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* ABSTRACT
o Plant Science

M.Sc. CELO RENA E UJ
c MAR TO ALVES DE ARAUJO (Agronomy)

AGRONOMIC EVALUATION OF TALL FESCUE (FESTUCA
ARUNDINACEA SCHREB,) GERMPLASM

Eighty accessions of ‘tall fescue (Festuca arundinacea Schréb.)

?
were 'g\tudied with the obje?tive of assessing total genetic variability
and to identify promising introductions. The varisnce components

methodology developed by Comsteck and Robinson (1952) was used to

estimate the gemetic and environmental parameters.

o

The results indicated that highly significant differences existed . \
between acéesspions for all characters except first cut recovery. Broad
'sense heritabilities were high in magnitude for most of the characters
except first cut dry matter yleld and first cut recovéry. This
indicates that most of the characters were under ;;:rong genetic
control, . However, these high estimates of heritability are somewhat

i)
inflated, due to the existence of genotype-environment interactiom.

* v .
Expected genetic advances from selection were calculated; however,
their values are str;ctly applicable oﬁly if vegetative propagation'of

the selected material is assumed.

Genotypic and phenotypic correlation v;iere obtained between the
different: characteristics measured. Genoc’;‘fpic correlations were
slightly higher than phenotypic correldtion. for most of the characters.
Some of the characters were found to be signifi,cantly ‘associated with
total dry matter yield. . These correlat;ion coef.ficiente, however, were

<

relativeiy low in magnitude.

Certain accessions appeared ' to have a good yielding capacity,
being superior to the check cultivar, }Alta, in this character. These
accessions could prove useful as source material on which to base a N

breeding program. ' ;
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'L'EVALUATION AGRONOMIQUE DU MATERIEL GENETIQUE DE LA
FETUQUE ELEVEE (FESTUCA ARUNDINACEA SCHREB.)

” )

6uatre—-vingta . {ntroductions de fétuque &levée (Festuca arundinacea

Schreb.) sont étudides afiff d'évaluer leur variabilité génétique totale
et afin d'ic}y@éf

de vaariance 4éveloppée par C tock et Robinson (1952) est utilisée dans
i'esti;nation des paramétres génétiques et du milieu.

Les résuli:rats' indiquent qu'i]".‘ existe une différence trés significative

7 jlesr"introductionsa pour tous les caractéres sauf pour la reprise

1a/lﬁpremiére coupe. L'hé&ritabilité au sens la}'ge est grande sauf
le rendement de la premidre coupe en mati®re séche et pour la
reprise aprés la premigre coupe. Ceci indique. que ces caractérés sont
pour Aa plul:;art \génétique_ment contrdlés. Toutefoig ces valeuts sont

exagérées di 8 1'interaction entre le génoéype et 1'environnement.
) ' v
Le{s potentialités d'amélioration génétique par séléction sont calculées,

t;outefois celles-ci ne s'sppliquent " que si le matériel s&lectionné est

4

multiplié végétativement.

Les corrélations génotypiques et phénotypiques entre 1les différents
caractéres mesurés sont calculées. En général, les corré&lations géno-
typiques sont un peu ?ltis élevées que les corrélations phénotypiques. Il
est établi que certaif'xs caractdéres sont sigt}ificativement associds avec
le rendement total en matiére sdche. Cependant, ces coefficients de

corrélation ne sont pas trés Elevés.

-

. Certaines introductioné' gsemblent avoir une bonne capacité de rendement,
-en &tant supérieures au cultivar témoin Alta. Ces introductions pour-
raient 8tre utiles pour 1l'établisgement d'un programme d'amélioration
génétique. .

Las)

fier les plug prometteuses. 'La méthode des composantes ’
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Tall fescue (Festucs srundinacea Schreb.) is a hexaploid (2n =
. ‘ . LR ’

© 42) and cytogenetic evidence indicates that it is an allopolyploid e

(Peto, 1934; Crowder, 1953a). 'Tall fescue vas first brodght under
cultivation in Europe, probably in England.: It was introduced from ' -

/ .
the 0ld World to North America in the last century, but it took almost.

3 . o

g \' /——"‘,‘\"ﬁ\ . .
a half-century before the crop achieved any agricultural importance.

Today in the United States, tall fescue 1s one of the ‘mogt important
forage crops. However, despite its good agromomic and quality //
‘ s ! ’ : ) l‘
characteristics, tall fescue is not extensivély grown in Canada.
vy ' - ' ! »‘
The production of new cultivars of the outcrossing grasses has
. . v -
in the past been based predominantly upon the direct exploitatieon of

;ﬁtnr'ﬂly occurring ecotypes to forn the basis of new synthetic, )
cultivars. However, vith the increasing intensification of grassland
use ‘and; consequently,swith the groving desands for sophisticated

cultivars to satisfy specific r;quirennts in terms of growth rhythms
r, ' ., ) (A - ‘

L
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aond quality of waterial, the-hiee&er is faced with the need to
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consider more precitel&othekmaﬁner in which he may most efficiently

‘produce these new cultivars.

envigonmental parameters for characters pf”economi%rimportance is

«

Fnowledge of the relative magnitude of the_var

2

L

ious genetic and

Ieaaentihl before more efficienﬂ b:eeaing procedures dam be ‘employed.

Ll

" mental cabaeu.

Siice economically important plant characéexs are largely, if not

use of biometrical techniques.

4

I

The use of biometric 1 evaluation

\ entirely, guantitqgive in inheritance, they can be e aludted by the

permits the estimation of population genetic parameters such as means,

genetic and envitonmental variances, heritabilities, genetic and
phenotYpic correlation coefficients, and the expected 3enetic advances

from selection.

estimates enables the plant breeder: "to select parents, manipulate

’

il

0

L

Knouins the magnitude anﬂ the imPortancc of\such

progeny, and isolate superior lined more efficiently. For example, 42}

the heritability concep; ia useful in determining to J%it ‘extent

i

differeqcea among puenotypes are due to genotypic rather than environ-

characters of low herieability, such as yield and lesa complex K

q

Alpo, knowledge of the correlatiﬁn between complex

oot

chnracucra\phich may have mdLh higher heritabilities, would benefit

plant breedera*

&

It may be eaaier to seleét for a: complex: character by

practising selection on a highly heritable character coxrelateg with
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s The literature dealing with studies of the relative magnitudes

of the various genetic and environmental parameters in tall fescue is .0

* not extensive. The varlance component technique developed by Cométock "%

o

and Robinson (1952b) geems to provide sufficient information about the

h

)
+
.

:‘6

X . &
%' genetic and environmental parameters among a number of progenies or b ¥
3 ' ‘ B )
¢ different genetic lines. In this s'tudy, this method of genetic - -
f ) snalyals was used. ; \ \ ‘ "
5 by ? ' I
,; Pl : ; ;

The present invegtigation wis Hesigned';o estimate (1)'the

total genetic variability, btoad sense heritability, and expected

)
{}
3
genetic advances for dty matter yield and other agronomic character- .
e

M .

R S P
LY

istics in a populétion of 80 tall fescue accessions; and (2) the

@ pheno?ypic and genotypic correlations among all characters under -

-

investigation. A further objective was to predict or gelect, on the

[ ‘s [}

a basis of this genetic analysis, which introductions in our material ' ¢
8 . ° X .
are productive and have agronomically desirable characteristics. . " §-

These s€lected iptroductions will be used as a source of germplasm

-

for a breeding program.,
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REVIEW OF LITERATURE,
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> . . -4
2.1 Tall fescue as a forage crop -
' 1 ' “
2.1.1 Hisgtory and plant description .
4
. Tall fescue belongs to the genus Festuca, a’ genus of more than
## 100 specles. It was introduced from Europe to North America in the
[
nineteenth century.
- (l 0
E' ' ' Cowan (1956), in a review, gave a history of -tall feséue.

Botanically, tall fescue closely‘resembles” meadow fescue, and there-
fore, Linnaeus, in 1753, classified both meadow and tall fescue as

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

. and called it Festuca arundinacea. However, B;ckel, in 1882, gave the'
following classification which was followed by most scientists:

o, Festuca elatior L.

B * ' ssp. typica var. genuins Hack. (meadow fescue)

ssp. arundinacea (Schreb.) Hack. var. genuina Hack. (}zall
fescue)

y o

i
;
i
<
1
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It was Hitchcock (1935) who classified meadow fescue as Festuca

el'atior L. and tall fescue 48 Festuca elatior var. arundinacea (Schreb.).

According to Cowan.(1956), it was only in 1950 that tall fescue was

called Festuca arundinacea {Schreb.).

The difficulties ewmd by taxonomists in separating these

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

fescue as a crop of some.value. However, Cra;rder (1953b) reported
that tall fescue has a number of small hairs which are visible to the
naked eye, whereas this characteristic is not foynd in meadow f;.scue.
They can also be distinguished by chromosome counts, }&dci/fegcue

having 2n = 14‘chrom_osomes and tall ‘fescu%. 2n = 42 chromosomes,

Tall fescue is a deeply rooted and strongly tufted perennial.
The roots are tough and coarse, contributing to the formatiom of a
good sod. This dex;ae, coarse root system, which tgll E)eacue develops,
argues strongly: for its use as a crop in sod waterways, along road-
sides, and in places where a tough sod 13?\’ required. As well, a ;:hick,
dense sod is an advantage to resist the rzrampling of the animals in
pasturing‘on'wet laﬁd. "The basal lea;res ére dark green, broad and
flat, the sheath is smooth and’ the ligule 1s short. The hra'nchéd,
panicle-type heads are 10-30 ecm long and the spikelets z;re 8-18 mm

long, with 8-10 florets. .Only five to seven seeds are produced per

splkelet, and they are simlilar in size and shape to Lolium pereunne

seeds (Buckner and .Cawan, 1973) .

i
i
)
g
[
|
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2,1.2 Distribution and adaptatioﬁ . ' . t\

Tall fescue is adapted to a variety of soils and a wide range

‘of climatic conditionms. |, ’ .

Tall fescue is ‘found throughout Europe, North Africa, North

. 4 .
America, South America, New Zealand and Australia in different types

)

of soils, pH, temperatufe, rainfall, and soil moisture (Hoovér et al.,

1948). ' *

o

" Tall fescue has its best growth undér cool season on heavy

'soils with adequate moisture and organic matter (Cowen and Streckling,

1968)7. At Oféﬁpe, tall fescue grows well on alkaline soils with a pH
of 9.5 in Klamath Falls, and on acid soils with a pH of 4.5 in Astoria
(Cowen, 1956). 1In the Bolivian altiplano, tall fescue is cultivated in
gsemi~dry conditions. This semi—dry conditioq 18 characterized by a
pluviomeéric precipitation which oscillates'from 300 £o~;8: mm, with

rainfall only during the summer (Gandarillas et al., 1965). . Tall

_fescue grows well in the-€ransition zone which separates the southern

aﬁﬁ northern regions of the United States. In this transition zone,
neither cool nor warm season grasses are very well adaptedJEJ;ska and
Hanson, 1969). ' According to Gandarillas et al. (1965), in the
Bolivian altiplano, tali fescue is re;istant to temperature of -7.49C
without problems in its de§elopment. At gnoxvflle, Tennessee, tall
feséue grows where the Jgnuary weekly temperature is around 4.4°C, and

in the ‘southern United States it grows where summer temperatures are

very high (Buckner and Cowan, 1973). '
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2,1.3 Genetics

Tall fescue is a polyploid. The hexaploid number,of 42 .chromo-
semes was first reported by Levitsky and Kuzimina (19275 and has been -
3

found by Peto &934) and Crowder (1953a).

' 4"?
Crowder (1953a) studied the meiotic chromosome behavior of 247
. ‘ . I
plants of tall fescue and cytoclogical study showed that tall fescue

has a hexaploid number of 42 chromospmes‘. An extra small chromosome
was also found only in three plants studied. The chromosome behavior

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

3 .
except for a very low incidence of multivalent pairing. The high
frequency of bivaleants suggests that an alloploid origin exists, since

selective pressures appear to be against multivalent pairing.

Jenkins (1933) reported several successful interspecific and
}

. intergeneric hybrids between Festuca arundinacea and other Festuca ssp.

and the Lolium genus. 'i‘hg.re has been considerable interest in such

wide chsges. It provides an oppértmity to study the homology.to
ascertain the ;;Sssible evolution of tall fescue. According.to Peto

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

Festuca and Lolium, but little information concerning these results is

available. Peto (1934) showed that, .in the dipioid hexaploid cross

between ryegrass (Lolium perenne) and tall fescue, a high proportion’

of ryegrass chromosomes paired with the chroﬁosomes of tall fescue.

»

Crowder (1953c) suggested that the genome of ryegrass and two or more
genomes of tall fescue are plohylogenetfcally related. - o

1
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Although heterosis in many crop species is well documented,

there are.few papers written on forage crops. ' The work of Echeveré/ -

(1964) showed that heterosis was seldom expressed in tall feacue’.

[}

Matheson (1965) reported that little or no heterosis was expreésed for

e F
important Characters of tall fescue, including forage yleld. Studies

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

'rogenies derived from crosses between cloqesﬂof divers; morphology,
origins and anthesis date were superior to their parents in all

characteristica. They sugggat that tall fescue breedex;g could best
%

i y‘( . .
utilize heterosis by including in their program material which was

highly diverse in one or more of these three characters.

P

2.1.4 Agronomic potential and quality

The use of tall fescue has increased rapidly since the

' simultanecus release of the cultivars Alta and Kentucky 31 in 1940.

Seed prqduction went from a thousand kilograms in 1940 to 31 mingion
kilogran‘s in 1970. Also, in 1940. only a feé t:.ho;xsand hectares were
grown, while an estimated 20 million hectares were grown in 1970
(uspA, 1957, 1971). Today tall fescue is widely useri for forage, turf

]

and eohservation purposes in different areas'of the United States.

réf1 fescue is used éxtensively for pasture', and it 1is tolerant

of continuous close grazing. - Performance of cattle grazing tall fescue

‘pasture during the summer is generally not as good as that of animals ’

[l

grazing blyegrass (Poa pratensis L.) or orchardgrass (Dac'tzlis
.
&

L3
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glomerata L.) pastures. However, due to the ability of tall fescue to

€

sie . ﬁrovide more grazing days in the early si:ring and Iin the fall than
other tall growing cool-season species, the hectdrage of tall fescue

- | " in some regions ‘of the United States has increased greatly (Lopez et

» -

Y A , 4
al., 1967; Balasko, 1977; Rayburn et al., 1979).

R 4

. N
A3 - o
i : According to Templeton and Taylor (1966) tall fescue gives

. excellen;{{:hay yields when-properly fertilized. Eof highest quality

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

L] fo-n'

Y

appear-and certainly prior to the anthesis. -

”

Oné of the criticisms of tall fescue has been its lack of

. palatability. ' This difficulty has been oveircome to a certain degree

- L3N

. by vdrious management practices. When the g}ais i8 to be used for
pasture't:he u;e pf legumes associated wit;h tall'efeecue is advisable.
- ) . The legumes will add greatly to tge palata'bili‘ty ;d nutritive value
-of the pasture. The choice of legume is depegde;zt on. its adaptation

.and on the utilization of the forage. ‘Dobsorf et al. (1976) reported

Lo . that throufh the association of ‘tall fes;:ue with legumes, 'the forage

yield of the ;nixture was greater than that of the gras’g alone. _

" With the expansion of the use of tall fescue as a forage crop,

&

o~ ‘ ‘many qﬁestions about its quality as a pasture and hay crop have arisen.

Bryan et a¥. (1970) have stated that the digestibility of tall fescue

indicates that it shoul;i be a high quality forage. ﬁeverthelees, the
. poor«pe;:'fomancekof animAls. conamging it, pa;:ticularly during the

summer mont:hs, indicates a'quality problem in the spec.;iea. Rough hair

(‘ coat, diarrﬁea, rapid respiration rﬁt;‘ea,x and high rectal temperatures

®
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are usually assoclated with poor average daily gain of animals during

late summer (Jacobson et al., 1970; Mott et al., 1971).

® ST

Perloline and loline are the two most important of several
\(‘l‘ 4 / «
alkaloids found in tall / fescue. The variation in the. concentration

* of the alkaloids depends on factors such as cultivars, types of

AY

‘ fertilizers, plant growth stage and environnxen}: (Gentry et al., 1969;

4

Topkey and Yates, 1972). Buckner ahd Cowan (1973) have indicated

that highez/" perloline levels are found during the summer months than

/

during other’ montps. Also, fertility levels that normally result in
! ] .

better pasture may result in higher levels of perloline. Gentry et

_g (1969) studied the effect of fertilization with NPK on perloline +
content land found that application ;)f NPK increased the perloline

level. Also, it was demonstrated that rﬁtrogen had a much greater

influence on perloline level than phosphorus or potassiyum. Howéver,

-

1f perloline content is pﬂmrily responsible for the poor performance

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

solve the p}oblem.

