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ABSTRACT
Thfee éiallels two in the field and one in the glasshouse,
were employed to study the gene action aqd-stabilitg of dry,

’

mattet yield in eight alfalfa clones whichjwere previoUsly

b}

selected for their resistance fo alfalfa sickness. From 1982
to 1884, nine forége Harvegfs‘Qéré made ﬁrom\theitwo field
diallel crosses and these represented:thé different |
enGironments'fof:which the Eberhart-Russelistability
analysis of the clones was_employed.\A fourth experimenf, in
the glasshouse, was conducted to COmpate!thetpéfformance of
resistant and susceptible stréins inhsterilised and
unsterilisqd'sickvsoil (a soil which produce; alfalfa
sickness). The glasshouse test's were evaluéted-for plént ;\
height,.leaf weight, ieaf aréa, total d;y weight, specific.
leaf weight and root necrosif. ' s
Griffing'é analysis of the field diallels indicated
that additive gene action was‘important in determining dry
matter yield among'the alfalfa clqnes; Tﬁe clones were
evaluated for dry matter yield, general combining ability
(G.C.A.) and stability with a view to selecting suitable
clones for inclusion in a synthefic strain. All clones were
stable with mean square deviations not'signifitantly
different from'zero, Except‘for the'clone VP9, the clones
had a significant linear relationship with‘lhe,environment.

A‘significant‘tegression was obtained for 1VP9 when log

transformed mean yields were used.

iv



On the basis of this stud& it was recommended'that
clones 5G169, 2B76 and 1VP9 with high dry matter yiéld”and“
G.C.A., constitute parental.clones,for a,synthetic strain. -
"Clone 2B29 with avetage d;y matter yield and G.C.A. should
be included as a fourth parent to ensure, the maintenance of °
a broad geﬁétic base and prevePt inbreeding depression in
the advan;ed generationldf the'synthetic.

| The glasshouse diallel, drown -in alfalfa siék soil
indicated ﬁhat previous seleétion had dépleted additive_
genes and success in further selection for decreased root
necrosis could not be expected. There is a need to identify
the pathogep(s) and environment(s)s which céuse and enhance
alfalfa sickngss so that these may be empldyed to_increase
the select;on pﬁessUre in-the breeding programme.

Stréins previously selected for their resistance to
alfalfa sickness had larger léaf‘areas and higher leaf
weights.than thoée selected as susceptible strains.

Resistant strains could therefore be expected to exhibit

superior net assimilation rates.
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I. INTRODUCTION

»
-

Alfalfa, the queen of forage crops, is the most widely used
and the oldest'forage in the world. It originates from Iran,
Transcauéiavand Asia Minor, and historical records iﬁdicate
that it was a valuable CEOp-in éersia and Turkey as early as
-1000 B.C.;Alfélfa was introduced to Greece during the
Persian Invasion of 490 B.C. from where it spread to Rome
and'subsequentiy‘thrdughout the Romén empire, The discéQery
of the New World, Australia, and New Zealand, in the 18th
\gentury and the colonization of the Americas in the 16th
céntﬁry resulted in the worldwide distribution of alfalfa.
From Peru, the crop”spread to Chile, Argentina and Uruguay,
and it was introduced to the soutgern United Statés of
America from Mexico. In 1871 the fi;st Canadian introduction
of alfalfa wés méde in Welland, Ontario from France. It
lacked climatic adaptation for western Canada but
winterhardy cultivars, Grim and Baltic were introduced to
western Canada from the United States of America.

'~A1f§lfa is grown 1in témperate and'subtropical\climates
on over 30 million hectares. Appendix 1 gives an estlﬁate of
the world distribution of alfalfa. Canada,~£he USA and |
Mexico producev40 percent 6f the crop with Europe, South
America, Asia, Africa and Oceania producing 28, 24; 4, 1 and
4 percent respectively. There has been a significant
increase in prq@uctign from 1962 when Bolton reported a

total area of approximately 20 million hectares. The wide

adaptation and success of alfélfa'may be attributed to the



existence and maintenange of great genetic vaﬁiability by
both the diéloid (2n=16) and tetraploid (2n=32) forms

throﬁgh‘cro%s pollination. The deep root system\Coupled with

A

its symbiot4c7relationship with Rhizobia contribute

significantly to the. crop's success. The creeping foots,
A \

rhizomes and deepset crowns provide protection against
. o \ :
heaving and severe cold winters. Alfalfa can remain dormant

\
\

under stress and resumes growth when favourable conditfans

A

prevail.

" A. THE PLANT

Alfalfa exhibits great morphological éﬁd physiological
diyers&}y as é result of its different ploidy levels, its
widé‘géographical distribution and cross poliinafion. Common
alfalfa (Medicago‘sativa) to whﬁch the varieties Alfa, Du
Puits and Glacier belong, 1s purple flowerea, high yielding
and susceptible to winter injury, while the winterhapdy
yellow flowered M. falcata is of minor égricultural
importance.‘Many commercial cultivars such as Roamer,
Rambler and Vérnai are hybrids of M. sativa and M. falcata
and are commohly called/M. media or variagated alfalfa.

Alfalfa is a medium-lived perennial'plant, one to three
metres tall with a deep root system whiéh penetrates three
to six metres into the ground. M. sativa is éap rooted-with
a narrow crown, and an upright,b;anched stem~beafing wide
trifoliate compound leaves. M. falcata haé a branched.roof

system with fine stems and lanceolate leaves. The leaves are



serrated towards their apices and bear a prominent midvein
with pinnately branched lateral veins. There are slénder
stipules’at the base of the petioles. The inflorescence is a
ten_to'forty flowered oblong to spherical raceme and pod
shapes vary from sickie, characteristic of M. falcata, to
the three and four coils of M. sativa. The sickle pods have
been,sélectédvout of most commercial cultivars due to their
relatively low seed yields. Variability has also been
_observed in'photésYnthetié capacity within and between
cultivars. (Barnes et al., 1969,). |

Alfalfa is adapted to a wide‘range of climatic and soil
conditions but gro&s best on goils with a High lime content
or near neutral soils. This érop haS'good salt and drbught
toleranée bﬁt is intolerant of acidity, high alkalinity and
waterlogging. In Alberta, alfalfa is the preferred hay crop '
because of .its high forage yield witb.a good. second cut. It
is‘valuable for itsvoutstanéing palatability and high
protein content of about 24 to 26 percent in the leaves and

8 to 10 percent in the stem at early flowering. (Ag. Canada

L

Publicaéioh¥1981). Alfalfa pfovides an important source of
inexpensive plant protein. Its use as a pure pasture stand
is limited by its high bloating potential, however pure
alfalfa stands are common among broducerS'ofwseed and
.dehydrated prodgcts.

) Alfaifa seed,'dehydraped proddcts and tame hay in pure

and mixed %tands together represent a multi-million dollar

‘ industry. prroximately 56 percent of the tame hay in Canada

\
1



contain alfalfa. In Alberta an estimate of 5,805,950 tonnes
of tame hay valued at 423,299,000 dollars was produced

annually'over the last three years..Western Canadian

dehydrated alfalfa products are valued at‘37 million dollars

annually, :épresenting 300;000 tonnes of production frqm
59,000 hectares of intensively managed alfalfa. Alberta
produées‘41 pe;cent of this aad togetherawith Saskatchewan
" make up 88 percent of’tha.total production. Certified seed
production is limited mostlihto the_Prairie Proviﬁces of
Manitoba, Saskatchewan and Alberta (Appendix 2) with an

.average total of approximately 2 tonnes per year, on over

119,000 hectares. Of this," Alberta produces 34 percent.

'B . THE DISEASE
The term alfalfa sickness refers to a specific
condition that ‘causes poor growth of alfalfa in north and

‘central Alberta (Webster et al., 1967). 1t was first

D .
observed in 1962 (Goettel) on light textured soils. . Alfalfa

sickness is characterised by stunted and spindly growth af
young plants with yellowisﬁ leaves which becd@e flaccid and
bear irregular riecrotic patches. There are brown lesions on
the réots, particularly the lateral roots..Nodulation is
inhibi;ed and the roots become girdled leading to‘thé
ccllapse of the entife plant. The nodules are either absenth
or appear in larga whipish clﬁmps.‘The sicknessvhas been
observed only in fields which pfé%iously.contained alfalfa

and there are characteristic irreqular patches of healthy
N

\

N
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growth amongst the poor growth. Comparative photographs
taken by Webste;”et al. (1967),‘Damirji et al. (1976,'1978)
show the ‘above cﬁa;acteristics. Differences in plant height
and réotingvbetween healthy and sick plant§>are marked.
ngstions pertaining to the causal\factors_of alfalfa
sickness have ﬁot,ﬁeen resolVed.‘Investigative studies by
Webster et al. (1967) determined that the‘si;kness is not
caused by a deficiency or’excess 6f soil micro and macro
mineral nutriénts, ané soil moisture; Furthermore, the
sickness is not related to nematodes‘(wébster and Hawn 1973;
Damirji et al.,.1976). Soilvstgtilization eliminates the
sickness léading to the conclusibn that the primary cause of,
alfalfa sickness is blolog1cal iﬁ;natUre’aﬁd\Various fungi
1nclud1ng Phytophthora megasperma Fusarlum Pythium, and
Cyllndﬁocaﬁpon spec1es have been 1mp11cated Upon testlng P..

mégasperma.produced disease symptoms‘very 51m1la; to alfalfa

'sickness but it has not been consistently isolated from

lesions on roots of sick plants. Furthermore, P. megasperma

——_—

T —

1nfect1on is known to be most prevalént in‘heévy, poorly

drained soils, a datégoryﬁinto which the alfalfa sick soils -

. of Alberta do not.fit. Thus there is need to establish the

causal factor(s) of alfalfa sickness.

C. ECONOMIC IMPORTANCE
No survey has been conducted to establish the spread,

severitv ¢ -conomic significance of Alfalfa sickness but

. Webster af . '1967) indicates that it is widespread in



central Alberta. Alfalfa sickness reduces productivity and
stand longevity. Establishment costs in the seeding year are

conservatively estimated at 300 toﬂ370 dollars per hectare

- ) .
with little or no return because of slow initial growth (Ag.
Canada publication, 1982). Longevity and high productivity:

are critical from an economic standpoint.

D. SELECTION

Initial efforts to breed for reduced alfalfa sickness
Qere unsuccessful (Goplen and Webster i§69),.how¢ver
Fa@chnér and Bolton (1978) demonstrated increased resistance
to the sickness as a result of selection. .After three cycles
of recurrent selection they obtained a 14 percent.reduction
in root necrosis, a 39 percent }ncreasé in plant height
which contributed to an 80.percent increase in dry matter
yield. Selection was based on plant phenofypic traits.f 5.
height and root necrosis, and it cuiminated in the
development of six syntﬁetic.strains four of which are being
tested in seed and dry matter yield trials.

Present research aims at improving Ehe selection
criteria and crossing strategy in the breeding programme,
aﬁd at determining the genetics of plant reaction to alfalfa
sickness. The study has.three major objectives:

1. to 'improve the breeding strategy and selection criteria
of the breeding brogramme,
2. to determine some genetic parameters of plant reaction

-to.alfalfa sickness in alfalfa clones seleéted for



resistance to alfalfa sickness,
to evaluate the stability in yield of material which has
been selected for relatively low root necrosis and high

dry matter yierd in alfalfa sick soil. : L



II. LITERATURE REVIEW
Alfalfa sickness was first observed by Goettel in 1962 on
light text;red dark grey luvisolic soils, with a pH range of
5.6 to 6.7. Webster et al. (1967) considered that the
sickness might ‘be attributed to toxic‘substances in the
soil, which inhibited healthy growth of subsequent alfalfa
crops. A similar pattéfn of poor growth has been reported in
Idaho, where liming eliminated the sickness (Harder et al.,
1962) and in Washington (Weber and Leggett, 1966) where it
was attributed to ineffective rhizobia. The sickness in
Canada has not been observed in other crops such as red
.clover'and birdsfoot-trefoil (Webster et al., 1967).

Field and glasshouse stud}es conducted in 1962 and 1965
in central Alberta indicated that alfalfa'sickness,was not
caused by a deficiency or an excess of soil moisture(Webster
et al. , 1967). The rainfall was above average and sick soil
profiles revealed moisture to a depth of 150 cm. Low subsoil
moisture might be eliminated as the cause of alfalfa
sickqéss since a watertable was found at depﬁhs of 270-330
cm in areas of good growth. Applications of nitrogen,
phosphorus, potassiuﬂz sulphur, lime and micronutrients did
not prevent the development.of the sickness (Goplen ana
Webster, 1969; Webster et al., 1967) so that nutrients wére
'ﬁotva factor. Alfalfa sickness was effectively controlled by
heat and chemical sterilization of the soil (Faechner and
Bolton, 1978; Webster et al., 1967). Vépam

(4-5(CH,-NH.C .. .Na.2H,0), which is a temporary soil
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sterilant eliminated all symptoms of the sickness. Thus the
piimary cause of alfalfa sickness was believed to be |
. biological in nature but has not been identified.

