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ABSmCT 

MARCELO RENATO ALVES DE .ARAUJO 

1 

Plant Science 
(Agronomy) 

AGRONOMIe EVALUATlOO OF TALL FESCDE (FESTUCA 
ARUNDINACEA SCHREB.) GERMPLASM 

? , 

Eighty accessions of,tall fescue (Festuca arundiriacea Schréb.) , 
were 's~udied With the objective of assessing total genetie variabi1ity 

, , 1 

and té identify' promising introductions. The variance components 

methodology deve10ped by Comstock and Robinson. (1952) was used to 

estimate the genetic and environmental parameters. 
il , , 

The results indieated that highly significant differences existed 

between accessions for aIl Characters exeept firat eut re~overy. Broad 
p ~ 

'sepse heritabilities vere high in magnitude for most of the characters 

~ except ti:rst cut dry matte~ yield ,and f1rst eut œcovJry. This 

indicates that most of the Characters were, under strong genetic 

control. ,However, these high estimates of heritability are somewhat: 
'\ 

inflated, due ta the ex1stenee of genotype-environment interaction. 

" Expeeted genetie advances f:rom selection were calcu1~ted; howeVer, 
il> ' , 

their value, are strietly applicable only if vegetat1-ve propagation of 

the selected material is assumed. 
, I~ 

Genotypie and phenotypic correlation Jfre obtained between the 

different characterlstics measured. Genotfpic correlations we're 

slightly h1gher than phenotyp,ie correÛt:lon, for' most cff the ch'aracters. 
l, 1:, \ 
Some of the characters were found_ to bEL signi~:i,cantly associated with 

total dry matter yield. ,These correlatlion coefficients, however, were 

relative!l.y low in magn!tude. 

Certain accessions appeared' to Jlave a good yield:1ng cap aci ty , , 
being superior to the check cultivar,. jAlta, in this character. These 

accessions could prove useful as 8~rce material on wbich to baser a 
,,1. 

b reeding program. i 
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SOMMAlRE_ 

. M. Sc. MARCÈW RENATO )Lvis. DE ARAUJOJ Plant Science 
(Agronomy ) 

'L'EVALtJAI1'ION AGRONOMIQUE DU MATERIEL GENETIQUE DE LA 
FETUQUE ELEVEE (FESTUCA ARUNDINACEA SCHREB.) 

Quatre-vingts ,. introductions de f€tuque élevée (Festuca arundinacea 

Schreb.) 8~~tudiées ~f 'd'évaluer leur'variabilité g€nétiq~e totale 

et afin d'i4l't1fier les plu prometteusef;J •. La méthode des compo'santes 
, 

de v~~iance d@veloppée par C toc~'et Robinson (1952) ~s~ utilisee dàns 

i'e8t~at1o~ des paramètres g et du milieu. 

Les résultpts indiquent qU'i~ existe une différence très sig~ificative 

~ 
les (introductions, pour tous les caractères sauf pour la reprise 

~:",) ~ "première co~pe. L'héritabil1té au seI4J large est grande sauf 

. l~ rendement: de la 'première coupe en 1l18ti'ère sèche et pour la 

reprise après la première coupe. Ceci indique. que ces caractèr@s sont 

pour 'a plupart génétiquement contrô1éEJ,. Toutefois ces valeuh sont 

exagérées dû il l'interaction entre le génotype et l' envlr'onnem~nt. 
~ 

Les' potentialités d'amélioration génétique par sé1éction sont calculées, 
( . 

toutefois celles-ci ne Si appliquent . que sl le matb1e1 s€iectionné est 
1, 
mdltiplié vegétativem~t. 

Les corrélations gé~tYPiqUeS ,et phénotypiques entre les différents 

caractères ,mesurés sô1t calculées. En générali les corrélations géna

typique!'l sont un peu ~lÛ8 élevées que les corrélations phénotypiques. Il 

est établi ~ue certaifs câractères sont S1~1ficativement associés avec 

le rendement total ~n matière sèche. Cependant. ces coefficients de . . . 
corrélation ne sont pas très élevés. , . , 

. Certaines introductions' semblent avoir une' Qonne capacité de rendement, 

-en étant supérieures au cultivar tétaoin Alta. Ces introductions pour

raien t être utiles pour l'établissement d'un, progr amme d' amélioraUon 

génétique. 
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Ta11 fe.eue (Fes tUe. arunclinacea Sehreb.) :f.s • bexapl.oid (2n • 

~, 

42) and cytogenet,:lc evi~euee ind1cateB that i.t 18 an allopo1yplold 

(Pet'o, 1934; Crawder, 19538) •. Tall feac,* was fint bro~t uader 

eultivat100 in Europe, probab1y in Engl~d.: Xt wu 1.ntrod~.d fr~ , 
/ 

the 01d World to North ADlerte. in the 1 .. t century, Dut ft toolt aJ..o.t. 
'-, ~ " ..:-:- ' , . , 

8 half-century before 'the crop' ach1ev-d any .8rleùltur~ ilIIportl1'lce. , 

, , 

" • ' " • If' 

Today in the United States, tall. fl'cue i. one of the 1IO,t Ulport .... t 1 . '. 

forage CropB. H'Owever. desp~te 1.'t8 good agt'Olload.c and qual.i.ty i 
eharactet:1ade8, tall feeeue 1. Dot extenJivë1y grown in Callada • 

, , , » 
Tbe produet101l ,of new cul.tiva~ of the outerQ41eina gr ..... bu 

,j 

iu the ,past: been band pre~tly UPOll the ~reèt exploltat1OD o~ 
, , , 
.natJ1rÏÎ11y oecurr1.ng ecot}'pe. to fom the b&li.a of 'DeIr .ynthetic, . 

, " 

,cu1tivars • Bowever, vith, the 1ncruaiDg int~1f1eadCXl of ar .. I1 .. ~ . 
'uae 'Gd~ conaequent~y,"W:lth the"~. cJepnda for aophi.t:lcatd 

cu1t1.vars to .at1.afy Iped.fic ~uir.-nt. in /t.~ of grawth r~~tu. ~ 
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'" ao.d qual~ty of _t:er~l, th.- breedéJ: ia' faced vith the o.eed to 

::~ :: :::::~~::.monner in wbiob he maYTt efficiently 

~ Enowledge of the relative magnitude of the va,idus geo.etic'and 

eo.~onmeo.tal par~eters for charactera ~f oeeQU:1Ili~,'~ort8ilee i8 

.. :entw. befot,a mte ~f!iOi.,..r: b~e.a,1ns ,~r~~edure.', ~n be '_loyed. 

Sinee eeonomieally impottant plant eharaeteta a~e la~gelY" if not 

• entirely, !-luantit~!ve 1:n lnheritanee, the;, cau be et~uàted by the 

uae of bio_t~ieal teehniqti~a. 'llie use o~' b1-0metrie l èValuat'i~n' 
1 

, 1 

permits the eattmation of popUlation genetie parameters,sueh'as mea~,: 
, If l,' f ' , 

genet:l.c anô env1ronmental va:rianc:es, 'herit'abili ~ie8, genet:l,e and 

phenotyPic eorrel~tion coeffic:ienta~ and t~e expe'cted ,genetic\ advances 

2 

from selection. ~«:nd~' the DlagD,itude and the i1ll'pOrtance 'oof"sueh --\ ' 

eatimatee enables 'th~ ~lant breeder,'t~ aele:t parents,' manipulate ~ , " 

progeo.y, and i80Îat~ aupe~i~r lineg,~re ~ffi~iently,. For example,' ~ 
the-heritabil~ty cODcep~' is uaéfùl in'dete~ing -~~ ~t'e~te~t ' 
, ~ ( fi 

dif'ereuce8 amang pbenotypes are ~ue to genotypic rather than enV'iron-
, • ,\ J fr '0 

, , 
, _nt al caUses. °.u.d, knovledge 'of the eorrèl~tion petween eomplex 

, ".," ~'" 

char~ctera of loV ~er~tàbillty, s~h as yi~ld" a~a le8s eomple~ " 

characQe~a, ~ich foay have ~~ higher heri;abilities, ~Ou!d ,beneftt .' 
, " 

• l' 0' 
plant bre~der8~ lt .. y be .. aier ~à sele~t for a;c9mplêx Qcharacter ~y 

, (l ~ ~ ~ 

practi8tDg selection on a,highly ~eritable character eorrelate~ with 
~ ~ cr • '[} " ' 

it. 
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.. 
the literature dealing wlth studies of the relative magnitudes 

of the variou~ geneti'7 and enviromnental parameters in tall 'feseue is 

not extensive. " The variance eomponent technique developed by COmStock 

and Robinson <f952b) seems to provlde'suffieient information about ~he' 

genetie and environmenta[ parameters among a number of progenies or 
(f " , 

" 1 , 
different genetie linelil.' In this s'tudy. this method of genette 

a~ly~is was used. 

The present investigation wls 'designed' ,to estimate (1)' the 

total genetic variabiltty, btoad sense heritability, ~d expeéted 
(, 

genette advan~~s for drY matter yteld and other ag~onOmie character-
, \ 

isties in a population of 80 tall fescue accessions; and (2) the 

v pheno!ypic and genotypie e9rrelations amang aIl eharaeters under . , 
investigation. A further objective was, to pre41et or 'select, on the 

" 

bas1s of this genette analysis, whieh introductions in our material 

are product~ve and have agronomically des~rable characteristicB. 

These 8&lected introductions wUl be used aS a source of germplasm 

for a breeding p~ogram •. 
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CBAPTER. II /1. 
( 

J. 1 
REVIEW OF 1;.ITERATURE, 

2.1 Tall fescue &s a forage crop, 
1 

2.1.1 History and plant description 

Tal1 fescue belonga to the genus Festuta, a' genus of more than 
• 

~lOO species. lt vas introduced from Europe to North America in the 

n1neteenth century. 

v 

Cowan (1956), in a rev1ew. gave a history of·tall fes~ue. 

BotanicallYt tall fescue c10sely resemb1es meadow fescue, and there... 
fore. Linnaeus~ in ~7S3, classified both Meadow and tall fescue as 

Festuca elatior L.' In 1771 Schreber recognized a more robust type 
~ 

\ and called it Festuea arundinacea. However, Backel, in 1882, gave th~ 

following classification which was followed'by MOst scientiste: 

Fèstuca ,elatior L. 

~sp. tnies var. genuina Raek. (meadow f~cue) 

ssp. arundinacea (Schreb.) Rack. var. genuiIia Rack. (!a11 
feseue) 

4 , ' . 
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It was Hiteh~oCk 
,; 

elassified . meadow fes.eue as Fes tuea 

elatior L. and tall fescue ca elatior var. arundinacea (Schreb.'). 

Accord,ing ta Cowan -(1956). it was ly in 1-950 that tall feseue was 

ealled Fes tuea arundinacea (S'chreb ~) • 

The difficu1ties e~red by taxonomist's in separating these 

two species have retarded. to some degree, the recognition of tall 

feseue as a erop,of some,'value. However, Crowder (1953b) "reported 

that taU feseue has a" number of small haire wp,ich a~e visible to the 
.,' 

naked eye. whereas this charaeteristic is not fovnd in meadow fescue. 

They ean also be distinguished by chromosome eounts,~~cue 

hanng 2~ • 14' chromosomes and tall ,fesc" 2,!!. - 42 chr~Ô8ome8. 

Tall fescue ls a deeply rooted and strongly tufted perennia!. 

The roots are tough and coarse, contributing to the formatiOn of a -
good sod. This dense, coars~ root system, which ta,ll 8scue develops. 

argues strongly' for its use as a crop 1n sod waterways, along road-

sides, and in places whe re a to:ugh sod is"' requi red. As weIl, a thick, 
r 
1 

dense sod is an advantage to resist the trampling of the animaIs in 

pasturing Oll'wet land. ''lbe basal leaves are dark green, broad and 

flat, the sheath 1s slllooth and' the Ugule is short. The brancbed, 

paniele-type heads are 10-JO cm long and the spikelets are 8-18 DDIl 

long, with 8-10 florets •. Oo1y five to seven seeds'are produced per 

spikelet, and they are similar in size and shape to Lo11um perenne 
. 

seeds (Buekner and Cowan, 1973). 

'v' 
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2.1'.2 Distribu~~on and adaptation 

Tall feBeue iB adapted to a variety of soils and a wide rang~ 

·of climatic condi~ions. , , 

Ta1l fescue is 'foun~ throughoùt Europe, North Africa, North 
'\ 

America, South America, New Zealand an~ Australia in different types 

of sqUs, 'pH, temperature, rainfall, and so11 mqisture (Hoovèr ~ al., 

1948). 

Tall fescue has tts best growth und~ cool sesson on heavy . ~ 

soil~ with adequate moisture and organic matter (Cowen and.Streckling, 

1968)., At Oi~on, tall fescue grows yell on alka11ne soils with a pH 

of 9.5 in Klamath Falls, and on acid soils with a pH of 4.5 in As;oria 

(Cowen, 1956)'. In the Bolivian altiplano, tall feseue is cult1vated in 

semi-dry conditions. This semi-dry conditio~ i8 characterized by a 
,----...1<0, 

pluviometric preCiPitatJon w: ich oscillates f,rom 3-00 to 500 mm, with 

rainfall only during thé s er (Gandarillas et al., 1965): . Tal~ 

~~fescue growa weIL in th ranBition zone which separates the southern 
wj!. 

and northern regions of the United States. In this transition zone, 

neither cool nor warm season grasses are very weIL adapted (Juska and , . 
Hans on , 1969).' According to Gandarillas!! al. (1965), in the 

Bolivian altiplano, ta1l feseue Is reslstant to temperature of -7.4oC . 
without problems in its development. At ~oxvb.le, Tennessee, tal1 

feseue grows where the January weekly temperature i8 around 4.4°C, and , . 
in the'southern United States it graws where summer te~eratures are 

veFY high (Buckner and Cowan, 1973) • 

.. 
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2.1.3 Gene des 

Tall rescue is a polyploid. The hexap10id number of 4Z'chromo-. . 
sQllles was first reported by Levitsky and Kuzim1na. (1927) and has been ' 

....... 
found by Peto (1934) and Crowder (1953a). 

""? 
Crowder (1953à') studied the meiotic chromosome behavior of 247 

fi 

plants of tall fescue and cytological study showed th~t taii feseue 

has a hexaploid number of 42 chromosomes. An extra small chromosome 

was aIso found onlY in three plants studied. The chromosome behavior 

during the meioses was normal in the majority of cells observed, 

except for a very low inc.idence of multivalent pairing. The higb 

frequency of bivalents suggests that an a11oploid origin exists, since 

selective pressures appear to be against multivalent pairlng. 

Jenkins ,(1~'33) reported severaI succe8sful interspecific and 

intergeneric hybrids be'tween Fe'stuea arundinacea and other Feàtuea ssp. 

and the Lolium genus. 'lbere has be~n consi'~-!,ab!e interest in such 

wide cJosses. lt provides an opportunity to study the homolo~,to 

asce~tain ~he' p6ssible evalution of taU fescue. AecoJ"ding ta Peto 

(1934), Ganton' in 1898 was the first researcher to make a cross between 

Festuca and Lolium, but little information concernin'~ th~se reBults ls 

available.. Peto (1934) showed that, .ilt. the dip10id hexaploid cross 

7 

between ryegrass (Lo!ium 2erenne) and tall feseue, a high proportion U ~ . ' ~ 

of ryegrass chromosomes paired with the chromosomes of tall feseue. 

Crowder (19S3c) sugges~ed that the genome of ryegrass and two or 'more 

genomes of taii feseue are phylogenetfcallY related. ,,' --

\ 
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Although~etero~1s 1n many crop spec1es 1a wel1 documented, 

there are,,few papers written on forage cr'ope. ' Thé work, of ECheverh, 

(1964) showed that heter08is was se1dom expressed in tall fescue~ 
, / 

Mathe~on (1965) reported ~hat litt~e or no heterosis was expressed for 

important~1iaracters of tall fescue, i~cluding 'forag~'yie1d. Studies 

made by Moutray and Frakes (1973) showed, however, that single-cross 

{rOsen1es der1:ve~ fram crosses betWeen.cl~es~of diver8~ morpho1ogy, 

origins and anthesis date were superior to their parents in al1 

characteristics. They sU8gest that tall fescue breede:rs ,could best 
"1 ' "-

uhliz~ heterosu by inclu~ing in their progr~ materi~l which was 

highly diverse in one o~,more of these three,characters. 

2.1.4 Agronomie pot"ential and quality 

The use of tall fescue has increased rap1dly's1nce the 

si~ultaneoU8 release of the cœltivars Alta and Kentucky 31 in 1940. 

Seed production went from a thousand k.ilogr~ in 1940 to 31 million 

kilograms in, 1970. AIs 0 , in' 19400 on1y a f~ tho~and hectares were 

grown, whlle an est1mated 20 million hectares were grown in 1970 

(USDA, 1957, 1971). Today tall fescue 1s widely used fo'r forage, turf 

and ~8e"atïon purp~ses 1n different areas' of the Uni ted States. 
, ) 

Tdf.t fe8cue 18 used extensive1Y for pasture', and 1t is tolerant , , 

r ~ 
of continuous close gradng.. Performance of cattle grazing t~ll fescue 

"pasture duti,ng the sUllllller 18 g~erally not as good 88 that of animais 

gra~1ilg b1~grass (Poa pntellei., L.) , or orchardgtass (DactIUs 

1 ~. 

,\ 

.~. ----------

'.' 1 

\. 

, ( , 
, ' 

" 
) 

c r' 



1 
J 

"-1 
! 

1 1 ...... 

,~ 

, ' 

, o' 
" 

glomerata L.) pasture~. Hawever, due to the abil1ty of tall fescl,le ta 

provide ~re granng days :tn the early sprlng and in t~ fall than 
v 

other tall growing cool-season sp~cies, the hectirage of ta11 feseue 

: in some regions -~of the U:nited States has increased greatly (Lapez!! 
.~ fi'" i ,P 

al., 196'7; Balasko, '1977; Raybum et al., 1979). 
'" -' \ -;--

According ta Temp1eton and Taylor (1966)' ta11 feseue gives, 
" 

exce11.nt.hay yle1ds when-properly fertilized. F,or highest quality 
'~-

hay, the grass should be harvested when the first seed heads,begin ta 

, appear'~and certainly prior to the anthesis. 

~. 

Oné of the crlticisms of tal1 feseue has been its 1ack of 

. ~alatability4 ' 'l11is d1ffieulty has been overeome to a certain degree 
A'" If,'" ~ ~ 

by various manag~nt pr'actiees. When the graSs is to be uae.d for. 1 

... 
pasture the use fiJf legumes associated with tall"feseue is advisable. 

• 1 ~ 

'l11e ,legumes will add greatly t~ t.t1e palatabilfty and nutnti,. value . 
, of the pasture. The ehoi!ce of legume is dependent on ita adaptation 

9 

,and on the utilization of the forage. ,Dobs~.!!.!l. (1976) reported 

that throu~h ,the as,8oci.at~on of 't·all feseue with legtDll8s, 1 the forage ~ 

. / 
yield of the mixture was greater than that of the grasa aloue. 

, '.. ........ 

:' Wi th the' e:xpans~on of the use of tall fescue as a forage crop t 

'many qUestions about its quality as a ppture and hay,crop have arlsen. . . 

B~an !! ~. (1970) have sta~ed that the di~~stibilitY of tall feseue 

indicates that' it should be a high quality forage. Nevertheless, the 

J. 
poor,performance of anim61., consuming it. particularly duritlg the .. 
summer mon~ha, indicates a'quality probl$m in the species. Rough bair 

coat, di arrhea , rapid respiration r*c;.es ~ an~ b1~ rectal temperatures 
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are usually aasociated wi th poor average daily gain of animal.s during 

late summer (Jacobson !! .!!., 1970; Matt!! -!!., 1971). 

