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ABSTRACT
Heat treatment, three fungicides (Dexon, Vuetazoloxon,
ﬂpnd Dowco .269), and plant breeding methods vere compared for

effectiveness in the control of a pathogen that attacks the

rbots of alfalfa ( uedicggo media Pers.).fof ~eleven growth
foon tests, eight wvere used to investigate physical and
cherical ne¥hods of control and three; to’ evaluate plants
selected - for resistance and 'susceptibility to alfalfa
sickness. The lean.height and disease ratiﬁg per pot was
determined as well as the total yield of plant dry matter
per pot. Five field tests were conducted on an éiperine;téi
area at Spruce Grove, Alberta vhere - height, performance
rating,'and yiéld vere recorded on the basis of single row
rlots. Disease rating was recorded as a.plot mean.

Alfalfa sickness_ ié caused- by a pythiaceous fungus
which will infect alfalfa seedlings at . the root tips,
lateral noncambial  roots, and nodules. \Brovning and
lesioning of the root tissue results leading to restricted
growth and to shorter, lover yielding plants.

Pasteurization of sick soil provided an effective means

" of controlling alfalfa sickness in the’groufh roogl Height
was éonsisteﬂtly inéreased uhile,diseaéé rating and yield
uere‘inproved;

Fertiiity level,. pH, and‘ soil moisture content were
shoyn not to be.casuative agents of alfalfa sickneés. “

pexon. did nc® control - alfalfa ‘sickhess, hovever

iv



Metazoloxon and bouco 265 did. ‘DOUCOL 269 vas much more
‘effective than Metazoloxon, and may héve a élacé. iﬁ %the
ccmmercial control of alfalfa sickness. o \ |
Alfalfa g;ants vere selected for 2 c;cles from within
locally adapteﬁ cultivars and compared in two diallel
crossing systeas. éenotypic vari%bility for resistance and
susceptibility to the disease vasi evident from the high
broad sensé heritabilities. Low narroﬁ sense heritability
estimates suggested consecutive cféles of recurrent

selection with well-replicated progeny tests would be

recessary to breed high levels of resistance to the disease.

Selection progress was slow indicatinggfhat many genes '

may control the inheritance of resistance and susceptibility
to alfalfa sickness. Recurrént phenotypic éélection iﬁ the
gréuﬁp 'room was effective since increased | levels of
resistance were obtainec efd 0o change, in agronomic
characters for which selection vas not made, was observed.
Genet;c variation wvas mostly due to 'nonadditivg gene

action in fhe diallel crcss which tested plants selected for

susceptibility since. the specific combining ability (SCA)

tariénce vas largér,than the general conbinipg_ability {(GCA)
variance. In tﬁe diallel cross which ccmpared resistant
genotypes, dgenetic variability was due‘ to additive gene
action since the GCa ;ariance was larger than\ the  SCA

variance.
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INTRODUCTION

Alfalfa ( HMedicago sativa L. and Medicado falcata L.
and hybri%g_betveen-tbeseispecies) is the most important
perenniﬁly'forage legule,groun in western Canada. It thrives
-on nearly neutral soils, responds to irziQation, and will

. ,

yield lupua;ds of 4.5 metric ﬁons of dry matter per ha. This
legume ieguires vell drained soil which it 1lproyes through
its ability to fix atmospheric ’nitrogén, Alfalfa 1is a
palatable, nutiftious-fodder vith a crude protein content of
approximately 17%.

“ uoét_of the cultivars of alfalfa originate from M.
sativa ,and‘igz falcata . The falcata derived cultivars are
considered to have”‘lore vinterhardiness and drought
“tesistance but 1ouér seed and f&fage yields compared to
cﬁitivans originating from the sativa species. Canadian
S N _ . . a _

cultivars are the resu;tlof interspecific crosses between M.
.Jﬁativa and My ;g;ggga) and are usually known as Medicago
!gg;g Pers.. ) /

Alﬁalfa:is eégential’to the dairy, beef, and alfalfa
\dehydratiqn industries. CeasuS' data (Alberta Agriculture,
1977)’ indicatéd there are »?40,000 ha (or 6% of the
cultivated 1 area) ip pure alfalfa stands and mixtures
’containing'alfalfa in Alberta. Tﬁe potential . for éapansion
has been conservatlvely .estimated at 1. 5 nllllon ha, more
L~than dougké'tbat_pou in productlon. The annual requirements
of: alfalfa fg} the dairy 1ndustry appxoachedfzzs 000 netrlc
tcns for;‘1975 (Alberta Agriculture, 1975). Within the

i



vinéity of Edmonton there are six alfalfa dehydgation plants
froducing about 12,600 metric tons, yearly, from an ar. of
3,200 ha pér factory.

In central, Alberta, a condition restricting the growth
of alfalfa has been obsefved (Webster et gi;, 1967) . This
syndrome has been referred to as "alfalfa sickness" and the
soil inciting it . as ‘sick soil"™. In the disseratijion that
follows, those terms will be used.

JPoor growth of alfalfa:in the Edmontcn, Alberta  area
uas‘ first recorded by Goettel (1962) vho found fertiliiers
-did not corfect the problem. Although the causative agent
res?onsible gﬁh‘ alfalfa sickness was not isalated, Webster
g; gi (1967) indicated it was biological. A selection  study
which wvas undertaken by Goplen and webste; {1969) féiled io
demonstrate inhéritahce'of resistance to alfalfa sickness. A
nitrogen imtalance and possibly an aluminum toxicity were
concluded to be thg“factors affecting alfalfa in sick soil
(iebsté; and Dekoci, 1970). Root zdne temperatures in sick
seil did not shed 1light on ény hew afea no;,did coFrective
fertilizer applications (HcElgh@n and Beinrichs, J970).
iébster et al. (1972) .aftenpted,:but-did not succeed, in
establishing;a relationship between a specieg of nematode
and alfalfa sickness. Subsquently, Damirgi et al. (1976)
proved alfalfa sickness was .not caused 5} ‘;he nemétode.‘
These .authori;peruéed symptoms typical of‘alfalfa sickness
’us;ng sick soil serial dilutions. " o

The characteristic symptoms of alfalfa' sickness havg

Voo



\\
been described bj Goettel, 1962; Webster et al., 1967;
Webster and Dekock, 1970, and Damirgi é; al., 1976, and nmay
Be'recapitulated as foll;is. | |

| i) The plénts afe stunted and chlorotic.

2) .Irregulér, brownish lesions appear on late;al

and tap roots . 'lowed by girdling of the 1lateral

rdéts; | ” B

3) Older roots do not exhibit deep necfotié areas

_but poor nodulation is evident.

Although the seriousﬁess bf alfalfa sickness has noti
been assessed in terms of yield loss, it has been observed
(Eolfon, 1977) that alfalfa staﬁds on sick scil produce 1low
yields. Tﬁe dise;se may bg controlled by studying the way in
which it interacts yitﬁ the 'plant, and by examining the
response og the disease pathogen to chemical and physical
treatle;ts. However, . such treatménts are frequently
expensive and thﬁs of little practical value. Consequently,
an attempt was made to obtain resistant progenies by plant
breeding netﬁéds. FPield cbservations revealed differences in
‘the degreé of field resistance within, ‘as well as betveen,

" local cultivars. If, these differences are inherited, then
resistant plants cbuld be selected. An attenﬁt was also made
to elﬂdicate the genetic nechanisné wvhich govern the.
expression of this trait. The oﬁject of thé preéént study
was, thed, to control the alfélfa sickness pathogen by
chemical ’and physical treatments and to idehtify resistant

. '

' clones which can be used to synthesize a resistant cultivar.

T
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- LITERATURE REVIEW

1, Pathogen

a. Ccontroversy Prom studies conducted at the University

of "Alberta, the casual agent of alfalfa sickness is a
pythiaceous fungds {(Cock, 1977; Damirgi et ¢ 1977), the
identity of which is controversial. Disagreement revolves

around the classification of the pathogen as a Pythium sp.

_or a Phytophthora sp.. This diéagreement results from three

factors. FPirst, the classification of t he Phycomycetes is

‘somewhat ambiguous (Walker, 396?; Waterhouse, 1973). Table 1
' < . . .

ccmpares the mwmorphological characteristics distinguishing

the species and genus in question. Waterhouse (1970) admits

that Phytophthora meqasperma Drechs. is a difficult species
to classify and there is a question of speciation with the

_megasperma complex. .

Second, the primary invader is confused with se.concary

C.invaders. Erwin (1954b) suggested secondary organ.sms might

.Suppress or mask _th;ggg;ho;a cryptogea Pethybridge and

Lafftery in alfalfa roots during unfavorable conditions for

Pe—

this pathogen. Frosheiser (1968) Stated P. megasperma vas

" endemic to the soil opnly requiring suitable enviroanmental

_conditions to develop. This is further supported by the

. q
videspread geographic _istribution of P. megasperma reported

in- the 1literature. Bearing in mind these obsgrvations'plus

the fact that no Pythium sp. have been identified as the

“casuative agent of a roct rot of alfalfa in wvestern Canada,,f

/
the initial invader causing alfalfa sickness was believed to

. L



be a Phytophthora sp..

The third factor was time for resistance to develop in

alfalfa against Pythium sp. as compared to Phytophthora sp..
\
Haplin and Hanson (1958) found alfalfa to be susceptible to

5 species of Pythium but immunity to Pythium sp. ¢as
developed 3 days after seeding. Chi and Hanson (1962)

3 .
reported similar results for resistance to Pythium

[N

ebaryanum Hesse in alfalfa. In contrast, immunity to

iro

hytophthora is unknown (Marks and Mitchell, 1971b; Erwin,

962) and resistance to the fungus has been increased over

—b

cycles of selection (Prosheiser &nd Barnes, 1973; Hine et

al., 1975). .
‘b.. History Goettel (1962) first discovered poor
nodulation and poor groith of alfalfa in certain fields west
of Ednonton;»albefta. Major fertilizer amendments did not
substantially imprqve.dry matter yield of alfaifa‘planted in“
sick soil over the alfalfa in unfert;lized sick soil. There.
was a néticgable yield ‘iﬁcrease of alfalfa grown in
fertilized,‘ steam sterilized, sick soil_cdupa:ed to plants
from a fettilized, ‘nonsterilized, sick soil;\ In ‘tﬁesé
greeﬁhouse‘ experiments, mention ;as made ‘of the ‘éoiln
characteristics of the samples collected from alfalfa sick
fields. However, as was uith- subsequent reports,‘nq one
charécteristic of the soil could be identified as the
casuaiive agent, |
Webster et al. (1967) concluded tﬁat a biological toiic

agenty, was responsible for the depressed growth of alfalfa

o
a s
-



plants in sick soil. Webster and his associates eliminated
sbil fertility, moisture deficiency, low pH or any
ccabination of theée factors as beihg the casual agent. In
their study, piﬁnts from steam sterilized soil p:oduced'high
dry lattef yields. Certain alfalfa plahts, vhich were grown
in Leonard jars with aqueous so0il extracts from various

- locati%ns, showed a tolerance or resistance to the sick

@

soil.

Goplén and-uebster (1969) attempted to show that - a
genefic . basis for selection of resistance to élgglfa
sickness existed. However, the authors wvere unSuccessfdl,
and part of this failure may héve‘been a result of the
selection criteria. The criteria relied SE picking vigorous,
healtg} plants and adjacent sickly plants within an alfalfa-
sick area and comparing btheir‘ progenies. The selection
procedure was at best surerificial.

| Webster and Dekock (1970) decided tb,examine field éoil

and plant samples for nutrient content. Nitrogen metabolism

of alfalfa was affected by sick soil which had_ been

previously cropped to alfalfa. An induced nitrogen
deficiencj and possibly an aluminun toxic;ty‘uere suggested
as two factors which affécted the alfalfa in sick soii.
McElgunn and Heinridhs_ (1970) tried to aséess
fertilizer and root zone temperature effects in relation to
alfalfa sick soil. Soil teqperatures of 109c, 159Cc, and 209C
did not result in any significant differences for height and

dry matter yield of alfalfa. Fertilizer interactions with

o



alfalfa sick soil wvere not significant- for any of the
charaéters measured. Thus McElgunn and Heinrichs (1970)
agreed with Webster et al. (1967) that nitrogen .and
phosphorous fertilizer. did not alleviate alfalfa sickness.

Rootwione ténperature provided no further ciues as to 'the

\
\

identification of this aﬁonaly. \
The Agricultu;e Canada (1972) reporé\fron the Swift
Current Research ’Station ‘conciuded that ‘since little
Frogress was naade Jin determining the cauég of alfalfa
sickness and year-to-year variation in severity,ég'sick s0il
was dgreat that continued study COu;d ﬁot be jusgified.
Webster et al. .(1972) initiatéd a survey of the

nematode populafion of Paratylenchus pro-jectus Jenkins since

consiSfently high counts of this particular species had'bee;
observed ‘in alfalfa sick soils. The highest counts of
nematodes were recorded in dark gray luvisolic soils where
alfalfa sickness was prevalent. It appeared the nematode was
associated with sick soils. To substantiate this finaiﬁg
Webster and Hawn (1973) undertook a more'exteﬂsive survey to
determide the density and diétribution 6f B. é;gjggggg, Sut
were not able to establish éﬁ relationship between the
nematode and alfalfa sickness. Certain soil parameters and
cropping history vere ‘not correlated with the nematode
ccunés. ‘

When alfalfa was infected with glxgggjectus, no disease
symptong 'iypical of.~a1fa1fa sickness could be induced

‘(Danirgi et al., 1976). It was found dilutions of non-



sterilized sick soil from 10—t to 19‘3 were requipea to
incite alfalfa sickness symptoms. The dilution leﬂgl was
suggested to be correlated; with - infection and disease
severity in the field. Thus Damirgi ahd cblleagues were of
the opinion that a microbiological agent wés dinciting

v

alfalfa sipkness.
\Eeveral points are evident. First, fgrtilizéf
treafnents do not encourage alfalfa growth in sick soil.
This means 'soil. nutrients appear'fo be adequate and.soil
ferti;ity is not the cause of alfalfa sickness.‘Second, éoil
moisture and soil pH have been 'eliminated as ;causative
agents. Third, the cause of alfalfa sickness is biological.‘
Sterilization treatments of sick soil, résulting in
‘increased alfalfa yields, woqld tend to support’the‘aﬁove
statement. Finally, in relgtion,to‘alfalfa sicknéss in the
field, the symptoms aprpear on.a;falfa‘sdun in fields which

had previously grown alfalfa.

c. Hosts P. megasperma was first discovered. causing

damage to alfalfa ( Medicago sépi!g ) by Efuin g1§54p). The
péthogéh\was found to be. speéific to élfalfa (- Medicago
gg;ggig .xdiploid, ietraploid); M. arborea, M. glutinosa, M.
;ggg;;gg ; (Ervwin, 1954aj. Bootsh of cotton, sugar beet,
aster; tonato,. vetch,  ¢aftot, flax, sueetclovef, ladino

clover, red clover, - bean, cowpea, and trefoil were not

rotted by the fungus. Other species of Phytophthora were not

. . . L]
pathogenic to alfalfa. Pratt and Mitchell (1975) reported

cats, clover, corn, peas, and soybeans did not increase
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infective activity of P. meqasperma . Johnson and Morgan
(1965) when infecting garden pea, common vetch, and alfalfa

( Medicaqo sativa cv., Buffalo and Delta) with P. cryptogea

noted these planté‘ to be susceptible. Frosheiser (1968)
listed vetch; garden pea, sveet610ver, cowpea, kean, and red
clover as ' having been artlficially infected. Nuﬁerous
authors have also indicated that gL”\gggagggggg is highly
virulent to alfalfa but did not test the infectivity on
cther plants. The range of hosts to which this pathogen can
infect seems very narroi and specific to'alfalfa‘.y
N Alfalfa sickness did not infect the roots of white
clover, ted clover, zigzag clover, alsike clover,
sweetclover, birdsfoot trefoil, croﬁn vetch, flax, or oats
in naturally infected scil (Bolton, 1977).‘Roots of Dbarley,
milkvetch, sainfoin, and alfalfa wvere affected. However,
Webster et al. (1967) found barley vas not sensit%ve to the
agent depressing grovth' of alfalfa in sick soils., Cormack
(1940) found 'gé megasperma , L isolated from sweetclover
'gcoté; was nonpathogenic to alfalfa. McIntosh (1966)
isolated 2; megasperma from irrigation sources in central

British Colqmﬁia. However, the fungus was not pathogenic on

alfalfa. Thus Phytophthora sp. have been isolated in western
Canada alihaugh no infection oh alfalfa has been induced.

d. giggtibution pamirgi et al. (1976; stated alfalfa
sickness vwas most prevalent on dark gray luvisolic soils ;n

central Alberta. McKenzie and Davidson (1975) characterized

several root and crown rots of alfalfa in the Peace River
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region of Alberta and British Columbia. No causal organisms
were isolated and identified from the alfalfa root rots.
Howvever, £he synptoms uefe described and attributed to
- several fungi one of which was P, meqasperma .

In eastern Canada, Chi and Childers (1966) reported the
association of several fungi with root rots of alfalfa iﬁ a
disease survey over four years. P, gggéggg;gg was isolated
from the cortex region of young alfalfa roots. Chi (1970)
vas able to isolate the funqgus from alfalfa in 21 counties
(76% of the fields sampled)  in Ontario and Quebec.

In Washington, a condition known locally as alfalfa
sickness has been described (Weber and Leggett, i966). The
Eause was thought to be ineffective or insufficient

Rhizcbium meliloti for nodulation. Results from Elliott et

al. (1968, unpublished) contradict Weber . and Leggetts!
findings by definitely indicating that insﬁfficient or
 ipeffective rhizobia are not the caise of alfalfa»sickness.
Phytophthora root _rot of -alfalfa caused by P.
megasperma has a wide geographic distribution.  Areas
reporting its presence indlude:vCalifornia (Ervwin, 1954b),
Australia (Purss, 1959), Illinois (Bushong and Gerdemann,
1959), Ohio (Schmitthenner, 1964), Hississippi{ (Johnson and
'uorgan, 1965),v-0ntario {Chi, 196QL; Minnesota (Frosheiser,
1967), Wisconsin (Marks and Mitchell, 1970), Arizona (Hine
et al., 1972), ~SNashington (Elgin et al., ,1972), and North
Carolina (Welty and Busbice, 1976) . The common feature in

. these " isolations has been the association of the pathogen

s
PRy
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with heavy soils, poorly drained or heavily irrigated, or
with periods of above average rainfall.
e. Imgo;tancg The pathological importance of the

Phytophthora  genus is far reaching. For example, this genus

comprises nearly 70 reported species of plant pathogens

wvhich are nonobligate parasites of higher rplants- (Erwin- et

g;;, 1963) . Some bf the diseases caused by Phytophthora sp.
include: late blight of fpotato and tomato ( g;';ggésgang )

red stele of strawberries ( P, f agariae ); wilt and root

rot of avocado ( P. cinnpnamomi ); and root rot of soybean (

——

P, megasperma var. sojae ).

£. §1§Q§gg§ Ervin (1954b) describes the symptoms of
\

root rotvof alfalfa caused by P, cryptogea as: : L
1) brown to red necrosis, irregular in shape, )
mostly occurring on the +tap root but crown and
lateral roots may be affected, ‘

2) internally infected areas guch as xylem may

! .
become water-soaked eventually becoming discolored

and turning yellow, and .
. 3)  leaves lose their turgidity turning yellow and

the roots becomelcompletely girdled.
~Erwin (1954b) did not mention any effect of the disease on
nodulation. Erwin (1965) later reclassifiéd g; cryptogea to
- P, megasperma . Bushong and.Gerdemanh'(1959) and Marks and
Mitchell (i970)'described the synptoms of Phytophthora root
rot of alfalfa caused by P. megqasperma . Marks and uitcﬁéil

(197C) felt this was the sanme pathogen that incited a

-
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cambial rost rot of alfalfa reported by Jones (1943{.

In Australia, Purss (1959) listedJ the symptoms of a
rcot rot of alfalfa caused by é; cryptogea and P. Eggggigigg 
- However, Irwin (1974) isolated a casual organism of
Phytophthora root rot of alfalfa in Qqeensland, FAustralia
which was P. megasperma var. sojae. This was in dontrast to
Purss's (1959) identification., A remarkakle similarity
existé amoﬁg the stptom% déscribed‘by Erwin (1954b), Purss
(1959) , Hérks and Mitchéll (fé&O), Bushong and Gerdemann
(1959) , and Damirgi et al. (1976).

g. Infection In all these accounts of P, gggggggggg‘and
alfalfa sickneésy the primary infection Sites have been the
laieral'roots aﬂd éventually the, tap roots. Scott (1965)
differentiatés ‘la£eral roots which form . secondary
thickenings from filangﬁtous or transitory roots which may
thicken siightly and have root hairs. Jones'(1943)'describes-
two types of roots in alfalfa based on the development of
secondary growth. Pernaneng, camhdal,“or nontransitory roots.
form a cambium and phellogen whereés fransienf or noncambial’
roots develop very little, if any, phelleum and cambium.

<

Thus lateral ‘roots may be cambial or nohcambial\while the

>

‘tap root is strictly cambial. .

Iﬁ the case of 2. gggg§pg§g§v ’ ﬁérks and Mitchell
{1970) and ua:ks and Mitchell (1971b) snggested the lateral
,rcots were most susceptible to :‘Lnfect'_ion.\1 Zoospores (Marks

ahd Mitchell, 197ia) of the fungus encysted.on the root tips

in the zome of cell division and cell elongation. The fine
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Ioots or noncambial roots were killed ;nd lesions apoeared
on the tap root from which these fine roots emerged.,Leakage
of nutrients ~at this point was suggested to ‘incise
pentration aﬁﬁf<gfection,by the pathogen. This invasioq, aqd
lesicn develc‘menﬁ/ on the roots led to reduced groeth. As
severity of infectiog\igegeased chlofotic\foliage, preﬁature

A
defoliation, and wilting occurred.

Irwin (1976), describing root infection of alfalfa by

P megasgermg var, _gj e, felt the junctlon of the lateral

and tap root as well -as the root t1p were infection sites.,

» s

The 1ateral root, in this case, would likely be tramsitory
since the roots were examined 3 ueeks after gérmlnatlon of

seed. This suggested tap root le51ons and’ 10%5 of the non-

~-

camblal roots under field conditions. A tactic response. of

Zoosrores was . evident din the Jcﬁltivars Laﬂontan, Hunter

‘River, and Moapa. It appeared resistance~to the disease in

Lahontan occurred after host pentration by zoospore germ

3

tubes. . ' '
‘In contrast, Gray and Hine (1976) ‘thought  early ' root

infection in the fiéld uas assoc1ated wlth the nodules of

-alfalfa. From the nodule, P, megasperma could progress into

the cort1ca1 root tissue and. girdle the root at the p01nt of
attachment of the nodule. But the roots from 1nfected field
plants were examined ¢ mcnths after seeding. This) uogid seem
scmewhat late/to justify that 1nfect10n ct nodules,(‘root

tips, and nontrans1tory lateral roots had been obsefved.

