/2009). Error bars + sdindard deviation (sd).

In the early summer experiment the largest diffeesnin ground cover were measured after
21 growing days. At that moment, significant diéfieces |§ < 0.001) were found. Lp2x and
variety 9 had the highest (80 %) respectively law@4d %) ground coversF{gure 9.29.
Significant differences occurred between Lp2x arubthof the Fa varieties, but also between
the Fa varieties (variety 8ersusvariety 9). In the late summer experiment, theydat
difference in ground cover was measured after b@igig days: Lp4x had the highest ground

cover (76 %) and variety 9 the lowest ground co¢ar %). Significant differences (<
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0.001) were found between the Fa varieties and lggdxp4x, but not among the Fa varieties
(Figure 9.2b).
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Figure 9.2 Mean ground cover for nine tall fescue arieties (Var 1-Var 9) and two perennial ryegrass
varieties (Lp2x and Lp4x) at the moment of the largst differences in ground cover in a greenhouse
experiment that was repeated in (a) early summer (pnting date: 31/7/2009) and (b) in late summer
(planting date: 3/9/2009) Error bars: + standard deiation. Bars with a different letter are significantly
different (Tukey, p =0.05).

At the end of the early summer experiment, 31 dafysr planting, marginally significant
differences in DMY between the varietigs=0.091) were found. Variety 8 and variety 7 had
the highest respectively lowest DM¥igure 9.39. At the end of the late summer experiment
on the other hand, significant differences in DM¥resfound |§ < 0.001): the yield of variety

7 was significantly below that of variety 4, vayi& and Lp4x Figure 9.3b).

No significant correlation between ground cover &MY was found at the end of the early
summer = 0.29) experimentHigure 9.43. In the late summer experiments the correlation
was marginally significantp( = 0.054) Figure 9.4b). In both experiments, variety 8
combined a high DMY with an average ground coveernghs Lp4x combined a high ground
cover with an average DMY.
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are significantly different (Tukey, p = 0.05).
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Figure 9.4 Relation between ground cover and dry miter yield (DMY) for nine tall fescue varieties (Va 1

— Var 9), one variety of diploid perennial ryegrasgLp2x) and one variety of tetraploid perennial ryagrass

(Lp4x) at the end of a greenhouse experiment thatas repeated in (a) early summer (Y = 79.5+0.49X; =
0.288,R2=0.03) and (b) late summer (Y = 41.2+1.75X%;= 0.054,R2= 0.28).
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9.3.2 Field experiment |

In field experiment I, optimal distinction betwe#re plant material and the bare soil in the
digital images was obtained with threshold valuesH and S of 50 and 60 respectively
(Figure 9.5. As the images were taken under natural lighteshold values for B varied
between 100 for the digital images taken on 20@32a@nd 50 for the images taken on
17/6/2009.

The largest differences in ground cover betweerv#ieties were found in the digital images
taken on 3/6/2009, 49 days after sowikig(re 9.6g. At that moment, the highest ground
cover was found for Lp4x (44 %) and the lowest gabaover for tall fescue variety 1 (15 %).
The effect of the species/varieties on ground covas significant § < 0.001). Significant
differences in ground cover were found betweenemaal ryegrass and tall fescue, but also

between the tall fescue varietiésgure 9.6h).
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Figure 9.5 Image analysis of image taken on 3/6/280n field experiment |. Threshold values: hue 50,

saturation 60 and brightness 100.

184



100
]

80
]

Ground cover(%)+-sd

35 40 45 50 55 60

Days after sowing

Figure 9.6 Ground cover for two tall fescue varietts (Varl and Var2) and two perennial ryegrass varieées
(Lp2x and Lp4x) sown on 15/4/2009 (a) Evolution ahean ground cover in relation to sward age (b) Mean
ground cover 49 days after sowing, the moment of mamal difference in ground cover. Error bars: *

standard deviation. Bars with a different letter are significantly different (Tukey HSD, p =0.05).

9.3.3 Field experiment Il

In field experiment I, light was an uncontrollaldeector and new threshold values had to be
determined for each batch of digital images. Tho&blvalues that discriminated between
plant material and bare ground were between 30120dfor H, and between 50 and 110 for
B. S had limited discriminating power and was noesholded. Weeds were present in this
field experiment. The most abundant species \Béeflaria mediaL. andPoa annuaL. In the
early growth stages, the distinction between weskscrops in the images based on size and
circularity worked well Figure 9.7), and most of the weeds could be removed from the
images. In later stages it was no longer possibi#idtinguish between weeds and crops. But
the contribution of the weeds to the ground covas Vow as the rye and grass were far more
competitive than the weeds. Only for lopsided, dla¢ least vigorous species, weeds were

clearly present and thus contributing to the grocower.
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Figure 9.7 Above: Picture taken on 24/10/2010 ofrge plot sown on 22/09/2010; Middle: the same picta
as above after thresholding, threshold values: Hue36, Saturation: 0, Brightness: 109. Ground cover =
20.3 %; Under: the same picture as in the middle, feer removing particles with a size < 250 pixels aha

circularity > 0.2; Ground cover = 18.6 %.

In the cover crops sown on 22/9/2012, maximal ciffee in ground cover occurred 41 days
after sowing Figure 9.89. At that moment, rye variety 5 had the highestugd cover (70
%) and lopsided oat the lowest ground cover (35 l%psided oat, Italian ryegrass and rye
variety 1 had a significantly lowep (< 0.001) ground cover than the rye varieties 2 to 6
(Figure 9.99.
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In the cover crops sown on 14/10/2012, the maxiiféérence in ground cover occurred at
the end of the experiment, 116 days after sowkigufe 9.8h). At that moment maximal
ground cover was only 38 %, and the differencerougd cover between the varieties was
still increasing. The effect of the cover crop e ground cover was significam € 0.001)
and differences occurred both between the spesiée@veen the varieties: ground cover of

the rye varieties 3, 4, 5 and 6 was significanitghler than that of rye variety Figure 9.9b)
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Figure 9.8 Evolution of ground cover in relation tosward age for two winter rye varieties and one logided
oat variety sown on 22/9/2010 (a) or sown on 14/2040 (b) in field experiment Il. Error bars: + standard
deviation (sd).

A good relationship was found between DMY and grcbwover for the plots sown on
14/10/2010, but not for the plots sown on 21/9/2(FiQure 9.109. A linear model was fitted
to the data of the plots sown on 14/10/2010. Tlgeession (Y =-16.1+1.32XR2=0.88, p <
0.001) indicated that for a ground cover up to 50&¥ increase of 1 % in ground cover,
corresponded with a DMY increase of 13 kg DM*K&igure 9.10b. In later growth stages
(ground cover > 50 %) the relationship between gdooover and DMY was lost. Once a
DMY of 150 g m? was reached, the ground cover of all varietiesiese was situated
between 75 % and 90 %.
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Figure 9.9 Mean ground cover for six winter rye vaieties (Rye 1 — Rye 6), lopsided oat and Italian
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Figure 9.10 Relationship between dry matter yield[PMY) and ground cover for winter rye, lopsided oat
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(b) regression between ground cover and DMY for théate sown cover crops sown on (12/10/2010) (Y = -
16.1+1.3X;p < 0.001,R2=0.87).
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9.4 Discussion

The primary objective of this study was to test thiee the use of digital image analysis for
ground cover could be used in plant breeding tantiiyathe early growth of forage grass
species in a fast and precise way. Image analysigeg to determine the ground cover by
plants precisely: replicated measurements were cleading to small standard deviations and
significant differences between varieties. In theegphouse trial under controlled light ground
cover determinations were reproducible, but in fled trials on the other hand, the
reproducibility was lower due to changing light ddions, as a consequence new threshold

values were needed every time pictures were taken.

Both with the artificial light as with the naturdaht, some misclassification of soil pixels as
plant pixels andiice versavas inevitable, but when comparing a series oftaiginages, this
systematic error is not expected to affect the sdiaations when comparing different

varieties/genotypes.

Provided processing the images was done in the $féBe, suitable threshold values both for
the fastest as well as the slowest growing vagetiere easily found within the same batch of
images. Earlier attempts by us to use image arsafgsiground cover prediction in the RGB
(Red Green Blue) space gave unsatisfactory reaslthe threshold values were less stable
(Verhelst, 2011). Purcell (2000), Richardssiral. (2001) and Loclet al. (2004) also worked

in the HSB space. Behrens and Diepenbrock (2004h@wther hand worked successfully in
the RGB space.

Significant differences were found both betweerceseand between varieties within species
in three different experimental settings. In theephouse experiment, the effects of plant
density, weed presence and soil heterogeneity oangr cover were eliminated, but in the
field experiments plant distribution was not asfarm as in the greenhouse trial. In field
experiment Il, the emergence of the seedlings veas homogenous compared to field
experiment I. To overcome the effect of the fietdnogeneity, images that covered a larger
area were taken. The larger the area covered Intiag@however, the more difficult it was to
find threshold values to distinguish soil and plaraterial with high precision. A compromise
between threshold precision and homogeneity opteeographed area has to be found.

Clear differences in ground cover occurred onlyairrestricted time interval during the
development of the swards. Maximal differencesrougd cover generally occurred when the

ground cover of the fastest developing canopies %% - 80 %. Differences decreased in
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later stages since newly formed leaves in the $asteveloping canopies started overlapping

with the existing leaves.

During early growth a good correlation between DiiYd ground cover was found in field
experiment Il. Later on, correlation between DMYdaground cover disappeared, owing to
differences in growth habitus of the different gpstvarieties. During early growth, plants are
principally expanding in two dimensions. In latéages, plants also expand in height, and this
dimension is not taken into account with digitalame analysis for ground cover. In the
greenhouse experiment the erect growing tall fesemety 8 was among the highest yielding
varieties but had only an average ground cover.pFbstrate growing Lp2x combined a good
ground cover with a high DMY. Digital image analysiechniques that take a three
dimensional view of the growing plants might givdetter idea of the biomass production.
Biskup et al. (2007) developed an approach that is suited fiagetldimensional mapping of

natural plant canopies in the field using two synalised cameras.

We can conclude that the digital image analysislimaised application to asses emergence

rate and seedling vigour of forage crops/grasses.

The technique may work well in greenhouse conditiom quantify differences of large
numbers of breeding families or varieties of grescies provided the emergence is uniform.
Indeed, using pre-germinated seed to install umforini-swards is too labour intensive to be
used with huge amounts of breeding material. Tghdst discriminating power was observed
under high light intensities (summer trials).