Perloline and 101:J.ne are the two most important of several . 
,r 'r, } 

• ( ,/ n 
alkaloids found in tall fescue. The variation in the, concentration 

• of the alka10ic;ls depends on factors such as cultivars, types of 
\ 

, ferti,lizers, plant growth sta,e and en'Vironment (Gentry .!t aL, 1969; 

To,Pkey and Yates, 1972). Buckner and C~an (1973) have indicated 

that higher perloline 1evels are found during the summe~ montha than 
• 1 • ! 
during other' months. Also, fertilit·y levels that normal1y result in 

1 " 

better pasture may result in higher levels of perloline. Gentry!S. 

10 

l ,;~ 

al. (1969) studied the effect of fertillzati«;m with NPK on perlo1ine + 

content and found .that application of NPK increased the perloline 

leve!. -"" Also, it was demonstrated that nitrogen had a much greater 

influence on perloline leve! than phosphorus or potassium. However, 

\'" 
if perloline content ia prtma~ly responsible lor the poor performance 

of animals grazirw tall fescue, plant breeding methods may be used to 

solve the problem. 
j, 

Bush . .!!!!. (1970. 1972) have shawn tha.t perlo11ne inhib1ted 

!!!. Vitro cellulose digeBtion by microorgan1s1DS 1.n rumen fluid and 

that the growth of ,certain rumen bacteria was inhibited st perlo1~ne 

leve1s found in tall fescue. Therefore t the inhibi tory effect of 

perloU~ on rumen mièrof~ora lÎlay e1Cplain the poor performance of 

catt1e grazing during·the summer. 

, 1 
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Aecording to Buckner !!.!!. (1973) perlol1ne concentration 
~\o!t: 

appears to be high,ly heritable, ,and thus a~propriate methods could be 
,l'.,. 

used to selec~\ for low âlkal~id content. In the same paper they 

suggested that lt ~as possible to,obtain rapidly a ryegrass le tall 

fescue hybrld population either low or high in perlol1ne content. 

Corneli,us .!:l~. (1974) have conf!tmed. that it ls possib,le to 

-----develop ryegrass le tall fescue hybrida low in perloline, selecting 

parents"with low perloline leve!. However, some crosses of low 

" perloline ryegrass le low perloline tall fescue' produced some 
, , 

segregates very hlgh in perloline~ ~iS indicates 'the presence of 

recessive genes fo; high perlolin~ in sôme low perloline parents. 

, The use of futerspeclfic hybridization of Lol1um and Festuca 

species 'luf.s been usec to transfer the~ forage quality of ,Lol1um to, 

'1 

tall fesclle, while. maintaining the excellent agronomic quallty of tall 

fescue. Buckner!!~. (1977) réleased the cultivar Kenhy tall fescue. 

11 

Kenhy i's a synthetiè of progentes of eleven, 42-chr01l1OSQ1D8 derivatives -, 

of annual ryegr8BS le tall fescue hybr~ds. 
, . . 

Kenhy, according to Buckner et al. (1977), has the following 
. --

, . 
" 

advan~ageé over Kentucky 31: . " 
(1) ft 18 12% higher in dry matter yield; 

(2) it bas a h:1-gher digestibility; (3) it ls lower in crude fiber' a:nd 

lignin; and (4) it ia equal in perlol1ne content and crude' protein • 

. . 



, 
f 
) 

1 
1, " 

, , 

,1 

l
i () 
- ~"",,,,,,,", 

..1_ 

\0 

, \ 

,2.2 Varlancè 

2.2.1 ~thodology / 

" Variabil1ty exhibited by a populati~ ie' of utmost importance 

to the plant breeder. 'Plant breederll' ~a~e used the-,variation, shawn by 1 

progenies to understand the breeding behaVior of the species in study. 

\ 
Evaluation of the mechaniam 6f inheritance in qusn~itative 

\ 

genettcs ~es,$rCh depends ,on vaUd assessments of genoty.pic values. 

However, the teliotypic: value of an 'individual must be' obtained from 

observations made on Its phenotype. '!he two components of the 

'phenotype are the genotype (G) and environment (E); or, symbol1cally, 

P - G + E (Falconer, 1960). lbe phenotypic variance, V
P

' may be \ 

e~res8ed as Vp - VG + VE,where VG ia the total genetic variance and 

VE is the variance due to environment. This relationship holds if 

environmental d.eviation and genotypic values are< independent of eàch 

other. If correlation ~et:ween genotypes ,and environ~t exiata, ~hep. 

Vp , - Ve + VE of. ~ CovGE' ~ere CovGE is'the covariance between the . 
genotype an? environment' (Kempthorne, 1957; Fa1c::oner, 1960; Moll and 

\ 

Stuber, 1974). 

According to wrlg~t,(1921J 1935) the total genotypic variance, 

VG' la composed of three parts: additive genetic variance, VA' 

dominance variance, VD, ,aild, epistat~c variance, VI" The additive 

portion of the génetic variance ref1ects the degree to which progentes 
• 

are l1kely to resemble their parents • .. 

... 

1\ 

" 

" 

12 ' 
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, Excellent re'liews of estimates of genetie variance for 

'important erop species are given by Gardner' (1963), Matzinger (1963), 

Cockerhan (1963), and MOII and Stuber (~974). ' 

The estimation of genetic variance requires some kind of 

statlstical technique appll~d to data collected on' vario~ parents' and 

" 
thair progenie,s. Estimation of additive and non-additive genetic 

v.~riance l requires the use of appropriate mating and environJQental 

deS~gn8. Coekerham ,(1963) classifies mating designs depending upon 

the n~er of parents per progeny. The most common mating srstems are 

Designs l, II, III of Comstock and Robinson and the dial1el cross 

,techniques (Gardner, 1963). 

ma~ug':::::: ::~i:-::':::~ ~:-u::::::d.::tw::-': ::l:h;:::::.ath. 
desired information. For in~~ee, a one-factor dea~~' is enough to 

determine,th~ presence o~enet1c varlability. , 

The estimation of genetic parameters obtAined from data 1n an 

-analys1s' of variance table on the basis of expeetation of mean sqùare 

must meet the follow1ng assumpdon stated by Cçmstock and Robinson 

\ ' 
(1952a): (a) normal dip'ipld ~d solely Mendel14n 1nheritancej 

té 
(b) no environmental.cor~elation amang progen1es; (c) the progenies 

are not inbred and can be eonsidered rand'om 1III!1IIbers of soma non-inbred 

pQpulatiou; Cd) linkage equilibrium; (e) na epistâBis, i.e., the effect 

" on variation in genotype of ~y single locus is not modified by genes 

at ather lod. , 

13" 
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, 
:rhe-~ump~10D,: of d1ploid inheritance 1ncludes régular amphi

diploids and can be modified to inciude autopolyploids, so long as n, 
, 

tbe coefficient of ~auble reduction, equals zero, and meiosis 1s <" 

regUlar (Kemp tltOrne , 1957). Gardner (196,,3) abserved that from the , 

standpoint aI statistical genetics', the behavior of allopolyploidè 1a 

,~1m:Uar ta dipl01ds. .. -
\ . 

1 ~ Know1edge af herita1Sll1ty of agronomic characters 1s very 

important for efficient selection~ Plant breeders have useq the 

14' 

, , 

• l ' \ 

estimations of genetic variance and 1ts additive componenta to calculate 

'. 
heritability. Heritabil1tY can be divided inta two types: (a) broad 

SeD.sè heritability, which is th. ratio of total genetie var~anee to 

phenotyp1c variance; ana (b) tiarrow sense" he ri tabili ty , w~~ch is the 

ratio,of ad~tive genétic variance to phenotypic variance (Dudle~ and 

Mo 11 , 1969). 

". 
One çotamon technique to calculat:e her! tabili ty is the vàr1anc~ , 

compOllerit method deve10ped by Comstock and Robi~on (l9S'2b). This 
\ 

method Can be appl1ed to either geneticàlly different cultivars 'or 

families from a given generation. 

One, of the earli~st papers on the statistical approach to 

1nheritance in grusés wu ,that of Burton (195'1) who worked vith pearl 

m1~lee (Pennise,tum typhoides (Burm.) Stapf and C. E. Hubb: Th~'1 genetie 

variance was estimated by the equation V
G 

- V
F2 

- V
F1

, where ,VG was the 

total genetic ~ariance, ~'2 was the variation in the '2 popu1at1~n, and 

V
F1 

was the 'variation in the FI population. The vi- was eonsidered ta 
, 1 

" ' 

-. 

\ 

. ' 
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"'Pe' the ~vironmental ~ariat],n, ~e heritabl1ity·~as then ~a1culated 

accoJ'ding to the f01'l11ula 
'f" 

H -
,,- : 

\) 

Obvious1Yt the heritabllity estimaflon U8in~ ~ch an equation may give 

considerable upwards blas. PI:l,rameters so obtained should be c:onsideréd 

as the maximum heritab+lities, 

" According to Farts and Law~on (1914). the most widely Wied 
~. 

lite thads, for the estimation of broad sense heritllb111ty in forage 
J 

~ D 

plants are those developed by Mab-~a1d ll!l. (1952) J Kalton !!..!!.' 

(lg52). and Blrton and DeVane (19'53)', 

15 

, J~' ' \ 
Macdonald et' al. (1952) used the average plant~to-plant variance' 

t -- • 

atJR)ng Sl' progenles of bromegran clones (Br01l1us in8ms LeYsa). The 

mean 51 v:ariance consiste of both envirotullental variance and geneHc' 

... , ,0 

, ,!ariance due to 8eg~egation:" lt was assumeli thab two So propagules 

'a clone ln eath repllcation were genetlcally e~ual; therefore the 
, "'.. .j 

of ...... 

! ;; • 

sampl1ng error pt'ovides an estimate of environmental variance, If the 

So samp1~ng error variance 18 subtracted fr~ SI var1m~et the 

r,elllainder ,18, to be considered as total genetie v,ar1anee. They divided 

the ,totd genetic variance by, the s+ varianee to live àn estimation of 

l}eritablUty • " 

~1~on et '&J.. (1952) t using a procedure s1.m:l.1ar to that ,by , 
, , -- " 

~cdonald .ll..!!.' , (1,952-) t aubtr~ct.d the average So (parental clones) 

\ 

• 
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variance tram -the average SI (selfed proptU.es) variance in archard::" 
• 1 tl • , 

~ 4~ , 
gr~a to ob te1n an es d,ute ,of gene tic ,:*a~~an,ce ~ 'The her! tab~li ty was 

.stiDated by follow.tng the equatiOb , 

" R - , , . ' 
. , 

wh_ra, S2,.' variance for t~ selfed progenie., wbich w~ cona1dered .1 " , 0 

" , 
to D~ an estimation of genetiC' varianc::e plus environ-. , 

, , 
men tal variance 
, t 

" " 4, t 
variance ~or 'the parental clones whic:h was, conaidered to 

be an estimation of envirOn~t~i 'v~rian~e. 
• 6 , ' 

, These procedures- we~" followed by studies, of,' other worbts 

(Balt"'1"P~r8"r éd \W.tan, 1958; Lo,bèdck and ~l~' 1954; carls';", 
, ' 1..) , .§ 

1966). In some cases, clone a and their open-po ate(d progenies were , 

uSed, wh1le in other eases, c:lone~ ,and their, aelfe~rogeIÛ.es ',were. 

employed. 
\ ' , 

\ 

~urtOn and DeVané (1953), working w+th taU fescue clones " 

;, 
, \ 

coq,ut,ed genetic, variance frdlll the mèan square for clOT,les ~d err,or in 
! .. 
the regulaT analya1a of 'variance by sepax:ating the, variance compOllents 

according'to the follawing formula: 

V'E + NVG 
,- the ~Jq)ectat1;on of the clone mean,' square , 

, , . 
tv -. E 

.l, 

" the' e~ectat10ll: of the ,rror mean sq'uare 
- ~ 

V
G , ~ the total' genetie variance 

o • 

~' , 
N .~ • the numbe~. of replieation,' 

/JO, • 

" , 

" 

\ . , , , 

" 
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',,' ~ , 

-~ 

1>, 
. , 



1 
'" ! 
[ 

...) 

{ 

'. 

• c 

.. 
. ~ , 

'f' 

,-
" 'This method has the fo1lowing advantages over those of Burton, (1951), 

Macdônald !! . .!!' (1952), and Kalton .!E. al. (1952): 

'1. lt dOes, not depend upon the as~u1llption that environmental,.."àriance 

is equa1 for the segregating and non-segtegating populations; . " .. 
2. lt redùce~ the amount of genotype x environmenta1 'Variance carried 

in the estimate'of genetic variance. 

''!he total genetic variance 80 calculated may still cont,ain 
" 

, .1 

variance due ta dominanée. deviatioUs and epistasis in addition to the 
r 

additive' fraction. For ,exually reproducing specles this can, the re-

for,e, give considerable upwards bias to estimates of gai~ by selection. 
!'!o, 

17 

Many' workers' have used this methodology to calculate heritability. 

Amang them ate Brooks.(1962); Burton (1?74)')G'.o~er (1959), Frakes et 

al. (196lj, Gordon, (l979) , Keller and Likens (1955), Kneebone (1958); -,- ~ , '. \ 
j ,', 
Kn,ebone et al. (1961), Lorenzetti (1966), Newell and,Eberhart (1961~, 

~- , ~ 

, Schaaf !! al. (1962)! Scossorili ;!!.!! (l96~), Slmonàen (1976, 1917), 

and Pott· and Holt (1967) • 

.. 
Bubar (1964) esttmated broad sense heritabl1ity for 38 clones 

of timothy (Phleum pratense L.) by.calculating a single herit~bi1ity 

value for each clone. He calculated ennronmental variance for each -, , , , 

clone from the varianëe~Withln the plots located in the repllcates for 

the clonally propagated material.~ ~or the same clone be calculate~ . . 
the phenotyplc variance from its selfed ptogeny in the same way. He 

," 

eon~1..dered that the 'paren'ta1 el~ne provides an estimate of envirpn- ~.' 
. ~. 

mental plus "error" vàrianc~s, and the selfed progenies provide an 

, . 
-"'z,'us 
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independent estillla,te of genetic plus envir9nme~tal plus "error" 

variance. Heritability waS eatl~ted for each c10n~by the ,formula: 

H • 

where V -

D , 
and -

s 
o 

the parental clone variance which waS considered to be 

an estimate of cr; + cr~ 

the se-lfed progeny ,variance which was consldered to be 

222 
an est!mate ot cr + cr + crE' 

. CJ 
g e' 

• Fa1eoner (1960) stated,that 1t ia important ta realize that 

,q,eritabl1ity ls a property not only of a character but also of the 
o 

population and of the environment. Slnce the value of hei"itabllity 

depends on the magnitude of aIl the components of variance, a change 

1n any of those factors will affect' it. Furthermore. the hert-
.' / 

tabi1ity ~~ly dependent on plot size, planting date, planting 

dens1ty_f ana number of rep1i~ations. lt muat be understood that 
o " 

interpretations of heritab1lity must be treated very carefully. and 

the camparison of estimates for a particular charactei obtained by a 

different worker la of doubtful utillty (Robinson, 1963). However, 
t 

Roblnson pointed out that a meaningful est1mate of heritability 1s of 

use '1n estimating expected progr~s's fi~ adopting .~he prognDl frOID. 

whieh 1t was calculated. olt 18 a1so a very usef':Ü concept ,~n 
o 

, determining the re~ative importance of genet1e effects which may be 

passed on ta offsprlng, even in cases where 1t would be difflcu1t to 

extrapo1ate to other populations. 
, .' 
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2.2.2 Genetic varfation and hettitability 
in grass species 

Macdonald ~!!. (1952), in studying the~inter~elationships of 

bromegrass clones, found a broad'sense heritability estimate oj 68% 

for height, but esti~tes for yield and spread were negative in value • . . 
The results led to the conclusion that for height there ia maybe a 

fair1y large portion of the observed variabil1ty that ~an be ~elected. 

Resulta for spread an; y~'ètJ, on the other hand, showed th~t 
\. , 

environmental variance made up the major portion of the total vari-

abi1ity. Negative heritabi1ities have been reported by Bubar (1964) 

and he attributed thi~ to genotypic sensivity to the environment. 

~a~s and Lawson (1970) attribut~d negative heritability estimatea to 
. . 

intraclonal variation and to genotype-environment interaction. '. 

Burton and DeVane (1953) f working with severaI clones of tail 

"feseue, reported high broad sense heritability values for some .... 
agronomie characteristics. They found 'estim~tes of 80%, .83%, an4 90%. 

fo~ green weight of plant iIJ. -1950, green weight of 'p1an,t in 1951, and 

,disease resistance, respective1y. 
, . 

Lebsoc~ and Kalton (1954), using the Ka1ton !!~. (1952) 

procedur'e, ,studied genetic variat10n among strains 'of bromegrass. 

They reported that heritabllity estimates for'faI1 vigor, hay vigor, 

height, and spread were 46, 60, 71, rund 67 per cent, respective1y • 

• These estimates, of course, contain not on1y additive genetic 

variance, but aIso that due to do~nance deviation, epi8t~i8 ànd. 
~ . . . " 

genotype-environmenta1 interaJ::ti.on. Despite tlUs fact, these workers 
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considered that parameters obtained indicate that selection fqr 

cert~ char~cteristics 'ln we!l-replicated, space-planted nurseries 

has a reasonable chance for suc cess • 

. Kneenone (1958), using the variance compŒlent method, studied 
\ 

, 20 , 

herltabillties of, replicated cl~?-es of" sand bluestem (AndroR~~ ha11U 
- \11 

H,ack.). He reported broadsense hèdtabilities ,of 96% for ,heightt" and 

~ 
77% fOT; diameter. In the same paper: 'but using data from space-planted 

\ 
<j 

open-pollinat~d progenies, he reported heritabilities of 94% for 

height and 60% for diameter •. The peritab1lity estimation for both 

clonaI 'and,progeny tests,ind1cates that genetic potential 1s present 

". Q 

for these two charac~ers, w1th height being more heritable than 

diameter.\ 

Baltensperger 'and Kaltan (1958), work1ng wi~h different 
'\, ~' 

'a~~essions of reed canarygras\ (PHltaris arundinacea L.) in,a s~ace-' 
} ,.." 
planted nurserr, 9btained significant di'fferences among accessions for 

\ 

. hay vigor an~ b100m date, respectively. Approxitnately 74% of the total 

variabil1ty for hay vigor was due to environmental effects, which 

indicates that genetic, advance ~ght not be obtained by phenotypiè 

\ selection in spaced plant1ngs. 

Cooper (1961) reported the estimation of heritability for some 

important producÙon characters i~ cultivars of ryegrass using twq 
~ 

different procedures of cal~ulation (parent-~rog~y correlàtion and 

analysis for ~ul1-a1b ,familles). He found that there is agreement 

between these two methode, and both methode provided encouraging 

" 

\ - " 



, 

fr 

~j 

. , 
, . 

'''' 

! 
. 

figures for most of the characters studied. Hè a1so calculated the 

actual gain by selection in the s~cond cycle" and it was âeterm.:1ned 

that for most of the characters the herltabi~ity calculated frem t);le 

ori81nal_c~l~var provided a good indication of the short term 

response to selection. 

Schaaf !!~. (1962), studying d1fferent strain~ ôf crested 
"V 

wheâtgrass (Agropyr~ de~ertorum.(Fisçh ex Link) Schult.), found a 

very high value ~or culm height herlt,a'billty. The heritability values 

for forage yield were, however, v~~ low. Law heritability of forage 

yie+d in this species has been reported by Knaw1es (1950,1959). 

. , 
Carlson (1966). working with clones and topcross progenies in 

ree4 canarygrass, found the estt~tes of genotypic variation iu the 
\ \K'S 
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clona! materlal ta be in the order of 85% for flowering da~.e and 18% 

for spriug vigor. ln the topcross progeny he reported, estimates of 42%. 

for annual dry matter yield and 74% for flowering date. 
~ 

According .to 

Assay et al. (1968) about 60% of total genetic variation for forage 
- ""'T" " 

yield is non-additive in' reed canarygrass. 