The chemotaxls of zoospores to the host as-suggested,by
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Marks and Mitchell (1971a)- and - Irwin . (1976) is -well

documented in' other Phytophthora caused- diseases. Dukes and

Apple (1961) observed a chemical»attraetion(of zoospores of
P. parasitica var. n;ggtiggag to wounded tcbacco roots. The
substance “cgusing chemotaxis was not specific to tobacco;“
‘Goode (1956) working yith P, fragariae zoospores noted a
stactic .response of the zoospores to strawberry root tips.
Zentmyer (1961) discussed chemotaxis of P, cinnamomi
zoospores to avocado roots., Zoospores were attracted to the
- .region of root tip elongation. A root . exudate produced by
the living avocado roots attracted the Zzoospores. Mehrotra
(1970y u51ng a fluorescent dye learned that zoospores ef P.
gggggggggg var. sojae. accumulated cn resistant = and .
susceptible varieties of soybean ,seedlings.f Thus, this
phencmenon of ohemical' attraction of the pathogen to the
host is supported by evidence wlthln the P_zt_ggth_;_ genus.

The substance which attracts the =zoospores ofﬁ P.
hegaspegma to alfalfa ‘roots may be an amino a01d such as
athiamine. Data-presented by ¢Erw1n and Katznelson (1961)
tends to support' the observation that thiamine may be:
important -for survival of P. g_ggégg;gg in the soil.

Furthermore, microorganisms may be producing thiawine in the

rhizosphere of the alfalfa roots.

h. Environment The single most important factor in the
snrvigal*b; megasperma and its infection of alfalfa is
Boisture. Johnson and Morgan (1965) wvere able to isolate P,

e g Sperm a after heavy rains of 24,8 cwm in April, 1964,

[
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Frosheiser (1969) also igoiateﬁ the p§§§ogen during Jaune,
1967 when 17 cm of rain was recorded with continous rain for

12 consecutive days in the midwest U.S.A.. Bushong and

. Gerdemann (1959) observed P, meqgasperma was favored by cool,

rainy. weather and standing water. The pathogen was
frequéhtl;;isolated in the spring and fall. Soil =moisture

levels below -40 bars reduced infective activity to nil
.

¢ (Pratt and mMitchell, 1975). At soil noisture 1eve1s near -15

~

bars, infective activity declined only =<slightly asiter 7
;ontﬁs. Also, irrigation increased disease incidence (Pulli
.and Tesar, 1975) of P, !ega§pé£!g . Ir;in {!974) nmentiomned
the relation of raihfall and the presence of g;vlegasgerlaz
var. sojae in poorly drained soils. Lueschen et al. (1976)
felt that 1 .days or longer 6f saturated soil would caus-
rapid devefbplen@ of’gl megasperma . Poor internal drainzge
of the topgfaphy~nay also lead to incr;ased inoculum leve_.s
of é; megasperma. H 7ever, when dry soil conditions 'result,
detection of the paého en may fail.

iTé;petgture which favors disease development and
expressionvuas honsignific nt over a fange of 179C to 279

(Erwin, 1966). This ccrrelated well with the growth of P.

megasperma in vitro. Hovever,\ Pratt and Mitchell (1976}

(4

exanininé ~ tap roots of_resistan and susceptible selections

found~disease to be more severe at 0°C and 24°C compared to

- Q -
16°C or 28°C. Gray and Hine (1976) indicated optimal soil
temperature Occurréd at 23 cm below he'spil surface June

through Augqust for high diseasé severity. Graj et al., (1973)

’
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added that a temperature of 30-18°C or 24-13°C for 1light
cycle (1. Hc rs). and dark cycle (@ hours), pespecfi“ﬁgly,‘..
caused mo > ¢ scase than 35-2u4°C. '

Inocui evels of one-eighth {"and one-thirtjyseconad- -
«

™y

{v/v) gave the nos€ severe diseaée to seedlings inoculated
, ' ' v ¢~ )
at 6 weeks of age (Pratt and Mitchell, 1976), These authors

(Pratt and uitchell; 1976) also stated dilution levels of -~

5:8 or 1:16 (original:diluent soil) allowed easy detection.
of P, megasperma . Planting the infected soii to alfalfa
selectively raised "inoculum' levels ' to make - deteétion.'
somewvhat easie:; (Pratt and Mitchell, 1975). Nonhost ctops
did ﬁot raise the infecti;e levels. cConsequently, 1low
inoculum ‘levels in the soilaiay not be detected by current

\

techniqdes. Damirgi et gl; t1976) found alfalfa sickness
: ‘ : :

vicre severe- with 10—-3, 10-2,. apnd 10—-3 so0il dilutions -
capared to 10-’Aand 10-5s.

Age at which alfalf; plants are attécked, by‘ the
pathogen varies. Eost—énergence damping-off was evident
according to Johnséi and Morgan (1965) , Schmitthenner
{1964), Bushong " and Gerdemann .(1959), " Welty and Busbice
(1976), and Gray et al, (1973).>in) greenhouse studies.
Ccnflicting' reports exist for pre-emergence damping-off. In
suppert of pre-emergence délping—off, \ielty and Busbice
(1976),‘Gray et al, (1973, ana'Bushong and Gerdemann (1959)
reported it-but\Schnigthenner (1964) aﬁg Johnson and Morgan

(1965) found no evidence in the gréenhouse to sﬁpport this

view.
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Proshgiser (1967) found disease severity of pP.
Begasperma did not differ on alfalfalfrom 1 to 6 weeks of
age. At 12 véeks, the disease severity (5.9) was less than 1
to 6 weeks (7.5-8.1). Welty and Busbice (1976), testing the
pathogeﬁicity of g; gggégggggg over tipe, discovered alfalfa
incculated.at 21 days of age had the rdot completely rotted.
Plants inoculated at 28, 35, and 50 days had neérotic root
lesicns, stunting,'and Ye€ellowing. When inocula§ed at 7 days
qf age; only yellov lesions developed on the foliage of
glfalfa. Gray apd H%ne (1976) indicated initial field
inféqﬁion of _élfalfaé roots may occur 4 to 8 déeks“after
ieeding. This'agrees vith Luescheﬁs' et al. (1976) results
in uhich yield reductions due to P. Begasperma damage‘were

suspected to occur during tkte seeding year. Purss (1959)

stated first year stands of alfalfa are more susceptible to

attack than established stands.

The éurvival of g; megasperma may be in the form of
oospores . (Frosheiser, 1968) - or chlamydospores
(Schepitthenner, 1970) since other structures uouid be killed
Aby environnéntal stress, most notably 'drought. This 1is

: e

supported by Tsao's%r(1969) work on P, ‘'parasitica. The

primary infective propagulé of P, megasperma is the zoospore

and suspensions of it have been used for inoculation studies

in the greenhouée (Marks and Mitchell, 1975). But most
investigators have utilized mycelium both in greenhouse
(Gray et g;;; 1973) and field expgriments (Frosheiser and

Barnes, 1973; Lu et al., 1973).
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The funqus 1is capable of surviving in the soil at
various soil depths. Frosheiser (1969) otserved tap root
rotting 50 c; below the sqil,surface; Gray and Hine (1976)
detected root lesions from 4 to 40 cm bglou the soil surface
but noted some as deep as 80 cm. Soils prone to root rot of
alfalfa caused 'by P. megasperma are -silty loams and
pcdzolized _(Marks and uitcheli, 1970) « Purss (1959)
suggested heavy soils with an impervious layer were

cunducive to spread of P. parasitica and P, cryptogea.

2, Plant _

Foliage diseases of forages caused an estimated aﬁnual
loss of 5.9% or 6.2 million doliars from the period 1970-
1973 in central and northern Alberta (Berkenkamp, 1974).
Alfalfa diseaseé losses 1in the U.S. have been estimated at
24% for forage and 9% for seed (Graham et al., 1972). In the
U.S., root and crown rot fungi cause damage_té at least 5%
of +the alfalfa. The only ptactical means to 6ve:come these
lcsses are through control by the use of crop rotation,
chemicals, or resistant cultivars.

a. Management Crop rotation vas- not q;fective in
reducng/th\levgl of infective activity of P. megaggerma
(Pratt and uitc;ell, ‘1975). The crops included in the
rotation were cormn, oats, clover, K soybeans, and peas gfoin
for 3 to 6 months. In this greenhouse study, infective

activity in soil planted with the above crops was compared

to infective activity in fallow. .
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Crop sanitation has been practiced to rid am area of
the source of infection. Bonde (1943) dccumented burning
potato cull piles to eliminate the infection source of.late

blight of pctato caused by P. infestams. Turmer (1965)

suggested renbving and dispbsing of cacao pod material im
the fielgd. ihis acts as an infection source for . Eg;é;gggg
. Crop removal by burning has not been reported fér
ccntrolling the dispersal of P, megasperma . n

FrequentAvirrigations wvill increase disease sevégity of
P, cinnamomi (Zentmyer and Richards, 1952). Tbese.'weékly
iatetingshof avocado trees meant the disease appeared sooner
and caused’ greater damage. Pulli and Tesar 61975) stated
that when 10 cm of water vas added in addition to the normal
rainfall, the disease incidence and severity of - B
megasperma on alfalfa increased. Other management factors-
which stressed the alfalfa plants making them susceptible to
attack by P_. megasgermg'uere:'increasiﬁg cutting. frequency
from 2 to 3 times per year, seeding at higher rates (9 to 36
kg)ha)_and late seeding (April 27 qompared'to May 19). Thus,
'misnanagenént will increase the likelihocd of infection of
alfalfa by P. megasperma and resuit in 19ver yields.

b. Chemicalg The application of fﬁggicidés to control
root diseases‘of alfalfa has been limited due to the cost of
chemicals and their lack of effectiveness over a number of
years. For example, the cnly disease in _uhich a fungicide
vas cited for _diseaseﬂcontrol'in alfalfa by Graham et al.

(1972) wvas spring black stem and leafspot céused by ‘Phoma
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sp. Even at that, the chemical was uneconomical énd the
residual effect was unknown. Fungicides such as_.. Dexon
(sodium d4-dimethylaminophenyl diazo sulthonate) have been

used to control fungi in the Phycomycete class (Kreutzer,

-~

1963) .

The chemical, Dowco 269 {2-chloro-6-methoxy-

H
}

4(trichlot$¥ethyl)pyridine) or pyroxchlor, was inhibitory to
P, megaspersa , P. cryptogea, P. cinmamosi, -and P,
mEgasperma var. sojae aéc;tding to Hoitidnk and Schmitthenner
(1975). Dexon was not effective in controlling-rhodbdendron
. root rot caused by P. cinnamomi or root rot of soybean
caused by P, ieéasgg;!g var. égjgg. But Dowco 269 applied as
a drench before disease inoculation cbﬁtrolied P, cinnamomi
in the greenhouse. When applied as a fungus treatment, the

chemical restricted soYbean root rot but some stunting of

the rlants occurred. Dowco 269 did ndt kill Phytophthora sp.

in vitro 6r eradicate Phytophthoga from diseased plants.
Stuteville (1976) applied Dowco 269 +to alfalfa seeds
aﬁd .evaluated seedling reaction to P, megasperma . The
fungicide was phytotoxic at . the 2% lefel tbased on
weight/weight basis aﬁd expresséd as a percentage of the
seed weight),ADowcb 269 increased the perpeﬁtage of 1living
plants of' the Phytophthora-résiétant cultivar Agate. No
deleferious.effécts'were obsérved, on nodules of alfalfa.
This appears. to be a promising fungicide for control of P,
megasperma . But Dowco 269 is only preventative im its

action against the pathogen,
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c. Plant Breeding The primary consequence of selection

~is to change the frequencies of genes affecting the trait
upon which selection  acts. In this regard, the genetic
Froperties of a population can be altered by the ‘choice of
individuals to be used as parents gand this constitutes
selection. However, the initial gene frequency, rate of
chaege in gene freguency, and mzde of gene action will
determine the magnitude and degree of selection | response.
Consequently, Allard (1960) has characterized five selection
response patterns.

Robertson and Reeve {1952) studied the inherifance of

wing andqthorax length in Drosophila melapogaster over 50

generatiens. The phenotyric variance of the characters under
selection increased. as an indication of response to
selection., Sheldon (1963), in discussing selection response

for body weight in Drosophilg melanogaster over 39

generations, no}ed respense to selectiomn continued, : eot
- reaching a plateau, in the low lines. Incfhe‘high lines, the
‘response was absent over the selection period since cﬁlture'
changes and genotype by environment interactions occurrg&:
Falconer (1953) described' the response to selectioﬁ ge
proceeding regulerly,bshoving no sign- of yblhteauingk in a
selection eiperinent» for' mohse size ever_11vgenerations.
Wooﬁuorth et al. (1952) presehted data on fifty éenerations
of selecticn for protein and oil in cormn. The response wvas

slow and steady with a gradual shifting of the."population

"means in both the high and low protein and oil. Por each of
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these studies, except Falconer (1953), the major divergence
be.ween high and low 1lines for the characters selected
gene-ally began at generation five. In all the studies,

gene*i~ variability did, not decrease and the slow, steady

respépﬁ - selection over a humber of generations 1is the
first ~u<- --=ction ?aﬁterﬁ {Allard, 1960).

T = . 7 reéponse'to selection in corn for lower oil
contert ¢ - 2% genera’ ons (Woodworth et al., 1952) was
thought to . M physic.. jical threshold. This did not
inply.:ixa:io, : .2e@ . "es 7 ~ low o0il content. There also
may be a  corn_ =t lack of response to selectioﬂ’as vas
suggested by Ailare« ©60) ‘The =xample mentioned by Allard

(1960) was selection for Léld “n corn and the failure of

selection was attributed .o the 1low heritability of this

character.

. @ v
Mather and Harrison (1949) illustrated another type of

selection response in Drosophila’ melanogaster for abdmonial

chaetae over at least 100 generations. This type of response
ugé‘in:the following form; gain from»seleétion.follovéd by a
plateau 1in which there was no response to éelection, then a
gain 1in Qelection followed by a plateau. The authors
conciuded' there was a large amgunt of hidden ‘genetic
variability which provided the organism with flexibility or
potential variability to survive ﬁ%tural selection of
‘overaiiwfitness. This flexibility was counterbalaneed by
féee genétic_»variability which was released by segregation

as a result of directional or artificial selection.
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The last type ofuresponse to selection is one Hhicﬂ ié
‘most likely to occur in breeding resistance to diseases. The
response is initially"fapid ‘followed by a period of slow.
progress (Allard, 1960). Thé reasoning thought to explain
th's response is fixation of a small number ofhgenes which
- have been referred to as major genes. Thev slow progress’
results when the ﬁajor genes have been selected to a point
of fixation'and only chénges in thé frequency of minor gemnes
occurs. This pattern of selection response is common in
inheritance of resistance and susceptibility to mos£ fungi
diseases of wheat, barley, corn, and flax.

As a result of the control exerted by majof genés for
diéease resistance, Flor (1959) proposed a gene—fof-gene
hypo{hesis wvhich assumes host and pathogen have evolved
together. In relation to diseases cf alfalfa, this
hypothesis has not been applied.

-Phenotypicvrecurregt selection as a method of selection
has teen widely used to breed resistance vto disease in
alfalfa (Twanléy, "1974). The method consists of selecting
‘desirable clones, intercrossing the se;ecfions, and wusing
kthe seed for another cycle. The term phenotypic relates to
resistance béing controlled by few genes which are highly
héritable. Hanson et al. (1972) summarized the results of a
program using recurrent rhenotypic selection for conse:ving
germplasm and developing disease resistance. This selection
method broved successful for Hamson and his associates.

Tvo pregrams were initiated, one at St. Paul, Minnesota
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by Frosheiser and Barnes (1973) and‘ the other at Tucson,
Arizcna by Gray et al. (1973) to develor resistance to P.
hegasperma . A greenhcuse seedling selection technique
involving phenotypic recurrent selecfion and polycross
progeny evalution was utilized by‘both groups. Enyironmental
effects were small, heritabiliﬁy‘ high, and gene
recombination favorable in both selection procedures. This
was indicated by the response to selection. Froshei§er and
Barnes (1973) stated the level of resistance went from 10%
initially to 50% after 2 cycles of selecticn to 63% after 3
cyclés. Hine et al. (1975) also inéreased the percentage of
resistant plants from 15% initially to 60% in 1 cycle to 83%
after 2 cycles of selection. Thus, phenotypic recurfent

selection in the greenhouse effectively increased resistance

Alfalfa diséase resistance in most of the studies
discussed by Kehr et al. (1972) has been conditioned by a
simply inherited | tetrasomic gene. . Resistance to P.
'gggggggggg in alfaifa vas also found to be governed by a
tetrasomically inherited gene with inccmplete dominance (Lu
et al., 1973). Accumulative gene action determined the
genotypes as follovs:rhighly resistant=nulliplex genotype;
hoderately resistant=simplex ~ gemnotype; and increasing
susceptibility=dhplex,_ triplex, and quadruplex. The same
gene which contrélled resistance in ‘alfalfaf of Turkestan
origin controlled resistance in wint§r-dormant cultivars

- such as Vernal. This simply inherited trait was ' eludicated
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.using a diallel, selfing, and testcrossing so that 3
generations could be observed simultaneously. ;Hetérozygcus
parents and a small family size of 30 allowed the scheme to
be quickly completed.

The mode of resistance to P, megasperma was examined by
Marks and Mitchell (1971b). Two factors appeared to be
associated with the resistant reaction which were; fir§;,
the structv-. of the central stele and second, a
hypersensitive reactidn observed 'in cortical cells of
«growing root tips. Increased lateral rcot nunbers” with
larger steles and -clearly defined endodermis contributed
significantly to resistance. Secondly, a granular - pheﬁolic
compound was observed in young, living. cortical cells of
tolerant cultivars. This material; migh; possibly be a |
‘phytcalexin as has been reported in soybeéh (Keen, 1971) in
the resistant reaction to P. ggggfgerma var. §gjgg.‘ This
hypersensitive reaction was confirmed by Pratt and uitchell
{1975) inoculéting resistant and éusceptible aifalfa élants
with <zoospore suspensions of P, gggg§gg;gé . Small, loC&l,
‘necfotiériésions developed in resistant plaﬁts - suggesting
hypérsensitivity.,ln susceptible plants, tissue collapse and

- .
death were observed in roots, cotjledons and leaflets.

Cultivars resistant to P. megasperma have been .

developed and one such cultivar is Agate ( Medicagqo sativa )

Vﬁeveloped by Frosheiser and Barnes (1973). The average
disease severity index of Agate (tested as MnP-A2(Syn. 1))

was 2.40 ;ith 63;55 resistant plants. Comparé with this,
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Vernal at 3.87 and 6.2%, Saranac at 3.95 and 5.5%, and
Lahontan ‘at 2.92 and 36.3% for diséase severity ahd ?er cent
resistant plants, respecfivelyf The disease.severity was a
scale of 1 to 5 with 1=no symptoms and S5=plant déad. The per
cent resistance uas»lbased on plants scoring a 1 and 2
disease rating; '

Lehman et g;; ({1969) has licensed 2 germplasm sources
UC38 and_ UC47 with tolerance to P, megasperma . The.degree
of tolerance, based on a disease rating >(0=no disease 'and
5;completelybrotted root) and the percentage tolerant plants
with a \disease rating cf 2 or less; were 3.4 and 23.1% for
Uc37 and 2.9 and 38.3% for the check Laho?tén,,reépectiéely.
In anothérat;st, the»germplasm UC47 had a disease rating of
4.4 and 14.3% tolérant Flants comr ~=d to Lahontan with 2.9
and 32,1% tolerant plants..
. A germplasm release vfrdm the Sullman Washington
Agficultural Statioﬁ b1-,§£§%ﬂ\\_ilﬂl7) ldocuméhiéiwthe
'peréentage resistant plants of WDS3P1 to ~Bhytophthora root
rot. There vere 64% resistant plants in WDg3P1\hdsed on one
cycle of gréenhouse selection; 2% in Vernal; 47%7 &ng Agate;
and 2% in Sarahaq. Per cent resiétance wvas determined by the
number of plants scoring a 1 and 2 disease rating. b

Comparison of various cultiva;s at the sSt. éaul,
' Minnesota nursery (Frosheiser, 1977) for P. megasperma
resistance are sumparized as follows; Agate-2.70, Grimm-

4.86, Ladak-4.26, Lahonton-3.00, Rambler—4.18,1 and Vernal-

4.56. The average discase severity index, following each
: \
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cultivar, vas based 6ﬁ a scale of 1 to 6 with 1 being’ no
symptoms and 6 being a dead plant.

Various characters are measured and methods used in
testiné plant material for resistance to d;sease. For
example, Graham gg g;; (1965) lists the advantages of making
selections in the growthﬁ chamber ccmpared to field

selection. Caution muét ke zéxercised that any characters
measured do not change'vhén the plants are tr-nsplanted to
the field. If the populations in which’ seieé%ion - has been
practiced are brsad-based, no apbreciable shift in other

traits should occur. Hill et al {1969) confirmed this

observation and stated 75 or more plants per cycle of
sélection should be selected éo prevent inﬁreeding
depression; ° N

In looking at the characters to studyf Cafhahan (1963)
evaluated reciprocal differeﬁces in alfalfa for daternal
effects in seedling height and yields. They appeared to be
controlled by the nudleus rather than the cytoplasm.

Devine ~ .. McMurtrey (1975) correlated disease rating
f1=low freq. »>ncy, 9=high freéuency-of diseased plaﬁts) with
stand count and yield in anthracnose resistant alfalfa
lines., Disease rating wés correlated from 0.06 to 0.65 with
stand count over 2 years in- the field. For yield, tﬂe_

correlation ranged from 0.01 to 0.56 in the field data.