In field conditions there were more limitationsctpires had to be taken with indirect sunlight,
and threshold values for the concerned paramegetdchbe searched according to the natural
light conditions. Although it was possible to prat¢he contributions of small dicot weeds
(1-2 leaf stage) to the ground cover, this wasomgér possible in later stages when the weeds
and the crop started overlapping. The ground cowgerresponding with the best

discrimination between the species or varietiefeditl between the trials.

Both in the field as in the greenhouse trial, telatfonship between DMY and ground cover
was not consistent. As ground cover is a two dinograd parameter and yield reflects a three
dimensional parameter, a technique using three riraeal mapping seems inevitable to

predict DMY using digital image analysis.
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9.5 Conclusion
Regarding our research hypotheses we can condiatie t

1. Both in a greenhouse trial as in a field trial, thethod of digital image analysis
proved to be able to determine ground cover irpaatable and precise way. Applying
the technique in the field is more cumbersome. ifb&bility of the natural light, the
presence of weeds and the heterogeneous seediindpution under field conditions,

limit the use of the method in practical breedingditions.

2. An acceptable correlation between ground cover BhtY may be found up to a
ground cover of 50 %. In later developmental statffes correlation was lost due to
differences in growth habitat of different cultigéspecies. A three dimensional

method seems inevitable to predict DMY with digitahge analysis.
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Chapter 10
The breeding of FEMELLE, the first Belgian tall fescue

variety




10.1 Introduction

‘Femelle’ or the ‘Festuca from Melle’ might becortiee first (Belgian) tall fescud~éstuca
arundinacea variety on the national list. In 2008, a tall d@e breeding programme was
started by the department of plant production oé@huniversity at the experimental farm in
Melle. ‘Femelle’ is the first synthetic variety téd8ng from this breeding programme that was
applied for inclusion on the national list. Thisagier explains how ‘Femelle’ was bred.

10.1.1 Breeding methods in forage grasses

Grasses of thoaceafamily are mostly cross pollinating crops. Pobliaiion is mediated by
wind, and gamethophitic self incompatibility pret@rself fertilization. Hence breeding of
grasses follows the principles of open pollinatadeties: recombination of selected plants in
order to increase the frequency of favourable gemése population. This is a cyclic process
(recurrent selection): after each generation otdmn, gene frequencies are changing
(Posselt, 2010). Breeding programmes differ invilag in which the plants that form the next
generation are selected (Sleper and Poehlman, 208&ally two groups of methods can be
distinguished. In phenotypic selection, selecti®mpeérformed on individual plants or clones.
In genotypic selection, the performance of the pryg generally half-sib families, determines
which individuals are selected. Half-sib familieancbe obtained in several ways, but
polycross and topcross mating are the most comBwith types of mating systems, assume a
homogenous, common pollen cloud to pollinate tlaagsl that are tested. In the topcross test,
pollen comes from a common unrelated pollinator nee in the polycross test the plants to
be tested are planted in such a way that prefatenmtating between the tested plants is
minimized. A perquisite for polycross testing i€ ghossibility of vegetative propagation. An
advantage of the phenotypic selection method isttieselection intensity is very high and
that the method allows making the fastest posgilbgress. For traits with a low heritability

however, progress is low if no progeny testingaggrmed (Posselt, 2010).

There are some particularities in forage grassdimge Firstly, most forage grass species are
perennial, thus plants can be maintained in a numshile progeny testing is taking place. If
progeny testing indicates that the progeny of &ageplant or combination of plants is very
good, the parent plant(s) can be traced back imthgery and be used in the next breeding
cycle or to create a new variety. In addition, grgdants can be easily propagated

vegetatively, which has multiple advantages (seeih
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Secondly, most forage grasses are ‘undomesticatefs: there are no genetic barriers nor is
there a clear morphologic difference between thevated individuals and the wild material.

This implies that every wild forage plant is potely useful in breeding.

10.1.2 Genetic resources

Plant genetic resources (PGR) are the basis ofydwereding programme. According to
Boller and Greene (2010) there are three basicgodaes in forage crops breeding

programmes:

1. Wild relatives: in forage grasses cultivated vaegetare still very close to wild

populations, hence wild material is a major sodiocgenetic improvement.

2. Semi-natural populations: Grassland mostly exisily as a consequence of human
activity in zones where forest would be the natuegjetation. Adapted native grasses
originating from non-agricultural habitats settlagpermanent grassland together with
naturalized populations of the same species whiely imave spread from initial
seeding. Such populations form a continuum of witghulations in non-agricultural
habitats to populations of natural and semi-natgrasslands.

3. Landraces: Populations which have adapted to afspesggion or location, such as a
farm, by repeated harvest and human mediated rese@d the same region or

location.

4. Varieties: Any cultivated variety, whether freelyadable on the market, protected by
plant breeder’s rights or having become obsoleteséored in gene banks can be used
in breeding without any restriction. The right tedly use even protected varieties as
PGR in breeding is called “breeder’'s exemption” QYR 1991).

The distinction between the categories 1 and Zotsatways clear. Therefore, we will call

populations of both categoriegcotypes: populations which have adapted to a known
environment after many years of natural selectisually involving natural reseeding but
without deliberate human intervention such as selecseed harvest or human-mediated

seeding (Boller and Greene, 2010).

10.1.3 Breeding objectives in tall fescue

As indicated inchapter 2, the major disadvantage of tall fescue is the Voluntary animal

intake and the low digestibility of this speciesodtess in animal preference was made by
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selecting soft leaved genotypeSh@pter 8). Leaf softness is an important criterion in tall
fescue breeding programmes. In elite material hewehe correlation between leaf softness,
digestibility and palatability is decreasing (Rdgetl al, 2010). Therefore, animal preference
trials and digestibility determination of breedimgaterial should be performed to make
progress in these traits. There is however fewr{dleom) interest for breeding companies to
select strongly for animal preference and digdgibiin official variety testing, these traits

are actually of limited or no importance. In aduhij these traits are mostly negatively
correlated with DMY, which jeopardize the futurewairieties bred for improved digestibility/

animal preference as long as digestibility and ahipreference trials are not included in

value for cultivation and use (VCU) testing.

Although vyield of Fa is generally higher than tlo&tother cool season grass&hépter 2),
yield remains an important selection criterion dsigher yield is aconditio sine qua noto
pass value for cultivation and use testing. Biomaskl is most appropriately measured on
sward plots, as the correlation between biomaskl yreeasured or estimated in a spaced
plants nursery and the yield measured in sward pdolow due to the absence of competition
between the plants in spaced plant nurseries. éCastl van Santen, 2010).

If a high DMY for new varieties is a prerequistte be accepted on national lists, high seed
yield is necessary for the commercial success afew variety. Also for seed vyield,
phenotypic selection in spaced plants trials ismited value to predict seed yield in drilled
plots (Boelt and Studer, 2010).

Compared to perennial ryegrass, Fa is heading darlg April - mid-May). As soon as
heading starts, quality of the grass falls dranadlfiqMinson, 1964). Late heading varieties
offer the farmer more flexibility for grazing or ttuing before quality decreases. In France, the
emphasis was put on breeding Fa varieties witlgheni“souplesse d’exploitation”, which is
the period between the growing start and headinlie(G1975). Early heading varieties on
the other hand have a more even distribution ofnalagter production, resulting eventually in

a higher annual yield (Cassler and van Santen,)2010

Bacterial wilt Xanthomonas translucens pv. gramjresxd crown rustKucinnia coronata

are the main diseases encountered in Fa grown iithiN\dest Europe. Whereas rust leads to
yield and quality losses of the grass sward irstriceed period of the growing season (mostly
at the end of the summer), bacterial wilt infeci@an kill entire plants, leading in some cases
to important yield losses. Where phenotypic sebecin spaced plant nurseries for increased
yield failed, important improvements in diseaseastasce were achieved with spaced plant
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selection for rust resistance in Lp. For a duralelsistance, selection and observations in
several locations and for several years are negeg&eheul and Ghesquiere, 1996;
Schibingeeet al, 2011). Also for bacterial wilt resistance, phemat selection of artificially
infected plants lead to improved resistanceLalium multiflorum Advance in resistance
however stagnated after a few selection cycles,emeth in advanced breeding populations,

susceptible plants were found (Wichmaatral, 2011).
10.2 Breeding of ‘Femelle’

10.2.1 Genetic rescources

In 2008, we collected the plant genetic resouroeshie breeding programme. Throughout the
summer of 2008, we collected seeds fiéestuca arundinaceacotype populationi situ in

Belgium and different neighbouring countries. Rafrthe populations were scouted in the
spring of 2008 on locations were we expected td #a. In June, July and August, we

harvested seeds in these scouted and in newly foopalations.

Within populations we only took seed of healthyormmus plants. The number of individuals
sampled in a population depended on how large anddiverse the populations was. Mature
seeds were collected by cuttiogca 10 ears per plant and by bagging the ears in ar e

per plant. Each bag was given a unique identiicatiumber. The bags containing the ears
were dried in a greenhouse, treshed and cleanedn€&d seeds were conserved in a separate

bag for each sampled plant.

627 plants were sampled in July and August 2008162 Belgian, 17 Dutch, 9 French, 5
German and 1 Spanish populations, resulting invanage of 7.5 sampled plants per sampled
population. The number of sampled plants per pdjoumavaried between 34 and 1. The
habitats is which we found Fa were in order of imigace: road verges, canal verges, fallow
land and extensively managed grasslands. In addii8 ecotypes from different European
countries were obtained from the IBERS gene baride{¢stwyth University, Aberystwyth,
UK), 28 ecotypes from Germany and Poland were nbthifrom Leibniz Institute of Plant
Genetics and Crop Plant Research (IPK, Gaterslébermany), resulting in a total of 703
ecotypes. In addition we had seeds of the Frencieties ‘Bariane’, ‘Barolex’, ‘Dulcia’,
‘Elodie’, ‘Aprillia’, ‘Carmine’ and ‘Ondine’.

In August 2008, 20 seeds of each ecotype and l&dss# each variety were planted in trays
(QP 150T, Quickpot, Ering am Inn, Germany) filledhwpotting substrate (Aura, Peltracom,
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Ghent, Belgium) and placed on an irrigated contafieéd. On 17 March 2009, these plants
were planted in a field nursery. Nine well develbpdants of each ecotype were planted in a
row. Ten rows of nine plants of each of the vae®tivere planted. 33 gene bank ecotypes had
a very low or zero germination and were not plantegulting in a nursery with 6030 ecotype
plants and 630 plants from varieties. Space withérows and between the rows was 50 cm.
Just before planting, the nursery was oversown aftlamenity type dfolium perennd.. cv.
‘Palmer’ at a density of 30 kg fiaThis was done for two reasons. Firstly this preed
weeds between the Fa plants and secondly we caaténs as an indirect selection method
for plant with a good early vigour and a good cotitppe ability (Photograph 10.3. N
fertilization in the nursery was low (100 kg N Hain order to make the plants more

susceptible to crown rust.

