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A B S T R A C T 

In a greenhouse study, eight month old plants of red clover ~~~ 
Arlington and Florex were evaluated for resistance to EY~~[!Ym root rot. 
Four hundred and fifty genotypes were inoculated with one of three 
isolates of EY§!CiYm [Q§~Ym (814, 927, 959) using a cut-root application 
technique. The degree of EY!~C!Ym root rot incidence was evaluated by 
measuring the vertical discoloration in the taproot from the point of 
inoculation,· and by means of the Horsfall-Barratt scale. Isolate 814 
produced a greater degree of infection than isolates 927 and 959. 
Genetic difference in resistance between and within the two red 
cultivars were found using isolate 814 and 959, but no difference was 
found using the less pathogenic isolate 927. 

Crosses were made between and among genotypes found resistant <R> 
~ and susceptible <S> to isolate 814 and their progenies were screened for 

resistance to this isolate. The proportion of resistant, intermediate 
and susceptible genotypes obtained in the progeny was similar to their 
parents, when the two cultivar tested were pooled together. However, 
opposite results were found when comparing the results obtained within 
each cultivar; In Florex, progenies of R x R crosses generally showed a 
greater degree of resistance than progenies of 5 x S crosses. In 
Arlington, progenies of S x S crosses showed a lesser degree of 
resistance than the R x R crosses. Narrow-sense heritability was 
estimated at 37X when calculated over the Florex cultivar only. 

About 40X of the plants tested showed some internal breakdown. The 
enlargement of the crown was positively correlated with the incidence of 
internal breakdown, as well as the occurence of EY!eCiYID root rot 
severity, particularly in Arlington. Decrease in yield was correlated 
with the increase of EY§~CiY! root rot as well as the occurence of 
internal breakdown. 
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R E S U H E 

Dans une etude en serre, des plants de trefle rouge ont ~tf ~valu~s 
quant a 1eur r•sistance au pourridi~ fusarien. Ces plants ages de huit 
mois provenaient des cultivars Arlington et Florex. Au total, quatre 
cent cinquante (450) g€notypes ont @tf inocul~avec 1 'une des trois 
races de EY!!riY! t9i!Yffi (814, 927 et 959) en utilisant une technique 
d'app1ication directe du champignon sur les racines coupfes. Le degr~ de 
sensibilitf au champignon a !t! !va1uf en mesurant la hauteur 
d'infection des tissus de la racine pivotante ~ partir du point 
d'inoculation, et par 1 'usage de 1 'echelle Horsfall-Barratt. La race 814 
a provoqu~ plus d'infection que les races 927 ou 959. Des difflrences 
g~n~tiques ont ~t~ trouvfes entre, et 1 1 'interieur des deux cultivars 
de trefle rouge, avec les races 814 et 959. Aucune difference n'a et~ 
observfe pour la race 927, la moins virulente. 

Des croisements ont !t~ effectu€s entre les g~notypes class~s 
r!sistants <R> et sensibles (S) a la race 814 et les descendants furent 
a leur tour fivalufs pour leur sensibilit! l cette race. La proportion de 
plantes r!sistantes, interm,diaires et sensibles obtenue pour la 
premiere g~n~ration s'est av@rle similaire a celle des parents, lorsque 
les rlsultats des deux cultivars sont amalgamfs. Cependant, des 
r~sultats opposes ont ~te observ~s lorsqu'on les examine dans chacun des 
cultivars. Chez Florex, les descendants des croisements entre plantes 
r~sistantes CR x R> dimontrent une plus grande rfsistance au pourridi~ 
fusarien que les descendants provenant de croisements entre des plantes 
sensibles CS x S). Par centre, chez Arlington, les descendants 
provenants de croisements entre des plantes sensibles d'montrent un 
niveau de resistance plus ~lev~ que les plantes provenant de croisements 
entre des plantes classifi~es r~sistantes CR x R). Une h€ritabilitt 
restreinte de 371., de la sensibilitf au EY~~riYm, a !t§ obtenue chez le 
c:ultivar Florex. 

On a dficouvert la prfsence d'une desintegration interne de la 
racine chez 401. des plants de la population des pare11ts. Cette affection 
d'ordre physiologique survenait plug frequemment dans les grosses 
racines et a etf associ@e, surtout chez Arlington, a la sensibilit§ au 
pourridi@ fusarien, Une baisse du rendement en matiere sec:he a ft' 
asocife a la sensibiliU au pourridi@ ainsi qu'a la presence de la 
desintfgration interne de la couronne. 
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I. I N T R 0 D U C T I 0 N 

Red clover represents one of the •ost important legu1es grown in 

North America as well as in most European countries, New Zealand and 

Australia. The 1991 Census figures from Statistics Canada revealed that 

over 44~ of the 1929 tonnes of legume seeds sold in the Province of 

Quebec were red clover. 

Red clover production in the Province of Quebec started .with the 

beginning of the colony. Its popularity grew with the increasing number 

of European settlers. The majority of Quebec producers seed their hay 

fields with ·a mixture of red clover and timothy because this is what 

their parents were using (Lambert, 1991). Until recently, few farmers 

were familiar with the requirements of this species to obtain maximum 

production. 

Alfalfa has been suggested as a better alternative to red clover. 

Alfalfa has been shown to yield more than red clover under the climatic 

conditions prevailing in the Province of Quebec, if properly managed. 

Indeed, alfalfa requires plentiful available calcium, phosporus and 

potassium for proper establishment and growth, and often, micro­

nutrients such as boron mean the difference between success and failure 

<Heath~~ !!•t 1973). Good drainage is essential to its winter survival 

and subsequent performance. Therefore, producing alfalfa under the 

environmental conditions prevailing in Quebec is quite expensive. It 

requires the modification of prevailing soil conditions by drainage, 

liming and adequate fertilization. 

The main advantage of alfalfa over red clover is its longer survival 

under field conditions. An alfalfa stand can persist and produce an 
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economic forage yield for 5 to b years, while a red clover field rarely 

lasts longer than 2 to 3 years. Botanically, red clover is also a 

perennial plant which can persist more than four years under favourable 

tQnditions lFergus and Hollowell, 1960; Gasser and 6agnon, 1976). 

Why then does red clover, a perennial legume, not persist longer 

under field conditions? Several studies have been conducted to determine 

the factors involved. The main reasons found so far are& (a) improper 

management, (b) adverse environmental factors and (c) the susceptibility 

of red clover to diseases, particularly the crown and root rot disease 

complex <Leath gt ~!·, 1971). 

Therefore, if a new cultivar of red clover could be developed which 

would persist longer, it would be of major significance to Quebec, and 

Northeastern American agriculture. Less investment would be required to 

produce high yields of a nutritious forage than are presently needed, 

and less costly modifications would be required to accomodate •ore 

demanding forage legumes. Moreover, we should take care to maintain a 

high quality legume alternative to alfalfa. The culture of alfalfa is 

relatively new in Quebec, and deleterious insects and diseases might not 

have had enough time to show their aggressiveness on this crop as is the 

case on red clover. 

Several approaches are possible to improve the persistence of red 

clover. Selection for genotypes resistant to E~iitl~! root rot is one of 

theM, notwithstanding the difficulties associated with this procedure 

<Dijkstra, 1964; Leath gt i!·, 1971.). 

Very little is known about the genetic trans1ission of EYaitiY! 

root rot resistance in red clover <Leath !t i!·, 1971). In 1980, Richard 

!! e!• demonstrated that genetic selection against EYiit!Y! root rot was 

possible in an alfalfa population, even if its heritability was quite 
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low. Sustained with the hope the same results could be achiev~d with a 

different scheme of breeding procedures, it was decided to study the 

reaction of two cultivars of red clover to selection for EY!tr!Ym root 

rot resistance. The objectives of our study were as follows: 

a. Assess the virulence of three EY!!tlY! isolates on two red 

clover cultivars 

b. Identify genotypes with high levels of resistance to EY!!t!Ym 

root rot 

c. Determine the inheritance of resistance to EY!!t!Y! root rot. 
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I I. L I T E R A T U R E R E V I E W 

11.1 RED CLOVER DISEASES 

Red clover <!ti!R!iY! Qtet§U!! bLl is affected by quite a wide range 

of diseases. Nyvall (1979) reports on 23 diseases of red clover. The 

na~es of these diseases, their causal agents and their distributions are 

summarized in Table 1. 

Agriculture Quebec <1975) published a report where forty-six agents 

were listed as causing a reduction of the lifespan of red clover crops. 

JAmong these, there are 28 fungi, 8 viruses, 5 nematodes, 2 mycoplasma, 2 

mineral deficiencies and one bacterium (Tetteh, 1980). 

According to Fergus and Hollowell (1960) 1 disease attack is 

responsible for approximately 50 percent of the economic losses incurred 

in red clover. Among these diseases, the root and crown diseases are 

considered as the most important ones <Hanson and Kreitlow, 1954; Chi, 

1965; Leath gt e!.,1971>. 