Matneson (1965), studying single-cross and F2 progenies of t~11 . 
fescue',reported evidence that forage yield la governed mainly by 

addi·tive gene action. According to his data, one shquld èxpect 

greater progress select;f.ng for yield in late-maturing cultivars. 
'\ 

Also, 

he poin~ed 01}t that heritability 'estimates lndicated that mast trrlts 

could be studied more effectively after thè secOlld year of plant 
, , 

establishments due to t1;1e fact that environmental influ~nce appears to 
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be léSS prono~ced ,at that Ume. Contrasting results were reported by 

TholllllS and Frakes (1967), who found that plant: height could bé 

effective1y selected for in the fire.t Year. 

- ~ 
Faris (1970), wor1~ing with timothy clones, 'used the Burton and 

DeVane (1953) procedure ta cal~u1ate heritab11ities. He reported that 

. esti'mated values on a plot basis exceeded 80% for several characters. 

Hawever, he pointed out that these estimates have be~ inflated, due 

ta the existence of high GE interaction plus intrac10nal variation 

s and Matheson (1973), utili'zing ,F2 progenies' of tall 

ound broad sense herltability va1ue's of 84.8% and 74.5% for, 
, " 

dry matter yield per plant and ,narrow sense values of 63.0% and.59 .0% 

for the sàme cliaraCter in two 'different years. Using the parent-

progeny regression technique, the narrow sensé values estimated· for 

22 

fi 
the dry matter yie1d were 50.8% and 43.0% in two diffe;rent years. lt 

was obs,erved that the average broad sense heritabUity of almost 80% 

is in close agreement with those of Burton and DeVane (1953 -: 80% and 

63% for two yea~. and the three-year ayeragé of 76% reported by 

Frakes (1955). Since, in the narrow sense èstfmaees', on1y additive . , 

genetic variance is used ta calcu1ate heritability, it 1s safe to 

conclude tha~ in this study' additive gene-actton Is the major factor 

involved in dry matter yie1d variation in tall fes,cue. 

Subhanij (1974) , studylng -the hèritability of agronènnic , 

characteristics of taU fescue using dial1el techniques, reported 

".,... 
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medium ta high heritability estimates for plant spread and antheais 

date and low values for plant height. Heritability estimates were 

based on parent-progeny relationships. Based on the diaUel analysis 

it was evident that additive gene action was primarlly iesponsib!e for 

dry-we1ght. ,'These, results are in a~reement with those reported by 

Frakes and Matheson (1973). Bath additive and non-additive gene action 

influénced plant spread and antheSis date, while additive gene action 

was of major importance in the expression of plant height. 

fimon~en' .~,1977). working with a population of meadow fescue, 

foun,d that the genetie variability for ear emergence is predominantly 

additive, while tlie.non-addit±\e variance 
J 

o 

is at least as great aS 

additive v~riance for forage yield. 

. 
It ls {nteresting 'to note that this review is in close agree-

, 
ment with that done by' Moll and Stuber:.c1974), where it was stated , 

that' "most of the da~a reported points to one general conclusion: 

ge~etic variability of important agronomie traits ia predominantly 

additive genetic variance. Non additive ~genetic variance also existe 

in nearly aIl species,for many important traits, but it ia generally 

sma11er than additive genetic variance." 

2.3 Genette coefficient of variation and 
genette advance from selection 

Estimates ,of her;ltab1l1ty do not always reflect the magnitude 

of genetie variation in a pop\llation. It does not always follow, 

therefore, that great advance can be maâe by select~g for characters 

l , , \ 

-~" 
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, having a high her~tability value. ~e magnitude of the ge~etic variance 

must be eonsidered. A genetie coefficient of variation (GCV) caleulated 
\ 

by \the fohula 

1 genetie vartance 
.' 

\ , 
\ 

x 
x 100 

togetq.er with l;1e ri tabllit y estimate, would seem ta give the best 
\ -

pieture of the amount of advance to be expected (Burton, 1952). , 

Johnson .!! al. (1955) have emphasized that the GCV has con

derable uti1ity ~n facilitating tbe comparison of genetie variability 

arioua populations and characters and in some cases may be useful-... 

n èstimating genetie advance. Rowever, Hanson (1963) bas observed 

that eonyerting tl' the pe~eentage of the mean' ta' remove units of 

measure yields a statistic of questionable meaning. 

Whenever the plant breeder estimates genetie parame te ra'" for 

any qUaDtitati'\1e trait in a population, he aften estimates the expected 

genetie advance under sele.c.tion for oertain charaeters. Genetie '. 

advancè is,:> def1ned by A11ard (1960) as the pfoduct of the :f:ntensity of 

selection. the esttniate of phenotypie standard deyiation. and the 

heritability estimate. Aeeording ta Falconer (1960), intensity of 

selection dependa on1y on the ~roportion of the population inclt,tded 1n 

fi the selected group, provided that distribution of phenotypie values ia 

normal.. Selection Intens:lty ean be ealculated by 4iividlng the he1ght 

of the nonnal cune,.st the point of trtmcati.on by the ~ropoi.-tion 

.' 
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seleèted from the POP,ul~tiotl. Genetie advanee 1s often caleulated br 

researehers working with heritability estimates of quantitative traits. 
, • 0 

GCV ranging from 34% to 38%, for forage yield has been reported 
, ,f " 

for taU feseue by Burton and DeVane (1953). Also, they fO'Und that a 

genette advance of 62.3% to 72.0% over the population ,Mean wou1d be 

expected for forage yield if selection was made. on the top 5% of the 
, 

population. They pointed out that due to the tact that the gen~tie 

vadance may éontain variance due t:,o dominance and' epistatic effects, 

the genette \advance' values w~ll on1y, be strictly': applicable if vegetati~e· 

propa~at1on of the selected,material is assumed. 

A reasonably high GCV of 29 .. 5% fo! plant spread has been 

repo"rted in Kentucky bl~grass by Berry et al. (1969). Lower est1tft.ates 
J' --

)~ f " 

have been f~und in sand b1uestem. by Kneébone (1958), who reported a, 

GCV for plant ~pread of 14.5%. 
1 

/ 

0' 
,Schaaf !! al. (1962), studying different strains of crested 

~eatgrass, f~und a ve~ low GCV for plant,hèight (GCV - ,9.5%). ' 
! 

Kneebcme (1958), 'in bluestem~ found a CCV ,of 1'7% ~or plant height. 
"\ 

2.4 Correlations 

, .~ 

~owledge of correlation between characteristics iS'useful in 

designing an effective breeding program for ~y c~op" Complex plant 

cbàracters. such as yi'eld. are quantitatively inhel'ited and infl~enced 

by genetic effects as well 

type 'witb the environment. 

, ' 

as ef~e...,ts due t~ the, interaction of 

Yie~y itself may not be the best 

'''5, -9 i ~ .; ~ , . -t .. ~ 

geno-
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criterion for selection to improve dry ~tter production. Hence, it 

is i~ortant to study the correlation b~tweén agronomie c~aracter-. 
o isdcs, whi& tnay have high herltability, and yield, which in most 

8tudie's has low herltabil1ty (Falconer, 1960). 

According to Falconer (1960) there are three tnajor reasons to 

determine the rela~ion8hip between two charaGters: (1) to determine 

the change brought about in a given character when selection la 

practis~d on another trait; (2) to study the genetic cause of cor-

relation through the pleiotropic action of genes; (3} to examine the 

relati~n8hip between characters in a natural ·population. 

The correlated'variatfon of the two characters which ean be 

directly observed i8 the correlation of phenotypic'values, or the 

phenotypic correlation. The phenotypic correl,ation ia a linear CQm-

bination of genetic and'envirohmental correlation. The genetie 

correlation i8 the correlation.\> of bree,ding values while the environ-

mental correlation is the ~orretation of enviroumental deviatidn, 

" together with the non additive genette deviation. . . If genetie eor-
'" , 

• re1at:fons a~e high., attempts to obiain a response in one character by 

8elect~g for an associated trait may be worthwhile. 
o , 

The e:Jttent to wll1ch various characteJ;'8 are. correl'ated has been 

studied by a number of investigators. Macdonald et al. (1952), . 
-~ . 

.studYing the relationship amang SI progenies. open-pollinated progen~es 

and clones of bromegrass, found high phenotypic correlation between 

yie1d and al~ char~cters ïnvestigated, except for height. For vigor 
, , 'Q 

" 

26 

" 

. \ 
t 

/ 



J 

\ 

Ci 

/ 
1 

" and spread, they ranged from r - 0.68 to 0.92. 'Corre1ations between 

yie1d and height were 0.31, 0.74 and 0.44 for clones, self-pol1inated 

-progenies and open-po1linated progènies, respective1y. - Yield was also 

closêly re1ated to sprèading ability (average, r - 0.79). This 

observation agrees with resu1ts obtained by Guenther' (1949) and Know1es 

(1950), who found co·rrelat1ons of 0.76 and 0.63, respectively, between 

yie1d and spread, while working vith bromegrass. Also, Mac4Ona1d .!:!. 

If.!. (1952) found a close association between fall vigor and spr~g' 

vigor (average, r - 0.895, which suggests that the breeder. may take' 

vigor notes in the' fa1l of the year of ,establishment. During this 
" • 

season the forage breeder usually has more time, for taUng notes than 

du1:ing the p1anting season. 

Lebsock and Kaltan (1954) ca1culated the degree of association 

between cer~ain agronom:lc characteris1f.1.cs" in different str~ns of 

bromegràss in a' space-planted nursery. 'lbey used two different 

Dlêthods to obtain the degree ~f ,association of'tay vigo; wi th various 

other traits. The first,method was that of computing simple cor-

relation çoefficients using mean values for each entr)r. Resulting 

correlations with hay vigor were as follows: 0.94" 0.76,0.94, and 

0.77 for faU vigor, height,_ spread and recovery, respectively. All 

. coefficients vere significant at the 1% leve!. In the second method 

they calculated the genotypic and ph,notypic correlati~:" -''The pheno- .. 

"typic cor~lations between hay' vigor and e1th~r height or spread were 

0.41 and O. 79, respecti vely, wh1.1e the genotypic correlations between 

27 

the hay vigor and either height or sp~ead were 0.38 -and 0.81, respectiv-ely. 
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They concluded that spread is the !DOst important component and that 
/ , 

selection for this character could-improve yield. 

"-
In a review paper, liieben and Smith (1961) summadzed data 

28 

indicatins some of the associations of different bramegras8 character~., 

fi According, ta that review there is a strong ~at1onsh~~ betw~en hay 

vigor and either he1ght, faU vigor or sprlad. 'Also, forage yield i8 

significantly correlated with spread, fall vigor and height • 
• 

Measuremeuts of height, maturi tY t d1B~ase incidence t and forage 

, yield were c~uted by Echeverr:Î. (1964) in an FI progeuY,of taU' 

fescue., He found t~at height was correlated with the stage of, 
, 

matur!ty,"but that f~rage yield was indepelldent of the other characters 
. 

measured. 

Phenotypic and genotypic correlations among several char'aeters 

of 15 différent strains of Kentucky bluegrass were"calculated, by Berry 

!!.!!.. (1969). A significant phenotypic correlation vas found between 

rust res1stance '8tld spread (r· 0.63). The genotyPic correlation was 

alao considered qu:lte high, with an r value of 0.65. No signiflcant 

correlation vas fO\md between growth habit $1ld rpst resistsnce or 

growth habit and spread. 

Farill (1970), worldo:g with severa! 0 t1mothy clonéS, reported 

estimations of phenotypie and genotyp1c correlation of several 

agronomie characterist1cs. He found Vf'-ry high est1mates {)f genotypic, 
l, ' 

and phenotypic correlation between spring vigor and total dry matter 

yield, elone diSlDèter and clone VolUllle, and clOne diameter and total 
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. 
dry ~.tter yi.e1d. He poi.nted out that· si.nce genotypi.c corre-ÎaÙon 

. 
between spring vig~r score and total dry, matter yield wete positive 

and h:1gh in mag!litude (average, r - 0.89); se1ection for. e1ther char-
,0 c 

acter could result i.n good.progress in the other character. Clone 

J. '1 . 
volUllle lias si.gtUfi.cantly eorrelated with clone- d1amete~, but i.t was 

non si.gtrl.fi.cant11 correlated with clone height. Therefore, i.t was 

conc1udecl that '& J:l1.~ficant re14tiOl18h1.p between clone volumè and 

tota1 \\ d:ry matter p.eld was ~n~y due to the Bi.gn1.fic:~t c~rrelat~ 

between clone di~ter and tota1 dry ma~ter yi.èld. Si.gnificant ~ 
.\ .. 1· 0" '" 
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, 

llegative corre1ati.on between clone volume • and -total-dry _tter yield . " ;;:.,," 

wail observed. 

Moutray and Frakes (1973) 8f:udied the relationship of cettain 
•• ., 0 

agrdil.omic charactera in three di.fferent populations of tàll fescue • 

. 'lhe correlati.ons between plant he1.ght and fa11 vigor ranged froa 0.94 

, . 

o ... '- / 

to O.~·6; betweén pl.ant he1:ght and" ant~esis"date fram 0.91 to O',9r;, ~lUld\"", '\ 

bet'Ween fall. vi go r o and anthesis date from 0'.8.1 t'~ 0.92. The a'uthors 

conc1uded that selection for ei ther charaeter cou1d bring great 

G advance' in the other trait. 

In reed canarygrass." Baker, (°1976) reported that height' and , 
basa1" d1à111eter were signifieantly rel~ted with-' yj.e~d, büt no cor-

relation betwe~ y1.eld and beadi.ng date wa found. 
• • - "'1" • '. \ " • 

, '. 

,simonaen (1977). working w1.th a e1onal":>populat1.on of meadow 
" . ~ .. 

fescue, , ~~por.ted chat ,no corre1a~on .exlsts between the date of ear 

~mergen<;e' pd forage yleld •. Similar c(:mclus;Lons were nport~ bY' 
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Aildonov (1970) • However. Simonaen~ {19'76) reporteli that in ,ryegrass 
'~ 

thera.was a significanf' poaitiVè association be'tw8en d,te ;of 'ear 

eJlln;getlce and forage yie1d~j,n fi~r;.ar of hàmst, , while'o', ,or' a 
, Q 

iligh't,ly negat~ve, 88sociatiQ1l etisted in the second yecar. ,.. 
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CHAPTER. III 
, . 

MATERIA,l.S AND 0 METHOD~ 

3.1 Guede .terial. exPerimental 
procedures agd data collection' 

'\:.. ~'. 

• 

! 

The 'lrenetic material stud~ed in this experiment consisted of 

80 introductions of tall fescue (Festuca arundinacea Schreb.) fram 
. ' 

\ 

throughout the world. ' The ,~n reason for choosing these partic~r 
", , 

introductions was that they demonstrate~ a'good capac1ty' to surv1~ 
, . , 

the winter ,followin~ the establishment year, as,indiéated by the 
t, ~ , 

• 

Fo;age Inyentory PUDlicati~ of the Western Regional,' Plant ,Introduction 

St;ation of Pul1man,W~h1ngton, ~SA. Alta, a cult1'1jar of tall tescue, 

.' was included in the experimen~ as a ~eck (Table l). 
() 

The s~ed of. each accession woas germinated on moist paper towels, • 

The seedlings were tr.aneplanted to plastic tubes containing a s01l 
---~, ,. 

'0 mixture of wa~hed sand ~ lQam and peat 1IIOSS (1: 1: 1). . ,A single sèedl1ng 
"1 ,. " 

was' tranSplant~d into each plastic tube and flats of plants were srown 
k 

in the greenho~e. Est:abHshed seedlings were 1IIOlèd to a cold frame, . 
1 

outsi~e the gree~ouse, two weeks before they were planted in,t~ 'field 
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TABtE 1. Introductions of Festuca arundinacea Schreb'. used in the' 
experi~ts, identified by' the Macdonald accession number, the 

'external ac(:e~s11!]tl nUmber, and by the country of origin 

1 
2 
3 
4 
5 
~ 
7 
8 
9 

10 

11 
12 
13 
14 
15 -
16 
17 
18' 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 

l' 33 
34 
35 
36 
37 
38 
39 
40 

\ . 

Macdonald 
accession 
number 

MCF1 
MCF2 
MCFl 
MeF5 
MCF6 
MCFS 
MCF9 
MCFI0 ., 
MCF14 
MCP15 

MCFl7 
MCFl8 ' 
MCF19 
MCF21 
MCF22 
MeF23 , 
'MCF24 
MCF25 
MCF26 

'MCF27 

MC128 
MCF29 
MCFlO 
MCr31 
MCF32 
HCP'33 
MCF34 
MCF36 
MCF39 
MCF40 . 

MCF41 
HCF42 
MCP'4., 
~CF44 
HCF45 
HCFii6, 
HCF47 
HCF4S" 
MCF49 , 
Her5a 

" , 

\ 

Externa1 
accession 
number* 

283297 
283298 
283314 
260245 
283285 
269376 
Z83291 
283'286 
208681 
204446 

194249 
PGRl861 
314686' 
260246 
150156 
265367 
269894 
283285 
PGRl861 
289004 

PGR1861 
PGR1863 
237516 
249738 

. 251U2 
265357' 

'255416 
315430 
265359 
,237559 

283295, . 
283296 
293293 
283292 
283300 
283291 

,355324 
PGR2153 
PGR2154 
PGR2155 

COlmtry , 
of • 

origln 

Sweden 
Yugos1avia 
USSR 
Germany 
Poland 
Afghanistan 
Portugal 
France 

, Algeria 
Turkey 

Gree ce 
USSR 
USSR 
Germany 
Austral1~ 

Netherlands 
Pakistan. 

. Polaud 
USSR 
Hungary 

USSR 
USSR 
Tunisia 
Greece 
Yugos1avia 
Netherlands 
Yug'oslavia 
ussE. 
Netherlands 
ltaly 

U.K. 
Swedt;n 
France 
U,K. 
Po land 
Portugal 
USSR 
USSR 
USSR 
US SR 

(table continued) 
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TABLE 1. (cont1nue~) 

~ ,",' 

Macdonald External Co~ttY 
; accession accession of ~ !. 

" 
nU1Qber number* odgin 1 

, 
fi 
~ . 

,41 MCF52 223369 Iran l ' 42 MCF5l. 283285 Poland 
43 MCF54 PGRl865 USSR ~ 44 MCF55 297905 AustraUa ~ . \ 45 MCF56 PGRl864 USSR ,~ 

46 MCF58 297906 Australia .ti 
4? MCF59 PGR2l52 USSR ~ ;1 
48 MCF60 PGR2151 USSR .r:' ,,' 
49 MCF62 283280 Israel "''1 

01< 

50 MCF63 355322 USSR 
f ,> 

51 MCF64 26'5363 Netherlands ';.1 

52 MCF65 311044 Roumania i 53 MCF66 237178 Netherlands 
54 MCF67 234719 France r,: 
55 MCF68 172423 Turkey, ;i, 

~ 
56 MCF70 265359 Nether1tds ,~ ... 57 MCF7l 265354 Netherl da '1 

" 
58 MCFt2 235.470 Switzerland ';; 

" 59 MCF73 2~5361 Nether1ands ' ' .. 
1 60 MCF74 , 253311 Yugos1avia· ',' 

" \ 1 l' 
Î 

61 MCF75 , '250963 tugoslavia 
- 62 MCF76 234883 Switzerland 
~3 "" HeF77 234717 France 

64 MCF78 234890 Swi tzerlaÎl.d 
65 . MCFBO 295669 USSR 
66 MCF8l 203728 Uruguay , 

67 Mcr82 
\ 

2350'18 Germany 
68 MCF85 231552 Algerta 
69 MCF86 234717 France 
70 MCF87 211032 Afghanistan 

" . 71 MerS8 235244 Spain 
12 MCF89 264766 ,Net~er1ancls 
73 MCF90 229755 Iran 
74 MCF9l 1 234748 Iran 
75 MCF92 265352 NE!therlands 
76 MCF93 297,901 1 Australia 
77 McF94 283217 Portugal 
78 MCF95 283276 France 

., 
- __ ---1:; 

19 MCF96 274617 Poland 
80' MCF97 314684 USSR 

0 *Acce8si~ idantlii:: by uumbe~8 were p~ovided by'the 
Regional Plant Introduction Office, Pull.ttum; Wa, USA •. Accusions 
identified by letters plus nUDlbers 'li'ere provided by the Plant ,. 
Gene Res Qurces, Centre, Agriculture Cans~a., Ottawa, Canada. ' 
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on June 6, 1978. The experiment was condueted at tqe Emile A. Lods 

Agronomy Research Cèntre at Macdonald College. ~cdonald College is 
..--. . 

located at the extreme west end of MOntreal Island, the geographical 

location 'being 45 Q25'N and 73°56'W, at a~ altitude of approximately 

330 m, with a conflnental c1imate. The soil type of the experimental 
\ . 