Photograph 10.1 Ecotypes ofestuca arundinaceain a sward of an amenity type ofLolium perenne
Picture taken in August 2009.

10.2.2 Selection

Throughout the summer of 2009, we scored familbesigour (plant biomass). In September

2009, we selected within the most vigorous familtée plants that were absolutely free of
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crown rust. 425 plants were selected from which &fginated from ecotypes and 118 from

varieties.

In October 2009, the selected plants (called ‘ctorteereafter) were dug out and were
propagated vegetatively and planted in a clonatemyr A row of nine ramets of at least 3-5
tillers was planted per clone with a distance ofcs® between and within the rows. One
month after planting, the field was treated withiigides (1000 g haethofumesate + 75 g

ha'isoxaben) to prevent weeds.

Throughout the year 2010, the clones we scoredifmur (on 4 occasions), leaf softness (on
3 occasions), leaf colour (on 2 occasions) andmegstance (on 2 occasions). We took note
of the heading dates in the spring and of re-hgpdimd Xanthomonasnfection in case of
occurrence in summer. Fertilisation in 2010 was RN ha', 123 kg K h# and 36 kg P ha
. No more fertilisation was applied after thé"1& July, in order to make the clones more

susceptible to rust infection. A severe natural migction took place in August 2010.

In mid-September 2010, 20 clones with excellent resistance, soft leaves and good vigour
were selected and planted in five polycrosses cfofies (called “polycross components”
hereafter) each. Each polycross combined plantswaee morphologically similar and with
similar heading dates. In each polycross, the comapts originated both from ecotypes and
from varieties. The planting design of polycrossedched a perfect Latin square. Polycrosses
were separated 9 m from each othehdtograph 10.3. Winterrye was sown around and

between the polycrosses in October 2010 to assalaion of the polycrosses.
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Photograph 10.2 Polycross with 4 components, iso&t by rye Gecale cereale Picture taken 11" May
2011.

In June 2011, Syn 1 (first generation from the lsght variety) seeds were harvested. Seeds
were dried, threshed and cleaned in July 2011. Sexght was determined by weighing 2
samples of 500 seeds per seed lot, and germinatieach seed lot was determined following
the ISTA protocol (ISTA, 1993)T@able 10.9. Important differences were found in seed yield
per plant: between 3 g per plant for PC4_2 (proggnsecond polycross component of PC4)
and 19.6 g per plant for PC3_1.
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Table 10.2 Seed yield, 1000 seed weight and gerntina percentage of 20 polycross components harvedte
in June 2011.

Polycross  Yield Seed weight Germination
component (g plant) (g 1000 seedd (%)
PC1 1 7.5 3.44 81
PC1 2 14.6 3.58 90
PC1_3 7.0 3.68 85
PCl1 4 6.3 2.6 95
PC2_1 11.6 3.24 86
PC2_2 4.6 3.18 81
PC2_3 16.0 2.9 87
PC2_4 4.1 3.16 71
PC3_1 19.6 3.02 95
PC3_2 4.0 2.36 92
PC3_3 10.7 2.96 92
PC3_4 14.8 288 79
PC4_1 14.0 3.42 91
PC4_2 3.0 3.32 75
PC4_3 9.9 3.42 78
PC4_4 8.6 3.18 57
PC5_1 55 3.02 99
PC5_2 4.6 3.36 91
PC5_3 12.5 3.32 92
PC5_4 3.4 2.94 87

The harvested seeds were used for progeny testidgf@a seed multiplication. Progeny
testing was performed both on individual plantsasicroswards.

For the progeny test of individual plants, 150 seefleach polycross component were sown
in trays (QP 150T, Quickpot, Ering am Inn, Germafij¢d with potting substrate (Aura,
Peltracom, Ghent, Belgium) and placed on an iredatontainer field in the beginning of
august 2011. At the end of September 2011, 100spipglants of each polycross component
were planted in a spaced plants nursery. Four w5 plants were planted per polycross

component. Distance between and within the rows5@asm.

Progeny testing in swards was not possible foryepetycross component, due to the limited
amount of seed harvested for some polycross commpgné&/e created synthetic varieties (Syn

1) of each polycross by mixing an equal amountsviable seeds of each of the four
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components for each polycross (called “PC1, PC3,RC4, PC5” hereafter). In addition, we

created 2 mixtures containing only a restricted bempolycross offsprings. The mixture

called “PC1_23” and “PC3_14" contained an equal am®f viable seeds of components 2
and 3 of polycross 1 and components 1 and 4 ofcpadg 3 respectively. Two single

polycross component progenies were also includdbertrial (PC3_4 and PC4_1). The seed
mixtures were sown in a yield trial at the instubr agricultural and fisheries research
(ILVO) in Merelbeke, Belgium (Sesection 10.2.3

As the polycross components in PC1 proved to haeel gigour, soft leaves and a good rust

resistance, seed multiplication was initiated (Saetion10.2.9.

10.2.3 Progeny test in swards

In September 2011, a yield trial comparing the DBMPC1, PC2, PC3, PC4, PC5, PC1_23,
PC3 14, PC3 4 and PC4_1 with that of the refereqareeties: ‘Barolex’, ‘Callina’ and
‘Otaria’ was established at ILVO. The trial waspditsplot design with three replications. N
fertilization was the main plot factor (High N oo N: 300 and 190 kg Har™ respectively),
the twelve varieties and PC progenies were thelstlgctors. Five cuts were harvested in
2012. Anova was performed to test the effect ofiatg’ (the three reference varieties and the
polycross progenies) and ‘fertilization’ (high cow) on the DMY. Both the effects of
fertilization (o = 0.006) as varietyp( < 0.001) were significant, there was no significant
interaction. Under high N-fertilisation, the highegeld was obtained with PC3_14, the
lowest yield with the variety ‘Otaria’, with yieldsf 16184 kg DM h& and 14297 kg DM h&
respectively. The yield of all polycross progeniescept PC1_23 was higher than that of the
average vyield of the reference varieties (1481Dkg ha®). Under low N-fertilisation, the
highest yield was obtained with PC3, the lowesldyieith the variety ‘Otaria’ with yields of
13126 kg DM h# and 10495 kg DM Hharespectively. The yield of all polycross progenies
except PC1 23 was again higher than that of theageeyield of the reference varieties
(11246 kg DM h3).
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Figure 10.1 Dry matter yield (DMY) of nine polycross progenies over five cuts harvested in 2012 undéa)

high fertilization (300 kg N ha®) or (b) low fertilization (190 kg N ha®). The dashed line indicates the
average yield of the varieties ‘Barolex’, ‘Callina’and ‘Otaria’. Error bars: + standard deviation.

The yield of PC1, the PC with the best rust resstaand the softest leaves was compared in
more detail with the reference varieties. The hsggindard deviations in the first cut were
caused by the (heterogeneous) presence of wedtle piots. In the high N treatment, PC1
was overyielding the reference varieties in thstfand fourth cutKigure 10.23. In the low

N treatment, PC1 was overyielding ‘Otaria’ in evexyt. Barolex was overyielding PC1 in
every cut except the firskigure 10.2. Over all cuts PC1 was yielding more than ‘Callin
and ‘Otaria’ but it was overyielded by ‘Barolex’ thoin the high as in the low N treatment.

All varieties survived well the winter of 2012-2Q13
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Figure 10.2 Dry matter yield (DMY) of PC1, ‘BarolexX (Bar), ‘Callina’ (Cal) and ‘Otaria’ (Ota) in five
successive cuts harvested in 2012 under (a) hightfization (300 kg N ha™) or (b) low fertilization (190 kg

N ha™). Error bars: + standard deviation.

10.2.4 Seed multiplication PC1

In the beginning of August 2011, seeds of eachquols component were sown in trays (QP
96T, Quickpot, Ering am Inn, Germany) filled witbtpng substrate (Aura, Peltracom, Ghent,
Belgium) and placed on flood tables in a greenhouseSeptember 2011, seedlings were
planted in the field in a design matching a perteatin square. The seed multiplication field
was kept free of weeds by hand weeding. In May 2@lB8egative selection was applied to
discard off types. In July 2012 the seed was h#eddas bulk, threshed and cleaned. This seed
is the breeder’s seed of ‘Femelle’. An overviewtltd breeding process of ‘Femelle’ is given

in figure 10.3
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703 ecotypes
Cycle 1 7 varieties

Planted March 2009

September 2009: Best plants
selected, clonedapd planted

September 2010: Best clones selected
and planted in poljfcrosses

Seed harvept July 2011

20 polycross progenies

Planted Segtember 2011

Negative mass selection spring 2012 Information

Seed harvest July 2012

Breeder's seed
of ‘Femelle’ Selection of bgst material

Start of 2nd cygle autumn 2013

CYC|E 2 New material from

ecotypes and varieties

Figure 10.3 Scheme representing theestuca arundinaceabreeding programme at the department of plant
production of Ghent University. Squares without background colour represent seeds; squares with
coloured background represents field trials: Squares with light green background represent spaced plant
nurseries undersown with Lolium perenne squares with brown background represent nurseries with

naked soil; squares with dark green background colour represent swards.
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10.2.5 Further seed multiplication ‘Femelle’

Syn 2 seed production was started in September. 20d2ding dates were recorded in May
2013 Figure 10.9. Off types were removed in due time.

Number of heading plants

13 15 17 19 21 23 27 29

Day of May
Figure 10.4 Date of inflorescence emergence of 14@&melle’ plants in Melle in May 2013.

10.3 Application procedure

In the autumn of 2012, the procedures were staidedbtain plant breeder’s rights for
‘Femelle’ and to start the value for cultivationdanse trials for the Belgian National list
(Appendix 3).
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Chapter 11 Feedback to hypotheses and research

questions, discussion and outlook

“La fétuque élevée qui a la plus large adaptatiodographique (sécheresse, humidité,
chaleur, froid), la plus longue saison de végétafifin d’hiver, été, arriere saison), ce qui lui
donne le plus fort rendement annuel; elle a ausgllus longue pérennité...Par contre c’est

sans doute I'espece la plus délicate a utiliserelt@ peut étre conseillée presque partout, elle

ne peut I'étre & n’importe qui.{Jadas-Hécart et Gillet, 1964)




11.1 Feedback to hypotheses and research questions

11.1.1 Hypothesis 1 and research questions 1.1-1.4

Fa is more productive, particularly under drought dress, but has a lower digestibility

and animal preference than Lp.