Breeding for disease resistance in red clover therefore appears to 

be economically worthwhile. 

11.2 DISEASE RESISTANCE IN RED CLOVER 

Disease resistance in red clover <!ti!R!iY! Qt!t!U!! L.) generally 

is controlled by one to a few genes (Taylor and Smith, 1979). 

Inheritance of resistance to most red clover diseases is conditioned by 

dominant genes. The inheritance pattern and the number of genes involved 

for several diseases are summarized in Table 2. 

For northern anthracnose, tMo (Sakuma gt !l•t 1973) or more than 

three CSmith and Maxwell, 1973) dominant genes are involved. According 

to Hanson (1966) and Stavely and Hanson (1967), resistante to poNdery 
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TABLE 1. Causal agents and distribution of red clover diseases. 

DISEASES CAUSAL 
AGENTS 

DISTRI­
BUTION 

BACTERIAL DISEASES: 
Bacterial leaf spot eagYQQ!Qnea a~n(inQ!! v. Hall 

FUNGAL DISEASES: 
Blackpath 
Botrytis blight 
Cercospora leaf 

stu spot 
Crown wart 

and 

Fusarium root rot 
Myrothecium leaf 

spot 

B~i~9£i9nie !ggymini£9!! §gyg~ ~ ~!!!g~~ 
Dg~(~iii £ing(!e 

~!(£QiRQ(i ~g~(ine Pass. 
Y(QR~!~£~ii ~(ifg!ii <Pass.) Hagn. 
EYU(iY! spp. 

H~(Qi~g£iY! (Q[lQY! lode ex Fries 
~~ yg((Y£!(l! Ditmar 

Northern anthracnose ~!~et!g!!i £iY!iYQ(i <Kirch.) Karak 
~ Powdery mildew ;(~aiR~! eg!~ggn! DC 

Pseudopeziza leaf spot ei!YQQQg~i~! i(!fg!!i <Bev.-Bern.) Fckl. 
Pseudoplea leaf spot ~§gygge!ge i(ifg!ii <Rostr.) Petr. 
Pythium blight ~~t~iY! spp. 
Rust Y[Q!~£g§ i[ifg!!i <Hedw. f. ex DC) Lev. 

var !i!!!ni <Des•.) Arth. 
Sclerotinia root 

2,7 

12 

9 
2,5,7 

11 
10 
11 
10 

10 

and crown rot 
Sooty blotch 
Southern anthracnose 
Spring black ste• 
Stagnospora leaf 

§£!!(9iinie i(i!9!i9(Y! Eriks. 10 
~~!!QQt~gi i[ifg!ii <Pers. ex Fr.) Wolf 11 
~g!!!!ii(i£~Y! Qg§i(Y£tiYY! O'Sava 13 
~~Q!! ~(ifg!!i E.H. Johnson ~ Valleau 2,3,7 

spot 
Stemphylium leaf 

spot 

§~!QDQiRQ(! !g!!!g~! (Lasch.) Petr. 10 

VIRAL DISEASES: 
Bean yellow mosaic 
Pea common mosaic 
Red clover vein mosaic 

NEMATODE DISEASES: 
Stem neutode 

1. America: central 
eastern 

2. America: northern 
3. America: southern 
4. America: southern 

and 
regions 
area 
area 
and 

northern areas 
5. Asia 
b. Canada 
7. Europe 

Source: Nyvall, R.F. 1979 

e. Europe: southern regions 
9. Pennsylvania 

10. Red clover growing areas: 
generally distributed 

11. Red clover growing areas: 
temperate zones 

12. United States: southern regions 
13. Africa 
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TABLE 2. Inheritance pattern and number of genes involved for 
different diseases of red clover <!tiie!iYI Qtit!ni! L.) 

.-RED CLOVER DISEASES 

FUNGAL DISEASES 

Northern anthracnose 
Powdery mildew 
Rust 

Southern anthracnose 

VIRAL DISEASES 

Bean yellow mosaic 
Red clover vein mosaic 

NEMATODE DISEASE 

Stem nematode 

NUMBER AND KIND OF GENES INVOLVED 

Two or three dominant 
One or two dominant 
One dominant, linked 
with a seedling lethality factor 

One recessive 

One dominant 
One dominant 

Two dollinant 

------------------------------------~---------------------------------
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mildew is: (a) monogenic do•inant for five races of the fungus; (b) 

controlled by two genes in two races; and (c) variable among red clover 

clones. A single dominant gene controls the inheritance of resistance to 

rust <Diachun and Henson, 1974 a, b), However, this source of resistance 

can not be used for cultivar development because it is linked with a 

seedling mortality factor (Engelke !! !l·, 1977). Southern anthracnose 

is the only fungal disease known to be controlled by one recessive gene 

(Athow and Davis, 1958), Crown rot resistance, investigated by Vestad in 

1960 1 is believed to be heritable. Autotetraploid cultivars were proven 

to be more resistant to crown rot than comparable diploid cultivars. The 

~ effect of induced tetraploidy differs by genotype, suggesting that 

dosage effects of genes for resistance may be important. 

The resistance to virus diseases of red clover appears to be 

inheritable. Three types of resistance to bean yellow mosaic virus, each 

controlled by a different dominant gene were reported by Diachun and 

Henson (1974 a, b). These are: a necrotic local lesion (hypersensitive 

reaction), resistance to mottling and systemic necrosis, and resistance 

to general mottling, controlled by a gene that appears to be epistatic 

to the gene for hypersensitive reaction. Red clover vein mosaic virus is 

controlled by a single dominant gene, Re <Khan !t t!• 1 1978). 

Resistance to stem nematode t~!t~!!D~bYi diDiA~i) was reported by 

Nordenskiold (1971) to be regulated by two dominant genes, one of the 

genes being closely linked to the S-locus (self-incompatibility). 

1[.3 ECONO"IC I"PORTANCE OF EY§68!Y~ ROOT ROT 

Kilpatrick !t i!• t1954b.) reported heavy first-year losses in red 

clover seedlings at Madison, Wisconsin. For the first five weeks after 

seeding, stand loss averaged 42 percent. From the sixth through the 

eighteenth weeks, losses averaged another 45 percent. Only 1.2 percent 
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of the plants were still alive a year after seeding. 

Several factors contribute to stand deterioration, but root and 

crown diseases are now recognized as the primary cause involved in the 

forage legume fields of Northeastern America (Leath !t !l·• 1971). 

A complete review of studies done on legume stand performance was 

reported by Fulton and Hanson in 1960. The majority of the research made 

on this subject prior to this date showed that the EY!ir!Ym species 

occurred in closed association with rotted red clover roots whenever the 

crop was grown. The majority of the studies done since then support this 

finding. 

A survey, done by Aube and Deschlnes (1967), revealed that the 

crown and root rot diseases were present in every Quebec field surveyed 

and that the fungi would attack the plants at any stage of their 

development. Species of EY§!rlY! predominated among the fungi isolated 

from crown and root rots. Similar results were reported by Willis (1965) 

in Prince Edward Island. 

11.4 THE PATHOGEN: EYe9B!YH SPECIES 

11.4.1 Ib!_t!~QflQ!~_gf_EY!!rlYm_a~e~ 

Several taxonomic systems were devised by mycologists to 

differentiate EY!itiY! species and forms (Snyder and Hansen, 1954; 

Hessiaen and Cassini, 1968; Booth, 1971; Tousson and Nelson, 1976). A 

wide range of variation occurs between these systems. For example, a 

species named from one key may be identified differently, and be known 

under a different name with another key. According to Nelson !1 g!. 

(1981), the Snyder and Hansen system constitutes the best method of 

classification for the numerous EYa!tiY! species and should be used by a 

researcher whose interests lie more·in the phytopathology than in the 
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systematics of these fungi. 

EY§![iYm belongs to the subdivision Deuteromycotina, form-class 

Deuteromycetes (the imperfect fungi). They typically produce well­

developed, septate, and branched hyphae with their compartments being 

usually multinucleated. Species of EY§!(iYm are differentiated mainly on 

the basis of the shape of their macroconidia. The basal cell of these 

fusiform spores may possess a distinct hook or notch depending on the 

species. The presence of microconidia and their shape and the presence 

of chlamydospores are other characteristics which differ between 

fY§i[!Ym species. 

According to Toussoun and Nelson (1976), 

pigmentation, and other variable characters can 

colony morphology, 

be useful in the 

determination of isolates only after considerable familiarity with the 

genus has been acquired. The growing conditions should then be clearly 

specified such as light and temperature conditions, and the cultures 

should be started from a single spore grown on a defined medium. 

The majority of EY§![i! isolated from nature produce their 

macroconidia on sporodochia. That sporodochial type often mutates in 

culture as well as in nature. The mutant fungi in turn may give rise to 

other mutants, so that a mutational sequence is developed. In pathogenic 

isolates, these mutants frequently exhibit a loss in virulence. The 

mutation sequence has never been experimentally shown to reverse itself. 