Webster et al. (1972) studied the relationship of the
nemétode Paratylenchus projectus to alfalfa sickness on the
recommendation of W.R. Orcﬁard who had from 1962 to 1969
consistently found high counts of the nematode in alfalfa
sick soils. This finding was verified in a preliminary -
survey of north and central Alberta (Webster ot al., 1972).
A more extensivé survey (Webster and Hawn, 1973) revealed
that counts of P. projectus were neither related to soil
parameters nor to the cropping history of an area.
Inoculation of alfalfa seedling with P. projectus (Damirgi
et al., 1976) did not ﬁroduce alfalfa sickness symptoms. The
high counts of P. projectus were thus attributed to'theﬂ
presence of decayed roots from alfalfa sick ;lants.

Pathogenicity studies of root lesions on alfalfa sick
plants identified P. megasperma as a primary causal agent of
the sickness (Damirgi et al., 1978, 1979). Several fungi
(Pythium sp, Altenaria sp, Fusarium sp, vTr*_ichoder‘mas sp,
Phytophthora sp) and bacteria were isolated but only P.
megasperma produced disease symptoms similar to alfalfa
sickness in seedlings. An extract from sick soil produced

alfalfa sickness, and'seedlings displayed a common reaction

to alfalfa sickness and P. megasperma infection.
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A, PHYTOPHTHORA MEGASPERMA

P. mégaspeﬁma root rot is characterised by the
destruction of most fine lateral roots with large téproot
iesions originating from spongy phellem cells at the base of
the lateral roots. There are restricted taproot lesions
associated with the wound periderm formed around the
infected area (Bushong and Gerderman, 1959; Erwin, 1954;
Marks and Mitchell, 1970). This causes foliar
discolouration, stunting and death of the plants. These
syﬁbtoms are similar to alfalfa sickness.

P. megasperma root rot has a wide geographic
distribution in North America.and Australia. It has been
reported in California (Erwin, 1954), Illinois (Bushong and -
Gerderman, 1959), Arizona (Hine et al., 1972), Ontario (Chi,
1966), Wyoming (Gray et al., 1983), New York (wilkinson and
Millar, 1982), Australia (Bray and Irwin, 1978; Purss, 1969)
and Mexico (Aguirre et‘ali, 1983). The distribution éf P.
megasperma varies within a soil profile.'Gray and Hine
(1976) recovered the fungus at dépths.up to 56 and 80 cm in'
a clay'and a loam soil respectively. Most root lesions were
observed from 4~to 25 cm below the éoil surface. Erwin
(1954) first reported Phytophthor*.a cryptogea as the cause of
this root rot but later (1965) reclassif;ed the pafhogen as
a specialisea strain of P. megasperma Drechs. The fungus is
associated with pborly drained or heavily irrigated soils
and excessive rainfall (Pratt and Mitchell, 1973), wﬁile

alfalfa sickness is not associated with these conditions
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(Webster et al., 1967). P. megaspéﬂma and alfalfa sickness
both reduce yield,most.drasticaliy in juvenile plants
(Purss, 1969; Webster et al., 1967; 1972).'Gray and Hine
(1976) observed tﬁat the pathogen initially infects
seedlings at 4 to 8 weeks of age, similar to the in{tiai
infection time for alfalfa sickness .(Faechner, 1977). These
diseases are both very persistent -in the soil, copéistent
Wit? the long survival of oospcres and chlamydos@dres of P.
mege;épenma (Pratvt and Mitcheil, 1975). P. megaébeﬁma |
remained infective nfter 3 to 9 months of storage at 4°C at ) ‘
‘high'moisture levels. At moisture levels below 40 bar
tension, pathogenicity was greatly reduced. Susceptible
cultivars in a naturally infected soil increased the
activity of the fungus more than resistant cultivars; and
the actiQity declined in theipresence of non-host crops such
as maize, oats, ﬁlover, soybean and peas. P. megéspeﬁma is
therefore a poor Sapropﬁyte. Ham and Hansén (1981) reported
a strong host specificity of P. megasperma for alfalfa,
however, Wilcox and Miretich (1982) démonstrated-a host non
specificity of P. mégasperma isolates'recovered from
fourteen different plant species. |

P. megaSpera sporulates = cool (15-20°C) moist
conditions, with moisture being the most important
determinént followed by temperaﬁure (Frbsheiser; 1969;
Johnson and Morgan,  1965; Pratt and Mitchell, 1973, 1975)..
Spore germination and hyphai development is affected by the

chemical composition of the microflora. Levels of P.
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megasperma inoculum 1ncreased upon the 1ntroduct10n of
alfalfa seeds or seedllngs to the soil in both glasshousel
and field studies (Pratt and Mltchell 1973). Zoospore

attraction to alfalfa roots was demonstrated by Marks’ and

Mitchell (1970).
B. INFECTION I S )
Zoospores are the pr1nc1ple“propagule respon51ble for

seedllng infection by P. megasperma (W1lk1nsonzand Mlllar,

- 1982), however Basuf(1981)¥reported the existence of
chlam&dosporea as a%spil éurnivai and primary infective
propegule. Initial root infection wasaassotiated with root
nodules (Gray and Hine, 1976), the region of cell divisfoh
and cell extension at the root apex, and the junction“of the
lateral and tap roots (Irwin, 1976; Marks and Mitehell; |
1971). There was a 24 ‘percent increase in seedting death
upon infection with Rhizobium melilbtf:lZobspores mostly
hencyst at these infection sites where.they germinate and
penetrate the root with an 1nfect10n peg. Marks and Mrtchell
(1971) reported that no appressorla were formed and hyphal
growth within the root is both inter}and»intracellularq_"
causing extensive damage to the vaScblar'SyetemS:in young

oy

material whlle being mostly restr1cted to the cortex 1n

older plants. Consequently root rot damage is m1n1mal 1n e
lignified tissue but results 1n rapld death of young plants )

Post- emergence damping off has been reported by Bushong and

- Gerderman (1959), Sm1ttenhenner'(1964), Johnson-and Morgan
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(1965) and Gray ét a;.,(1973)'whi1e pre-emergence daméing
off has been rgpbrted by some workers (Bushong and | )
Gerderman,  1959; Gray et al., 1973) and disputed by others
Johhgon and.Morgan, 1965; Smitthenner, 1964;. The literature
does not report seedling damping off.in association with
alfalfa‘éickness. The -temperature raﬁge favoufing infection
is wide (17-27 °C), the optimum being 20-24°C (Erwin} 1965{
Pratt and Mitchell, 1975). Wilkinson and Miller (1982)
reported that root rot was directly propoftional and plant
sﬁrVival inversely.prportibnal.go soil moisture. Tﬁis Waé
attributed to a possible increase in available nutrients
from the rqots.due to leakage angd diffusion'in the high
water medium (Ta-Li Kuan and Erwiﬁ 1982).
Thefevidehce for P. megaspgnha being the primary cause

of alfalfa sickness is_strong”ﬁut inconclusive. P.
megasperma is known to be most prevalent in heavy poorly
draiﬁed soils and in areas,of frequent heavy rainfall. or
irrigation. This is got congistent with alfélfa‘sickness,
and P. megasperma is not consistently isolated from root
lesions of alfélfa sick plants: Reelééef (1982) concluded
/ th;%'P.‘mégaspéPma does not cause alfalfa sickness but other
organisms including Cy! indrocarpon gracijle and Fusarium |
roseum do. Reeledér aléo-;oncluded that low soil fertility
(particularly sulphur) contributés'to alfalfa sickness.
fgoculating alfalfa seedlings with P. megasperma produced
symptoms which were different froﬁ alfalfa sickness, a

finding which contradicts work done by Damirgi (1978) and
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differs from the description of P. megasperma root rot by
MafksAand Mitchell (1970), Erwin (1954) and Bushong and
Gerdérman (1959). Furthermore, soil‘nutrient status'wa§
"earlier discarded as a major factor in alfalfa sickness
(Webgter et al., 1967). 1t is important to nbte‘that the
survey by Reéleder (1992) was conducted mostly on soils
which are inherently low in mineral nutrients particularly
sulphur and this could be the reason for Reeleder's
association of the sickness with low soil nutrients. Alfalfa
sickness primarily affects juvenile plants but Reeleder.
worked with randomly chosen established fields. It is
therefore pbssib%e that Reeleder was stﬁdying alfalfa root
rots different ﬁrém alfalfa sickness. Further contr ‘ersy
was presented by Hawn and Kozub (1978) who identified P..
pPOjectUS‘as the cause-of alfalfa sickness in:éombination
with low soil pH, and low soil fertility. Stelfox and
Williams (1980) identified'Pythium species aé a cause of
alfalfa sickness. |

The reasons for these contradictory jindinés are not
clear. The age of the plants dhder_study varies among the
workers. Wébster et al. 1196f). Damirgi et al? (1976; 1978,
1979), and Faechner and/Bolton (1978a and ‘b) worked with
juvenile plants while Reeleder (1982), Hawn and Kozub
(1978), énd StéEYox and Wiliiams (1980) surveyed ! < range
of plant ages. The sick soil as observed by Goettel (1962)
and Webster et al. (1967) had a light'textured surface

~horizon while Reeleder sampled heavy soils. The definition

"
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of alfalfa sickness is ambiguous because the éausal factors
are unknown. The sickness is thus open to numerous possibly
contradictory interpretations depending on plant age, soil ,
types, moisture and nutrient status and the predominant
organisms. For the purpose of this study, alfalfa sickness
is defined .as poor growth of juvenile alfalfa bearing the
disease symptoms described on page 4 Chapter i. B %rom
Webster et al. (1967). This definition has been used by

Damirgi et al. (1976, 1978, 1979), and Faechner and Bolton

(1978a and b). | :

C. BREEDING
JBreeding for resistance to diseasé has been defined
as selection for the inherent capacity of a plant to
prevent or restrict entry or subsequent activities‘
of aupéthogenic agent when the plant ié exposed,
under suitable environmental conditions to |
sufficient inoculum of a pathogen to causevdisease."

Kerh et al., 1972.

Med icago Sat%va.is a cross poliinated autotetraploid
and exhibits great}genetic variability. Selection hés been
conducted for numerous traits ihcluding productivity, growth
type, chemical and.structural composition, penéistence in
various environments and management regimes, seedling
vigour, recovery after forage harvest, dormahcy énd

resistance to many diseases, nematodes and insect pests.

Various methods and combinations of introduction, selection,
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crossing and evaluation have beenvémployed. Selection for
resistance to alfalfa sickness is complicated by the
undef ined natufe of the pathogen, and host-pathogen
interaction; Recurreﬂt phenotypic selection is an éffective
me thod of'breeding for alfalfa disease resisfance and has-
‘been utilised in the development of resistance to rust (Hiil
et al., 1963), common leaf spot (Graham ét.al., 1965),
bacterial wilt (Barnes et al., 1971), anthracnose (Devine
and McMurtrey, 1975) and P. megasperma root rot (Hine et
al., 1975). The success in using recurrent phenotypic
selection is attributed to the increased frequency of A
favourable genes by repeated recombinatipn.resulting @ﬁ the_‘
development of new genotybés; and ¢qnse§uently.new
.phenbtypes.

fnheritance of resistance to most diseases of alfalfa
is controlled by a single tetrasomic locus sometimes witg
ihcomplete dominance (Goplen'and‘Stanford, 1960; Kehr et
al., 1972; Lu et al., 1973; Pederson‘ané Barneé,.1965). Lu
et 37; (1973) found that sﬁsceptibilipy in alfalfa to P.
/megaspeﬁma infection was conditioned by a single incomplete
dominant tetrasomic gene and Irwin et al. (1981) observed
that the segregatibn for disease reaction in the S,aand F,
populations sudgested resistance to be ¢onditione§ by two
incompletely dominant genes. An érrangement of at least a .
duplex genotype at one 1oéus and a simplex'at"the other

locus was required before resistance was expressed. Thus

there may be two or more genetic systems controlling alfalfa
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reaction to P. megasbeﬁma. This is feasible because of the
great genetic variability existing in alfalfa. Elgin (1979)
suggests that resistance go the stem nematode in alfalfa is
conferred by at 1eZst'a'simpigg at eacﬁ of two complementary
loci. .