RQ1.1 How large is the yield difference between Fa and uruler favourable growing
conditions?

Based on literature research and analysis of (Urgha) results of trials, we found that the
yield potential of Fa is on average around 20 %héigcompared to Lp under favourable
conditions (high N input, no drought). Under vergvdurable conditions without any
limitation in a temperate climate, the yield potahof Lp proved to be as high as that of Fa.
In our own trials comparing the yield of Fa and wpder a cutting regime representative for
Belgian agricultural practis€papter 3), we found yield advantages of 13 %, 22 %, 35 #b fo
Fa compared to Lp in 2010, 2011 and 2012 respéygtive

RQ1.2 How large is the yield difference between Fa amd under drought conditions?
Based on literature research and analysis of (Urgha) results of trials, we found that the
yield advantage of Fa compared to Lp was highereumfought conditions compared to
favourable conditions. The magnitude of this yiattvantage depended on the severity of the
drought, but up to 65 % higher yields per year weumd for Fa compared to Lp. In our trials
(chapter 3), we found vyields that were up to 2.5 times higloerFa compared to Lp in cuts

preceded by drought.

RQ1.3How large is the initial yield loss due to thewlestablishment of Fa compared to Lp?
Based on (unpublished) results from Belgian tnaésfound, up to10 % lower yields for Fa
compared to Lp in the first production year aftep@&mber sowing. After April sowing, the
difference is expected to be even larger. The tesdithe trial presented chapter 4 suggest
that the low yield of Fa in the first cuts aftemsog can be tackled by sowing Fa in a mixture
with a low proportion of Lm seeds. The Lm in thextare acts as a cover crop for Fa: it
provides a high yield in the first cuts, but graltiud disappears leaving a pure Fa sward. The

substitution of 1/8 Fa seeds by Lm seeds was seiftito obtain the desired effect.

RQ1.4 How large is the difference in digestibility andtake between Fa and Lp?
Based on literature research and analysis of (Urghal) results of trials, we found that the
digestibility of the organic matter (DOM) of Fa wgenerally lower compared to Lp. Up to
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20 % points lower DOM was found for Fa compared.poin individual cuts. Annual mean
DOM was found to be 5-10 % points lower for Fa canegl to Lp. In our own trialshapter

3) the annual mean digestibility of Fa was betweéx @nd 8 % points lower compared to
Lp2. Especially in the first cuts, differences beén Fa and Lp2 were high: we found up to
18 % points lower digestibility for Fa comparedLjm Taking the first cut of Fa earlier in the
season will produce more digestible forage and ikelyl to improve animal intake.
According to literature references, the intake wf [Ea compared to Lp was approximately 5-

10 % lower.

Conclusion: H1 is acceptedFa is more productive than Lp (except in the fpsiduction
year) but it has a lower digestibility and loweriraal preference than Lp. Therefore,
improving digestibility and animal preference shibube the main goals in breeding

programmes with Fa.

11.1.2 Hypothesis 2 and research questions 2.1 -2. 8

There is transgressive overyielding with mixtures bFa and Lp or Fa and Lm: mixtures

can yield more than the monospecific swards of thespecies.

RQ2.1How large is the yield gain due to transgressivergielding in mixtures of Fa and Lp

or Lm?

No significant transgressive overyielding was foumgwards sown with mixtures of Fa and
Lp nor in mixtures of Fa and Lm. The yield of swasbwn with mixtures of Fa and Lp was
mostly between that of monospecific swards of Fa . a linear relationship was found
between the yield of the species mixtures and &hedrtent in the species mixtures indicating
the absence of a positive interaction between Ispigcies. Even without a transgressive
overyielding of mixed swards, there was some istaremixing both species. In dry periods,
the Fa in the mixtures compensated the low yielthefLp component resulting in a yield of
the mixed swards that was close to that of the pareswards, whereas under favourable
conditions the presence of the Lp increased thestilglity of the mixed swards compared to

that of pure Fa swards.

Swards sown with mixtures of Fa and Lm had a higheld than monospecific Fa and Lm
swards, but the yield differences were never sicgit. Especially in the first production
year, when the yield of Fa swards was low owingtsoslow establishment, mixtures were
advantageous. Swards sown with mixtures of Fa andcambined the high yield of Lm in
the first cuts after sowing and the good yield po& of Fa in the late summer and autumn.
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Mixing Fa with (a low proportion of Lm) can be usad a strategy to tackle the slow early

establishment of Fa.

RQ2.2 Which proportion of Fa and Lm or Lp in the mixtsires leading to the highest

transgressive overyielding?

As indicated inRQ1.1, no significant transgressive overyielding wasnidun swards sown
with mixtures of Fa and Lp or Lm. Both in the swabwn with mixtures of Fa and Lp as
well in mixtures with Fa and Lm, the Fa contenthiea DMY in the first year was much lower
than the sown proportion. Although the Fa conterali mixtures was increasing steadily over
time, the effect of the Fa proportion in the seddtune on the Fa content in the harvested

grass continued to be significant after three gngvgeasons.

In the mixtures with Fa and Lp, all mixtures wemrdnated by Fa from the second year on.
In the third year of the trial, the content of Fasaabove 80 % in the mixtures with 1/8 of Lp
in the seed mixture and between 60 % and 80 %entixtures with 1/4 of Lp. The results
suggest that a Lp proportion higher than 1/4 i®smawended to obtain an evenly distributed
sward in the mid-long term. A more exact proportimwever can not be recommended based

on the results of this study.

A proportion of 1/8 Lm in the seed mixture, prowedbe sufficient to obtain a yield close to
that of a pure Lm sward in the first cuts after mivastablishment and evolved to a pure Fa
sward in the third growing season. Swards sown witktures containing 1/4 Lm, continued
to be dominated by Lm in the first cuts of the dhgrowing season. Hence we conclude that
mixtures between Fa and Lm should not contain rtieae 1/8 Lm if the final goal of sowing

mixtures is to obtain eventually a uniform sward-af

The effect the Fa variety on the botanical compmsityield and quality of the mixtures can
not be estimated from the studies presented in €a@ and 4. The limited effect of the
ryegrass varieties included in the studies howsuggest that no huge varietal Fa effect is to

be expected.

RQ2.3What is the effect of the ploidy of the ryegrassgonent in the mixtures under cutting
management?

In contrast to what we expected, Lp4 competed beiitdn Fa compared to Lp2. Also in the
swards sown with mixtures of Fa and Lm, Lm4 sup®dsFa more compared to the Lm2,
particularly in the first three cuts of every yelarlater cuts, the FaC was increasing steeper in

mixtures with Lm4 compared to Lm2, resulting in gaarable FaC in the later cuts.
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RQ2.4 How large is the difference in feed quality of thextures compared to the

monospecific swards?

The CPC and DOM of the grass species mixtures mtagmediate to that of the monospecific
swards. In the Fa and Lp mixtures, the effect & BaC in the mixtures on the weighted
average annual CPC and DOM was linear. The effetheoFaC on the CPC was linear in
mixtures between Fa and Lm too. For DOM the retabetween the DOM of the mixtures
and the FaC was convex in some years due to tlsersgagpattern in DOM and in FaC: low
digestibility of Fa in combination with high FaC the first cut and smaller digestibility

difference between Fa and Lm in combination with FeaC in later cuts.

RQ2.5 Does adding clover to the mixtures alter the anmsefeRQ2.1, RQ2.2, RQ2.3 and
RQ2.4?

Basically the answer is no: the interaction ofttlue grass species was similar with or without
clover, both in the mixtures of Fa and Lp as inthgtures of Fa and Lm. In the mixtures of
Fa and Lm with red clover, the competition of baiim and Tp was too strong for Fa to
establish well after three years. In accordancé wiher studies, adding clover, allowed to
obtain higher DMY, CPC and NY with a lower N inpabmpared to the same sward
compositions without clover. The presence of clawnethe mixtures influenced the DOM of

the harvested material positively.

RQ2.6How large is the yield gain owing to transgressoveryielding in mixtures of Fa and

Lp under grazing management?

No transgressive overyielding was found in swaroars with mixtures of Fa and Lp in
association with white clover under a managementmofving the first cut followed by
grazing. The vyield of the mixtures was intermedi&tethat of single grass species in

association with white clover.

RQ2.7Which proportion of Fa and Lp in the mixtures iadeng to the highest transgressive

overyielding under grazing management?

As indicated inRQ 2.6 no transgressive overyielding was found in swasd&/n with

mixtures of Fa and Lp. The effect of the initiabportion of Fa in the seed mixture on the
FaC in the harvested forage continued to be siamfiin the third year after sowing. Seed
mixtures of Fa and Lp containing 1/4 of Lp seeds tie swards in which Lp and Fa were

equally contributing to the DMY three years aftewsng.
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RQ2.8 What is the effect of the ploidy of the ryegrasmmonent in the mixtures under

grazing management?

Contrary to what we expected, the Fa content insthards sown with seed mixtures of Fa
and Lp4 was not significantly higher compared t@sls sown with seed mixtures of Fa and
Lp2.

Conclusion: H2 is rejected:We found no transgressive overyielding in swardsrsavith
mixtures of Fa and Lp with or without white clowarsown with mixtures of Fa and Lm with

or without red clover.

11.1.3 Hypothesis 3

Weed invasion is lower in Fa compared to Lp2 or Lpdowing to the better persistence of
Fa.
The weed abundance and the weed content in thendtter yield in grazed Fa swards was

generally lower compared to Lp swards but thederdihces were not significant.

Conclusion: H3 is rejected: We found no significant lower weed content nor weed
abundance in Fa swards compared to Lp swards.

11.1.4 Hypothesis 4 and research questions 4.1-4. 2

NIRS calibration can be used to develop an equatiorto predict the botanical

composition of mixtures of Fa + Lp with white clove.

RQ4.1 Which calibration strategy leads to the smallestrediction error?

A calibration strategy based on hand sorted samtplgiscontains as much environmental
variation as possible gave the best results. Gdidir strategies for the determination of the
botanical composition of forage samples based oficel samples (like in Colemast al,
1985) failed to predict the composition of real taorted validation samples. We found that
the failure of equations based on artificial saraphas due to a lack of spectral variation,
originating from factors excluding the botanicalngmosition, in the artificial samples.
Alternatively, a strategy in which relevant spektrariation is added to spectra of artificial

samples produced good results.