) , 
area is charaeterized as Ste. Rosalia clay, with a pH of approximately 

6.2. The soi1 wrs prepared at the beginning·of May, and 560 k~ per 

hectare of 5-20-20 (NPK) was added tothe soil. 

1 
Seedlings were spaee-planted in a randomized complete block 

design wit~ tiro replications. Each plot comprised a tan-meter row 

containing ten plants,. one meter apart. Plots a1so were one mptet;. 

apart. A plot of Alta tall feseue w~s planted in every fifth row as a 

check. A bo~der row 'wàS grown at 'each side of the experllllent ~th the 

sarna spaclng as that of the plots. 

For each of the 80 accessions and also for the eheck cultivar, 

8 plants per plot were. evaluated. The plants on the end of each 

plot were not included in the evaluation because of border effect. 

The f~llowing agronomie characters were measured on indi~dual 

plants as descrlbed below: 

1. Dry mat ter produc tian. -Iwo cuts were taken in, 1979; the 

first during the pe,:1od of June 6-13, and the second on SeptembeT 5-6. 

Each plant was uniformly 'cut at a he1ght of 7 cm and its ,STeen weight . " 
recorded to the nearest gram. 

\, 
In addition. a representative sample 

. 
from 'each plot (8 plants) was eollected and weighed. 

. ' 

" 

( 



" 

r 
1 

\ 

, 1 

( 

Cl 

.. 

'~ 

, ' 

,oven-dried and the dry matter perc~t~ge vas calculated on a plot' 

basis., The individual plant green veight from each plot vas 'then 
\ 

converte,d to a dry weight basis. In .the first cut plants veTe 
, ' 

r 
'\ 

35 

harvested individually at the early bloom stage, vhile in the second 
1 

cut the entire plot vas harveste~ in bulk. 
~ 

2~ Fall vigor.--A composite'score vas taken on October 15, 

1978. The score was b~ed on height, spread and leafiness, tanging 

from 1 (maximum vegetative growth) to 9 (minimum vegetative growth). 

3. Spring vigor.--This vas scored on May 2, 1979, on tbe same 

basis as fall vigor. 

4. Growth score.--This was rsted on a scale from 1 (the .most \_ 

decumbent plants) to,5 (the most erect plants), 

'(~( 
5. Height.--This was measu}:'ed in centimeters 

of ta1lest paniele, one week before the first eut. 
r 

from, crown DP 
6. Heading dat!!.-The number of days from April 30, 1979, 

.1 , 
until'the full appearance of heads. 

7. Fint eut recovery.-This vas seored one month after the 
1, 

Urst cut, on the SaJDe buis as for faU vigor. 

8. Second cut recovery.-This vas scored one month after the 

second cut. on the SaDIe basis as fqr fall vigor. 

• 9. Spread: ~The diamet~r of the plant ~n c:endmetera at-!je 

crown level was ·measured after after the second cut. 

.' \ , 1 

". 

", 
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10. Volume .--This was ealculated from spread and hei'ght by the 

following equat~on: 

where 11' - 3.1416 

R • radius 

11 .. height 

IL Lest rust incidence.--This from 1 
, 

(the most healthy plants) to 9 (the'moet on August 24, 

1979 •• 

, . 
3.2 Statistic~i analysis 

3.2'.1 Meane and rangeS 

1 , 
The means and ranges 

/ 

for the ,variables with1n and over all . ~ 
accessions were ca1culated accordirig to the procedures outlined by 

, 
Steel and Torrie (1960). 

3.2.2 Analysie of variance and heritability 
1 

) 

The analysis of variance for the randomized complete block 

design was doUe according to the lIIethod outlined by Cochran and Cox 
" 

(1957) •. !wo types of analysis were~performed: (1) The ,plot ~an for' 

·each eharacter waS uaed for the statistical analys1s. The form o( the 

lBOVA and assflciated ~an square expectations for the accessions 'are 

preS'fted in Table 2.. (2) Data from each individual plant Yere uaed 

'. 
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to perform the analysis. This seèond type of analysie wae used in 

order to observe if the variation within the accessions was greater or 

smaller than that between the accessions •. The fom of the ANOVA for 

this second type of analysis is also presented in Table 2. The linear 
. \-

models assumed for each of the variables were as follaws 

(a) For the plot 

, 
, ", . (b) For data Qn individual plants 

where 

Yijk - l.l +' Ri + Gj +, Eij + Sijk 

--

~ th th 
- the effect due ta j accession in the i repli cation 

~ 
the kth j th accession the effect due ta plant in the 

-
in t~e i th block 1 

l.l - t1)e effect due to the overall mean 
/ 

th 
#he effect due to the i ~ep1ication; 11- l,2, ••• ,r 

h ff d h j
th, of - tee ect ue to t e access,Lon; 

.... 
j - 1,2""8 

Eij • the effect due to error associated with the jt~ 
th accession in the i rep li cation 

S;Ljk - the effect due to error a8sociated with the kth plant 

in the j th accession in, the i th block 

Accessions weye cODsidered "random and differences'hetween them 

were tested using the accession x block mean square. 

! \ 

\ . 

" ' 

" , 

\ 



, , 
.' 

------_._~----
______ .. __ ~--- .. ~.f'I-."'...,..:.~1'lI!i~J"'t:&lIJOI\ÎÉ'$,.l .... t$,""J;p +;*""~~...-.'" 

, -'"1 

o c-t 
• • 

1 

"! 1) 

TABLE 2. Form of th~ variance analysis and mean square expectation 

Il 

. Source of variation "d.f. M.S • 

Blocks r - 1 -( 

L ..... 
Accessions - .. g - 1 MS

2 

Accesslon~ x b10cks (r l)(g t.. 1) MS1 

~thin accessions 

1 

\ 
o 

rg(p - 1) 

1'1 
-\ 

... 

~ 

,~: -...'" or,. 

Mean square expectatian 

Xij . - ~ + Ri + Ci + Eij . Xijk - Jl + Ri + Gj + Eij + Sijk-

'2·2 
cre + SOr ? 

a; + ra! 

2 a 
e 

~ 

\ .: t ~ 

2 .' - 2 2 
a + pa + gpo e r 

2 2 2 
a + po + rpo e g 

a2 + po2 
. e 

·2 cr 

. .' .! 

.. 

o 

w 
co 

"' 
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Mean ~squares given in Table 2 were equated to their correspond-

lng expectation and the re~ulting equations were aolved for different 

. . ~2 
estimates. The phenotypic estimatS on a single plant basis, cr " and 

. - ç 
-2 \ 

that on a replicated plot basis, cr ,were calculated as follows: 
rp 

... 2 .. 2 
where cr and cr are estimates of genetic'and environmental variances, 

g. e ' 

Iresp~ç:tivelY, an,d r/i~\the numbèr of replieat1ons • 

. Beri tability estimates in a broad' sense were estimated from the 

following formulas: r 
(1) 'B - 62 /ô2 

J;' 

g sp 

- heritability in a broad sense on a single plapt· baSi. 

... 2('2 '" (2) B - cr g C1tp 
~ .. neritability in a broad sense on a replicated plot basls. 

t 

3.2.3 . Expected genette advanée and genetle 
coèfficient of variation 

~ 

.. 

Expected genette advance from selection CG ) and the relative 
, "S 

expected genetic advance fram selection (R.GsJ" w~re calculated using 

the fonnulas: 

(1) G • K â H' s P 

G 
" s '"", 

~2) ,RG - - le 100 s X 
~ 
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where 

,. 

Ga 1$ the expected gen~tic advance from selection. lt measures 

the diffe,rences.' between the mean genotypi~ value of the q 

J" s~lected lin es , that ls ~, and! the mean genotypie value of 

the n original lines; a, thus G - as -~ a. 
1 7 • S 

'\ 

'K la the selection differentlal; !ts vdue depends on the 

percentage of the popul~tion seleeted (e.g.~ for 20% K - 1.46 

(Allard, 196q» •• 

la ls the phenotypic standard deviation of the character in, the 
p 

origlnal Hnes. 

'H ~s the broad sense heritabillty estimate. 

-2 Since the genetle variance, cr , may ~ontain variance due' to 
g 

" dominance and'epistat~c effeets, Gs values will on1y be striet1y 

applicable if one assumes vegetative. propagation. of the seleeted 

plSltS. On1y when. a large part of the total genetie variance is d~ . , 

to additIve genetie ca~es can the performance of the selected 
.f 

Individuais be expected to l\,redict the mean performance of !ts< progeny. 
'II 

Due ta the fact that eharacters differ widely in their mean 

values and.the Bcales of measurement, the genetie coefflèi~nt of 

variation (GCV) wu alao measured for each charactet: d fol1m: , 1 
~ 

fJ. o 
GCV - --.A-. X 100, 

... 2 -. . 
whe!e ag and X are the. genette variance component and the mean of 

,the cha~acter, respectively. 
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3.2.4 Estimate of phenotypic and 
genotypic correlations 

.To esttmate the phenotypi,c and the genotypic correlation, 

'11 

4;-

41 

covariance estimates were obtained by the analys1s of covariance which 

ls slmilar q to the analysis of variance. The form of the ~nalysis of , 

covariance and associated mean cross prodùct expectations for the 

accessions are presented in Table 3. 

TABLE J. Form"of the covariance analysis and cross products 
expectations 

,0 

'v '1 

Source d.f. M.P, 
Expected 

'cross products 

Blocks r-l Cove + g Cov 
r 

Accessions g-1 MP2 Cov + r Cov e g 

Accessions'x blocks (g .. l) (r-l) MFl Cov e 
----

; 

The mean product expectations of the covariance analysie are 

lPlalogous 'to ~he Méan sq,uare expectad.ons of the analysis of variance. 

accessions' me~ protluct for the traits ~ and Y obtained from aualysis 

~ of covariance wss cousidered to be an estimate of the phenotypic 

covariance of the two characters. 

The phenotypic conrelation (rp) between the characters was ,t~en 

calculated as follows: 

.. 
" ,." 

'" 
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\ MP

2 
,(X',Y) 

rp -
{ MS~ (X) Ms

2 
(~) t 

where 

MP2 ia the accessions mean cross product for the characters 

X and Y 
, .:r 

Ms.ot!X) and MS2 (Y) are the '1 acceS"S1ons mean square for the 

" . 
, . trai t X and the trait Y, respect! ve1y • , . 

Genotyp1c correlation coefficiej~s f~r'the characters X and 

" 

Y~ 1j>ased on ~e genotype means, were calculated in a similar. way 

uaing the formulas g1ven by Miller et. al. (1958) and Anand and Torrie 

(l.'§63) . as follows: 

C~Vg(X, Y) 
" . 

r g , • 1 
1 ô2 (X) â'2 (y) 

g g 
< " 

where 

câv (X,Y) -' [HP ~ (X,Y) - Ml? 1 (X, Y)]/r >; 

g 

â2 (X) - [MS2 (X) - MS! (X)]lr 
g ) 

â~(Y) 
1 

• [MS2 (Y) - MS! (Y)] /r 

l'~otypic correl~ipn coefficients were tested for their 
, , ' 

42 

significance. 
, .J 

The degrees of free40m required ,for testing the existence 

" 
of phenotypic correlations were determined by subtrac;t1ng one from the ,. . 

rOOf freedom fo~be accessions in order to account for the 

! 
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covanab1e. So far, a su:Ltable test for signifieanee of genetie 

. . 
correlations 18 not available {Paria, 1970; Pandey and Gritton, 1975; 

• J ~d, 1978). 

'J The phenotypie correlat10118 ..... otes .. : usiq :tab~~ed 
by Ste~l and 'T?rr1e (1960) • 
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4.1, Variation 

~ 

CJ:lA1ITER IV 

, \ 
nSULTS AND DISCUSSlOO 

\ 

, . 

#Jp • r .. 

./ 

1 

1 

1 

Estimates of variance COlllPoneuts for eleven variables are' 

presented in Table 4. The estimâte, 52', whieh can l:!e c:onsidered an 
~ • 1 

• 1 1 

esti1llation of plant-to-plant variation, ,was in moàt cases smaller 'than 
1 t.,. 

, ' 

genetic vari~e of the accessions" exc,pt for the followtng trait~; 
Ir 

first eut d~ matter yield, spring 'vigor, growth hab;Lt and first cut 
l '/J' ' 

recovery. . '!hie eiltimate, â2 , contams not on1y v$riation due ~ 

If, ~ plant-to-plant genetie differances, but 8laO ineludes variance d':l8 ta 

. euvironmental factors. sampl1ng errOl:, and varioua int~r,action's • 

theae reuons the batween plant variatiQIl W48 not considered in' the 

e.tu..t1on of o~her genet/c p~8,IIIeters. lt must be kept in mind, 
• Q l .Q , .... 

, .. 

h~ver~' that plant-to-plant variation exista and i,t 1a a~o confoundèd 

with GE 1n~e~~ .effec:t~. . \-

. l'he analya:t. of variance for each of the 13 ."ured variables ' 
, !' 

. 18 reported in Table S. . lt CO be .. eu from ,th1s table that diffeunees, 

Q Q • ~ 44 
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TABLE 4. 'Estimates of variance components* for e1éven characters of 
t'al1 fescue 

! ... 

Character <7~ â2 <72 â2 
r g e , \ 

F.irst cut dry matter yield 0.1579 0.4061 0.6021 0.9071 

FaÜ vig'or 0.0024 0.2399 0.0120 0.1576 

Spring vigor 0.0037 0.1889 0.0355 0.2087 

Growth habit -0.00009a 0.0704 0.0103 0,.1208 

Height 0.0118 77'-1440 12.5063 34.8244 
~ 

Leaf ruB,t incidence -o.0056a 2.2779 0.4563 0.2184 

Spread 0.3733 21. 8164 1.3158 8.8753 

" 
Reading date 0.0048 12.2193 0.6273 1.5328 .. 

-1 
Firet eut recoveri 0.0117 0.0321 0.1972 0.2595 

" . . 
0..000003 Second eut recovery , 0.8908 0.0414 0.1826 

Vo1up1e 0.OQOO05 0.000~59/,1 0.000020 0.000134 

. *Est1mates were obtai~d fram the JùlOyA ~an squares 
expectation, according to, the linear mo~el Yijk • )l + ~ + Gj + Eij + 
Sijk' . , , 

'-. 
~egative estimate for whiçh the most reasonable value la zero. 

t .• ' , . 

o \ 0 0 . 
\ 

,,8 

.. 
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TABLE S. Anp1y;:is of variance for thirteen characters' measured\in taIl feseue ."p 

/ 

Mean 8qu~res F value 

Character Replications Aec~ssions Error 
(1 d.f.) (79 d.f.) (79 d.f.) 

(M.S. accessions) 
M.S. error 

First eut dry matter yield 13.3503 1.5728 0.7155 2.19** 

Se-cond eut dry matter yield 0.0459 2.7219 0.3911 " ~.9S** 

~ TotJl dry matter yield 14.9364 5.8361 1.0200 5.72** 

Fail vigor '0.2255 0.5117 0.0317 16.14** 

Sprlng vigor 0.3634 0.4392 0.0616 

.Growth habit 0.0177 0.1662 0.0254 

7.13~* 

C 6.54** . 
Heig~t 17 .. 8056 171.,1434 16.8594 10.15** 

_ ~af rus t incidence ,- 0.0299 , 5.0393 0.4836 10.42** 

, Spre,!d 32.2875 46.0581 2.4252 18.99** 

Heading date 1.2032 25.2564 0.8177 JO.88** 

Fi ra t cut recovery 1.7306 0.2939 '. 0.2297 1.28 NS 

Second cut recovery 0.0&60 
, 

1. 8457 0.0642 28.74'** 

Volume 0.00042 0.000556 0.000037 ~.03** 

** Significant at the 1% level\ , 
NS Non-signif:1eant. /~,.- ... ~ 

:- . ' 
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among accessiQns were highIyOèignificant (P • 0.01) for aIl characters 

excep' t «rst eut r~covery. 
r f' ~ 

1 ~ 

Estimates of variance components for the thirteen variables are 
\ 

pres~nted in Table 6. 

A study of the data in Table 6 reveals that the 13 characters 

studi~d differed greatly in tne actual magnitude of their estimàted 

variance cotnponents. '!'he variance due to block effects 

(â:> was always smaller than the' other 'two components (&~ and â!) . 

Genetlc variance estimates for all 'characters were high~r than 

the environmental variance except for two traits, firat cut dry matter 

yield" and fix;st' eut recovery score. This indicates that genette 

variance component comprises the major proportion of the phenotypic 

variance cOIDponent for most characters involved in the present ' 

investigation. 

It ~t be understood that genetic effects are due to additive 
" 

(breeding values), dominahce and epi~tatic effects. _The breeding 

value of an indi vidual for: a gi vetl_ j;rai t -la the sum of the' ave~age 

----------effects of the 'genes -i-t--carries, the summation being made over the 
, ' 

pair of aileles at each locus and over aIl loci {Falconer, 1960). 

47 

Dominance deviation, or the intra-allel1c ~nteraction, 18 the inter- J 

action between a1l~les at thè'same locus. ,Epistatlc deviation, or 

interaction deviation, le the 'interaction between al~eles at different 

loci. In thls experiment the estimation of genetic variation cannot 
" 

,be separated into additive, dominance ~d epistatic effects., Therefore, 
f ' ~ 

,1 

'f 



~. 

\ 

'r 
1 

o 

TABLE 6. Estimafes' of variance eomponents* for,thirteen characters of 
tall feseue ;, 

Character â2 &2 82 
r g e 

First cut dry matter yie1d ' 0.157~ 0.4061 0.7155 

'Second cut dry matter' yie1d '-0.0005a 1.1654 0.3911 

Total dry matter yield 0.0218 2.4079 1.0201 

. Fa11 vis?r 0.0024 0.2399 0.0317 

Spring vigor 0.0037 0.1889 0.0616 

Growth habit -o.00009a 0.0704 0.0254 
, 

Height 0.0118 77 .1440 16.8594 

Leaf rust incidence -0~0056a 2.2779 0.4836 
1 1 

Sp'read 0.3733 '21. 8164 ,2.4252 

tteading date 0.0048 12.2194 0.8177 

First cut reçoveu 0.0117 0.0321 0.2297 

Second ,cut recovery o ~000001.>' 0.8908 ",0 .0642 
, 

V91~ ,0.000005 0.000259 0.000037 

*EstiDl4tes were obtained from the ANQVA mean squares 
expectati'on, acéording ta the linear mode1 Ylj • Il + Ri + Gj +' Eij 

1 .. 

~egative estimate ,for ~ich the most reasonab1e valûe is ze;ro. 

l, r + L. ,; } IP 
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the estimates calculated must be treated as the maximum "total genetie 

v~r1at1pn. However, it must be remembered that according ta Stuber 

and MalI (1969) and Breese arid Hayward (1972), the additive genetie 

variance has Qxceeded dominânce variance in mast important agronomie 

character~ "that have been studied. 

, 
The oo1y two traits which showed a total genetie variability 

smaller than environmental variance were the firat eut dry matter 

f~eld and the first cut'recovery score. lt ls believed that this Fas . 
. due to ,the faet that in the first eut each plant was harvested 

in dividually , so that eight days were' required to do the harvestlng. 