Variébility in alfalfa reaétion to‘P; megasperma has
been identified. Erwin (1966) showed alfalfa cultivars’
,Arabia‘#SS and #64 to be more resistant than Lahanton which
was in turn more rgsistaht thahJCaliforhia'§o&an 49, Hilma
~and Africa. On a SCalé_éf 1 to 6 Frosheisgr and Barnes
(1973) rated six cultivars of alfalfa as follows: Agate 2.7,
Lahanton 3.0, Rambler 432, Laaakv4.2, Vernal 4.6 anQ'Grimm
4.8'in decreasing order .of resisténce.'Complete.resistahce
»df alfalfa to P. megasperha is uhkno&h but several ‘cultivars
and strains have been released ‘as resistant material in the
thited States of America. Thése include Agaté (Frosheiser
and Barnes, 1973), CU 38 and'UC 47 (Lehman et al., 1969) and
HRinbon (Melton et al., 1979);.fn México, Aguirre et al;
(1983) havebdevéloped a resistant cultivar.

Thermorphological'and'physiqlogical basis of plant
resistance to P. megasperma has not been identified. Marks
vénd Mitchell‘(f970) associated resistance to larger diameter
gentral steles vf the roots, increaéed laterai rooting énd a
hypersensitive type of cortical cell reaction, the nature of
whicﬁ is unknown. The rejection of the pathogen by the plant

is seen at the cortical cell level and the endodermis in

resistant cultivars. Susceptible and resistant host plants
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'Cannot be distinguished by response tlme or massing of P.
megasperma zoospores to the roots since the observed
chemotax1s is unselectlve (Dukes and Apple, 1961; Irwin,
18976; Marks and Mltchell 1970). Thus resistance is
conferred after penetration of the host' by the zoospore germ
tube. .‘ .

Marks and Mitchell (1971) and Erwin (1966) reported
that resistance to P. megasperma was not expressed at the
seedling stage but Gray et al. (1873) observed enhanced
tesistance ln‘tnelptogeny of plants whlch sorvived pre and
post emergence damping off. Damping off could be a useful
trait in breeding against P. megasperma root rot. Pratt et
al. (1975) observed that plant reaction to the fungus was
‘expressed in cotyledons of 3 to 10 day old seedlings. The
cotyledons of susceptlble plants shr1velled after |
inoculation with zoospores while those of resistant plants
merely developed red brown locallsed necrotlc lesions on the
upper surfaces.’Cbtyledon reaction was significantly
correlated with root rot. |

There is a soyrce of resistance to P. megasperma within
the cultivated alfalfa and closely related diploid and
tetraploid Medicago speoies (Irwin et al., lg81) which may
be used to‘deyelop more resistant cultivars using the
current phenotypic selectlon in both seedling and adult
plants.

Control . of alfalfa sickness by chemical, physical and

plant breeding'means has been studied‘by Faechner and Bolton
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(1978a, 1978b); Cultivars of Medicago media namely Beaver
(B),.Vernal (V), Grimm (G), and Roamer (R) were evaluated
over three Cycleé of recurfent selection in growth room and
field experiments. Phenotypic selection was based on plant
height, yield and root necrosis. Gene;al and specific
combining abilities of progenies from a) six resistant and
b) five susceptible selected parents were analysed. Also
evaluated were the effects on alfalfa sickness of four
- fungicides (Benlate (benomyl), Dexon (Fenameno sulphur),
Metazoloxan (drazoloxan) and Dowcb 269 (nurelle), steam and
chemical (Vapam) sterilization and soil pH on alfalfa
sickness. The final tést was a comparison of P. megasperma
infection to alfalfa sickneds. '

Results confirmed the similarity of alfalfa sickness to
P. megasperma infection, and demonstrated thevefféctivenéss
of soil sterilization, .chemical treatment (Dowco 269) and
plant breeding. Of these controi measures, planﬁ breedingais
the least expeqéive and most practical. Disease was
hegatively correlated to planf height and dry matter yield
and after one selectiqﬁ cycle,disease'rating decreased by 10
'percent while heiqht and dry matﬁéf yield increased by 11
and 18 percent respéctively. After three selection,cycleé,
the corresponding percentagés_were'14, 39 and 80 percent.‘
The predominancé of the general combining ability effects
suggests a large add%tive genetic variation.

From these studies the lines 2V96, 2R163, 2R187, 1B29,

- 1B73, 2B76, and 2V13 were recommended for inclusion in a



disease resistant synéhetic while 1GP2b, 1GP21, 1GP130,
1R11, 1R118 and 1VP19 were suitable for synthesising a
susceptible strain. The number before the cuitivar name
designates the cycle of selction while the number following
the cultivar was ‘arbitrarily given in 0 selection cycle.
These clones were recommended on the basis of dry matter
yiela, plant height, root disease ratiﬁg and general
combining ability.

Faechner's recurrent selection culminated in the
Fevelopment of six resistant synthetic strains four of which

g

are undergoing yield tests in western Canada.

D. DIALLELS

A diallel croﬁs isAa.mating design in which individuals
of a group are mated with each other in all possible
combinations. Diallels have been employed to evaluate
parental lines on the basis 'of the performance of their
'progenies (with or withouﬁ the parental lines) and have been
~used for the analysis of components of genetic variation for .
numerous traits in various crop plants. Mason and Zuber
(1976) have employed diallel cross analysis in maize
bfeeding, while Jinks (1954) applied it to cotton. In wheat,
Crumpacker and Allard (1962) used diallels in studing
heading dates, and in barley, Johnson and Aksel (1959)
examined.yiéld inheritance. Heterosis was studied by Turner

(1953) in upland cotton and Tan et al. (1979) applied

diallel analysis to bromegrass. (See "Materials and Methods"
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for a detailed discussion of diallel cross analysis.)

E. GENOTYPE X ENVIRONMENT INTERACTION

Herbage piants, such as :alfalfa grow under a great
diversity of conditions répresented'by variations. in soil
" and weathef conditions and management within a Qrowing
season and over the years. Thus where gehotype X environment
interactions exist, valid genotype comparisons cén only be
made within an environment but the stability of a cultivar
over a range of environments may be studied (Breese, 1969).
Genotype x environment interactions represent a change in
the relative ranking of the genotypes and a change in the .
magnitude of differences between genotypes from one
environment to another - (Nguyen, 1980). .

The most commonly used fechnique of anélysing genotype
X gnvironment interactions is the linear regression
technique where the'interact;on is partitioned to sources
due to -the interaction of each genotype with the environment
(Eberhart and Russel, 1966; Finléy and Wilkinson, 1963).
(See "Materials and Methods" for a discussion of genotype x
- environment analysis.)

There are relatively feQ studies reported using
'regression analysis on perennial forage species and these
include reports by: Gray (1982) and Breese (1969) in
orchafdgrass (Dactylis glomerata), Troughton (1970) and Hill
and. Samuel (1971) in perennial ryegrass (Lol ium perenne),

Tan et al. (1979) in smooth bromegrass (Bromus inermis) and
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Nguyen et al. (1980) in tall fescue (f;estuéa arund i naceae) .
The regressiop technique has been more widely applied to
annual crops such as maize (Zea mais) (Eberhart and Russel,
1966, 1969), and soybean/(Glycine max) (Baihaki et al.,
1976) .

The interaction of genoﬁypes witﬁ the environment is
under’ genetic control (Eberhart and Russel, 1966) and
follows a predictable pattern which can be measured by
regression and can be used as a seléction_trait_in bfeeding

for stable genotypes.



ITI. MATERIALS AND METHODS

A. INTRODUCTION

Four experiments were conducted in this study, two in-
the f;eld and two in the glasshouse. The field tests
consisted of two full diallels (I and II):QSEEEEEB of
progenies from eight and nine alfalfa clones respectively.
They were grown on non-alfalfa sick soil to provide a summer
cut (A) in July and a fall cut (B) in September. Experiment
‘three in the glasshouse was coﬁposed of a half diallel (III)
of progenies from nine clones grown on alfalfa sick soil and
the fourth experiment was a coméafative study of four
alfalfa strains grown in sterilised ahd7un$terilised sick
soil. Sick soil is the term given to soils which induce
alfalfa sickness symptoms in seealings as described by
 Webster et al; (1967). In the glasshouse studies, sick soil
was cbllected from a field in Spruce Grove which was
identified as-causing alfalfa sickness by Faechner (1978).

, In the four experiments, seed preparation prior to
planting was common. Alfalfa seeds were scarified with
sandpaper and germinatéd on moist filter paper in petri
dishes at room temperature. At a radi;le length of 0.5 to 1

cm, the germinated seed was inoculated with a commercial

culture of Rhizobium meliloti and planted.

23
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B. MATERIALS
The‘parental clones used' in the three diallel crosses

were selected by Faechner (1977) for their high yield and
resistance to alfalfa sickness. Diallel I contained F,
crosées and reciprocéls éf eight glonesA(Appendix 3), Whiie
diallel 1I compared the same p;ogenies with commer;ial
Beaver. All.pareﬁtal clone§ originated from cultivars of
Med icago médié..The clonal name was composed of a:ietter
derived from the cultivar name, (Roamer (R),‘Grimm (G),
Vernal (V)-“and Beaver (B)) the numbers 0, 1, 2 and 3
preceded the cultivar letter and represent the selection
"cycle, while the number after the cultivar name was
arbitrarily given iA 0 selection cycle. The parental clones
were.established in the glasshouse on a sandy loam énd
intercrossed manually in.all éossiblé combinations to yteld

-

seed which was stored in a cool environment prior to

2

planting. The parental lines were not included in the three
Adiallel‘tests; In experiment.fouf two resistant strains 2B9
X 2G169 and Br 1 (Appendix 3), one susceptible line 1GP130 X‘
-1V58 and Beaver were evaluated. The letter P in 1GP130
designates a line éelecﬂéd'for its susceptibility. Br 1 is
one of six alfalfa sgrains'synthéSised'from Faechnér's
resistant selections. The constituent straiﬁs (Appendix 4)

were grown in the glasshouse and intercrossed manually to

‘give seed stock for the synthetic.
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C. METHODS

FIELD EXPERIMENTS

Diallels I and II.crosses were esﬁablished.in‘adjaceﬁt
fields at the University Parkland Farm in Edmonton_(locatioﬂ
.NE07-052-24—4), The site chosen has a black chernozem silty
clay loam and was fallow for three yearé prior to planting.
Appendix Svgives the .physical characteristic¢s Qf the soil,
thle Appendix 6 is a summary of the rainfall and
temperature data from 1975 to 1984 for the months May to
~ September inclusive. The 10 year éverage,rainfall is 35.2 cm
with a mean daily temperature of 13.1°C.

Field preparétion_involved discing, harrowing and an
‘application ofba granular phosphatic fertilizer (0 45 0) at
300 kilograms per hectare (135 kg ons/ha). The germinated,
inoculated seed was planted in sterélised soil in individual
root trainers. Appendix 5 giveé the physical characteristiés
of this sdil. The seedlings 3ere grown in the glasshousé at
18°C under natural lighting (Apfil and May) for six weeks,
then cut back to 10 cm from the soil. They were then moved
to Parklahd Farmland hardeﬁed in the sun prior to planting.
At planting, oné litre of a starter solutiop‘(10 52 10) at 5
grams per litre was given to eéch plant.

Diallel I was estéblished in June 1982 and contains,
progenies of eight resistant parents. A randomised block
'design with ghree replication and four plaﬁts in each plot

was employed (Griffing's method 3, mixed model II). Yield
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data were obtained from six cuts. Two cuts, one %n mid J%ly
(A); the other in late Augqu (B) were made in eacﬁ/of the
three growing seasons (f982, 1983, 1984), using hand sickies
to cdt each individualfplant.“Plants from each. plot were
placed in.a cloth b;g.andvdrfed_at 35—40°C»for'thrge Lo five
days (until they were completely dry) and then weiéhed‘to

£ o . , .
the nearest gram. Also recorded were théinﬁmbeg,oflplaﬁtélin
each plot at the time of cuttiﬁg.‘ ‘

Diallel II, also a randomised Bléck,desigh}?cbntéiﬁed
progenies of nine parents (the same eight-parents~infdiallel
I and Beaver), in six replications with six élapts péf plot. -
This diallel was established in June 1983 using the same
vprocedures described previously. Three cuts were taken, one
using hand sickles in September 5983iand two using a mower -
and a sickle in July and August 1984. The samples-were dried
and weighed to the nearest gram. The six cuts from dig}lel
I, and three cuts from diallel II constituted’thé.nine
different environménts for which the Eberhart-Russel

regression technique of genotype stability analysis was

employed.