RQ4.2How large is the prediction error when the bedilwation strategy found in RQ3.1 is
applied to the samples of the trials described inhapter 3?

The calibration strategy based on hand sorted s applied to the forage samples from
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our trials with the mixtures of Fa and Lp with waitlover. We used 1/3 of the hand sorted
samples from the 15 cuts for calibration. The n&sglequation was validated with the
remaining 2/3 of the samples. The Tr content in EMY of the remaining samples was
predicted with an RMSEP of 5 %. For Fa and Lp catytthe prediction was unsatisfactory:
RMSEP of 8 % and 10 % respectively were found.

Conclusion: H4 is accepted:NIRS calibration can be used to predict the botnic
composition of mixtures of Fa and Lp with whiteao given a calibration strategy based on
diverse hand sorted samples is used.

11.1.5 Hypothesis 5 and research questions 5.1 -5. 2

Fa has a higher root biomass than Lp below 30 cm bahe difference is season and soll
dependent.

RQ 5.1How large is the effect of location (soil, managatrend fertilisation)?

When measured in autumn or late summer, root bismel®w 30 cm was consistently higher
for Fa compared to Lp. Depending on the locatianrdot biomass was between 1.5 and 4.2
times higher than Lp root biomass. The largesediffices between Fa and Lp in root biomass
below 30 cm were found on locations with deep,iléersandy loam or loam soils under
cutting management. The smallest difference betweeand Lp was found on a location with
sandy soils under cutting management. Averaged al/éne sampled locations, root biomass
below 30 cm represented 15 % and 8 % of the totlbiomass for Fa and Lp respectively.

RQ 5.2How large is the effect of sampling season (spongutumn)?

Root biomass below 30 cm was significantly higheautumn or late summer compared to
spring. Depending on the location, root biomassewe30 cm was up to 3.0 times higher in
autumn compared to spring for Fa, and up to 1.@gimgher in autumn compared to spring
for Lp.

Conclusion: H5 is acceptedFa has a higher root biomass compared to Lp be®angd but
location and sampling season are influencing thgnihade of the difference between both
species. The difference in root biomass below 30wa® smaller on the location with a sandy
soil. The higher root biomass of Fa below 30 cm terefore be seen as a factor that can

explain the better drought resistance of Fa conujpiaré.p.
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11.1.6 Hypothesis 6 and research questions 6.1 - 6. 3
Ruminant preference of Fa genotypes can be predidevithout using ruminants.

RQ6.1How is the correlation between sheep preferencelaaidmorphological parameters?
Sheep preference was generally negatively corcelaith leaf blade length and leaf blade
shear strength, but the relation was weak dued@thsence of genotypes with a preference
that was the inverse from what was expected frahr®rphological parameters. There was
no significant relationship between sheep preferemd leaf width and shear force. Although
there was a good relationship between the leaf hubogical parameters of tall fescue and
animal preference in different studies (for exampl&acadam and Mayland, 2003), this was

not the case in our study.

RQ6.2 How is the correlation between sheep preference amérd characteristics?
Sheep preference was negatively correlated withHaeshness, but also for this parameter
genotypes occurred for which the preference wasmtrerse from what we expected from the

leaf harshness.

Sheep preference was consistently negatively aeelwith pre-grazing sward height. Pre-
grazing sward height and leaf blade length were awotelated, hence pre-grazing sward
height gave information on plant habitus. Erectwgng genotypes with a high pre-grazing
height were disliked; prostrate growing genotypeith wlexible leaves were liked. No

significant effect of digestibility and leaf colowas found on sheep preference.

RQ6.3 How is the -correlation between sheep preference anbbit preference?
Rabbit preference correlated well with sheep pegfee in our study. This is an important
finding: in the early stages of breeding programnadgen plant material is scarce, rabbits can

be used as a proxy for ruminant preference.

Conclusion: H6 is rejected:Based on the parameters we measured it was neibjs$o
predict sheep preference in a reliable way usinglsiparameters. We found that pre-grazing
sward height, leaf harshness and rabbit preferevere the parameters with the highest
correlation with sheep preference. We concludetti@sheep in our trial preferred genotypes
with rather short or long leaves with flexible (Rerect) leave blades that produce short
swards. With the knowledge we have now, the beshodeof determining animal preference
is by monitoring grazing activity, but the logigiof doing this in a breeding programme is
severely limited. This is because workloads preelude at the early stages of a selection

programme when numbers of breeding lines are vigty. h
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11.1.7 Hypothesis 7 and research questions 7.1 - 7. 2

Digital image analysis can be used to quantify growd cover and early vigour in a
repeatable way in the field.

RQ7.1Does the method allow detecting of significanfed@nces in ground cover between

grass species or grass species varieties?

Significant differences were found in ground covmath between species and between
varieties within species in three different expenmal settings.

RQ7.3 In which developmental stage differences betwden Marieties are maximal?

Depending on the trial conditions, maximal diffezes in ground cover generally occurred
when the ground cover of the fastest developingetias was 70 % - 80 %. In later stages
differences decreased since newly formed leaveabanfastest developing canopies started

overlapping with the existing leaves.

Conclusion: H7 is acceptedDigital image analysis can be used to determinergtccover
of developing grass swards in a repeatable way.nfétbod however was cumbersome in the
field: the right weather circumstances (no raindmrect sunlight) were needed for repeatable

measurements and the presence of weeds in thebpsted the results.

11.1.8 Hypothesis 8

There is a good correlation between ground cover nasured by digital image analysis
and biomass production.

Conclusion: H8 is rejected:In the early growth stage (ground cover below 5a8éje was a
good correlation between dry matter yield and gdooaver. In later stages, the correlation
disappeared owing to differences in growth habdtishe different species/varieties. This
means that digital image analysis has limited vatuselect tall fescue genotypes with an
improved early vigour. Digital image analysis teicfues that take a three dimensional view
of the growing plants (like in Biskupt al, 2007) might give a better idea of the biomass

production.

11.1.9 Hypothesis 9

Recurrent selection offers opportunities to breed ew Fa varieties with soft leaves and a

good rust resistance under Belgian conditions.
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Conclusion: H9 in accepted ‘Femelle’ that was created by selecting and crossing the most
rust resistance plants from a genetically very broad tall fescue population, showed to have an
excellent rust resistance and clearly has soft leaves. The official VCU testing will give a

decisive answer about the potential of ‘Femelle’ in Belgium.
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11.2 General discussion and outlook

The research reported in this manuscript focusethemgronomy and breeding of tall fescue

in Belgium, highlighting its advantages and weakessand quantifing them where possible.

Compared to the ryegrasses, the predominant fogemgs species in Belgium, tall fescue
lacks an early vigour and has a substantially lodigestibility; animals prefer ryegrasses
over tall fescue, particularly under a grazing nggemaent. Tall fescue out yields perennial
ryegrasses with about 20% in Belgium, is much npoogluctive during and after a period of
drought and takes up more nitrogen (Chapter 3jodis not out yield Italian ryegrass, but is

more persistent and has a higher tiller densitya(@ér 4).

The main farming reason for sowing tall fescuéhes better persistence and drought tolerance
compared to Italian ryegrass when used in tempayeagsland. Farming reasons for sowing
tall fescue in long lasting pastures are the sulisify higher yield, summer yield, drought

tolerance and the better nitrogen use efficiencymared to perennial ryegrass.

The weaker animal preference is not an importanakwess when used in temporary
grassland as this grassland is mainly used undeitteng management: literature mentions
that differences in animal intake are less pronednwith wilted and conserved grass. The
lower digestibility of the tall fescue does howejapardize animal performances. | comment

on this further on.

In order to limit the effects of the lower feed ttya one can mix perennial ryegrass with tall
fescue, provided that one can succeed in creatwagds that are not dominated by one of the
two species. | hypothesized that a low proportibiperennial ryegrass in the seed mixture
would offer opportunities to end with a botanicatlglanced sward. Due to the weak early
vigour mixed swards were initially dominated by gramial ryegrass. However the proportion
of tall fescue in the DM yield increased with tinaed in order to prevent the swards
becoming dominated by perennial ryegrass, the ptigpoof perennial ryegrass seeds in the
seed mixtures should not be above 25 %. Actingtlikg tall fescue dominated the first cut
owing to its earlier development in the spring.dtsundance decreased after the first cut in
favourable growing conditions to increase againmgusummer and autumn. This means that
the composition of the forage in these bispecieardsvchanges during the growing season,
which is a disadvantage under grazing. Indeed asamgy the botanical composition may

increase fluctuations in milk production and quaditcros the grazing season.
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Studying more mixture compositions with low shaoéshe perennial ryegrass component
and introducing a range of varieties with presuradditive values may help to find out how

to keep these fluctuations under control. As iexpected that species mixtures always will
continue to evolve owing to environmental effeets,equivalent consistency in sward quality
compared to monocultures, is probably unattainablethe other hand, the disadvantage of
fluctuating quality, can to some extent, be comptet for by greater constancy in sward

performance when periodic acute drought stressebeaxpected.

Furtermore, as the exploitation of grassland ismghy quickly in Western Europe, with an
increased share of zero grazing, the precise catposf a sward becomes less important
since cut grass is fed together with other foraayed the weaker animal preference of tall
fescue and its lower digestibility can be more lgasrercome compared to grazing situations.
Tall fescue even may be advantageous, since itsogply more structure in the feeding

ration.

Mixing tall fescue with Italian ryegrass has vepgsific advantages during the establishment
and early growth of reseeds. As the persistenckkabbén ryegrass is much lower than the
persistence of tall fescue, the “ltalian” componienthe mixture serves as a cover crop to the
fescue component. Depending on the particular gterste of the variety of Italian ryegrass,
the mixture is believed to evolve quite fast to wmeptall fescue sward. More research is
needed to find out which type and which proporidritalian ryegrass in the mixture should
be used to reach a particular endpoint.

In my opinion, the most important question for fetwesearch should be: “How to improve
digestibility in tall fescue?” When used under gngzvoluntary intake is an equally important
characteristic to improve. This work indicated thie relationship between both is not
straightforward. Moreover the relationship betweabgestibility and intake is reported to

decrease in elite material. Whether the low digégti and intake of tall fescue is seen as one
problem or as two separate problems, does notyrgsdlter: success in improving both the
intake and the digestibility would really help téiscue to become a viable alternative for

ryegrasses for on-farm use.