Starting from the sporodothial type, mutations in general proceed in two 

opposite directions: (i) towards forms producing abundant aerial 

mycelium but few macroconidia, named mycelial types, and (ii) towards 

forms producing little or no aerial mycelium but abundant macro~onidia, 

named pionnotal types. The mutants of 'mycelial types have a white, 

featureless look, while those of the pionnotal type have a shiny, wet 
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appearance. 

Several factors will affect the sporulation of EY!itlY!• For most 

EY!it!Y! spp., fluctuating temperatures ranging from 18' to 24rC are 

optimum. light is essential for the production of macroconidia. Twelve 

hours of diffuse daylight from a north-facing window is usually 

sufficient. The optimum pH ranges from 5.5 to 6.5. Specific media, such 

as the Bilai and the Nash media <Tuite, 1969), are known to promote 

matroconidial production in EY!itii• According to the Snyder and Hansen 

system, EY!itiY! tQ!!Y! is a conidial species, without microconidia. It 

grows rapidly, more than 0.4 cm per day at 25' and 1B'C. The 

macroconidia are foot-celled. 

II.4.2 !h!_Q~~Yt!U~!_Qf_EY!!tiY!_fyugi-~i!h_tQQt_tQt_g!!!i§!§ 

In 1954, Kilpatrick !! i!· (b) attributed sixty nine per cent (b9X) 

of all root and crown rot diseases occurring in Wisconsin red clover 

fields to EY!!tiYm species. 

leath !! it· <1971) reported the results of a survey of EY!!tiY! 

occurrence in red clover fields covering the north-central part of the 

United States. A list of the pathogenic fungi found to be associated 

with the two-year old plants is given here in order of decreasing 

importance: EY!!t!Ym QK~aaerym, E~ rg~~ym, EL §Q!!n!, Iri,bed!rm! ~!r!Q! 

Pers. ex. Fr.,§!!Q~!!~!Y! tQ§!Y! <link) Thorn, Bbi!9S!en!! spp., EhQ!! 

spp., and E~ !QD!l!!Qt!!· 

EYa!t!Y! species are common inhabitants of our soils. They are 

associated with several other plants. Bordon !1959) reported that 

approximately 9000 isolates of EYa!riY! were isolated from 173 plant 

species grown in Canada. The plants belonged to different families of 

commonly cultivated crops. Among the species isolated on Quebec red 



0 

c 

clover, he named EY!!tlYI Qll§QQtYI• E~ R2!!t E~ !'YilU!iYI• E~ i2ltni 

and E~ !Y~O!~!Y!• 

Willis C1965J, working in Prince Edward Island, studied the extent 

and the incidence of root rot found on diseased red clover plants for 

the period ranging from three to seventeen months after seeding. 

EYiitiYI species were the fungi most commonly isolated, followed by 

~~lindtQ~i(QQU spp., ebem! spp., and BbllQ,lQUie spp •• 

Aube and Deschl!nes ( 1967) studied the relative prevalenc.e of fungi 

associated with crown and root rot of alfalfa and red clover at La 

Pocatiere and found that EY!it!Y! spp. were the most frequently isolated 

,~ fungi. 

The occurrence of EYi!ClY! species was generally recognized around 

the sixties to be associated with EYi!tlYI root rot in red clover. The 

question that remains to be answered relates to its pathogenicity. 

Several researchers argued that EY!!tiY! species are weak pathogens that 

invade the roots only if the plant was already infected by another 

pathogenic fungus or weakened by adverse environ•ental conditions. This 

lead to further research which tried to elucidate this question. 

11.4.3 Ib!_Rethgggni£1t~_gf_EYiet!Ym_aRi£!!a_en_r!R_£leY!t_rggt! 

Isolates of EY!!tiYI species vary in their capacity to induce root 

rot in forage species. Kilpatrick, Hanson and Dickson (1954a) suggested 

that isolated EY!it!Ym were specific in host range, i.e. that their 

virulence was restricted to a single host species or to closely related 

species. 

Fulton and Hanson (1960) studied the pathogenicity of 40 fungus 

isolates coming from naturally infested r~d clover roots under 

laboratory conditions in Wisconsin. They established that isolates were 

generally more pathogenic on seedlings than on older plants and that a 
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wide range in pathogenicity occurred between isolates. The fungi tested 

are reported here in order of decreasing pathogenicity: E~ Q!~!QQ[Y!t E~ 

spp •• 

Chi <1965) tested 36 isolates of EYa!tlY! on seedlings of Lakeland 

red clover. Tested under laboratory conditions, the isolates differed 

greatly in virulence. These isolates, coming from naturally infested 

Canadian red clover, are enumerated in decreasing order of 

aggressiveness 

species tested, most of those belonging to the Fabaceae family became 
J 

diseased, while none of the species belonging to the Brassicaceae, 
I 

Poaceae and Solanaceae showed any infection. Alternatively, all the 

EYa!tlY! species isolated from cabbage, tomato.and pea did not infect 

0 the clovers. Chi (1965) concluded that EY!!tlY! isolates are specific 

in host range since their virulence is restricted to a single host 

species or species belonging to the same genus or family. 

Leath and Kendall <1978) also showed that isolates of EYa!r!Ym are 

generally more virulent on the host species from which they were 

originally isolated than on any other species. 

11.5 INOCULATION TECHNIQUES USED TO 1NDUCE ROOT ROT 

Inoculation techniques used to induce EY!!t!Ym root rot in forage 

legume crops have varied with the goals of the experiment. The two main 

approaches generally used were: a. histological stu~ies of the fungi 

and/or b. selection of resistant genotypes to specific EY!!t!Ym species 

in a plant population. The methodology used for histological studies 

might be used to do some selection. But, in general, it is much more 

meticulous and time consuming than the methods developped for selection 
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purposes only. 

II.5.1 Hiate!eRi&e!_m!theg§_Y§ig_miin!~_te_t!at_th!_RitbeR!ni~it~ 
gf_EYiitiY!_§Qi~l!§ 

Testing the pathogenicity of various EY!iCiY! isolates is often 

done under laboratory conditions. Chi !! il· (1964) studied the 

penetration and subsequent development of three EYii(!Y! species in 

alfalfa and red clover. They took a petri dish containing PDA and placed 

a piece of 5-day-old EY!itiYm culture at its center. They radially 

disposed 15 sterilized seeds around it at a distance of 2 cm. Three days 

after germination of the seeds, they made their miscroscopic 

~ observations. 

Chi (1965) placed 3-day-old red clover seedlings on a glass Nool 

platform placed at the bottom of a test tube. The latter contained 10 •1 

of Hoagland's solution. The seedlings were inoculated by placing six 5 

mm discs of 7 day-old f~!!!i~! inoculum, grown on PDA, on top of the 

wool platfor•. Disease assess•ent was recorded 10 days after 

inoculation, 

The most popular inoculation method used for histological studies 

under greenhouse conditions is often referred to as the •bare-root-soak 

technique <BRST)" (Richard !t i!•t 1980). It consists of dipping the 

bare-root of a plant, previously cultivated in a soiless medium, into a 

suspension of a known EY!!ri~m concentration. 

Chi (1965) dipped the bare roots of two-week-old red clover 

seedlings in a 10-day old EY§it!Y! broth culture. He then transplanted 

them in 36 by 51 cm flats, each containing about 14 kg of a soil mixture 

or white silica sand. Five hundred ml of the spore suspension, 

containing approximately 100,000 cells per ml, were added to each flat 
I 

immediately after transplanting. Disease assessment was done 65 days 



c 

0 

after transplanting. 

A more sophisticated method, called the "slant-board culture 

technique" was developed by Leath and Kendall (1974, 1978). The plant, 

grown on a cafeteria type of tray,. is nourished with a hydroponic 

solution. The roots are well spread on the surface of the tray and are 

covered with an aluminium sheet. This technique allows a direct 

application of a known concentration of a fungus at a specific level on 

the root. It is a precise, space efficient technique, but requires a lot 

of skill to manipulate the hydroponic system. 

The "application technique <ATl", devised by Leath and Kendall in 

1978, is now widely used by plant breeders <Pederson gt !!, 1980; 

Richard gt s!, 1980). It is a very fast method, well suited for 

conventionnaly equipped experimental stations and does not require any 

special expertise to use. 

The plants are cultivated in a sterilized soil media. The taproot 

of the legume is cut at a constant level below the crown and the 

EY!!t!Y! mycelia directly applied to the wounded taproot. The plant is 

then repotted until disease assessment. 

Pederson gt !!•, <1980) applied a 5-day-old EYa!r!Y! culture, grown 
• 

on PDA in the dark at 22'C, on six month old red clover roots at about 4 

c• below the crown. 