N

b .
Bush et al. (1970, 1972) have shown that perloline inhibited

in v'itrb cellulose digestion by microorganisms ;n rumen fluid and
that the growth of certain rumen bacteria was inhibited at perloline = o
levels found in tall fescue. Therefore, the inhibitory effect of .

perlo],.in;! on rumen izﬁ.érof_lora may explain the poor performance of

cattle grazing during-the summer. o

RN

&'y
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Accornili?tg to Buckner et al. (1973) .perloling concentration
: appears to be highly heritable,'&av\nd thus appropriate' methods could be
' used to selec;:\ for low a’.lkalf:id content. In the same paper they
‘\ . suggested that it was possibie to.obtain rapidly a ryegrass x tall

fescue hybrid population either low or high in perloline content.

-
Cornelius et al. (1974) have confirmed. that it is possible to
. . .. pa

develop ryegrass x tall fescue hybride low in perloline, selecting

parents 'with low perloline level, However, some crosses of low
. perloline ryegrass x low perloline tall fescue produced some

segregates very high in perloline. 11713 indicates the preaencé of '

- recessive genes for high perloline in some low perloline p‘arents.

The use of iﬁterspe;:ific hybridization of Lolium and Festuca
species hgs been used to tfansfer the' forage quality of .Lolium to
tall fescue, while_maihtaining the excellent agronomic quality of tall
; fescue. Buckner et al. (1977) réleased the cultivar Kenhy tall fescue.
,~ Kgnhy is a synthetii:‘ of progenies of eleven, ‘&Z—chromosmne de'rivatives -

of annual r‘yegraas x tall fescue hybr;c}s.
{ - . v .
R Kenhy, according to Buckner et al. (1977), has the following

)
[

advantages over lfeptucky 31: (1) it is 12% higher in dry n;atter yield;

{- . (2) it has a higher digestibility; (3) it is lower in crude fiber and

lignin; and (4) it is equal in perloliﬁe content and crude protein.

%jﬁ e
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2.2 Varlance companen&rand heritability

&

2.2.1 Methodology . .

Variability exhibited by a populatipn i’ of utmost importance
to the plant breeder Plant breeders haVe used the. variatiou shown by

progenies to understand the breeding behavior of the species 1n atudy.

1
Evaluation of the mechanistm 6f inheritance in quantitative

. genetics reseeiéh depends on valid assessments of genotypic values.

However, the gerotypic value of an individual must be obtained from

observations made on its phenotype. The two components of the

t

‘phenotype are the genotype (G) and environment (E); or, symbolically,

P = G + E (Falconer, 1960). The phenotypic variance, V.

p» may be

" expressed as V_ = A Vg, where V. is the total genetic variance and

p

<

VE is the"varinnce due to enviroument. This relationship holds 1f

i3

environmental deviation and genotypic values are‘ independent of each

other. If correlation between genotypes -and environmént exists, then
v

" Vp = Vg Vg + g Covgg, where Covgg ia “the covariance between the

genotype an? environment (Kempthorme, 1957; FaleSner, 1960; Moll and

Stuber, 1974).

According to Wr}ght-(1921, 1935) the total genotypic variance,
VG,’ia composed of three parts: additive genetic variance, V,,
dominance variance, VD,;ahd-epistat;c varianee, VI' The additive

portion of the genetic variance ref}ects the degree to which progenies

o -

are likely to resemble tgfit parents.

12
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- Excellent reviews of estimates of genetic variance for
important crop species are given by Gardner’ (1963), Matzingei: (1963),

Cockerhap (1963), and Moll and Stuber (}974). - ’ "

The estimation of genetic variance requires some kind of

statistical technique applied to data collected on varioug parents' and

-
v © .

their i)rogenie,s. Estimation of additive and non-add{tive genetic
variance requires the use of ;ppropriate mating and environmental 4

‘deszlbgns. Cockerham (1963) classifies mating designs depending upom

o

the number of parents per progeny. The most common mating systems are

Designs I, II, ‘III of Comstock and Robinson and the digllel cross

. techniques (Gardner, 1963).

Ll
r

-Dudley and Moll (1969) have pointed out that in choosing a
» - /' . ' , .
mating desigd it is preferallfe to utilize one which will provide the
. L .
desired informatfon. For ins ~ce, a one~-factor design is enough to

'

determine the presence o?ﬁenetic variability.

The estimation of genetic parameters obtiained from data in an
analysis of variance table on the basis of expeetation ef mean squere
must n;eet the following assumption stated b.y Comstock end Robinson
(1952a): (a) normal diploid aqd solely Mendelian i;hferitan'ce;
(b) no environmental _correlatic;/n among progenies; (c) ehe progenies .
are not inbred and can be considered random members of some non-inbred
population, (d) linkage equilibrimn, (e) no epistasis, i.e., the effect

on variation in genotype of any single locus is not modified by genes

I3

- | " gé‘

at other loci.

P
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-wpimilar to diploids. ) o :

S T'he“é‘aunp;iontof diploid inheritance includeg régular amphi-

di;loida and can be modified to include at;topolyploids, so long as o, o
the coefficiént of double reduction, equals zero, and meiosis is

r’egular (Rempthome, 1957). Gardner Sl96;3) observed that from the ‘ -
standpoint of statistical genetics, the beh#vior of allopolyplolds is

§ bl

! , Knowledge of heritability of agronomic characters is very

important for efficient selection., Plant breeders have used the SR

‘ \ > N ) ‘
estimations of genetic variance and its additive components to calculate ‘,

heritability. Heritability can be divided into two types: (a) broad .

sense haritabinéy, which 1s the ratio of total genetic variance to
phenotypic variance; and (b) narrow sense heritsbility, which is the
ratio of additive genetic variance to phenotypic variance (Dudley and

Moll, 1969). ~ o

4

One ¢ommon tech;tique to calculate heﬁtability is the variance .

component method developed by Comstock and Robinson (1952b). This ° K
. . :

method can be applied to either genetically different cultivars or

families from a given generation. K S (\g/)

One of the earligst papers on the statistical approach to

inheritance in grasseés was that of Burton (1951) who worked with pearl '

E v

millet (Pennisetum typhoides (Burm.) Stapf and C. E. Hubb: The’genetic

“a

variance was estimated by the equation VG = VF2 - vl'l' where .VG was the

total genetic variance, sz was the variation in the ?2 population, and

Vl,,1 was the variation in the Fl poi;ulation. The vi?l was con;idered to o

3

o
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‘e the environmental variativon. The heritabilitywyas then calculated

- ° ° o
>

according to the formula

. , . R , . '9 ,
Obviously, the heritability estima®®on using such an equation may give
congiderable ;xpwards bias. Parameters so obtained should be considered

as the maximm heritabilities.

* According to Faris and Lawson (1974), the most widely used

methods. for the estimation of broad sense heritability in forage

v

plants are those developed by Mabdomald et al. (1952), Kalton et al.

(1952), and Birton and DeVane (1953).
' B ;ﬁ .

L] N ’ ‘
Macdanald et-al. (1952) used the average plant-to-plant variance:

anmng S1 progenies of bromegrass clonea Ltomus inemis Leyss). The

mean S1 variance consists of both environmental variance and genetic’

. variance due to aegregation. It was assumed thab two S propagules ofM

'a clone in eaih replication were genetically equal, therefore the

aampling error provides an estimate of environmental variance. 1j',[f the

S, sampling error variance 1s subtracted from S; varii:n‘c“e, the

»

remainder is to be considered as total genmetic variance. They divided

the total genetic variance by the S; variance to give an estimation of

2

L

beritability. ' o -

3

Ralton et -a_l_ (1952), using a procedure similar to thnlt‘_.by ’

ihcdonald et 3_&-«(1952’), subtrgctad the average S, (parental clomes)
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( } . " variance fron the average 53 (selfed progenies) variance in orchard-
‘ 4 e - 5 , ' .
“ ’ grass to obtain an esﬁi;nate“of genetic yariance. ‘The heritabi,ﬁlity was ,
estimated by following the équat:ioi't . . , -
L] - o “ q r
¥ , / 1 S§ - Sz 7!\0 ¢ . - ,/
W -
: % 2 : o ' y o 3
Co e - where, Sl’j-. variance for the selfed prdgenied, which was considered

b : ’ t:o be an estimation of genetic variance plus environ-

A . ., w
.
! 3

: ( mental variance Lt ‘ 1
. . C ‘ 4. ’
(e and Si - vad.ance for the parenr.al clones which was conaidered to
: * ¢ ) v B .
\ ¢ 0 \ -
be an estimation of environmental yariance. ’ .
i . b cot . . B

" ' These procedures were followed by studies, of other vorkers

(Baltensperger nnd Kelt:on, 1958; Lebadck and Kalton, 1954; Carlsom, .
( , ‘ Yo ¢ .

1966), In some cases, clones and their open-po ated proge.nies were .

o

used, while in other cases, cIoneg and their selfeHrogenies were .

employed. < ‘ _ , T .

. . I
y

Purtim and DeVane (1953), working with tall fescue clones T e

'
H N ¢

computed genetic variance from the mean square for clones and error in . ‘ .

“

" the regular analya:l,s of vgriance by separating the, variance components ’ |

) according' to ::he following formula: Y

3 .I o : , " Vg + NV, ‘= the expectation of fhe clone mean square . ‘ ﬁ
' %’%VE =" the e,xliectationnfoﬁ t‘;\e error mean square . - o g
~ R ' .
| ‘ - Ve . - thexto;oal‘ )geneti’c v:arian::e B - o4 ;
\§ : N ¢4 = the number;.ng replicationrs' |

) N | i ¢ “ . // ! . " [y 2 ,

ny o . :
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the phenotypic variance from its selfed ptogeny in the same way. He

AN .
1) ) ?
' ' 17
This method has the following advimt:ages over those of Burton (1951),
Macdonald et al. (1952), and Kaltom et al. (1952): L
1. It does not depend upon the assu;nption that environmental ~variance
N ’ - ' i
is equal for the segregating and non-segregating populations;
2. It rediuces the amount of genoéype x environmental “variance carried ‘

in the estimate'of génetic variance. Y

‘The total genetic var:lance"éo calculated may still contain
variance due to dominance.deviations and epistasis in addition to the

additive fraction. For sexually reproducing species this can, there- |

[

70

- [

fore, glve considerable upwards bias to estimates of galn by selection.

Many workers have used this methodology to calculate heritability. “ -

_ Among them are Brooks-(1962), Burton (1974),‘%oper (1959), Frakes et

al. (1961), Gordon (1979), Keller and Likens (1955), Kneebone (1958),
. o \,
J . .
Kneebone et al. (1961), Lorenzetti (1966), Newell and, Eberhart (1961),
Schaaf et al. (1962), Scossorili et al (196), Simonsen (1976, 1977), .

and Pott- and Holt (1967). -

Bubar (1964) estimated broad sense heritability for 38 clones

of timothy (Phleum pratense L.) by .calculating a single heritability

value for each clone. He calculated enviromnmental variance for each ,

o

clone from the variance within the plots located in the replicates for

- the clonally propagated mtériql.” For the same clone he calculated

-

congidered that the 'paren‘t;al clone provides an estimate of environ- &,

\

mental plus "error" vﬁriancgs, and the selfed progenies provide an
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independent estimate of genetic plus enviromnmental plus "error" .

variance. Heritability was estimated for each clone by the formula:

v -V
8

where Vs = the parental clone variance which was considered to be

° 2. 2 ®
an estimate of ce + Og

and . Vs = the selfed progeny variance which was considered to be
1 . '
2 2 2

an estimate of 0 + o_ + o
O g e ' E
. .
Falconer (1960) stated that it is important to realize that
Jieritability is a property not only of a character but also of the
4 5
population and of the environment. Since the value of heritability

o

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

in any of those factors will affect it. Furthermore, the heri-
- : i

fability /Ls_‘{e/glily dependent on plot size, planting date, planting

density] and pumber of replications. It must be understood that

-

interpretations of heritabifity must beo “treated very carefully, and
the comparison of estimates for a particular character obt:ained by a
different worker is of doubtful utility (Robinson, 1963)., However,
Robinson pointred out that a me:aningful estimate of heritability is of
use Bin estim.ating expec‘ted progrgs's fr'ofn adopting .the progframifrom

which it was calculated. It is also a very useful concept.._in

=} B ~

" determining the relative importance of genetic effects which may be -

passed on to offspring, even in cases where it would be difficult to .
N . \ 0

e;:trapoléte to other populationms.

W
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2.2.2 Genetic variation and heritability
in grass species

Macdonald et al. (1952), in studying the,interrelationships of
‘bromegrass clones, found a broz;d’sense heritability estimate olif‘ 68%
for height, but estimgtes for ylield and spread were negative in value.
T.he results led to the conclusion tha.t for heightv there is maybe a
& . falrly large portion of the ?bserved variability that can be .'selected.
Results for spread anc:lr y\;e\lg, on the other hand, showed that

environmental variance made up the ‘ﬁéjor portion of the total vari-

ability. Negative heritabilities have been reported by Bubar (1964)

P

. and he attributed this to genbtypic sensivity to the environment,

Faris and Lawson (1970) attributed negative herltability estimates to ¢

e e rerie e+ Wt

intraclonal variation and to genotype—environment interaction. * - . '

Burton and DeVane (1953), working with several clones of tall

“fescue, reported high broad sense heritability‘values for some

-

agronomic characteristics. They found ‘estimates of 80%, .83%, and 90%.

Soes!

Lo ° for green weight of plant in 1950, green weight of plant in 1951, and

e i

.disease resistance, respectively.

Lebsock and Kalton (1954), using the Kalton et al. (1952)

pr'ocedur’e., .studied genetic variation among strains 'of bromegrass.

rw— =

They reported that heritability estimates for fall vigor, hay vigor,

hetght, and spread were 46, 60, 71, and 67 per cent, respectively.

' . »
These estimates, of course, contain not only additive genetic .

ey ORI APl e of o

I varlance, but also that due to dominance deviatiom, episthsis and.
© . .

3

() f genotype-—environmentél interéct'i,on. Despite this fact, these {vc;rkers

, PR vg¥a,, e
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( ' considered that parameters obtained indicate that selection for

- certain characteristics 1in well-replicated, space-planted nurseries

-

has a reasonable chance for success.

2

[

' s * Kneebone (1958), using the variance component method, studied
- \ .

heritabilities of replicated clbp.es of 'sand bluestem (Androgogon hallii

® . :

Hack.). He reported broadsense he‘rltabilities of 962 for .height;m and
77% for di;ameter. In the same paper, but using data from space—planted . ‘
open-pollinated progenies, he reported heritabilities of 942 for

height and 60% for diameter.  The he'ritability estimation for both

clonal 'and‘progeny tests _indicateé that genetic potential 1s present

for these two characters, with height being more heritible than - L.

diameter.. .
% “~

\ Bait:ensperger and Kalton (1958), working with different

g _ accessions of reed canarygrasg, (Phﬁlaris agrundinacea L.) in a space-'

' ' “ planted nursery, obtained significant differences among accessions for ] , ’
; -hay‘ vigor and bloom date, respectively. Approx:‘lmately 74% of the total !

. ’ variability for hay vigor was due to environmental effects, which
indicates that genetic, advance might not be obtained by pher-Lotypi‘c %% | :

: \ selection in spaced plantingé. C '

Cooper (1961) reported the estimation of heritability for some

.,..u.»ﬂ..-.-‘,.,,_
Tttt s € At A i e 2

important production characters in cultivars of ryegrass using i:wq
N ' . L'\ . .
' ) ~different procedures of calculation (parent-progepy correlation and

B

analysis for full-sib families). He fogmd that there is agre:enb'nt

\ between these two methods, and both methods provided encouraging

N o Y L - |
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figures for most of the characters studied. HE also calculated the

-

dctual gain by selection in the second cycle’ and it was determined
that for most of the characters the heritability calculated from the

original cultivar provided a good indication of the short term

response to selection.

"

Schaaf et al. (1962), studying different strains ¢f crested
&
wheatgrass (Agropyron desertorum.(Fisch ex Link) Schult.), found a
very high value for culm heiéhi: heritability. The heritability values

for forage yi'eld were, however, very low. Low heritability of foragé

yield in this species has been reported by Knowles (1950, 1959).

Carlson (1966), wo;:king with clones and topcross progenies in
reed canarygrass, found the est\;;;,n;ates of genotypic variation in the
clonal material to be in the order of 852 for flowering date and 18%

for spring vigor. In the topcross progeny he reported estimates of 427

for annual dry matter yleld and 74% for flowering date. Accordiég to

Assay et al. (1968) about 60% of total genetic variation for forage

vield is non-additive in 'reed canarygrass.

'
. v

Matheson (1965), studying single-cross and Fz progenies of tqalll
fescue, reported evidence that forage yield is govervned mainly i)y
additivé gene action. According 'to his ‘da'ta, one should éxpe'ct
greater progress selecting for yield in late-maturing culti?’vars. A?lso.
he pointed oyt that heritability ‘estimates :ln.c!icated that most .traits 1

could be studied more effectively after the seconpd year of plant

establishment, due to the fact that environmental influence appears to

@ S
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be less pronounced at that time. Cbntrasting results were reported by
Thomas and Frakes (1967), who found that plant height could be

effectively selected for in the first year.