The studies reported in this manuscript were notessful in identifying the real reasons for
diverging animal preferences. Further researcheisded to find out to what extent leaf
morphology and the chemical composition are detaingifactors. Open research questions
to be solved are: “What is the influence of theesahchyma proportion or silicium content on
the harshness and shear strength of leave blad#$®\ does leaf blade geometry affect
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preference and voluntary intake?”. Such a reseafabuld be applied preferentially on
phenotypes with a known animal preference, by studyeaf characteristics and grazing
behaviour simultaneously. A collection of contragtiphenotypes with a moderate to good
preference is a prerequisite to be relevant fomiiag conditions. Once determining
morphological/chemical traits have been identifittgir heritabilities should be studied in
order to find out how large the selection respangght be. Indeed, improving feed quality is
mainly a matter of breeding. However a good manag¢rnan help: our research indicated
that the difference in digestibility between penahmnyegrass and tall fescue is the largest in
the first cuts. These data have been producedails iwhere both perennial ryegrass and tall
fescue were cut at the same dates. Since talldasdobecoming generative much earlier than
perennial ryegrass, future comparisons should beéekted in the same developmental stage
to allow proper comparison. Translated towards grectice of grassland management this
means that by cutting tall fescue earlier than maed ryegrass, one can harvest better
digestible tall fescue forage. The impact of thistloe relative yield potential of these species
would need to be established as there may be tifadsztween yield and quality that need to
be considered.

In the longer run, breeding new tall fescue vagetvith improved digestibility and animal
intake is a more sustainable solution: if intakel ahgestibility come closer to perennial

ryegrass the quality in monospecific or mixed swandl fluctuate less.

This brings along an important dilemma for breed&séould tall fescue predominantly be
bred for cutting or for grazing ?” The natural gtbvhabit of tall fescue makes the species
intrinsically more suited for a cutting managemand most of the current varieties are well
adapted to a cutting management: low tiller densésect growing and early heading.
However, despite the increasing importance of geaaing, it is believed that having animals
out grazing will remain, particularly in beef pradion in the less intensive production
regions. As the phenotypic diversity in tall fesési@ery large, breeders should work on both
options. Indeed some phenotypes of tall fescueramghologically hard to distinguish from
perennial ryegrass. That is why a breeding pomnatomposed of a diverse genetic
variability offers realistic opportunities to creahew genetic recombinations that can be

directed both towards a grazing or towards a quittianagement.

Using animals or not in the breeding programmenisld breeders’ dilemma. On top of this
guestion comes the question in what breeding stagiesals should be used. Theoretically as
early as possible in order to allow an early (negatselection. As spaced plants in the early
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stages of the breeding programme usually are pres@mout replicates, results of grazing
trials are not very reliable. Tandem selectionhwihie introduction of animals in the later
stages of the breeding process, only can succeed tie heritability of the digestibility is
high. As heritabilities in other species likelium andPhleumare not very large, it is not wise
to have too high expectations. Nonetheless the Iphgnotype variability in Fa suggests that

there is potential to make improvements.

Unfortunately animal trials remain cumbersome. €fare there is a need for further research
to find good markers or proxies for animal prefeemnd voluntary intake. Small animals
such as rabbits may be more manageable “markeas”’sheep or cattle. It was demonstrated
that rabbit and sheep preferences are positivetgleded. Information regarding quantitative
information on the magnitude of the correlationiztn sheep and cattle intake of tall fescue
were not found (Chapter 8).

As intake is a multifactorial trait, it will be fficult to find a single trait that can replace the
animal. It will be necessary to focus on a combamadf traits, provided that these traits can
be easily, quickly and effectively measured. Theknaf Decruyenaeret al. (2009) suggests

that NIRS calibrations could be developed to preditmal intake of forages. Here is extra

work to be done to validate this preliminary eviden

Finally, Parson®t al. (2011) point that it is essential to find out htraits (digestibility and
improved animal voluntary intakéen casy can be positively selected for during the
development of varieties for improved animal parfance related characteristics. As grass
varieties and particularly mixtures of varietiesspecies are such a complicated communities
with interactions above and under the ground, mas at all completely clear that the gain

found in breeding stages and experiments will essed in real farm situations.

As digestibility and animal intake of candidatd fakcue varieties are actually not assessed in
VCU testing - at least in Belgium - , there isldit{short term) incentive for breeders to select
strongly for animal voluntary intake and/or digbgiiy. Therefore national list trials can offer
important incentives to improve the quality of tédkscue. As the species is £ 20 % more
productive than perennial ryegrass, it seems eows& reward further yield increases and to
neglect quality. The available evidence presensdr@ang case for the improvement of the
quality. This could in time lead to tall fescue dom closer to perennial ryegrass in
morphology, growth habit and quality. If the romests and good tolerance to extreme

conditions are conserved, tall fescue could comtiiouoffer important advantages.
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Appendix 1

Meteorological data
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Table Al.1 Rainfall (mm) measured in the Meteorologal station of Melle, Belgium during the

experimental period.

Year
Month Day 2009 2010 2011 2012 Ndrm
January 1-10 2.1 3.3 21.2 39.0
11-20 24.6 151 35.2 27.1
21-31 29.3 25.4 12.7 125
1-31 56 43.8 69.1 78.6 71.0
February 1-10 39.9 13.9 9.0 1.1
11-20 14.0 1.1 9.4 23.7
21-28 3.0 55.2 23.7 1.3
1-28 56.9 70.2 42.1 26.1 56.0
March 1-10 194 4.4 0.4 48.6
11-20 1.3 24.8 9.3 0.9
21-31 49.7 35.7 5.6 0.0
1-31 70.4 64.9 15.3 49.5 63.0
April 1-10 6.4 15.0 2.3 20.5
11-20 17.3 0.0 2.9 22.0
21-30 7.9 15 5.7 60.5
1-30 31.6 16.5 10.9 103.0 49.0
May 1-10 1.0 10.0 4.3 38.3
11-20 34.0 6.8 3.3 14.3
21-31 40.3 21.7 25.8 2.6
1-31 75.3 38.5 33.4 55.2 59.0
June 1-10 45.1 25.0 26.5 56.3
11-20 14.9 3.1 32.8 38.9
21-30 5.9 0.0 16.0 20.4
1-30 65.9 28.1 75.3 115.6 75.0
July 1-10 20.2 16.2 2.3 75.7
11-20 23.2 45.1 98.6 52.7
21-31 34.3 11.0 26.8 3.8
1-31 77.7 72.3 127.7 132.2 76.0
August 1-10 13.7 40.2 23.0 10.5
11-20 7.4 132.4 34.3 0.0
21-31 5.0 60.2 41.2 38.6
1-31 26.1 232.8 98.5 49.1 80.0
September 1-10 15.9 65.7 51.2 0.3
11-20 10.2 14.2 27.0 17.7
21-30 1.2 47.8 0.0 44.0
1-30 27.3 127.7 78.2 62.0 70.0
October 1-10 71.5 20.1 19.7 46.5
11-20 9.6 43.6 131 40.0
21-31 6.0 25.8 9.5 29.4
1-31 87.1 89.5 42.3 115.9 79.0
November 1-10 35.9 35.7 4.0 19.2
11-20 27.1 81.3 0.2 8.6
21-30 79.2 194 4.0 10.3
1-30 142.2 136.4 8.2 38.1 78.0
December 1-10 54.1 14.6 26.1 63.8
11-20 9.2 25.6 132.2 32.9
21-31 37.0 3.3 20.9 107.1
1-31 100.3 43.5 179.2 203.8 80.0
Year 816.8 964.2 780.2 1029.1 836.0

& Norm: average rainfall in period 1981-2010.

222



Table A1.2 Average temperature (°C) ((minimal tempeature + maximal temperature)/2) measured in the

Meteorological station of Melle, Belgium during theexperimental period.

Year
Month Day 2009 2010 2011 2012 Ndrm
January 1-10 -4.0 -3.0 4.0 8.3
11-20 3.3 1.6 7.7 4.4
21-31 1.8 1.1 1.6 4.2
1-31 0.4 0.0 4.3 5.6 3.4
February 1-10 2.3 25 6.1 -6.4
11-20 25 -0.9 5.8 2.1
21-28 5.8 6.8 4.4 6.6
1-28 3.4 25 55 0.6 3.8
March 1-10 5.3 1.7 4.0 6.6
11-20 7.2 7.7 8.4 8.7
21-31 6.4 10.5 8.7 9.9
1-31 6.3 6.8 7.1 8.4 6.7
April 1-10 10.7 9.0 13.0 6.8
11-20 12.9 8.7 115 7.0
21-30 10.7 115 15.4 10.9
1-30 115 9.7 13.3 8.2 9.4
May 1-10 12.2 8.9 14.8 12.6
11-20 13.8 9.4 14.0 11.6
21-31 15.7 14.2 15.1 17.9
1-31 14.0 11.0 14.6 141 13.3
June 1-10 13.8 16.7 16.6 14.0
11-20 15.9 151 15.1 15.3
21-30 18.0 18.6 18.0 18.2
1-30 15.9 16.8 16.6 15.8 15.9
July 1-10 18.5 215 16.2 145
11-20 18.1 20.2 16.2 18.3
21-31 18.3 18.0 15.9 16.5
1-31 18.3 19.8 16.1 18.3 18.1
August 1-10 18.4 17.2 17.6 17.9
11-20 19.1 16.9 18.0 21.1
21-31 18.0 171 16.7 17.9
1-31 18.5 171 174 18.9 17.9
September 1-10 16.8 14.5 17.2 16.6
11-20 15.6 145 15.1 141
21-30 14.6 13.2 16.6 13.2
1-30 15.6 14.0 16.3 14.6 14.9
October 1-10 13.4 15.6 155 12.0
11-20 8.5 8.4 10.5 11.6
21-31 11.2 8.3 111 9.9
1-31 11.0 10.7 12.4 111 11.2
November 1-10 8.9 9.9 12.3 8.4
11-20 111 7.6 5.1 6.2
21-30 9.8 1.4 6.8 7.1
1-30 9.9 6.3 8.1 7.3 7.0
December 1-10 7.4 -1.8 6.8
11-20 -1.1 0.0 5.1
21-31 1.9 -0.3 7.6
1-31 2.7 -0.7 6.6 4.1
Year 10.6 9.5 11.5 10.5

& Norm: average temperature average in period 1940-2
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Appendix 2

Captions of the photos on cover and between chapters
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Chapter 1: Ear dfestuca arudinacea Bahai de La Concha, Donostia, Spain (July 2008)

Chapter 2: Plot ofolium perenndleft) andFestuca arudinaceg&ight) after a drought period
in September 2009 in Merelbeke.

Chapter 3: Overview of trials fa09.01’ and ‘fa02.@t ILVO in Merelbeke (August 2011).
Chapter 4: Overview of trials fa09.03" and ‘fa09’.@t ILVO in Merelbeke (May 2011).