Theurer and Elling [(1963) used a disease Trating for
o : B

btacterial wilt of alfalfa caused by Corynebacteriunm

P~

insidiosunm. The’rating was based on scale of 0 to 5 with
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each class representing varying degrees of diseage symptonms.
"Class 0 .was no evidence of “ilt while 5 was a very severé
”infection. The phenotYpic corrclation (r=0.61) between é%ch
of the synthetics and their single ~crosses was highly
significant. |
Frosheiser ‘aqd‘ Barnes (1973) fcuﬁd significgnt
correlations of r=-d.97§ and r=-0.865 for forage yield and
average disease sevgrity index. The disease severity index
was determined by an individual score for each'plang (1=no
symptoms, 5 and 6=dead plants) in the fieid. Lueschén:gg al.
{1976) related forage yigld to infection gnd injury_"caused
by P. gg§g§pg£gg as did Prosheiser and Barnes (1973).
Lueschen and associates assumed in noninoculated field plots
with natural rainfall that P. megasperma was causing‘ the
damage. This damage was reflected iﬁ the lowver yields of
susceptible cultivars compared to‘the resistant lines.
Berkenkamp and Baenziger (1969) found percent shrvival,
which was estimgted'visually,'vaS'correlated with lesioning

of the roots (r=0.73) in swveetclover. The lesions were

caused by Plenodomus gefiloti and the <correlation wés a
~indication eof resiétaﬁce to the pathogen.‘

Combining abiiity has been used as a method to evaluate
alfalfa  clones for thei; behavior in combination with ofher“
clones (Bolton, 1948). Sprague and Tat;m (1942) stated
general combining ability (GCA) represented additive g;netic

'variation while specific combining ability (SCA) referred to

-~

R A
dominance effects, epistatic effects, and genotype by

-
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environment interactions (Rojas aad .. 1gue, 1952). These
authors (Spr%gue qnd Tatum, 1942) defined GCA as the dQe;age
perforlancé of a line. in hybrid combination and SCA as-
perfecrmance ofvcertain crosses which do better or wvorse than
the average perforlanée of the 1lines. In unselected
material, tpe GCA variance or'additive'effects were greater
than§£he SCA variance or nonadditive effects. If 1lines are
selected for high GCA, then the component of‘gériance for
SCA may exceed that for GCA. This is due to the: greater
degree of resemblance between selected lines compared to the
unselected material..

The inportanée of GCA ané SCA for diallel crosses of
- alfalfa depends upon the choice of paréntal clones. For
unselected material, <the GCA variance has been found to be
more important than the variance for SCA (Peaggon and
Elling, 1967 .a  "han €t g;;,“1962). In contrast, SinghAand
Lesins fou. ;ign;ficant SCA variance vas greater than
the GCA variance and genotypic variance was largély non- -
ad&itive. But the clomes evaluated in Singbh and Lesins"
“(1971) study had beeﬁ previonslf selectg@. The merits of
both typ: -~ of ;e§ﬁ1ts are ugeful fron‘;he standpoint that
clones w:th high GCA effects can be used toc form a synthetic
cultivar c. a number of clon;s. or, any 2 parénts with
consistently high SCA effects.cdﬁ be used to fora a 2-clone
hybrid. |

Be;itability estimates have béen used to determine the

relationshitg between the . §henotype and genotype. These

¢



\ 30

estimates are relative only to‘\ the populations and
environmental conditions in which they were derived. Various
progedures have been utilized such as analysis of variance
and regression to estimate the.a-ount of genetic variéfiog,
In gheuanaiysis of variance {Falconer, 1960), thé genotypié
vafiance wvhich includes additive, dominant, and epistatic
gentic variance is expressed as a ratio of thesenvironmental
or phenotypic variance. Preceding further, as in the dialiel
(Gardner, 1963), tﬁe anélysis of variance fgrovides estimates
of ‘her%}aﬁility in the broad sense which includes additive,
dcminance and epistatic génetic' variances and the mnarrow
sense which is additive génetic variance.

The second technique relies on regressing the offspring
on the parent as prorosed by Lush (1940). This method
includes additive, digenic, amnd heritable portions of
epistatic variance «vi'- appropriate coefficients and 1is a
superior method for prc c-ting gain from selection (Svanson
et al., 1975).‘ swanson and colleagues considered parent-
offspringiregresgion as the best estir e of narrow sense
heritability in an ahtofetraploid such as alfalfa,

Broad sense heripability estimétes are usuallyihigh in
80% for resistazr~e to rust in alfalfa. Carnahan et al.
(1962),°iﬂ a study of common leafspot~resiétance in alfalfa,
ftunﬁ the broad sense heritability to be_64$. pevine et al.
(1971 stated resistance to 'anthracnose in alfalfa wvas

highly heritable. These estimates of broad sense
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‘heritability imply genotypic variability exists and progress

in selection can be accomplished.

A

A



MATERIALS AND METHODS

The materials used as sources of resistant and

susceptible genotypes were cultivars of M. media -Beaver

B), Gfimn (G), Roamer (R), and Vernal (V). Susceptible
genotyges were designated by 'Pf.‘ Cycle O refers to the
unselected plants while cfcle 1,. 2, and 3 refer to three
cyclés of selection for resista;cé or susceptibility to
alfalfa sicknesé. For example, 2VP16A wquld designate a
Vernal plant'or pfogeny in the second cycle of: selection
that is susceptible. The 16A is an arbitary number give; the
6riginal’ genotypes from cycle 0. In the growth room tests,.
Beaver was the check cultivén/\psed. - The cultivars which
acted as «checks in all the({field tesfs’were Beaver, Grimm,
Rcame?, and Vernal. The chec cultivar Agate (Barnes et al.,
1973) was included in strain test 1 and the observational
strain test. The «cultivars in the field were replicated
eight times in lattice strain test 1 and 2 while in strain
test 1, the <cultivars ,uere replicated four times. This

increased replication of the cultivars provided a more

accurate comparison with the genotypes.

2. Methods

To achieve our objectives, eight gtowth ToOm tests were
uhdertaken to study the control of the alfalfa sickness

‘pathogen by chemical and physical treatments. Three growth

rocom tests and five field tests vere directed at examining

. 32 ' .
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the control of the alfalfa sickness pathogen by plant
breeding. The_ tests,' their 1location, replication, and
experimental design are listed in Table 2.

a. Growth Room The growth room in which the tests wvere

underE9Kén was maintained at apprpximately 18°C. Lighting
fcr 20 hours per day was provided by florescent bulbs which
supplied about 21,500 lux at approximétely 45 cm above the
pots. Plastic pots were closed at the bottcm to prevent the
lecss of any possible toxic substance which wmight be
associated with the disease. The pots were 17 cm in diameter
and contained about 1,800 g of soil when filled to abouf 2
cm below the rim. |

The bidassays utilized in the growth room tests were
sick soil and isolates of organisms from sick soil. Sick
soil was obtained from areas known to induce alfalfa
sickness; namely, an area near Breton, Alberta, and later, a
site at Spruce Grove, Alberta selected fof the field tests.
Uninfected soil was collected from the Edmonton Rgsearch'
‘Station (Parkland_Farn); and a virgin séil from Bretdn,
Alberta. Individual soil.samples were. taken to a depth of 15
cm below the surface from several locations within a
siiteenth of a ha, and were combined. This composite sample
uaé passed. through a 0.6 cm wide mesh screen, and then was
thoroughly mixed.and stored in plastic bags until needed. A
portion of the gﬁnﬁosite sample vhich was at field moisture
capacity was E%eai pasfeuzized at 1.2 kg per qu for 30

minutes at 1209C, and stored in plastic bags. Pertilizer vas

-
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added before potting by mixing 1.5 g of 10-30-10 with the

scil in a plastic bag. Commercial inoculum of Rhizobium

heliloti was spread on the so0il surface of the pot
immediately after planting. The field . moisture capacities
wefé determined and these values were used to decide the
arount of water_to add to each pot before planting. After
planting, water was applied every second day to bring the
pots back to field cépacity. Sick soil used in the time of
infection “test, fungicide test 1, and second cycle strain
test was coliected from the field in November, 1975. Sick
soil for the other growth room tests was obtaiped.in July of
1976 except for the diallel strain testzwhich'%as collected
in October, 1976. |

The second type of bioassay, used only in the
inoéﬁlation test, was isolates, labelled.FG, F9, and F16, of
pathogens responsible for . alfalfa sickness according to
Damirgi et al., 1976. Stock cultures of Phytophthora
megasperma, numbers 446, 844, and 892 were obtained ffom
Erwin (1976). Mats of the isolates and stock culture vere
g&ovn on fpotato dextrose agar medium fqr 8 to 10 ‘days apd
then rénoved;‘pooled, and water added. The mixture was
ground .in a blender to form a paste of which forty mls of
this paste inoculum wvas poured on the moist surface of
pasteurized soil in each éot. \

Liie, in the form of finely ground calciunm carbé#ate,
was added to those scil samples that showed .an aéid

reaction. Such treatment was given to soils from soil tests
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1 and 2, fungicide tests 1 and 2, and the second cycle
strain test. The applica}ion rate was deternined by weighing
50 g of air-dry soil into a waxed paper cup,'adding lime and
mixing well, aﬂﬁ bringing to a moi;t capacity. The soil was
left for a week before the pHIuas determined. Treatments for
each soil in the growth room tests listed above were no 1iﬁe
(cpntrol); 720 kg per ha; 1440 kg per ha; 2160 kg per ha;
and 2880 kg  per ha/ These liming rates were intended to
correct the acidity by raising the pH to 7;0. However the
high rate of lime (2880 kg per ha) was not always sufficient
to increase pH to neutrality. To overcome this problem a
graph of. the lime rates and pH values vas plotted so that
the lime  rate could be extrapolated to pH 7.0. Thus, soil
moisture, soil fertility, and pH weré corrected to optimun
ieve;s so as not to confound response to theée factors with
response to alfalfa sickness.

The growth room tests involved germinating ‘scarifiead
alfalfa seeds on moist filter pape;-in petri dishes. Fifteen
to seventeen seedlings per pot vere planted when the radicle
was half hé centimeter in length. The teSts‘Here terminated
at 35 to 40 days vhen the alfalfa seedlings vwere 15 to 40 cm
in'height. - |

b. Field The area chosen for field tesfs‘ vas selécted
‘on the. basis of data from soil testq1 indicéting alfalfa
sick soil. The field site, 774 meters above sea level, is
approxinately 16 km west of Edmonton, Alterta on thevsou;h

cast quarter of 16-53-27 W4. The soil type is a chernozenm
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which is within the black great group (Bowser et al., 1962).

Tt is  a ééndy loam‘composed of 75% Peace Hills fine sandy

lcam and 25% Ponoka loam. The topography of the ‘land is
undulating and ‘depressional with a slight knoll sloping to
the north. Previods crébping history of this area was oats
th;eshed for grain for the past 3 years. The preceding crop
wvas alfalfa which was cut*for hay. The alfalfa stand was 5
Years old when it.vas decided dde to a declining, unthrifty
stand thaf it should be plowed under in favor of a nmore
Frofitable crop. |

Physical characteristics of the soil selected for the
field site are tabulated in Appendix 1. The field area ‘was
sampled on August 18, 1976 and thq soil samples marked *J°¢
were collected from an area immediately adjacent to the
field site. This area adjoining " the field site had been
fertilized with 67 kg per ha of 11-55-0 béfore alfalfa: vas
undersown with a crop of barley. The nitrogen and pbosphofus
leveis were adequate but ~poféssium was low for sample

_ ¥
numbers 1, 11, and 12. Sulphur was moderately low for - most

. of the soil samples. No free lime or sulphates were detected

and only a trace of sodium was found in all samples. The pH

of the soil samples vas slightly acidic.
O

Weather data were analyzed for the past 10 Years for .

the field study site at Spruce Grove, Alberta (Appendix 2).

Tbemaverage rainfall was. 30.5 cm for Hay through August

wii&e the @mean telperatnre wvas 14.89C for the sanme period.

Simple correlation coefficients between . rainfall and
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temperature were low and not significant (r=-0.21 to 0.06).
Correlations bétueen témperagure and time (r=-0.44 to 0.09)
were also nonsignifiéanf but the correlation between
rainfall and time (r=0.77) was highly significant.,

The fieid site was double diﬁced, harrouéd, rotovated,
and packed prior to seeding. To eliminate fertility effects;
224‘¢kg of 11-55-0 per ha and 224 kg per ha of 0-45-0 were
broadcast with a cyclone spreader on May 13, 1976. )

The alfalfa seed was scarified and commercial inoculun

of Rhizobium meliloti was added tqQ the seed before planting.

Hand pushed V-belt seeders were used to sow the seed to a
depth of one and half dm at 25 seeds per 30 cm on ‘uay 1a,
1976. Water was applied by sprinkler irrigation May 28, 1976
while h;h&. weeding of the plot was undertaken on June 14,
1976 and July 19, 1976. The plot was sprayed June 25, 1976
uith MCPA amine 80 ((4-chloro-o-tolyl)oxyacetic acid) at 210
g active ihgredient per: ha.

The agronomic characters of alfalfa chosen for
eévaluation of the effect of +the disease pathogen on the
rlant were the following:

1) Blant height,
2) plant stand,

3) stand snrvival,
4) disease rating,
5) performance rating, and
6) yield.

Plant height in the growth room was measured in ce from
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the cotyledonary node to the tip of the plant's leaves for
each plant. Height, in cm, was measured from the soil
surface to the 1leaf tips in each fow on September.9, 1976
and June 17, 1977 for all field tests. The plant height
assessed in the field September 9, 1976 iqusthain test 1 vas
the mean of 2 measurements per single rég.

The ¢plapnt stand was a rating on all field tests August
3, 1976 using a rp}gr to determine the number of gaps 10 c¢m
or larger per row. A score of 1 to 9 was uséd with 1 meaning
no - gaps or a complete stand and 9 indicating 9 gr BOre gaps
per row. This rafing ias used to adijust yield. data taken
from the field tests in 1976 and 1977. Stand survival in the
growth room was a count of the number of plants per pot éne
week after planting for soil tést 1. |

The disease rating was a visﬁal examinat;on of the
roots of each alfalfa plant undex a stereo-micréscope.»The
plants with roots intact were soaked about 15 minutes in a
water bath, then the soil vaé washed off the roots with
running water. The roots vere rated on a scale 'of' 1 to 5
with 1 beihg clean, healthy roots and 5 being a dead plant,.
The ratings 2, 3, and 4 wvere intermediate with 2 being roots
with slight browning and lesions; 3, roots exhibiting
brownish, well-defined 1lesions; and 4, browned, girdled
roots with severe lesioning. This scheme of rating- symptoms
was based on other alfalfa disease studies (Frosheiser and

Barnes, 1973; Gray et al. 1973). Rating classes 1 and 2

would indicate resistanceuuhile classeé 3, 4, and 5 would be
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susceptible to alfalfa sickness. The disease rating was
measured on all plants in each growth room test except soil
test 1. For strain test 2, 10 randomly selected plants in
each row wefe uprooted to a depth of 20 to 30 cm and rated
in the field. Tﬂe disease rating for strain test 2 wvas
carried out on August 5, 1976.

The disease rating used in scoring' root reaction to
alfalfa sickness in cycles 0 and 1 in the giogth room was
_different. No class 5 rating’existed however the procedure
followed " was identical to. the method of rating described
above.

The performance rating for strain test 1 was a measure
of the vigor, productiﬁity, and general appearance of thé
stand in a row. The field rating vas based om a scale of 1
tc 5 with 1 being an hnproducfive, unthrifty stand and class
5 being a complete stand with vigbpous, health;'grovth:
Ratings 2, 3, and ¢4 vere intefmédiate classes of
_prbductivity and thriftness of the stand. An-average of
three individual, independent assessments cf the stand ~in
each rowv wvas taken on August 19, 1976.

Yield for growth fbom tests was measured on a grams per
pot basis. The naterial‘uas air-dried-iq paper bags for 48
hours at ©#8°C. For soil test 1 and the sgcond cycle
selection test, the material above the cotyledonépy node wvas
dried and weighed Jﬁgi;mi? fungicide test 1 and the time of
infection test the rogﬁg/o% the plants were used for yield.

iIn the remaining growth room tests, the whole plant
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l(top+root) was weighed fcr yield.

Strain tesf 1 was harvested for yield October 25% 1976
using a sickle mower while all the field tests were cut with
a Mott mower in 1977. In 1976, the cut material from an
entire rov was placed in a cotton sack, air dried for " 48
hours at 489C, and weighed to the nearest gram. Due 'to the
limited drying facilities and substantial green yield, a
different phocedure was followed when the field tests were
cutyon.ﬁune 20, 1977. A 300 gn subsample of the weéd-free
green yield from each row was taken and ‘dried for 48 hours
at 48°c. The dry weight of the sﬁbsaﬁple was used to
calculate the grams of uiy matter per row. NoO winterkill was
evideﬂf after the 1976-77 winter  and establishment of the
field site was successful.

C. gggggggg Soil test 1 was concerned with identifying
an area affected with alfalfa sickness for a field site and
studying physical control of the pathogen by heat and pH.
The tgst was a split plot with the.soil samples treated as
prain plots and the control treatments as subplots. The
»ccntrol treatments included pasteurization, pasteurized-
limed, nonpésteurized, and nonpasteurized-limed. |

‘The second soil test, soil test 2, wvas an assegsment of

the soil from the proposed field site for the presence - of

‘alfalfa sickness. The effect of pasteurization was also .

examined as a means of pathogen control. Five locatious were

sampled within the field site.

The U.S. soil test was an observation test in which
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soils from different geographic areas purported to be

infected with P. megasperma were imported and evaluated at

the Edmontcn Research Station (Parkland Farm). A comparison
of the symptoms exhibited by Beaver alfalfa infectéd with P,
megasperma and-alfalfa sickness was the object of fhis
particular test. There were liﬁited quantities of soil

-

available to pot, making a replicated trial impossible. The
scils from P, megasperma infected areas were: Ottava,
ontario, canada! ;East Lasing, Michigan, U.S.A.2 ;St. Paul,

Minnesota, U.S.A.3 ;bavié, California, U.S.A.% .

To determine the initiation and progress of alfalfa
sickness with a view for knowing vhen control would  be
éppropriéte, ‘diseased roots Were ‘éxamined Qeekiy over a
seven uéek periog. This was the purp;se~ of the time of
infection test. Regression technignes vere used to predict
the rélationship betueen' time and height, and time and
disease rating. These functiopal relationships provided
information about the effect of the disease on alfalfa over
time. |

The second bioassay method which comsisted of isolates

of the alfalfa sickness organism ' and P. megasperma wvas

!

1 Chi, C.C. 1976. Research Branch, Ottawa Research Station,
Ottawa, Ontario, Canada. -

2 Tesar, M.B. 1976. Department of Crop and Soil Science,
Michigan State Oniv., Fast lLasing, Michigan, U.S.A..

3 Frosheiser, F.I. 1976, i(Department of Plant Pathology,
Univs of Minnesota, St. Paul? Mipnesota, U.S.A..

¢ Stanford, E.H. 1976. Department of Agronomy amnd Range
Science, Univ. of California, Davis, Califcrnia, U.S.A..



42’

utilized in the inoculation test. This test was undertaken:
with the idea that a tethnique could be developed for
' evéluating‘alfalfa genotypes drown in inocualated soil in the
growth room. No ihfeption of alfalfa by tﬁe alfalfa sickness
organism in potted soils had been investigated before this
éresenf test. Furthermore, a comparison of the respénse of
resistant and susceptible genotypes in pasteurized‘sick soil
was the third ‘aim of this inoculation test. Tuq resistant
- ¢1v12, 2v96), and two susceptibie (1GP130, 1RP188) genotypes‘
plus Beaver Qere planted in the pasteurized 1inoculated and

pasteurized noninoculated sick soil. :

The ’effects of chemical control of alfalfa sickﬂess

& \

vere investigateq in fungicide‘ﬁest 1 and 2, and the stféin
+ fungicide test. The funéicidés included Benlate (benomyl),
Dexon gfé;aminosulf), Metazoloxon ,(drazoloxon), and Dovc9
h269-(;§relle). fhé chemicals were applied as drenches t6$the
soii surface, mixeé in with'the soil, or bo&h. Dowco ’269
((2-chloro-6é-methoxy 4-(trichloromethyl)pyridine)) was also'
applied as a foliar spray. -
Eungicide tes£'1‘vas_a preliminary test of Dexon and
‘ ‘ , .

Benlate applied as drenches. For fung%c;deiﬁést 2, ﬁexon,
and Metazoloxon were applied to the sick scil b} 1) mixing
e in with ihe siék soil; and (2) mixing in ui;h the sick:soil
plus dfenching; and for Dowco 269, it was apélied to sick
soil by (i) mixing in with the sick soil,u(Z) spraying én\
the foliage, and (5) spraying on the foliage plus drenching.

This was to determine if  the fungicides—vwere effective

B}

Ry )
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against alfalfa sickness and if one application le&pod vas
mcre satisfactory than another in controlling the pa£hogen.
éihally, the strain + fungicide test was a combination -
of 3 treatments applied to the cultivar Beaver, a resistant
genotype (1V12), and a susceptible genotype (1GP130). The
treatments vere: (1) Dowco 269 applied as a drench to the
so0il surface, (2) a pasteurized soil check,'(3)‘a sick soil
check. As well as the chenmical cohtrol of the éathogen, the
genetics of the plant may be manipulated to produce a
suitable combination of genes for inherited resistance to
alfalfa sickness.”ThUS, control of gifalfa sickness by ‘'a
ccmbination of chemicals ;nd heritable resistance may
provide more protec;ion against alfalfa sickness than either
chemicals or plapt breeding alone. The csecond intent of the
strain + xfungicide test ias to compare resistant plant and
susceptible plant responses under conditions which should
and should not elicit the response. These conditions vere
sick soil and pasteurized sick soil, ré§pectively.
| The fungicide application rates and téthods utilized iﬂ
the above tests are described as follovws. Benlate ((nethyi-
1(butylcarbaloylj-z;benzinidazolecarbalate))' as a' 50%
vettable & fpowder, vas apblied at the - colnerc;al
recommendation of 10 ounces per 1000 ft2. Dexon (sodium 4-
dilethylalinophenyl’diazo sulphonate), 70% vettablg powdér,
vas put on-"at the recommended rate of 10 ounces per 1000 ftZz
in fungicide test 1. In fnngiciée test 2, fhe rate vas‘10 g

active iligredient (a.i.) per 6 litres of soil ‘for mixing or
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2 g a.i, per litre of wvater for drenching. The Metazoloxon,
technical product, ((4-(3-chloropheny1hydrazono);3-lethyl-5-
isoxazolong))»vas applied at only recommended dosages due tb
the availability of limited quantities of thevproduct. These
rates were 0.]8 g a.i. pegilitre of soil as a - mix and 0.25 g
a.i. per litre of wvater as a soil drench. Dowco 269 (123
a.i. emulsifiable concentrate) was put on the soil at 0.2 g
a.i. per litre of water as a drench or foliar spray and 1 g
a.l. ‘ﬁer’ 6 litres of .soil as a ®mix. The recommended
application rates wvere determined according to Evans (1976).
The fungicide drench involvgd mixing the chemical with
500 amls of water, them pouring 100 als of the solution on
the soil surface of each pot. This was arpplied weekly (4
agpplications) éxcept for Metazoloxon and Dowco 269 which
wvere put on bimonthly (2 applicatioms).  Dexon and Benlate
were drencbed on the soil suttace one yéek after planting
wvhereas uetézoloxop and Dowco 269 were first applied 2 wveeks
afier planting. . 9
_To prepare the fnﬂgicide mix, the scil and chemical
vere placed in a pla;ticb bag aﬁ hour grior to plénting.
After thorough shaking the mixture was weighed back 1into
each pot.