II.b SYMPTOMS ASSOCIATED WITH THE EYeSB!Y~ ROOT ROT DISEASE 

E~§!(iYm root rot induces specific symptoms in red clover; however, 

any of the symptoms observed can be associated with any of the EY§stiY! 

species that colonize the host tissue. Red clover plants may be affected 

in all stages of their development, the first sympto1s appearing on the 
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attacked plant parts, the roots, while the aerial plant parts remain 

healthy. In fact, the crowns or roots of clover plants are usually 

severely rotted before the tops even start to wilt and eventually die. 

In other cases, the plants are weakened through partial rotting of the 

crowns or tap roots (Martens !1 el•, 1994>. 

Necrotic areas are often associated with wounds in the crown or 

root surface. They are frequently confined to the cortex of the taproot 

and lateral roots, but in some cases discoloration is restricted to the 

central core and may follow the vascular system. As the disease 

develops, both the cortex and central core may be invaded by the fungus. 

~When sufficient root tissue is killed, plant vigor declines (Leath !1 

!!•, 1971). Plants then appear unthrifty, stunted, yellowish, and wilt 

during hot, dry· summer days (Nyvall, 1979). If the invasion continues, 

the plant dies. Commonly, when the taproot decays the plant is 

maintained by new lateral roots which develop near the crown; however, 

these are often invaded and killed also Cleath !1 e!•, 1971>. 

11.7 MEASUREMENT SCALES USED TO ASSESS EU§881U~ ROOT ROT 

Disease intensity can be expressed differently depending on the 

type of measurement used. When diseased plants or plant parts are total 

losses, counts of diseased plants or plant parts and conversion of the 

counts into percentages gives an accurate measure of the disease 

intensity. Provided a diseased plant or an organ is properly defined, 

this method will be uniform from one worker to another. 

In an effort to standardize disease estimation by researchers, 

JaNes (1971> produced an illustrated series of assessment keys for plant 

diseases. However, when different plants or organs differ appreciably in 

their amount of disease, or when, for any other reason, the amount of 

damage is not correlated with the percent of diseased plants or organs, 
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this method does not appear to be appropriate. The root rot diseases 

belong to the latter category. In such cases, a combination nu1erical 

method is often used or the number of plants or organs is recorded in 

each of several disease percentage classes, and reduced to a single 

eKpression of disease intensity, such as the Horsfall-Barratt scale. 

11.1.1 Ih!_Herafsll:§itts1i_a&s!! 

The Horsfall-Barratt scale was developed by Horsfall and Barratt in 

1945. This logarithmic scale estimates the percentage of plant disease, 

based. on the Weber-Fechner law which states that .visual acuity is 

~proportional to the logarithm of the density of the stimulus. 

The scale is divided fro1 grade 0 to 11 1 the difference between 

each grade being large enough to be distinguishable by eye. In this 

scale, the units pass through l.S logarithmic phases in each direction 

from the 50X point, on which equal linear distances are called equal 

probability or "probits" (Chester, 1950). This was based on the 

assumption that up to 50%, the eye tends to judge the total area of 

plant tissue that is diseased, while above 50X, the eye judges the 

percentage that is healthy. The relationships between the grades and the 

corresponding X diseased and X healthy areas are given in Table 3. 

But, as the Horsfall-Barratt ~ystem is increasing in popularity, 

some researchers are seriously questioning its validity. Hebert (1992) 

argues that the initial hypothesis on which this grading scale is based 

is false: not all estimates relying upon visual perception obey the 

Weber-Fechner law as many factors may affect the stimulus-response curve 

besides the sensitivity of the observer to the stimulus. 
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TABLE 3. Relationships between the rating scores of the Horsfall­
Barratt scale and the estimated mean percentages of diseased 
and healthy tissues. 

Horsfall-Barratt 
scale 

GRADE DISEASED HEALTHY GRADE FORMULA 
I % X X 

0 0 100 1.17 

1 0-3 97-100 2.34 

2 3-6 94-97 4.68 

3 6-12 88-94 9.37 

4 12-25 75-88 18.75 

5 25-50 50-75 37.50 

6 50-75 25-50 62.50 

7 75-BB 12-25 81.25 

a BB-94 6-12 90.63 

9 94-r:n 3-6 95.31 

10 97-100 0-3 97.66 

11 100 0 98.82 

Source: Redman, King, and Brown of Eli Lilly Comp~ny <Elanco Division) 
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11.7.2 Qtb!(_QY!!t!,!l_!,il~! 

In a field survey of root and crown rots of red clover in 

Wisconsin, Kilpatritk g~ i!· <1954~) segregated the diseased plants into 

seven classes, according to the amount of root decay. These classes and 

the values assigned were as following: healthy=O, trace=51, slight=201, 

moderate=401, moderately severe=60X, severe=80X, and very severe=95%. 

After classification, the number of plants in each class was multiplied 

by the ~lass value, the sum of the products determined and the latter 

divided by the total number of plants in each classes to give the 

average disease severity rating for the sample. 

Fulton and Hanson (1960) evaluated the occurence of root rot in 

Wisconsin using disease indices based on nine severity classes, ranging 

from 0 to B. Zero indicated no root discoloration, while eight was given 

to roots very severely rotted, the plants being nearly dead. 

Intermediate levels of disease were distributed between the 2 and 7 

scale. 

Willis (1965) studied the incidence of root rot in Prince Edward 

Island. 

one of 

He used a disease severity index where plants were assigned to 

the following five classes: healthy=O, trace=1, slight=2, 

moderate=J, severe=4. After classification, an average disease rating 

was calculated for the sample. The ~ame scale w•s used by Gagnon <1979) 

with red clover and by Richard !! e!• <1980) with alfalfa. 

Other researchers used a similar disease rating scale, but ranging 

from 0 to 5.· Chi and Hanson (1961) and Chi (1965) used it as they were 

working on the pathogenicity of red clover seedlings. Viands !1 !l• 

(1979), Viands and Barnes <1980) and Richard !! !!· (1982) used it to 

rate EY!e(!Ym wilting in alfafa. They based the disease severity index 

on surviving plants only. The classes were defined as following: 0= no 
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disease or root discoloration; 1= trace of root browning or an 

occasional lesion, mostly on secondary roots; 2= slight to moderate root· 

browning, considerable necrosis on seconda~y roots; 3= moderately severe 

rotting of secondary roots and tap roots; 4= severe rotting of entire 

root system; 5= very severe rotting; plant killed. 

Leath and Kendall (1978) introduced the idea of measuring the 

length of vertical discoloration from the inoculation site towards the 

crown with the introduction of the slant-board culture technique. They 

later developed another inoculation technique, described as the 

"appli~ation technique•, which would allow measuring the penetration of 

~ the fungi the same way. Measurement of the vertical discoloration from 

the inoculation point was used by Pederson ~! ~!· (1980) with red 

clover, and by Richard !! ~!· (1980) with alfalfa. These latter 

researchers decided to use a combined index in some part of their 

experiment, multiplying the length of vertical discoloration by a rating 

score ranging from 0 to 5, in order to obtain an estimation of the 

volume occupied by the disease within the root. 

II.S FACTORS INFLUENCING SUSCEPTIBILITY OF RED CLOVER 
TO FUSARIU" ROOT ROT 

Variations in susceptibility to EYi!tiY! root rot disease among 

cultivars has led some workers to believe that there is a possibility of 

genetic improvement. Several results reported by different research 

groups confirmed this pos;ibility. As early as 1950, Kilpatrick and 

Hanson reported on an experiment where losses due to root rot varied 

from 397. in the cultivar Dollard to 521. in the cultivar Emerson, with an 

average stand mortality of 451. over all cultivars tested. A year later, 

Crall (1951) working on a wilt disease of red clover seedlings in Iowa, 
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reported that, in a greenhouse experiment one isolate of EL Q~~i~QtY!t 

after 3 months of incubation, caused the following stand reductions: 

Emerson 33%, Midland 301., Kenland 181. and •common red clover" 36%. 

Kenland was most resistant and "common• most susceptible to all root rot 

pathogenic isolates. 

At two locations in the province of Qu!bec, Gagnon (1979) observed 

the evolution of root rot development on several red clover cultivars. 

He reported . that the cultivar Hungarapoli was the most susceptible to 

EY~stiYm root rot followed by the cultivar Ottawa. Cultivars Dollard and 

Lakeland showed equivalent reactions and were the least affected by root 

rot. 

II.B.2 ~nengg§_in_nQat_aYa£!2tieilit~-~itn_timg 

Plant susceptibility to disease varies with plant age and also 

responds to the influence of changing environmental factors. Changes in 

susceptibility with age and time of year are the most important fa~tors 

<Horsfall and Cowling, 1978). In perennials, the effects of .the yearly 

environmental cycle on susceptibility are closely associated with the 

effects of the age of the herbaceous shoots and ne~ vascular increments. 

However, the susceptibility may also change over the years after 

succ.essive generations of annual s~oots and annual layers, and thus 

plant age becomes a factor clearly dissociated from the yearly 

environmental cycle. Willis <1965>, working in Prince Edward Island 

<Canada>, stated that the relative prevalence of EYi!tiYm spp. was 

higher on first-year plants than on second-year plants, and was the 

highest in the youngest (3-month old) seedlings. ~~iiUQCQ~!t~QU spp. 

were, however, more commonly isolated from the oldest plants studied. 