Faris (1970), woiking with timothy clones, used the Burton and

DeVane (1953) procedure to calculate heritabilities. He reported that

"estimated values on a plot basis exceeded 802 for several characters.

However, he pointed out that these estimates have been inflated, due

- to the existence of high GE interaction plus intraclonal variation

o - . »

effects.

-

s and Matheson (1973), utilizing F2 progenies of tall

fescue,
dr:'y matter yield per plant and narrow sense values of 63.0Z and 59.0Z
for the same claracter in two different years, Using the parent-
progeny regression technique, the narrow sensé values estiniat;d~ for
the dry matter yield weré 5.0.82 and 43.0% in two different years. It
was observed that the average broad sense heritability of almost 80%
is in close agreement with those !of Burton ;nd DeVane (1953 - 80Z and
83% for two yeaf@, and the three-year 'ayeragé of 76% reported by
Frakes (1955). Since, in th.e narrow sense ’ésti'maﬂes', only additive
genetic variance 1is uaec; to calculate heri:tability, it 4is safe' to

conclude that in this study additive gene-aciion is the major factor

involved in dry matter yield variation in tall fescue. -

Subhanij (1974), studying -the heritability of agromomic

characteristics of tall fescue using diallel techniques, reported

o o

ound‘broad sense heritability value’s of 84.8% and 74.5% for. .

22
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medium to high heritability estimates for ’plam: spread and anthesis .
date and low values for plant height. Heritability estimates were

based on parent~progeny relationships. Based on the diallel analysis

it was evident that additive gene action was primarily fesponsibfe for

dry-weight., These results are in agreement with those reported by
Frakes and Matheson (1973). Both 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. ~ !

‘ /Simonsenl,Ll977), working with a population of meadow fescue,
found that the genetic variability for ear emergence 1s predominantly
additive, while tﬁe.non—-additi:\re varlance is at least as Ereat as

additive vgriaﬁce for forage yield.

'

It is fntereating ‘to note that this review is in close agree-
ment with that donme by Moll and Stul;er;(1974), where 1t was stated ,

that "most of the data reported points to one general conclusion?

' genetic variability of important agronomic traita‘is predominantly

additive genetic variance. Non additive .genetic variance also exists
in nearly all species for many important traits, but it is generally

smaller than additive gemetic variance."

8

o

2.3 Genetic coefficient of variation and
genetic advance from selection

Estipmates of heritability do not always reflect the magnitude
of genetic variation in a popylation., It does not always follov'v,

therefore, that great advance can be made by selectﬁsng for characters

/ f . W M * ‘ \
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having a highv heritability value. The magnitude of the gehetic variance

must be considered. A genetic coefficient ofkvariation (Gev) ‘calculated

by ‘the fofmula

. ¥
. f

i

. L]

Y genetlc variance
o x 100

X

4

together with heritability estimate, Would seem to give the best

plcture of the ‘amount of advance to be expected (Burtom, 1952).

Johnson et al. (1955) have emphasized that the GCV has con-
s{derable utility in facilitating the éomparison of genetic variability
in yarious populations and characters and in some cases may be usefulw
)] éstim;s:ting genetic advance. However, Hanson (1963) has observed
that converting top the percentage of the mean to remove units of

measure yields a statistic of questionable meaning.

v

Wher;ever phe plant 'blreeder estimates genetic parameters for
any quantitative trait in a populationm, he often estimates the exPected
geﬁetic advance under selection for certain characters. ‘Genetic *
advance 1is, defined by ‘Allard (1960) as the p'fodu'ct: of the intensity of
selection, the estjmate of phenof’:}pic standard deviation, and the
heritability estimate. According‘ to Falconer &1960), intensity of
selection depends‘ only on the Eroportion of the population in'cluded in
¥ tﬁe seiected group, provided that distribution of phenotypic values is

normal.. Selection intensity can be calculated by dividing the height

of the normal curve at the point of truncation by the proportion

)
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selected from the population. Genetic advance is often calculated by

" researchers working with heritability estimates of quantit‘ative traits.

GCV ranging f.rom 34% to 38X for forage‘ y}ield has been reported
for }:all fescue by Burton and DeVane (1953). Also, they found that a
genetic advance of 62.327 to 72.0% over the population mean w°u1d‘be
expected for forageé yleld if selection was made.on the top 5% of the
population. They pointed out that due to the fact that the genetic
variance may contain variance ‘due to dominance andkepis'tatic effects,
the genetic \advance~ values will only be atrictly applicable if vegetative.

propagation of the selected material is assumed.

A reasonably ‘high GCV of 29.5% for plant spread has been
reported in Kentucky bluegrass by Berry et al. (1969). Lower estitates
have been found in sand bluestem by Kneebone (1958), who reported a.

GCV for plant spread of 14.5%.

. °- : L
Schaaf et al. (1962), studying different strains of crested

'

/

\ v(l:eatgrass, found a very low GCV for plant height (GCV = 9 5%).

Kneebone (1958) in bluestem, found a GCV of 17% for plant height.
™

-
4

2.4 Correlations

Ki}o'wledge of c;)rrelation between charactei:ist'ic‘s is 'ugeful in’
desiéning an effectivcla breeding program for any crop, Complex plant
characters, such as yi'eld, are quantitatively inherﬁite:.d and “1nf1{1enced
b& genetic effects as well as effe ts due to the interaction of geno-

-

type'with the environment. Yield-by itself may not be the best

L
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criterion for selection to improve dry matter production. Hence, it

v

18 fmgortant to study the correlation betweén agronomlic character-

istics, whiéh may have high heritability, and yield, which in most

o

studies has low heritability (Falconer, 1960).

[

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

©
&

determine the relationship between two charagters: (1) to determine

the change brought about in a given character when selection is

'

practised on another trait; (2) to study the genetic cause of cor-
relation through the pleiotropic action of genes; (3) to examine the

relationship between characters in a natural population.

]

The correlated 'vﬁriation of the two characters wh&.ch“ can be

'directly observed is the correlation of phenotypic’ values, or the

phenotypic correlation. The phenotypic correlation is a linear com~
bination of genetic and environmental correlation. The genetic
correlation is the correlation& of bree‘dlng values while the environ-

o

mental correlation is the correlation of environmental deviétidn »

i

t_oge;hef with the non additive genetic deviation. If genetic cor-

- o

relatfons are high, attempts to obtain a response in one character by

selecting for an associated trait may be worthwhile,

. ) r'e
The extent to which various characters are.correlated has been

studied by a numb;-_r of 1nve§tigators. Macdonald et _a}.‘_‘ (1952),
\ : ’

.stud}['ing the relationship among Sp prc;genies. open-pollinated progenies

and clones of bromegrass, found high phenotypic correlation between
yield and all characters investigated, except for height. For vigor

s

26

'\

PRSCUN




TR
:».

PR

" relation coeff:lcients using mean values for each entry. Resulting

27

and spread, they ranged from r = 6.68 to 0.92. Correlations between

“

yield and height were 0.31, 0.74 and 0.44 for clones, self—pollinated

progenies and open-pollinated progenies, respectively Yield was also

closely related to spreading ability (average, r = O, 79) This

observation agre\es with results obtained by Guenther (1949) and Knowles

(\1950), who found correlations of 0.76 and 0.63, respectively, between °
yleld and spread, while wark:h}g with bromegrass. Also, Macc',lb'nald et

3;1__. (1952) found a close association between fall vigor and spring’

vigor (average, r = 0.89), which suggests that the breeder’ma‘y take ’

vigor notes in the fall of the year of .eétablishment. During thig

season the forage breeder usually has more time for taking notes than

during the planting season. . Ce

Lebsock and Kalton (1954) calculated the degree of association

between certain agronomic characteristfics, in different strains of

[

bromegrass in a space-planted nursery. They used two different

L

méthods to obtain the degree of association ofﬁ{\ay vigor with various

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

correlations with hay vigor were as follows: 0.94, 0.76, 0,94, and

0.77 for fall vigof, heigh.t,. spread and recovery, respectively. All

_coefficients were significant at the 1% level, In the second method

o \ they calculated the genotypic and phenotypic correlatian. “The pheno- : ’;
i
N “typic correlations between hay vigor and either height or spread were T
0.41 and 0.79, respectively, while the genotypic correlations between |
J Cf the imy v:lg'or and either heighF or spread were 0.38 ‘and 9.81, respectively,
- \
o
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_yield were computed by Echeverri (1964) in an F

n-.J " ) e
They conc];};ded that spread is the most important compoment and that

selection_ for this character could-improve yield.

N . '
In a review paper, Nielsen and Smith (1961) summarized data

- 28

indicating some of the associations of different bromegrass characters. .

4 -

According to that review there is a strong }e%ationship between hay
vigor and either height, fall vigor or spréﬁi. ‘Also, forage yield is

significantly correlated with spread, fall vigor and height.
Measurements of height, maturity, disease incidence, and forage

1
fescue, He found that height was correlated with the stage of .

progeny of tall

matur:l".ty,'/but that forage yield was indepepdent of the other characters

e

measured.

Pﬁenotypic and genotypic ;:orrelatiox;s among several characters
of 15 different strains of Kentucky bluegrass were-calculated. by Berry
et al. (1969). A significant phenotypic correlation Qas found between
rust resistance and spread (r = 0.63). The genotypic correlation was °
also considered quite high, with an r value of 0.65. No significant
correlation waz; found between gro;vth habit and rust resistance Vor

growth haeblt and spread.

Farls (1970), working with several timothy clones, reported
estimations of phenotypic and gemotypic correlation of several

agronomic characteristics. He found very high estimates of genotypic
. j ‘ ‘
and phenotypic correlation between spring vigor and total dry matter

yield, clone dimmeter and clone volume, znd clone diameter and total

! f

3
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- advance in the other trait. .

]

dry matter yi'eld. He pointed out that since gemotypic correlation

between spring vigor score and total dry matter yield wete positive

and high in magnitude (average, r = 0.89); selection for either char-

acter could resuolt: in gooci.progres.a in the other ctoxar}acter. Clone
volume was sigx{tficantly correlated wit:h clone dia/meté“r, but it was
non significantly correlafed with clone height. Therefore, it was
concluded that-a significant relationship between clone volume and
totaledry matter yield was ?na;uly due to the signific;m: cori‘elntfgn

between clome dismeter and total dry magter yield. Signifi.cant &‘

negative correlat.:él.on between .clon’"e volunéumd ‘total dry patter yiéld

Y\
=]

was observed. , ) .
- - ﬁ

Moutray and Frakes (1973) studied the telationship of cettain

agronomic charactera 1n three di fferent populations of t:all fescue.

‘ The correlations between plant height and fall vigor ranged from 0.94

Py
to 0.96; between plant height and- anthes:l.s date from 0.91 to O. 97 and/

between fall vigor and anthesis date from 0.81 to 0.92. The authors

concluded that selection for either character could bring great

3

In reed canarygrass, Baker, (1976) reported that height’ and
basal diameter vere signi ficantly related vith y;l.eld bdt no cor-

relation between\ yield and heading date was found.

Simonaen (1977), working with a clonsl‘>popu1ation of meadow oo

- fescue,’ réported that no correlation exists between the date of ear

emergenc,elgand forage yleld. : Similar conclusions were reporf:é by
N : ‘

a ke B n
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) () R Af{dimuv (1970).’ However, Simo(gsex; (1976) reported that in ,ryegraés ao

3 there was a significanf positive association between date .of ear :

. '

: ' " emergence and forage yield@ in first ;sar of hérirest.xvhile*‘io', or a L

' ' 0 . " o
slightly negative, assoclation existed in the second year.
f ‘ - v ”

v {
, - " .
. L3 < Py
» .
A 3 e P A I
) l é H
-« . i
,
# . N < B ?
. " N
' 4 ' -
il " - 1
e, o .
Q:;J ’ - . o ,
al -
¢ o - v
- 3 )
- ! r “
R @ L : +
v +
- 1
1 - B s
‘ ¢ N v N v
c . » - 3
,.E - : .o - ?
' B - . »
i .
: : ' N ° ? ro
o . . ) A K
il s ° v ~
- - s " ki
\ <] B f v
) - .
. , - . ' ~ , )

* -
I
» - . \ .
. -~ ' . 4
® ¢ R
N ' R [
N .
. N N L
. ; . L
- \ N !
\ \ . ' . . i
.
« ‘ 0 ‘ . -
- @ -, "
v LY ' H
.
- - > , [
, . ¥ ~ s 4
- [ N N v . i
§ . 0 A : R }
: . . [
‘. )
- \ , - . /
. —
A . R .
v » © . ‘
.
- - P
- . .
r
. ’ . - ,
. N - q
,Q ~ \\ '
. b ~ '

. N .
; . - .
i ' ~ s
< . ‘
B ' ! R
1
. o L .
e R A ‘
-
b k
.
L] N
i v 2 - !
.
: ’ S : « -
.
\ s 5 Y .
. P 2 /
. .
3 - “
s ,‘ i
. , [ .
. ’ re .
.
) .. LY !
. .
. » Pl e Q t
. .
— v 4 .
e .
. - )Y s —




=

N

Auial g

.
e v o .,,-g-«f»u-*

Do

i

o B
: . CHAPTER III - °
’( AN
MATERIALS AND-METHODS - s
1
K
3.1 Genetic material, eggefimental
procedures and data collection S .
o

' Ty L ‘ v [
The '¥enetic material studied in this experiment consisted of

80 fntroductions of tall fescue (Festuca arundinacea Schreb.) from
throughout the world. - The main reason for choosing these particul)r
introductions was that they demonstrated a‘goo& capacityf‘ to survive

the winter \followiné the establishment year, as_inditatéd ‘by the

2

Forage Inventory Publication of the Western Regional“Plant Introduction
Station of Pullman, ‘Wasnhingtbn, USA. Alf:a, ‘a cultivar of tall fescue,

was included in the experiment as a check (Table .
4 ' . o
The seed of. each accession was germinated on moist paper towels.

The seedlings were transplanted to plastic tubes containing a soil
. “ . . s .

‘mixture of wa‘ehed san'd; loam and peat moss (1:1:1). ‘,A sin’gle seedlqi'.n‘g
N .-

'

wasg' tranhplantqd into each plastic tube and flats of plants were grown
in the greenhouge. Established seedlings were mﬁ& to a cold frame,
] f

" outside the gree;house, two weeks before they were planted in t;'e ‘field

’
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, - TABLE 1. Introductions of Festuca arundinacea Schreb. used in the -
: experiments, 1dentified by' the Macdonald accession number, the
‘g g : external actession number, and by the country of origin
o . N -
‘ Macdonald External Country .
" accession accegsion of
number number* origin
1 MCF1 283297 Sweden
¢ 2 MCF2 283294 Yugoslavia
3 MCF3 283314 USSR
4 MCF5 . 260245 Germany
s o .5 MCF6 283285 Poland
! % MCF8 N 269376 Afghanistan
N 7 MCF9 283291 Portugal
8 MCF10 “ « 283286 France
9 MCF14 208681 ' Algeria
10 MCF15 204446 Turkey
. 11 MCF17 194249 Greece
12 MCF18 - PGR1861 USSR
13 MCF19 314686 USSR
14 MCF21 260246 Germany
" 15 MCF22 150156 Australia
! 16 MCF23. 265367 Netherlands
{ Q 17 ‘MCF24 269894 Pakistan.
‘ 18’ MCF25 283285 - Poland
19 - MCF26 PGR1861 USSR
20 "MCF27 289004 Hungary
21 MCF28 PGR1861 USSR
22 MCF29 PGR1863 USSR . -
23 MCF30 237516 Tunisia
24 MCF31 249738 Greece
25 MCF32 251122 Yugoslavia
, 26 MCF33 265357 Netherlards
27 MCF34 255416 Yugoslavia
28 MCF36 315430 USSR
29 MCF39 265359 Netherlands
/ T 30 MCF40 . 237559 Italy
> 31 MCF41 283295 - U.K.
. . o3 MCPF42 283296 Sweden
¥ 33 MCF43 293293 France
34 MCF44 283292 U.K.
35 MCF45 283300 Poland
36 MCF46 283291 Portugal
37 MCF47 \ 355324 USSR
(_’) : 38 MCF48° PGR2153 USSR
39 MCF49 PGR2154 USSR
40 MCF50 PGR2155 USSR ,
. . ' (table continued) .
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TABLE 1. (continued) v
13 » - \!‘7'
Macdonald External ' Country
accession accession of
number . number¥* origin'
., 4l MCF52 223369 . _Iran
42 MCF51 283285 Poland
43 MCF54 PGR1865 USSR
44 MCF55 297905 Augtralia
45 MCF56 PGR1864 USSR
46 MCF58 297906 Australia
47 MCF59 PGR2152 USSR
48 MCF60 PGR2151 USSR
49 MCF62 283280 Israel
50 . MCF63 - 355322 USSR
51 ' MCFb64 265363 Netherlands
52 MCF65 311044 Roumania
53 . MCF66 237178 Netherlands
54 MCF67 234719 France
55 - MCF68 172423 Turkey .
56 ; MCF70 265359 Ne therli:ds
57 . . MCF71 265354 Netherlands
58 MCF 12 235470 Switzerland ’
59 MCF73 265361 Netherlands
60 1‘ - MCF74. 253311 Yugoslavia.
61 MCF75, 250963 Yugoslavia |,
562 MCF76 234883 Switzerland
3. MCF77 234717 France
. 64 .+ MCF78 234890 Switzerland
65 © . MCF80 295669 USSR
66 MCF81 203728 Uruguay *
67 MCF82 N 235018 Germany
68 MCF85 231552 Algeria
69 MCF86 234717 France
.10 MCF87 211032 Afghanistan
U N MCF88 235244 Spain
72 '+ MCF89 264766 Netherlands
73 MCF90 229755 Iran '
74 MCF91 1234748 Iran .
75 MCF92 265352 Netherlands
76 ‘ " MCF93 297901 ,Australia
7. MCF94 283277 Portugal
78 MCF95 283276 France -
79 MCF96 274617 Poland
80 MCF97 314684 USSR

*Accessions identTff:d by numbers were provided by the
Regional Plant Introduction Office, Pullman, Wa, USA. -Accessions
identified by letters plus numbers were provided by the Plant
Gene Resources Centre, Agriculture Canada, Ottawa, Canada. .