Dowco 269 was applied as a foliar sgpray Hy mixing the
ﬁﬁéuhgicide with 500 mls of vater. One hundred lls;uas sprayed
on the alfalfa foliage of each pot. The spray was applied
‘tvice siarting* 2 weeks after planéing. Ho steps veré then

to prevent drainage of the Dowco 269 from thé foliage into

i



- the soil.

‘As an added note, Dexon and Benlate are registered
products in Canada. Dexon has known activity against

. LN
pythiaceous fungi whereas Benlate has no known activity

against these fungi. Metazoloxon and Dowco 26Y Jareb
experimental chemicals in Canada however Dowco 269vhas
‘subsequently been withdrawn as an experimental «chemical
(Evans, 1976).

d. Plant The criteria for selection in cyqles'o, 1, 2,
and 3 vere height and d;seasé rating. Thé reason for the
choice of these two traits vas due to observationé (Bolton,
1977) that taller plants occurred among alfalfa sick plants
and upon examipation in the laboratory, these taller plants
"had le;s diseased roots than the plants which appeared sick.
fhe seedlings in each cycle of seleétion‘vere evaluated. at
35 to 40 days of  age and eight populations in to;al for
cycle 1 were established to represent 'reéisiaﬁt and
susceptible groupings of the 4 cultivars criginaily used in
cycle 0. Fochycles 2 and 3, cuitivars vere disrggarded to
éive ‘only 2 populatio?s, one resistant and the other
susceptible. Genotypes'féon the'populations were maintained
in the growth robl‘to the floﬁering stage, and polycrossed
wvithin each population by transferring pollen on a toothpick
from plant to plant. At maturity the pods were harvested,
threshed, and stored. The paremt plants ffon the selection
program were transplanted into a reserve field nursery at

the Edmontcn Besearch Station (Parkland Farm).
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The second <cycle strain test vas used to evaluate
genotypes of cycle 2 and to initiate a third cycle for
further testing. This test included 59 resistant genotypes,
23 susceptible genotypes, and the chec¥,cultivars Beavér and
Agate. From this test, seed of cycle 3 was used to carry out
the three cycle str?ﬁn test.

The three-cyclé strain test involvéd appraising a small
number of genotypes from cycle 1, 2,_and 3 with 'a Qieu to
extrapolaeing.‘a trend of selegtion for the resistant and
susceptible populations éver 3 cyles of selection. The small
bnunbet of‘genotypes under test was due to the lack of bench
space in the growth room.’

The défermination of the genetic factors governing the
inheritance of resistance to alfalfa sickness vas\the object
of study in the diallel gtrain‘ test. Tvo hélf diallel
pcpulations were established fram first Eycle genotypes and

the parental clones in each diallel were ccmposed of:

Resistant Diallel - 6 X 6 Diallel cross (F1ls onlj) —

Clone 1 (Vernal, U.S.)

Clone 2 (Vernal, U}S.)

Clone¢3‘}Beaver, Canada)

Clone 4 (Beaver, Canada)

Clone 5 (Vernal, U.S.)

Clone 6 (Beaver,‘Canadé)

Susceptible, Diallel - 5 XFS'Diallél cross (F1s only)

'Clone 1 (Grimm, U.S.)

Clone 2 (Beaver, Canada)
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Clone 3 (Vernal, U.S.)
Clone 4 (Vernal, U0.S.)
Clone S (Vernal: U.S.)
The origin of the parental clones is indicate@ in
parenthesis. |
The five field tesfs vere concerned with the evaluation
of 373 genotypes in comparison to 4 check cultivars. Of
these genotypes, .156 wvere replicated 4 times, 109 twice, and
108 were observation rows. The genotypes incluéed in each
test‘;depended on quantities of available seed stock. The
data in the replicated tests were analyzed. according to a
-randomized . complete block dééign and, in some cases, the

lattice design appropriate to the number of emtries in each

test.

3., Statistics

The data from the growth room tests and field tests
were analyzed by anélysis of variance (Steel and Togrié,
1960; Cochran and Cox, 1957). A split plot design (Steel and
Torrie, 1960) was used to analyze the data for latticé
strain test 1 and 2, and strain test 1. The main g}ots vere\
the genotypes and check‘cultivérs while subplots were years \
(2). The analysis of the diallels in the diallel strain test \\
~assumed preselected parents and included only F1l1s. . Thus, A
Griffing's (1956) method 4 and model 1 was used. |

In each growth rocm test, height, stand survival, and

disease rating means per pot represented a replicate vwhile
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for yield, the totfal dry matter per pot wuas considered a
replicate. Single plant measurements were used for the
diallel strain test bpt the wmeans per pot yerghﬁsed for
ccmparing the genotypes. For the field tests, a single rou:
was considered a replicate. The dimensions for a row were
3.3 meters in length for lattice strain test 1 and 1.6
meters 1long for the‘other field tests. Spacing between all
field rows was 45 cn.

Means in each growth room test were further analyzed by
Duncan's multiple range test (Duncan, 1955) at the 5% level
cf probability. Field test means for strain test 2 were also
analyzed by Duncan's &emultiple range test. For the second
‘cycle strain test, lattice strain test 1 and 2, and strain
test 1, the means of the genotypes were compared by the
least sigﬁificant differencé (LSD) (Steel and Torrie, 1960)
at the p=<0.05 andb p<0.01 levels. Means for the resistant
genotypes, susceptible genotypes, and check cultivars were
compared using an unpaired t-test (Steel and Torrie, 1960)°
in the secona éycle selection test, three cycle selection
test, diallel strain test, lattice strain test 1 and 2, and
strain test 1. Simple co;relation coefficients () (Steel
and Torrie, 1960) between the agronomic characters were.
repbfted for each field test and growth room test, A
coefficient of variability (CV) (Steel and -°Torrie, 1960) was
calculated for each‘ variable within each growth room test
aﬁd field test.

Frequency distributions were plotted for height of the
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resis;ant, susceptible, and unselected genotypes over two
cycles of selection for alfalfa sickness. The difference
between the height means of cycle 2, and cycle 1 and 0 was
due to a difference in =sick soils used for growing the
plants of cycle 2 vs cycle Q and 1. The graphs for height in
cycle 1 and 2 represent per cént of plants in each height
class vs the height class. There were unequal sample sizes
for the fesistant, susceptib;e, and unselected genotypes in
each cycle. No frequency distributions for disease rating in
cycles 0, 1, and 2 wvere illustrated sinc; there was a
difference in disease rating schemes, and sick soils used
between cycle 2, and cycle 0 and 1.

| Narrow sense (H2N) heritability was determined for
height over 2 cycles of selection by Lush's (1940) method of
Farent-offspring regression ﬁhere H2N=2b (100) :and
b=regression coefficient of open pollinated progenies oﬂ
parental ‘clones. Heritability according to Gardner {1963)
was calculated in the diallel strain test for broad (H2B)
and narrow (H2N) sense as follows:

H2B= (4VGCA + avséA) 100/ 4VGCA + 4VSCA + VE
H2N= (4VGCA) 100, GVGCA + 4VSCA +VE

where VGCA, Vsca, and VE are the general combining ability
(GCA) variance, gpecific combining ability (SCA) variance,
‘and error 5E) -variance components, .respectively. For the
second cycle strain test, the broad sense heritabilities
were calculated by Falccner's (1960) method of partitioning

the genotypic variance. The genetic coefficient of variation



(CV) was deéernined by taking the square rcot of the genetic
variance, dividing by the population'mean, and multiplying
by 100 (Frakes et al., 1961).
) Simple linear regression equations (Steel and Torrie,
19§O) He;e‘deterﬁined for the time of infection test. The
equation.took the form of:

Y= A ¢+ BU'X!
Y= estimated‘value for Y (depéndent variable)
A = Y intercept |
B'= regression coéfficient
X*= independent variable'

The independent variable was time while height and disease

rating were the dependent variables.
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RESULTS

1, Pafhogeg

a. Soil Test-1 Some 20 soils fronm the vicinity of

Fdmonton, Alberta were assessed for the presence of alfalfa
sickness and control of +the pathogen. The soil sample,
control treatment, and soil saéple by control treatment
interaction mean squares for height, yield, and Stand
survival were highly significant except for the conﬁrol
treatment mean squares in stand survival which was not
significant.

Plants grown. in pasteurized soil (Table 3) were
significantly taller and higher yiélding compared to plants
from nonpasteurized soil and nonpasteurized-limed soil. .
Liming did not significantly increase plant height or yield
in pasteurized or nonpasteurized soil. |

Typical alfalfa sickness symptoms were observed on
plan{s raised in eight of the twenty nonpasteurized soil
samples. The mean height and yield of plants growing in the
‘unpasteurized'soil were 27.0 cm and 2.4 g, respéctively. One
particular soil sample yielded plants in nonpasteurized soil
with a mean height of 13.6 cm énd 0.6 g of dry matfer.
Planté from this' soil were significantly lover in mean
height and yielé' compared to plants frcm the other
nonpasteurized soil S§mples. |

b. Soil Test 2 Froa the analysis of variance, highly
significant P-values were obtained for height, yield, ‘and

disease rating treatment mean squares. The significant mean

51
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squares for yield and disease fatihg were attributed to
inclusion ~ of the pasteurized sick soil treatment. The sick
scil samples. 1 to 5 (Table 4) from the field =site ‘grev
plants which were lower 1in height and yield h§ving more
diséased roots than plants which were grown 1in pasteurized
sick soil. No significant differences were found.for disease
rating and yield amoﬁg plants grown in any of the soils
sampled in the field. The plants from sick soil 1, 2, 3, and

4 were significantly taller than plants grown in sick soil 5

NS
14,
sy

(p<0.05) using Duncan's new multiple range test. Apparently,
sick soil from the field site was essentially auaniform in

causing alfalfa sickness.

c. U.S. Soil Test Observation pots of soils from

different geographic areas purported to be infected with P.
megasperma wvere planted with Beaver alfalfa (Table 5). The
Opntario soil produced plants with the higheét disease
rating, and lowest yield and height. Plants in the two
Minnesota soils and California soil were taller, higher
yielding and less diseased than plants from the Michigan and
ontario soils. The average disease rating of 3.29 for'plénts
growing in these soils was conéiderably higher than the
disease rating of plants growing in alfalfa sick soil
(2.52‘. However, the mean yield and height of Beaver grown
in sick éoil wvas lower than the mean height and yield of
plants ;from P, megasperma infected soil; External disease
symptoms on alfalfa roots caused by alfalfa'sicknéss and P.

megasperma appeared similar. However, P. megasperma caused



nore external reddening of the alfalfa root tissue.

d. Time of Infection Test The mean  squares  oOf

tfeatment§ vere highly significant for height and disease
rating. Plant height increased significantly (Table 6) from
2 to 7 weeks but disease ratings of the planté at 5, 6, and
7 weeks were not significantly different fronm each other.
Figure 1 illustrates the increasing height while the disease
rating has levelled off at 5 weeks. The alfalfa began to
bloom at 6 weeks and was flowering at 7 weeks. Crown buds

developed 6 weeks after planting. g

From this time of infecti n “est it was observed that
the causal agent of alfalfa sickne 'z primarily attacks the
root tips, noncambial lateral roots,‘the jgnction where the
ncncambial lateral roots attach to the tap 'root, and the
nodules; if present. On the tap root, some of the emerging
lateral roots are rotted off completely and a new lateral
- root” was 6bserved being formed adjacent to the destroyed
“one. As well, some of the lateral roots, less than one-half
cm from the root tip, were entirely girdled. The lateral
root, in this‘éase, did not have any evidence of lesions or
browning within the area of girdling. However; on older
1a£eral roots, the characteristic;browhing and lesions were
obséfvéd. This Suggesfs girdling of the lateral roots is
followed by induction of lesions and browning which indicate
root tissﬁe 'colLapse. Damiréi et al, (1977) héve
photcgraphed some oﬁ‘these oﬁgervations.and présented then

'?n*their parper.
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Nodules developed on about 4- to S-week-old plants and
those that were present were small, whitish and contained

little, if any, leghaemoglobin. It appcar~d these nodules

were ineffective.

Linear regression equations were <calculated between
disease rating and time, and height and time, and found to

be highly significant. The equations were: Y'= 1.09 + 0.31X

and "= -6.16 + 5.96x wvhere X is time, Y' 1is the . disease

rating, and Y" is the height. Eightv-four per cent of the
total wvariation between disease rating and time was
accounted for by the first equation. XIn the second equation,
96% of the variation between height and time was explained.

e. Inocnlaﬁion Test Pasteurized sick soil, inoculated

[y

with organisms prepa;ed as the second bioassay, and
noninoculated paéteurized sick soil were planted with
differept alfalfa genotypes. There were highly sigﬁificént
treatment mean square values detected for disease rating
while mean-squares of height and yield were not significant.

The plants from genotypes growing in pasteurized sick
s0il had clean ;oots, but were not s?gni;icantly diﬁferent
in height and yield from plants growing in pasteurized

inoculated sick ;éoil (T&ble 7). Plants of the susceptible

genotype, 1GP130, were taller, But not significantly so, in

comparison to plants of the resistant genotype 2V96 in -

pasteurized sick soil. The resistant genotypes. did not
rroduce Significantly taller, higher yielding plants in

pasteurize ick soil compared to Beaver ' plants or plants

e
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from the susceptible 'genotypes. In pasteurized inoculated
»sick soil, the mean disease rétings;of the alfalfa gepotypes‘
wvere not significantly different from each other. But the
disease ~ratihg vwas significantlyh differgnt.fér plants in
pasteurized sick soil compared to plénts' gf -genot ypes
growing in pasteurized inoculated sick soil. ng;gggggg;g
species (Cook, 1977) wefe isolated fronm plants grown in the
inoculated pasteurized sick soil.

f. Fungicide Test 1 The results from a test of two

fungicidqs, Dexon and Benlate, are presented in Table 8.

Highly significant mean .squafes in all three of the
‘agronomic characters studied were obtained. Piants growing
in pasteurized sick 5011 wvere taller with clean roots and

~

higher ylelds than plants growing in the nonpasteurized ‘sick®

Ay

soil or im sick soil treated with fungicide. The fungicide
treated soil did not Yield plants which were significantly
‘dlfferent in helght, disease rating: - or yield from plants
growing in ' nonpasteurized sick soil. Plants ‘from Dexon
treated soil were slightly leés‘ diseased with ~alfalfa
sickness; alihougb not significantly, compared to plants
from the nonpasteurized sick soil.

9. Eungicide Test 2 The fungicide test reported ' in

. Table 9 included pexon, Metazoloxon, and bouco 269 each”

applied to sick soil. The mean vsqﬁares of the treatments

were highly Sighificant for the plant characters mReasured. -
Hixing Dowco 269 into sick soil and mixin§ plus-

Y

Spraying resulted in plants with significanfly lover disease

.



ratings compared to plants in nonpasteurized[\§ick soil
(Table ). The plants from Dowco 269 treated sib£ soil were
significant.y higher yielding for the sokl mix than plants
from unpasteurized sick soil. The DoLco 269 spray treatment
was not as effective as rixing or spraying plus drench since
the plants were more diseased and lower yielding when only
sprayed. No siqpificant height differences mzre obtained for
plants ‘from Dowco 269 ‘rreated soil ccmpared to plaﬁts in
ncgpasteurized'sick soil. Root§5from plants iq the Dowco 269
soil except the Epray treatment were as wﬂite and clean as .

roots from plants grown in the pasteurlzed sick soil. There

were no visunal effects 'of Dowco 269 or Metalzoloxon on» the

alfalfa nodules.

»

Plants grown in the Metazoloxon treated sick soil-had'

2]

brounlng and lesions on the roots but the disease ratlng was
lower compared to plants grown in nonpa;teﬁrlzed sick soil
(Taple 9). 1In Metazoloxon treated sick soil, plant height
and yieid were not significantly lower than planrs §rovn in
.unpasreurized sick soil. Plants, from sick soil applied with
Metazoloxon, were not'significantly different in mean yield,
beight, or disease rating for either c¢f the application
methods. o |

The disease rating of 4 Vhich‘was giyen to plants grown
in Dexon treated soil wvas baseg on a' spall, stunted root

system and very necrotic lateral robts (Table ) . No nodules

 were observed on any of the plant roots from. Dexon treated

soil. Plants grown in sorl to which Dexon had been applled



57

vere lovwest in yield \and height, anq n@ significant
\dif’ rence existed in mean heigh;,yyield, §r disease rating
between plants grown in Dexon soil mix or Dexon soil mix
'élus drench. One last result vas t he significant difrerence
between plants grown ih-éaéteurized sick soil in which they
had clean roots, high yields, andblweré tall compared to
plants from all the cthef fungicide treatments and the
Jhpastéurized sick soil treatament.

h. Strain ¢ Pungicide ig§§ The mean squares vere
;ignificant for height,‘yield,'and disease rating. The rbdts
of the plants for the three genoﬁypes grown in the Dowco 269
‘treated sick soil were rated clean and were significantly
different fros plantsb of the saééflgenotyﬁegt?grovingﬁ;in
nonpasteurized sick soil (Table 1Oy. Plants of the gé) o‘xﬁ@?fi,

1712 yielded significanfly IQrel in Dowco 269 sick T§bi;-m;
ccmpared  to nonpasteurized sick sbilf There uag;/58f7
sigrificant difference between the mean height of plants of
each genotype grown in Dohco 269 sick soil compared to
nonp;stengized sick soil. The plgnts from each ;enotype wete
significantly higher in sean height, and yield, and lower %g.
mean disease rating. when Qrovn in,pastéutized sick soil ;;
nponpasteurized sick soil. ¥No significantxd{fférénces veré
detected betwveen 1V12 plants grown in  either pasteurized
sick soil or Dowco 269 sick soil for heighk, yield, or
disease rating. However, foF 'the other 2 Aézzdtypes the
plants wvere taller and higher -jielding vhen grown in

pasteurized sick soil as coipared to the Dowco 269 sick
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soil.. .

The plants of 1GF130 grown in pasteu;izedvsick soil
illustrated that £he susceptible genotype could yield AS
much as |plants of the resistant genotype 1Vv12 (Table 10).
éouever, vhen plants of 1V12 and 1GP130 vwere grov¥n in
nonpasteurized sick soil, the wmeans of plants 1ror the
resigtant genotype were significantly different in height
(27%), disease rating (-22%), and yield (35%) compared to
the'lean of plants from the suscepfible genotype. The nmeans
of the fesistant'genotypes vere also signific;ntly greater

in height (15%) and disease rating (-23%) relative to the

Wy

mean of Beaver olants. S

2+ Rlant

a. Second Cyclg Selgg;ion Test Highly significant
genotypé iean squares fo£ height, yield, and diseése rating
vere found. The mean fot‘plants from thejresistant genotypes
vas greater by 11% fo neight, 15! for-yield, and 10% less
fof diéease rating co-pated to the mean of plants fro- the
susceptib}e genotypes (f;ble 11). These mean diffences vere
. significant at the 1% probabi;ity level for height ;and
disease rating :ggreas fhe yield difference was significént
at the 5% probability Lévelf The mean of the resistant
genotypes wvas a1$"highet\ than thew mean of the Bea;er
genotype and this diffg;ence vas signiﬁ&cant at‘p§0.05.' The
range of leanhtyields. and diq?&se‘ratings vas broader for

planis from the resistant genotypes as cospared ‘to plants
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from the susceptible genétypes.

The genotype, 2V96, wvas the most outstanding since this
genotype had the highest yielding plants with a low disease
rating (Appendix 3)iuThe susceptible genotype, 2v960,‘ héd
the shortest, lowest yielding plants while ats of the

resistant genotype, 2V44A, were the 1lcwest in disease

rating. The cultivars  Beaver and Agate, planted in
non; .. -‘ized sick soil, did not perform as ~well as a
DU .o the resistanpt gendtypes (2v96,f2v102, 2V12) in

y 21d a. . d'sease rating. Beaver' plants grcwn in pasteurized
 sick soil outperformed all of the 'genotype% in height,
yield, and disease ratimg. - y
b. Three Cycle Strajn Test A test of;;ﬁnes resistant
iaﬁd susceptible to alfalfa sickness from 3 ‘cycles of
éeleétion is presented in Table‘ 12. Highly significan%
genotype mean squares were found for height, yield, and
'disease_ rating. ’Thg> sean of 311 ‘resistant genoytpes
indicated the plants were significantly ca’ er, less
diseaséd, and yielded_ more in comparison to th; mean of
plants from all the7susceptib1e genotypes. These significant
mean differences (péo.osf férei39$h(height), -14% (disease
rating), and 80% (yield) . | |
~In the resisfant genotypes, the mean of plants from
cyqles 1, 2, and 3 vere not s;gnifiucﬁtly )differegt ffon
each other .in hgight, disease ratiné. and yield (Table 12).

A
1

neans‘of cyglé’Znénd 3; in +«he resistant. genotypes vere .
b, . N '

I ) RANN . P b ’
significantly differeat (ps0.05) in height from the means of
N a |

\
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iplants in cycle 1 and 3 of the susceptible genotypes.
Genotypes' 1v12 .and 2Vv102 produced plants which were
significantly taller (11%), less diseased (-22%), and g}gher
yielding (160%) than plants from 2GP130 and 3GP130. The
range of mean heights, yields, and disease rating was
greater for plants of the resistant genotypes compared to
plants of the susceptible genotypes. B?aver grovn imn . the
pasteurized siék soil, produced the highest yielding,

tallest plants with clean roots.

c. Diallel Strain Jest Progenies froe a six by, six
diallel of fesistant éenofype;, and susceptible genotyées
from a five by five diallel were tested and the results
presented in Table '13. The mean squares vwere highly
significant for tﬁg genotypes in height, yiéld, and diseasew
iating. Mean disease rating (-26%), yield*¥107$), and height
"(38$) of»plants in the résistant diallel uere‘significantly
‘Y'Gifferent (p<0.01) compared to plénts from the susceptible
diallel. |

Plants of the crosses 1712 by 1B179, 1B179 by 1V9, and
1B152 by 1V9 wvere taller, higher yielding and had a 1lower
average disease rating (2.22) in comparison to Beaver plants
and other resistant'and susceptible crosses'gTable 13) . The
resistant crosses 1V57 by 1B152 ‘and 1V57 by 1B103 had

shorter and more diseased plants than.plants;;ibétthe rest
cf the resis. ~osses. Plants of two genotypes,-a second

cycle (2v96) and a thiré‘cyéle (3v102C); ueré’éignificantly

different from each other in disease rating.
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Within the susceptible diallel, plants of the crosses
1G§13O by 1VP17 and 1BP113 by 1VP62 were the highest
yielding and least diseased (Table ', Thg cross in the’
susceptib;e diallel which had tie chor-est, lowest yielding
plants and a poor disease rating +~» “+P17 by 1VP58., Plants
of the suéceptible genotype, 1GP130; vere less diseased,
taller,.aﬁd produééd more yield célpared to the mean disease
rating, height, and yield of plants from the susceptible
‘diallel. Beaver alfalfa grown in the pasteurized sick soil
had clean roots. ud the highest yield. T

Héan squares calculated in the aﬁalysis of height and
disease rating for . the resistant and susceptible diallels
are given in Table 14. The highly significant general
combining ability (GCA) ﬁean square is larger than thg
highly significant specific combining ability (SCA) mean
square in the resistant diallel for height and disease
rating. In the susceptible diallel, the significant SCA mean
square is equal to the GCA mean square for the character
-heigbt and larger than GCA for disease rating. .