GLASSHOUSE EXPERIMENTS

DIALLEL III

In the glasshouse, a half diallel without the
parental lines was established on a;falfa-sick soil to
evaluate the geneticé of piant reaction to alfalfa

‘sickness. The alfalfa sick.soil is a light textured

A
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chernozem within the biack great group.composed of 75
percent Peace Hills fine sandy -loam aﬁd‘25 percent
Ponoka loam. The soil was collected iirom several random
locagions within a sick field to a depth of 15 cm at
Spruce Grove, 28 km west of Edmonton. The soil was
»thoroughly mixed and sieved.in a 0.6 cm wire mesh screen
and stored in a cold rooﬁ at 4°C. The thirty six crbsses
were grown in a randomised block design with six “
replications and fdur plants per plot. The experimenﬁal_
“unit was a 13 cm?diaﬁeter plastic pot which was filled
with'soil'up to approximatéiy 2.5 cm from the top.
Stylofoam chips were placed beneath the soil to
facilitate drainage.

| Four germinated seeds were planted in each pot and
wéeding was donemby hand. This e%periment was grown for
thirty five to fourty two déys at a tehperatL - of 18°C
under natural spring andvsummer daylight (Aprii to
+ August 1984). Plant height, leéf area, dry leaf weight,
total dry matter yield and root disease rating were
determined. Plant heights were measured from the soil
surface to Ehe top 1eaf while leaf area was measured. .
using an automatic leaf aréa meter. The leaves (in one
bag) and the stems and petioles (in another bag) were
oven dried at 57°C for seven to nine days untillthey'
Wére completely~dry.'Thé%afy weights were taken to)£he

I SN

nearest .001 g. Root disease rating was based on the

system used by Faechner and Bolton (1978). The roots



were washe@ clean of all soil‘énd visually examined

under a light microscope and rated on a scale of 1 to 5

as follows:

1. Aclean healthy roots

2. vroots with slight browning and lesions

3. roots with bgownish'well defined lesions

4, roots with severe lesibning

5. dead plants.

A ragang of 5 was not recorded in this eXpériment as

plant death could not be exclusively associ§ted with

alfalfa sickness. h i |
. N | ‘

EXPERIMENT FOUR . -

This experiment involved growing four alfalfa
‘strains 2B29 X 2G169 (F.R.), 1GP130 X 1V58 (F.S.), Br |
and commercial Beéver in sick and sterilised soil for a
peridd of 35 to 42 days to compare their performance as
different genetic,strains in the two soil treatments.
Sick soil was collected, sieved aéd storedﬂas in the at .
1.8 kg per sqguare centimeter.glasshousg diéllel and part
of it was autoclaved at 130°C for 30 miﬁutes prior to
planting, 13 cm plastic pots were fiiled with soil and
planted with four seeds which had been germinated and
"inoculated with R. meliloti as described.eaflier; Each
entry was grown 1in six pots containing sick soil and six
pots withtsterilised soil. This allowed for a
destructive sampling of one pof from each of the sick

and sterilised soil for each entry every seven to-nine



days. The samples were assessed_for‘plant height, leaf
_'area, leaf dry weight and root necrosis. The experiment

was maintained &t 18°C under natural iighting from April\

to August 1984. A split plot éesign was used with the

four strains énd two soil treatments assignéd'fo the

main and subplots respectively.

At each sampling date, one pot of.eacﬂ entry was
analysed from the autoclaved and unautoclaved sick soil
for plant height, leaf area, leaf dry weight and root
browning. From the leaf pé;ameters it was possible to
calculate the séecific leéf weight so fhét it might.be

uded as an index of photosyntﬁetic activity over the

growing period. Cross product analysis of these traits

was conducted.
D. STATISTICS

DIALLEL CROSS ANALYSIS | .
| The dial;el Cross anaiysis»was déveloped by Jinks and
Hayman (Jinks and Hayman, 1953; Jinks, T952; Haqun, 1954a,
1954b) and has been modified‘(Griffing; 1956; Hallowef,

1981) to provide éh estiﬁate of the genetic components of
variation after only one filial generation. Griffing (1956)
noted that parental and F, data have distinct advantages

over data from‘segregating generétions‘in studying
quantitative genetic systems as they are unaf%ected by

segregation and'linkagé, and therefore reguire relatively



few individuals for efficient estimation of genetic
parameter;.
A diallel is the set of P* possible single crossés and
selfs between p homozygous lines (Hayman, 1954; Gfiffing,
1956); These crosses may be represented by a p'x p matrix
containing i) the inbred lines, ii) one group of p(p-1)/2
F,'s, iii) one grbup of p(p-1)/2 recip;ocal F,'é.
There are four possible classes of diallel crosses
depending on the inclusion or exclusion of thé parents and
the reciprocal F,'s. These are: |
1. a full diéllel where the parents, one set of f.'s and -
the. reciprocals are included (p? combinations),

2. a half diallel where the parents and one set of F,'s ére
included (1/2 p (p+1) combinations)

3. é "full progeny"” diallel where thé F,'s and reciprocal
F.'s are'incluaed (p(p-1) combinations)

4. a partial diallel where only éhe set of F,'s is‘included

(;)ép(p—l) combinations).

Each diallel method yields different -statistics and
consequently the analysis and estimation of components of
Qenetic.variation vary. |

Analysis also varies depending on the assumptions made
pertaining to the sampling, the genetic control of the
“trait(s) of interest ahd £he experimental design. Griffing
(1956) identified two alternate assumptions related to the
sampling of expérimental.material'

1. the parental lines or the experimental material are a



raﬁdom sample from some population about which
inferences are made,

the parental lines are delibérateiy chosen and therefore
the experimental material constitutes the entire

population about which inferences are made.

There are six basic assumptions concerning the genetics of

the experimental material in a diallel. These are:

1.

2.

5.

6.

diploid segregations

absence of reciprocal differences,(maternal effects)
homozygosity of parental lines

absence of multiple allelism

independent gene distribution

independent action of non allelic genes.

Another set of assumptions relate to the experimental design

with specific reference to whether the exberimental material

Lo

is assigned to experimental units in a fixed or random .

manner. The most commonly used design in diallel analysis is

the randomised block design (Griffing, 1956) where the

-.experimental material is assigned either to fixed or

randéﬁised blocks.

The sampling and design assumptions give rise to

Griffing;gx¥5hr methods of diallel analysis.

1.

Model I where the variety (material) and block effects

are constant.
Model II where the variety and block effects are
randomised.

Mixed Model I where the variety effects are random and



the block effects are constant.
4. Mixed Model II where the variéﬁy effects are constant

and the'block effecté are random. |
The diallels in this study are mixed model II, methods 3 and
4 for the field and glasshouse diallels.respeq;ively.
Experimental populations rarely meet all the assumptions but
forms- of diallel ahalysis have been developed to provide a
measure of the deviations from some of the assumptions.
Allelic interaction$ and reciprocal effects may be estimated
and the‘condition éf homozygosity may be waived if there is
sufficient genetic Variaﬁility émong the parental linés,
with a similar cpefficient of inbreeding (Hayman, 1954;
Kempthorne, 1956). |

In general, diallels can yield the'following estimates

1. the total phenotypic variation a
2. the genetic and environmental component of variation
3. the additive and non additive components of genetic

variation
4. the domina6ce and epistatic interactions.
Griffing's approach ©f employing general ghd specific
combining abilities to estimate genetic parameters has been.
used here.\The generél combining ability (G.C.A.) has been
defined as the averade performance of a line in hybrid
combination and the Specific combining ability'(S,C.A.)
refefs‘to‘those‘hybrid combinations which are above or below
the averaée performance of a give line (Sprague and Tatum,

1942). The additive and non-additive components of genetic



e

variation is estimated from their direct relationship to the

\,

\

G.C.A. and S.C.A. respectively since:
. ‘y‘

13

ca*=20g9? and ona’gos?

where

ca*=additive genetic variance

ona*=non-additive genetic-variénce

0g*=G.C.A. |

05?=S.C.A.

The estimation of these components of genetic variance,
however is only possible in experimental material which meet
the assumptions adequately. Alfalfa is-an autotetraploid and

.

bgcause it forms diploid gametes does not rg%ch‘equilib;igm

after one generation of random mating. The pérental lines

are not homoéygous and the results from these experiﬁents

can only be usedhto allude totthe'reiative importance of

aaditive and non—additive genetic.variation in the system.
Griffing's analysié of diallel érossés consists of

three basic steps: . , o

1. an analysis of variance for genotypic differencés-among
the entries in the experiment and a test of the
effectiveness of the experimental design;'

2. an analysis of variance for the reciprocal and maternal
effects and‘thé general and specific combining abilities
of the inbred (parental; iines, |

3. an estimation of the general and specific combining

ability effects.



This provides a guantitative measure with which parental
lines and their‘progenies may be evaluated. An estimation of
the genetic components of variation may constitute a fourth
step provided the assumptions are appropriatély met,
Diallels may be incorpbrated into a variery of breeding
programmes to develop hybrid or synthetic cultivars by means
of recurrent or mass sélection. The diallel selective mating
system (Hallower, 1981) was developed as a means of |
broaéening the genetic base of the breéding popularion
particularly in autogamous crops. It enables the
imtercrossing of selected plants in eagh generation for
maximum recombination, and new germplasm,may‘be introduced
at any stage of selecfion, with cultivars being extracted at

any stage.

STABILITY ANALYSIS‘

| The development éf‘forage‘cultivars'mhich-maintain a
migh.levél of'performance over a wide range of environments
is an 1mportant goal of most breéﬁlng programmes. The .
relative performance of different genotypes varies from one
environment to another for guantitative traits such as
yield;,This necessitates the study Qf genotypeé by

- environment (G-X E) interactions which, if not evaluated
detraqf from the efficiency of the selection procedure while
making it difficult to decide on the most smitable

t

genotypes.



The classical approéch to studying G X E interactions
(Sprague and Federer, 19515 estimates the variance due fo
the environments and the G X E interaction but gives nov
measure of individual genotype résponse to different
environmehts (Nguyen et al., 1980). This response is
deterﬁined in the'iinear.regression analysis technique'which
was originally'proposed by Yates and Co;hran (1938) and
later modified by Finley and Wilkinson (1963) and Eberhart
~and Russel (1966). The Finley and Wilkinson linear
regreagion technigque provides one measuré of stability, the.
coefficient of regression (bi) of cultivar mean at each
environment on the mean yield of that environment. The
"Ebertharf and Russel technigue provides two stability
parameters; the regression coefficient obtained by the
regression of an environmental index (measured by the ﬁean
performance of all genotypes grown in a given enviroﬁment
minus the grana mean) on the performance of each gen-type in
eaéhvénvironmént, and the deviation from regressi - ,ﬁ
square (Sd?). The following model defines the\pafameteré

used in the Eberhart-Russel regression analysis technique: .

IR R o 2 I
Yljul BJ. j“élj

where yijis the variety mean of the jth variety at the Jth
environment, ui'is the mean of the jth variety over all

‘environments, Bi is the regression.coefficient that measures



the response of the Jjth variety to varying environments, %j
is the deviation from regression of the jth variety at the
Jth environhent, and Ij is the environmental indek obtained
as the mean of all varieties at the jth environment minus
_the grand mean. In this model, a stable genotype is one with
a unit regression coefficient (bi=1.0) and with_no ) ‘
deviations from regression (S3*d ?O). Fin}ey and Wilk}nsgn

' (1966) defined stable cultivars as those whose performance
was relatively constant over different environments with a
regression coefficient below 1 (bi<1.0). This definition was
criticised by Breese (1969) who stressed the importance of
deviations from regression in assessing stability and by
Eberhart and Russel (1966) who established that cultivarsl

with a regression coefficient less than 1 often have below

average mean yields. The complete analysis of genotype .

' -

stability involves an analysis of variance for the genotype
ahd environments and genotype x eﬁvironment ;nteraction;
followed by the linear regression analysis. The linear
regression technigue can be uéed to predict the performance

of genotypes in environments other than those sampled

experimentally (Tan et al., 1979).



IV. RESULTS

A. DIALLELS I AND 11
An analysis of variance for dry matter yield was
vconducted on data from diallels I and II for each of the
nine cuts for seventy-two crosses (Table 1). There were
significant genotypic differences in cuts A and B in 1982
4and 1984 for diallel I and in 1983, and cuts A and B Qf 1984
for dia%lel IT. Significant F values were obtained for 'the
1983 A cut -but not the 1983 B cut of diallel I. The F values
for total yield were_highly significant for 1982 and 1984
and for the combined 1982 to 1984 analyeis in.diallel I. The
enalysis of totalAdry matter yield in 1983 of diallel I and
1983 and 1984 combined in diallel II were significant at
PQ0.0S,iwpile no genotypic differences were detected in the
analysis of the total yield of 1984 in diallel II. Except
for the establishment years, larger F ratios for genotype
mean sguare were obtained in the cet.A,fﬁén the cut B,
Tables 2 and 3 present Griffing's analysis of variance

among the alfalfa clones in diallels 1 and II for general
and specific combining ability (G.C.A., S.C.A.) and for
:maternél and reciprocal variances. There were significant
G.C.A. variances amoﬁg the parental clones in all cuts of
the two dialleis‘except the 1983 cuts (A and B) of diallel
I. No significant S.C.A. variances were observed in any cut
. except 1982 A of diallel I where they were significant only

" at P<0.05. Reciprocal differences among the clones were

37



predominantly due to maternal effects in diallel I and were
detected only in the 1983 cut of diallel II. The test for
reciprocal maternal differences was not significant in 1984
A and B of diallel II aﬁd 1983 B of diallel I. With the
removal of the maternal effects, the residual reciprocal
differences amoeg the nine clones and their progeny were
insignificant.