B A e e e e
.

SRERE

R DR

Coiei M B et e, ¢y 5



L
{.
‘E&
f

MY T

on June 6, 1978. The experiment was conducted at the Emile A. Lods

Agronomy Research Céntre at Macdonald College. Mz’acdonald College is
Dy

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

_location ‘bcing 45°é$'N and 75°56'W, at an altiltude of approximately

330 m, with a conéinental climatc. The soil type bf the experimental:

area 1s characterized as Ste. Rosalie clay, with a pH of. approxin?atély

6.2. The soil vas prepared at the beginning -of May, cnd 560 kg per

hectare of 5-20-20 tNPK) was added to the soil.

Seedlings were space-—planted in a randomized complete block
design with two replications. Each plot comprised a ten-meter row
containing ten plants, one meter gpart., Plots also were ome meter,

apart. A plot of Alta tall fescue was planted in e;rery fifth row as a

check. A border row 'was grown at ‘each side of the experiment with the

4

same spacing as that of the plots,

For each of the 80 accessions and also for the check 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 following agronomic characters were measured on individual ‘

plants as described below:

v

1. Dry matter production.--Two cuts were taken in 1979; the

v

firet during the period of June 6-13, and the second on September 5-6,

Each plant was wniformly cut at a height of 7 cm and its green weight

v

recorded to ttte nearest gram. In a;dditiqn, a representative sample

from ‘each plot (8 plants) was collected and weiéhed. This, sample was

34>
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oven~dried and the dry matter percentage was calculated on a plot

basig.. The individual plant green welght from each plot was ‘then

converted to a dry weight basis. In .the first cut plants were

"

hqrvested individually at the eariy bloom stage, whilé in the second

*  cut the entire plot was harvested in bulk. . AP
‘ X
2. Fall vigor.--A composite score was taken on October 15, ’\\{‘

1978. The score was based on height, spread and léafiness, ranging  ° ‘ :

from 1 (maximum vegetative growth) to 9 (mini;num vegetative growth).

3. Spring vigor.--This was scored on May 2, 1979, on the same ‘

basis as fall vigor. ' ' i

LN .

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

~

' {—~, decumbent plants) to 5 (the most erect plants).

» v 1

' L 5. Height.-~This was measured in centimeters from crown tg tip

mﬁﬂm&;‘éﬁmmﬁ WY e P TIE WO TR e mat L

. . of tallest panicle, one week :before the first cut.
- s

6. He‘ading date .—~The number of days from April 30, 1979,
‘2 : :
until the full appearance of heads.

7. First cut recovery.—This was scored one month after the
A\ '

first cut\, on the same basis as for fall vigor.

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

second cut, on the same basis as for fall vigor.

. 9. Spread.-~The diameter of t':he plant in centimeters at \*e

-

crown level was measured after after the second cut.

’
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10, YVolume.-~This was calculated from spread and helght by the o
following equation: \
s "
Volume = 7 R%h , {
. o ’f;
where . = 3.1416 :’i 1
R = radius : |
| , L
h = height B . L 7
11. Leaf rust incidence.--This
) g
(the most healthy plants) to 9 (the most {iseas , ‘
: ‘ | .ok
19 79. [ ' 9 . ., ’ "‘
. | &1\ \
L] A
'.‘ . 0 .
3.2 Statistical analysis ¢
3,2.1 Means and ranges /
The means and ralnges for the -variables within and over all
- / @ -
accessions were calculated according to the procedures outlined by
Steel and Torrie (1960). ’
3.2.2 Analysis of varlatce and heritability ¥

The analysis of variance for the randomized complete block

design was dohe’ according to the method outlined by Cochran and Cox

(1957).‘ . Two types of ana;.lysis were performed: (1) The .plot mean for’

-each character was used for the statistical analysis. 'The form of the
ANOVA and assbciated mean square expectations for the accessions are

presqxted in Table 2. (2) Data from each individual plant were used

e
Ares
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to pezlfov.:m the analyéis. This séc‘:qnd type of analysis was ua;ed in
order to obser‘ve if the wvariation witftin the accessions was greater or
smaller 'than that between the accessions,. » The form of the ANOVA for
this second type of analysis is also presented in Tab'1e 2, The linear

. , W - ,
models assumed for each of the varilables were as follows

(a) For the plot mean data

Y, mu R G FEL

(b) For data on individual plants

Y =uyu+R +G, +E,, + 8§

ijlk i 73 i3 13k
awhere .
Yij = the effect; due to jth accession| ?n the :l.th replicat:ion'
Yijic - tlfe_ effect due to the kth plant in the jth accession )
in the 1tB block /

LW = the effect due to the overall mean ‘ .

’ Ri”’" - t/he effect due to the 1%P replication; # = 1,2,...,r
Gj = the effect due mt:o the jth accession; j = 1,2,...g |
E:Lj = the effect due to error associated with the jﬂ}

' accession in the ith replication
' S,ijk = the effect due to ;rror. gssmiated with the kth plant

in the 1P accession in.the ith block

Accessions \Were considered ‘random and differences between them

were tested using the accession x block mean square.

—
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TABLE 2. Form of the variance analysis and mean square expectation
R : Mean square expectatien
. Source of variation d.f. M.S. i -
B B Xija-u+Ri+Gi+Eij xijk-u+Ri+Gj+Eij+sijle

. ' 2 - 2 2. 2. 2

Blocks - - : + +
loc r~-1 < , Ge g9, 2 g poe + gpcxr

- \ - ) ] };!' . . . o ‘ N -

2 2 . 2 2 2

Accesasi - -1 S - +
cceasions . - 4 M 5 Te + rog . . g poe + rpo'8

j ’ . 3 : 2 : . 2 2
Accessions x blocks (r - 1)(g*- 1) S, o, : - ¢” + pa, .
. 1 i L
o ; ! . ’
\ , ' C °
“Within accessions rglp - 1) C ) S . a2
| <
-~ s a

t '\ - N " . - ‘j
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/ Mean squares given in Table 2 were equated to their correspond-

ing expectation and the resulting equations were solved for different

estimates. The'phenotypic estimate on a single plant Basis,‘ Egp', and

- ‘ \
that on a replicated plot basis, c‘;":p, were calculated as follows:

& & = P+
. p g e

rd

where cg and o, are estimates of genetic- and environmental variances,

/respgctively, and r/fé“the number of replications.

-

Heritability estimates in a broad sense were estimated from the

following formulas: /
- a2 52

1 ‘H = g /G *

) e

= heritability in a broad sense on a single plqnbbaéiﬁ‘

~

Az Az . -
2 H = oLt !
) L . , o

{
P4 - «
= Heritability in a broad sense on a r,:eplicated plot basis. b

\ ) .

3.2.3 .Expected genetic advance and \g‘enetic ce . v
coefficient of variation ’

X ' ) o
Expected genetic advance from selection (Gs) and the relative e

expected genetic advance from selection (RG d') "were calculated using

3
r

the formulas: o

(1 Gs - Kop B

G
() R, = = x 100 -
X
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yhere N;f
3 ’ Gg is'the expECteQ gengtic advance from selectiont It ﬁeasurés
the differences. between the mean genotypic vglue of the q
- selected lines, that is as, and the mean genotypic value of

" the n original lines, a, thus G, = as - a.

'K 15 the selection differential; its value depends on the

1

" percentage of the populétion selected (e.g., for 207 K = 1,46

PEETPRREITIRUL, SIETEE QERE e I35 TR T

(Allard, 1960)).-

o,

¥

. }ap is the phenotypic standard deviatioﬁ\of the character in, the

+

S -

original lines.

e

‘H ';s the broad sense héritability estimate.

', Since the genetic variance, 32, may contain variance due to

dominance and epistatic eff;cts, Gs values will only be strictly

PR

applicable 1f one assumes vegetative propagation of the selected

P

©

plants, Only when a large part of the total genetic variance 1s due

o
L

to additive genetic causes can the performance of the selected ¢

. F
. indiyiduals be expectgd to predict the mean performance of its-progeny.
{ . " «

Due to the fact that characters differ widely in their mean |
values and.the scales of measurement, the genetic coefficient of -

variation (GCV) was also measured for each character éq follows:

S e S SR g A T e S b«
.

. V52 ’ ,
GOV = —f- x 100 , : :
3 X . .

Az — ) ' :
where os and X are the. genetit variance component and the mean of

: ‘:}'. “ the character, respectively.

>d




3.2.4 Estimate of phenotypic and :
genotyplc correlations

.To estimate the phenotypic and Fhe genotypic correlation, . R
covariance estimates were ob;ained by the analysis of covariance which
is similar to the analysislof variance. The form of tye‘analysis of
covarfance and associated mean cross product expectations for the

accessions are presented in Table 3. . o '

“
g .
®
TABLE 3. Form'of the covariance anelysis and cross products
expectations .
v - ;

o - ) ‘l_ Expected ’ '
' Source ‘ / d.f. M.P, .cross products .
Blocks - o or-1 .Cove + g Covi
Accessions . . g-1 MPZ quve +r CO\Tg
Accessions ‘x blocks (g-1) (x-1) MPl Cove

.

The mean product expectations of the co;;riance analysis are
gnalogous'to the mean square exgecé;tions of the analysis of variance.
accessions' mean product for the traits % and Y obtained from analysis
of covariance was con%ide;ed to be an estimate of the phenotypic

covariance of the two characters. . 3
.

The phenotypic cogrela:ian (rp) between the characters was -then -

calculaéed as follows: ’ ’ .
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N MR, (X,Y)
e -‘/MS'(X)MS(Y)' |
_ 2 2N
where
MPQ2 1s the accessions mean cross product for the charac-ters
, X and Y
:MS*;X) and‘ MSZ(Y) are the' acceggions mean square for the
. . trait X and the trait Y? respectively,

Genotypic correlation coeffic;elzts for' the characters X and

Y, based on the genotype meana, were calculated vin a similar way

using the formulas given by Miller et. al. (1958) and Anand and Torrie
(1!/3) as follows:

¢

-, o ,
b - Cozs(x,Y) ‘ | | .
A2 0wy A2 ' e
cg(x) ag(Y) . / =
where ’ )
c cavg(x,Y) = [MP,(%,Y) - MP,(X,V)]/r
‘;;(X’f - [mg(x) - nfsl(x)]/r i
. ‘2 ; -‘ '— . ‘ ‘ . -
. ag(Y) (s, (¥) - M5, (M]/x . .

Pb,énotypic correlation coefficients were tested for thedir

significance. The degrees of freeddl{l required for testing the existence

of phenotypic correlations were determined by subtracting one from the

P

‘degrees of freedom fol\the accessions in order to account for the

?
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(T} covariable. So far, a suitable test for significance of genetic
. correlations 18 not available {(Paris, '19'70; Pandey and Gritton, 1975;
. A - ‘ . o N
Ahmed, 1978). C ‘ 4
) The phenotypic correlations were testad using -tables o [ned
by Steel and Torrie (1960). - . e i
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RESULTS AND DISCUSSION g ‘

4.1 Variation -~ /

I3
[}

Jl t
variablgs are”

Estimates of variance components for eleven

presented in Table 4. The estimate, 52, which can be considered an
ﬁ" 0 3 v
estimation of plant-to-plant variation,.was in most cases smaller than ’

genetic variance of the accessions, except for the following traifg :
> . i _
first cut dry matter yield, spring vigor, growth habit and first cut

recovery. This estf'l.mte, 62, contains not only variation due o,

-~

# °plant-to-plant genetic differences, but also includes variapce d},xe to

\

.environmental factors, sampling error, and various 1n}:gr;ctiqu's. For

_ these reasons the between plant variation was not coﬁsidered in' the
elfii;mfion of other genetfc parameters. It must be kept in mind, _
however,' that plant-to-plant variation exista and it 18 also confounded

with GE( interaction -effects. . .
@ " N \ e %

The analysis of variance for each of the 13 measured variables

3

. * 1is reported in Table 5._ It can be seen from this table thai'. differences

3
<

)
'
g
;
i
P
2
E
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TABLE 4. °Estimates

-

~

of variance components* for eleven characters of
tall fescue

»

Character

a2 a2 o2
T

First cut dry matter yield

'Fall vigor

Spring vigor

Growth habit

Height

£

Leaf rust incidence

Spread

Heading date

First cut recovery

0.1579 0.4061 0.6021 0.9071
0.0024 0.2399 0.0120 0.1576

0.0037 0.1889 0.0355 0.2087

-0.00009%  0.0704 0.0103 0.1208

0.0118  77.1440  12.5063  34.8244

-0.0056%  2.2779  0.4563  0.2184

0.3733 21.8164 1.3158 8.8753

0.0048 12.2193 0.6273 1.5328

0.0117 0.0321 0.1972 '0.2595

45

- : , Second cut recovery ' 0.000003 0.8908  0.0414  0.1826

. i
Volume ‘ 0.0Q0005 0.000259., 0.000020 0.000134

v

(3

4

. ) *Estimates were obtaingd from the ANQVA flean Squares J i
expectation, according to the linear model Yi 1k =p+ R +6 f + Eqy +
sijk. . f ) '
o \\
8Negative estimate for which the most reasonable value is zero. .

o
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TABLE 5, Anfl"ysia of variance for thirteen characters measured'\:gn tall fescue =~
Mean squares F value -
- . _‘ Character Replitcations Accessions Error . (H'Sb; Sa ccz:iions)
Q d.f.) (79 d.£.) (79 d.f.) =S error
First cut dry matter yield 13.3503 _  1.,5728 T 0.7155 2,19%%
- Second cut dry matter yleld 0.0459 . 2.7219 0.3011 . f6.95%*
- ‘ Tots dry matter yield 14.9364 5.8361 - 1.0200 - T 5.72%%
- Fail vigor 10,2255 0.5117 0.0317 16 . 14%*
Spring vigor 0.3634 0.4392 0.0616 7.13%%
Growth habit _ 0.0177 . 0.1662 - 0,0254 6 .54%%
Height - o 17.8056 171.1434 16.8594 10.15%%
»~ Leaf rust incidence .— . 0.0299 . 5.0393 '0.4836 T - 10.42%%
_Spread 32,2875 46.0581° ) 2,4252 18.99+*
o Heading date o . 1.2032 25.2564 0.8177 30.88%*
" First cut recovery 1.7306 0.2939 . 0.2297 " 1.28 NS
= ~ Second cut recovery o " 0.0660 " 1.8457 0.0642 28.74%%
Volume : 0.00042 0.000556 0.000037 & 13- 03%*
**% Significant at the 1% level, ) S
NS Non-significant, - :
gn A . ) /,//{\\ & o
! ' !/,./ - -
. ) - ~
. . .
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among accessions were highly ‘significant (F = 0.01) for ;zll characters

except fArst cut recovery. ., S , :

!

Estimates of variance components for the thirteen variables are

1
presented in Table 6.

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

S i B A ERPERL

e

studied differed greatly in the actual magnitude of their estimated
variance componments. The variance due to block effects

(3%) was always smaller than the other ‘two components (6;' and 82) . A ‘

FU R

. Genetic variance estimates for all characters were higher thamn

A

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

S o X lais

yieldy and first cut recovery score. This indicates that genetic

“ e Sk

variance component comprises the major proportion of the phenotypic

variance component for most characters involved in the present

+

Lt -

investigation.

oy

It must be understood that gemetic effects are due to additive

(breeding values), dominahce and epistatic éffects.' /The’bre‘eding

-
effects of the genes it carries, the summation being made over the

value of an individual for a given trait'is the sum of the avei:age ’

S R oL 5 20

palr of alleles at each locus and over all loci {Falconell,‘ 1960) .