!hua, some plants hac! a gt;Owth period of up to one week longer than 
" 

others. This likely co~tdbuted to the increase of variance.. due to 

environmental factors. 

In the literature pertaining to tall fescue ft was found that 

additive ge~e action la the main factor responsib1e for variation in . 
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dry matter production (~thesont 1965; Frakes and Matheson, 1973-; ""..1.----

Subhanij t 1974),. According to this evidence and looking at the 

resul. ta ln Table 6 t where large amO\D1t of gen,etic variability la 

present, lt is expected th 

effective. Hawever, these 

election for yle1d could be quite 

1.
uot.agree with thos~ report~d by 

other authors (Hanson and Ca ahan, 1956; Kalton .!.t.!! .• 1952~ 

Macdonald et al., 1952; Simoosen, 1976; 1977) t who fouud either low, 
-- 1). " 

genedc variability fo'r yle1d and/or dominance gene action being more 
~ 

important than additive 'gene action. 
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Resu1ts for height aIso indicaté that.there is ,a reasonab1e 

amount of gen,atic variability. According to resu1ts report'ed in tall . 

fescue by ~ubhan1j' (1974) and in timothy by F~rls '(1970), the character 

he1ght is eontrol:1ed mainIy by additive gene action. However. 
, . 

Mathes on' (1964): working with tal1'fescue and Simonsen (1976), working 

with ryegrsss, indicated that for height, the non additive variance 

see11l8 to have almost the, ume 1mport'an'ce as additive genette variance. 

C<msequently, the pràctical s1gnificance of 'our estimation for this 
, ~ , . , 

~ . . 
chàracter must be treated with some caution. The resu1t obtained from 

th1s study indicated that height W88 prob,ably comparatively the 

variable m~8t affected by enVironmental factors.' Nevertheles8, the 

he1gbt results p~sented in, Table 6 are in close agreement w1th those 

obtained by Macdonald.!!..!!.. (1954), 'Leb~ock an~ Kalton (1954), 

Cl 

Kneebone (1958) and Schaaf ~ al. (1962.). 

Research carried out by Hout1;ay and Fr~es (1973)_ 'Simonsen 
.. 0 

(1976, ~977) and Cooper (~959, 1961) ind1c~ted that he~~ng date in 

grasses l.s mainly governed ~y additive gene action. Results in 

Table 6 for neading d8.~e cl~rly indicl!-te a lat:'ge. amomt of total 

genetic variation. Therefore, we can expect that selectiOn for th!s 
, , 

character will produce a satisfactory response. 
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Faris (1970), and Subhanij (1914), working with timothy and tal1.~·-

fescue;, respectively, deJllOP,8traœd tlfat plant spt:'ead is controlled by 

addi.tive and non additive gene s:ction. The results obtained from the 

present Btudy indicate that the estimate of genetic variance for 
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sp~ad was c~arable ta est!mates reported by Lebsock and Kalton 

l ' 

(1~5~), Kneebone (1958), Berry ll.!!., (1962) and Faris (1970).' This . 

1s a very 1mportant character in grasses J due to the fact that the 

nùmber of tillera pe,r plant 1~ determined by tbe sfze of the plant 

spread. In tall feseue 1. t has been observed that the number of 
\00 

tillers per'plant was 'the ~st important component of forage y1eld 

(Nelson.!!. .!l., 1977; Sleper ~ ~., 1977). 

For ta Il fescue 'there 1s little information about genetie 
~ \ 

vàr!abili ty for plant' growth habit, leaf rust ibcidence, and vigor . . , 

scores (spring ;vigor, fall Vigo];, aftermath recovery, etc.)" 
~ 

,4.2 Reritabilities 
J 

Estimates of broad sense heritability pereentages for measu~ed 

, variables we're ealeulated from' the eomponents of, variance. Heri-
• ..1' " 

1 

~abil1t1es O!l a s.ingle plant basis and on a replicated l'lot basis we.re 

obtained and are presented in Table 7. 

-
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These heritabil1ty e~tiutes inelude not oIily genetie variat:f.Qn, 
1 

but a180 GE interaction. Therefore, the expeetation of herltabil1ty 

" es't1.matea obtained by this proe~dure ahould be treated as t;he maximum 
. , 

pos,sible heritability. Herttability estimation on a plot basis -

exeeeded 80% for ,a11 char.acters wi.th the excepfI-on~ôf those eatimat:es 

obtainel for firet eut dry matter yield and firat eut reeovery score. 
'r 

Situations often appear when a plant breeder selecting for 'a 

charaeter sucb as forage yield choo.es l!: nUDiler of pl~ts from his 

,,' 
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populatic;m. For example, suppose that ~ry mat~er. yield, happens to be 

high1y' correlated with another ch,aracter. The breeder can select 

plants with respeetto this charaeter rather than purely at random, 
.. -' " 

therefore increasing the possibili ty of picking superior genotypes. . .. 
A character with a high he ri tab:Lli ty , obviously, would be more useful 

in this respect. 

The estimates of broad s.~s~ h~ritabilitr for dry matter yield 

were general1'}' slm11ar in magnitude ta those reported in taU fescue 

b; Burton and lvane (19'53), Frakes (1955) and F~akes and Matheson .. 
(19'73) • Simi1ar results were obtained in reed can~rygrass by Assay, 

.!!.!l. (1968) and in timothy b~ Faris (1970). 

1 
1· 

o • 

Berry .!!.!l. (1969), Faris (1970) and Subhanij (1974) reported 

estimates of heritability for plant. spread which are in close agree-

~nt with our results. Howev~r, lower estimates ha~ been found 
r 

(Lebso'ck and Kaltan, 1954; Kneebone, ~958)o' Mac,çl.ona1d ~~. ,(1952) 

even report~d a.negative estlmate of broad sense heritability for 

plant spréad. 

r' 

The data on fall vigor, 1978, sprlng vigor, 1979, first eut 

recovery and second cu~ recovery, were recorded with the objective of 

measuri~g the vigor of accessions at different times. AlI of the . P 

vigor scores had qlgh broad sen~e heritabilit~es exeept the seco~d eut 

recQ.Véty estimation, whlcb was on1y 21.8%. It Is interes-ting- to note 

that the first eut dry matter yie1d also gave a rather lower broad . , 

sense heritabil1ty. One cau speculate that these tlio 'low estimates 
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were d~, to the fact,that the firsi harvest required 7-~ days. This 
1 • 

. would almost. certainly increase variation due to environmental factors 

for firat cut dry matter yield and probably also for the regrowth. In 

the literature.there are few reports which mention broad sense heri-

tability for vigor scores. Lebsock and Kalton (ÜJ54) reported a broad 

sense hèrttâbi~ity estimation of 45~ for fall vigor. Carlson (l~~§~ 

found a broad sense estimation of 18% and 70% for spring vigor and 
. , 

fall vigor, rese~~ive1y •. Faris (1970), working with timothy, reported 

an estimate of 94% for sp~ing vigor. 

Reading ~te had the highest be ri tabilit y va1ue of 96'.7%. 

'According to the literature, there seems to be litt1e dominance -or 

interaction invo1ved in'the determination of heading date. Therefore, 

one cao expe<7t that a high heri;abllity estimation shou1d bring a fast 

respOnse to selection. This was dem.onstrated by Cooper (1961) and 

Carl~on (1966). These'results' were in close agreement with Moutray 

and Frakes (1913} who reported a heritability, of 95% in tall feseue 

for heading .date. Sim11ar results were a1so reported for ryegrass by 

Cooper (1959, 1961); reed canarygrass by Carlson (1966), ryegrass 
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\~ 0 

by Simonsen (1976); and meadow fescue by Simonsen (1977). Selection for 

heading date aman8 aacess:Lons, :in the present seUGY, wou1d like1y be 

effective. 

The herltability estimate for le'af rust incidence wu comparable 
- ' 

to that previous1y obtained by Burton and DeVane (1955). Similar 

.resu1ta were reported' in Kentucky bluegrass by Berry it al. (1969). 

'the herltability value for leaf rust resiatance in this study.was"90.4%. 

'1 
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" ~road sense heritabU:lty for growth habit in the prennt stûdy' 

was fOUll~ to be 84.7% on a plot basis. This is comparable to the 
't 

'finding of Berry !!.!l. (1969) 'who, working,with Kentucky bluegrass, 

reported a heritability estimation of 94.8%, and F~ris (1970), who 

found an estimate of 96.0%' for tlmothy. 
j 

The broad sense heritability estimation fO,r height was 90.1% 

on a plot basis. According to Subhanij (1974), height in tall fescue 
. . 

is mainly control~d by addi~ive geneti,c vanance. One can speculate .. 
that the hfgh heritability estimation for plant height in the present 

study ind1cates that selection for this charaeter wou1d be 'vtry 

effecti~. '!bese resu1ts are .in agreement vith those fotnld in brome-

grass (Lebsock and Kalton" 1954), sand b1uestem (Kne,ebone, 1958), and 

timothy (Faris, 1970). 
, , 

, " '1 

A prime objective of quantitative genetie inquiry 1s the' 

m.asnitude of the genetie variance as the, Daàis for predieting genetie 

improvemen,t in the selection program. pue to tbe fact thàt genotype x 

environment interactiowi" are the source and' part of the random error , 
a • 

" 

vari-ance el!tiutes and often introduce al\ upward bias, ·GE intetaction 

may s1gnificantly affect the reliability of the vao:ance est1mate. 

Discrepancies bétwêen reallzed and expeçted response to selection will 

, undoubtedly occur if expectationé of progreàs are 'calcu1ated fro1ll 

biased est1mates of geneti~ variance. In this thesis 1t 1's' fully 

recogÎtized th,t -calculatians of the genetic parameters have been biased 
.1. 0" <> 

upward by GE interactiœ. Bawever, ,the8'e esti1ll8tes give an idea of 

) 

, ' . 
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'total genetie varlab1lity and throtigh the1r estimation and' through 
, . . 

comparlson made in this d~sserta.tion.' they will be useful for the 

continuation of the program. 

4.3 Genetic §vanees 

Estimates of genetic ad";ances from selection (G). relative 
Si, 

genetie advance from selection SRG
O

) of the top 20% of the population, 
. ,... S 

and the genetic coefficient of variation for different characters 
~ 

, ' 

measured, are presented in Table 8. 'Two different baSes were used 

for calculating Gs and Ms' depending on ~hich lleritability ,estimate 

was used. These were based on (1) 81single plant b~isJ and 

(2) heri~ability e8timat~s on ~ replicated plot basis. 

Plant height, plant spread and heading aate shpwed the highest 

Gs ,!alues, while leat' ~t incidence an4'second cut recovery had 

medium values. Finally, firet cut dry matter yield, faU and spring 
" -

v1g0~, growth habit, firat cut recovery and volume, bad the 'lowèst 
~.' 

values. These resutts do not n~J:essarily imply that selection for 

plar).t height, plant c:!iameter and hea,ding date would he mOfe efficient 

than 'for the other eharac~erst as they differ widely in their mean 
val~ and scales of me~un~~. It i8 evident frOll ,Table 8 chat 

characters such as dry matter yield, leaf rust incidence and vol~,' 

which have a reratively low Gs ' have high aGs ' 'l'his :la, mainly ~ue to 

~e l,pwer !Dean valùas for thése cllaracters 'and, a hi~er heri tabili ty 

and/or phenotyp1c variance. 

\ 
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Es dmatés of g~et:ic advance TABLE 8. fram selection (Gs), re1at1.ve 
advanee fram selection (RGs) ,and genettc coefficien\ of 'varlat1.on 

(GCV) . for .thiiteen cbaraetera measured in tal.l . ë'i'e\le 

Gs* RGs ** 

Character Single 
, GCV*** 

~ 
Replleated . Single ~p'licated 

0 ,plant plot plant plot 6 

,\ 
1 
\ 
1 . First cut dry ',0.54 ' 0.65 22.74 26.99 1 27.55 . 

matter yield t/ba. 

Second eut dry \ 

matter yield ttha 1..31 1.40 45.89 49.07 37.87 

Total dry ~t:te\- 1.82 " 1.97 34.94 37.87 29.27 yield ttha 

Fall vigor score. 0.64 ··0.66 1~.27 1.6.77 '12.37 

Spring vigor score' 0,53 0.63 17 .,10 21.56 14.06 

G~owth habit 0.32' 0.34 7.58 8.14 6.32 , 
H~i8bt . cm ," 11.14 16.67 13.10 13.13 10.32 

Leaf rust 
1.92 2.01 9~.25 97.60 73.00 

incidence 0 '\ , 
Spread ' cm 6.20 

Q 
6.36 24.64 25.28 18.55 

Heading date - days 4.74 " 4.81 16.35 1.6.62 12.06 

Firat . eu~ réeovery 0 .. 08 ' 0.12 2.31, \ 
:-; 

3.23 5.39 
... 

18.9'7 1 Second eut reeovery 1~28 , 1.30 25.66 26.10 
i • 1 

• l, 
1> 

& 

Volume cm3 0.021 0.022' 46.31. 50 .. 33 36.02 

*Gs val. ues are si ven :Ln actua.J, ,uni. ta 
- . , 

*t & ***RGs and GCV are g1venJ in percentqèa. 
c , -\.' 
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AD ~natton of'the gene~lc coefficient of variation sugaesta , 
, " 

'that there wu a re1ativel~ wide',~ar1at1on among entries for ~ach 
'. 

cha.racter, except for growth habit and f1.rat eut rècovery •. High 

estimatea, .13.32, 37.,87, 36.02, 29.2'7, and 26.99 pe.r cent wer::e 
, 

, ' l, -
- obtaiDed fbr ,the ,traita l,~ rust ~ci~ce, second, eut dry'mat~et: 

y1e •• volU1llf!, total drY ~tter ,y1.eld, ~d firet eut dt}' ~tter yield, "', 

.. 

respective!y. It is' intereating to 'observe tbat heigbt, epread and 
, . , \ ~ -

, " 

which had the highest G values'had a relatively 10W' 's . beading"date, 
1 

t • ' 

GCV. On the buile of a relatively Mgh herltab1l1.ty, 'RGe ; arid GCV, 
t . \. 't f ' • , 

Olle' m1gh t conclude that rapid progress ahould be expected trbm 
b " ~, 

select1on'fQr ~ry matter !ield,'volume and leaf rust incidence. 
... ,~ 

Hoderate prqgrese sbould be expec~ed from selection for height, 
• t • ~ ~ 

dbmeter~ heading date, firat eut' dÏy matter y1~ld. faU vigor, spring 

vigor and second eut recovery. Less advariee shoul~, be expected for 

arowth bàbit .and f1~t cut' recQwl'Y. Theae conclusions wou!d, 
• 

obviOUlly, not hold fo'r charactera that an highly affected by the 
, 

"" . 
"jreaenee of non allelle l.uteraetiOl1. 

Expectéd lelec:.d.œ rupcnsea are depandant on "the magnitude of 
" 

pbenotypic variance in the pop~atiOll.' on' the he ritabil1 t y estimation' 
c 

and the 'groportiOll of plate lelected •. Tberefore, the bias' introduced 
~. j , , 

,f ~in è~ti1l&tinl heri~.b11ity will be inc:.luded in the ealcUlations of the 

fo 

0 , 

• ! 

, G. ~valu.U. bp.ct.4 •• _tic advane.. f~ •• le~tiOD vere genera.lly ,in 

'" 

~. agreeMDt Vith the 11z~f of t~. b~rit.bdl.ty eat1Dultee for the 

'cU.ff.rent traita _ ... ~d b,. tM. ,analy.lI.· 
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,lA study 
0 

of the 'forage yield ,data in Table B suggests that the , , 
o 0 

forage'yield of tbia arasa could be increased ~ ~o 49.97% over the 
1 - , e 

r<" \ 1 \ 

mean of all introductions, which :1a a ~ubst8D.t~al a?vahce. If 

pract1cal methods COUld' be found for ve~~tative p~o;a~at'on "Qf such 
• , ,0 , '\.' 

plants, thls advaJ?ce coula be realized by aelecdng s upe ri or' iodivi-:-
, , 

duals with1n the entries studied". 51nçe taU feseue ls a bunch grasa, 

however, large scal7 vegetativ~ propagatiqn h~beèn consldered, 

i~ractical. ~ 
, a 

\ 4.4 Correlations • , . ., 

" 

, , 
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Knowledge of aSliociations between plan~ characters, ia of 
oC, '" • '\'-1 . 1 0 ... ' 

" considerable vaiue in a breeding program. Uneu 'association ,between 
~ ,s ! • ( \ 

\ • - \ ~ Q l' \ (. 

J twcj traits may, be due' to li~age or plei~troplc effect {Mode and 
}. Q ,; l , 

Robinson, 19S09)-. . The phenotypic correlation iQ a 1ine~r comb1nat1on 
, , 

o ,'of/genette and e~viro~ntaLc'o~di~~on~: theref~re, th~ prop~rt,ion. /' 

to 'Whlch genotyp1c con;e~at1on maltes up ,phenotyp'1c co-x:-x:,~laHen 1s', . 

- I~ 
of considerable value' to the"plan,t breeder, and ta variable depending 

"> '\ ' 
, l ', 

'on the magnitudè of the heri'tab1l1t1es' of both tnits: 
QI>." • r 

o , 

o Phen<?typic and genotyp~c cor~elatiOD;s between al1, p~~s1b1e 
, ' 

Since Cov include~oa1so the 
g charact~-X:8 are given in T~ble 9. '. ' .. #.' ~ • ~ - < 

covariance 0 pf inte-x:action effects 
• 1 Jo & 

o 

be~een a~e8s1cma ~d yea:s (~~vgy)" 
, 0 

~ l' fi 

eatilllates of COy are biased:as eS,t1ma.tes of gen!!t1c covariati91l; 'if ,g " ,0 

~ , ,..', ',_' t. 

covariance in acce,s1ons-year interaction effect,exista • 
, ~_ • 0 

Sùch b1as '~ 
"l .. , 

aay be eithe~p08it1ve or ue8ati~ dependiug on'~ether Cov 1a 
-., 0 8Y 
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,TABLE" 9~ 0

0 

Phenotypic. rp (upp~r). ~en()typic'. Tg (lower)" çotre1ation coeff1c1en,:ts ~(UDOng e1even characters 1I\o 
~ ___ ~ ~ ____ ~ _____ ~ _____ <__ the, tal1 feseue accessiôns . 