Aube and Deschenes <1967) isolated EYi!tiYm spp. more frequently from 1-
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year old plants than 2- or 3-year old plants. Bagnon (1979) observed 

different patterns of infettion at the La Poca~iere and Normandin 

Research Stations, which he attributed to the differing snow cover and 

winter severity between these two locations. 

Several reports conclusively demonstrated that clipping the foliage 

of red clover increased susceptibility of the plants to root rots. 

Fulton and Hanson (1960) stated that this was true regardless of whether 

the plants were grown in sand or fine textured soil, and regardless of 

the age of the plants at the time of clipping. The magnitude of 

increase in susceptibility is influenced by the frequency of clipping, 

the age and vigor of the plants when clipping is done, as well as the 

temperature, the presence of pathogens and other factors. 

II.9 THE GENETICS OF FUSARIUM ROOT ROT IN RED CLOVER 

Breeding for resistance to EY!!tiY! root rot in red clover might 

appear somewhat unrealistic because of the complexity of the problem 

itself. Tetteh (1980) reported the reasons enumerated by Dijkstra in 

1964: 

a. lack of adequate knowledge about the nature of resistance to 
clover rot 

b. absence of a high degree of resistance 

c. dependence of the resistance on the vigour of the plant 

d. dependence of the aggressiveness of the fungus on environmental 
conditions 

(1971) suggested that breeders should rather 

concentrate their efforts toMards developing varieties more tolerant to 

the stress factors commonly occuring in a particular area. 

Working Mith progenies of diallel crosses in Arlington red clover, 
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Pederson !~ e!· (1980) attributed E~!!ti~! root rot resistance to genes 

with additive effects. Obtaining a very large error variance for their 

experiment, they suggested that mass or phenotypic recurrent selection 

would probably not be effective in breeding for root rot resistance. 

They recommended the use of progeny tests for family or modified ear­

to-row selection because these methods would provide soae control over 

the environmental variance. 

As a test of this recommendation, Smith (1983), using the 

phenotypic recurrent selection scheme for breeding resistance to several 

diseases in red clover, did not find any decrease in the incidence of 

~ EY§!tlY! root rot diseases after a first cycle of selection. However, he 

obtained excellent results while selecting against other aerial fungal 

diseases such as northern anthracnose, powdery mildew , leaf rust and 

target spot. 

11.10 SEXUAL REPRODUCTION OF RED CLOVER 

11.10.1 El9t!!_§~[Y£~Y[! 

Red clover belongs to the Fabaceae family, subfamily Papilionoideae, 

tribe Trifoliaeae, Its inflorescence is a head containing 100 io 200 

flowers. Each flower measures from 13 to 20 mm, and is typically 

zygomorphic, the corolla being of p~pillonaceous configuration <Gleason 

and Cronquist, 1963>. The perianth of each flower is 5-merous. The 

calyx, glabrous to sparsely pilose, is made of five (5) united sepals 

about 2 to S mm long, the upper one being about 2 m• longer than the 

other petals. The corolla is formed by five (5) unequal petals, namely a 

standard (the uppermost petal), two lateral wing petals, and two basal 

fused petals (the keel). The androecium consist of ten (10) stamens in a 

diadelphous arrangement. A superior ovary surmounted by a unique style 



and a stigma, constitutes the gynoecium. The androecium and the 

c gynoecium lie between the keel petals. The calor of the corolla varies 

from magenta to nearly white. 

The best natural pollinators appear to be the bumblebees t~Q!~Yi 

spp.l. However, the honeybees <eei! !g!li!!C! L.l are often used even- if 

they might avoid the clovers if other sources of pollen and nectar are 

available. Other bee species such as the alkali bees (~Qml! !~!tn9~ri 

Ckll.) and the leaf cutter bee <~!g!&bi!! tQ!Y09!t! (F.)) are also used 

for red clover pollination. Usually, when a red clover flower is 

pollinated by a bee, its sexual column protrudes from the interior of 

the flower, with its pistil extending slightly beyond the stamens. When 

the weight of the bee is removed, the sexual column returns to its 

0 original position (making red clover a non-tripping species) <Taylor abd 

Smith, 1979). 

In order to make specific crosses, precautions must be taken to 

avoid the presence of pollinating insects among the flowering plants. In 

the field, it is necessary to protect the heads of each plant from 

accidental pollination prior to flowering by covering them with bags of 

fine muslin about 9 X 14 cm, which can be closed with a draw string 

<Taylor, 1980). In the greenhouse, simply avoid introducing any insect 

within the nursery. Windows must be covered with a fine net and doors 

must remain closed. 

Manipulation of the red clover flower heads requires some precaution 

in order to reduce the breakage of the stems. Wires or stakes, 
I 

appropriate for the height of the plants, are placed around the plant to 
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support the bagged heads. Prior to crossing, the flower heads are 

trimmed to keep only the ones which present the proper stage for optimum 

seed set. The optimum stage of flowering to pollinate red clover is when 

the flowers are about half opened. To ease manipulations, the heads are 

tri1med to 15 to·20 newly opened flowers in the center of the head 

CTaylor, 1980). 

Because of the self-incompatibility system in red clover, emascu­

lation is usually not necessary. This self-incompatibility is controlled 

by the gametophytic S-allele system. However, there are some self­

fertile stocks of red clover, and in these cases, emasculation is 

~esirable. Emasculation of self-pollinated species is quite difficult 

because the flowers may be small and tightly packed in the head. 

Furthermore, the anthers may dehydrate at a very early stage, sometimes 

before the pet~ls are extruded beyond the calyx. 

II.t0.4 fg!!in~1i2n 

The first heads to bloom in red clover are located at the top of the 

main stems. Red clover flowers first open in the middle of and on the 

topmost part of the heads. In red clover, the highest seed set when 

cross-pollinating is obtained with flowers about half opened CTaylor, 

1980). Stigma receptivity and pollen viability continue after this stage 

for about ten days, but gradually decline under greenhouse and field 

conditions (Taylor and Smith, 1979). 

In manual pollination, the pollen is removed from the donor plant by 

inserting the pollinating instrument (ex. toothpick) between the 

standard and the keel. A downward pressure applied on the latter causes 

the staminal column to strike the toothpick. Pollen quality should be 

checked at that time. Viable pollen looks moist and is yellow, while 

dead pollen appears dried and whitish. 
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Pollen is transferred by the pollinating instrument to the stigmas 

of plants designated as female parents. For reciprocal crosses, pollen 

is collected and applied alternately between paired heads of different 

plants using the same toothpick. One collection of pollen will usually 

pollinate 10 to 15 emasculated flowers. However, pollen from unemascu­

lated female plants will tend to dilute that of the donor male plant, 

and usually only 5 to 10 flowers are effectively cross-pollinated. After 

all flowers of a particular cross have been pollinated, a small tag is 

looped and secured on the stem immediately below the head, and is 

labeled as to the parentage and the crossing dates. Heads are kept free 

of water for at least the first 24 hours to prevent abortion of pollen. 

Before proceeding to the next cross, hands, forceps and other 

pollinating equipment are washed with alcohol and rinsed with water. If 

pollinating instruments are to be reused, they are set aside for several 

days after washing to prevent contamination <Taylor, 1980). 

II.to.s §~~~-~~~g!gem~n~~-b~t~!§~_!n~_i!9t!9! 

It takes 28 to 35 hours between pollination and fertilization of the 

egg cell in diploid red clover. Each ovary contains two ovules, but 

except for some strains, one usually aborts <Taylor and Smith, 1979). 

However, up to four ovules per ova~y have been found {Povilaitis and 

Boyes, 1959). Pollinated red clover flowers usually begin to wilt in 

about 2 days, while non-pollinated ones remain unwilted up to 10 days 

after blooming. The seeds are physiologically mature 14 days after 

pollination, and are dry enough for harvest after about 21 days. The 

ripening process may be delayed by humid conditions (laylor, 1980). 
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11.11 THE CULTIVARS ARLIN6TON AND FLOREX 

Two red clover cultivars were chosen because of their good potential 

for Northeastern Canadian forage production. Their characteristics and 

breeding history are described below. 

11.11.1 ecliugtQu 

Released in 1973 by the United States Department of Agriculture in 

cooperation with the Research Division of the College of Agriculture and 

Life Science of the University of Wisconsin-"adison, Arlington is a 

double-cut red clover intended for use in forage production in the north 

Central United States. This cultivar is registered with the Crop Science 

Society of America <RegNo. 16, Crop Sci. 13:771, 1973). It obtained its 

Canadian license (No. 18BB> in 1979 from Agriculture Canada. The 

breeding procedures used to develop Arlington are reported by Smith ~t 

~!., (1973). A polycross progeny· of plants selected for field 

persistence from the cultivars Chesapeake, Dollard 1 Kenland, Pennscott, 

Rahn, Van Alien and Wisconsin Mildew Resistant served to make up the six 

initial populations to start the breeding program. Three cycles of 

selection were applied to each of the six heterogeneous populations for 

persistence and resistance to northern anthracnose, powdery mildew and 

bean yellow mosaic virus. After the third cycle of selection, 30 

selected plants from each population were intercrossed and seed was 

harvested in bulk. About 1,000 plants from the bulked seed were screened 

a fourth time for resistance tti the above mentioned diseases, and 300 

selected plants were intercrossed and the seeds harvested in bulk. 