Dominance deviation, or the intra-alielic interaction, 1s the inter- /
action between alleles at the same locus. .Epistatic devia.ation; or
interaction deviation, 1is the‘intgraction befween alleles at different

loci. 1In this experimenf the estimation of genetic variation cannot

¢

‘be separated into additive, dominance ﬁd epistatic effects. Therefore,

S LR A 1% Tu
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TABLE 6. Estimates  of variance components* for thirteen characters of
% . tall fescue
uﬁ Character ‘ ' 8)2: 8"; 62 i
. " , — 5
First cut dry matter yield '0.1579 . 0’.4061 0.7155 g
. R

2 'Second cut dry matter yleld '-0.00052  1.1654 0.3911
é Total dry matter yield 0.0218 - 2.4079 . 1.0201 o
_Fall vigpr : | 0.0024 0.2399 . 0.0317 1
y " Spring vigor - . 0.0037 - 0.1889 0.066 ‘
{ Growth habit ~0.00009® 0.0704 °  0.0254 ~ . X
! | Helght e 0.0118 77,1440 16.8594 g
. Leaf rust incidence ~0,00562 2.2779 0.4836 ‘

Spread l' 0.3733 21.8164 2.4252

Heading date ' 0.‘0048 12,2194 0.8177 £
, First cut recovery 0.0117 0.0321 0.2297 ‘
* Second cut recovefy 0 .‘000(')0.1\: 0.8908 0.0642 i

Volume ~+.0.000005 0.000259 0.000037

*Estimates were. obtained from the ANOVA mean squares
expectation, acc¢ording to the linear model Yij -y 4 R:i. + Gj + Eij
: ' | “

aNegative estimate for which the most reasonable value is zero.
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the estimates calculated must be treated as the maximum total genetic

[P

variation. However, it must be remembered that according to Stuber

and Moll (1969) and Breese and Hayward (1972}, the additive genetic

e e

variance has exceeded dominance variance in most important agronomic

characters that have been studied.

e = 4 1

The only two traits which showed a total genetic variability

smaller than environmental variance were the first cut dry matter

s

yield and the first cut recovery score, It is baelievefi that this was :
due to.the fact that in the first cut each plant was harvested‘ !
individually, so that ’eight days were required to do the harvesting.
Thus, some plants had a gr,bwth. period of up to one w;aek longér than
otheras, This likely cc;ptributed to the increase of variazmce‘ due to

8

environmental factors. ‘

In the literature pertaining to tall fescue it was found that

additive gene action is the main factor responsible for variation in

e e ————— T Ry ot T AR

dry matter production (paathéson, i965; Frakes and Matheson, 1973; -+ __

Subhanij, 19.76)-. According to this evidence and looking at the

; results in Table 6 s Where g large amount of genetic variability is

present, it is expected th election for yleld could be quite e

effective. However, these regults do not .agree with those reporééd by . ERN

other authors (Hanson and Calnghan, 1956; Kalton et al., 1952;
Macdonald et al,, 1952; Siznonsen, 1976; 1977), who found either low

genetic vadabil:gty for yielél and/or dominance getie action being more

v

important than additive gene action.' m

-wﬂl&r e i’""’{a :
.
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] (' \ " Results for height also indicaté that.there is a reasonable

smount of genetic variability. According to results reported in tall
: fescue by Subhanij (1974) and in timothy by Faris '(1970), the character .
i’ ) : heig?:t is mntrol*leci mainly by additive gene actiom. H.owever, ]
Matheson' (1964), working with tall‘f;scué and Simongen (1976), workiné
with ryegra;s, 1nd:icated that for height, the non additive variance
seems to have almost the same importance as additive genetic variance.
Consequently, the practical si@ificance of ‘our estimaticm for t:his
character mu’;t’; be treated with some caution. The result obtained from o

this study indicated !:hat height was pi-ob_ably comparatively the ‘

; variable most affected by environmental factors. Nevérthele?s, the
_ height results prsented in Table 6 are in close agreement with those

( .
‘ B obtained by Macdonald et al. (1954), ‘Lebsock and Falt:on (1954),

; K Kneebone (1958) and Schaaf et al. (1962).

Research carried out by Moutray and Frakes (1973), ‘Simonsen
k] o
(1976, 1977) and Cooper (1959 1961) indicated that heé\ing date in
grasses is mainly govemed by additive gene action. Results in

Table 6 for heading dite clegrly indicate a large amount of total

genetic variation. i’heréfore, we can expect that selection for this r

character will produce a satisfactory response, ‘

! ' R Faris (1970) and Subhanij (1974), working with timothy and tall.™-.

fescue, respectively, demonstrated thrat plant spread 1s controlled by

additive and non additive gene a:étion. The results obtained from the

present study indicate that the estimate of genetic variance for
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spread was com?’arable to estimates reported by Lebsock and Kalton

+

(1954), Kneebone (1958), Berry gg al. (1962) and Faris (1970). This
is a very important character in graéses, due to the fact that the
number of tillers per plant is determined by the size of tﬁe plant 1
spread. In tall fescue *‘lt ilaa\been observed that the number of

' 0 h .
tillers per plant was the most important component of forage yield

(Nelson et al., 1977; Sleper et al., 1977).

7

For tall gescue there is little information about genetic
véx:iability for plant growth habit, leaf rust ihcidence, and vigor

scores (spring vigor, fall vigor, aftermath recovery, etc.). '
#

-
g————"—

“u

‘4.21 Heritabilities

Estimates of broad sense heritability percéntages for measured

variables were calculated from the components of, variance., Heri-
' L f .
t;'(abilities on a single plant basis and on a replicated plot basis were

'

i

obtained and are presented in Table 7.

'

These heritability eédqﬁtes include not only genetic variation,

but also GE interaction. Therefore, the expectation of heritabilfty

- estimates obtained by this procedure should be treated as the maximm

possible heritability. Heritability estimation on a plot basis -
"exceeded 80% for all characters with the excepﬁf” of those estimates

obtained for first cut dry matter yield and first cut recovery score,
e

Situations often appear when a plant breeder selecting for-a
" .

character such as forage yieldﬂ chooses g,' number of plants from his

ez 40 b 4o T e Ty
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(‘ﬁ‘ e 'I‘ABLE 7. Estimate of broad sense heritability percentages for thirteen .
, ) variables measured in tall fescue
/ ) A é
Character - : - Replicated plot Single plant !
. N H
§ , , ' 3
§ First ‘cut dry matter yield 53,1 . 36.2 L
o . - , : %
; © " . Second cut dry matter yleld . . 85.6 : 74.8 :
L Jotal dry matter yleld | 82.5 P 70.2 i
1 i
\ Fall vigor N . 93.8 . 88.3 ;
o Spring -vigor 1979 ‘ 85.9 - 75.4 ;
: Growth habit o 84.7 73.4 A P
, . f . N 4 . gl
‘ Height ‘ " v 90,1 « 82.1 i
‘ :
! D -
;f ¢ Leaf rust incidence / 90.4 82.4
, © . . i
i Spread © . l , ) 94,7 89.9 '
; First cut recovery 21.8 12.2 i
. Second cut recovery 96.5 93.2 )
Hea;ling date 7 96.7. . ‘ 93.7 ;
Volume *: : 93.2 87.5/ "
. ) f
!
%
s . z
' L
+ D ? e )
\ / >

— s
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% population. For example, suppose that dry matter yield happens to be

highly correlated with another character, The breeder can select

plants with respect to this character rather than purely at random,

S

R S e

therefore increasing the possibility of Apickingv superior genotypes.
A character with a high heritability, obviously, would be more use ful

in this respect.

T e N

The estimates of broad semse heritability for dry matter yield

e

s—

were generally similar in magnitude to those reported in tall fescue

by Burton and &v@e (1953), Frakes (1955) ' and Frakes and Matheson

e~

(1973). Similar results were obtained in reed canarygrass by Assay,
et al. (1968) and in timothy by Faris (1970).

‘ ] /‘ Berry et al. (1969), Faris (1970) and Subhanij (1974) r:eported

ot e o K
o

P o estimates of heritability for plant spread which are in close agree-
7’ . .

ment with our results. However, lower estimates have been found
(Lebsock and Kalton, 1954; Kneebone, 1958). Macdonald et al. (1952)

even reported a.negative estimate of broad gense heritability for

)

plant spréad.

The data on fall vigor, 1978, spring vigor, 1979, first cut

i

recovery and second cut recovery, were recorded w:lth the objective of .

measuring the vigdr of accessions at different times. All of the -~ ™

vigor scores had high broad sense heritabilities except the second cut

fecdavery estimation, which was only 21.8%. It 18 interesting: to note
. >,

that the first cut dry matter yleld also gave a rather lower broad

gense heritability. One can speculate that these two low estimates

\ 2
) ' . N
. .
) .
. .
. .
.
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werel due. to the fact, that the first harvest required 7-8 days. Thi?

-woﬁlc; almost.certainly increase variation due to environmental factors
for first cut dry matter yield‘and probably alsa for‘the regxlc.nth. In
the lit‘erature, there are few reports which me%xtion b’r;:ad sense heri-
tabllity for vigor scores. Lebsock and Iialton (1954) reported a broad
sense heritability estimation of 45 for fall vi.gor. Carlson (19‘6)@)\‘,
found a broad sense estimatiofl of 181‘ and 70Z for spring vigolr and

fall vigor? respectively,. Faris (1970), wérking with timothy, repbx:ted

4

an estimate of 94X for spring vigor.

Heading date had the highest heritability value of 96.7%.

'According to the literature, there seems to be little dominance -or

. interaction involved in' the determination of heading date. Therefore,

one can exéeqt that a high heritability estimation should bring a fast
;e;pbnse to selel.ction'. This'was demonstrated by Cooper (1961) and
Ca.rlqon (1966). Theseereaaul‘ts‘ were in close agreement with Moutr'hjy

and Frakes (1973) who “reportt;.d a heritability of 95% in tall fescue

for heading ,date.ﬁ Similar resu];ba were also reported for ryegrass by
Cooper (1959, 1561); reed canarygrass by Ca:é]ison (1966), ryegrass |
by Simonsen (1976); and néadow fescue by Simonsen (1977). Selection for
heading date among accessions, in the present study, would 1ikely be

ef fective: ’ 7

-

The heritability estimate for leaf rust incidence was comparable
to that previously obtained by Burton and DeVane (1955). Similar

results were reported in Kentucky bluegrass by Berry \gf_t_ al. (1969).

The heritability value for leaf rust resistance in this study.was’90.42.

[ .
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Broad sense heritability fozi‘ growth habit in the present study’
was found to be 84.7% on a plot basis. This is comparable to the
‘findving of Berry et al. (1969).'who, working . with Kentucky bluegrass,
reported a heritability estimation of 94.8%, and Farls (1970), who

found an estimate of 96.0% for timothy.

e

‘ . . . J
The broad sense heritability estimation for height was 90.1%

ou a plot basis. According to Subhanij (1974), height in tall fescue
is mainl:v controll\e’d by additive gene}:ic varlance. One can speculate

]

that the high heritability estimation for plant height in the present

" study indicates that selection for this character woluld be very

effective., These results are in agreement with those found in brome-
grass (Lebsock and Kaltom, 1954), sand bluestem (Kneebone, 1958), and

timothy (Fgria s 1970).

b)‘

A primé objective of quantitative éenetic incfuiry is the

magnitude of the genetic variance as thea basis for predicting genetic

@

improvement in the selection program. Due to the fact that gemotype X

environment interactions are the source and part of the random error |,
variance estimates and often introduce an upward bias, -GE interaction
may significantly affect the religbility of the variance estimate.

Discrepancies bétwden realized and expected response to selection will

- undoubtedly occur i% expectations of progress are ‘calculated from

blased estimates of genetic variance. In this thesis it iz fully
recognized that calculatiomns of the genetic parameters have been biased

upward by GE interactionm. Howevei-, these estimates éive an idea of

_/ |
L
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‘total genetic variability and thiou’gh their estimation and’ throl:lgh

comparison made in this dj.anserta,tion,' they will be useful for the

continuation of the program.

v

o,

h

4,3 Genetic agvances L ’

Estimstes of genetic advances f?om selecfl_on (Gs)é' .relative
genetic advance from selection SRG;) of the top 20% of the population,_
and the genetic cgefficient bﬂgw variation for different characters
measured, are presented in Table 8. 'Two different ba‘sesvlwere used
for calculating G; and RGS, dependi‘ng on which heritability 'estimafe
w"a? used. These wez'-e based on (1) a:single plant basis; and

(2) heritability estimates on g replicated plot basis.

Plant height, plant spread and heading date showed the highest
Gs values, while leaf* rust incidence and-second cut recovery had

.

xlnedium' values. Finally, first cut dry matter yield.a faii and spring |
vigok, growth habit, fir}f.lcut réc_overy and volume, had the lowést o
values. These results' do not n_e;.essari&ly imply that selection for
plant height, plant diameter and heading date would be more efficient
thaﬁ ‘for the other chm.:actj.ers, as they differ widely in their fnean‘
valué an'd scales of méuremep‘%:. It is evid;nt from .Table 8 that
characters such as dry matter yleld, leaf rust incidence and volthme,)'
which vae a relatively low G', have high RGB. ‘ This is mainly dpe to
the l¢wer mein values for these characters and .a higher heritability

w

and/or phenotypic variance.
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TABLE 8. Estimates of geﬂetic advance from selectiom (Gg), relative
advance from selection (RGg) - and genetic coefficieny of variation
(GCV) for .thirteen characters measured in tall Péscue

' Ca* RGg** ‘
. Yook
Character Single Replicated 'Single Replicated CoV
plant plot plant plot

-First cut dry , : ‘ | ,

mtter yleld tha 034 . 0.6 22.74 27.55 26.99
Second cut dry : : )
mtter yleld ~ t/ha .31 1.4 45.89 49.07 37.87
Total dry mat tet .

yleld * /ha 1.82 1.97 34.94 37.87 29.27
Fall vigor score. 0.64 ~ Q.66 16.27 16.77 .37
Spring vigor score’ - 0,53 0.63 '17.10  21.%6 14.06
Growth habit 0.32 0.34 7.58 8.1 6.32
Height .  cm S 11.14  16.67 13,10 | 13.73 10.32
leaf rust ' ’ L
incldenen « ‘ 1.92 2.01 9;.25 . 97.60 . 73.00
Spread ° em  6.20 6.36 24,64 25,28 © 18,55
Heading date days .74 .. 4.81 16.35 16 .62 12.06
'First-cut recovery - 0.08 . 0.12 2.31 Y 3.23 5.39
Second cut recovery 1,28 . ' 1.30 25.66  26.10 18.97
Volume " end 0.021 ~ 0.022°

46.31  50.33 %.02

*Gg values are given in actual uwnits

*h g ***Rés and GCV arxe given.in percentag'ea; T
© T A ‘

.
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G - 'An examination of the genetic coefficient of variation suggests
‘. ‘ : N ! ' s Q »

- ‘that there was a relaiively wid’e’lgeriation among entries for each
character, except for growth habit and firet,’ cut recovery. - High

e estinates, 73.32, 37.87, 3.02, 29.27, and 26.99 per cent vere

by

obtained for the. traita lﬁef rust incidence, second. cut dry’ matter

¢

yie volume, total dry matter yield and first cut dry metter yield,
- J reepectively. It ie interesting to obaerve that height, spread and

- AN
heading«dete, which hed the highest G values had a relatively low
N %
i ) ch. On the basis of a relatively high heritability, 'RG " and GCv,
.. }'
5 - one might conclude that rapid progress should be expected frbm

»

selection for dry matter yield volume and leaf rust incidence.
< ¥

» ) Moderate progress should be expected from eelectian for height, '

- ' » vigor and second cut recovery. Less advance shonld“ be expected for
growth habit and first cut’ teco\;ery. These conclusions would,
‘obviously, not hold for characters that are highly affected by the

{

. “Jresence of non allelic interaction.

p o . E;pe;md aeiectien responses are dependent on the uénimde of
phenotypic variance in the population, on: the heritability estimation
and the groportion of plaats -eleeted.. Therefore, the bias introduced

¢ in estimating heritsbility will be included in the calculations of the
AT G veluu Expected genatic advances fron eele:;tion were generally in

clon agreement with the eizp of the hedtebiﬁty e:tinetee for the

&

dif.fermt traits unuz:ed by the mlyeie. : \

B ) dismeter, heading date, first cut' dry matter yield' fall vigor, spring‘
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/A study of the forage yield data in T;ble 8 suggests that the

.. forage yield of this grass cnuld be increased wp to 49.072 over the v

mean of all introductions which is a substantial advance. If °

R ot M PSRN PRI 2 T 8 e P betala

practical methods could be found for vegetative ptopagat(on of such )

] -

plants, this advance é:ould be realized by aelecting superiot' indivi-

duals within the entries studied Since tall fescue 1s a bunch grass, )

Q

o
T T

q

however, large scale vegetative propagation hag”been considered.