In Table 4, the G.C.A. effects of each clone at each
environment are presented with the standard error of
difference between eny two effects. Table 5 summarises these
results, listing fhe clones that were Significantly
different from each other at each environment, and over{the
ﬁihe_envirenments.:Parental clones 2G169, 1VP9 and ¥B76‘had
predominantly high effects while 2V13 and 2B183 hadf .
predominantly low effects. Clone 2B29 had G.C.A. effeets
closest to the mean whiie 1G169 and 2R187 exhibited |
inconsistent effects in ..e two diallels. Clene 1G169 had
high'effects in diallel I and lo;.effects in diallel I1I
while 2R187 exhibited the reverse situation. Beaver had
G.C.A., effects clese to the mean in:diallel IT.

An overall ranking of the clones for G.C.A. in the two
diallels placed clones’1VP9, 2G169, 2B76 consistently at the
top, 2V13, 2B183 at the bottom and 2B29 in the middle.
Clones 1G169 and 2R187 céuld not'be classified in this
mbnnervdue to their apparent lack of stability forlG.C.A4-in
the two diallels. The differences observed in the relative

clone performance over the nine environments pointed to. the
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need for genotype stability analysis.

| Differences 'in clone pérfbrmance as male or femgié
parents have been listed.in Table 6.to give a measure of
méternal effects. In diallel II, maternal effécts»were not
detected but in diallel I they were present. Overall
mgternal effects were negative for clones with high G.C.A.
(26169, 1vP9, 2B76, 1G169). Clones 2R187 had a relatively
small G.C,A. effect and portrayed negative maternal effects
while the rest of the_clonés with avéragé of low G.C.A.

(2B183, 2V13, 2B29) had positive maternal effects.

B. GENOTYPE STABLILITY ANALY.'.SIS

The Eberhart—Russei regression technique fOr_stability
analysis was applied to eight alfalfa clones by -using the -
individual dry matfer yield for‘the progeny of each clone
over the ninevenvironments in diallels I and II as a basis
for comparison. Progenieé from Beaver were excluded from
this analysis as they were not grown in diallel I.

The analyéis of variance éor environmental, genotypiz
and genotype Ey environment in?eractioh effects(}Table 7)
revealed differences\among the nine,enyironments,>ahd
- signi. cantly different genéral'éhd specific combining
vabilities of the parental clones. In this combined analysis
for diallels I and IT, the véfidﬁce due to S.C.A. effects
was obsefved while it Qas not significant in individual cuts

(Tables 2 and,3). This may be attributed to the increased

error degrees of freedom in the combined analysis of



variance. The mean square ratio of the G.C.A. fo é.C.A. was
2.50 indicating the predominance of G.C.A. effecté in tﬁé
combined analysis of variance inspite of‘the‘significant
S.C.A. variances. Genotype by environment infepactions were
significant at P=0.05. |

Tablé 8 shows differences in mean dry natter yield at
each environment. The differences arise frbm the relatively
low dry matter yield at the first cuts after‘establishméﬁt‘
(1982 A diallel I, 1983 diallel II) in c&njunéti?n with tbé
relatively low yields of the second cuts compar§é\Fo the
first cuts in the harvests of 1983 and 1584 for diallel I
and 1984 for diallel II, The average'meaﬁ dry mattef yield
of the environmenté was 3965 kg/ha and 3651.kg/h@,for
- diallels I and II respectively. Differences of 2828, 1720,
and 3314 kg/ha existed betwéen the first;and'segond:cuts in
1983 and 1984 for diallel I and in 1984 ¢f diallel II.

Table 8 also presents the mean cione peff@g%anée of‘_
each environment in terms of the Eberhar{—Russél
_environmental index for which the average 1is zero. Thege
indices were regressed with the\mean cloae ary matter yield
" at each environment (Table 89) to obtain £wo sﬁability »
parameters, a regression coefficient bi dnd mean sdguare
deviétions from regression for each clone. Table 10 shows
that theré:was a significanﬁ linear relationship between
mean gendtfée ﬁreformance and the environment for all.
parental clones except 1VPS which has a regression

coefficient value of 0.58. Clone 2R187 had bi=0.67.wﬁile the

- Mt



other clonegﬂhad regre551on coetticients between 0U.88 and
1.17. The amount of variation accounted for by the
regression analysis rangéd from 95 to 100% except 2R187
which had a significént R* value of 0;82, and'1VP9 with a
non significant R?*:value of 0.34. |

In an étfempt‘to obtain a significant relationship
betweénvmeanvclone dry matter yield and tﬁe environment for
1VPS, the mean clone‘yielaslfor all clones Qere transﬁormed
to log,, and regressed against the Eberhart—#ussel |
. eﬁvironmenpal index (TabiéA1H5. A sigwificant‘linééf.
rela;ionship of clone performance to the environment was
attained for-all clones with R? values of 0.81 for clone
?R187 and values between 0.91 and 0.98 fqr the remaining
clonés, inclpding 1VP9. The log,, transfg}mations reduced .
the variation between the stability paramefegs of the

différent'clones.and induced a high degree of lineapity‘for'

1VP9.

C. DIALLEL I1I

Among the £hifty—six‘croséés grown in the glasshouse in
’,diailel'IIIfbsighificant differences were detected for plant
  height,.éﬁa'r6¢t necrosis but g;t’for leaf Srea, leaf dry
weight, stem weight, total dry weight and specific leaf
weight (Tabie 12). There were also highly significant\
differences among the six replications-for all characters.
Griffing's analysis of varianqe'fqr general and specific

combining ability reveal G.C.A. differences fbr.plant height

@



ana leal area Dbut Not IOr lear aQry weignt, Speclilc Llear
vweﬁght, and root necrosis. The S.C.A, variances  were not
significant for any of the traits analysed (Table 13). “
Créss product analysis revealed there was a positive
G.C.A. for:
1. Plant height with leaf area, stem dry weight, and
| specific leéf area but not Qith leaf dry weight and
total«dry.beight; A‘ @
2. “Leaf area with stem»dry weight and root necrosis;
3. Stem dry weight with all the traits except leaf Qeight:
4., Leaf dry_weiéht Qith specific leaf weight ﬂTablé 14).
~The analysis also showed thét totél dry mattegbhéd a
negative G.C.A. relationship with root necrosis.
| G.C.A. effects have beéh presented for plant height a%d
leaf area'where significant differences were detected‘(Tableﬂyf ur
15). Fér plant height, clones 1VP9 and Beaver had’the lowest -
G.C.A. effects and differed from 2B183 and 2B187-which‘had
high G.C.A., but did not gﬁffer f:omlthe other five dfdneg.
Low G.C.A. effécts for leaf area were observed in 1VPS, ﬂ
2B29, 2B76 and Beavér. Theée clones were not significantly
'Qpiffgrent from each other but differed from the remaining
clones. Clones 2V13 and TG169 but were 5ifferenf from'1G169
to 2G169 and 2B187, Clone 2B183 had the highest.G.C.A.

effect for leaf area which differed from those of all other

clones.



D. EXPERIMENT FOUR v
Analysis of variance for plaht height,lleaf area,' leaf

dry” weight, specific‘leaf weight and root necrosis of ur
alfalfa cultivars grown in sterilised and unsteriliséd sick
soil over six weeks revealed significant differences among

: e ,
genotypes, between the two soil types and over all traits
(Table {6), Significant genotype x soil interactions were
observed for height, specific leaf weight, and root necrosis
but not for leaf dry weight and leaf area. Genotype x time
‘interactions were significant for planf height, leaf area,
and diseaselbut not, for»leaf ¢ry welght and speéific'leaf
weight. The three way interactions of genotype x sqil X time
was significant for leaf area and disease score.

| A; the—last sampling (Tzble 17) Faechner's resistant'w

line 2829 x 2G16S (F.R.) was taller than Beaver and Br !

‘which were in turn taller than Faechner's susceptible line
IGP130 x VP58 (F.S.). In sterilised sick soil Br 1 and
Beaver were .not significantly different from each other. In

the unsterilised sick soill F.R. was taller than Br 1 which

ct

was sicnif.cantly caller than Beaver, while Beaver was
*aller than F.S. These significant differences were
estabtlished by week four and increased with time (Table 18).
Plant height increased exponentially in both scil types and
‘ : - R
was greater in sterilised than unsterilised sick soil from
. . ' . ('\ )
week four for all genotypes. The two-way interactions of .
genotypes with time and genotype with soil were observed in .

the early growth stages (weeks 2 and 3). "‘ ”"’“~~';L.



ln week seven the largest leat area 1in thg sterilised
soil was Qbserved’for F.R. It was not significantly
different from that of Br 1, but it was different from
Beaver and F.S. (Table 17). At this stage Br 1 and Beaver'
had similar leaf areas which were larger than that of F.S.
~In unstefilised sick s%il, (Table 18), at the last sémpling
F.R. and Br 1 had similar leaf a:éas, larger than Beaver;s.
which was in turn.different ffom the low leaf area of F.S.
Table 18 shows that inﬁeractions between genotypes, soil and
time occurred predominantly in the first three weeks of
plant growth. The average ieaf area was significantly
greater in sterilised than unsterilised soil.

At the last sampling in the sterilised soil (Table 17)
leaf weights were greatest for F.R. followed by Br 1,
Beaver, and F.S. in that order and were all significantly
different from each other. Ingthe‘unsterilised soil Br 1 had
the highest leaf weight followed by F.R., Beaver and F.S. in
that order, all significantly different from each other.
Genotypic differences for leaf weight were obggrvedxffom
- week féur (Table 18), énd in all genotypes higher weights':
were observed in the sterilised than unsterilised soil.

In week seven there were no significant differences in
" specific leaf weights (S.L.W.) for gll‘geﬁotypes in:
sterilised sick soil, and in the unst: . sed sick soil
(Table 17). F.R. had'a highe; S.L.W. tha~ Bsaver, Br ‘1, and
f.S: which were not significantly differc..t from each other.

The S.L.W. in week two were high (Table 18).



With respect to root necrosis.(Table 19) there were no
significant genotypic differences in weeks‘two and thfee,
buf F.S. and F.R. showed valid @ifferences by week four. In
week five all genotypes were significantly different for
root necrosis with F.S. having the highest disease score
(2.9) followed by Beaver (2.4), Br | (1.8) and F.R. (1.4).
‘In the following‘week F.S. had a significantly higher
disease score than Beaver, Br 1, and E.R.; and Beaver was
different from F.R. while F.R. and Br 1 were similar. F.S,.
was more necrotiq than thé other genotypes which exhibited
similar root necrosis in week seQen. For F.S. and F.R., the
disease scofes increased up to week six and .decreased in
week seven. Scores also decreased from wéek si¥ for Beaver.
‘For'Br 1, the disease score'gncreased during the first four
weeks then -dropped in weeklﬁi;e and rose aéain in weeks six
and seven. Overallgroot disease scbre rose to weeks.five to
six from where it_;aéfseép-to plateau. F;R. exhibited the
least disease symptoms"followed by Br 1 and Beaver, while

F.S. had the most root disease.

.*’



) | V. DISCUSSION

In this section, the results will be discussed bearing in
mind that since the parental clones of the three diallels
.(except Beaver) had previously been selected for resiséance
to alfalfa sickness, the experimental material does not
represent alfalfa populations in general. Thefefore, thé
results pertain only to the clones in the experiment, The
scope of the study was broadeﬁed b?_experiment four in which
alfalfa sickness resistant strains as represeﬁted by F.R.

and Br 1 were compared to susceptible strains (F.S.) in

sterilised and unsterilised sick soil.

A, DIALLELS I and I1 ‘ |

Analys;s of dry matter yield dété from diallels 1 and‘
11, conducted in the field under nine different environments
enabled the classification of'ﬁhe“alfalfa clones with
reépect to dry matter yield, general combininé ability and
stability.