The estimates of cosbining ability (Table 15) .show th&t
genotypes 1B179 and 1V9 in the resistant dialiel wquld‘be_
good combiners as parents based on the esCimates of GCA
effects. if 1¥57 vere used as a parent, it“vould be a poor
general combiner in a multiclone sfnthetic since short,
diseased - planté ;ould be produced.’ In the susceptibile

diallel, short plants with diseased roots would be obtained

by making' crosses with f¥P58 as a parent. Hovever,'crosses_

Ll
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Qith 1GP130 as a parent in a synthetic of many clones would
be desirable since this gooq "general ’‘combiner would
propagate tall plants with little disease. The susceptible
cross 1VP17 by 1VP58 would be a suitable"2-cloﬁe hybrid
according to the estimates of SCA effects as short, diseased'
plants would result. The cross 112 by 1v57 Shoﬁld be a good
specific combination due to a high positive SCA effect for
height and high negative SCA effect for disease rating.

A éonparison of the resistant and susceptible genotypes
averaged over 3 cycles of selecﬁion vith unselected Beaver
. is presented in Table 16. The resistant geﬂotype mean was 9%
higher than the Beav:r genotype mean and 26% higher than the
susceptible genotype mean in hei@ht. Por yield, the mean of
the resistant .genotypes was i9$ and 54% greatér tﬁan the
Eecaver and susceptible genotype means, respec?ively. In
‘disease rating, the resistant genotype méan vaé 8% and 16%
less thanmn the Beaver and suscept?ble genotype means,
respectively. L

d. Lattice sStraim Test 1 The 1976 and 1977 data
indicated highly significant differences existed among
individual genotypes | in ‘mean’ heights, ~yields, and
'pefforlaﬁce ratings. The dean squares of the individual
genotypes for the lattice design was highly significant but
the lattice design 4id nct provide any gpih in accurdcy for
the cha;acters analyzed over the randomized completé block

design. Thus, the randomized complete block design was used

in evaluating the results. Means oflfhe genotypes averaged

TR RRY W
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over.2 cycles of selecticn are presented in Table 17 ror the
characters measured in 1976 and 1977. The range of means in
the resistant genotypes for the agronomic charactérs stﬂdied'
wvas wider than either the range of means in the susceptible
or culfivar genotypes. The genotype nedn of the resistant
plants was higher in yield, height, apd performance rating,
but not significantly so, compared to the .meap of plants
from either susceptible geénotypes or cultivar genotypes.

The mean of plants fronm 2R163 and 1B29 was
significantly greater than the néan of plants from 1GP130
and 1vp17 in height (1976-11%), yield (1976-77%, 1977-70%),
and performance rating (35%) (Appendix 4). The mean of
Flants froa thése genotypes (2B66A, 18%4, 1B29, 2R163,
- 2B106, 1V57, 1573, 2B76, 131101:2v13) was higher than tﬁé
mean of the susceptible genotypes by 6%, 4%, 34%, 28%, and
20% in height 1976, 1977; yield 1976, 1977; and performance
rating, respectivety. Compared to the mean of plants from
the cultivar éénotypes, these differences were even greater
except for yield in 1977; |

e. lattice Strain Test‘g When analyzed as a randomized

conplefe block. design, highly significantr individual
genotype mean squares were found for height in; 1976 and
1977, and yield in 1977. The rectangular lattice design-
increased accuracy over the randomized complete block design

(100%) by 145% and 114% for height in 1976 and 1977,

(3
’

respectively. Thus, height means have been adjusted

according to the lattice desigmn analysis. The lattice design
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was ﬁot any more effective  than the randomized complete.
blcck design for yield in 1977 and the 1977 yield means are
presented ag being analyzed by the randomized complete block
design. The means of plants from resistant/’susceptible, and
cultivar genotypes averaged over 2 cycles’of,selection were
not significantly different from each other in- height for
1976 and 1977 and in yield (Table 18).

The mean of plants from the following resistant
genotypes (Appendix 5) - 2V8, 1620, 2V99a, 2V62h, 26158 -
was 10% and 9% higher for height in 1976 and 1977, and 5Su4%
greater for yield compared to the mean of plants from the
susceptible genotypes (2VP54, 1VP58, 2VP43, 1GP133, 1GP21).
In contrast to the mean of the cultivar plants, “the
resistant gengiype mean of tgose plants was 4%, 3%, and 9%
higher ,for 1976 height, 1977 height, and yield respéctively.
Elants from the genotype, 1GZQ, vere significantly higher
than 1GP21 plants in height (1976-33%, 1977-15%), and'yield
(76%) . | o
B f. Strain Test 1 The randomized complete bléck design
analysis for height ip 1976 and 1977 and yield in 1977
indicated significant mean squares for individual genotypes.
Ihe lattice design did _neft improve the acé%racy-‘of the
‘genotype .mean squares 6ver the randomized complete block
desigg!for.any of the agronomic characters 'studied. Thus,
results from the data iére_presented as being ana%yzed by

the randomized complete block design. No significant

differences were detected among the means of plants from
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resistant, susceptible, or cultivar genotypes (Table 19).
The mean of plants from the resistant genotypes (2V56a,
2v51, 2B75aA, 2B110, ~ 74, 2?108&) was above the mean of
plants from the suscep*tible genotypes 1vpP51, 1vp60, 1VvP19,
16p20, 1RP1, and 1RP62 by 22% and 20% in height for 1976 and
1977, respectively, and 130% for yield in 1977 (Appendix 6).
Fcr these same resistant genotypes, their mean was lafger
than +the_  mean of plants fr;m the cultivar genotypes by 4%
and 5% in height for 1976 and 1977 and 45% in yield. The
genotybe, 2V56A, was a superior line sincg its plants_uere

tall and high yielding. In contrast, plants from 1VP19 were

short and low yielding.

g. Strain Test 2 Highly significant mean squares for
individual genotypes were 6btained for the 2 characters
measured.ﬂThe mean of plants from resistant genotypes (Table
20) averaged over 2 cycles of selection was signifiéantly
less diseased (3%) thaﬂ the mean of plants frome;ither the
susceptible genotypes or cultivar genotypes. The range of
mean.heights and disease ratings was videst for plants from
the resistant genotypes, next the susceptible genotypes, and
last, the culfivar genotypes. . Plants of the resistant
 genotype 2V96 were significantly tailer by 1é$ and had 13%
less diseased roots than plants of the susceptible genotype
2vP98. The mean diseése'rating of Beaver plants in strain
test 2 (2.73) (Table 20) was éonparable to the growth room
tests in which Beaver plants were rated 2.71 (Table 16) .

Initial field infection in strain test 2 was observed
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to occur a month-and-a-half after seediﬁg at which time the
plants were 10 cm tall and the roots 8 to 10 cm long. There
was infection on the root tips\and lateral noncambial roots.
Observation of plant roots to a dépth of 1S‘tq 20 ca in
strain test 2 following the 6§ervintering period revealed
the lateral noncambial roots' to be completely rotted
although ﬁo lesioﬁé were observed on the tap root. it was

also observed in the area adjacent to the field site that

alfalfa was more severely affected by alfalfa sickness than

check cultivars in the field tests. The alfalfa in the area
adjoining the field site had been undérsown with barley and

no control of weeds was practiced in the establishment year

and second year.
. ’ _':'&a_dg . ’
h. Observational Strain Test This unreplicated field

test included plants with a uider range 6f heights in the
establishment year than in 1976 (Table 21). “Conseguently,
the standard deviation ;as greater for height in 1977.‘The
range of Heights aﬂd>yields for 1976 and 1977 vwere tﬂe
videst of‘any of the field tests. The mean height amnd yield

of- plants for the observational strain test were the highest

of the 1.6 m long field tests which included lattice strain .

test 2, strain test 1 and 2. .

‘Obse:vations>recorded were consistent for 1976 and 1977

and were concerned with the perfotmance of the check
cultivars. Vernal produced plants with a mean height and
yield which was higher than the means of the other check

cultivars in lattice strain test 1 (Appendix '4)' while the



mean of Roamer plants was low in height and yiéld in lattice
strain test 1 and strain test 1 (Appendices 4 and b); The
légnvof Beaver plants in iattice strain test 2 and strain
test 1 were the tallest and highest yielding (Appendices SY%\“
and 6).

The summary of the analysis of the field tests for 1976
and 1977 (Table 21) illustrates that lattice strain ‘;est 1
had plants with the highest‘mean height in 1976 and 1977
followed by the observational strain‘ test, 1atticé strain
test 2 and strain festv1. The highest standard deviation for
height was in lattice strain test 2 while the lowest
standard deviation for height was in lattice strain test 2.
The 1977 nmean yield; éoefficient'of variability; standard
deviation, and range of means for plants in lattice strain
test 2 and strain test 1 were very similar. The measuremenf
of plant yield and height was more accurate.in 197 7Tethan in.
1976 according to the coefficients of variability ior. the
field tests. o

The ﬁplit plot analysis of plant height for ‘lattice
strain test 1 and 2, and strain test 1, and of plant yield
for lattice strain test 1 ‘fof 1976 and 1977 in@icated
significant genotype meén‘squares._The year by replication,
and year by gemnotype interaction mean squares were ﬁighly'
sighificant except the year by replication interaction mean
sguaté for yield in lattice strain test 2 which was only
significant. pata from the split plot anaiyses were_nét

presented since the coefficients . of variability d4id not
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indicate any gain in accuracy: for yield in lattice strain
test 1 and height in lattice strain test 2; or very li££le,
for height in lattice stfain tegtv] and strain test 1 (Table
'21). | - .

In  the analysis of the four cultivars from lattice
strain 1 and 2, there wvere no significant mean .squares tor
the field test by c@ltivar interaction for height in 176
and 1977, and yield in 1977. There werevsignificant F-values
for field test mean squares for height (1976) and yield
(1977) . When these cultivars were analyzed over years within
each field test, there ﬁas significant mean squares for year
by cuitivar_intggéction for height in lattice stréin test 1
and 2, and strain'test 1, and for yield in 1lattice strain
‘test 1.

No post-enérgence damping~off was observed in any of
the‘field fests or groyth réom tests.'As'uell, no record of
death in which the deaﬁhj could be attributed to alfalfa

»

sickness for au}ﬁof thex%r' th room tests or field tests was
! J > . . 4 o

I it
A

noted. It u&é ohag;ye&/, horsetail ¢ Equistem’ arvense )

was prevalent in the field site and adjoining field.

i. correlation

Simple correlation coefficients “among

agronomic charaéters utilized in studying the alfalfa
sickness organism were highly 'significant (Table 22).. The
:only exceptions were for ithe c&rrelations betueeg stand
survival and yield (r=d.21*), ahd stand survival and ﬁeigh;
(r=0.16 n.s.) in soil test 1; yield and disease rating in

the inoculation test. (Table 22); and height and disease
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® ' .
rating in the inoculation test and strain + fungicide test

(iable 22). ?
| In so0il test 1, the small variation in séand survival
did not result in a highly significant. correiatiéﬁ betveen
it and yield or height. The correlation between height and
disease rating (r=0.95%%*) was positive in the time of
infection test since disease rating increased from 1.54 to
2.99 as did the height (4.8 to 33.4 cm) (Table 22). The
nonsignificant r-values in the inoculation test and the low
r-value (r=0.34¥) in the strain + fungicide test were a
result of the small variation in disease rating (Table 22).
A positive corfelgtion between yield\ahd disease rating in.
the inoculation“test was due to higher yielding plants
growing in the inoculated pasteurzied sick soily(Téble 22);
Correlation co?fficients émong,’agronomic characters
used to assess the éontrol\of the pathogen by‘plant breeding
are preser -d . Table 23 a;d 24, The r-values in the growth
roon tests (Table . 23) were highly significant. The
correlation between height ahd disease rating for the second
cycle strain test was the lowest of the three growth roéd
tests (Table 23). The correlation coefficients betueen the:
field tests and growth tests fdt yield and height were low
and nonsignificant r=-0.18 to 0.12). Diseaselrating in the
: gfovth roon and perfornauqevrating in the field tests vere
not significantly correlated (r=-0.11 to -0,04),
In the field tests, all the correlations were highly

significant with. the exception of disease rating vsﬁ‘height



in 1976 fof ‘stgqin.test 2 which was nonsignificant (Table
24) . The correlations between the variables measured in
different years was lower than the cérrelﬁtions between
variables studied within each year. The Qimple cordation
coefficients in the observational straipn test were 0.43%x
between height in 1976 and 1977, 0.36%% for. height | (1976)
and yield - (1977), and O0.47%x for height (1977) and yield
(1977) .

j. Heritabi1it1 The analysis of height over 2 cycles of

selection for resistance and susceptibility to alfalfa

R

sickness ‘in the. growth room is illustratéd’in Pigures 2, 3,
and 4. Figure 2 depicts thé responge‘of unselected -materiél'
in sick soilvaﬁd in nonsick soil. The-difference-betéeén the
mean héi§h£s of plants in sick soil (12.2) ahd‘nonsick soil
(16.0)vwas signifiéant at the 1% leéel, of probability. In
Figure . 3, the freqﬁéncy distribution of the resistant
genotypes and‘susceptible genotypes is w{thin thel fréquency
distributiog“ of the unselected matérial.- The frequency
"distribution of the re51stant genotypes in Flghre LY is
ptogre551ng‘upwards and part of this dlstrlbutlon 1§}out51de

£

the frequency distrlbution of the unselected'ma?erlala

‘The resistant .génotype \ﬁedn height ;cycle _1?18,3
cm;cycle 2-26.5 cm) was not significantly different from the
unselected genotype mean height (cycleﬁ1;18.0 cm; cycle 2-
23,9 cm) in cycle 1 but was in cycle ° rt‘psO.O1V(Tab;e 25):

The mean height of the resistant genot s was Sighificantlj

different from the neanﬁggight < the.susceptible gendtypes
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at p<0.01 in cycless 1 and 2. This difference alounted to
" 15% and 10% for height in cycle 1. and 2, respectively. The

' Bsceptible and resistant gendtype seans vere not

r';significantly ditferent in disease rating for cycle 1 but in &
| cyclev 2, the resistant genotype mean was 10% lower (p<0 01).
in  disease rating than the susceptible \genotype lean.n
Selection intensity was 13% in cycle O while for cyeleslllg
and 2, the intensity increased to 6% and 8%, respectively,
fcr the resistant genotypesw The narrow sense heritability_
of. height for the coabined analysis of the réesistant and

snsceptible genotypes was low decreasing troi 30% in cycle“?ﬂ'

.to 18% .in ¢ycle 2 for height (Table 26) . The regrﬁ%sﬁdmi 
~coefficients used in  estimating heritahiiity ‘" vereyﬁz

nbnsignificant for height in the resistant}andmsnSGeptible _fq
genotypes analyzed separately (Table 26). " ; ] :
The narrov” sense heritability for disease rating u;s in ‘-Q

L hes

direct contrast to \the‘ heritability of uheight as it
increased fros i2$ to 22% in cycles 1 toiz,for'the'resistant
plus snsceptible genotypes coabined (Table 26). Heritability
of disease rating 1n the. snsceptible genotype increased from
;125 ‘to 18$ in cycle 1 to cyile 2 (Table 26) . Hovever, the(

‘resistant genotype regressio coefficients for disease'

rating were nonsignificant in cycles 1 and 2 (Table 26) .

w._ - The valnes of broad sense heritability -£rom the second.~

i
L] \\ .

~‘eycle selection. test were 42% and- 4% for height and disease

rating in the snsceptible genotypes. The resistant genotype(\w

N
v

heritability estilate vas a1$ and 515 for height and disease

F \ ;J\’\w T
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rating. Height was highly heritable in the suscentible and
resistant genotypes but the heritabiblity of disease rating
in the susceptible genotypes vas 1ou;i The genetic
coefficient ef variability was highest for disease _ating
18;3!) in the resiétant genotypes andhvlouest for disease
.rating (1.3%) in the susceptible §endtypes. The denetic Ccv
iae internediate for height at ~7.2% amnd 6.9% for the
tesistant and susceptible genqtypes, respectively. |
The estimates of hetitahility for heighk in the diallel
strain test (Table ‘1§)V ranged from 98% to 99% for broad
sense heritabilitx nand. 32% to a46% for’ narrow  sense
heritability. Beritability of disease rating was high for
'broad sense at 96% to 98% and lbuer for narrow sense at 1%
lto ( 331. Bigher heritabilities vere cbtained for the
resictant diallel relative to the susceptible diallel. These;;-
differences vere significant at p<0 c1 for broad and nanrou‘
sense heritability of disease rating and for narrow senseﬂﬁ
heritability of height. * The . - genetic coeffieient i of

variability vas 1ouest for disease rating in the susceptible

diallel. f” SR \ _ ) o .




LISCUSSION

1. Pathogen

a. I§1 ;ac;ion of Plant and Pathogen Infection of

alfalfa seedlings by the alfalfa 51ckness pathogen did not
increase ;after 5 veeks (Table 6; Pigure 1). The disease
infectiongreached a plateau which may have been 'cauSed by
eifherl@the inoculua level in the substrate, or, the plants
developing a resistance to th% disease. "This situation
coincides with observations that infected fields tend to
laintain good scands but remain unproductive (Boltomn, 1977).

. : \ ) )
Therefore, the optimum time to rate alfalfa 'sickness

symptons is at' 5 weeks under the growth. rooe conditions
R : ' : e

maintained in this test.

Highly significant correlation coefficientsf among

disease ‘g?ting yield, and height (Table 22y/1nd1cated a

close associ tion among the:3 varlables.._#" post eme;gence

Q : .
or record of death of plants due to alfalta‘

- damping-o

51ckness occurred in the growth r&bm tests or fleld tests.

These data 1nd1cate a relatlonshlp betveen dlsease 1nfectionw\]<

and reductfon in height and yield of plants grown in 51ck'

soil. e,

&)

Therdisease rating in the field, for stfain test 2,

'toogg place two—and4arhalf-‘lonthS'after seeding. It should

e
"

een ca¥ried out half-a-month previously 'so _that

9n"gs in the field would Lave taken' place at the same
. S )y
grouth stage of the plants as Egﬁt, in the grouth_ rooa. .

“ S

zggﬂowever, ' the mean’ "dlsease rating of Beaver in the growthii.: °
- v ) % o . et N . » .
ST ' ‘,F-‘

ey e 73 .
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room (Table 16) and in tbe fjeld (Table 29) wvere saimilar.

But the correlations between agronomic characters of
genotypes evaluated in thec growth room tes'ts and field tests

N

vere lou and nomsignificant. Thigiuould indicate the need
for field testing of genotypes. |

To test the,'hypéthesis that alfalfa sickness is
identical to Phytophthora root rot caused ky P, megasperma ;
s0ils from areas in fhe‘United States and Ottawa, Ontario,
reputed to be infected with the pathogen, were sown with
élfalfa (Table 5). The disease rétings of plants grown’ on
these 'soils were considerably Jgreater as compared to the
ratings of plants grown on alfalfa sick soil. On the
assuiption P. megasperma causes alfalfa sickness, fhis would
ilply either a lower inoculum levéi&ié presgﬁk in soils from

from the four Phytophthora-infected

ceﬁfral Alberta than

soils, or, P. megasperma was more virulent than it was . in

-

the” alfalfa sick soils. A visual examination of plané roots
froms the Phytophthora-infected soil and sick soil revealed
both diseases produced the same external symptoms. There was

not‘_ﬁuch difference in mean yield and height of the blants

‘grown‘in sick soil relative o the mean of plants raised in

e ' ‘

the”:Phjtophthora4infectedf soils. The similarity of diséaséi*”‘

?

synptomﬁ,caused by each pathogen suggests that P, megasgeriéﬁ

induces alfalfa.sickness.,
. Examining the envircnnéntal con itioﬁgﬁqeces%ary for P.

megagperma .to survive, the . fungus h been found to be
endemic to fgbrly‘ﬁerainéan.sbils or $o0ils with high water:
R e , : ‘

: . . N - Kl
PRt v . .
I el o LT v SO “

R - - .
X S o - g N
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tables (Frosheiser, 1968). These conditions may not exist to
in those parts of Canada where alfalfa sickness is found.
The influgnce of soil moisture on the severity of alfalfa

- sickﬁess has not been studied and should be investigatedy:
Fgrthernore, soils 1in pootly drained areas usually hav%ﬁm
high clay content. The texture of the soil at the wfiei&
location (Spruce Grove, Aibérta) plus cther alfalfa sick'
areaéf(Boltcn, 1972) suggests alfalfa sickness occurs on
light-textured soils. |

In relation to the field 1location at Spruce Grove,

Alberta, the occurrence of Equisetunm arvense or hégsetail

i

would appear to indicate the soil has ¢ .¢h vater table:

v The internal drainage and northward 910ping topography of

,\\

e :o\ . “ o
“¥pe field location may also contribute é% the height of the
%ater table. Frosheiser (1969) found that 17 cm bf'rain fell

‘in the month of Juane where p, megisSperma was - isolated.

4
Almost twice that amount of rain fell ~in the 4-month

intervals from 1969 to 1576 at the field site (Appendix -2).

. . ’ - . s L
These observations suggest .environmental™ conditions

S

favorakle for survival of p. gggggpérgg . }

In the inoculation test, isolatés of organisms from

ilfalfa sick soil, and ' cultures of P. megasperma , uheﬁ

9

applied to pasteuri - 3ck soil, causég‘ small 1lesions on ’

alfalfa ,rpot; _(Tab 7) . The plaﬁts_were rated 2 and no
ISignificant differences'uérébdetecfed among plants “of thg
different genotfpés growing in inoculated pasteurized sick
scil. f@e failure to induce, severé. symptoﬁs of: alfalfa
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siéﬁness or Phytophthora root rot implies tHat either the
isolates and cultures were too 61d tohbe virulent, or, the
rlants were ' developing a 'resistance to thé disease. This
experiment should be repeated to determine if this was
indeed the case. The inoculation technique, if successful,
could provide a reliable method of infection“ufor future

studies, and so improve the accuracy with which genotypes
Yaems . . . ., ’
for éeﬁfStaqce could be made.