, C
' . - o

kKl

. \ o f ‘ 9 + 0 «
: ; impractical, *‘Q ‘ A ] .
S S b . 4.4 Correlations Coe C ‘ﬁ\ © . o
. \'lé - i . n.,? ‘ » o
’ Knowledge of assoclations between plant characters.is of -
v ¢ & , T B
§ ¢ ' considerable value 1n a breeding program. Linesr‘a“saociatic\)n Jbetween o

Y

V two traits may be due to linKage or pleiptropic effect (Mode and

. ?
3

Robinson, 1959)1. ,The phenotypic correlation ig a linepr combination

)

, 'of /genetic and environmental ,eonditions': Therefore, the proportion

D S . to which genotypic correlation makes up .phenotypic correlatipn is° . m.,

’ of considerable vnlne* to thec:'plan,t breeder, and is variable depending
a [

. 7Y "+ . 'on the magnitude of the‘heti%abilities‘ of both traits.” -
‘ o Phenot'ypic and genotypic correlations between all possible * NS

’ "
s . v
N . . L4

chatacters are given in Table 9. Since Cov8 includes -also the LY

. 9
H L

covariance bf :Lnteractidn effects between acg.essions and years (Cov ),

'

estimates of Covg are bia.sed as estimates of genetic covariation £

<

cqvuiance in accegsic;ns-year interaction effectaexiata. g Sueh bias '

@

®

may be ei,thera”positive or negative depem‘iing’ on %hetl}er Covgy is

@
" ‘ . ¢
, .
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_TABLB ‘9.." Phenotypic, p (uppqr), genotypic, g (lawer), correlation coefficiem:s .mong eleven characters in

5 s . . the tall fescue accessions - . -
§: . v . .. - © - .. ° Leaf . ’ First  Second : .-
& - .. -Fall Spriag Growth . rust - . Heading | cut cut .
a“f“?‘“ ; vigor - viger ~ habit Height inei~ Spread date re- Cre- . Volume
e * T . . ¢ . dence ) covery  covery
Total dry matter. ~ 0.14 0.35%% ~0,13 0.32%% <0.G7%% 0.53%% -0.04 0.48%%  0.61%%x  0.57%% o
-yield - . 0.11 -0.15 -0.16 -0.37 -0.78 °° 0.61 -0.04 0.76 0.67 0.65
: -Fall vigor ~ 4 .. 0.88%% —0.47%4% 0,21 -0.12  0.21 0.14° 0.50%% 0,18  0.15
: e i 0.65., =0.51 0.26 ' -0.13 "0.16 0.15 + - 0.19: 0.16
Spring vigor o -0.46%% 0.22% -0.22%  0.23% _ 0.19 0.49%%  0.25%  0,23%
- ) , . -0.51 0.26- —0.25 ., 0.25 0.21 + - 0.26 0.25
Growth habit - - “- .. =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  -0.04
" % Height , ) . -0.16' 0.15 0.62%%  0.33%*x 0,11 0.40%% -
. ~=0.17 0.15 0.46 0.86 0.11 0,40
Leaf rust T ’ \7 ~0.83%%  0.23%  =0.64%% . -0.80%% -0.63%* i
incidence T s . > =0.73 0.25 ~0.52 -0.85 -0.69 .
N -
) Spread : . " -0.17 - 0.30%*% 0,80%%" 0,95%* )
: N . ’ ' -0%8.  0.62 0.83 0.96
; Heading date ' ‘ : -0.01  0,30%x -o.%%
‘; . o A =0.04 0.31
'l Fitst_cut ] , , . B 0.28%% _ 0,34%*
‘ recovery - . ’ 0.54 0.75
; Second cut ‘ ) ’ 0.74%*
recovery _ - ) : 0.77-
+ Genotypic correlation greater than 1.00. ) e '
*, ** Significant at the 0.05 and 0.0l probability levels. reapectively. _ P
Significant values are 0.22 and 0.28 for t:he Q 05 and Q.01 levels of probability, respectively. o
s o R - °
g




et i i e 2

; 61
positive or negative. This situat“ion is similar for the gecession \
variance (02) except that: this bias, if 1t exists, is positive since
g2 , being a vatiance, cannot be negative. Thus the genotypic
correlations were in reality estimates of

! t
Cov XY + Cov__XY
'/ 1‘5 ~E&%. rather than of
2 +‘ 2 2 4 g2 X \
o S o o
e ¥ Tgye gy . .
b
Cov XY .
. - . &
23 '
a2%) (o2Y : .
( g ) ( 2 )

'I’he,refore., hthe biases referred to ahove could be a.source of con-
sidersble bias in the estimation of genétypic correlations, However,
examination of Table 9 reveals a r;ather general agreement, in both ‘
,sign and magnitude. Generally, genotypic correlatio:s weré slightly ~
higher than phenot:ypiq correlacions vhile both were similar in sign,
/:Ln all cases. This»suggests t:hat, for the most part,: the character
correlations are si.milar for genotypic and non~genotypic effects._
Hence "Q:he estimates of genotyplic correlations were not seriously
distorted by the fact that they reflect corre‘lation in accessions x
year interaction as well as in genoh&pic effects. Although some of the
correlations were significant, the magnitude of the coefficients was

below 0.5 for most of the associatioms.

°

o
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.

ﬁ 4.4.1 Correlations with total
dry matter yield ‘ o

Total dry matter yleld (TDM) was positively and significantly

~ correlated with spring vigor, height, spread, first cut recovery,
second cut recovery, and volume. It had a strong negative relation-
. X .o
ship with leaf rust incidence. Total dry matter yield was not

associated with fali vigor, growth habit), and heading date. Examining

the results, it appears that plant height, spreading ability of the ' /
-plant and volume were the most impqrtant':\compcnel;ts'of TDM. Never- ‘ S &
theless, becsause the correlation coefficient between TDM and height
wag low in mégnitude (rp = 0.32), one could speculate -that plant
’ gpreading ability is the most impottant trait as far as IDM is
. concernéd. This fact seems to";e supported 'by the assqclation between
- volume and 4DM. Volume is sign;ficénﬁly correlated with both plant
spread (rp = 0.95) and lzxeight (rp = 0.39); however, ‘gince cor're;lations"
betweencvol;\me and spread were very high, it is concluded that ‘the mest
;.mportant factor associated ;rith TDM is spread. Correlations between
TOM and spread were highly significant, with the phenotypic correlation
céefficiénbt being greater' than 0.5. (quever,‘ the coeffici:ent of
determination- (1:92 x 100) between TDM and spr;eacll is only 282, which

k ' suggests that this correlation should be treated carefully. Other

)

work, wher:’( it was found that forage yield was correlated with height”
and npread,.haq been reported for bromegrass '(Lebsock and Kaltom,
1954)., tall fescue (Harris and Sedcole, 1974) and reed canarygrass

(Bakef, 1976). However, significant relatiomships between yield and.

2 , f

'
a
}ﬁ‘ . .
o "~ 5
Q
°
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spread, but not between yield and height have been reported in

bromegrass (Macdonald et al., 1952) and in timothy (Faris, 1970). -

'

‘Heading date was found not to be correlated with TDM. Similar
results weie. also reported for tall fesc\\I::cheverri, 1964)’, timothy
(Faris, 1970), reed canarygrass (Baker, 1976), ryegrass (Simonsen, '
1976), and meadow fescue (Simonsen, 1977). Since there is 1.10
association between these two traits, it could be possible for the
piaht ‘ﬁreeder to combine the extreme of maturity, either earliness or

N .
lateness, with high yielding ability in a single cultivar;f

Highly significant association between TDM and spring vigor,
first cut recovery and second cut recover.y'y,'was fotmf However, sincé
athe phenotypic ‘correlatiqn coeffi..cients are lower in magni.tu:ie, exc;pt
the conéidtion between.TDM and second cut recovery (rp = 0.6), we
should not put much emphasis on these traits. Moreover, }'.he non
association between TDM and fall vigor score seems to indicate that

selection for superior plants during the establishment year is npt'

° .

\

possible.
. ¥

4,4.2 Correlatioms with fall vigor '

‘s

P 'aiti;ve and significant associations were found betw?en fall
and spring vigo;, g\md first cut reccovery. Negative oorreiationlhetween'
fall vigor and g@h habit was slso observed. No significant
relationships were gbserved between fall vigor and other v‘aﬁablgs.

v

. . L
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4.4.3 Correlations with spring wvigor - ’ ’

°

Positive and significa“mt correlations were found between spring
;rigor and qpregd, first cut recovery, and second cut recpv&ry. Spring

vigor was negatively associated 'qi:h plant growth habit and leaf rust
I
incidence. No correlation was found between spring vigor and height? ,

diseages, apd heading date. Despite the significant correlation between
spring vigqr and spread and volume, the low magnitude of the coefficients

appéars to indicate that any selections_qon the basis of spring vigor: are
- N

1

not useful as far as TDM components are concerned. o

o

4.4,4 Correlations with growth habit

-~

Growth habit score was positively correlated with disease

o

incidence; however, it was negatively correlated with'heaciing date.

Nggat\igs\correlationa between growth habit and height,' volume,

. ' [z
and T/Iiz?ére not expected. The occurrence of negative correlations

-

indicates that in a space-planted nursery a high growth habit score
does not necessarily lead to highest dry n;atteé; yield. , These results .
were similar .to those reporféd by Faris (1970), who found growth habit _

to be negatively associated with height, volume and dry matter yig{ldn

< '

in timothy. ' ’ o

-

a '

4,4.5 Correlations with plant height
¥

. . , o
Height was_assoclated with heading date, first cut recovery and .

vblume, Association between height-and volume was highly significant, °

N .
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but it must be indicated that the rp value was only 0.40.  Correlation
between height a‘md heading dat; (rp = 0.62) indipate's that late
matui:ing plants are ;:he tallest in the ‘pgpvt.xlatian, as might be
expected. Similar results were reported for tall fescue by Moutray
and’ Frakes (1973).

No associations were found between height and leaf rust’
incg.dence, si)read, and second cut recovery.

’

5.4.6 ,Cox!.;relations with leaf rust 1nqidence

Al,)isease 4ncidence was highly signific;mt, and i\egati‘vely
Eone;éted with spre'ad,, first; cut Tecovery, 4econd cut 'recovery and
volume. Significant negative asa;:ciatién between leaf rust it;cidence
and .volume‘ is mainly due to the strong negative association i;atween
léaf ﬁat incidence and spread (rp = -0.83). Leaf rust inciculence was
one of the factors which limits forage y\iel& prodqction“'(rpa -0:67).

L . It i possible that by selecting disease-free plants, & aubs;antiai
| increase i.n~ TDM over the p’opulation mean can be reached.
\ “ l
~ o 4.4,7 Correlations between the remaining traits

Heading date was ligniﬁcantly correlated with second cut
k-
' recovery, but no associat:ion was found betwun heading date and first

\ cut recove:y, and volume.

B‘oth‘ first and second cut récovery were correlated with volume.
0 ‘ +

LI
}
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It should be 1ndf;cated that the correlations observed apply"
only to the spec:ific accessions analyzed. The relationships may be
quite differemnt in other material in which di/f“fereht gehe associatlions
msy exist. . |

r o '

4.5 " Identification of promising materisl

& N

’ One of the major goals of this study was to identify accessions
%

which have good potential to use in a breeding program. Because tall

fescue 18 not’'grown on a large acreage 4n Quebec, and also because it

18 necessary to assess the mateérial with an appropriate point of

66

reference, the use of a.control cultivar was required. _Alta tall fescue,

. % v
a well known cultivar in the United States, was used as a check. |,

a
.

The meane of the chi ultivar, and the means and ranges of the

d accessions for various c aracters are preseanted in Tgble 10. Im generai

the control cultivar was agronomicaLly better r.han the accesaiuns.,
However, by examining the range of values for the accessiona, it is

 clear that. there 15 a 1arge amount of variabilit:y between accesaione. :
I

Results indicate that productivity may poesibly be significantly
improved by selecting introductions with agronomic values supe*or to

“the Alta cultivu“'. !'or example, the mean yield of Alta is 6.28 t/ha,

+ -

while the best acnession is about 48.7% higher.

)

' In the year of 1979 twanty aceeniona produced total\qry

matter ylelds greater than the check cultivar. Table 11 preeenﬁt;'s

these aceess%pns with tﬁegr agronomic characteristics.

O,}'

v
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q "' TABLE 10. Means and ranges of accessions and means of Alta for
different agronomic characteristics
X (* ) .
o o ' . Accessions . Alta
Character ' . - e )
: X Range X 4
: . ' ' %
First cut dry matter yield' t/ha 2.3 1.06 - 4.71 2.67 :
Second cut dry matter yleld t/ha 2.85  0.63 - 4.92 3.61 %
) T B ) ' M
, Total dry matter'yleld ~ t/ha  5.21  '1.83 - 9.34 6.28 T
. ‘f 'Fall vigor in 19785 3.96 _ 2,9 - 6.59 3.94 g
- ‘ . L : y
. Spring vigor in 1979 3.08 ° 2.03 - 5.22 2.89 : (
Growth habit ‘ ‘ 4.19  2.96 - 5.00 4.16 i
Height cm . 85.03  66.50 -115.25 88.17 :
_ Spread cn- ] 25.16 . 12.25 - 3.06  29.46 :
* Volume cmd o 0.045  0.009- 0.087 0.061° _ i
: ' ! j
RN Leaf rust incidence . 2,05 1.00 - 3.44 1.00 ]
Heading date days - 28,96  22.00 - 35.25 26.18 !
First cut recovery | 362 2.78 - 5.06 3.31
* N N s 7/
' Second cut recovery . 4.97 3.25 - 7.15 4.51 f
i . ) ~ " Q
\ e : ,
. ; i
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TABLE 11,&,Agronpmic cﬁaractériatics of twenty introductions of tall fescue which outyielded the Alta

' 3 ) cultivar in 1979
- . . Rela- ’
. Total tive - - .
. dry  total 5:11 ggring ot Leaf A Heading First Second N
- Accessions matter dry gor vigor Height rust pread date cut cut Volume Growt
A ,_ in in .em inci- cm re- re- cm3  habit
. _. yield mattér . days -
t/ha yield 1978 1979 dence 5 covery covery
. . X
. 297905 Australia 9.34 148.7 4.00 3.09 90.31 1.00 24.87 25.37 E 3.28 4.75 . 0.04 4.15
- 289004 Hungary - 8.41 133.9 3.12 2.18 95.12 " 26.31 35,25 L 3,43 4,06 0.05 4.03
297906 Audtralia 8.37 133.3. 4,06 3,18 . 88.37 " 25,50. 32,43 L 3.18 4,59 0.0 4.00
283280 Israel 7.8 125.2° 2,97 2,03 79.75 " 28,56 23.75 E 3.16- 4.40 .0.05 4.53
314686 USSR 7.81 124.4 3,97 3,06 91.31 " 21.93 34.62 L 3.31 4.15 0.03 4.00
264766 Netherlands 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 Netherlands 7.60 121.0 4.16 3,06 79.12 1,00 29.50 27.87 M 3.31 4.87 0.05 3.81
- 235470 Switzerland 7.46 118.8 4.06 3,09 89.50 "- 35.06 31.56 L 2.97 3,62 0.08 - 4.00
265357 Netherlands 7.44 -118.5 3.12 2.71 90.25 " 25.62 32.75 L 3.46 3.68 0.04 4.16
237559 Italy - 7.29 116.1 4.03 3,37 83.75 “ 25,93 27,5 M 3.53 4,56 0.04 4.75
234719 France 7.28 116.0 4.06 3.00 72.25 " 30.06 22,93 E 3,31 3.35 0.05 4.00
297901 Australia 7.15 113.8 4,03 3,12 89.00 " 26.00 32.43 L 3.12 4,34 0.04 4.06
249738 Greece- 713 113.5 4,00 2,72 105.62 " 26.68 34,06 L 3.37° 5.18 0.06 4.09
265361 Netherlands 7.09 112.8 4.16 3.12 86.62 " 29.62 31.25 1L 3.31 4.12 0.06 4.31
355322 USSR 7.03 111.9 4.22 -~ 3,03 115.25 " 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 " 26.81 32,18L 3.97 5.15 '0.05 ‘4,50
.~ 283300 Poland 6.97 110.9 3.78 2.93 99.12 " 29.31° 29.18 M 3.18 4.75 0.06 4.09
* 283276 France 6.68 106.0 4.00 3.12 83.68 " 23,31 24.50E 3.46 4.09 0.03 4.31
274617 Poland 6.60 105.0 3.75 2.53 84.31 " 33,56 26.12 E 3,53 4.46 0.07 4,06
231552 Algeria 6.35 101.0 4,03 - 3,28 89,37 " 27.00 31.62 L 3.43 5.21 0.05 .3.96
6.28 100.0 3.94 2.89 88.17 " 29,46 26.18 3.31 4.51 0.06 ,4'16

-

ALTA  USaA

|

1
1

E = early maturing accession )
M = medium maturing accession . -
L = late maturing accession

- ;
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later in the season the vigor of the plant was decreased as it is

Q9

By examiming Table 11 it seems that for these parti::.ular twenty
int:.;oductions » neither spread nor volume appears to have an influence
on total dry ma;:er yield. One can observe that the entries which had
the highdst -spread and volume (Ini:roductiqt'/x 235470 and Intr uction.
274617) did not have the highest yield. Also, Introduction 14686,

which h?d the -lowest spread and volume among the twenty accessioms,

_produced 24.4% greater dry matter than the Alta cultivar. Tﬁére,fore,

it appears that something elae is controlling dry matter yie'l& in f—hi\s
experiment., It \is suspected that either the number of ti:llers per
plant or the number of cil;lers pex" unit of area could be controlling.
dry niatter' vield. Nelson gig}._. (1977) and Sleper et al. (1977') have
found that, in tall fescue, the number ‘of tillers per plant is the’

¢ B

mhjor factor responsible for dry matter yield. . ‘ -

' Coefficients of corr#ation between TDM and spread and volume
were atatistically significant. However, coef@icients of determination

were only 28% for yleld and spread, and 337 for yield and volume.