‘The pfogenies of the clones exhibited'éignificant
genotypic differences af all except the 1983 cut .of dialiel
I. At that environment; the tests for general and specific
combining abilities as well as the additivé rébiprocal
effects (maternal) and specific reciprocal effects of the
clones were not significant.‘This suggegzs that there wgé an
overriding influence of factors not studied in.these tests
in the 1983 B cut for diallel I. These factors have not

reduced the mean yield and could not be determined. The

46



absence of significant S.C.A. variances show that
non—additive1gene.éction was not an important factor in
controllihg<dry matter yield ditferences amoné the .alfalfa
clones. S.C.A. differences were only detected in the first
cut_of 1982 in diallel I at P=0.05. Busbice (1969) indicated.
that non-additive genetic variance had a very small effect
on differences among alfalfa synthetics with more than four
parents sinée the variance amongvsynthetics decreases
rapidly with an increasing number of parental lines. The
presence of significant- G.C.A. (Tables 2 and 3) indicates
that additivé gene action was an‘important factor
detefmining dry matter yield among the alfalfa clones. A
positive response to récﬁrfent'gelection,could therefore be
expected particularly if clones 1VP9,‘2G169, apd.2B76,which
. poftrayed high'G.C.A. effects in most environmeAts were
4uséd. The inciugion-of clone 2B29, with near zero G.C.A.
\ef{ects, ds a fourth parent in the selection would setwe to
maintain a sufficiently bro%d genetic base. Busbice (1969)
suggested that at least four parénts were necesséry to
'prevent excessive.inbreeding in the advanced generations df
a synthetic. Response to selection would be enhanced with
the removal of clones 2V13 and 2B183 which had low G.C;A.
effects.“Thé clones with inconsistent G.C.A. effeéts between
the two diallels, 1G169 and 2R187 indicatéd the need for a
study of traits other than‘G.C.A.

Maternal éources of variation have been shown to be

important in determining seedling characters (Cal and



Obendorf, 1972; Carnahan, 1963; Singh and Hadley, 1972), but
not 1in determining ﬁature plant characters (Van Sanfordfand
Matzinger, 1982). | |
The importance of G.C.A. in developing synthetics with

good spring growth, regrowth after cutting, dry matter yield'
and resistance to diseaée.has been reported. Busbidé et al.
(1972) stressed the impdrtahcé of maintaining-a broad

genetic base in the'synthetic sinée alfalfa isAvery |
sensitive to inbreeding depression even a{ low ieVéls.
Successive geﬁéqations_of self fertilization are accompanied’
by'a pronouncedvréduétion-in vegetative vigour and seed
yield due to the genetic load 6f updeéirable factors‘
(Busbice, 1969). © ‘/// |

' Both S.C.A. ana G.C.A. are impoftant.in crops like-
maize where hybrid cultivars are commonly used (Crumpacker
and Allard, 1962; Griffing, 1956; Jinks and Hayman, 1953;
Mason and Zuber, 1976; Rutger.et al., 1971). Theré'is_
evidence of heterosis in alfalfa (Busbigg, 1969), and in
order to u;ilis? non;additive genetic vériahce (S.C.A.)
alfalfa breeders could resort to the production of narrow
based synthetics using inbred lines from which the
undesirable. factors has been removed by selection: Hybrid
culti?ars of alfalfa are ﬁot common due to difficulties in {

seed production as male -terile plants are not attractive Yo

insects.



‘B. STABILITY ANALYSIS
The ability of a genotype to respond to a change in

environment is under genetic controi (Eberhart‘and Russel,
.1969), and theregore plant selection for stability of
be;formance'over varying environments 1§ possible.
Variations among the nine environmentS‘occurréd due to
differences 'in climate,'the effect of cutting, and the stage
and ;%e of plant growth within a growinglgeaéon and over the
fears. Different lo?ations, years, managemeht practices and
vaﬁious combinations of these factors have been used to
regresent different environments in genotype x environment
studies of various crops. Tan (1979) used different
locations chosen to prbvide differences in soil type,“annual
precipitation and temperature within Albefta over two years
~for spring and fall cuts of bromegrass. Nguyen (1980) used
locations and years while Gray (1982) also varied the
environments by differences ih plant spacings. In this
study, a larger genotype x environment interaction could
have been obtained if the experiments had been conauctéd at
more than one location.

| "In this study the first cut aftérﬂestabishment‘in each
diallel was low yielding, and in subsequent years, the
attainment of 10 percent bloom (harves£ing time) in the
sécond cut was accompanied by less dryvmatter accpmulation
‘in comparison with the first cut;iThis summer decline - in dry
matter accumulation for alfalfa has been ‘reported inxthe'

literature (Bula and Messengale, 1972) and associated

[N



primarily with the higher temperatures and longer day length

of this season. High soil temperature may inhibit symbiotic
nitrogen fixation. Higher temperatures and longer daylight

hours result in fapid development towards reproduction and

is accompanied by a reduction in vegetative growth (Bula and

Messengale, 1972). Lower rainfall also contributes to the
reduced yields of the fall cuts;

The environments were quantified on the baéis of the
mean yield.of al% genotypes at that environment, and this
method of classification has been widely used (Eberhart and
Russel, 1966, 1969; Finley and Wilkinson, 1963; Gray, 1982;
v.Nguyen, 1980; Tan et al. 1979). Tan et al. (1979) assessed

their enviromménts as the mean expression of a) all -

genotypes and b) the parental clones at a given environment.

Hill and Baylor ﬂ]983) aléd used the mean of all genotypes’
except the one for which the reqgression was being analysed.
Classifying.en§éfopments bn'the basis of the mean
perfofmance of the géhogypes at that envirQnment introduces
a bias due to the genctypes in the test (Tan_et al?, 1979) .

Breese (1969) compared this type of environment
élassification to quantifying genotypes by their average
expression over a range of environments, and as the average
genotype value is influenced by the environments, So is the
averége environment value influenced by_genotypes grown in
it. To\reduce the genotype bias in éléssifying environments,

"Hill (1975) suggested the use of extragreplications of the

" full set of genotypes.

e



Significant G.C.A, and S.C.A. variances and the
interaction of G.C.A. with the envirénment were detected in
the analysis of va;iance (Table 7). The G.C.A. variance was
more significant than G.C.A. x environmen£ interaction
indicating the greater effect of adaitive gene action over
its interaction with the environment.

The genotype x environment interaction among the
alfalfa cIon?s was explained by means of the regression

coefficient, as was done by Gray (1982). This author

. ¢ I :
referred to the regression coefficient as a performance

(Gray, 1982),“measuring response to a

‘7bﬁ,"i@ 2Nt . Clone 1VP9 exhibited significant

A

"¢ hanill CRPNNS na g

~N-

nitude of differences from the other

ﬁé~énvi§%n@ent to the other. On the whole, the
. ?*‘L;'.i-- S S v
other. five clones (2G1638, 2B76, 2V13, 2B183 and 2B29) ranked

in the same order 'with small changes in the magnitude of

differences. from one environment to the other. Thus most or

all of the genotype x environment interaction could be

attribButed to clones 1VP9, 2R187 and 1G169.

‘None of the regression coefficients (except 1VP9) were

significantly different from 1. The relatively small

“variability amongst the regression coefficients reflected

the‘homogenous nature of the experimental material. Seven
clones had undergone one and two cycles of phenotypic
recurrent selection forvfesistance to alfalfa sickﬁess while
1VP9 was selected for susceptibility to the sickness.

However 1VPS was included in this test on the basis of i-s

‘
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high yielding ability in the field. (Faechner, 1977).

| The }elationship between 1VPY and the environments was
'not_linear (R’=0.34) unless log transformation of mean
genotype yield was used. Then the relationship was
 sigﬁificant with an R* value of 0.96. Finley and Wilkinson
-(1963), and Tén et al. (1979) also used log,, transformed
mean genotype yields. For this trial an average'R2 of 0.97
was obtained for the remaining clones. Comparable R? values
were obtained by Nguyen (1980) ana Gf;y (1982) ih tall
fescue (R?*=.94) and Orchérdgrésé (R?=.76). These high R?
‘values illustrate the fact that differences from one
environment to the other follow an orderly]pat&ern. The-

second Eberhart-Russel stability parameter is the deviation
. }

‘mean square which has been referred to as the true stability

index .(Eberhart and RuSsel( 1969; Gray. 1982).'Ekéépt for
clone 1VP9, deviation mean squéres‘did not differ ¢
Significantly from zero, again reflecting the homogeneity of
;fhe~experiﬁental material. The same conclusion was reachea
by Gray (1982) who stqdied genotype‘stabi;ity in tall’
fescue,.while Breese (1969),-and Tan ét al. (19793 reported.
éignificant-mean square deviations in ofchardgréss and
bromegrass. |

The stability parameters (bi and Sd?) provided
additional selection criteria and the‘élfalfa clones were
classified on the basis of mean yields, G.C.A., bi.aﬁd sdz?.

A significant distinction among the clones could be made

between 1VP9 and the remaining clones due to its



non—signiffﬁqu linear regression. Table 9 shows that clone
1VPS had the highest mean yield amongvall the clones with

just above average mean yields in the low and high yielding

-

environments (1982 A, 1983 B, 1984 B diallel I, 1984 B
diallel II; 1983 A diallel I and 1984 A diallel II) and very
high yields in the medium yielding en;ifoﬁments (1982 B and
1984 A diallel I; 1984 A diéllel I13). The signfficant R?
value and non-significant mean sguares deviation using log
transformed mean yields of 1VP9 indicates that this patte{n
i5 real and predictable with a low variation. This clone
would thus be best suited for p:dduﬁtion in medium yieldihg
epvironments, where 1t would give very high yields.

Breese (1969) classified'genotypes with pi greater than
zero as being adapted to high yielding environménts, and bi
less ﬁhan zero to low yielding environments. In this
cohfext, the-clonesvwere evaluateavﬁith due consideration
éivén~to mean yield, an§ general cbmbinihg'ab}lity:AC;one§7'
26169 and 2B76 ccmmdniyihad bb gfeéter than 1 with high
yields énd G.C.A. WHile cloneé‘éB183‘and 2V1§ had bi less
than 1, low yields and C.C.A. and cloné 2B29 had average bi, .
yield and G.é.A. Clone 2B29 also had the lowest mean square
de&iéﬁ&bn; Different relationships'were.observed'for,the"
‘mean yield, G.C.A., bi aﬁd Sdz-of_c}ones 2R187 and 1G169,
.Clone 2R187 had a high G.C.A., a low mean yield, and a low
bi (0.67) while clone 1G169 had ayefage_G.C.A.,“mean yield

and a bi value of 0.88.



Except féY clone 2R187, high~G.C.A. effécts were
accémpanied bX high mean yieldS\and vice.veréa, and there
was a positivé'relationship bétween the yieldiné ability of
a clone"and the capacity to respond to impfbved
" environmental conditions (5&). Gray ‘(1982) also found a.
positive relationship between mean yield, G.C.A. anatbi in
.Vorchardgrass, and Eberhégg and Russel (1966) found that
-maize hybrids with regréésion coefficients less than 1
uéually had mean yields below the average. Gray (1982)
however found no relationship betﬁeen‘méaﬁ‘yield‘and mean
square deviation and this has also been observed ahdhg the =
alfalfa clones in the present experiment.'Itsiszdifficult to
decide which criteria, Yieid, G.C.A., bi, or édg is the most
important. All these factors Qould be important in the
iﬁ%oduction of a high yielding synthetic clone with a good
aé%?;ation to Western Canada, particulefly north and central

5o _
Alberta where alfalfa sickness has been observed.

"'-'.f:j‘;)"'&,v,, 3

"‘LTo produce a synthetic from the eight clones evaluated
(Table 10), clones -2B76, 2G169 and 1VP9‘which had positive

.attributes for all criteria evaluated would be the most

éuﬁtable pérgnts. Clone 2B29 may also be included to 

< . mgintain a wide genetic base. Further testing would be
required, perhaps at different locations in order to
classify clones 1G169 and 2R187, and onh the basis of results

~from this study, clones 2V13 and 2B183 would not be suitable
parents. ' " ‘ ‘ G
. n ?55‘.
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C. DIALLEL IIIl

The results from dialle” .II grown in the glasshouse
reflected the homogeneity of ‘the clonal material. Of the

- seven traits evaluated genotyplc dlfferences among the

v

thlrty six progenles were detected only-for plant height and

root necrosis.’ G C.A. variances were significant only for
;s ‘
plant helght and leaf grea. Adams and Semeniuk (1958) stated

that it was p0551ble to deplete additive genetlonarlance in

- one cycle of recurfent selectlon. Faechner $1977§ alduded to

R

the decreasing add1t1ve genetlc component of varlatlom for
helght and root necrosis in the second and- third cyclés of

s recurrent selectlon Also. when'he evaluated all lines
k«\

selected for. re51stance and susceptibility to alfalfa
‘sickness in thélfield the highest y1eld1ng lines were4 ‘om
selectlon CYCleS one and two. Stralns from cycle thn@e did -’

not give enhanced yleld I can be concluded that -
51gn1f1cant additive variation for tralts employed 1n>.