Plaﬁis frothhe cultivar Agate, 1in the second cycle
strain test.., proved to be significantly wore diseased than

. R ¥
Beaver plants (Appendix 3). In yield and height, the gate

~

plants were not significéhtly different from the Beaver
plants (Appendix 3). Agate is reputed t0»5e winterhardy and
resistant to g;_!ggggpgggg (Lueschen et al., 1976), but it

wvas not bred forsue;té;n*Canadian conditions and may not be
adapted to this area. In strain test 1 (Appendix o), t7€=:>\\
results showed Bed;er plants to be signifjcantly taller than
Agate by 308 and 18% - in 1976 and 1977. Thus. :: was
‘”é%gglﬁded‘that Agaté vas at best eghql to Beaver. This uouid”
indicate 'Agaté is not resistant to alfalfa sickness and

could suggesti alfalfa sickness is not caused by P.

megasperma .

. 4
Other reseag

the pathogen and élant is ‘boncerngd with determining the

h directly related to the interag;ion of

.

extent and  distribution of alfalfa sitkiiess in Alberta

-

. (Cook, 1977). 1jo othef_areaé which should be pursued aré;'

{,
¥

first, a study of the. effects of long'tgrm storage:.on the



sickness pathogen in the scil, and its ability to reinfect
alfalfa, {and secondly, a rotation study is needed to
determine the effect of the pathogen on successive stands of

alfalfa grown in sick soil. These studies could be

-

undertaken in a growth room.

In summary, the following conclusions were formulq&ed

from our knowledge of ‘the interaction of = the pathogen and

plant. Alfalfa sickness infection is initiated in alfalfa

seedlings, a month to a month-and-a-half old, at the root

tips, lateratl noncanbial' roots, and the nodules, when

present. It is suggested that a low or ndhpatﬁbgenic level

of inoculum exists in certain soils and during the life of
the fifst stand this level increases, and persists in the

. o ,
soil. In succeeding alfalfa stands,‘ the abundance of
inoculum present ensures a parasitic association between the

plant ‘and pathogen: The plant's growth Y is severely

restricted for the life of the stand and alfalfa yields are

"lcw. The nodules also ﬁay become ineffective so that the .

R ' _ .
nitrogen metabolism of the plant may beconme severely
~affected resulting in stunting of the plant and yelibuing of
the leaves. This would support the observations ‘made by

Goetfel (1962) and Webster. et al. (1967) that after the

first stand of alfalfa, subéeguent stands are affected bj,""“
: . R =%
S S

8
alfalfa sickﬁess, and show typical’symptoms. Ay

&

¥y

b. Control by Physical and Chemical Treatments The

first control measure tested was heat and the resultsy <£rom.
u v R

{

®o

this .physical treatment confirmed eiriier observations -tiat
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agent causing alfalfa sickness was biological (Webster

al,, 1967). Pasteurizing sick soil either substantially

reduced alfalfa“éickness or eradicated it. Soil treated in
this manner always produced tall piqnts with high yields’and
clean roots (Tables 3, 4, 8, 9, and 10). This égrees with
the evidence presented by Webster et als (1967) who used the
soil sterilant, Vapam, and steam sterilization of sick soil,’

and Goettel (1962kﬂwho'notéh sterilizing sick soil ' improved
yields of plants growing in sick‘séil. The pasteurization of
alfalfa sick soils oﬂ a field scale would be impractical and
econcmically not feasible.

Oother physical treatments suct as liming, fertilizing,
and soil moistu.e, applied at optimum levels, did -not

increase yield, height, or lower disease rating of plants

growing in sick soil to a level approaching that'zof plants

growing in pasteurized sick ,Soil {Tables 3, 4, 8, 9,M@nd _

10)%. Webster et al, (1967) and McElgunn and Heinrichs (1970R

also reached the same conclusions in their studies using

;L : ) .
-fertilizer, 1lime, and moisture, or any combination of these-
factors to cerrect growth of alfalfa in sick soil.

The second type cf control treatment tested was

chemical fungi idew. Déion did not control“alfalfa sickness

3

as the roots -  vlar = from sick soil treated with this

fungicide were & dJdiseased ~as roots frona plants in the

‘nonpastéurized sick soil (Tables 8 and. 9). This treatnent

—

did not resufifpiﬁyuié@yfr,z‘g;gher yielding plants. The

2

application nhte of Dexon was believed to be phytotoxic when

o AN
. i

-
¥

-
L

A J
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agplied at 10 pimes the recommehded ratqgin fungicide test 2
(Table 9). Benlate is pUtydfted to control organisms other
than pythiaceous fuhgi, and its use might be eipected to
resuit in more severe root symptoms, lower plant yield and
plan£ﬁ height. This was not the case (Table 8). Plants from
the Benlate treated sick soil were not  significantly
differen£ for height, yield, and disease rating from alfalfa
grown in the Dexon treated sick soil or in nonpasteurized
sick soil.’

:uefdiol;xon profided some  protection as the dis=<ase
rating of alfalfa roots was less for this treatment than for

roots of plants grown in nonpasteurized sick soil (Table 9).

treated sick soil compared to plantsﬂﬁrom)unpasfeurized sick
soil was expected, The fesults did not show this.

Dowco 269 was the most pfonising,fungicide (Table 9).
éoots of plants from Dowco 269 treated‘sick soil were rated
'.c1ean and healthy. The yield of this fungicide treated sick

- N ) ‘
. soil was significantly- greater than the yield of plants from

4;1 M 2 ~

nonpasteurized Sick #soil. Height wad significantly

qurther study
and soﬁtﬁ ad justment for opgimum growth of flalfa in Dowco
269. treated sick soil.

The drench—mix applngg?on'procedure_ did not dimprove
height or'"yigld; or decrégge disease rating of the alfalfa

plants compared to plants from the soil mix (Table 9). This

was true for Dexon and ™Metazoloxoii. Spraying Dowco 269

Lo v
~ o)
Al

A higher yield and height of -plants grown in_ﬂetazoloxon#?ﬁ



ccntrolled alfalfa sickness but not as effecfively as Dowco
269 soil pix or spray—soi% mix applications judged by the
height, yield, and disease rating of plahté igrom these
treatments. |

Stuteville (1976) stated Dowco 269 is active against
scil-borne pythiaceous fungi. The fungicide gave seedling
p;otecfion to al%alf&‘ growing in 50;15 infested with P.
megasperma (Stuteville, 1976) . Results f}om our experiments
for Dowco 269 indicated alfalfa seedlings were pfotected
vhen grown in alfalfa sick soil (Tables 9 and 10). This
would imply that alfalfa sickness is a pythiaceous fungus. -

Beaver plants grown in Dowco 269 treatéd sick soil were,
signiﬁidantly less diseased and higher yielding“than Beaver
.plants in nbnpasteurized sick soil (Table 10). The plants of
the reSistant genqtype (1v12) were - not significantly
different in height, yield, or diseasé rating when grown in
either Dowcc 269 treated sick soil or pasteurized sick soil.
When 1v12 plants wgpé grown in sick soil with and ;ithout
Dowco 269, there was a significant dltference betwveen the
mean disease ratings. Beaver plants were shorter in ‘- height,
although not significantly so, thanlplants of 1V12 in’bovgo
269 treated sick soil. This suggested - that éhemicals ~and

N

plant seieetion, in combination, should be further.
a ) .
1nveetlgated. S ' sede

Dowc0f 269 contqﬁ@led alfalfa sickness by eithefy

drenching it on the so&l surface (Table 10), or mixing it & ";?

© -

‘with the sick soil (Table 9). Both methcds Qg‘applicatlon

a7 s
S
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would seem practical, but the cost of the chemical may be a
limiting factor for ccmmercial purposes. Unfortunately,
Dcwco 269 has ' -~en withdrawn {Evans, 1976) for zfurther

evaluation, buc, these positive results indicate that

fungicidal control is possible.
~ In pasteurized sick soil, the plants of a resistant

genotype, susceptible genotype, and Beaver vere not
2 : . .
significantly different from each other in height, yield, or .

’

disease rating (Table 10). There  vas a significant

\ ‘
~.di§ference between each genotype in pasteurized sick soil vs

-fnq‘paéteurized sick soil for ‘the above agronomic characters.

[ : .
However, when plants of the® genotypes were grown  in

) : _
nonpasteurized sick soil, the™ resistant genotype vas

%

significantly better than either the sucertible genotype or

Beaver in height and disease rating, and significantly

1

greater than the susceptible - genotype in yield. These

results indicate that plant breeding is a suitable

alternative to chemical apélications.

A

24 Plant

a. Control by Plant,ﬁﬁ%eding In very few instances were

B

lants of the resistant gerotypes, grown in nonpasteurized
P : : gen!

sick séil, taller, heavier, or less diseased than Beaver .
plants‘ grown in pasteurizéd-sick soil (Tables 11, 12, 13,

~and ‘16) . When gll the genotypes vere groiﬂ in sick soil,
those selected for rgsistance yieldéd significantiy tpller,

.. heavier plants with less qiSease‘ than . either plants from



g

9]

. susceptible genotypes or from Beaver (Tables 11, 12, 13, and

16) . Evidently, t&ere‘ was a certain amount  of

.misclassification when the cfcle 0 plants were selected for

resistance and susceptibility.: It is also possible some
plants may have escaped infection by alfalfa sickness. The
results of these 2 possibilities are reflected in the*field
tests where some susceptible genotypes vwere considerably
taller and higher yielding than certain resistant genotypes
or cultivars (Appendicee 4, 5, and 6). In the field tests,
the mean of plants from the resistant genotypes was not
significantly greater than the mean of susceptible genotypes
-0

or cultlvar genotypes for height, yield, performance rating,

)
)

or disease ratlng (Tablee 17, 18, 19, and 20).

- The second cycle strain test, three cycle strain test,

M

and the‘ fleld tests, all showed'a vider range of agronomic

Rl N
characters for the resistant genotypes as compared to the -

susceptible- genotypes vhen averaged over cycles of selectlon
(Tahles 11,ﬂ’12, ff 18, 19, and 20). Thevpresence of a\

\
greater number of different gene combinations when expressed'

*phenotyplcally vould accmunt for the u1der range of thosek

e
agronomlc characters studied ‘within the re51stant genotypes

Ty P .
as compared to the’ susceptlble-genotypes.

Resistant '»and susceptible  genotypes, grown in
pasteurized sick soil, vere not significantlyvdifferent in
height and yield (Tables 7 and 10), ‘but  in nonpasteurized
sick soil, there. were 51gn1f1cant differences in helght,
yieldt‘and diSease rating,,These results are 51m11ar to the

e .

Voo

\
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height response of unselected genotypes grown 1in sick and
nensick soils (figure 2) .

Cycle 1 resistant genotypes were significantly
‘different in mean height from ‘the susceptible genotypes
(Table 25; Figure 3). In cycle 2, the_resistang genotype was
significantly different from the plants of the susceptible
genotypes in height and disease rating, and from the plan”
of Ehe unselected genotyres in height (Table 25; Figure 4
These results suggest that selection for alfalfa sickness
gesistance is bging. controlled by many ' genes anﬁ
'consequently, .change %in responseyto selection iglslov. The

selection responses of  the resistant populatidn and the

susceptible ‘population follow the +trend illustrated ™ by.
. - ’

Sheldon (1963), Robertson and Reeve (1952), and Woodworth et

al. (1952). It would beAinteresv \_ to evaluate three more

.o

cycles of selection to de R if- a major*divergence

occurs betweep the two popY s, It wakf concluded

directional selection for resistance and suscé

Ty

alfalfa sickness was effective in the gfout

should be continued.
R o : /
In. contrast to the above results, data from the three

L4

cycle straiﬁ'test (Table 12) indicated a downward trend from

cycle 2 to 3 in yield, height, and disease rating. for the

resistant. genotypes. The differknces from cycle 2 to 3 were

not significant.and this would  suygest selection was g@t

effective, Houe#ér,' the sample of genoft)

each cycle wvas small. Alsb,Lin Figures 3 and 4 Ypr ,cyclé -]

es represeng®



J

“

and 2, respectively, the data showed positive responses to
selection. i |
Correlations between height vs disease rating and yield
ﬁs disease ratihg inlthe growth room tests invelving the'
Flant were high and significant (Table 23) . The assumptioh
was made that taller, higher yielding. élants uould be
resistant to disease, while shorter plants vith lower ylelds
would be susceptlble. The field tests vere interpreted Hlth
this assumption in mind. -
The lattice design for analyzing the.field tests gave

no 1mprovement 'in accuracy 'over the randomlzed complete

block design with the excé@tion of . 1att1ce strain testh 2L

The" effectlveness ot the lattice des1gn for latdice strain .

\

test 2 in 1976 was due to dlfferentiai‘ueedlng. Thus most of

the variation within. each fleld test ran the léhgth of the'

fleld test or 1n a.northlsouth dlrectlon, '

There “were differences among the . means of the. four

cultlvars from each field test for height abd yleld in 1976 .

/f-
afd 1977. 1t appears that a genotype by year 1nteractlon vas

responsible for: these dlfferences.r However, there was no

field test by cultivar interaction for helght (1977)/‘anﬂ

yield-'11977);;1his suppcrts data from soil test 2 (Table 4)

and canfirms that - the ‘field site’ was uniformly sick

|

R . !

7]

throughout.

EstablishmehtJyear“ resultsfvere less ﬁeliabie than the

second—year results as the coeff1c1ents of varlablﬁlty vere

<

hlghér for 1976 than for 1977 (Table 21? Genoéypes which

“ d ! - . . ) N L - ‘ ‘ N
' @ ST : o S .

|
|

_
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pertcriﬂd consistently ain the field and in the growta rooa

iocluded. 21&9, 2v15, 2vPa2 /1GP130. and 1 Gy m@ lines
such as 2V12, 2559; and 28?113 vere incons. at 2  their
perfcrmance. Plants frca’' the genotype, 2V.. uere highly

resistant in the growth room (Table 11) but the neight,

yield; and pertOtlance rating of its planté-éid not reveal

it tc be a superior genotype in the field (Appendix 4). The
genotypes, 2B29 and 2BP113 vere just the opposite, doing
’pcoriy id_thé growth tdol (Table 11) but performsing uellA in
the field (Appendix 4y . .

#ith data from the grovth room tests ‘and field tests, a
sulticlone synthetic cultivar resistant tc alfalfa sickness
éonld "be developed. The 8ynthetic vould include thé
genotypes 1325, 1873, 2876, 2V13, 2V96, 2R163, and-21187. £
synthetic snsceptible/to alfalfa sicxness nould consist of
clones from the £o;lov1ng genotypes, 1GP20, 16921 1GP136,

1~ °*, 1RP188, and 1VP19. The synfhetics could be increased

’

tcr seed and tested at different.locations in field trails

Y

to stndf their aqronOliC-nerif. .

A nitrogen fixation experiment condnctgg in the g;ovth
rcos by Tan (1977) cosfpared 20 co-leféiéi cultivars plus 5
selected lines. Of the 5 selected iines, 2 vere resistanf to

' A 2 . A
-alfalfa sickness (B2, B3). The results indicated that vhen

the different gehotypes' véte inoculated wvith comasercial:

\

inoculan, plants froa 2V96 (82) were significantly higher -

yielding than the other entr - and were 36% above the

experimental mean. The tctal seedling dry weight of 2V12
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(B3) plants vas about 106% more than the experimental mean.
Plants of 2712'(82) had a higher yield‘ cf nitrogean (30%
above the averaqe)‘vhile 2V96\‘R3) plants vere 6% pelou the
everall sean. Thné, some genotypes unich vere resistant to
alfalfa sickness appear fe be inherently high yielders of
dny satter aad nitrogen. |

Results from the grcwth roos -~ suégest that tne
genetic factor governing the reacticn to alfalfa sickness is
ccntrolled by many :genes. This conc1051cn is ‘based on the
high broad sense heritabilities in the diallel strain test
(Table 16) and second cycle straif test (Table 11), and the
slow progress in selecting for resistance and susceptibility
in cycle 1 and Z_i}ign:e 3 and df; |

‘The high broad senee heritabilities in thel'tesistant
and susceptible diallels ipply a high amcunt of epistatic,

intraallelic, and intenallelic interaCtions (Table 14). As a
result, the high Wbroad sense heritabilities for :disease
rating' and height of the resistant and snsceptible diallels .
wculd support t%e sngqestion that nonadditive genetic
variation has bé%n exhansted. Purthermore, the lov narrow
sense heritabilities for height and disease rating. of nhe
resistant and susceptible diallels indicates that additive
genetic va:iation vas snall. These data agree, with those
reported by Adals apd Sesmeniuk (1958) wvho stated that in one
generation, additiye genetic variation couyld be depleted in
selecting for leafspot tesistance.

Genetic variability was influenced by additive and

r
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nonadditive geoe action in the resistant and susceptible
diallels, respectively, since the. ratio of GCA to SCA“vaq
smsall or equal (Table 1a). These results are expected since
the parents of the progeny in the diallels have begn subject

——

tc ope cycle of selection to alfalfi/sickness;‘ The results4
. agree with those of .Singh and Leéihé (3971) wvho found SCA to
acre inportant than GCA since the clones had been selected
for GCA.. Two-clone synthetics in tde su;ceptible diallel-
'could be selected on the basis of superior SCA due to SCA
' being‘ eaqual to or larger than GCA. In contrast, tpe
resicstan diallel indicated that additive genetic variation
vas la.ye and GCA ter than 'SCA. Multiclone synthetics
cculd be formed in} toe resistant ‘diallel based on the
_genetic differences of the parental clones. |

Disease resistance and susceptibility uere highly
heritable iﬁ tde diallels (Table 14) and this agrees with \v
Twamely's (1974) report. The heritability of reSistanCe’ vas
higher" thdn that of succeptibility. Howvever, uith additive
gehetic variation beinq loy, and alfalfa 51ckness "being
pdlygenicaily inﬁerited, a ndlber of cycles of selection
vould be necessary to fix favorable combinations of genes to
provide a high degree of resistance and susceptibility to
alfalf; sickness.

Broad sense heritability eséinates calcdulated in they
cecond cycle strain test supported the data obtained in the

\-diallel strain ‘test (Table 14) . In the second cycle strain

_test, the heritability estinates vere high - .aging 1-om "¢41%

i -~
e, Yot
tay g
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to St% for height ahnd diseasé_rating in the resistant andA
susceptible genotypes except for disease rating in® the
Suséeptible diallel (4%). The'genetic CV was lbw for disease
rgting in ° the suscéptible genotypes indicating that
éenotypié variation uas.being depleted. The genetic Cf vas
also iov for diseasé rafing in the'ﬁusceptible diallel

(Table 14). ' ' ' )

Response over 2 cyéles of selection for alfalfa
sickness resistancde has led to increased height atd lower
disease ratings (T#ble 26) . Low narrow seise "heritability
.estimates for ' height and disease rating in‘cycle 1 and 2
would seem to indicate additive genetic variation was small.
These estimates are consistent with the results obtained in
- the Qiallel strain test j%Tdble 1ui; Thus, breeding for
resistance and susceptibility to alfalfa sickness lu;t be
| based on consecutiye*cycles of recurrent seléction involving
well-replicated prégeny tests. |

Three methods of calculating heritability were used,
tﬁo telying on analysis of variange, and the other on
:egressién. .A more acéurate analysis vuas suggested{ to
"account for the difference between f the broad Sense
heéitability estimates obtained @n the dialle} strain tesi
(Table 18) as compared to the second cycle strain test
 (Tab1e 26) . Thé-aﬁalysis_of variance ;n the diallel strain

)

test was based on single plants while in the second cycle

* \

»strain fest, the mean of plants per pot was used. The nérrow

sense, heritability estimates - from the regression of

> A
o



\\

' to evaluate progeny from the third cycle of selection to

_expose the full array of gemotypes.

.D ! - | ‘B9

offsbring on .parent (Table 26) agreed wigh the estimates in

the diallels (Table 14) which confirms results from Swanson

et al. (1974).

Busbice et al. (1972) tabulated the pcssible range of
.. _ v 9
segregates after 1, 2, and 3 generations of random mating.

The assumption in determining the array of genotypes is that

the original cross'is betveen two tetragenic limes. In light

of these calculations, we have evalugted 2 cycles of
selection with random mating and could expect the duplex,
triallelic, and tetragenic genotypes tc be present. The

diallels would contain the same genotypes since the material
'R » o

vas -Selectqd for 1 cycle. Thus, before any conclusive

1
L

evidence can be offered on the inheritance of alfalfa

gickness resistance or susceptibility, it will be necessary

\

The method of selection used to develop res;stance and
susceptibility to alfalfa sickness relied on horizontal, or

field resistance or susceptibility, Based ~“on the
herita?}lgty esgilatés (Fables 14 and_26), the selection of
individﬁal plantﬁ phenotypes was reliable. Well-replicated
pfpgeny tests llnilized environyenfal 'iafiat;on in the

grovth room and led to the succe#é of phenotypic recurrent

A . . /‘ .
selection. One disadvantage of using this form of mass

selection is that in interpollinating all plants, there may

be 'scme self-fertilized seed produced. However, to overcome

this problea, ©ontrolled pollination could be utilized in
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the form of a diallel although this p&aces a restriction on
- the number of genotypes one can evaluate. Pol?crossinég
uithin the~_populat}ons allowed laxigul expression ofa
heteiozygosicy and randon latiag over 2 cycles of selectioa.
This prevented inbreeding erression and utilized heterosis.
As well, the number of plants selected per cycle was more
than 75 which Hill et al,; (1969) considered a liniaai' to
suppress any appreciabie change in agroaonic traits not
selected. Thus recnrrent selection for. phenotyplc characters
has been an effective method of X¥llowing a vealth of genetic
recosbipation to occur providing new suurce material for the
next cycle of selection. e

»a,bypothesis vas put forwvard to explain the basis of
resistance and susceptibility tc alfalfa sickness. The'
?"assulption-aadc in this theory .was that alfalfa .sxcknsys
resistance and susceptibility vas coptrolled by_nany qenes.
. On the basis of this premise it was thought the selection
criteria of height and disease rating represented .netﬁ
~assimilation rate (NAR) of the plant. Selecting tall/ plants
uith lov disease ratings would mean the)plants' cagﬁcity to
lanufacture assililates would exceed the: nequirelenfs of the
' bacteria, BRbizobiym meloloti, and the rparasitic alfalfa
sickness pathocen. }his is supported by Tanmn's (1977) work in
vhich tvo resistant genotypes vere found to be'high yielders
of dry msatter andl nitrogen. The remaining photosynthates
would be lefabolized-br.stored'by the plant and result 15
bigh dry matter prodnctf;zz;?\$hps a high kjk\fduld allow

-
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‘the plant to live with the tvo eranisns, and at the same
time yield high  returns of -fPrage. In the susceptible
genotypes, shert|plents vith higt disease ratings would have
a low net liable pool of assiamilates. Consequently, there
would be adegquate amounts of ‘photosynéhates to meet the
needs of the two organisls, bdt little residual would Dbe
left for high dry matter yields.

fo increase KAR in the alfalfa plant 1nvolves breeding
;for a trait*{nherited in a coqplex way. This could explain
vhy resistance and snscept/bility to alfelfa’sickeess are
thought to be controlled by many genes and ‘it may be the
re“‘on for the low narjow /'sense heritabilities obtained in
the dialPel s+ .ain test for disease ratipy (Table 14),
Vasious EOIponents of NAR which would increase yieidlinclude
larger photosynthetic;area (increasing nunber,’veight( area,
or structure of leaves), fever stems (decreasing number,
length, . or structure), or increasing ., efficiency of
photesynthesis tCarlson et al., 1970). It wold be
ipteresting to compare net assieilation ratesvof:plants from
resistant geno;ypes, susceptible genotypes, and cultivars.