,No‘lﬁéor;éla"tuion was found i:gtween heading date and TDM. By
examining' 'I‘a/ble 11 one can see that plant maturdity did not have any
influence o}i yield.'o It is interesting to observe that the highest,

yield was éy\btained by an early maturing introduction. : .
\
Gene ally, the accessims had a better vigor during the spring
4 ,
of 1979 than ‘d{ing the fall of the establis!unent year. However,

J

evident by exgmining the renults from first and™ ecand cut racorvery.
v .
\
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Thus, on the basis of, our somevhat limited results, these

O

selected twenty accessions appear . to represent a good source popula-

tion on which to start. a breeding program, The accessioms represet‘lt'

diverse geographical areas. There :is variation for Hry matter yleld,

e ?

" maturity, diameter, height and vigor. Finally, this material seems to

be resistant to leaf rust. Therefore, appropriate bréeding procedures, N

such 'as. a polycross progeny test, whicbj can make use of this diversity,

e . .
could perhapg eventually lead to a\devalopmnt of a good cultivar

Ay

adspted to Quebec conditioms,

o DR

. " Because tall feascue 18 a ;er“ennial grass,wreaults here presented
are not 'abso;uté’ly conelualive. ‘Inform'at:ion ‘on persist‘ence (longevity)
of the accesaion; 1s ﬁecessatly.. Therefore, by (t:he interpretation of
one year's data, we cannot draw any definite conclusions about these~

:Lntrc;d,uc tions. ..

[
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CHAPTER %
' : i

q

GENERAL DISCUSSIQN
N

»
“r

' 5.1 Introduction

 Improvement of crop chattctetistics depends primarily on the
mode of action and interaction of the genés controlling variation and
$  their distribution throughout the populntion. Cmnequenély, any
breeding progrm should be \Jprecedad by a cdmplef.e analyeis of the

available variation .

. Many of the“methods used in a grass breeding program are those

’

5

develope"d through corn bmed:l.ng.ruemh. The majbrity of fonge
crapl are cross pollinuted with A high degree of aelf-ctetility, and
mny grasses, althongh not all, sre po],yploidl. The atati-tical
genetic theory applicable to p71yp;.oids is much more cmlex than in -

, the case of diploids and cmaqmtly, it has’ “received rehtivcly less

" attention. -
I uai:chit;g the litcra'ture it was evident that information

Yy '
about the :elativa nagnimdu ot v;tioua genntic arid mvi:onuntll
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' parmcers is ,not rudily availab].e for tall fescue.
/

A number ofsl
paperu have Bean pnbl:lshad on the aubject, and there haa not always
i

[

been’ conplete agruunt among aut:hoﬁ ) A - T

o
e A

A tall‘fuc.ne 'breading grogrnm was started at Macdonald College

in 1978. This disutﬁation presents the initial mﬁor."mation émm the. |

“proéram. This atudy was designed té‘k assess the magnitude of total

a

dhnatic variation mng different intraductions. As well, . the

a
t

axgetn}ent assessed vhettur any of these accessions were superior to

. . 4 N
th7 standird cultivar Alta. ‘ ‘ o - .
. - ‘ ‘ * ' B t :
5.2 Blometrical survey of material . x q
-“ ' - B ' 1 {
~ - =Por the inf{tia] screening and survey of an unknown heterogeneous
L L - - \ / .

"’i:opulation, the lgm’cic gatmi:er’s of the characters under 'study need

particular conaidaral:ion. 'I.‘pey will datamine the pouibiuty of

).
roeognizing uqmrior senotzpu by r.heir phenotypes. . s

i:
-

A. ) Decisionl ccncerning the selection schene to be used and the

uhc:ion intmity m be iwoud are :I.ntlunncnd by the mgnitude of

.usuull.y norc mportqu: th-h tha tioni~additive cowponent and, that {n

my cuu, cpilegtic varimcc conponentl can be ignored in the

-‘pradiction o£ mponlu to uluctiou.. ‘l‘hqnfcra, it 18’ reasonable to

usum a predoad.nancn of addiﬂn g:nntic varianca for most charactera

‘ , - °
in s bruding populat:lnn. . N

w arady
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i O ) He);itability has value primarily as a method of quantifying . .
whether progteaa from selection for a plant character will be
.rélatively easy or difficult in a hreeding program. In the present

. " | ‘ ‘n study, est:imate? of hetitabilit:y were obtained hy the ‘variance com-
. ponent method. According vo Biurtgpn and DeVanee(l953) this procedurem
V’has the'a;ivantage of r_edi:c £ a[;pregiabvly ’the amount of GE interaction o
variance carriecjl in the es:&mtq ofq genetic vgrian,ca‘.' How‘?ver, it 103

evident that heritability vplues reported in this study are over-

¢ s
% estimated due to the occurrence of .a certain ambunt‘ of GE imteraction.

. The utility of estimates of hetitability {s increased ‘when they .
1

_are uaed in conjunction with t:he selection differential which is the
amount that the mean of the selected accessions exceeds t:he [mean of the

- o . eptire group. Tl‘le\genetic advance 1is commonls; ptedicted as the . \
g ;roduct of" the heritability‘, the selection differential and the |

e Ve vaﬁation. Since characters cIiffer in their mean values and scales of

4

s w measurmnt, the Gene& fficientsof Variation and the Relative

Genetic Advance from selecl:ion were estimated v

o, )
,{ _ Finally, th: phenotypic and genot:ypic correlations between the -
! . different “traits were .determined. Genotypic ’cortelation between
traita proirides a‘méasuref of the genatic aasoeiatiowbetwe*n characters ’
» and gives an indication bf the chara¢ters that may- be useful as .
A indicators of more’ importantz traits. 'rhay also may ﬂelp to identify

chg:acters that have little or no inportance in selection prbgrm. - T

. ¢ 19 ks
a ) ' P
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5.3 Comments on the results

o

'Totel dry matter yield (TDM) in the 1979 growing seascn had a
‘b_road sense heritebility of 8‘32, which 1s in agreement with results
reportfed elsewhere for tlall fescue by. some authors (Burton and Dthe,
1953; Frakes, 1955 Frakes and Matheson, 1973) The GCV was 29.77%,
the Gy value was 1, 97 t/ha and the RG, vnlue was 37.87% over the
accessions mean. According to these resulte there is a large amount
of genetiec variation for TDM. Bas;d on the work dnoﬁe by Mntheeon‘

L , 1 o
(1965), Frakes and'Matheson'(1973), and Subhanij (1974), who report‘ed

-forage yield in tall fescue to he controlledn by additive gene action,

one could speculate. that" the RG values fould in this experiment are !

zeaeonab;e indications of expeqted progress.

, \ C
Corre]@tion coefficients between TDM and the other traits

X -

eﬁgﬁest tﬁ&t the importanf yield components are height, spread and

: volume However, assoclation. betweeu TDM and height is very low in

magnitude with a coeffictent of deteminatign of onf.y 10.2%.

o

Coefficlents of determination between TOM and spread, and TDM and

volume, were 287 sad 33%, respectively. ‘These lower coefficie}xta séen
to indicate that there are other factors controlling TDM It has been
suggested thet probably eit;het nlyxer of tillers per pJ.unt gr m&er ‘
of tillers per unit of area is a very important tralt which should be '_
looked at :Ln che next grawins emon. Nnmber of tillera per plant in

tall Eucue appears to be a: very wottent ‘yield component (Nelson _g__

al., 1977; Sleper et al., 1977). According to Sleper at'al. (1977
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i ” the number of ‘tillers per plant is controlled' 'by both additive and

( non-addi tive gene action, Horeover, Yeh at al. (1976) reported that : ‘_ ,&l
- . & increase of number of tillers in tall festue 1s %i‘ghly limited by o
D the effects of competition. Tbetefore, it seems that when studying

| T ' relaationeh;p‘s betwean'y:!»eld and components of yiEld.' one should look

. at Athe number of tillers per unit of arefaorather than the number of

‘

tillers per plant. ‘ / " .

| . Due to the fact that vigorous 1;13n1:s ccould bave a higher

yielding capacity, vigor scores were given to the: accessions at '
different growth stages 1n 1978 and-1979. The heritabilities for

. different ;igor scores were very high, %xs:ep.t for the first cut -
recovery (H = .2];.82). By exaﬁining the RGg values and the accession .

13

means, one can find that ‘the fall yigor score mean could Ibe decreased ',’/'
1n one gen;éation from 3l.96 to 3.30: the sprj:ng vigor score mean from

3 08 to 2.42; the first recovery mean from 3 62 to 3.50; and the

second cut recavery mean frofn 4 97 to 3. 72 . In this experimnt a

lower score indicates a nore vigorous plant. Cotmlatian coefficie;ts

of these traits with ‘I'DH- were, ,hwever, low :l.n(magn'itudE. Only eecand
 eut tecmry had a rehtivcly natitfactory cprrelat:ion coeffi.cient ,

(IP =0, 60).

)
[ . » s

e For leaf rust incidence the high GCV and RG. valueg seem to
mdicace thct i atrd.gh: phenotypic ulection for hulthy plants will

f bew ’Q’ .ffu,upo. ’l‘hu chlracter wu highly ugatively comlatcd .
" with dx:y mt;e; yherd (tp —0.67, :g - =0.79)." . o




.
7
.

.the relative petfomance of the different: unes vas the same for the

&, S
I~ ¢
Héading date had the highest heritability value (H = 96.5%)
and, ag”eordiné to some authors (Cooper, 1959, 1961: Moutray qnd
Frakes, 1973; Simonsen, 1976, 1977), this character could be selected
for by straight phenotypic selection. Moreover, since it is not

cqrrelated with TDM, it would be possible to select high‘ vielding

'accessibns in any of the maturity groups. This feature is "demonstrated

in Table 11, where the- highest yielding introduction (297905) was in
the early mturing group, and the second highest 1ntroduetion (289004)

v /

was found in the l‘ate maturing group. -

‘Finalg.y, the results indicaté that variables measured in this

experinena are prqubly not the 'maj'or components coetrolling yield.

However, ge{mtype environm/ent interaction could have been vety high

during the 1979 season. Therefore, it mey\be possible that some

’traits had been great:ly influenced by th:ls source of error.

5.4 Relationship between sgaced p_lante
and sward conditiona -

'
o £

The ext‘rapolet:l.on of data on spaced plants to sward cond{tions

is a matter of eonttdveny among plant breeders.
. ‘4 . Q,

+

Spaced plent nurleries have beeu used at Macdonald College
throughout the years. Lnuon (1961) studied five different lines of
birdsfoot trefoil undcr three field cmditioua (a) spaced plenta- ’

(b)nﬂﬂmd m row; and (c) broejﬂcalt. He vas able to eonelude thlt

' three field pm:i.ags Supplu: .nd nub.r {1966) eoncluded that: the

"
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aui}:ability gfppaced planting for evaluation depehds upon\ the
characters undér consideration.” Reliability decreases when the

_character interacts with the envirpnment. Space-plented trials are

. ufeful in studying varlability within a hetérogemeous population, to

compare lines for certain morphological and/or physiological r.:.:aits.

, or to locate the best individusl plants for a breeding program.

<

Recently, °L;ncashi,re and Harris (1978) pbinted out that a
- space~planted nursery is very useful to compare genobypes for.

characters that can be evaluated visually, such as vigor, diseases and
' /
to eliminate poor or non-persistent lines.

™

Rumball and Arm\trang ‘(-1.\9\74) l::eport:ed that, although grown in a

‘ } very artificial situvation with little ¢ompetition, cultivars that are

distinctly superior as.spaced plants are also better in sward *
\ L) /

‘conditions. Finallg‘, most forage breeders agree that results from

~space~planted matefi:al must be interpreted carefully. However, for

screening pt“lrpom, there is really no alternative to space planting.

/ n e
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\ : ., CHAPTER VI

SUMMARY , CLUSIONS AND SUGGESTIONS

[y

Ie this study several agronomis characters v;ere inveé'tigated in
eig'hty accessions of tall fescue. The accessit;ns were space-:p]:anted in
two replications in a randomized complete block design. The agronomic .
cheracterieties studied were /dry matter yield, K fall vigor in 1578,
spring viger in.1979, vgra‘wth habit, plant height; plant spread, plant
volume, heading date; firat cut recovery, second cut recovery and leaf
‘ Tust ’incideﬁce. o E h Q

¥ ‘ ) ¥ | :

Analyses of variance indicated that h:lghly gigni{ficant differ-— i
¢ LI ences occurred among the acceésions for all charactets. exeapt: for
first cut recovery. Generallyﬂ, it seemg that there is a conaide:r'able
amount of tor.a;l. genet:l:crlar,iab:llity for all of the charact':eriatics . o

. ' Y. 11 [
measured. - However, ¢the portion of the gemetic variability that may be -

attributed to additive genetic effects was not studied. Heritability

r o estimates in the broad senge were generally high except for first cut

Ay o recovery and fi¥st cut dry mtt;e:.; ‘yie'nldr ‘Genotype-enviromnental T N

. a Q -
variance my hm inflated heritability in thie etudy, therefore R 1t

~ |‘; \

o . . is ampected that theee eacim:es are biased upwards. _‘ oo c
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o

Expected advances fromﬂselection were estimated and were found )
to be in close agreement with the magnitude of he.ritabiﬁty estimates.
Relative genetic advance from selection (RG ) was high for dry matter

~ yield, leaf rust incidence, and volume, indicating that selection for

. these characters could be effective. However, the geqetic advancé#
from selection (G ) and the relative genetic advance (RG ) can only be
strictly applied if the eelected plante are vegetatively propagated.
Therefore, the estimation of G and RG should be viewed with caution.
The geuetie coefficient of vat:lat:ion (GCV) ‘was eleo eutimated. 'ljhe
high value of the GCV aesociated with a high heritability and a high'

\
RG is “an indication that a straight phenotyplc: selection may be an

?
1

efficient: selection procedure Tbe highest GCV wae obtained for 1eaf

‘rust incideénce, and the lowest was for fimst cut recovery.

¢

- "(}ntrelat:l,cn coefficients among all characters under.investiga-

ti

were estimated. The geneticOcormla;tioﬁ coevfficien‘tsg were
tiveiy h;l,gﬁe't tﬁan the cat:esponding pheqotypig coefficients in
st cues, bdt they were similar °in ‘sign, indicating that the
aignificant phenotypic auocietione were mainly due to genetic causes.
i Toc# dry mtter yield was found to have a poﬁit:we significant b \
esaociehioﬁ w:tth epri;lg \rigot. height, npread, ﬁret cut recovery,‘ \

accond cut recoverywd voluu Hmver. beceuee thcy were not high

in megnitude theskhpomletim ‘should be interputefl wm ca:;::ton.

“Total dry matter yiel,d m also mgetively aeeocieted with leaf rust . /' |

i inciﬂnce. The ch;ractez;q utudied uem not to be ﬁtrcngly ueociated -

with:{:;tqm d:.‘y maer yum. Km‘nr‘ u wom Be, u-erul to eon:inm
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0 this study for gnother growing season. With the analyses of two' years

data the magnitude of these relationships may be modified due to the

4

fact that intersction between accessions and year would be removed. !

It appears that other factors may be more importamt in determining

. 0 ,r’ v ’\
total dry matter yleld in this experiment. We have speculated that
either the number of tillers per plant .or. number of tillers per wmit -

of area may be very ipnportant in dry matter p'roduction.p Therefore,

. ‘the measurement _of these, characters should probgbiy\lie carried out in

T8 3 Tt e . el st dote AL ) A gl Bk o hos

the mext season. . - . 5

' »

Finally, it should be pointéd out that the findings and v

conclusions reachéd in-this study are somevhat limited, due to the

9
o

fact chat they represent only one year 8 data. "Moreover, these 3

results should be restricted to this set of e:lghty accessions.

- s ¢ . b

_Since heﬂta’binty in this experimeut is high, it" is possible

P . \ . . .
qhat straight‘bhdnotypic selaction may be sdequate to lead to an

-

. accumulation of favorable genes. This 1s supporteﬂ by the literature
A 3 %

survey of work on ‘nany perennial forage grasses, including tall fescue,

\ . which had}ndiéatad that additive gene action ia the most important S
) B . N . ! . ' . ,}
factor’ cantrolling many onomic cﬁarnctera. Therefore, simple . ’ |

phenotypic selec:im will lud to a more rap:ld achievament per wmit of m
- Coe | time t:han ‘progeny, tutlng. However, if ome feels ,tha: through

-

pfbcnotypin schcti cé in n@nn -ohurac.;tu;s, such aé dry matter ° ' .

yield, will bhe difficult* tc obt;ain, the polycrpn technique would be a

‘x
ot

/gqad mthod to use. S A
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The following are recommendations ‘%:

°

e
. f

Carry out "this research for at least

measurement of the genotype-year interaction, -and also to observe

the persistence of the accessions.