FL,
select1ng res1stant and susc: eptlble strains fax ‘alfalfa -

sickness has’ been depleted in the populat1on.’Th15 p01nts to‘
the need to 1nten51fy selectlon pressure by 1solat1ng,andg-

1dent1fy1ng the pathogen or pathogens cau51ng alfalfa

51ckness, and def1n1ng the envlronment which will, enhance

".

J the 51ckness. These factors may be applied to experlmental

populatlons to provide a more precwse screenlhg for alfalfa ;

© f\(

51ckness, Thus é concise def1n;t1on of alfalfa 51ckness its

causal pathogen(s) and favoured env1ronments is a necessary

prerequ1s1te Tor progress in selectlng alfalfa genotvpes

2
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with increased resistance to the sickne
g

The study of gene action for plant response

sickness reqnires a wider genetic base
that significant genetic variances may
soil. Furthermore, since.alfalfa is an”
least. two generations of random mating

complete segregation and expression of

SSs.

of the ma.

be.detected

autotetraploid;

56

to alfalfa
.al, so

in sick

at

are required for

all

possible

genotypes. This would increase the chances of picking out

_segregants w1th high re51stance to alfa

g ./
. o

The~poswt1:2‘assoc1ation between leaf area, leaf

. =

lie

51ckness

D .

Genetic

studles wculd also be,enhanced by thelappllcation of the

prec1se sUreSs,whith cause alfal@@ 51ckness again pointin

/4“ T -

to a need fmr pathological studLes

RS

tbﬂ %naly51s of cross products _1mply t

i

hat

:;and total dry weight to plant helght as indicated by

in selecting for

plant height there was 1nd1rect selection for leaf area,

leaf weight and total weight Thus there are genes commonly‘

controlling the expression of these tra

its.

The genetic

variation for these'traits.was simultaneously reduced and

Ni v

this 1s reflected in. the absence of G.C.

A,

ands S.C.A.

for *.

ledf- welght stem weighty and total dry weight. The negative

) relationship of.plant”hekght,”leaf»area,

leaf weight,

total -

drY‘weight‘and specificileaf:weight (whiCh is associated

' with net assimilation) to root necr051s was"only detected

~

.,ﬁv\'r‘

E:;for total weight while lea Jarea had a 51gn1f1cant p051t1ve

t\}‘

relatron%h1p-w1th~root'necr051s. In order tp study the%A:

[
I3

' .precise re@é}ionshiﬁiof the traits representing net

w

. A AR \- \-." _ | .'A: ‘ % )
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based on plant and':oot necrcsis rea--y

57

Al

assimilation rates tc root disease symptoms, a greater
genexzic diversity cf-alfalfa genotypes wculd be required
representing both resistant and susceptible genotypes. This

diversity was absent in the materials used in this . ‘study.

D. EXRERIMENT FOUR

The results from e¥meriment four may be taken to
indicate that cselec: ons for resistance to alfalfa guwkness

Al

\ v :
selecticn for superior net,assimilat_on rates. M@%@ﬁunents of

net assimilation rete include larger pho-osynhnetlc ‘area

{increased number area anc weight cf leaves)

and increase’

il , &, L
LA ) L : / l?
T’# - N - . ‘:‘x
genctypes had the capacity tc manufacture ‘assimilates in / '
. ) i J
‘excess of -the reguirements <f the racteria Rhlzo IUW
meliloti) and the parasitic a.falia sickness pa:hogen‘sc s

te retalin sufficiernt assimilates for hicgh Zry matzter viéld,
. . ~ . . }

The res:stant sirains, Br FLRV nac signiilcant.oy
higher ieaf areas, leaf welights and gla than F.S.Y

"

R. and this may be a:zt

ioutecd ¢ the fac:t that the

calculation of S.L.Ws was based on mean lezf aree andé leaf

Weights of many leaves. Barnes et al. (:%65%) cbtained



greater precision in measuring the specific leaf weight of
individual leaflets than by using ten leaflets at a time. In
the present experiment, leaflets were measured from four
alfalfe plants for each sample. Pience‘et al. (1969) found
that leaf weight accounted for 64 percent of the variation
in photosynthesis 1n alfalfa. These authors showed'that the
age X genotype interaction for specific leef weight was not
significant and that leaf area was under 1ndependent genetlc
control. It is therefore possible to select for hlgh
photosynthetic capac1ty in the seedllng based on spec1f1c

leat weigbt.
.

EXperiment four also demonstrated-that'aIEEIfa ‘sickness

S

was_ a- juvenlle plant dlsease and does not 1ncrease with

plant age* Féechner (1977) alluded to this showxng t%at .?'

i ‘ ,
conducted effectlvely with juvenile plants. The lack of root

’v.,,‘.

o

. . Mo .
necrosis, and:increase in plant height} 1eaf aTea and.g af

weight*in sterilised sick soil was consistent with the
observatlon that sterilisation of the‘s?}l was an effectlve
method of ccntrolling the sickness (Faeunner 1977; Webster
ef.al., 1969).tThus experiment‘four was effecti&e in
demonstrating.expected differences between resistant and
spsteptible alfglfa streins and the effect of sterilised and
’ unsterilised soil. |

Tz . .
{ [y . e

In the field experiments, the crlterla dry matter

‘f,..'

yield, G.C.A., regre551on coefficient and mean square

deviation may be used to make recommendations for the



yields with good combining abiliries and environmental
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development of a synthetic strain. Six synthetic strains Br
', 2 and 3 and Le 1, 2 and 3 have been developed from

Faechner's resistant lines. Appendix 4 is a listing of

‘parental lines which make up the synthetics. Br 1 and 2, and

Le 1 and 2 have been tested in the western Canada uniformity
trials and on average have yields comparable to that of

.t) ' . . .
Beaver, with Br 1 performing slightly better than Beaver.

These four syn*hetic strains contain only two clones in

common with the parental clones in the present experimant

(2V13 and 2R187) and it 1is recommended that these clones be

"excluded due to their low yields and G.C.A. The synthetic Br

3 contains all eigni ~%oggs evaluated in the present test as
well as 2B75, but has not been tested for dry matter yvield.
This 1is the’syntneticlfor which donclusions may be drawn
from these experiments. A synthetic strain cdmposed of

clones 2Gi69, 'VPS, 2B76 and 2B29 would be expected to

perform better than Br 3 as these clones represent high

H

tability. The develcbment of another synthetic strain s
prooniort | y |

therefore recommended for testing in the western Canada
uniformity tests, and its performance should exc®&d that of
Br 1 so making it significantly -higher .yielding than Beaver

particularly in alfalfa sick soil.

.The present experiments indicate that with the exlisting

’ 1

genetic’yariation in the re51stant iines, and the existing

s

‘selection techniques response to phenotypic recuﬂ?ent

m~select*on for re51stance to alfalfa sickness cannot be
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expected. Thus there 1s a need to find new genetic variation
“in‘plantnresponse”to‘tne sickness and to improve the
_seieétion'techniques. Gene£ic variation ma&vbejjntroduced
from planfs wh;ch show enhancgd?vigour :elati&e to other
plants in an alfalfa sick field..The more critical factor,
however is that“of imprdving selection techniques and .
inﬁénsifying the selection pressure. This will necessiggte
. the identifiéation of the pathogen or pathogens and the
environment which cause and enhance the sickness.‘These may

then be applied to selection programme using the present and

newly introduced material.



VI. SUMMARY
Significant general cémbining ability variances in
diallelS'I ana IT 1ndicated that additive gene action
was important in the control 6f dry mattef yield“among
the alfalfa clones. Therefore a positivé”response could
be expected from recurrent selection for dty matter
yield. The results showed that non—additive gene‘actidn
.was not an importqn£ factor; |
AGeneral,combining ability and dry matter yield were
. positively feiated for ‘all clones except 2R187 which had
:.a lgw méén Yield"and high G.C.A. Clones 2G169, jVPQ and
2876 had hlgh dry matter ylelds and G. C AL, cldnes 2B29;
Jand 2G169 had éverage 'G.C.A. and dry matter-yield while
clones 2B183 and 2V13 had low G.C.A. and dry matter
yield. The‘énalysis'of combining abilities can be
1mportant in- 1dent1fﬁ1ng clones w1th hlgh mean ylelds

.,' »u . 3‘? b \,;’
23] W
. for ;pclusxon in a synthetlc strain®

and hlgh G,
The Eberhart-Russel regrg§$ion analysis revealed
differences in the relative rankings of clones 2§787 and
1G169, and signficant changes in the magnitude ofl |
differences between clones 1VPS andvthe‘other clones.
Therefore clones‘2§187 1G169 and 1VPS exhibited varylng
performances relative to the remalnlné clones in
.dlfferent environments. There was no evidence of
geno;Ypédx}environﬁent ihtéraction for the remainihg

'-;:.td"' . . .
five clones. All clones had mean square deviations which

were not significantly different from 0. .

61
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Taking into consideration mean dry matter yiéfd, G.C.A.
and bi, clones 2G169, 1VP9 and 2B76 would be the, most
suitable for combining in a synthetic strain. Despite
the significant genotype x environment interaction, the
lowest yield for clone VP9 werc not below tne-average
of the remaining clones. Clone 2B29 with average mean
yield, G.C.a. and bi has been recommended for lnclusion
in such.a synthetic strain to maintain a broad genetic
base and avoild the detrimental effectbof»inbreeding
depre551on in advanced generatlons of the synthetlc. The
s;nthétfc strain would be expected to yield more than Br
3 pafticularly'in medium yielding environments where the

high yield of I1VPY could be exploited fully. = .- o

'
Y

The glasshouse diallel demonstratéd)the 1mportanCe cf
evaluating sufficiently heterogenous material when
studying gene aetion for a given trait. The alfalfa
clones had prev1ously undergone one and two cycles of
ﬂselect1on for resistance to alfalfa sickness and among
the seven traits evaluated, only_t@o, plant heicrt and
leaf area lndicated the presence of additive genetic‘

. B
variation. To study gene dction in edﬁffolling plant
reaction to alfalfa sfckness, susceptible parents should
be‘includedwto provide adequate heterogeneity.

Diallel II11 also demonstrated that. additive genetic

variation for plant reaction to alfalfa sickness has
been depleted among the alfalfa clones studied.

Therefore, a response to phenotypic recurrent selection
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for decreased root necrosis should not be expec£ed.
Genetic variability may be. introduced to the exlsting
experimental material from vigourous plaﬁts in alfalfa
sick soil. In addition, the selection pressure in thg‘;
breeding programme needs to be increased. .
Exper}ment four illustrated that previous selection for
rééistance.to alfalfa sickness resulted in selecting for
incréased leaf area and leaf weight and therefore
increased net assimilagion rate might be expected.
Resistant)strains (Br 1 and F.F.) exhibited higher leaf
area, leaf weight which representsvthe‘photosynﬁhetic
capacity of a plant. Cémpared to the,susceptfble‘strain
(F.S.) they were taller with fewer root lesions. Thus
phenctypiz selection has been effective in increasing
resistance to the sicknéss.

o
Fyrther researcn in studying gene action cnd incréasing
the resistance of strains té alfalfa sick:..oss 1is now o
dependent on a more precise definitéon of the sickness.
The synthesis of a new strainlfrom parental clones
2G169, 1VPS, 2B76 and 2B29 is recommended for evaluation
in the western Canadé uniformity trials together‘with Br
"~. The yield of the new strain is expected to?ge more
“than t@at_of'Bgaver particularly in alfalfa sigi soil
and resistant synthetics may on this basis be developed'
for licencing. | . | |

This study had enabled us to reach our objectives.

Parents with superior'G.C.A. have been identified and’
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«*
may be empioyed in‘subse§uent crossings and seléctién,l,
All clones were relatively stable and the study |
identifi;é differences in response patterns over the
nine environments. Finally,. the study of different
morphological traits indicated that previous selection
was indirectly selectiﬁg for traits positively
associatéd with net assimilation fate, and genetic
~variability has been depleted thus_ future breeding
prograhmes musﬁ widen the genetic base and jncrease the

selection pressure. A more precise definition of alfalfa
. R -

sickness is required.
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Analysis of variance for 56-F. hybrids from etght

clones grown 1in nine environments. ‘

*,%x* significant .t B
LR S

£

resPectively.

e

_}n‘ .%1':#
Source Degree of ‘Mean - F value e
. Sfff: % freedom square Sﬁ
.@mhs ﬁ’ G T g <
‘Environment - (E) 8 8039376.19 245.32%x
N ’ < . R o . . i 1’."'
G.C.A.» & 7 171684, 11 5.32%x
'S.C.A. 2 20 % 68718.66 2.10%%
G.C.A. x EY 56 48292.29 " wa}.47%
. Error’ o 1705 0 32770.99 :
G.c.alis.c.a¥ g .50
oy oy
'y



Table 8. Trial mean for'dry matter yie}@ﬁ(kg/ﬁa) and
‘ , v - : ‘
environmental index for nine environments.