In. éenclusion, _the- overall objectives “have  been
achieved by investigaq&ng and testing a number of physical
and chelical treatments and by undertaéi%g a plant breeding
Frogranm. Heat».offets the best ' control df the alfalfa
sickness patﬁogen, but it is ilpractical. Che-ical control

of ‘the pathogen using Douco 269, would seem to be a feasible

lethod‘if that chemical or a sililar one vere available, and

S
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" application ‘were Genotypes ‘with

economical.

commercial
over

resistance bave yield advantages of 40% to S0%
unselected material and susceptible genotypgs. Thus, the
outlook for plant breeding seems opti-iétic and the ultimate

cultivar

N

crntrol of alfalfa sickness lies in develcping
_wﬁtb-resistance to the disease. .7<
2 i

|

\ A
'
¥
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SUMMARY
1. The agent which incités alfaifa sickness is a pythiaceous
fnngus. The symptoams it causes on alfalfa plants reselble‘
those caused by g; gg§g§p§igg . However, the enviroﬁmenta;‘
conditions necessarf for the.survival of g& megasperma are
different from thQ§e associated with alfaifa sickness.-
Alfalfa sickness occurs on light textured soils that appear
to.bg vell-drained while P, meqgasperma has been found in
héavy soils that were poorly drained. ‘
é, A relétionship betveen disaasé rating and heigAt; and
‘di;ease rating and yield acéounted for the shorter plants
with 1lower yields.when the plants vére grown in sick soil.
This agreed with observations that infeéted fields “have good
stands but are low yielding. " .
3. The alfalfa sickness pathogen attacks %the root) tips,
ncncalﬁial lateral roots, and nodules resulting in brounigg,
lgsions: and girdling of the roots. This eventually leads to
collqpse and destruction of the root tissue which affects
height and yield of infected plants. |
4, Heat treatsment of sick:-soil was a superior control method -
- but it would be.inpractical to use on a field scale.
S. Lime, fertilizer, and !oisture, at. ;evels for optimum
growth, wvere )e;ilinated as caustive agents of alfalfa
sickness and did not improve alfalfa growth in sick soil.
6. Heighti disease rating, and yield of plants from sick

soil treated with Dexoh vere not significantly different

from planﬁs grovn in nonpasteurized X sick soil, and

o . <
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- consequently, Dexon did not control alfalfa sickness.

7. Chenicals‘ such as uetazoloxon and Dowco 269 -were

F

effective 1n controlling the alfalfa 31ckness pathoqen.,But,
Lovco. 269 vas the aore 1mpressive and - application of that
fungicide as either a soil drench or soil mix satisfactorily

Frotected alfalfa~roots agaicst the sickness pathogen.

‘8. High hroad sense heritahilities justified the conclu81oa-

LI e

adapted cultivars*for alfalfa sickness selection.

9. Lov narrow sense-hepitahilities for height and disease

rating in the resistant and susceptible genotypes indicated .

that additive genetic variation vas small and’ sucgessive

cycles of recurrent selection would be necessary to gevelop

high levels of resistance and low levels of susceptdibility
tc alfalfa . sickness.

10. 1In ~che field tests, results fronm the second year vere
more reliable and useiul for selection purposes than /those
observed in the establisbaent year.,

11. Selection progress has been slow.in the two Cycles of
selection evalnaced_vhich iaplies many genes are influencing
disease gesistancexaﬁd’susceptibility.

12. Simple correlatioe coefficients, among height,'ryield;
and disease rating in the grovth rcon,‘ vere highly
significant. However, corrélation coefficients for agronoaic

characters between field ‘and ‘grovth. room were low and

nonsignificant. Conseguenfly, it is necessary to use field

tests ' to determine bthg effectiveness of growth room - -

b4

-

2 11 ty exists ‘between and within locally.A



selection.

13. Recurrent phenotypic selection in the growth room was
‘Ieffective since ‘high 5road eense ‘heritabilities vere
oktained in resistant and susceptible geneLypes,and there
vas progress in selection after 2 cycles. No nmajor shiff

occurred in any of the agronomic characters not selected in
the growth room according to field evaluation of the

genotypes.

14. High specific combining ability variance in \the
\ o \ :

resistant and susceptible Adiallels indicated nonadditi&e

genetic variazfen was large and this wvas expected since the\

parents of gif progeny had been selected for one cycle..\\

'Specific

o-binations of these parents£ could be \

- e e e\
1nterpollinated to form suitable two-clone hybrids while’

lulticlone synthetics could be fqtiulate@-fron’this material

as well.

15. It was concluded that physical, chelicalléggd.plang\\___-

breeding methods of centrol of alfalfa sickness vere

~~

discovered in this study. Pasteurization has practical
limitations while fungicidal control could be expensizg and

sheﬁ%-terq: Plant;;bteeding §rovides a practical long-term

selution to.,alfalfa si#kness.

&
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A

TABLE 3 Height, yield, and stand survival subplot means of Béiyer
‘ seedlings in soil test 1. v

0

Treatment Height Yield Stand Survival
. | (cm) ~(9) (plants per pot)
Pasteurized soil 29,1 a* 3.2 a 12.7
Pasteurized-limed soil . 28.1ab  3.0b ° = 12.0 -
Nonpasteurized soil | 27.0 bc 2.4 ¢ - 12,6
Nonpasteurized-limed soil ' 26.2c . 2.1d° 12.5
Mean | L 21,6 2.7 | 12.5
CV(2) : 9.3 2.1 . 134

at p < 0.05 by Duncan's new miltiple range test
**CV = coefficient of variability

_*Means fo]lo&ed by the same letter are not‘significantjy different
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A

TABLE 4‘ Height, yield, and disease rating means of Beaver seedlings

- in sotl test 2. '

Treatment . _Height

Yield:

Disease Rating

{
)

(cm) () . (1-5)*
" Sick soil 1 | 20.6 b*** 0.5b 2.81 ¢
ST ' <
Sick soil 2 , 20.2 b 0.4b '2.86 ¢
Sick soil 3 - © 19.6 b 0.4 b 2.62 bc
Sick soil 4 ~ 19sb 2 0.4 b 2.82 ¢
Sigk soil & ” | 17.3 b 0.4 b 2.57 b
Pasteurized~sicg so1if - 24.8 a - 1.7 a 1.00 a
Mean | 20.3 0.6 2.45
CV**(%) | 8.7 25.1 6.8

*] = clean roots, 5 = dead plant
»*Cy = coefficient of variability

5

. ! . . .
***Mpoans followed by the same letter are not significantly different
at p < 0.05 by Duncan's new multiple range test



104

| S
TABLE 5 Height, yield, and disease rating of observation pots
of Beaver seedlings in the U&S soil test.

_ \

Treatment \ . Height ' Y'Iéld Disease Rating

(cm) () (1-5)*
Minnesota sof ]+ 2.4 3.7, 3.17
‘)umesota sofl** 2.3 2.7 . : 3.06
California soil® 21.7 . 2.4 o 3.00
Michigan sofl 201 2.4 3.44
Ontario soilv* ©15.6 7 379
Mean | ‘ 21.8 2.6 3.29
Alfalfa sick sofl*+ 21.2 2.3 - 2.52

' '2, = clean roots, § = dead plant '
0ils reputed to be 1nfecte'd with- ﬂl_ytophthora megasperma were

tmported and tested at the Edmonton Research Station (Parkland

Farm). Edmont.on Alberta, Canada ' N

***Means are average of 5 replicates
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TABLE 6 . Means of height and disease rating for Beaver seedlings |
in the time of 1nfect10n test.

L

Treatment . - Height : Disease Rating

(cm) A o (=s)*
2\)weeks g © 4.8 faww  1.54 a ' [
3 weeks 10.2e . 1.99b
4 weeks , 20.2¢ - . 2.55¢"

5 weeks 2.6 c . 2.85 d
6 weeks - 30.6 b - 2.98 d
7 weeks 33,42 2.99 d:
P ot ) b
Mean ‘ 20.6 ‘ - 2.47
CV**(%) , 6.0, o . 6.0
. . a ’ \\\
*1 = clean roots, 5 - dead plant N

**CV = coefficient of variability

***Means followed by the same letter are not significantly different
at p £ 0.05 by Duncan's new multip]e range test

N\
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TABLE 7 Height, yield, and disease rating means of
alfalfa seedling progenies in the
. Inoculation test. . :

Treatment Height Yield Disease‘Rating

(em) \ (9) . (1-5)*
Pasteurized sick soil ' ,
Beaver 24.3 3.5 ' 1.00 a***
1GP130 Co 24.0 3.0 1.00 a
112 - 24.0 2.9 1.00 a
2V96 . 22.8 3.3 1.00 a
1RP188 v 22.6 3.3 1.00 a
Pasteurized inoculated
sick soil
2V96 24.¢ 4.2 2.00 b
V12 24.2 3.4 2.00 b
1GP130 23.3 3.5 2.00 b
T1RP188 22.3 3.5 2.00 b
Beaver 22.2 3.2 2.00 b
Mean 23,2 3.4 1.50
Standard Deviation 1.8 0.6 0.5
Cv*=(g) 7.5 17.8 0.0

*1 = clean roots, 5 = dead plant
**CV = coefficient of variability

***Means followed by the same letter are not significantly different
“at p < 0.05 by Duncan's new multiple range test C
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TABLE 8 Mean heights, yields, and disease ratings of
Beaver seedlings-in fungicide test 1. \
) . \‘

\

Treatment Height Yield Disease Ratin&

| : (-cm) (9) (1-5)*
Pasteurized sick soil . 32.3 g% 1.5 a 1.00 a
Non-pasteurized sick soil 26.7 b 0.7 b Ty 2.94b
Benlate C2%.2b 1 0.7b  2.88b
Dexon 25.4 b 0.6 b 2.86 b
Mean ‘ ‘ - 27.7 0.9 | 2.42
CV**(%) . 8.5 - 21.0 8.9

*1 = clean roots, 5 = dead plant . )
**CV = coefficient of variability ' Lo

***Means followed by the same letter are not significantly different '
at the p < 0.05 by Duncan's new multiple range test f7gn
. ~‘ . ‘b 4

2

GF
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TABLE 9 Height, yield, and disease rating means of Beaver seedlings
in fungicide test 2. X

<

Q

Treatment " Height Yield Disease Rating
(@) (9 (1-5)%

o, -

Pasteurized sick soil 27.8 a*** 9.1 a = 1.00 a
Non-pasteurized sick soil -~ 24.2b 4.1 cd =  2.81d
Dowco 269 Spray. 282b 3.9 cd 2.17 b

" Dowch 269 mix 24.2b _ 55b . 1.03 a
‘Metazolozon mix | 23.3 b 3.2 d 2.55 c*
Dowco 269 ‘spray drench "22.7b . 51bc  1.04a

* Metazoloxon mix drench 22.4b ~ 3.0d 2.62 ¢
Dexon mix 8.3c¢c 0.7e  4.00e
Dexon mix drench. : 6.2 ¢ ,0.5e - 4.00 e -
Mean . o -20.4° 7/ 39 . 2.36 _
CV**(%) | 9.1 236 = 4.6 .

* *] = clean roots, 5 = dead plant
**CY = coeff1c1ent of va*iabi]ity

***Means followed by the same letter are not s1gn1f1cant1y different
at p < 0.05 by Duncan's|\new.multipie range test
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Comparison of mean ﬁéi

ratings of alfalfa se
strain + fungicide

N i

ghts, yields, and disease
egfing-progeniesfi
s
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the

-~

/

N5 | -
Treatment Height ~  Yield Disease Rating
. (cm) - //g) (1-5)*
. Q \\
- Pasteurized sick soil o g - O \
1130 24.6 av* ./ 31ap 1,00 a
Beayer 24.5 ab 3.4 a . . 1.00 a
~Ivi2 f 23.8 abc 2.9 abc ; 1.00 a
bowco 269;§igi soil- e, ' ; / ) - N |
T2 T T 22,7 abede 2.6 bed 1.00 a~
-Beaver N 21.5 cdef 2.6 bed ° 1.00 a
1GP130 - o 18ﬁ8hgh 1.8g “1.00 a
Non-pasfeyriied sick soil & g Co 1’3 | ',
V12 - '23.7 abed - 2.3 cdef¥ ~2.29 b\
Beaver 20.6 efy 2.0 fg 2.99 ¢ . \
16P130 18:6 gh 17 9 <, 2.97 ¢ L
. . ( . .,‘*/. o '-—\\
man . 22-]; 2.5 ].58 e N
CV**(%) 793 L SR
‘N | : ‘\\ - .
| b " \ a b T _'
b B .f ' . N =
*1 = clean roots, 5 = dead plant N N
o . N

.***va= coefficient of variability ' ) Y s : .
***Means followed by the same letter are not signiffcantly.djfferentﬁ\

~at p < 0.05 by Duncan's néw"

/‘\

1tiple rangebtest‘.r Rt

N
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TABLE 12 Summary of mean heights, yields; a}ld‘ disease ratings
.-of alfalfa seedling progenies in the three cycle
strain test. o

Geno__type'" . Height Yield, Disease Rating
= e (@ (-5
_Resistant © ' S . .
w2 | 27.5 a***  3.5.b '2.32 be )
w102 I 20.8 efg 2.0 ef ‘2.58 d+h \
C1va9 19.9- fgh 2.5 de 2.70 ghij |
1V100 .- 16.8 ij .- 1.2 g 2.69 3
Mean - T 21.3 2.3 2.57
2V102 - 26.1 ab g/q; 3.0 bed 2.28 b L
2V12 " . 24.3 bc . 3.2 bc 2.45 b>f .. j
2V100 " 23.3 cde ;2.6 cde 2.44 bcde ;
-2V96 - - . i - 21.6 def 2.9 bcd 2.37 bcd
~2V49 LT 21.2 def . 2.9 bcd 2.47 b2g
Mean . 23.3 ~ . 3.0 2.41
" 3V12B . 7 .. 23.5¢cd- . 3.4b 12.32 be
. .3v968B 23.5 cd 3.0 bcd 232 bc
- 8V100 - K . 22.1 c»f 2.5 de 2.54 c+h
'3v498 T 21,2 of 2.6 cde - 2.54\coh
3¥1oza | ‘ 20.2 fgh 1.9 ef 2.65 ‘e
‘Mean - 22.2 2 : 2.48
Mean(a1l resistant genotypes)22.3 2.7 2.48 .
Susceptible | S
1BP7 ‘ 18.3 ghi 1.9 ef ~ 2.63 efgh
1RP18 ’ 17.8 hij . 1.9 ef 2.87 ijk
1RP15 ~ - ~16.8 id 1.5 efg - 2.92 jk
1GP13 R - 16.0 ijk 1.3 efg - 3.01 k.
Mean | .7.3 1.7 2.86 -
2GP130 ) 14.0k " 1.3 efg 2,98 k
. 3BP75A \ 15.4 jk .2 g 2,74 jk
3GP130 14.0 k 1.2 g ) :2.92 hig
Mean _ J 14.7 1.2 g 283
Mean(allsusceptible genotypes) 16.0 1.5 v 22.87
‘Beaver (pasteurized sicR soil} 28.4a . ' 6.0a 11.00 a
“Mean I ©20.6 2.4 :2.53 )
Cvex(z) 7. 9P 21.4 7.2 ,
*] = cléan Qots, 5 = dead plant , e : R /,/’

b wxCV =-coefficient of variability . T -

***:ians- followed by the same letter dreynot significantly :different
p < 0.05 by Duncan's-new multiple knge test. When a mean is

rs,.only the beginiing and last

i

followed by moré than four Tette

letters are written. | \

iy i

u ] . Y '
| . . ;

{ \/ :
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TABLE 13 Means of height, yield, and disease rating of alfalta seedling
progenies in the diallel strain test.

Genotype Height' Yield Disease Rating
(cm) (9) (1-5)

© "Resistant Diallel ‘
.32 cde

V12 x 1V57¢+ . 27.0 befee 3.3 ef 2

1V12 x 18179 30.0 abc 4.1 bcde 2.2).cd

1Vi2 x 18152 B 27.3 bcde 3.6 de 215 ¢

V12 x 1v9 26.8 b+f 3.9 bcde . 2.26 cOe

V12 x 18103" ‘ 27.8 a~e " - 3.7 cde 2.32 cde

1V57 x 18179 - : 28.2 abcd 4.0y bcde 2.34 cde
1V57 x 1B152 21.8 hijk 1.9 ghi 3.12 ¢

“1V57 x 1v9 ‘ 26.3 c+g 3.5 de 2.31 cde
1V57 x 18103 22.6 ghij 2.2 ¢h 2.86 ¢
IB179 x 18152 - 27.4 bcde = 3.6 de 2.41 Oe

v 1B179 x 1v9 - 30.4 ab 4.2 bcd 2.23 c¢d
) 1B179 x 18103 ; 29.5 abc 4.4 abcd 2.23 ca

(18152 x 1v9 31.6 a | 4.6 ab 2.22 cd
18152 x 1B103 27.6 bcde 4.2 bdbcde 2.24 cd
1V9 x 1B103 28.1 abcd 4.7 ab 2.13 ¢
Mean 21.5 3.7 2.36

o '
Susceptible Diallel . : ‘

- 1GP130 x 1BP113 » 19.2 iK1 1.7 ght 3.06 fg
1GP130 x 1vP17 21.9 hijk 2.3°gh 2.87 ¢
1GP130 x 1v58 19.1 jKk1 'Y.7 ght 3.18 ¢
16P130 x 1VP62 20.1 {3kl 2.0. ght 3.44 n
18P113 x 1VP17 22.6 ghij 2.1 ghi 3.18 f
1BP113 x 1vPS8 _ 20.6 h-l 1.7 ght 3.19 ¢
1BP113 x 1VYP62 23.3 e~ 2.2 gh 3.03 fg

~1VP17 x 1VP58 17.4 1 1.2 4 3.39 h
1VP17 x 1vP62 . 18.2 k1 1.5 ni 3.06 fg
1VP58 x 1¥P62 - ) 17.8 1 1.5 mi 3.17 g
Mean - ‘ 20.0 1.8 3.15
P . 3

Beaver (pasteurized sick sofl) 28.7 abc 5.2 a 1.00 a
_Beaver (pasteurized sick soil) 28.0 a-e 518 1.00 a
Beaver - . 24.0 e} 2.5 fg 3.9 g
2V96 ’ ) 24.1 d+h 3.6 de 1.81 b
3vi02cC . o ' 24.3 d+h 3.5 de 2.20 cd -
16P130 L 20.9 hel 1.9 ghi 3.08 g

: : Q ‘
Mean 24.6 3.1 Z.Sl&‘
CV**(%) 8.4 15.5 $.3%

*1 = clean roots, 5 = dead plant; w*(Cy = coefficient of variability;
***Means followed by the same letter are not significantly different at
P < 0.05 by Duncan's new multiple range test. ihen a mean is followed
by more than four letters only the beginning and last letters are written;
tFirst parent is female parent k
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| TABLE 16 Summary of height, yield, and disease rating means -

s of alfalfa seedling progenies in the second cycle .
~strain test, three cycle strain test, and diallel
strain test. _
Genotype Height % of Yield % of Disease % of
: (cm) Beaver (9) Beaver Rating Beaver
: (1-5)*
\ X
Y - S —
Resistant o 25.3 109 2.8 - 19 2.48 92
: i
Susceptible . ‘ 20.1 87 1.8 - 78 2.92 108
Beaver (pasteurized 28.5 123 5.1 215 1.00 37
sick soil) :
Beaver ' 23.1 100 2.4 100 2.7 100
,\ o | )
Mean g 3.8 | 2.6 , 2.54

*1 = clean root, 5 = dead plant
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TABLE 17 Comparison of mean heights, yields, and performance
ratings of alfalfa progenies in lattice strain test
1 for 1976 and 1977. \

Genotype Height Yield Performance
~ (cm) = (g) . Rating (5-1)*
1976 1977 1976 1977 1976
O |
Resistant
Mean 51.9  72.6 294 654 3.26
Range 43.0-58.3 66.5-79.5 190-447 379-926.  2.50-4.50
Susceptible .
Mean 51.7 71.8 . 280 606 3.20
Range 48.5-54.8 68.5-77.0 1€8-330 439-757  2.50-3.75
Cultivars (  ‘ . D
Mean 48.4  70.3 258 608 2.97
Range 46.8-53.9- 69.0-71.8 216-365 538-689  2.38-3.38
Mean 51.6 72.3 290 646 3.22
Standard Deviation 4.6 4.3 89 ' 156 0.68
CV**(2) ‘ 6.9 4.8 25.5  20.0 18.8

Q.

*5 = productive stand, 1 = unproductive stand
**CV = coefficient of variability

4
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Comparison of mean heights and yields of alfalfa

CV*(%)

TABLE 18 _
~ progenies in lattice strain test 2 for 1976 and
1977, : ‘ o
Genotype ' -Height Yield
Vo " (cm) (9)
\ 1976 1977 1977
~ ‘\ ) - .
> ‘ /7
Resistant ’
Mean 44,5 _ 67.9" 323
_Range 36.7-51.6 62.2-72.5 2?3;90§r—\\“
Susceptible | o
Mean 45.9 . 67.6 327
Range  / 35.7-52.0 60.7-73.9 © 210-526
/ ' :
Cultivars : g oo .
Mean 45.4 68.4 348
) )
Range 42.7-49.0 67.0-70.2 309-395
~Mean 45.0 . 67.9 327
Standard Deviation 8.4 5.1 101
10.6 5.9 27.6

*CV = coefficient of variability -



TABLE 19 Mean heights and yields of alfalfa progenieS in
' strain test 1 for 1976 and 1977.