1

i

r f'ur(ther iﬁveétigation: .

one more year to obtain a

.
2,
»,7’

. ) ) ¢ . /
Carry out progeny analysis to obtain prec{se estimates of the

- p )
magnitude of a:dditive genetic variance.

Include an\ evaluat:lm_:‘of other important criteria in tall fescue

breediﬁg guch as low alkaloid content, digestibility, and diseas

reaction. . .

o 4
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' APPENDIX TABLE 1 (continued) -
, Macdonald First cut Second cuyt Total Relative*
College ' . dry matter dry matter dry matter _  total dry A
accession yield . yield yield matter yield g
number . t/ha . t/ha t/ha ) 4 ‘
5 MCF 81 1.54 3.74 5.28 84.1
6 2.22 - 3.01 "5.23 ., 83.3
36 . 2.97 < 2.21 5.18 p 82.3
43 1.28 3.88 / 5.16 - 82.2
o s 77 1.47 3.56 -5.03 - 80.1
< ' 10 1.83 . 3.16 4.99 79.5 g
2 1.70 . 3.22 4.92 © 78.3
. 42 / 1.96 2.92 , 4.88 77.7 ‘
, 28 1.84 , 3.01‘ - 4.85 77.2 N
5 2.17 2.64 4.81 76.6
- 76 1.85 2.92 4,78 76.1 . .
29 ‘ 1.84 2,92 4.76 75.8
68 . 2.22 . 2.52 . 4.74 75.5
87 . 1.79 ' 2.64 4.43 - '70.5
94 1.55 2.75 4.30 68.5
- 90- \ 2.50 1.77 4.27 67.9
(! 9 1.59 ’ 2,56 4.15 66.1
- 30 2.04 ~ 2.02 %.06 | 64,6, =
5 1.33 2.70 4.03 64.2
17 ' 1.73 ' 2.24 3.97 63.2.
1 1.34 2.62 3.96 63.1
46 - 1.18 2.77 3.95 62.9
"14 1.69 2.09 3.78 60.2
3 . 1.71 1.95° - 3.66 8.3
52 1.60 2,01 '3.61 57.5
50 2,96 0.65 3.61 57.5
51 2.49 1.02 3.51 55.9
54 ' 2.57 0.68 3.25 51.7
32 2.42 0.73 3.15 50.1 )
21 1.64 1.38 3.02 48.1
18 1.92 0.91 2.83 45.1
56 1.83 0.99 2482 44,9
15 - 1.75 0.93 2.68 J62.7
60 2.01 0.63 2.64 42.0°
34 - 1.13 1.35 2.48 39.5
26 1.74 0.72 2.46 39.2 i
. . 25 . 1.66 0.69 2.35 37.4
C 48 - 1.48 T 0.73 2.21 35.2 :
88 1.06 - 0.83 1.89 30.1 §
49 1.06 0.76 1.82 28.9 :
C } \ #The control cultivar Alta, was _coolaidered' to have a relative

dry matter yield equal to 100%.
‘\ %
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- APPENDIX TABLE 2. Means of fall vigor in 1978
: N
. Macdonald ~. - . Macdonald .
' College Fall vigor¥ . College Fall vigor*
accession in 1978 accession in 1978
number , , . . number ‘ s
" MCF 62 2,96 MCF 55 4.00 .
21 3.06 L, 32 4.00° i
. S .22 3.09 31 4.00
' . 33 3.12 - 97 4.03
27 . 3.12 o C. 93 4.03
23 . 5.12 ‘ L8 4.03
5 3.12 . 48 4.03
9 3.18 - W0, 4.03 -
24 3.21 ' 36 4.03 ,
"6 3.50 28 4.03
17 3.53 25 4.03
i _ 39 3.59 14 4.03
. 96 3.75 : 80 4,06
, 45 3.78 .- - 2 - 4.06 ,
64 3.81 ‘ n o~ 406 - N
47 3.81° 67 7 4.06
A 70 3.84 , 's8 4,06
- ., 87 3.84 . 49 4.06
. 86 3.84 ;o , 34 4.06
- : 50 3.87 ’ L8 4.09
; - 46 3.87 78 . 4,09
; \\ , 18 3.87 77 4.09
. ‘89 3.90 7% 4.09
" ) 54 3.90 52 4.09
P &4 3.90 - 29 4.09
¥ - . k2 3.90 "3 4.09
: ' 26 3.90 N 68 4.12,
1, .. 3.90 94 4.15
f 81 3.93 92 . 4,15
. : 66 . 393 90 4.15 .
: Co 56 3,93 75 4.15
, ‘ . 41 3,93 . 73 4.15
i . 30 ' 3,93 65 4,15 ‘
: : " 15 3,93 43 415
10 3.93 60 4.18
; : : 2. . 3,93 63 '4.21
A 19 13,96 51 4,21
o 95 4,00 ) 91 "5.25
76 4,00 88 5.87
59 . 4.00 8 6.59
¥
o . *Pall vigor score: 1 to 9, !
(_‘; vhere 1  maximm yegetative ‘growth and

9 = minimum vegetative growth,
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APPENDIX TABLE 3, Means of spring vigor in 1979

Macdonald

: Macdonald
College Spring vigor* College Spring vigor*
accession in 1979 accession in 1979
number number - )
']

MCF 62 2.03 MCF 3 3.09
27 2.18 97 3.12
5 2.21 95 3.12-
24 2.34 93 - 3.12
23 2.34 87 3.12
21 2.37 73 3.12
22 2.40. 44 3.12
' 96 2.53 71 3.18
9 2.59 70 3.18

64 . 2.65 58 3.18
29 . 2.68 - 49 3.18
81 2.71 v 46 3.18
33 2.71 66 3.21
31 2.1 34 3521
86 2.75°7 78 3.25
42 2,78 75 3.25
18//\ 2.78 59 3.25
2 2.84 51 3.25
1 2.84 s 52 3.25
28 2.87 36 3.25
25 2,87 85 3.28
89 2.90 56 3.28
82 2.90 48 3.28
50 2.90 80 3.31
6 2.90 o 32 3.31
45 2,93 " 68 3.3
41 2.96 94 3.37
39 2.96 40 3.37
67 3.00 . 14 «= 3,37
76 3.03 60 3.40
63 3.03 , 47 3.40
17 3.03 90 3.43
92 3.06 74 3.43
43 3.06 54 3.50
30 3.06 15 3.50
19 3.06 26 3.53
10 3.06 65 3.65
77 3.09 88 " 4,34
72 3.09 91 4.62
55 3.09 8 5.21

vhere

*Spring vigor acore:

1 = maximum vegetative growth and

1l to$,

9 = minimum vegetative growth.
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APPENDIX TABLE 4.

e

'

Means of growth habit

*

Macdonald:

Macdonald

Growth habit*

Growth habit*

Collegg

accession’

College -
. accession

N e s BT L MR T Wbt B M T

number

number-

PR

vt s L e o

s
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*Growth habit score:

where 1 =

lto 5,

most decumbent plantas and

most erect plants.
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APPENDIX TAELE 5.

Means of height.

97

Macdonald

4

W e e

e e e e R BB T

. Macdonald
College Height College Height
accession cm accession cm
number nuzber ) ‘ . "
MCF 63 115.25 MCF 23
"~ 65 108,25 ‘ 10
31 105-.62 40
80 104,06 ° 95
76 104.00 5
97 101.37 . ’ ’
64 99.87 2
45 99.12 60
82 96.12 . . ‘7 "
.27 95.17 51
22 92.50 -34 -
74 ©91.87 70
3 91.37 32
42 91.37 94
19 91.31 77
1’ 90.93 9
55 90.31 15
33 90.25 46
36 89.81 . 62
72 89.50 v 2 A
85 89.37 - 86
30 89.31 ; 14
59 89.12 49
93 - 89.00 66
18 88.75: 92
26 88.37 50
58 88.37 41
56 87.56 i 6
71 86.87 81
75 86.87 b4
73 86.62 - 47
68 86.25 ’ 29
43 ° 85.68 48
24 85.62 28 :
54 85.12 67 i
90 84.50 9 {
89 B4.37 87
52 B4.31 5 ]
96 B4.31 8
17 84.25 88

Sl TIanIe
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\ L APPENDIX TABLE 6. Means of leaf rust incidence
Macdonald - ’ Macdonald , :
College Leaf rust- % College  Leaf rust
accession incideénce* - ‘ accession  incidence#*
number ) . number '
- MCF 96 1.00  -MCF'28 1.00
95 1.00 27 < 4 1.00
94 1.00 24 " 1.00
.93 1.00 23 1.00
‘92 1.00 22 1.00
o9 1.00 19 1.00 o
88 1.00 17 1.00
87 1.00 15- ~ , 1,00
- 86 1.00 10 - 1.00 .
85 1.00 9 1.00
R 82 1:00 ' » 3 1.00 [}
. _ 81" 1.00 2 1.00
- 80 1.00 1 1.00
78 $1.00 ‘ ) 1.25
17 1.00 29 2.03
74 1.00 97 \2.93
° 73 1.00 > 5 3.00
72 1.00 | 14 3.28 R
s0 1 1.00 52 3.8 )
= 70 1.00 . 76 3,84
68 1.00 90 3,96
67 1.00 ‘ « 48 | 3.96
66 1.00 36 | 4,06
65 "1.00 75 [ 4,15
' - 66 1.00 47 /418
- T 63 1.00 u 54 " &.46
) 62 . 1.00 . 32 4,46
. 58 1.00 60 4.50
SN ‘ 55 1.00 ;8 4,50
‘ 46 1.00 9 g 453
45 1.00 21 4,53
. b 1.00 %‘“ 151 4,59
43 1.00 , 26 4,65
' 42 s 1,00 - 25 - 4,68
~ : 41 1.:00 56 4.78
DR | B 1.00, 50 4,87
39 1,00 A 49 4,93
33 1.00 8 5.00
’ k) 1.00 6 c 3.18 &
e 3 -, 1.00 J& ’ 3 5.3 .,
. u - ~ r \ .
o Meaf rust incidence score: lto 9, ° , .0
O . . where 1 = the most healthy plants, and o
‘ PR 9 = . the most diseased plants. .
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' APPENDIX TABLE 7., Memns of spread
- Macdonald o ' Macdonald S
College Spread College Spread
o « accession ~cm accession / cm
nusber . - *number ’
Y Mr 72, MCF 78 26.00
Cn - 93 26.00
66 40 25.93
s 96 <33 ~ 25.62
. 70 .56 25.31
81 787 25.31 °
v 64 9 25.25
, 41 58. | 25.25
, 67 - ,- 25,06
45 "2 Y 24.87
73 28 24,87
68 . 55 24.87
92. 63 24.37
46 30 24.25
44 14 24,18
4 L9517 —23331
o1 10 ﬁ%\
/ . 43 .88 . - 22,
P ‘62 97 22.43
. 86 1 121,93
89 [ © 21,93
17 715 o 2L.37
24 . 47, 21.37
; .29 60 20,75
f 42 > 59 - 20.12
- 52 3, 20.06
. L5 C1 19.87
- T 51 19.62
82 3 - 19.25
~ T , 32 18.93
Lo —5 " 26. ©e-18 18.87
| 90 . 25 18.50
ot 76 L0 48, 18.37
o 27 50 . * 17.93
94 5 1;.62
i ' 23 / - 6 17.25
« _. 80 : 49 16.87
- 17 26 16.37
N 22 " 8. 13.06
39 . 56 %, 12.50
¢ a v, . : - \
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0 APPENDIX TABLE 8. Means of heading date
o , Macdonald Macdonald ’ :
College ‘ Hed:::ng College ° H:::::ng v f
accession accession
number (days) number ”.(days)
MCF 27 . 38,25 MCF 10 29,50
; 19 ‘34,62 39 29.50 ‘
/ 31 34,06 66 29.25 o
15 33.25 45 29.18 ’
14 . 33, o 70 9.2 .
32 32.87, ‘ 6 29.00 ;
52 32.68 L 91 : 28,62 ‘
56 " 32,50 - N 21 . 28,31
36 32.43 23 - 28,12
. 58 32.43 , Y17 28.06
¢ , 64 32.43 - 92 27.87
‘ 93 32,43 43 ©27.75 ' A
33 32,37 40 27.56
960 32,25 5 27.18
. 18 32,18 ! £ 26.81
. 76 32.18 - 47 26.37
: ; 82 32.18 : ‘ 28 26.18
/54 32.12 ” 49 26!18 o
. 59 32.12 ‘ , 96 26.12 ) "
: 63 32.06 ' ‘ 24 25,62 .
65 32.06 : ‘ 89 25.50
34 32.00 : 97 25,43 " ,
. 22 . "31.93 ' - 55 25.37 . ;
, 30 31.87 80 25.37 .
_ 90 31.68 48 24.93
. 8 31.62 29 24.gs
72 31.56 95 24.50
71 31.37 94 24,31
.- 88 31.37 e 87 2%.12
25 1.3 . 2 23.81 ‘
51, , 3131 . < . 62 23,75
8 . 31.25 . . b4 23.68 ™
73 31.25 : |, 96 23.43
v ©- 26 31.18 41 23.12
, ‘ 74 . 31.18 $ . 50 23.12 .
4 75 31,06 . ° .7 23.06 X
' 68 30.93 87 22,93
v 1 30.75 9. 22,75 .
o ‘3 30.56 46 22.68
42 " 29,62 78 22.50,
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3 .
Means of first cut recovery

APPENDIX -TABLE 9.

2

Macdonald
College
accession

number

Macdonald

First cut

First cut

College
accessiod

recovery®

’

recovery®

number

MCF 89
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APPENDIX TABLE '10. Means of second cut recovery’

¢
¢

Macdonald . Macdonald

College Second cut ) o College Second cut
accession  recovery* ' accession recovery*
number .+ number ' \
* MCF. 71 3.2 ' MCF 45 4.75 AN
29 3.3:5;\/ o : © 92 " 4.87 \
© 76 ' 3,46 o . 90 4.90 \
72 3,62 ‘ . 94 4.93 \ .
33 3.68 ) 91 4.93 AN
o 66 3.75 . 88 5.00 \
L A 3.78 ‘ ' 80 5.00 \
9 3.96 . T 39 - 5.06
87 4.06 30 5.06
27 4.06 47 5.09
95 “ 4,08 10 5.09
, 86 4.09 36 5.12
73 4.12 82 5.15
70 4.15 76 5.15
42 4.15 31 5.18
. 19 4.15 3 5.18
o C2 4.18 - 85 3.21
() 4 421 96 5.28 -
. - 28 4,25 75 5.50 ,
89 4.28 52 & 5.62 ~
77 4.28 56 5.87 -
74 4.28 1 5.96
24 4.28 48 6.00
68 4.31 59 6.03
93 4.36 49 6.03
) 63 4,34 15 6.03
17 " 4.34 21 6.09
23 4.37. 14 6.12
— _ 62 4.40 34 6.25
64 4.43 32 6.25
96 4/46 ' C 54 6.28
81 4.%6 . : 51 6.31. -
43 4.50 y 60 6.37 |
40 - 4.56 \ 26 6.56 5
22 456 o 50 6.62
58 %ﬁa.sg 25 6.78
. 46 -4.62 1 5 6.84
- , 78 . 4.65 ' 18 7.00 )
65 4.75 oo 8 7.06 ~
55 4.75 , 6 7.15
: *Second cut recovery score: 1 to 9,
C) vhere 1 = imum vegetative growth and - . e

9= imum vegetatlive growth.
™~ L .
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APPENDIX TABi.E 11. Means of volume

103 -

Macdonald ) Macdonald )
College Volume College Volume
° accession "(cm?) accession (em?)
number ~ - number
o
MCF 72 0.08 MCF 17 0.04
A 0.08 36 0.04
96 0.07 , 56 0.04
64 0.07 - 40 0.04
66 0.07 39 0.04
45 0.06 78 0.04
" 70 0.06 58 0.04
74 0.06 94 0.04
65 - 0.06 55 0.04
73 0.06 80 0.04
31 & 0.0 97 0.04
81 0.05 9 .0.04
68 0.05 2 0.03
41 0.05 95, 0.03
76 0.05 14 0.03
80 0.05 10 0.03
43 0.05 87 0.03
63\ 0.05 |~ 28 0.03
42 \ 0.05 " 19 0.03
82 \ * 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
" 27 0.05 60 '0.02
67 0.05 47 0.02
44 0.05 B8 0.02
62 0.05 B 0.02
85 1 0.95 51 0.02
75 0.05 34 0.02
52 0.05 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 0.01
90 0.04 6 0.01
/91 0.04 49 0.01
33 0.04 5 0.01
23 0.04 54 0.01
29 0.04 .8 0.01