In the American registration (1973>, Arlington is said to be 

resistant to powdery mildew (causal agent: &r~§!ghg gg!~ggg! DC.l and 

northern anthracnose (causal agent: ~i~!!i~!!! £iY!iX2[! CKirchn.l 

Karakl, with moderate resistance to bean yellow mosaic virus. Trials 



0 conducted in Ontario (Canada), confirmed that it was tolerant to these 

diseases. 

Arlington yielded significantly more forage, over a 3-year period at 

"adison <Wis.) than Lakeland, Dollard and Common <Wis.) red clover 

cultivars. Arlington's yield was estimated 13% higher than that of 

Lakeland. In Canada, the Ontario Forage Crops Committee concluded that 

it was well suited for our prevailing climatic conditions, and it is 

listed among the recommanded cultivars of Quebec and Ontario. 

II.tt.2 Elgt~~ 

Florex is a double-cut red clover developed by a private American 

company, the Northrup King Co. (Minneapolis, "innesota). Released in the 

United States in 1976, it obtained its Canadian license <No. 1789) in 

0 
1977. Agriculture Canada (1978) described its breeding scheme as 

follows: 

"The source material came from a Dollard population, 

established at the Northrup King Research Center, Eden Prairie 

in 1959. Remnant plants were removed in the spring of 1965, 

the crowns split, and only those free of crown breakdown 

saved. These were recombined in isolation. A new broadcast 

seeding was established ih 1966. In 1970, persistent clones 

were again dug and evaluated for healthy crowns and vigourous 

growth. Two hundred plus plants were recombined in isolation 

to produce breeder's seed. During the two cycles, selection 

was made for resistance to powdery mildew, northern 

anthracnose, and rust." 

0 In U.S. trials, approximately 651 of the plants have exhibited some 
I 

resistance to powdery mildew. Under Minnesota and Iowa field conditions, 



0 

0 

where observation plantings have been observed through four hay years, 

it was noted that Florex was substantially more persistent than Dollard. 

In the Ontario Forage Crops Committee trials (Canada), Florex was tested 

and is now recommanded as a suitable cultivar for Quebec and Ontario. 
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III. M A T E R I A L S A N D M E T H 0 D S 

III.1 BIOLOGICAL MATERIAL USED 

111.1.1 Bgg_b!g~g(_~!!D~i 

About 300 certified seeds of each red clover cultivar, Arlington and 

Florex, were obtained from the E. A. Lods Agronomy Research Centre of 

Macdonald College of Mc6ill University. These seeds had been kept for 

one year in cold storage. 

111.1.2 EYa!(lY!_!!Qli1g! 

Three EY!it!Y! isolates (1814 1 927 and 959) were received by aail in 

October 1981 on PDA slant cultures through the generosity of Dr. K. T. 

Leath of the United States Regional Pasture Research Laboratory, 

Pennsylvania. Information on the isolates, provided by Dr. Leath, and 

reported by Tetteh (1980) is presented in Table 4. 

In order to present a physical description of each EY!it!Ym isolate 

for future reference, the fungi were grown on PDA <to observe mycelial 

characteristics) and on Bilai medium (for macroconidial 

characteristics>. The PDA medium was prepared by dissolving 11.5 g 

of PDA in 250 ml of distilled water in a 500 ml Erlenmeyer flask. The 

flask was sealed with non-absorbent cotton and autoclaved at 103 

kilopascals at 121'C for 13 minutes (Pelletier, 1981). The Bilai 

medium, modified by Joffe (19631, is known to induce conidial 

development in EY!!(li· 



TABLE 4. Information on EY2!(iY! isolates 1814, 1927 and 1959. 

FUNGUS 
SPECIES 

ISOLATE ORIGINAL 
NUMBER HOST 

EY!!tiY! tQ§!Y! 814 Red clover 

Alfalfa 

Red clover 

SOURCE PATHOGENICITY 

Pennsylvania Not determined 

Pennsylvania Pathogenic on 

W. Virginia 

AI falfa and 
Red clover 

Alfalfa and 
Red clover 
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The solidifying agent, 10 g of Bacto-agar (0.6X>, was added to the 

following ingredients: 

INGREDIENTS 

Potassium phosphate monobasic <KH2P04) 
Potassium nitrate <KN031 
Magnesiu• sulfate <MgS04) 
Potassium chloride <KCl) 
Starch powder 
Blucose 
Sucrose 
Water 

BRAMS 

1.0 
1.0 
0.5 
0.5 
0.2 
0.2 
0.2 

1000.0 

The original pH of the solution (5.2) was brought up to 5.9 with the 

addition of NaOH (0.1NI. Photographs were taken of cultures grown on 

PDA medium left in a dark incubator set at 21'C for seven days <Figure 

1). Photograph of a macroconidia produced by isolate 814, after seven 

days of growth on Bilai medium, was also taken (Figure 2}. 

111.2 CULTURE OF RED CLOVER PLANTS 

The Florex and Arlington parental plants were sown on June 4 1981 in 

a greenhouse bed. The bed, of 20 cm depth, was filled with a soil mediu1 

of pasteurized soil, peat moss and vermiculite <2:1:1). Prior to 

seeding, the clover seeds were inoculated with a viable powder of 

Bb!lQ~iYm trif2!ii· The seedlings were thinned, by June 25 1981, to keep 
• 

220 plants per cultivar, in rows about 4 cm apart. 

The greenhouse bed was fertilized immediately after seeding with 5-

20-20 at the rate of 6 g/liter of water. Thereafter, and once every 

month, they were alternatively fertilized with 0-15-30 at the rate of 4 

g/liter of water, or with 5-20-20 at the rate of 6 g/liter of water. 

Plants were watered with tapwater. This parental material remained in 

the greenhouse bed through the.winter of 1981-82, under natural light 

conditions, while the temperature was maintained around 1B'C. Their 



FIGURE 1. Mycelium characteristics of the three EY!eriYm [Qi!Y! 
isolates <814, 927 and 959) grown under identical 
environmental conditions. 

FIGURE 2. Macroconidiae of EYaetiY! [Qa~Y!· 
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foliage was cut off every 40 to 50 days during the growing period (March 

to October) while during the rest of the year <November to February) no 

cutting was required. 

Plants were transplanted from the beds to individual 5-inch pots by 

May 16, 1982. The potting mixture was made of soil-promix <1:1). 

Immediately after transplanting, the plants were fertilized with 10-52-

10 at the rate of 10 g/liter of water. Thereafter, they were fertilized 

every month with 0-15-30 at the rate of 4 g/liter of water. These 

parents were transplanted again into individual 6 inch pots by June 

1983. Their roots and foliage were then severely trimmed to allow new 

~growth and regeneration. 

III.2.2 B~erggy~tign_!n2_!t!nt~ntn~!-e!_t@g_~!9Y!r_g!net~e!§ 

111.2.2.1 VEGETATIVE REPRODUCTION. In order to obtain replicates of 

each genotype present in the initial parental population while keeping 

the original plants alive for further investigations, stem cuttings of 

the parental materials were taken on 2-month old plants on August 30 

1981. These cuttings were axillary branches at the crown level of the 

mother plant. As many tillers as possible were taken from each genotype 

<the number varied from one to three, depending on the vigor of the 

mother plant). Each genotype was identified by a different number, and 

their propagules by the number of the mother followed by a decimal 

(e~ample: plant 131.2 indicates the second propagule of mother 1131). 

These cuttings were dipped in an indole butyric acid rooting powder for 

softwood <Seradi~ 11 1 May & Baker Ltd.). Then, the cuttings were put in 

an intermittent mist frame for a period of approximately three weeks, 

depending on the root development of the cuttings. The medium in the 

mist frame was composed of 1:1 peat-moss and perlite. It had previously 

been used for plant vegetative propagation of several horticultural 
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species. Three soil samples were taken diagonally through the mist and 

cultured on PDA petri dish to determine if any EY~!t!A were present in 

this medium. No traces of EYait!i were found. 

111.2.2.2 "aintenance. The rooted propagules were then planted in 6 

inch plastic pots, 4 plants/pot. This operation was done on September 

24th, 1981, as the plants were one month old. The soil mixture used was 

2:1:1 sterilized soil, peat moss and vermiculite. The soil was 

sterilized to ensure the action of EYaitiY! isolates that would be 

inoculated later. A container filled with about 70 kg of soil was 

autoclaved at 103 kPa at 121'C for B hours. Cuttings were fertilized 

immediately after transplanting with 10-52-10 at the rate of 10 g/liter 

of water. 