,,-- - ----, -~ ~-- - --;:-~- --- ----~ ~~- Leaf • First Second 

Char~eter ,Fal~ Sp~1l8 ',Grc:iwth 0 oHeight ~t. S read Hèading eut -.. ,cut Volume 
vigor' vigor habit in ci- , P date re- , re..., , 
... < - ç 10 den ce cave ry covery 

TotaL drY matte~ 0.14 0.35** -0.13 0.31** ~.67** 0:53** -0.04 0.48** 0.61** 0.57** 
'yield~" 0.11 ç'O.» -0'.16 ,0.37 -0.78': 0.61 -0.04 0.76 0.67 0.65 

~ ~Ya11 vigor "O.8S** -0.47** 0.21 -0.12 0.21 0.14' 0.50** 0.18 0.15 
,,~,_~ _ 0.65 0 -0.51 0.26 -O. 13 -0.16 0 .15 +.0 .19 . 0.16 

v---- -_._ .. _.~._---~-- ----.----

Spring vigor -0.46** ,0.22* -0.22* 0.23*' 0.19 0.49** 0.25* 0.23* 
-0451 .0.26 e -0.:25' o~" 0.25 0.21, + - 0.26 0.25 

Grdwth habi t , . -0.10 0.35'** 0.06" -0.42** -0.09 -0.19 -0.03 -
_ -, -0'.13' 0.41 0.07 -0.46 -0.22 -0.21 -0.0'4 

• Height -0.16 0.15 0.62** 0.33** 0.11 0:40** 
"'~ .. 17 0 • .1..5__ O.~ ___ ~, 0.86 0 ___ 11 0.40 

Leaf TUSt-'------~~-- --------'---o~'~---'--) -0.83** 0.23* -,9.64** .-0.80** -0.63** 

:!.nc1dènce "b ,"°-0.73 0:25 -0.52 -0.85 -0.69 
c:> 

Spread -O.J,,7 
-O.'!8 -

Reading ~ate 

" 

0.30** 
0.62 

-0.01 
~.04 

0.80**'- 0.95** 
0.83 0.96 

o .30** -0.&2 
0.31 , -o.lYl 

r,l, first eut _ 0'.28** - 0 34** 
.." ------ - ~ . 

recOVery - ' 0.54 0.75 

Second eut 0.74** 
recovery G • 77 . l 

6 

+~Genotypic' corre~ation greater than 1.00. 
,- D 

*, ** Sisnif$c8Ilt at the 0'.05 a'ild 0.01 probability ~eve18t respective1y. 
Sigtiificant values are 0.2-2 and 0.28 foi: the 0..05 and 0."01 1eve1s of probabi:litYt respective1y. 
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positiV$ or negative. This situaÙon is simila;r for the ~ccession 

variance (&2) exc.ept that this bias', 'if ft 
g, , 

exists, is positi,ve since 
" 

â2 , being a variance, cannot be negative. 
gy . ,Thus, the genotypic. 

correlations wete in reality estimates of 

Cov XI + Cov XY 
g SI ,rather than of 

, 0 

Th~refQre, the biases referred to above ~ould be a source of eon-

siderable bias in the estimation of genotypic correlations. Bowever, 

exam1nation of Table 9 reveals a rather general agreement, in ~th 

,sign and mâgnitude. • 
Ge~erally, genotypic correlatiou were slightly 

higher than phenotypic; correlations, whi1e, bath were sim:llar in, sign, 
, lin all cases. Thiso suggests that, for the InOst part,' the 'c.hara<;ter' 

correlations, are similar for génotyp!,," and non-genotypic effec.ts. 

Hence,~be estimates of genotypic c~~retat1on~ were not serious1y 

distorted by the fact that theY,reflect correiation in aeeessions x 

yeu interaction as ,well as in geno~ic effects. Although SOIlM! of tbe 

c:orrelation~ W'ere Signif.icant, the magnitude of the coefficients was 

below 0.5 for most of the 88s6ciat{ons. 

5 .-
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4.4,.1 Correlations w1 th total 
4ry matter yield , " 

Total dry matter yield (TDM) was positively and significantly 

correlated with spring vigor, height, spread, first cut recovery, 

s~cond cut recovery, and volume. ~t had a strong negative relation
k 

ship with leaf rust incidence. Total dry matter yiêld was not 
, , 

a8sociated with faU vigor, growth habit, and heading date. Examining 

the ,resUlts/it appèars that plant height, 8preading abillty of the 

,plant and vo~œoe were thë'most i1Dp~rtant'-Components of !DM. Never-
~ , 

thel~ss, because the correlation coeffici,ent beeween TDM and height 

was lCM in magnitude (~ - 0.32), one could speculate ,tl1at plant 

1 

spreading abil1ty 18 the moat .:mpottant\tr~t as far as !DM 1a 

concemed. This fact s'eems ta be supported by the assqciation between 

volume and~. Vol~ i~ sign1fic~t!ly correlated w1:th both plant 

aptead ~rp - 0.95) and ~eight ~ - O.39~; hO~Ver, 'since corre~ations" 

between volume and apread WeTe very high', it 1s concîuded that ',the most 
1 

"-
important factor associate,d With TI!{ 1s apread. Correlations between 

TDM and spread we're highly significant, with 'the phenotypic correlation , 

coefficient beins greater than 0.5. Bowever; the coefficient of . , . 
determinat1on.. (rp2 Je 100) between TDM and apreacl ia on1y 28%, wh1ch 

suggests tbat thls correlation ahould be treated carefully;' Other 
" , 

work, where' it was found that forage yield was correlated with be1ght ~ 
'tt( , " , . 

and apreacl, -Il...., bean reported for bromegrua '(Lebsoc~ and Kal~on, , 

19-54)., tall feacue (Harns and Sedcole, 1914) and rud cana~grasa 
, , , 

(Baker, 1976)0. However,' aignificant telat10nahipa between yi.ld and, . ' 

... 
.' 

, , 
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~.d. but not between, y1.eld ' .. d height have b .... ",ported in 

bromegrass (Macdonald !!!!." 1952) and in timothy (Faris, 1970). 

Reading date vas found not to be c0,rrelated with l'DM', Similar ~ 

n~ults were also rep.orted for tal! fescJ (Echeverri, 1964). timothy 

(Faris, 1970), ned canarygrass (Baker, 1976), ryegrass (Simonsen, 

1976), and meadow fescue (Simonsen, 1977). -SiJlce there is no 

association between these two t~ait8J it could be possible for the 

plaht braeder to combine the extreme of matu~ty t either e~rliness or 
~ ~ 

lateness, with high yield~g abllity in a single eultiva1;. 

Righly sign1f1cant association between !DM and spring vigor, 

first cut reeovery and second Cl11: recove;' t' was fOut!/.. However, 8iDC~ 
, f. 

the pbenotypic correlation coefficients are Iower in magnitude, except 
" . 

the correlation between· 'l'DM ~d seÉiond eut reeovery (rp - 0.6) J we 

should Dot put much emphas~s on th~se traits. Moreover, the non . 
association between Tm{ and fall vigor score seems to indicate that 

selection for superior plants during tbe establishment year ie' n!Jt' 

possible. 

4.4.'2 "Correlations vith faU vigor 

.. ,Jàitive ~d sipificent 88soc1at~<ms were found between faU 

and spring riaor, ~d fhst cut reco-very. Negative correlation be.tween 

faU vigor and grovth hi'lbit wu alao obserwd. No sign;l..fic~t 
, ., 

relationabipa vere observed betweeD fall vigor ~d other v~abl~s. 
" ·f,· , 

" . 

, 
J ' 

• .~.' 1 - 1. ... 
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4.4.3 Correlations with spring vigor 

Positive and significant correlations' were found between, spring 

rlgor and spread, firat eut 'recovery, and second eut recovtry. Spring . ~ ~ ... ~ 

64 

vigor ,was negatl,ve~ assoc1ated ~th plant growth habit and leaf rust \ ,1 

h" 
incidence. No correlation was fQund between spring vigor and height, 

diseases, ~d heading date. Des~ite the significant correlation between 

spring vi~r and ~pr~ad and volume,' the law'magnitude of the coefficients 

app~ars ~o indicate that any selections'on the basis of spring v~g~r' are 
,\ 

not useful as far as TDM components are eoncerned. 

4.4.4 Correlations with grawth habit 

Grow~h habi~ sC,ore was positively correlated with disease 

~nèidence; however, it was negatively correlated w1th'heading date. 

. N~gB.:~, correlations between growth ~'abit and he1ght,' volume~ 
and ~re not ~xpected. 'l'he occu~ence of ne~~tive c;:orretations 

indicates that in a ~pace-planted nursery a high growtp habit score 

aces not nece!JSa~ly lead to highest dry ~a.tte~ yield. 1 Th~se results 

were similar .to thosè repo~-a by Faris (1970), 'who found groWth habit, 

ta be negatively 88aociated with height, vol~ and dry matter yi~ld, 

in t:f.mothy. 
" 

, ' 0 

. 
4.4.5 Correlations with plant height 

. . \ 
Reight vas asaod.ated with heading date, firat cut. recovery and . 

vOl\JDl,8~ A88oeia~lon ~etween he1sh~-and volume was hisbly .. i~f1cant, 0' 

• ~I ... 

" 

f 
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but it must be indicated that ,the rp value was 0I11y 0.40.' Corrèlation . ' 
, .' 

between height and heading date (rp -, O.6~) iudi~ates that late 

matunng planta are the tallee~ in 'the population, as might be 
~ \" 

expected. Similar reeul~s were reported for ta11 fescue by Moutray 

No associations'were foutu:! between height aud,leaf rus t' 

inc~dence, spread, and second ~t recovery. 

, , 

4.4.6 Correlatiol18 vith leaf -rust incidence 

, " 

ptsease .t'Ucidence was highly significant, and negatively 
, 

~orre~àted vith sp.re.!. firs~ cut recovet'y, ~econd eut' reeovery and 

volume. Significant, negative association between lesf rufilt incidence 

• 
and volume' is ma:t.a.ly due to the strong negative association ~tween 

lèaf rust incidence and spread (rp - -0.83). Leaf rust incidence vas 

one of the factors which limits forage y1e1d production' '(rp- -0:67). 
00 " • 

It i8 possible that by" aelecting CÜ;,aease-free plants, a substantial 

increâ~H! in TDM avar the population mean cm be 'reaehed. 

1 
4.4.,7 Correlationl between the rema1niùg trait~ 

'\. 

Heading date Vas .isa1fi~tly correlated With second eut 
,.,.. . , 

, rtlcovery t but no assod.tian was foua.d be~en heading \ date and firet 
.~ 

eut reéovery 1 and volume., 
\ . 

B,oth' ~ir8t and 'second cut N~ovet'Y wexe eorrelated with volume. 

l. 
) 
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It should?e 1nclicated ~at the correlati01l8 obseI'Vëd app!y' 

only" to the specific accessions analyzed. Tbè relationahips may be 
, 
"- . 

quite different 1n other llaterial in whicb different geile associations - . 
may existe 

r 

4.5 . identification of promising ,mate rial 
b 

" 
One o~ 'the 1Il8jor goals of thi. 8tudy was to ident1fy accessions 

~ 

which haVé good potential to use 1n a breeding p.rogram. Because tall 
- . 

fescue ia n~t' 8r~ œ a l~rge acrease 'in Quebec., and also becaU8~ tt 
( . 

1a lleces.ary to U8esa the maté rial with an appropriate point oi! 

66 

. " 
reference, the use of a,contrql'culti~ar was required. ,Alta tall feacue, 

. ... .' 
a well known cultivar in the United Sts;tes., was used as a check.' , 

The means of the chFultillar,-and the means and rangeEr of the 

accusions fqr vadoua c'ract~rs are presented in Table 10. In genera1, 
, ' , 

tbe control cultivar
o 
was ,agronOlllical1y batter than the accessions., ... 

However, by exam1uing the' range of values for the accessions, it is 
. , 

. clear that there 1& a large amount of variabilley'between accesaions." 
" 1 

Resulta inelicate that product~vity ~y posaiblY be significantly 

improved by selectins introduction.' ~th agronomie val~s aupAtor to . , 

the Alta cultivar. 'or uample, ~ . Man yield of Alta 1a 6.28 tlha. o. 

~ \ .~ 

while the best accession i. about 48.7% higher. , 

In the y_ar of 1979,' w.nty .e~.aiona Pl'od~éed total\ry 

uttar yields &rester tball the eh.ek cultivar. Table II presents 
" o' ., 

~.8e acc.I'~8 with the~r 'BI%Oftamie ~raeter1BtiC8. 

'1 

1 
! 

1 

~ 
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(j' 
T~LE 10. Means and r8l1'Ps of àecesaiODII and me ans , of 'Alta for 

: ,ft 
different ~rODomic cha~acter1st~cB 

Aeeesa10118 Alta 
Charaeter " - . 

X Range X 

F1rst eut dry matter yie1d' t/ha 2.36 1.06 - 4.71 2.67 

1 

Second eut dry'matter yie1d t/ha 2.85 0.63 - ,4.'92 3.61 
~ 

. total d'Y lIatter \~id tl,ha 5.21 1.83 - 9.34 6.28 

t Fall vigor in 197 '" ·3.96 2 .9,6 - 6.59 3.94 
f ' 1 r.., 1 

1 Spring Vigor in 1979 3.08 2.03 - 5.2Z 2.89 

1 

'1> \ 
, 

Growth 'habit 4.19 2.96 - 5.00 4'.16 

!' Height, cm 85.03 66.50 -115.25 88.17 
~ 

. Spread cm ' 25.16 ' f· 25 
-

35.06 29.46 

Vo1ùme 'cm3 0.045 0.009- 0.081 0.061 . 

Leaf rus t incidence 2.05 1.00 - 5.44 1.00 ' J 
\ 

Heading date days 28.96 22.00 -: 35.25 26.18 1 

1 First eut rec,o'ValY 3.62 2.78' - 5.06 3.31 
1 . " 1 Second eut reeovery, 4.97 3.25 - 7.15 4.51 

• 1 

1. 

\-
" 

" 

,,. 

, . 

(~',>t' 
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TABLE Il •. Agronbmic eharacter1stics of twenty introductions of ta 11 feseue wbich outyie1ded the Alta 

~ , cu1t~var in 1979 

. Re1a-

o 

- Acc;ssl.ons 

Total tive . 
d total FaU Spriug Leaf , Headin Fir8t Secone! 
r Y

t 
d vigor vigor Height rust Spread d 8 eut eut Volume Grawth mat er ry " ate 3 , ~n ~n ,cm ~nc~- cm re- re- cm habit 

r~!d ;!~:r 1978 1979 denee ,days covery coverY 

% 

297905 Austra1ia 9.34 148.7 4.00 3.09 90.31 1.00 24.87 25.37 E 3.28 4.'15 . -0.04 4.15. 
289004 H~8ary , ,8.41 133.9 3.12 2.18 95.12 " 26.31 35.25 L 3.43 . 4.06 0.05 4.03' 
297906 Auitralia 8.37 133.3, 4.06 3.18 _ 88.37 " 25.50 32.43 L 3.18 4.59 0.04 4.00 
283280 Israel 7.86 125.2' 2.97 2.03 79.75 " 28.56 23.75 E 3.16' 4.40 ·0.05 4.53 
314686 USSll 7.81 12~.4 3.97 3.06 91.31 Il 21.93 34.62 L 3.31 4.15 0.03 4.00 
264766 Netber1ands 7.69 122.5 3.90 2.90 84.37 1.25 28.25 25.50 E 2.78 4.28 0.05 4.18 
-265352 Net:her1ands 7.60 121.0 4.16 3.06 79.12 1.00 29.50 27.87 H 3.31 4.87 0.05 3.81 
23s~70 Sw1tzer1and 7.46 118.8 4.06 3.09 89.50 " 35.06 31.56 L 2.97 3.62 0.08 ,4.00 
265357 Netber1anù 7.44 ·118.5 l.12 2.71 90.25 ft 25.62 32.75 L 3.46 3.~8 0.04 4.16 
237~59 Italy . 7 .. 29 11&.1 4.03 3.37 83.75 " 25.93 27.56 H 3.53 4.56 0.04 '4.75 
234719 Fr~~ 7.28 ,116.0 4.06 3.00 72.25 Il 30.06 22.93 E 3.31 3.35 0.05 4.00 
297901 Australia 7.15 113.8 4~03 3.12 a9.00 

,. 26.00 '32;43 L 3.12 4.34 0.04 4.06 
249738 Greece, 7;13 113.5 4.00 2.72 105.62 " 26.68 34.06 L 3.31' 5.18 0.06 4.09 
265361 Nether1ands 7.09 112.8 4.16 3.12 86.62 " 29.62 31.25 L 3.31 4.12 0.06 4.31 
355322 USSR 7.03 111.9 4.22/' 3.03 115.25 tt ,24.37 32.06 L 3.68 4.34 0.05 4.00 
235018 Germany 7.00 111.5 4.09 2.90 96.12 If 26.81 32.18 L 3.97 5.15 '0.05 . 4.50 

, ' 283300 Pol.and 6.97 110.9 3.78 2.93 99.12 " 29.31' 29.18 H 3.18 4.75 0.06 4.09 . 283276 France 6.68 106.0 4.00 3.12 83.68 Il 23.31 24.50 E 3.46 4.09 0.03 4.31 
274617 Po1s:n,d 6.60 105.0 3.75 2.53 84.31 fi 33.56 26.12 E 3.53 4.46 . 0.07 4,.0~ 
231552 Alaetia 6.35 101.0 4.03 ,3.28 89.37 " 27.00 31.62 t 3.43 5.21 0.05 .3.96 

'" ALTA USA· 6.28 100.0 .a.94 2.89 88.17 Il 29.46 26.18 3.31 4.51 0.06 4.16 , 

E • ear1y maturing accession 
If • medium maturing accession 
L - late .... t!lring accession 

' . ) 

• 
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By examining Table 11 it aeema tliat for theae particular twenty 

introductions, ne~th~r apread nor volume àppears to h~ an influence 

on total' dry matter yield. One cao. observe that the entries which had 
1 

the highést .spread ~d volume (Introducti~ 2$5470 and Intr)uction 

274617) did not ~ave the h1ghest yield. Also. Introduc~ion~l4686, 

which had the ·lowest spread and volume amang the twenty accessions, . 
• 1 • Q 

. produced 24.4% greater dry mattler thao. the Al~a cultivar. n~~e,fore, 

It appears that something else la, ~on.trolU.~g dry matter yield in fb:l..s 
'\ 

experiment. lt ia auspected that either the number of tillera par 

plant or the numb'er of til~ers pe~ unit of 'area could be ~trOlling. 
~ 

drY matter yieid. Nelson.!!!!. (1977) and Sleper ll.!!. (1977) have 
, , 

found t.hat, 1;n tail f.escue, the number of tillera per plant i8 the' 
. 

major factor reapouaible for dry ~tter yield. , 

• j ~ 1 

. Coefficients of corrfIation between :rriM and spread and volume 

were atatiatically significant. However. coefficients of determination 

o' were oo1y 28% fot yield and apread, and' 33% for yield and volume •. 
'1 , 

, /,.' , 
No,f';eo~lation was fowd b~tween heading date and TDM. By 

examf ",11ng ' T."le 11 one can aee that plant tuturity did, not'have ~y 
, 

~nf1uence of yleld: It la ID~ere8t1ng to ob8e~ that the h~ghes:t, 

yield was t~a1n~d. by an eârly maturlng i.ntrod~ctlon. 

~\anY' tha' 80.";.1008 hIId • bette. ~sor dur.lJls ~ .P~I 
of 1979 thao. \c1uring the f~U of the e8tab1i8J!men~ year. However, 

, ~ . ..' . ~ 
Iater in the seasoIîtiJe 'Vigor of the· plant, was decreased as it la 

, 
evident by exs;m1ning the reau1ta frqm 'firat and-second eut recovery. 

.J' 1 .' 
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'lbus, 011 the b88~S of, our aomewhat llmited results, these 
, é 

selected twenty acc88sioo.s appear, to ,represent a good a,ource popula-

1 don on whlc:h to start. a breeding prop-am. 'l11e accesdons teprea~t, 

diverse geographical areas. 'l11ere la variation, for dry Ulatter yield: 
- , , 

'. maturity, 'diameter, height and vigor. Finally, tbia material 88elll8 ta 

be resiatant to led rust. '!berefore, approp~ate brèed1ng procedures, , , 

s~ch '48, a polycros8 progcy test, wh1,J~sn malte use o~ ,this dive rsi t y, 
.. \6 -

could perhapA eveutllally lead to a 'de~lopment of a good 'cultivar 

ad.pted ta Quebec c,Pllditions., . , 
, i 

" Beeauae tall fascue i8 a perennial gr88s, 'results hete preseuted 

ate not 'abso~utély conclusive. Information 'on persistence (longevity) 
, , . 

of the accessions la tiecessary. TheTefore, by the interPretation of 

one year's data, we cannot draw any definite çonclualona about these 

lptrOductions •. ' 
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. ' , 
GENERAL 1;)ISCUSSlœt 

5.~ Introduc~on 

, . 
Improvement of crop character:[,stic:a depende primarily on the 

mode of act~ori and interaètion of the J8!1.. controlling variation and 
• 0 

their distribution througbout the popUlation. eon.8equently, any 
l~. , 

bre~din8 prograDl sbould be preceded by a c~late lII1alya:La of the 

~vailable variatiOn.1 .' 
,0 

: MaO': of the\tbOdi ua~d ,in a g~ .. s breed1ng progr_ are tho.e 

develope"d through corn breed1ng re.ea,rch. 'l'be 1II&jbrity of. forage 
1 tl / • 

Cropl are croa. po111nated vith .• bigh deat'ee of self-ateril1ty. and 

many graeaes, altbough not al1, are pol3P101da. The statiatical . '. 
genetic t~~ory applicable to Pil1Pio~d. ta 1IIUc:b 110ft c0I!P1ex th_ in ' 

the case of dip101d8. ad ~oaaequeDt1"t it has""nc:û"wcÎ"relatift1y 1e~s 

5. 1 .a'ttentioo..'. , 

", 

I~./.-.earch1Dg t~ Ut.r.~n i.t w .. evidlmt that iDforuuœ 

about the nlati". ,1II88D1t~ of vu10ùs géDe~C ad euviRàental .. 
Q 

, , 
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, parametera 18 /not readily aVÏdlable for tall fe.eue. A tlumber of" 

. ' 

/ 
papen have tien, p~11.he4 on ,the .ublect~ and :ther~ bas n~t a1ways 

\ ' ' 1 
,beell :c~~te &ltee.tlt ~I oauthQ*. 