Chapter 5 : Calves grazingLalium perenneandFestuca arudinaceaixture in Melle (May
2013).

Chapter 6Festuca arundinacea Trifolium repenssward in Melle (June 2013).

Chapter 7. Contrast between root biomassLofium perenne(Lp) left and Festuca
arundinacea(Fa) right sampled until 90 cm deep in MerelbeRetpber 2012).

Chapter 8: Overview of sheep preference trial MiBH-estuca arundinacealones in Melle,
(April 2012).

Chapter 9:Overview of trial comparing cover crop&ruishoutem (March 2011).
Chapter 10: Seed multiplication field of ‘Femelie’Melle (April, 2013).

Chapter 11: Clonal nursery in Melle (April, 2012).
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Appendix 3

Plant breeder’s right - VCU trials for ‘Femelle’
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Algemene Directie Regulering en Organisatie van de Markt
Dienst voor de Intellectuele Eigendom

Koning Albert ll-laan 16  + 32 2 277 92 55 francoise.deschutter@economie.fgov.be &
L

1000 Brussel +322277 52862 http://economie.fgov.be

Ordernemingnr: 1314.5%5.368
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B3

Prof Dirk Reheul
Coupure links 853

9000 GENT
Belgié
Betreft:  Uw aanvraag om Belgische Kwekersrecht
Soort: Festuca arundinacea Schreb.
Voorgestelde rasbenaming: FEMELLE
Referentie van de kweker: -
Aanvraag nr.: 90868
Datum: 19/11/2012
uw barichten Geachte,
25/01/2007
uw kenmerk Ik heb de eer u hierbij één exemplaar van uw aanvraag om een kwekerscertificaat
; voor voormeld ras te laten geworden.
ong kenmerk
E3.PIIE/FDS/4.1/ Deze aanvraag werd ingeschreven in het register der aanvragen onder het
8 i 3 8 nummer en op de datum hierboven vermeld.
o Voormeld  aanvraagnummer  wordt  behouden  tijdens de  ganse

behandelingsprocedure van uw aanvraag, tevens dient alle briefwisseling onder
vermelding van dit nummer te geschieden.

Hoogachtend,

LS W2
!

Franggise De Schutter

Contactpersoon: Mevr. Frangoise De Schutter, attaché
Algemene Directie Regulering en Organisatie van de Markt
Dienst voor de Intellectuele Eigendom

Koning Albert li-laan 16  + 32 2 277 92 55 francoise.deschutter@economie.fgov.be
1000 Brussel + 3222775262 http://economie.fgov.be @

Ondernemingnr: B214.395.348



Aanvraag volgnummer:

E gcon Omle Dienst voor de
Intellectuele Eigendom Officiéle datum: 19 -1- 1012
AANVRAAG OM EEN KWEKERSCERTIFICAAT o S A

2. Briefwisselingsadres:

1. Aanvrager(s):
naam, adres, tel, fax, e-mail, ondernemingsnummer

naam, adres, tel, fax, e-mail, ondernemingsnummer

Universiteit Gent Prof Dirk Reheul
Sint-Pietersnieuwstraat 25 Coupure links 653
9000 Gent, Belgie 9000 Gent
Tel 09 264 6096
Fax 09 264 6224

Email: dirk.reheul@UGent.be

Nationaliteit(en) : Belgische
Dit is het adres van de kweker

3. Soort: Festuca arundinacea

4. Voorgestelde benaming (in blokletters): FEMELLE
Referentie van de kweker:Fa.ME.V.2010/1

5. De kweker(s) is (zijn) de volgend(e) perso(on)(nen): Prof. Dr. ir. Dirk Reheul en ir. Mathias Cougnon

Geen ander persoon was bij het kweken of vinden betrokken.
Het ras werd overgedragen aan de aanvrager(s) door arbeidsovereenkomst
Het ras werd gekweekt of gevonden in (Staat / Staten): Belgié

6. Vorige aanvragen Neerlegging Nummer van Toestand Benaming of referentie
(Staat - datum) aanvraag van de kweker
Kwekersrecht Dit is de eerste FEMELLE
neerlegging Fa.ME.V.2010/1
Officigle rassenlijst geen Zal worden FEMELLE
aangemeld Fa.ME.V.2010/1
najaar 2012
7. [[] Op de voorrang van de aanvraag neergelegd in (Staat) ................... op (datum) sswissaseasss wordt beroep ingediend.

8. Het ras werd niet voor verkoop aaﬁgeboden of verhandeld in Belgié voor de eerste maal op (datum) 13 november 2012
Het ras werd in geen enkele Staat verhandeld of aangeboden voor verkoop

9. De aanvrager(s) machtig(t)(en) de Dienst met de bevoegde overheden van ieder ander UPOV Lidstaat, alle nuttige
inlichtingen en materiaal betreffende het ras uit de wisselen, onder voorbehoud van het vrijwaren van de rechten van de

kweker.

10. Andere bijgevoegde formulieren en documenten: nihil

Ondergetekende(n) vra(agt)(genf de bescherming van kwekersrecht op het ras dat hij (zij) aanbied(t)(en).
Ondergetekende(n) verkla(art)(ren) dat bij zijn (hun) weten de inlichtingen nodig voor het onderzoek van de aanvraag,

gegeven in dit formulier en in de bijlagen, volledig en juist zijn. ?l:

Te CTE H T -
Handtekening(en), Pn 33 D,\ DP AL ﬁa—; H 5]
Vi —Raco

13/11/2012.
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VAK VOORBEHOUDEN AAN DE ADMINISTRATIE

Nummer Datum Uur
Ontvangstbewijs van de betaling van de betrokken rechten ~ ) !
g |

- H=
Ontvangst van de aanvraag a1 "'Tg“'-ﬁ“-ﬂ‘f‘?:g_*’l‘”"

) — TR
Ontvangst van het geheel van voormelde stukken R I 1V

: - gy ml . ; .I

STEMPEL VAN DE DIENST:

Opmerkingen:
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Address of the requesting authority.
Agentschap voor Landbouw en Visserij-
Produktkwaliteitsheheer

Ellips, 4e verdieping

Koning Albert [T laan 35, bus 41

1030 BRUSSEL

Belgique

UPOV ANSWER TO THE REQUEST FOR EXAMINATION RESULT

Information on the variety :

Common name of taxon : Tall fescue

Botanical name of taxon : Festuca arundinacea Schreb.
Breeder’s reference : fa.me.v.2010/1

Variety denomination : Femelle

Our reference number : 4051904

Reference number or requesting authority : VG/A/013 /00004

Date of application in requesting state : 26/11/2012

The examination of the variety

[ has already been completed
[[] has been in progress since/for

[] will be undertaken as from
on the basis of an application or a request already submitted

will be undertaken as from 01/02/2013
on the basis of your request

The examination report

[] is enclosed. Please make a remittance of

will be forwarded to you as soon as possible after 01/04/2016
The costs are expected to amount to 762 €/ cycle

Remarks :

Material(s) to be delivered: already received
Before :

Delivering address :

Done at Beaucouzé, Wednesday, January 23, 2013

Graziella REKAB
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Agentschap voor Landbouw en Visserij

Productkwaliteitsbeheer

Koning Albert ll-laan 35 bus 41
UNIVERSITEIT GENT - VESTIGING COUPURE 1030 Brussel

E-S-L}’F-,SSSE&E’;?SEHEUL Tel. 02 552 74 40 - Fax 02 552 74 01

9000 GENT els.debruyn@Iv.vlaanderen.be

uw bericht van uw kenmerk ons kenmerk biilagen

22/11/2012 ALV/KWA/RL/JI/201 1
211-1143

vragen naar / e-mail telefoonnummer datum

Jo lvens 02 552 74 51 29/11/2012

Jo.lvens@lv.vlaanderen.be

Betreft: Kennisgeving van aanmelding rietzwenkgras

Geachte
In bijlage vindt u een kopij van het formulier A, vervolledigd met het
dossiernummer en de officiéle aanmeldingsdatum.

Dossiernr. Soort Kwekersref. OHB aanvraag
VG/A/013 /00004  Rietzwenkgras Fa.ME.V.2010/1 Duitsland

Gelieve in alle toekomstige correspondentie betreffende het ras (de rassen)
steeds op een duidelijke manier het dossiernummer te vermeiden.

Dank bij voorbaat

Hoogachtend,

N -~

7

¢ P /_.
..//

Gilbert Crauwels
Afdelingshoofd
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AANVRAAG OM INSCHRIJVING VAN EEN RAS OP DE NATIONALE BYAIRCHIDS0729

RASSENLIJST - Formulier A

Vlaamse Overheid

Agentschap voor Landbouw en Visserij
Productkwaliteitsbeheer

Ellips, 4° verdieping

Koning Albert Il laan 35, bus 41, 1030 Brussel
Tel: + 3225527448 - Fax : + 32 2 552.74.01
mia.defrancg@lv.vlaanderen.be

In te vullen door de
behandelende afdeling f7

ontvangstdatum

76 NOV. 7012 |

dossiernummer

http://www?2.vlaanderen.be/ned/sites/landbouw/plant/rassen.htm| l VG/ D\ oAD | ecooo ly I

1. Aanvrager(s)
Naam: Universiteit Gent
Adres: Sint Pietersnieuwstraat 25

9000 Gent
Tel: 09/264.99.54
Fax:
E-mail:  octrooien@ugent.be

Nationaliteit(en): Belgische
[1 heeft geen volmacht verleend

2. Aanvraaggemachtigde [eventueel]
Naam:
Adres:

Tel:
Fax:
E-mail:

3. Briefwisselingsadres

Naam: Prof Dirk Reheul

Adres:  Coupure links 653
9000 Gent

Tel: 09 264 6096

Fax: 09 264 62 24

E-mail:  Dirk.reheul@UGent.be

Dit is het adres van de kweker

4. Facturatieadres
Naam: Dirk Reheul

Adres:  Coupure links 653

9000 Gent
Tel: 09 264 6096
Fax: 09 264 6224
E-mail:  Dirk.reheul@UGent.be
Rekeningnummer: BES9 3900 9658 0026
Dit is het adres opgegeven door de: [:| aanvrager

Rietzwenkgras Festuca arundinacea Schreb

Kwekersreferentie: (F|la|. |[M|E|. |[V]|. |2 0|1/]1 [juiste aanduiding van spaties, punten, a.u.b.]
Voorgestelde benaming: |F|E/M|E|L|L|E Type: [] fantasie
Het ras valt onder de reglementering van de genetisch gemodificeerde organismen (GGO) [] neen

7. De kweker(s)

- Dirk Reheul en Mathias Cougnon

Adres: Coupure links 653 9000 Gent

Tel: 09264 6096 Fax 092646224

Geen ander persoon was bij het kweken betrokken.