Two weeks after transplanting (October 8th, 1981), the young plants 

were watered with a suspension of Bbi!QbiY! tr!fg!ii in order to induce 

nodulation. From then, fertilization occured every two-to-three weeks 

with 5-20-20 at the rate of 4 g/liter of water. The fertilization 

program was stopped two weeks before inoculation of EY§it!Y! started. 

The plants were allowed to grow until December 17th, 1981, in this 

situation. As they were four months old, some plants were checked for 

taproot development and the possibility of starting the inoculation of 

EYi!(!Ym isolates. At that time, the plant had not developed a large 

enough taproot, and the secondary roots of all four clones were so 

inter-mixed that it was difficult to distinguish which roots belonged to 

each propagule. The plants were therefore transplanted to individual 5-

inch standard pots. Another application of 10-52-10 (at 10 g/1 water) 

was given to the plants. Thereafter, the same fertilization scheme, as 

described above, was applied until two weeks before inoculating with the 

EY!!t!Ym isolates. 



To study the inheritance of EYa!riYm root rot, a number of crosses 

were made among resistant and susceptible plants. A group of Fl progeny 

was seeded October 16, 1983. The seeds had. been stored in the cold for 

two months, and then scarified two minutes with sand paper (180 mesh! 

prior to planting. Seeds were sown in flats containing individual 

plastic tubes filled with a fine mixture of sterilized soil, peat-moss 

and vermiculite (1:2:2). The seeds were covered with a viable powder of 

Bbl{QQlY! tr!!e!!i prior to seeding. The flats were fertilized with 5-

20-20 at the rate of 4 g/1 of water every two weeks until they were one 

~month old. Progeny plants were under artificial sodium lights. These 

lights were placed at 3 feet above the growing flats and the daylength 

was set at 14 hours to promote vegetative growth tCumming, 1956). 

Seedlings were transplanted into individual 4 inch pots when they 

reached six weeks old, by November 27th, 1983. One application of 10-52-

10 at tOg/1 of water was applied to the transplants. Thereafter, one cup 

per plant of a 5-11-26 plus micronutrients solution (10 g/ml water) was 

given every two weeks. Plants were cut back to 8 cm above the soil 

surface two weeks before inoculation begun. 

111.3 CULTURE OF FUSARIUM 

Two pure c~ltures of each fungus were stored in a soil medium in 20 

ml vials which were kept in a refrigerator maintained at 4'C. A soil 

mediuM in the vials was selected because the virulence of fungi had been 

reported to decrease when kept on artificial media such as PDA for a 
. 

long period <Tousson and Nelson, 1976). This soil medium was composed of 

10 g of finely screened soil (0.5 mesh), of 0.5 g corn meal and of 5 ml 
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of distilled water. The vials were covered with aluminium foil in order 

to prevent light penetration within the vials, which might induce 

mutation in the fungal culture CTuite, 1969). Before inoculation, the 

caps were gently tightened and the vials were autoclaved at 103 kPa and 

121'C for three minute periods with intervals of 24 hours between them 

CTuite, 1969). Two days later, EYa!CiY! cultures were established by 

transferring pieces of the original cultures to the vials using aseptic 

techniques. These cultures were sealed and set aside at room 

temperature for two more days, after which they were stored in the 

refrigerator for future use. 

As a precautionary measure, six PDA slant cultures were prepared and 

kept in the refrigerator at 4'C. These were transferred to new PDA slant 

cultures every two months. Test tubes (18 X 150 mm), filled with 15 ml. 

of PDA, were autoclaved 13 minutes at 103 kPa at 121'C <Tuite, 1969). 

111.3.2 !n9&Y!Y!-RC!R!t!li9n 

For each soil culture series derived from the EY~!tiY! cultures, a 

vial was removed from the refrigerator and was allowed to remain at room 

temperature for one day. Meanwhile, sterile petri dishes were filled 

with 15 ml of PDA, and, as they were cooling, seven strips of sterilized 

polyester cloth (1 cm X 2 cm> were radially distributed on the surface 

of each dish. The polyester strips were sterilized by submerging ln 

distilled water in a glass petri dish and autoclaving at 103 kPa at 

121'C for two 30 minutes periods with an interval of 24 hours between 

each sterilizing period. Once the PDA was completely cooled, a hyphal 

tip of the fungus isolate from the appropriate vial was introduced into 

the center of each petri dish under aseptic conditions. The dishes were 

then sealed with laboratory parafilm and placed in the dark in An 

incubator set at 21'C for seven days. 
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111.4 SCREENING RED CLOVER PLANTS FOR FUSARIU" RESISTANCE 

The application technique <AT>, as described by Leath and Kendall 

(1978) and by Richard !t i! (1980), was used to inoculate the fungus on 

red clover plants. The procedure, illustrated in Figure 3, is described 

below: 

1. The soil root mass is re•oved from the pot; 

2. The roots are cut transversely through the sod, about 3 cm 
below the crown; 

3. An inoculum strip is placed against the cut end of the 
taproot; 

4. The root mass is reassembled and returned to the pot. 

The inoculated plants were allowed to grow for four t4) weeks. 

Special care was given to keep the soil uniformly wet during that 

period. 

The plants were dug out and the soil was washed from the taproot 

with tapwater. The whole plant was then put into a numbered paper bag. 

Not later than 3 hours after removal from the pot, plants were divided 

into two parts: the aerial foliage and the underground roots, The point 

at which the plant was bisected was determined by estimating the middle 

of the shoot. The foliage was set aside while the roots were evaluated 

for root rot. 

Each root was immersed in alcohol (701.) for 10 sec, then transferred 

to a chlorine solution (3.57. sodium hypochlorite) for 2 minutes, then 

rinsed two consecutive times with sterile water. Each solution was 

changed after every tenth root because of the accumulation of soil 

particles. Roots were split longitudinally under aseptic conditions. 



FIBURE 3. The application technique <AT> used to inoculate the red 
clover taproot with EYi!tlY!• 

FIGURE 4. EYi!tlYm root rot assessment in a red clovir taproot 
inoculated using the application technique. 
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Infected tissues of control plants were isolated and transferred to 

petri plates, containing 15 ml of PDA with an antibacterial solution, 

before further manipulations of the taproot. The antibacterial solution 

was made of chlorotetracycline HCl (0.4 mg/ml of water) and streptomycin 

sulfate (1.5 mg/ml of water). Ten ml of this solution, filtered through 

a millipore filter (pore size: 0.2 uml, was added to each 100 ml of 

sterilized PDA. Random reisolation of E~a~Ct~m from infected tissue of 

treated plants was performed using the same medium as for control 

plants, in order to conform with Koch's postulates. 

The incidence of E~a2[t~m root rot disease (Figure 4l was evaluated 

, by two different methods. The first method involved measuring the length 

of the vertical discoloration observed from the wounded site of the 

split root. The second method consisted of the evaluation of the 

proportion of healthy or diseased tissue which remained in the diseased 

roots (expressed in percentage of the total area). The latter is 

referred to as the Horsfall-Barratt grading system, set up by the 

research laboratory of the Eli Lilly Company, U.S.A. (Horsfall and 

Barratt, 1945). Pictures of alfalfa root rot graded according to this 

scale are illustrated in Figure 5 (Courtesy of C. Richard, Agriculture 

Canada Research Station, Ste-Foy, Que.). Two persons evaluated the 

disease incidence simultaneously. First, each individual determined 

independently a Horsfall-Barratt scale. The mean of both results was 

taken as the correct number. After this, one of the persons wrote the 

results down while the other was measuring the length of the vertical 

discoloration and taking complementary data. 

The whole plant was dried in a paper bag placed in a forced-air oven 

at 82.5'C for 24 hours. Weighing was done with an electronic balance. 

39 



FIGURE 5. Representation of the Horsfall-Barratt scale in alfalfa. 
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FIGURE 5 (Cont'dl. 
alfalfa. 

Representation of the Horsfall-Barratt scale in ~ 
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111.4.3 ~i!i!l!!&stieo~gf_tb!_ggoet~e!i 

Each genotype was classified according to its degree of response to 

inoculation with EYi!(iYm root rot: resistant (R) 1 intermediate ti), or 

susceptible (S). Table 5 illustrates the relationship existing between 

the classification system and the scale of the root rot evaluation. 

III.4.4 §tetiiti&it_g!§ign_auQ_enitY!i!_ef_tu!_ea(!ntsl_egeyiatien 

The 450 red clover propagules were inoculated in six batches, every 

5 days between June 17th and July 12th, 1982. Assessment of root rot 

disease began July 15th and ended August 9th, 1982 (Table 6). 

The experimental design used was a 2 x 3 factorial in a randomized 

complete block design <RCBD). The two red clover cultivars, Arlington 

and Florex, were randomized equally within each inoculation block along 

with the three E· isolates (814 1 927 and 959). Because of the lack of 

space, block numbers 11 2 and 3 were grown in a different greenhouse 

than block numbers 4 1 5 and 6. The layout of the experimental plots is 

illustrated in Figure 6. 