'U " 

'" " l 

• taU' f •• ~ue breedia:g trolra w .. atarted at Macdonald CoUes. 

in 1978 • 

prolrD • 

, -' c 1 ~ 

'1'h1s dissertation, presents the "initial inf.o~tion t~Qm the- , 

,'rb1~ .tudy was designed t~ ...... the magIl~tude of total' 
, , 

f <:J. _ 1 

pnetie variation &JIODg different introductions. As well, ,the " 
,1 " • 

~ , 1 

: ... ~~ ....... d wbe~r any of thea. aece.l1oa.a'-were suPedor to 

• , ': thi. 8t~~ ~~tivar ~ta •. 

5 .2 Bia.tI!eal sUne, of material , , , " 

t. 
0, ' -..ror ,the initial .ereen1n* and auney of an UDknown haterogeneoua 

, . , ' ~' ,l' 

..... °populatioa., the 'gene'tie par .... te;.' of 'the charactera Ululer ~tudy uead 
1 1 .. 1 

, l , 

-partleular ·ebnaldera~OIl:. 11Jey wi~l det.min~, thè pOla1bll1ty of 
-) , l 

D • • , .J ... ~ ,} 

recop1l1ni .Up~rlor genotl;Pu by thei~ phenotypes. 

-Deci.10118 COIle.~g thé .eleçtion acheme to he uaed and the 
" 1. l , 

~.1ection int.i~ ta be iJlpoaed are 1nll~ced by the magnitude of 

• ,,_ ~ i) 8~ne~e~, ~1Il~~. Quan~~tive .necie atu4t~ of a ~~ ~ange of 
, ) \ ", ~ 

ctop apec1.ea va ind1cated that the additive aenetic CompODet1t 18 
~ ~ , . ' , . . 

• . ,uaua:LlY more' import.it thiIh th. tUX1-addit1~ eompouent ancl., that in 
1 • '_ \'. l ' - ' . - • 

(1, ~ \... • f \ Il • 

: ," - MIl7, casta, epi~~tic var!.~ componenU can ".' ipored 111, the 

'~, ~ '.prec11ct:101l ~f NaponH. t;o a.te'çtioa~1. '~nfore, u: is 'reasonable to 
,. " '\.": ~ . - -' ,' .. 

72, 

• ' .t aaé~ a p_te~~~, .of" à4~'t.i'h ~.tic ,variance for 1IlO8t charaeters ~ 
" c (" l' . ~ J) 

in .' breed1ns .pop~t~n. 
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He ti tab:1 lit Y ha~ ",alue pp.maril~ as a' me'thod of quandfying 

whether prosress frqm 8elect~0D for a plant charaeter w1~l he 

. rélatively easy or difficult in a breediug progr8lll. In the ,present 
l'} ~ 

study, est~te~ o'f h~rltability wen obtained by the 'variance com-
o ~ 

ponent method. According eo BurtO'lÎ ancl'DeVane (1953) this procedure 
C ï • " ~ 

'has the 1 advantage of reduc~~ appre~1ablY the '~1m; ,Of ~ interacti:m 

var1-ance carrie~ in the est~)nat~ of genetic v~ri,an.ce', H~ver, it 18 

evideJ;1,~ that heritability v:ùues repor~ed in this study are over

estiDiated due to the occurrence of, a certa:1n am01mt of GE interactiOn. . . . 

~ iltiUty of estimates .. of 'heritabi~ty. ~8 increased ,when they 
\ ',; 

\ are uaed in eonjunetion witb the selection different1al, whiçh ~s the 

73 

am01mt that the mean of the aelected accessions exeeeda the mean of the . 
, . ' '" 
endre group.-· The 8eJ,letic advance is c01llllODly ptedicted as the· 

• \ f .... • 

product of the beritabillty', the selection differentiàl and t~e 

".--' variation. Stnce charactera d'iffer in the:f.r mean values and scale' of 

... .;.....-t.·tM Gen •• ~ "ffiCimlt,of Varl.~ ... and die BeaU"'; 
Gelletic Advance frolll selection were- est1111&ted. f' 

)' . , 

Pinally, the phenotyp1c and'seno~1c correlat~Ons between the· , ~:a ' . { 
l , differen~ ~raits wete .determined. Genotypic "correlation between 

~t ........ • 

traits proVidea a' .éasU1:'e.' of t~ gm;Letic assooiation ,Dbetwe~ charactera 
, " , . 

and S1 Vè~ 8Q. indicaticm, of the chara~~ra that may' be useful· as 

\ indicators' of 1IO~ ;b,~~ant traits'. ~,also",; ~.lp ~o id~t1fy 
J ' , 

\ 
~ . 

. . 
cha~act.ra tb.~ ha .. IUt:e .. ~ DO 1o>portan ... iD'.~~~ p~g). 
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5 .3 Comsnents on- the ret\ults 
il 

'Total dry matter yield (TDK) in the 1979 growing se~on had a 
1 

broad sense herit:Wility of 83%, wh1ch 1s 1n agreement With results , . 

1 

reported,elsewhere for,tal1 fe.cue by_seme authors (Burton and DeVane, 
" , 

1953; Frakes, 1955; Frakes'and Matheson, 1973). The GCV was 29.77%, 
o , . 

the G '-val .. was 1.97 t/hà ~d the BGs value was 37.87% over the .s , \ 

acc::essions Diem. Acc'ording ,to these results there 1s a large Smount 

'\- 0 ! ' 
of genetie variation for TDM. Baaed on the work done by Matheson 

r 
(1965), Frake~ and'~theson'(1973), and Subhanij (1974), ~ho re~orted 

-for,age yield 1n tal1 fescue to he c~trolled~b~ additive gene action, 
,~ . 

one could speculate "that' the RG values founèi in thie experiment are , s· 

~e~onab~e indicatiOns of expe~ted progresse 

Corre~t1on' coefficients between mM and the other traita 
, ". .)1. 

s~i~.t ~.t. the important yield c:oIlpOll-Emts are height, spr~ad and 

volume., Rowever, aa~oc1ation .. be~.n. TDM and height 18 ve,ry low in .. 
. ~1tude ~w1t~ a coeffictent of dete~ati<JD of ont y 10.°2%. 

Coefficients of dete'rm1natiQl1 between TllH and spread, and TIlH and 
~~ \ ~ 

VoIW11e. wera 281 and 33%, reape~tively. -Thèse' lower coeff1c1e~ts s.am 

to indicate tht there are other factors contro1l1ng TnM.. It bu bec 

a_atad ~.t prob .... ly .f,~ .11"'1"" of' tm.DI ~r. ,~~ ~ ~~ .. 
,,' 

of tillera per unit ol area 1a a V81:1 i1llPortant trait whieh ahould he, 

19Qkad et 1»: the nezt Irow:W1l •• 0Ii, N,Ulllber of tillera per plsDt in 
- ,; 

. ','. ! 

tal1 f •• ,eue appears, to ba a'~r.v"i1Iportant 'yield éOlllpOD.ellt (Nelsou.!1 

~ •• ~9j7; Slaper .!S'!!.., 1977). According tb Sleper !Sr!!. (1977) 

. ' . «> .. 
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the number of 'tillers per plant is controlled by both additive and 
, • 0 • 

, . 
non-add1tiv~ gene a~tion. Morèover, Yah !!,&. (1976) Xl!ported that 

, ~ , 

~ increase of numbar Of tille~' ~ ta1Ï. iescue ié~~~lY lim:lted b~ 
, ' 

the effects of competition. Therafore, it seeu that when studying 

relationship~ betweén'yield and camponents of.y1eld, one shou1d look 
,"" . 

,at the number of ti;Lle1;s per unit of area rather than, the n~er o:f . , 

tillera per p~ant. 1 
Due ·to t;hè fact th,at v1gorous plants could have a higher 

Q , , - , 
yield1ng ~pac:ity, vigor SCOEea weré given ta the ~ccessions at 

" ~. 
different growth stages in 1978 and ·1~79. The heritabilltie. for 

'0 

differeut ;tsor scores were véry high, ~ept forJ the fmt eut .,. 

recovery (H • 21. 8%) • Iy examining the RGs values and the accession 

mecs, one cS f:1ncl that 'the fall vigor score mean coUld he decreased 
" , .. ,.. , 

in one 'genetation fram 3.96 to 3.30; the spring vigor score mean from 

3.08 to 2'.42; the first reeovery mé~ from 3.62 to 3.50; and thè 
• ~ 1 t 0 '" 

, ( 

second eut recovexy mean froiD 4.97, ,to 3.72. , In th1a experiment a 

lower score indicatee a more vigo'I:oUS plant. Correlation coefficients 
" . 

'Of 'the,e tr.p. te vi th ToM, were, ,b.oweve r, low in' magnitude. On11' a.cODd 
, . 

, ,J l' Ii " 

eut r.~overy had a relatively aati.factory c9rrelation coaff1ci~ttt 
..... ~ ," , 

(rp .'0.60). 
" 

;For leaf ~t incidence theh1gh' GCV and ~.' value. aeem to 
" 

1Ild1cate that <.: ·.'~tra1aht phenotyp1c e.lec~oa. for u'~thy plants Will 
.. .. ~ ~ . , ' 

.. be~"~\'if\',.:~~~~~,.' Th1ll~ ~~~~~r w~r ~ighly ~P.tiWl, corre~~~.~ 
,,' vith '~;;':~'~~.r,yfald 'exP l-,;-o~61't" ~ ~ :-O.~9). ," ." ' ., , 

, t • 'w -.a t ~ 
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Reading ~te hàd tHe' ~ighe8t her:1tability value (H - 96.5%) 

and, a~cord1ng to some .uthora (Cooper, 195,9, 1961; Moutrey and 
, l 

~rakes, 197j; Simonsen, 1976, 1977), this charaeter could bè seleeted 
0' • 

for by straight phenotypic: sel~ction. Moreover, 'sinee lt 1& not 

c~rre1ated with TIlH; it would be possible to select. higb yielding 

'\ 'a~cessibn~ in 81ly' oof tlie maturity groups. Tbis feature is "demonstrated 

in Table U, where the- highest yielding introdw;tion (297905) was in 

. 1 
;, 

( 0 

tJ;te early ~turl:ng group, and the second highest infroduction (289004) 

was foœd in, the. late maturtng group. - . 

Final1y, the results'indicate that variables 'measured in this , 

e;J:per:l~nt. are pr~b~ly not th!! ~)or components co~trolllng yield. ~ 

However. gJ"otypeenv1r~t 11lteractJ.on could have 'b~en ve~ higti , _ '! 0 

during the 1979 ae.-on. Thèrefore, ,it may be possible that SOllle . . \ 

traita had been greatly influenced b1 thia ·~ource of error. 
<> " • 

5.4 IelatiOll8h1P between spaeed plant. 
and .ward,conditions 

. The eztrapolatiOll of 'data on spaced plan~s to nard conditions 

i8 a matter of controveny 8IIOUg plant breedera. 

'. . . .0, 

Spaced ~l;mt nUrHriea hoa ~been used at Macdonald Collelé 

~rOUlhout the yeara. LlN8an, (1961) studied live'different linea of , 
" , . 

birdefoot t'nfoU und4ar three field c;and.itions: Ca) apacèd plants; , 
l, !" . 

(b)~~t111.ed,,~.' row; an~: (c) broal:1caat. He vu able ~o ;mlclude" that 

,the .relative p.rfq~~ o~ the ditferent, lin~ was t~_ ~ame for ~h' ,. 
• ~ ~ l ' , 1 1 1/1 -,. ' 

, 1 three . fl.ia.,plÇ't~. Steppler' and Bubar (1~6) oCODcliaded. that' the 
1 L ~ ~ .... .., ". ." .,J , , • " r , ~!., e ," .'." 

~ ~~ , ,-. 1'.s 'i' 

, " , 
, . ~"; 
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aui'tabil1ty "gi.lpac;ed planting for evaluatian dep~d8 upon the 

charactera undl!r consideration.' Rel1abil1ty de cre as es when the 

chara~ter iûteracts with the envirpament. Space"planted trials are 
o • ' 

wieful in studying varlability with1n a betèrogeneous population, to 

compare lineà for certain 1IIbrp~ological and/or physiologieal traits t 

or to locate the best individilal plants for a breacting program. 
, 0 

Recently, 'L~cash~re and Han-1a (1978) p~inte'd o~ that a 
t 

space-p1anted nUl'fIery 11 very ,useful to compare genotypes for, 
, , 

charactera that cau 'be evaluated vi8~lt, luch as vigor, dheasea and 
1 

to ~l1~nate poor or nOll-persistent !ines. .. 
Rumball and ~tr~g ~~74) '~eported that, although grown in a 

very artificlal situation with little' ~o~etit1on, cultivars ~hat are 

l ' 
d1stinctly supeqor as -.pac:ed planta a,'re al8~ ~etter in sward 

, .. 1 
conditions. FinallY', 1I08t' forage breeders agree that resu1ta froa 

o , , 

"'spaee-planted 1Il&te~a1 1lU8t be interp~ed carefully. Rovever, for 

screening p~rpo ... , thera 18 real1y no a).ternat1w to space planting. 
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CBAPTER VI 

. . 1 
SUHKARYt~CLUSIONS AND SUGGESTIONS 

/ 

In this study several agr~ ~haracter8 wer. iave~ti8ated in 

elghty ~ceesBlons of ta11 feseue. The accesslbaS were spaee-planted in 
, , 

two repli~t1on8 in a 't'andouÎ'ized complete block design. ,The agronOlllie "-

characteri~ti,:s studied vere !dry 1II8tter Yi~ld., faU vigor in l~78. 
, ,~ , \ 

spriJ],g viS9r in,~979, g't'owth habit, plant height. plant spread, plant 
~, . ( 

volume, heading date, firet cut re~ove't'yt second cut r~,covery anelleaf 
,1. , 

rust incidence. 
.,..' 

\ • " . 'f 
Anaiyses of va't'ian~e indicated t~t highly s1gnifieant differ-

ences oceurred amang ~ the acceSsion. for a11 ebaraeters. exee9t for 
"-• firat eut reco,!ery. ' Gen~rallYt 1.t seems that there 18 a cons1.derable 

" . 
, 8J11DUDt of tbt~ genetie 1at:tability for all of the eharaet~rUti~8 . 

• ." ~ ; 1 

measured •. However" tthe portion o~ the genet1;c variability tbat _y he 

attributed to additive sena tic ef:fe~ta ~8 !lOt studied. lIerit4bU1ty° 

8at1mates :hl ~he broad ae~~ vere ~r~ly ~:1:sh exe.pt fo~. fillrat' eut 
, ,. 

reeovery and Urst, eut dry .. tur ·y1eld.· 'Geno~e-env1roUJDental_ 
\ t ~ 0 

variance 1:1&1 b~ ~lated b~ri.t.billty'1n thi; atudy; .. ther:efore, 1t 
, 'Q, _ l, ..... 1 : .;- î -t" ~> tr. '~, .... , '." • 

i •• qape~teditnat·the.e •• t",t~. ara b1a8~,upward$. • 
! ~ ,,' - { l' ,.. ' ..., / \ 

",; 

" 

t ' _~ 

,J '\' • '" :.. ~ .......... r 
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Expected ad~anees from selection were est1màted and were found 
, 0 1 • 

to be in c~ose asreeme~t with tbe ma~tude of heritabifity estimates. 
, . 

Relati~ genette ad vance from s~lec.ion (HG ) was bigh for dry matter 
. 8 ' , 

yield, leaf rust incidence, and ,volume, 1ndieating that selecti~ for 

these charactera could be effed'tive. ,Howe:ver, the geD;etic advanca' 
, . 

from select:s.an (G ) and the nlative 8euetic advance {RG) caU only be 
. s' " B 

~ .. ,- ., 

atr:ictly applled :if t~e 'selectecl plant8 are wgetatively p'ropagated. 
, . 

,'lberefore, the estimation of G and RG abould be viewed with caution. 
s .a 

The genetie coeffi'Cient o~ variation (GC;,) 'was alao -eat:lmateci. The ' 
, ' . , ..'", 

bigh val<Ue of tbe GcV 'asBotiateci ~th a higb heritabillty an~ a high' . 
· \ . \ 

BGs '18 an indication that a stra1~t phenotypic' selec:tion may be an 
., 1 f' / - , 1 

efficient selection procedure .. , Thé hi~e8t G~ wa. obtained if~r l~af 

. rust inèidénce, and the loWe8t was for, ,fiftt eut recovery. 

, 'çDrrelatlon coefficients among all charàcters'under.investi8a-.. "" ~ , 

ti n're astimat.d,. 'l;'he genetico correl~oti coe,ffiCi-:ts~ vere 

t tively b~ghe'r tban the cor~8pond1ng p~otypi~ coefficienta in 
, . , 

st e .. e~. bdt they Vere similar 'in ·s1.gr1, indicating that the 
, • • l ' • 

· . , 

lisnif1cant pl!.enotypi~' ... oeiatians ~ere mainly due to genetie:: causee. 
• ' 1 • 

. TO~, ci~. ~tter Ylel~ ~ found to ~ave a P,~~ti\t8 .'igniflc8llt . 
, . 

aaaoc4t11orl' witli apr1u8. -n,or" heipt, spread, first 'cut recovery, ( " ' ,',., . l,' · '-,,~., ' " ,l, 
8acOI1d eut recove~d volume. ' Bonver.' becauSe they ware not ,hiah 

'. .~ '" . ' " " '. ~,,; 
, i1:t mqa1t\ldè: ,~., ~om~t.i~ 'sbouid be 'intet"p'l'eted W1th caut1~. 

J~' ' .. , . , 
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,. To~~.,d~ 1I&tt.~~~;~1: ~ :'~,._8~t1velY· as80c1~!~~ :~th ,leaf' ruat '., , 

'. inc1~ce'. ,TI:Ie cb .. rac:.te~ ,.tudi~d, .a~ not to,bè jtrOllsly ... ociat~d 

,6A , VI 
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o this studyfor /SIlot"'r grOwiug aeason. W:1th the analyses of two' years 
1 , 

data the magnitu4e lof these relationships \may bemodified, due to the , , 

fact" that int~raction b,eMen accessions and year would' be removed. 

lt appears that other factors may" be more important in determining 
. ' . 

, ~ : 
total dry III&'tter yield in this éxp.riment. We have speculated that . . , 

either tne, number of tillers per plant :or· n~er of tillers per unit'·· 

of area may be very i~ort8ilt :1:n dry matter production." The'refore. 

the 1D8a&ure1ll8n.t of these, charactera should probabiy be carried out in 
, \ 

o 

Finall,. it should be pointed out that the find1nS8 and, 

concluSions reac:hed in -this atudy are, sOlIewhat llmited, due to the 
". Il 

fact that tJley represeut only one y~arls dat.a. 'Moreover, these 
l 

results ahouid be restr1cted to tlls set of e1ghty accessions. , . 