Sy
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Y-
Genotype Height . Yield
1976 (em) 1973 %3%7
Resistant
 Mean © 33.0 61.4 3N
Range 24.0-41.0 53.0-72.0 140-501
| Susceptible
Mean 34.3 61.2 275
Range 26.0-43.0 55.0-68.0 155-404
Cultivars b
Mean ~36.3 ' 64.8 315
Range . 29.5-39.7 60.5-72.3 " 278-386+
Mean . 33.7 61.7 301
Standard Deviati;m 5.2 5.2 ' 97
CV*(%) 11.6 7.0 "K;?J N

*CV = coefficient of variability

1

A

\

\ -

\
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TABLE 20 He1ght and disease rating means of alfalfa progenles
in strain test 2 for 1976. A

Genotyn~ .. Height Disease Rating
o (em) (1-5)%
Resistant ' ‘
2V96 < 48.5 a** 2.53 a
V12 46.0 ab 2.70 abcd
2V12 42.5 ah~ 2.73 abcd
18179 "M.5 a.z 2.75 abcd
- 16169 40.0 bc . 2.60 ab -
“* 1R188 1.8 e 2.85 cd
“Mean ‘1.5 \ 2.69
"Susceptible '
2BP69 A 4.0 ohe 2.65 abc -
18P113 42.0 « ~d 2.90 d
1GP33 S 1.0 bu 2.75 abcd
2VP98 ‘ 41.0 bce 2.90:.d
1vP17 39.9 b - 2.73 abcd
1RP188 34.6 de ‘2.63 abc
Mean 40.3 2.76
. @ : , -
Cultivars ,
Srimm 42.0 abcd 2.83 bced
Jernal 41.0 bed \ 2.78 bcd
Beaver _ 38.0 cde 2.73 abcd
- " Roamer " 37.5 de — 2.75 abcd:
" - Mean 39.6. "\\ : 2.77
Mean , 40.6 2.74
CV(%)*** ' 10.7 \\ 5.2
*] = clean roots, 5 = dead plant %

**Means followed by same letter are not significantly different
- at p < 0.05 by Duncan's new multiple range test
***CY = coefficient of variab1]1ty ‘
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¥

TABLE 22 Simple correlation coefficients of agronomi c
characters for growth room tests involving
the alfalfa sickness pathogen. o

/

Growth Room Test . Height - Height vs Yield vs
vs Yield Disease Rating Disease Rating

Soil test 1 0.82%*% NC “ NC

Soil test 2. ©0.78%* - _q, 70%x ;-0.92%%
Time of infection test Nt 0.95%+ NC
_Inoculation test .43+ -0.06 0.28
Fungicide test 1 0.87% g, 7g%x 0.90%
Fungicide test 2 0.80%* -0, 80%* -0, 85%*

Strain + fungicide test - 0.84** -0. 36* - =0.52%

*,**Indicate significance at the p < 0.05 and 0.01 levels, respectively

tNC = one of the agronomic characters was not studjed”,hénce no
cori\elation coefficient

3
\
A



TABLE 23 Simpie correlation coefficients of agronomic characters for
growth room tests involving the alfalfa plant.

4]

Growth Room Test ' Height Height vs Yield vs
‘ vs Yield Disease Rating \Pisease Rating
\\
Second cycle strain test | 0.69*%* -0,27%* \\(0.52**
Three cycle strain test | 0.78%* ~0.70%* . -0.78*
Diallel strain test | 0.50% 0TI -o\\'as**

**Indicates significance at the p < 0. 01 Tevel .
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APPENDIX 2 Weather data for the field site, §pruce Gr6ve, 2
‘ Alberta, from 1967 to 1976*. '

].

o

N
.Year' ' Annual Rainfall** Mean Daily / Daily Temp_erature'
Precipitation (cm) Temperature** . (eC)** |
(cm) (°C) © Maximum'  Minimum
| , e
1967 34.9 15.3 “e 204 87
1968  40.8 22.6 13.4 9.2 1.1
1969 50.0 28.7 14.4 20,3 8.4,
1970 48.2 29.4 15.2 20.8 9.4
1971 57.1 34.7 14.9 Zp:6 o 9.2° .,
1972 51.9 29.4 14.7 \0.0 9.3
1973 - 63.6 40.9 14.1 ;}%9.8 .83
1974 52.9 0.7 . 13.3 /17.3 7.9
1975 60.2 43,1 13.7 /19.0. | '8.4. -
1976 50.0 32.5 144 /’ 19.9 9.1
Mean 49.8 ©30.5 14.8 / 19.8 ' 8.8

*From Environment Canada. 1967-1977. Annual meteorological sumné‘ry
for Spruce Grove, Alberta. Environment Ser_\‘Hce, Environqyeny Canada,

Edmonton, Alberta, Canada .
_ **For the months May to August. inclusive

3
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" APPENDIX 3  Compa ison of mean heights, yields, and disease

ratings\ 0f alfalfa seedling progenies in the
second dycle strain test.

Height - Yield - Disease Ratyﬂgij
(9) (1-5)*

Genotype
cm)

L
Resistant /
2B180 ° /

2R187 k
2V18 |
-2B179
2B183 - /
2V102
2B76 /
_2V15 / /
© 0 2V96 / /
' 2B178 k .
21 -
2V58 /
2V59
26173 7
2V8
. 2B75
2V45 /
ZR1
2V13
2V62
A'A VA
2B104
2V94
2V10
2V12 (
26130
2v43 \
2V14 .
2V51 .
2V49
2B72 - 26.
28108 .
2R186 26.
2G129 - 26.
2V53 : 26.
2V52 26.
2B69A 26.
2V44A 26.
2R165 | 25.
- 2B106A , 25.
2Va6 25.
2R86 ' 25.
2B73 25.
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| APPENDLX'3 Continued i _
| 3 | ' -
| Genotype C  Height Yielld Disease Rating
» R . (cm) (g (1-5)*
2G169 25.5 3.& 2.77
2824 ‘ 25.5 2.4 2.26
2V56 25.4 2.8 2.35
. 2B66A - S " 25.3 2.0 2.50
2B111 - . _ 24.7 2.3 2.80
.2R188: 24.5 1.9 - 2.62
2B117A 24.2 2.2 2.76
-2R66 23,7 2.7 2.84
- 2R26 : 23.7 2.1 2.92
2874 : 23.6 2.1 2.54
26127 . 23.5 2.0 1 2.38
-2V99 ; . 23.3 2.3 2.46 ,
2B29 / 22.8 1.5 2.08 !
2B110 ; c22.7 2.1 ° 2.62
. 270 . 22.5 2.2 .° 2.54
286 22.0 1.8 2.66
Susceptible . /
2BP71 28.3 b 2.5 2.65
2vp102 | 26.8 . 2.6 2.96
2vp53 | . 26.0 1205 2.88
> 2GP33-. 7 25.7 3.1 2.81 \
. 2VP101 25.5 2.6 2.88
. 2VP48 e 25.0 2.7 - - 2.54
2VP52 : 25.0 2.2 . - 2.96 ),
28P105 | - 28.9 1.8 2.76
2BP6 | - 24.8 1.8 2.62
2RP147 “‘ 24.6 2.7 © 2,92
2RP26 | 24.2 2.2 2.92
2BP69 7| " 28.2 2.0 - 2.73
Lot2VP17 23.7 1.8 2.92
2VP43 ' " 23.6 2.2 2.92
2BP113 23.5 1.7 2.66
2VP46 23.3 2.2 2.77
- 2VP62 « o 23.0 2.1 2.96
-2VP61 .- . 23.0 1.8 2.96
2BP115 - 22.9 2.2 2.88
. "26P130 | 22.4 2.7 2.69
_2BP75 | 21.2 1.6 2.80
2BP153 - 20.7 1.6 . 2.74
- 2VP60 - 18.0 1.3 2.84
CuFtivars

Beaver (pasteurized L . o ..
. SOTT)** 28.7 4.3 : . - . 1.00



APPENDIX 3  Continued

s
‘.‘“‘1'

Genotype Height Yield . Disease Rating
{cm) (g) (1-5)* '

Beaver** 24.0 2.4 2.48

Agate*+* 25.7 2.6 2.85

LSD (D0.05)+ 3.5 0.8 0.33

LSD (0.01)+ 4.6 1.0 0.43

LSD (0.05)++ 2.7 0.6 0.26

LSD (0.01)++ 3.6 0.8 , 0.34 Iy

*]1 = clean roots, 5 = dead plant
**Means averaged over 8 replicates
***Cultivar not included in the analysis of variance

tLSD = least significant difference between maans of resistant and suscep-

tible genotypes at p < 0.05and p < 0.01 levels, respdctively
HLSD = least significant difference between means of resistant, suscep-
tible, and cultivar genotypes at p < 0.05 and p < 0. 01 levels, respectively

’
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APPENDIX 4 Comparison of mean heights,. yields, and
performance ratings of alfalfa progenies
in lattice strain test ) for 197¢ and 1977.

i\ . ‘ |

Genotype ~ Height ‘ Yield Performance
, (em) . (g)/ Rating (SFI)'
1976 ~1977 0 1976 11977 1976 | -
Resistant ‘ . !
~ 2B66A : 58.3 77.0 388 730 '4.25
- 2v96 57.3 75.0 439 751 4.00
1828 . 56.0 .0 794 4.00
2829 56 .5 .5 689 3.7%
1829 56.0 .5 824 4.00
© 2R163 . . 56.0 .5 763 4.00
> 2V100 55.8 .5 582 3.50
B117 - 55.5 .0 741 3.2 -
2V15 55.3 .5 703 3.50
2B106 ’ 55.3 .5 684 '4.00
W15 55.3 .8 554 3.2%
2V61A 55.0 .0 608 3.7
wH - 54.5 .5 631 3.50
V87 ° 58.% .0 602 3.50
V19 54.5 .5 517 . 3.2%
2V4BA 54.3 0 724 4,00
V7 54.0 .5 613 3.50
1873 54.0 0 802 3.7%
2B76 53.8 .0 858 3.75
2RB6 53.8 .5 705 3.00
18110 53.5 .5 857 3.5 |
V99 53.5 .0 . 713 3.25
28115 : 53.3 > 682 3.00
1v4) . 53.3 .0 677 3.50
Avay . 53.3 .5 793 3.50
. 2B6 53.3 .0 648 4.00
© 2V61 53. .5 515 3.2%
S L 53.0 4.3 720 3.25
ST 2VI02A 53.0 70.0 305 - 585 3.50
o 2v94 _ 52.8 77.0 247 613\ 3.25
; 2B11SA —— ‘5.5.8 76.0 252 .708 ‘\ 3.25
Va2 . 52.8 73.0 285 681 3.25
To2vi0 52.8 n.5~ 27 589 3.25
1R26 52.5 75.0 272 639 3.00
V17 5¢.5 73.5 294 %672 - 3.25
26169 52‘\.5 69.0 250 706 3.25
‘ZV13 _ 52r3 73.0 /333 842 3.50
‘18108 \ 52.0 78.0 212 729 3.25 .
1613 ‘ "52.0 n.s 247 . 628 3.25
: 1875( & 51.8 77.0 2% - 727 3.50

‘1 | ™~
| . | ~
| ~

- ——

e



APPENDIX "4  Continued

A Genotype Height Yield Performance

(cm) - {9) o Rating (5-1)%
Pt 1976 1977 1976 1977 1976
/ 1B109 51.8 74.5 268 674 3.50
/1869 51.8 73.5 369 627 3.25
A 112 51.5 74.5 296 718 3.00
/ -7 51.5 72.0 292 536 3.400
2V60A = -~ ‘51.5 69.0 267 424 3.00
2V14 51.5 “ 67.0 194 399 2.75
1G127 51.3 72.0 314 673 3.00
1B179 51.3 71.5 258 606 3.25
2V56 51.3 68.0 278 -~ 550 3.00
“2B151 51.0 76.0 , 266 759. 3.2%
2875 51.0 75.0 256 . 780 ' 3.25
2B183 - 51.0 72.0 309 - 725 3.25
ZV49A 51.0 71.5 329 692 3.25
ivi02 51.0 *71.5 298 600 3.00
18104 51:.0% 68.5 252 555 3.00
Z2R165 50.8 69.5 285 600 3.00
2R187 '50.5 76.5 305 926 3.75
2R26 50.5 73.5 241 690 3.00
2V62 X 50.5 72.5 310 642 - 3.00
1v8 50.5 72.0 226 582 3.00
1V51 50.5 66.5 205 481 2.50
1B74 " 50.3 72.n 237 583 3.25
2Y51A _ 50.0 68.- 324 592 _ 3.25
. 2V49 50.0 68.0 245 503 2.75
\\2;;3 . - 49.8 73.5 191 513 2.75
1 49.8 73.0 - 259 802 - 3.25
ZR146 49.8 70.5 259 547 . 3.00
146 49.8 70.0 281. 571 2.75
2V58 49 .8 67.5 242 615 3.00
16169 49.5 72.0 289 - 785 3.50
2R30 49.5 71.5 251 581 3.75
18150 49.3 71.5 266 ‘ 658 3.25%
ZY100A. 49 .3 71.5 248 I 551 3.00
2V48 : 49.0 .70.0 269 578 2.75
2V89 48.8 68.0 198" 532 : 2.75

1R147 48.5 71.5. . ‘254 63 3.00/)/.
Y12 48.3 70.0 210 . 446 2.50
2823 . 48.0 n.o 287 . 628 3.00 °
1R165 46.5 .0 27N 802" 3.00
2B113 45.0 70.5 223 . 620 - 2.50
2870 44.3 67.0 190 553 2.50.
2R148 43.0 71.5 294 678 2.50
Susceptible .

2BP113 54.8 77.0 308 692 3.75
1RP159 54.0 75.0 339 757 3.25



APPENDIX 4  Continued -
Genotype Height Yield - Performance
‘ (cm) (g) Rati/?e{ (5-1)*
1976 1977 1976 1977 : 976
1VP62 53.0 70, 276 627 3.25
1BP113 *“52.5 . " 73.0 288 587 3.50
2BP69 52.5 * .70.0. 318 591 3.50
1GP33 @52.3 70.5° 314 651 3.75
“1GP130 50.5 68.5 * 188 450 2.75
1RP188 . 49.5 69.0 288 585 2.50
1VP9 49.3 . 72.0 281 678 2.75
1vP17 48.5 . 72.5 , 200 439 ° 3.00
¢ o “ ‘_/‘ -
Culttvars . . )
Vernal** 53.9 71.8 365 689 - 3.38
Roamer** 48.9 69.0 230 . 584 2.38
Beaver** . 47.3 1.0 219 623 3.13
Grimm** 46.8 69.5 216 538 3.00
LSD (0.05)+ 4.9 4.9 103 179 0.80
LSD f0’0]§+ 6.5 6.4 135. 236 1.05
- LSD (0.05)++ 4.3 4.2 89 . - 155 - 0.70
LSD (0.01)++ 5.6 5.5 117 204 0.91

.*5 = productive stand, 1 = unproductive stand

**Means are average of 8 replicates

~H.SD = least
ceptible ge
+HSD = least

significant difference between means of resistant and sus-
notypes at p < 0.05 and p < 0.01 levels, respectively

significant difference between means of
tible and cultivar genotypes at p <0.05 and p < 0.0

resistant, susgep-
1 levels, respectively



Height and yield means of alfalfa progenies

APPENDIX 5 ‘
: in lattice strain test 2 for 1976 and 1977.
N \
Genotype Height Yield
(cm) (9)
1976'. . 1977 1977
Resistant
2B183A 51.6 .70.6 372
1V61 50.4 '69.3 262
1v43 49.5 "68.2 346
1v44 48.6 69.6 306
2V8 48.5 72.5 361
1G20 47.7 69.6 396
2V99A .47.5 68.4. 360
2V44A 47.4 “ 7.2 337
1G35 47.3 ; 64.6 ° 291
2v102 47.2 / 67.5 405
2V50 47 .1 ’ 68.8 352
2V62A 47.1 68.1 372
18182 46.8 69.0 314
1R146 46.8 67.3 330
2R137 . 46.2 70.2 - 358
2v47 46.2 69.2 319
1v45 46.2 69.0 321
18178 46.2 68.0 363
2G129 45.6 68.3 323
2V52A 45.4. 70.9 343
2B104 45.3 64.5: 323,
1G4 45.0 66.6 351
16157 . 44.8 71.3 371
V16 : 44.6 67.3 342
2G158 y _ 43.6 72.5 399
1R132 . 43.4 66.6 338
2V / 43.1 68.6 235
16177 43.1 66.8 288
- 1B151 ¢ 42.2 72.1 34
2B76A 42.2 68.0 26
1R145 42 .1 66.3 251
'2R88 42.0 66.6 308
2B155 41.8 :66.1 292
1vi8 41.7 66.5 262
1R188 41.3 68.3 324
18181 41.3 . 67.2 308
2G173 41.1 62.3 319.
1V59 40.1 63.0 223
1R32 39.0 69.5 357
1R2S 37.8 . . 64.8 295
1R83 37.2 71.3 256
36.7 62.2 266

1637
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APPENDIX 5 Continued

Height

Genotype " Yield
(cm) (g
1976 1977 1977
Susceptible . :
2BP155 52 .0 72.8 377
2VP98 51.2 \67.4 305
1VP100 50.6 69.9 357
1GP34 50.2 Y 67.7 291
2BP105 50.0 73.9 526
26GP33 50.0 69.9 376
1VP17 492 68\7 289
2VP53 48.9 71.1 439
2VP54 48.1 ’ 65.9 210
2VP55 47.1 68.1, 383
2VP96 45.9 72.4. 432
L 2VP14 45.8 » 66.1 - 342
1vP58 45.2 64.7 ° 272
18P151 44.5 65.4 - \ 329
2GP130 44.2 '64.5 284
2GP34 44.0 66.0 338
2VP43 43.9 66.3 268
2VP42 42.1 68.5 300
18P70 4.1 64.8 298
16P133 40.6 65.7 256
1GP127 39.7 66.0 292
1GP21 35.7 60.7. 225
Cultivars
Vernal* 49.0 - 69.3 341 -~
Beaver* 45.3 .70.2 395
Grimr* - 44.6 1 67.2 348
Roamer* 42.7 §7.0 309
LSD (0.05)+ " 6.6 5.6 125
LSD (0.01)+ 8.7 7.3 164
LSD (0.05)++ 5.7 4.8 108
LSD (0.01)++ 7.6 6.4 ' 143

*Means averaged over 8 replicates

tL3D = least significant difference between means of resistant and suscep-

tible genotypes at
tHLSD = least signffi

p < 0.05 and P < 0.01 levels,
cant difference between means

respectively
of resistant, susceptible

and cultivar genotypes at P < 0.05and p < 0.01 levels, respectively

e



Pl

v

APPENDIX 6  Mean heights and yields of
strain test 1 for 1976 and

alfalfa progenies in
1977.

"

Genotype - Height Yge;d
-- i ~ L) g
1976 1977 1977
Resistant -
2V56A 41 72 460
1V13 47 68 412
"~ 2V53 40 70 373
2Vh 1 40 65 470
2V46A 40 62 325
1v93 40 61 269
119 39 72 360
2B111 39 66 ° 344
2B75A 39 65 442
1V50 \ -+ 39 65 411
2v45 39 64 335
1v54 38 68 259
2B72 38 63 375
1v52 38 61 336
16192 37 66 357
2V94A 37 63 337
2B110 36 69 481
2874 36 68 45]
2V101 36 63 - 226
2V95A 36 61 237
2B67 36 59 269
V14 36 57 140
1R30 35 65 287
1866 35 64. 377
1R90 35 63. 310
2VA5A 35 60 306
1V53 - 35 58 . 245
2B108A 34 70 434
1V96 34 64 376
1v97 34 64 327
- 1690 34 61 328
2B73 34 61 313
16129 34 59 258
- 1867 33 68 501
2R186 33 64 416
16134 33 62 328
1V99 33 59 252
1G34 33 58 331
2B74A - 32 68 398 -
1R82 32 64 317
2B185A 32 59 - 345
16133 32 59, .~ 282
- 2R159 - 32 59 262



APPENDIX 6 Continued

Genotype v Height Yield
(cm) (g)
1976 1977 1977
18184 32 ' 58 | 320
1V100 : 32 55 160
16126 ' N 63 292
1R148 31 61 380
18113 31 61 301
16171 \ N 60 | 295
1628 k) I 58 o 282
16189 3 - 55 B 203
1R84 30 63 ! 218
1627 30 | 62 | 341
2B112A 30 61 | 314
L 1B111 - 30 . 59 : 282
16174 30 59 | 255
| 2G193 30 | 54 203
\ 1R163 29 . 63 ‘ 301
B72 29 - 62 ' . 256
1B155 - T 29 60 . 263
16131 29 | 57 237
10 | 29 53 147
1R88 28 64 375
1823 28 : 60 , 308
1R144 28 .59 387
16175 - 28 59 315
18153 : "28 . 57 204 .
“18180 : , 28 . 56 169
16173 27. 58 : 342
16132 / 27 © 56 224
1868 25 59 251
1R31 ~ 25 56 an
1R139 24 58 | 227
16158 24 55 237
Susceptible ~
1VP47 43 68 : 334
P49 40 63 - 221
28P6 39 2 - 67 348
18P67 39 64 284
1VP99 -39 62 : - 278
2BP67 38 - 68 ' 404
16P129 - 38 64 345
1BP75 \ 38 K 61 . 235
2VPa9 e 37 ; 66 . 357
1wP42 37 N . 266
1vP8 - 37 -, 63 - 288

VP51 37 / 59 ' 201



AP#ENDIX 6 Continued

Genotype : ) Height Yield
~ (cm) (9)
1976 1977 1977
1VP60 37 55 212
2RP147 36 62 300
1VP16 36 61 o 220
2BP75 L 35 66 299
2BP71 35 64 361
1RP165 T35 63 233
2VP61 35 : 61 L 325
1GP4 , © 35 61 230
16P28 35 56 287
1RP31 v 34 61 “ 346
18P179 33 66 356
1VP50 o 33 | 58 239
1GP192 3 60 296
18P183 N 59 ‘ 237
1GP126 30 . 61 308
16P132 30 61 . 288
VP19 | 30 55 \ 155
1vpP57/ 29 - 57 - 274
.1VP15/ /29 56 2856
1RP86 28 . 59 | 234
16P20! 28 ‘ 58 205
1RPY 27 55. . 198 :
1RP62- 26 59 - 214. .
‘Cultivars .
Yernal* 40 ., 64 291
- Beaver* : 39 . 72 4 386
. Agate* . 37 61 278
Roamer* 34 64 : . 288
Grimm* . 30 6} . 309
LSD (0.05)+ 5.5 6.0 .. 1ns
LSD (0.01)+ 7.3 8.0 . 152
" LSD (0.05)++ . 4.8 5.2 100
LSD (0.01)++ 6.3 6.9 132

*Means averaged over 4 replicates . ‘

. TLSD = Teast significant difference between means of resistant and suscep-
tible genotypes at p < 0.05 and p < 0.01 levels, respectively

+HLSD = least significant difference between means of resistant, susceptible
and cultivar genotypes at p < 0.05 and P < 0.01 levels, respectively

\'\.3(