Het ras werd gekweekt in het volgende land:  Belgié

E-mail: Dirk.reheul@UGent.be

Indien de aanvrager(s) verschillend is(zijn) van de kweker(s) werd het ras overgedragen (bewijs in bijlage) door de

kweker aan de aanvrager(s), ondertekenaar(s) door:

[

arbeidscontract
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8. De verantwoordelijke(n) voor de instandhouding voor Belgié

Naam: Prof. Reheul
Adres: Coupure links 653 9000 Gent

Tel: 09 264 6096 Fax: 092646224 E-mail: Dirk.reheul@UGent.be

Oorsprong, wijze van instandhouding en beschrijving van het ras zijn vermeld in de technische fiche
(Formulier B, specifiek per soort, ter beschikking op aanvraag)

9. Overige aanvragen voor inschrijving “Kwekersrecht en Offici€le rassenlijst” inclusief Belgié

ot s Y PN NREE | Nemm S S
geen [
| I
!
/I

10. OHB onderzoek (niet in te vullen voor de suikerbieten)
Voor mais ook betreffende de COMPONENTEN vermelden

10.1 Is het OHB onderzoek reeds afgerond? [] neen
10.2 Indien ja, in welk EU-Lidstaat of EU-Instelling?

10.3 Indien neen, is het OHB onderzoek opgestart (bezig) of zal het
opgestart worden in het kader van een andere aanmelding (Catalogus [ ] Ja
of Kwekersrecht) in een andere EU-Lidstaat of EU-Instelling?

10.4  Indien ja, in welk EU-Lidstaat of EU-Instelling? BSA in het kader van kwekersrecht, aangevraagd >nov 2012

11. Machtiging

De aanvrager(s) machtigt(machtigen) de ‘Afdeling om met de bevoegde overheden van elk ander land, alle nuttige
inlichtingen en materiaal betreffende het ras uit te wisselen, onder voorbehoud van het vrijwaren van de rechten van de
kweker. De proefresultaten van alle rassen betrokken in Belgische proefnemingen worden samengevat in één rapport
met melding van de kwekersreferentie, de aanvrager(s) en in voorkomend geval, de aanvraaggemachtigde. Dit rapport
wordt ter beschikking gesteld van de betrokkenen.

12. Andere bijgevoegde formulieren en documenten

Documenten opgesteld in het kader van aangevraagd kwekersrecht

13. Ondertekening

Ondergetekende(n) vraagt(vragen) de inschrijving van het ras op de nationale rassencatalogus voor landbouwgewassen
(Schrappen wat niet past).

Ondergetekende(n) verklaart(verklaren) dat bij zijn (hun) weten de inlichtingen nodig voor het onderzoek van de
aanvraag, gegeven in dit formulier en in de bijlagen, volledig en juist zijn.

Datum:  19/11/2012 Plaats: Gent
Naam en handtekening van de indiener van de aanvraag: .

Prof. Dr. L. MOENS

Vice-ractor
VAK VOORBEHOUDEN AAN DE ADMINISTRATIE Datum
Ontvangst van het verzoek Referentie indicateur: 26 NOv. 2012
Datum van aanwezigheid van het “volledig” dossier (1) 16 NOV. 2012

Datum van ontvangst van de betaling van de betrokken vergoeding (2) 27 NOV. 2012
Officiéle datum van het dossier [= de laatste datum van (1) en (2)] 26 NOv. 2012

Opmerkingen :



ingevuld aanmeldingsformulier.doc 3/4

Voorschriften voor het invullen van het formulier A

Algemene voorschriften

0.1 Alle gegevens in blokletters a.u.b.
0.2 De data als volgt aanduiden: dag / maand / jaar

0.3 De landen dienen aangeduid te worden met de code die op hen toepasselijk is voor de inschrijving van de
voertuigen (uitgezonderd het Verenigd Koninkrijk = UK).

0.4 Gelieve “nihil” te vermelden in de leeg gelaten rubrieken.

Rubrieken

Rubriek 1
1.1 Volledige gegevens van de aanvrager(s) (natuurlijk of rechtspersoon), met inbegrip van het land vermelden; enkel

de nationaliteit aanduiden in geval van natuurlijke personen;
Indien er meer dan €én aanvrager is de volledige gegevens van ieder van hen vermelden,;
Indien de ruimte van rubriek 1 niet toelaat alle nodige inlichtingen te vermelden alleen de namen vermelden en de

adressen in bijlage toevoegen.

Rubriek 2

2.1 De aanvrager kan een aanvraaggemachtigde aanduiden m.b.t. de inschrijvingsaanvraag. Indien de aanvrager(s)
geen onderdaan is(zijn) van een lidstaat van de EU en/of indien er meer dan één aanvrager is moet(en) de
aanvrager(s) een aanvraaggemachtigde aanduiden. Daartoe dient een volmacht, ingevuld en ondertekend door de
aanvrager(s), bijgevoegd te worden. Deze rubriek mag maximum één adres bevatten.

Rubriek 3en 4
Deze rubrieken mogen maximum één adres bevatten. Het briefwisselingsadres is het adres bij uitstek voor alle

berichtgeving betreffende een bepaald dossier. De briefgeadresseerde dient eventuele andere betrokkenen op de
hoogte te houden.

Rubriek 5
5.1 De naam van de soort, geslacht of ondersoort, dient dezelfde te zijn als deze die voorkomt in de Belgische

wetgeving (Latijnse en Nederlandse namen).

Rubriek 6

6.1 De voorgestelde rasbenaming en de kwekersreferentie moeten dezelfde zijn in de verschillende landen.

6.2 De aanvrager moet aangeven of de voorgestelde rasbenaming een fantasienaam of een code is.
Wanneer de aanvrager niets meedeelt over het type van de voorgestelde benaming, wordt deze als fantasienaam
aangemerkt.
Indien de aanvrager geen benaming voorstelt in dit formulier, dient hij naderhand tijdens het onderzoek van zijn ras
een rasbenaming voor te stellen aan de hand van het specifieke formulier. Er kan slecht één rasbenaming met
tekeer worden voorgesteld. Een ras kan niet op de nationale rassen catalogus worden opgenomen indien de
benaming niet, in Belgié, volgens de geéigende procedure is vastgesteld.

6.3 De aanvrager moet aangeven of het ras een GGO (Genetisch Gemodificeerd Organisme) is en de nodige
autorisaties voor proefneming en in de handel brengen dienen bijgevoegd te worden.

Rubriek 7

7.1 Volledige gegevens van de kweker(s) (natuurlijk of rechtspersoon), met inbegrip van het land vermelden; enkel de
nationaliteit aanduiden in geval van natuurlijke personen;
Indien er meer dan één kweker is volledige gegevens van ieder van hen vermelden;
Indien de ruimte van rubriek 7 niet toelaat alle nodige inlichtingen te vermelden alleen de namen vermelden en de
adressen in bijlage toevoegen.

Rubriek 8

8.1  Hetras moet systematisch in stand worden gehouden. Deze instandhouding moet plaats vinden ofwel in Belgié
ofwel in een andere EG-lidstaat, waar het ras op de nationale rassencatalogus ingeschreven is of in procedure van
inschrijving is. Een verantwoordelijke voor de instandhouding voor Belgi¢ moet vermeld worden.

8.2 De inlichtingen vermelden op het technische formulier ‘ rasbeschrijving'. De instandhoudingsmethode dient te
worden vermeld.
Voor de hybriderassen, aanduiden of de genealogische componenten vertrouwelijk moeten blijven.
Voor de GGO rassen, de referentie van de toestemming voor de proeven aanduiden.
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Rubriek 9

9.1 “"Kwekersrecht” in het kader van de Verordening (EG) NR. 2100/94 van de Raad van 27/07/1994 inzake het
communautaire kwekersrecht en van de Wet tot bescherming van kweekproducten van 20/05/1975.

9.2 “Officiele rassenlijst” betekent iedere lijst van rassen waarvan het verhandelen toegestaan is door de terzake
bevoegde overheden in opvolging van de Richtlijn 2002/53/EG van de Raad van 13/06/2002 betreffende de
gemeenschappelijke rassenlijst van landbouwgewassen en Richtlijn 2002/565/EG van de Raad van 13/06/2002
betreffende het in de handel brengen van groentezaad en het KB betreffende de nationale rassencatalogi voor
landbouw en groentegewasssen van 8/07/2001.

9.3 Alle overige aanvragen dienen, zonder uitzondering en in chronologische volgorde, te worden vermeld, met
inbegrip van deze neergelegd bij een andere Belgische instelling of bij landen, al dan niet lid van de Europese
gemeenschappen en/of de Internationale Unie tot bescherming van kweekproducten (UPOV).

9.4 De volgende afkortingen gebruiken:

In de kolom "Aanvraag status”

A = aanvraag aanhangig

B = aanvraag afgewezen

C = aanvraag ingetrokken

D = verleende kwekersrechten of ras ingeschreven op de officiéle rassenlijst
In de kolom "Benaming status”

A = rashenaming aanhangig

B = afgewezen rasbenaming (negatief)

C = ingetrokken rasbenaming (gestopt)

D = aangenomen rasbenaming (positief)

9.5 De aanvrager is verplicht, zo gauw hij ze verneemt, alle bijkomende of nieuwe inlichtingen over de toestand van het
ras in Belgié of in andere landen mede te delen.

Rubriek 13
13.1 Terug te sturen in 3 exemplaren :
- de technische vragenlijst (Formulier B)
- de volmacht indien er een aanvraaggemachtigde m.b.t. de inschrijving wordt
aangeduid
- in geval van GGO: de nodige toestemmingen
- de overdracht door de kweker aan de aanvrager door contract, successie of
andere.
Naar volgend adres:
Vlaamse overheid
Agentschap voor Landbouw en Visserij, Productkwaliteitsbeheer
Ellips, 4e verdieping
Koning Albert Il laan 35, bus 41
1030 BRUSSEL
Tel. +32(0)2 552 74 48 — Fax +32(0)2 552 74 01
e-mail: mia.defrancq@lv.viaanderen.be

13.2  Aanvraagformulieren en andere nodige formulieren zijn op hierboven vermeld adres te verkrijgen of te vinden, in
voorkomend geval op de website Website : http://www2.vlaanderen.be/ned/sites/landbouw/plant
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