4
o

‘Mean;éenotﬁge . Ebg?harfjﬁﬁssel
. yield O‘wéﬁvirghmental
.¢§' . (Rg/ha)“ '.‘ index |
S.allel I . T T
9824 | : & 5 -905 -
19823 . 199

. 1993A 1864 .

119838 o . ~964

''1984n © 4129 164

J1984B ‘ o - - 2049 - SR . ;1556"4” )

o piallel 11 . . g o « o
e » CITTRR: 3
T”A9B4A" - ; » '
W .. A

1. 19848
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Table 11. Regression coefficients of the:log, mean yield'bﬁb{ 5

each eight alfalfa clones on the trial mean (bi);ﬁEW"

mean, square deviation (Sd?); R*; and log., forage '+

g'yiq;d from‘diéllels I and II. ‘ £

kéérent:.” .Ldg}o,Yieidfihbi (x sd*(x  R?

... P9 % . 3.927.7  0.96 9.0 .96
© 26169 L. -3.924. - 1.14. L. 9.8 .97
i'3ﬂ§%p fﬁ”gAu~«

5@%1’, 2B2S ‘ .53}968

e

~ 2B76

1G169 30901, - 0.93 © .. 6.9 .91
) _ - ‘ ) -u..z_‘.\_ c R : M A - ‘9 ‘ 1.@" . N .}7 X )
Peigvbs - v 308920 i0.9%., 6.6 .97

P

UUU2B183 w9t 3.BBE. - L 1.07 - M4l J9g g
8

"

i —
Vi F . LR i
- bod . :
: Aoz T 7| . 2 a
a1 P v 0 . o -
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Table 12. Analysis of variance for 36 alfalfa_géﬁdtypes

grown in sick soil with respect to plant height,
' r . X R

leaf area, leaf weight® stem weight, total 'dry

. "weight,‘ggecigié leaf’wefghtﬂ(S.L.w.)'aﬁa root
' ‘ ' ¥ ..(ﬂ;'
necrosis. 5 » - ‘%#
=
Source | R Genotype Block . Error .
. - o . )
af 3 - 35.00 5.00 175.00
, ' - coo T '
Height - M.S. %% g4 . 770.50 , - 23.13
| - F. 1.55%  33.32%x :
" Leaf area M.S. .. 11448.74 728254.85 . 9647.16
EEa T | ' « g
1,19 75.49%x ety
Leaf wt. 0.03 4.97 . . .0.06
F. . 1.25 - 82.83%x. .
Stem wt;_ M.S. :?ﬂfﬂ;_ o.16 . 6.00 o ; 0.07
| F. . 1.a8 92,
. . . ‘ L ’ . . &
Total dry# 2§:su . 0,34, 21, 3.00
wt . | o M
o P 3 1,81 84.25%%
. S.L:W M.S 1.19 "7.50. % B S KOS
g F 1.07 6.81x%
v P - L _
Root = St M.s. . 1.36 1.29 . 0.49

necrosis

C2.76%%° . 2.65%

05 and O.pl'respectively.

\
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Q.TableLIS;'GéQEral CO@jining ability effects of nine alfalfa.

‘biones evaluated for height and leaf area at seven

,wéeks of ade'}nxéﬂfaifa sick soil.

-‘;“f'
o
Parent Height Leaf area - ®
2G 169 S B EE 14.84
1G169 ° . 0.56 T 2,01
2B 183 | . 0.98 36.44
1VP9 -1.59 -=16.07
2V13 . -0.02 - 7.46
2B187 - o SR KR 5 B 16,16
.. 2B29 -24.53
2B76 e, 17014 Ly
Beaver -19.18 .
. i $~ q
S.E. 11.3¢
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Table 17.

Mean plan: height (cm), leaf area (cm?), leaf dry

?

b 2P,
(0]

b
Vo]

-3

rt

{mg), specific leaf weight = .-

(D.S.)

4 -

.'{mg cm?), and disease score

h

alfa genotypes 1in 1.

w0

sevesd over six replicatiors.

. }
= ¢

(1-5),

sterilised sick

in II. unsterilised sick soil in week

I Stefilis
Trait
“Height

O
Leaf area
Leaf weidh

v

3‘-II,Unsteri

bHéightg

i
)
4

A

_s.
- D

Trait

T
Leaf area’ -
. S <

Léaf'ﬁeiéh

-

}
e W .

N

. R
.

S

L

SNLLWL e

&

ed Genotypé
Br 1.~ F.S.

.8c

Beaver

38.5b  38.3b 31

519.2b ° 550.2ab  447.0c 620
t . W 111.9c T1168.0b
2:@a ' 2.3a

o

\ ‘P .
lised " '
T ‘p LNy :

Vo e . I
Cy .Beaver. Br 1 %
- )

31.2b &

,ﬁGénthpe‘

3 Fose 0

S 42é.3a<"

| e24.5a

¢ | z24.95 , 3
l8b é

_I.Qbfff 3.

¢ Q

1.2

©760.8d 1414,

‘, 1‘.9’8 2

kg

33.

.4a

S5a

4a

7a

.Qa v

%)

.5b
.4a

.0b

1

> . . ,

Nimber$§ followed by the same letter in a row are not

significan

Disease “%core on'a score of

qﬁy.d}ffgrgpt ét~P<i05°," : ‘;‘ & .

<

e : ’

‘g

»

R

-5, 1=no-P§§ioné, 5=déad plant.‘~

g

oy
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' Table 18. Mean I. plant height (cm), II. leaf area (cm?, ahd
ITI. leaf weight'(mg) of four alfalfa genotypes
grown in sterilised (S) and unsterilised (U) sick
soil for each of six weeks over six replications.

B )

1. B ‘ Genotype . . )

‘ Beaver = Br | ’ F.S. ' F.R,
Soil S U, S u s U . S U
Week 2 - 4.0 3.0 . 4.0 - 3.8 4.5 2.7 4.8 3.3
Week -3 8.2 '2;5' 7.7 7.3 7.8 6.3 9.2 .8
week:4 16.3 10.3 16.2 13.8 12.8 ~'10.5 18.8 14.2

‘Week 57 20.7 15,5 22.8 17.0 . 17.7 12.8 24.0 18.3
Week 6 27.3° 21.3 27.0 23.3 ¥ 22.2. 16.7 32.2 24.7
Week 7 38.5 28.3 38.3 31.2 31.8 22.3 41.2 33.7

L.S.D.=1.3 - R | -

II.. o Genotype " . s

e o] Br 1~ % . F.S. . F.R. '

- Soil 4 S S u - s U s U
Week 2 8.6 6.5  21.4 7.6 5.3 -12.6 8.2
Wweek 3 26.9 29.7  26.4 28.5 28.0 " 29.1 30.9
Week 4 ., 61.4 . 4" 66.1. 50.5 52.9 39.9 . 78.1 52.9
Week'5 110.6 , 68.8 101.9 72.0 91.3 56.4°@139.9 77.6
W y§..196.9  122.7 194.5 133.0  141.5 -74.0 249.7.1152.3
w§e ;%519 2 842.3 550.2 424.5 4&47.0 266.2 620.4.401:9

. L. s\y 53, 21 S 5 ; S
LIIT, : S Genobype - TN
. Beav§gw ” Br «1 "F.S.. " F.R. .
Soil " s . U’ s, .U S.. U .- .S§.. .U
Week 2 14.8 * 9.8 25.3: 113.7 L 11.9 9.0, 17.3 14.9
Week 3 58.7 47.2 51.7. 46. 8, 45,2 34.0 - .55.1 53.8" 7

g Heek & 145.6  85.7 158. 4 o-19.17 . 99.6 48.0 149.8° 94.6

“"Week 5 315.9»°148.0 351.8. 191, 262.8 143.71 408.5 23133 ‘%7,

dseek 6 609.9 431.3,750.1° 471¢% 512.2 254.0% '829.5 578.6 .- *

. Week 71 111 4 584.91168.0 724.9 760:8 553,2 147415 657. 5, Y

L.§.D. 19. T e e
Iv. =« .~ Genotype o

. / Beaver - Br 1 .~ “F.S. F.R. -

- Soil S . U s - U .. s, U s U

. Week 2 '3.3 1.9 4.0 ‘3.8, 2.6 @ 3.4, 2.3 3.5
Week 3° 2,67 1.9, 2.4 »2.2 2.2 0 1.8, 1.8

“Week 4 27 2.4 0 2.9 1.7 . 2.2 "%EA. 2.4 2.4

- ‘Week'5.- 2.8 2.1 3.2 2,9  -2,9 2,3 . 207- 2.9
.’ Week 6 2.8 © 3.8 3.9 2.7 7 3.5 3.0 3.3 3.3
. Week 7  2:i2 2.47 2.3 1.7 =19 2.1 p2.3 3.4
L.S.D.=0.97 at P=0.05. . e L
. . , R . o : _ .
i - ko
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. . . -~ .
Table "19. Mean disease scores of four alfaifa genotypes
. - o

‘grown in alfalfa sick so.1 for each of six* weeks ,

over S.x repg.ications.

~

1

- Genotype
Week ) o Beaver Br ‘.%.S. : F.R.
2 - a2 13m0 t.2a .22
3 g 62 1.7a _1.7a 1.4a
' ‘ 1,95 1.7 2.3a  2.0ab
5 | . 2.4 1.8c 2.9a . 1.4d
6 ‘ | 2.2b . 2.0bc 3.4a 1.7c
7 o 2.2b G.9b 3.3a . 2.0b

* disease score on avscore of 1-5, 1=no lesions 5=dead

- ) \\
plant. : N

Numbers; followed by the same letter in & row are not ..
significantly different. )

!
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Appendix 1. World area in cultivated alfalfa.

Continent | : , Hectares
Eﬁpope . | | 9 363 000
North-Amefica”_ 13 142 000
South America T "7 800 000
Asia S ‘ 1'323 oob
Africa | 174 000
Oceania | o 4 1213 000

World Total . ‘ . 33 015 000
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Appendix ‘2. Estimated areas 6f?d§hYdra;ed and alfalfa seed -

productibn.* -
R s ‘.

A?falfa'pfoductioﬁ-ig fOOO'ﬁectaresf b f
Province . - _ £Déhyd;@t§§ f"{l;'Ceggified seed
Quebec i.‘:‘-t f522-; l{ R
Ontario \g .QM?; !' 3.0 . " '
Manitoba e 1.5 S 2.3 |
Saskatche&an | o '  ‘ m27.8;‘ | 4.0

Alberta ;;” Vo243 ‘  - 5.6

British Columbia. -~ : 1.6

- * Agriculture Canada. 1983. Verticillium wilt of Alfalfa.
Contribution 1982-8E. ‘
K
. .

;f95‘



Appendix 3. List of alfalfa strains in diallels I, II and

111, and experiment four.

<&

& &
Parental clones for diallels I, II and III

-
1

2G169

16169

28183 -
1VP9 .

2V13

'2R187

2B29

2B76 - r

Beaver (only for.diallels II and II11)
Alfalfa strains in experiment 4
Beaver 

2B29x2G169—resi§tant cr.ss

Br 1—résistant synthet c

1GP130x1VP58-susceptible :-ross
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Appéndix 5. Soil characteristics of samples taken from

%terilised and unsterilised-alfalfa sick soil (Spruce Grove)

and Parkland farm¥, 1984.

pH Available Soil

" nutrients . conductivity
(1b/acre) (mmhos/cm)
N p K.
Ster. sick soil 6.2 78 146 606 0.6
" Unster. sick $oil 6.2 70 116 650 0.5
Parkland farm 6.1 60 8 492 7 0.6

* From Soil and Feed Testing Laboratory, O0.S. Longman Bldg.,

Alberta Agriculture, Edmonton, Alberta.
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Appendix 6. Weather data for the field site at Parkland farm

for diallels I and II, from 1975 to 1984x.

Year ' Rainfall Mean _ Daily
| (;m) ~daily temperature
temperature °C |
°C
?&éximum Minimum
1975 302.1 12.3 17.6 7.0
1976 308.2 14.1 20.1 8.0 .
1977, 416.2 S 13.0 18.8° 7.2
1978 495.0 IREN 18.6 7.6
1979 348.0 12.5 18.1 6.9
1980 397.1 13.4 TN 7.6
1981  285.8 4.1 ©20.0 8.1
1982 299.5 12.4 18.2 6.6
1983 332.8° 13.2 18.9 7.5
1984 333.7 | 13.2 18.6 7.8
Mean 351.8 13.1 18.8 7.4

* From Meterorological division. 1975-1984. Annualh
meterological summary for Edmonton, from the municipal
airport. Metoerology division, Geography department,

University of Alberta,' Edmonton, Canada.
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