. Siac~ bedtahility ill th!s experiment 1. hlgh, 1'é' ia pos87bl~ 

t,hat straight#l'hè-:Otypic .e1e~t1on may be .deq~te to lead to aU .. 

80 

• 

accumulation of favorable genes. 'Ihia la 8uppo-rte'd by the literature 

suney Qf work on ,--., psrennial forage iras8es, includinS taU" fe.cue, '" 
" . 

whicb bad i11d1eated that addit1:ve gene action 18 tu mD8t ip!portant / 

~actoi. c~trOll1n1 ~yaaro:~c cl1aractera.' Tberefore. simple 

'. , 
p,heq.otYP1~ .elsc:.t1œ. Vill 1 •• d to·. Dore rapi? acb1eveMut per \Dl1t of ~ 

, . 
't11âI. th~ P,:'Ogeuy,t"Ü1lI' 'llonver. if Olle fse18 ,that throgp , 

p~ot~:f.~ .e~c:.~~c.· ~D .~ ',chara~t.~. such ~ d~ ~tter • 
... "' \ ~ 4 

, 1 ~ _ 

'ji.id, wUl,be .4iffiéUlt:, to obt;aù4' the' poi,c~oa8 tecbdque would 'be a 
, " ",'" ' '1 ' 

. , ',,/ a90d .thod. ta u~,: ' \",,':- :"- o' ~ , , • 

'O'j;, ./" '1:'JQ~:'~":' IiIL" ' 
"''''i • ~ , ~,. 
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The following are r~commen~t1ons.,for fu~ther investigation: 
,,. 

1. Carry out this research for at le8!lt one more year to obtain a 

2. 

, Q 

3. 

, ' 

measurement of the aenotype-year intet;action, ,~d 
, " 

the persistence of'~he accessions. 
-',~~~~~~----~--~~~ 

also to obserVe 
\-~~ 1 

.,1 

Carry out progeny' analysis to obtai~ precise estima tes of ti/e 
, ..t • 

magnitude of ~dd1~1v.e g~etic variance. 

\' -
Include an evaluation' of other important cr!teria in taU fescue 

breeding such as 
,.\ "' 

reaètion. 

, 1 

Î 

10w alkaloicl content, ~ge8t1bility. and disease r 
'Ct • 

, 
~ , 

" 

. , 

" ' 

" 
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Means of fora. dry matter yield '. 
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" dry 1Illltter ! • J College dry matter dry I118tter total dry 
! acee.aiacr,! Yield yield yield matter yield 

nUllber , ' t)ha t/ha , ; t/ba % 
1 

i ' 
Ker Ss r: 4.70 " 4.63 9 .. 34 148.7 

21 3.49 4.92 ~.41 133.9 '" 
58 3.72 . ' 4.65 8.37 133.3 
62 3.38 4.48 7.86 125.'2 
1 

3.91 3.90 
d @ r~ 7.81 124.4 

',.,,, 1 89 4 .. 67 3.02 7.69 122.5 .. ~, ., ,/ 

,~:'. , 92 3.89 3.71 7.60 . 121;0 
,.,' ,'< 72 4.35 3.11' 7.46 11&.8 
" 33 3.46. 3.98 7.44. 118.5 

40 2.79 4.50 7.29 116~1 

f 
67 4.05 3.23 7.28 115.9 . 
9~ 3.81 3.34 7.15 , 113.9 
31 3.08 4.05 7:13 U3.S 

0" 

,73 3.64 3.44 7.08 112.7 
63 3.21 3.81 7.03 1ll.,9 

( 82 3.17 3.83 7.00 1ll.S 
,( L' ( 45 -3.04 3.91, 6.97 110.9 

95 2.62 4.06 ' . 6.69 '106 .5 
96 2.81 3.79 / 6.60 105.1 
8S' 1.92 4.43 6.35 101.1 ' 

,i 1 ALTA 2.67 3.61 6.28 
, 

1 100.0 
l Mer 74' 3.14 3.06 ,6.20 98.7 t, 

\ 
22 2.44 3.62 6.06 96.5 
66 ' 2.33 3.71 6.04 96.2 

"\ 24 2.52 3.50 6.02 95.6 1 J ;: 70 2.50 3.48 5.98' 95.2 
l' 71 2.79 l' 3.19 5.98 95.2 b 

86 2.12 ~.85 5.97 . 95.1 
41· 2.89 3.02 5.91 94.1· 

i 91 2.31 3.45 5.16 91. 7, 
1 91 2~08 3.63 5.11 90.9 r, 65 2.50 3.12 5.62, 89.5 

80 2.71 2.90 5.61 89.-3 
64 1.84' 3.71 5.55 ' 88.4 

! 8, , 1.07 
,4.44 ( 

S.51 87.7 
59 1.68 . 3.78 5.46 86.9 

0 
78 . 2.23 3.23 1 5.46 86.9 1 

23 3.01 .. 2.42 , 5.43 .8:6.5 J . 

44 1.23 4.20 5.43 86.5' 
. \ 39 2.52 2.90 5.42 86.3 

"0 
u ".>t 

41 2.38 3.00 '5.38 85.7 
'Il. . . 

\ (table cOIld.nued) 
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APPEHDn TABLE 1 (continuefi)' 
~ '. \ 

Maedonald 1!':l:rat eut 
Collese ' ,dry matter 

ac.ce •• i~ yield 
nUllber t/ha 

!CP 81 1.54 
6 2.22 

36 2.97 
43 1.28 
77 1.47 
10 1.83 

2 1.70 
42 1 ~.96 28 1.84 
7S 2.17 

, 76 1.85 
29 1.84 
68 • 2.22 
87, 1. 79 
94 1.SS 
90: \ 2.50 
9 1.59 

,30 2.04 
5 1.33 

P 
, . f.73 

1 1.34 
46 1.18 

"14 1.69 
3 1.71 

52 1.60 
50 2.96 
51 2.49 
54 2.57 
32 2.,42 
21 1.64 
18 1.92 
56 1.83 
15 1.75 
60 2 .. 01 
34 1.13 
26 1.74 
25 1.66 
48 1.48 
88 ' 1.06 
49 1.06 

(~,! 

Second cqt Total Relative" 
dry 1II8tter dry matter total dry 

yieId yield Q~ter yie1d 
t/ha t/ha % 

3.74 s.2à 84.1 
3.01 ' 5.23 83.3 
2.21, 5.18 82.3 
3.88 1 S .16 ~ 82.2 
3.56 ' 5.03 80.1 
3.16 4.99 79.5 
3.22 4.92 78 .• 3 
2.92 4.88 77.7 
~.01. 4.85 77 .2 
2.64 4.81 76.6 
2.92 4.78 76.1 
2.92 4.76 75.8 
2.52 . 4.74 75.5 
2.64 4.43 '70.5 
2.75 4.30 68.5 
1.77 4.27 67.9 .. 

' 2.56' 4.15 66.1 
2.02 '4.06 64.6. 
2.70 4.03 64.2 
2.24 3.97 63.~~\ 
2.62 3.96 63.1 
2.77 3.95 62.9 
2.09 3.78 60.2' 
1.95 ' ',3.66 58.3 
2.01 '3.61 57.5 
0.65 3.61 57.5 
1.02 3.51 55.9 
0.68 3.25 51.7 
0.73 3.15 50.1 
1.38 3.02 48.1 
0.91 2.83 45.1 
0.99 , 2-.82 44.9 
0.93 2.68 }42.7., 
0.63 2.64 42.0 . 
1.35 2.48 39.5 
0 .. 72 2'.46 39.2 
0.69 2.35 37.'4 
0.13 2.21 35.2 
0.83 1.89 30.1 
0.76 1.82 28.9 

"The control cultivar Alta. vaS cOliaiderecf to have a relative 
dry' matter yield equal to 100%. ' 
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APPlmDIX TABLE 2. Means of faU vigor in 1978 , , . 
Macdonald " , 

College FaU v:f:gor* 
accession, in 1978 
number 

KeF 62 ' 2.96 
21 " 3.06 
22 3.09 
33 3.12 
27 3.U 

} 

23 j~12 
5 3,~12 

9 3.18 " " 

2..4 
, 

3.21 
"6 3.50 
11 3.53 
39 3.59 
96 3.75 
45 3.78 , 

, " 

" 64 3.81 
47 3.81' 
70 3.84 
87' 3.84' '" 
86 3.84 
50 3.87' 
46 3.87 

, 18 3.87 
, 89 3.90 

54 3."90 
44 3.90 ' 

.42 ' 3.90 ,> , 
.26 ' 3.90 

1'> 

1.' " 3~'90 
81 3.93 
66 3';93 
56 ,3.93 
41 3.93 . 
30 3.93 
15 '3.93 
10 3,.93 ., 

2. 3.93 
19 3.96 
95 4.90 

" 16 "4.00 
S9 , 4.00 

t 

*FÀU Vigor score: 1 to 9, 
where 1 ., ~ ~seuthe 'growth and 

~ • m1D.imt.ml veptathe growth. 

;t .. , 

Macdonald 
College Fall vigor* 

aecessioit in 1978 
number 

KeF 55 4.00 
',32- 4.00' 

31 4.00 
97 4:03 
93 4.03 
85 4.03 ' 
48 4.03 
'40' 4.Q3 ' 
36 4.03 
28 4.03 
25 4.03 
14 4.03 
80 4~06 
72 ' /4.06 
71 .- / / 4.06 
67 / 

4.06 
' 58 4.~06 

49 4.06 
34 4.06 
82 '4.09 
78 ' 4.09 
77 4.09 
74 4.09· 
52 4.09 
29 4.09 

3 4.09 
68 .4.12" 
94 - 4.15 
92 4.15 
90 4.15 
75 4 .. 15 
73 4.15 
65 4.15 
43 4.15 
60 4.18 
63 :4.21 
S'l 4.21" 

'·'91 '5.25 
88 5.87 

8' 6.59 

, , 
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of g'rowth hab1 t . ,; APPENDII TABLE 4. Means [ 

f, .. , 
Macdonald Macdonald-

College --
GTOWth habitlll Co'llege 

Growtb hab! t lll 
l ,ac~8sion accessiOn' 

number~ number 
, i 
i 

MeP' 87 5.00 MCF 5S 4.15 
9 4.84 70 4.15 1 

40 \. 4.75 74 '4.15 1 
·i 

41 4.75 49 4.12 
34 4.71 65 l'''-~ ~.12 
2 4 .• 62 30 ,}J- 4.09 

77 4.62 
,-

'>31 4.09 
21 4.59 4S 4.09 

.,.J.O 4.56' 41 4.09 
24 4'.56 51 4.09 , 28 - 4.53 60 4.09 
62 4.53 17 4 .. 06 
29 4.50 23 4.0~ 
82 4.50 , 50 4.06 
18 4.46 75 4.06 
81 4.4,6 93 4.06 
86 4.43 96 4.06 
59 -4.37 0 97 4 .. 06 ~? .. ,~ 94 4.37 27 Î 4.03 
5 4.34 52 4.03 / 

is 4.31 76 4.03 
73 4.31 78 4.03 
95 4.31 1 4.00 
26 4.28 19 4.00 
44 4.28 58 4.00 
48 4.28 63 4.00 

3 l~ 4.25 64 4.00 
39 4.25 ,67 4.00 

, 
;1-

46 4.25' '72 4.00 
,80 4.25 71 3.96 
43 4.21 85 3.96 
56 4.21 88 3.96 
25 4.18 6 3.93 
89' 4,.18 90 3.93 
22 4.15 66 3.90 
32 4.15 68 3.90 1 

33 4.15 91 3.90 1 

1 
36, 4.15 92 3.81 
42 4.15 14 3.68 

.,," • ' S4 4.15 8 2.96 , t • 

-. Ci *Growtb habi.t Icore: 1, ta 5. 
where 1 • mOlt decumbent p~8Dta and 

5 • most .rect plants • 
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APPENDIX TABl.E 6. 

(~ , <;. 

Hees of leaf ruat 1ne1.dence 
t 

Macdonald 
Collage 

accession 
number 

Mel!' 96 
95 
94 

, 93 
'92 
91 
88 
87 
86 
as 
82 
81" 
80 
78 
17 
74 
73 
72 
71 
70 
68 
67 
66 
65 
64 
63 
62' 
58 
55 
46 
'45 

,44 
43 
42 
41 
40 
39 
3j 
31 
30 

Leaf ruat· 
inc1.dènce* 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 . 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

, 1.'00 
1.00 
1.00. 
1.00 
1.00 
1.00 

" 1.00 
1.00 
1.00 
1.00 
1.00' 
1.00 
1.00 
1.00 
1.00 
1.00 

d;, 1.00' 
1.00 
1'-00, 

}.1.00 
1.00 

'1.00 

.. 

, . 

1.00 j" 
a r, J \ 

" , 

.fcLeaf Nst ~cidenc:e Ic;pre t 1 to 9. 
Wh.re 1 • the mat healthy pl_ta. and 

9 ... th. 1IOst di ..... d pt.Dta. ~ 

Hacdooald 
'\ ,College 

aecu81'011 
numb.r 

27 
24 
23 
22 
19 
i7 
1.5- "-4> 

10 . 
9 
3 
2 
1 

89 
, 29 
.. 97 

5 
14 
S2 
76 
90 

If 48 
!16 
75 
47 
54 
'32 
60 
o~ 

21 
'S! 
26 
25 
56 
,50 
49 
8 
6 

34 

i 
1 
1 

J 1 

Le~ ruat 
ine1dence* 

1.00 
'L 1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00, 
1.00 
1.00 
1.00 
1.00 
1.25 
2.03 

\Z.93 
3.00 
3.28 
3.81 
3.84, 
3'.96 
3.96 
4.06 

/4.,1S 
'f" 4.18 
1 4.46 

4.46 
4.50 
4.50' 
4.53 
4.53 
4.59 ' 
4.65 
4.68 
4.78' 
4.87 
4.93 . 
5.00 
S.18 
5.43 

... 

1 

. , 

" ~ 
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APPENDIX . TABLE 9. 

\ ' 

MeaDs of tirst eut reeovery <JI> 

l' 

MacdCllald Macdonald 
Collage F:l.nt eut College Fint eut 

acce .. it.ld t"ecovery*' accession recovery* 
number number 

J t'~ , c 

MeF 89 ~ 2.78 MCF 40 3.53 
i 12 2.96 54 3.56 
i 93) 3.12 

\. 

47 3.62 \' 

24 3.12 29 3.62 , 90 '1 3.15 86 3.65 1 
.j 62 3.15 42 ,3.65 

1 

74 3.18 28 1 3.65 

" 1 
'5$ 3.18 63 3.68 

\...; ,45 3.18 77 3.71 
1 50 3.21 76 3.71 

6 3.25 65 3.71 
'55 3.28 51 3.71 
36 3.28 10 3.71 
97 3.31 87 3.75 
92 3.31 66 3.75 
80 ' 3.31 94 ,3.78 

, 1 tf# 73- 3.31 ,Ol-J 32 3.78 
1 67- 3.31 15 3.78 / 

'" 19 3.31 9 3.78 
31, 3.37 2, 3.78 
23 3.37 

"-
48 3.81 

18 3.37 39" 3.81 
85 3.43 17 3.81 
71 .~ 3.43 58 3.84 
30 3.43 ... 64 3;87 
27 3.43 5 3.87 
21 '3.43 .75 3.93 

3 3.43 26 3.93 
95 3.46 82 3.96' 
33 3.46 44 3.96 \ 

25 3.46 . 1 3.96 
22 3.46 91 4.06 

~Î 3.46 43 4.09' 
3~50' "$6 4.11 0 

00 

96 3.53 59 4.12 '1'" 
81 3.53 ' , " 34 4.21 ; 

70 ~.53' 49 ' 4.50 ' 1 

68 3.53 , '46 ( 4.50 ! 
60 . 3.53 '/ 88 4.78 1 " ! 
41 3.53 8 5.06 1 

-l 
" 0 

0 1cFirst eut recoVel'Y seo~2 1 ta 9, 
- where l' - ma::d.mum =tative growth and 

.9 - minimum taU," growth. / / 

/ 0 

"" -'" '-iJ~I'~~ ... OltiJh.i 
.• ' •. ' . ,', • ~._ • J .,~. _L'fi. -v.;.~ 1 
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APPENDIX 'l'ABLE '10. Means of second cut recovery' 

Macdonald Macdonald 
College Second cut College 

accession / recovery* accession 
number number 

, MCF· 71 3.2~ MeF 45 
29 3.34 92 
76 3.46 90 
72 3~62 94 
33 3.68 91 
66 3.75 88 

r.. 41 3.78 80 
9 3.96 39 

87 4.06 30 
27 4.06 47 
95 4.09 10 
86 4.09 36 
73 4.12 82 
70 4.15 76 
42 4.15 31 
19 4.15 3 
2 4.18 -, 85 

44 l ,4.21 96 
28 4.25 75 0 
89 4.28 52 
77 4.28 56 
74 4.28 1 
24 4.28 48 
68 4.31 59 
93 4.34 49 
63 4.34 15 
17 ' 4.34 21 
23 4.37. 14 
62 4.40 34 
64 4.43 32 
96 4/46 54 
81 4.~6 51 
43 4.50 60 
40 4.56 \ 26 
22 1~4.56 50 
58 '';: ,.{ 25 ,,;a 4.59 c ... 

46 ·4.62 5 
78 , 4.65 18 
65 4.75 8 
55 4.75 6 

*Second eut recovery score: 1 to'9, 
where 1 • :::im~ vegetative growt~ and· 
, 9 • imum vegetative ,growth. . 

'-

,. 
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Second eut'" 
recovery* 

\ 

4.75 '\ 4.87 
4.90 ... 
4.93 
4.93 
5.00 \ 
5.00 \ 

5.06 \ 
, , 

5.06 
5,.09 
5.09 
5.12 
5.15 
5.15 
5.18 
5.18 
5.21 
5.28 
5.50 

~ 5.62 
5.87 
5.96 
6.00 
6.03 
6.03 
6.03 
6.09 
6.12 
6.25 
6.25 
6.28 
6.31. 
6.37 1 

6.56 ': , 
6.62 1, 

~.78 1 6.84 
7.00 
7.06 .#r 

7.15 

1 - -~ 
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APPENDIX TABLE 11. Means of volume 

Macdonald Macdonald l 
ColÎege Volume College Volume 

',t " n accession '(ClIl3) accession (cm 3) 
, 1 

number .• _- ' number 

~ '\ 
MeF 72 0.08 Mel 17 0.04 

1 71 0.08 36 0,,04 

l 96 0.07 56 6.04 
64 0.07 40 0.04 

1 
66 0.07 39 0.04 
45 '0.06 78 0.04 

i .. 70 ' 0.06 

" 
58 0.04 

i 74 0:06 94 0.04 f 
65 ' 0.06 55 0.04 
73 0.06 80 0.04 
31 ~ 0.06 9') 0.04 

f 81 0.05 9 .0.04 
~ 68 0.05 2 0.03 t . 41 0.05 95, 0.03 

76 0.05 14 0.03 
80 0.05 la ' 0.03 

( ) 43 0.05 87 0.03 
Y ~3 0.05' o~28 0.03 

42 OOOLf 19 0.03 
82 i 0.05 21 0.03 
92 ' 0.05, 3 0.02 
46 0.05 15 " 0.02 

,24 0.05 1 0.02 
89 0.05 *' 59 0.02, 

ott 27 0.05 60 0.02 
67 0.05 47 0.02 ~ 
44 0.05 88 0.02 
62 0'.05 1s~ 0.02 

~ 

85 ' 0.Q5 0.02 
'75 0.05 34- 0.02 
52 0.95 32 0.02 
77 0.05 25 0.02 
86 ,0.05 )< 50 '0.02 

'22 .0.04 48 0.02 
93 0.04 ·26 i. 0.01 
90' 0.04 6 0.01 

1 91 0.04 49 0.01 1 
33 0.04 5 0.01 
23 0.04 54 0.01 
29 0.04 8 0.01 

0 

, 
\ 