Before carrying any analysis on the data, I verified if the 

measured infection length <IL) was normally distributed, since this is 

one of the assumptions of the ANOVA analysis. The Kolmogorov-Smirnov 

test of normality given by the PROC Univariate of SAS (S.A.S. Institute, 

1982> yielded mixed results where, in most cases, IL was not normally 

distributed tsee APPENDIX 3). Deviations from the normality were, 

however, slight, ranging from B to 15Y.. A square root transformation of 

the data helped decrease these deviations from the normality, although 

some data was still not yet normal. It was felt that this correction was 

sufficient as the analyses to be carried were mostly correlations and 

chi-squares, which are apparently not effected as much by deviations 

from normality. 
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TABLE 5. Classification of the genotypes according to their response to 
EYi§tiM! root rot using two scales of measure•ent. 

CLASSIFICATION 

RESISTANT 

INTERMEDIATE 

SUSCEPTIBLE 

LENGTH OF INFECTION 
FROM INOCULATION SITE 

less than 5 cm 

between 5 and 25 cm 

more than 25 cm 

HORSFALL­
BARRATT SCALE 

0-1-2 

3' ••• '8 

9-10-11 

TABLE 6, Date of inoculation, number of plants inoculated within each 
red clover cultivar, and the date of root rot assessment of 
EYaitiYm root rot on the genotypes. 

BLOCK DATE OF 
NUMBER INOCULATION 

1 82.06.17 

2 82.06.22 

3 82.06.27 

4 82.07.02 

5 82.07.07 

6 82.07.12 

NUMBER OF PLANTS/CULTIVAR 
ARLINGTON FLOREX 

36 36 

36 36 

36 36 

36 36 

36 36 

36 26 

DATE OF ROOT ROT 
ASSESSMENT 

82.07.15 

82.07.20 

82. 07.25 

82.07.30 

82.08.04 

82.08.09 
----------------------------------------------------------------------
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FIGURE 6. Layout of the experimental blocks of the parental plants. 
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The results of the analysis of variance CANOVA) of the parental 

clone red clover populations is given in Table 7. Significant 

differences were found between the groups, the E· isolates and the 

interaction between the E· isolates and the cultivar. The nonhomogeneity 

found among the groups was indicated by a slight increase in mean E· 

infection length along the light gradient (Figure b; Table 8). But since 

the two red clover cultivars and the three E· isolates were equally 

distributed among the groups, we can assume that the length of infection 

increased in a similar manner within the two red clover cultivars, and 

the three EY§ir!Ym isolates, thus not biaising the data. 

III.5 INHERITANCE ANALYSIS OF RESISTANCE TO EY§6B!Yn ROOT ROT 

111.5.1 §!n91~R!!_Y!!Q 

Plants to cross were chosen according to the reaction of their 

genotypes to EY!it!Ym infection. Genotypes were classified as being 

resistant <R>, intermediate (J) or susceptible (S) to either one or two 

races of EY!i[lY! (Q§!Y!· It was intended to make specific crosses and 

their reciprocals in all possible combinations between and within the 

two red clover cultivars. Unfortunately, the greenhouse space was not 

available to grow all the progeny which would have been generated from 

this number of crosses. 

Instead, specific crosses within each cultivar included the 

following categories: resistant by resistant; resistant by susceptible; 

and susceptible by susceptible. Approximately 40 plants were obtained 

for each reciprocal cross (Table 91. 

Additional crosses were done within the cultivar Arlington. They 

were: resistant by intermediate; intermediate by intermediate; and 

intermediate by susceptible <Table 9). 
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TABLE 7. Analysis of variance of the parental red clover populations. 

Source df Type I SP ss F value PR > F 

Group 5 86.5 7.68 ** 0.0001 
Cultivar 1 3.5 1. Sb 0.2122 
E· isolate 3 95.1 14.08 ** 0.0001 
Culti var x Isolate 3 41.8 6.18 ** 0.0005 

** Significant at the 0.01 level 

TABLE B. Mean infection length (square root transformed) 
inoculation groups of parental red clover 
<without control plants>. 

Group N Mean 

6 b2 4.3 a 

5 72 3.8 b 

4 72 3.4 be 

1 7'2 3.3 be 

2 72 3.0 c 

3 72 3.0 c 

* Means with different 1 etter are significantly different 
according to the Duncan's multiple range test. 

among the 
popul ati ens 

(p < 0.05) 



TABLE 9. Number of plants obtained from each category of cross 
classified according to its degree of resistance to two races 
of E!. (Q§!!ll!!ll· 

RED CLOVER 
CULTIVAR ARLINGTON FLOREX 

R I s R I s 
0 R 40 10 20 40 20 

ARLINSTON I 10 40 10 FLOREX 20 

s 20 10 40 20 40 

* Resistance category: resistant C R> 
intermediate (I> 
susceptible (5) 

n n 
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111.5.2.1 ENVIRONMENTAL CONDITIONS. All crosses were made in a 

greenhouse. The first set was carried out between August and October 

1982, under natural light and temperature conditions. Plants were 

covered by a fine white net to keep bumblebees and other pollinating 

insects out of reach of the flowers. The second set of crosses was 

carried out from February to April 1983. Artificial sodium lights were 

used to extend light period to 16 hours per day. Temperature was kept at 

22'C day, lB'C night. 

111.5.2.2 PLANT PREPARATION AND POLLINATION. Plants to be crossed 

were supported by a wire frame. Reciprocal crossing was done by hand 

without emasculation. Once the faded flower heads were removed from the 

plant, each remaining inflorescence was separated using a forceps into 

three parts of about 10 florets each~ Only half-opened flowers were 

retained. 

Two instruments were tested to collect pollen. The first one 

involved the use of a folded piece of white paper. The second instrument 

consisted of a toothpick, to which black velvet was glued at the tip 

<Figure 7). The pollinating instrument was inserted between the standard 

and the keel. Downward pressure applied on the latter caused the 

stamina! column to strike the instrument. For reciprocal crosses, the 

pollen was collected from approximately 5 florets and then applied 

alternatively between paired sections of heads of different plants using 

the same pollinating instrument. 

Selfing one or two heads per plant was achieved by pollinating each 

flower of the same section twice. This was done to verify the hybrid 

nature of the seeds. And since no seeds came out of these crosses, all 

the others were assumed to be hybrid. After all flowers of a particular 



FIGURE 7. Hand-pollination in red clover using a toothpick covered with 
black velvet. 

FISURE B. Identification of the crosses made in red clover. 

0 
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cross had been pollinated, a small tag was looped and secured over the 

stem immediately under the head. Tags were labelled as to parentage and 

crossing dates with an indelible pencil to prevent loss of the record 

when the plants were watered <Figure 8). 

111.5.2.3 HARVESTING AND STORABE. Fertilized ovaries were allowed 

to mature six weeks before harvesting • The whole flower head was then 

cut. One week later, seeds were removed from the remnant calyx by 

rubbing with the fingers. The first batch of seeds were kept at room 

temperature, while the second set was stored in a refrigerator at about 

10 degrees C. 

111.5.3 ErQg@n~-@~!!Yil~Qn 

The entire progeny of a particular cross was inoculated with the 

most virulent source of fungus that was used to classify the reaction of 

its parents. The application technique <AT), previously described, used 

to inoculate the clones, served to induce the disease in the progeny. 

The Fl progeny was inoculated with EY!!CiYID tQa@Y! isolate 814 on June 

17th, 1984, when B-month old. They were evaluated for intensity of 

EYa!t~Y! root rot infection four weeks later. 

III.5.4 2t~t!at!si!_g~iign_!n~_!ne!~aia_gf_tn@_argg~ny_agaylstigu 

No particular statistical desi~n was used for the second batch of 

progeny. The use of sodium lights reduced the light gradient which could 

have altered our data. 

Testing of the normality of IL measured on the progeny was done. 

The progeny also required transformation of the data by using their 

square root. But since the original IL and its square root were strongly 

correlated in both cultivars (0.97 in Arlington, and 0.96 in Florex) •. 

The results obtained were the same when the analysis was carried out 



without any transformation. 

111.5.4.1 PARENT-PROGENY CORRELATIONS AND REGRESSIONS. Pearson 

correlation coefficients were calculated between the EM!!~iY! infection 

length of the progeny and the mean E· infection length of their parents, 

for each cultivar. The assumption behind this analysis is that the acre 

heritable is the resistance to EYiitiY! root rot, the closer to one 

should the correlation coefficient be. These correlation coefficients 

can be considered as estimates of narrow sense heritability <Frey and 

Horner, 1957). Similarly, a regression slope was fitted to the above 

data in order to verify the fit of the relationship. These analyses were 

, carried out using SAS procedures CORR and GLM <SAS Institute, 1982). 

111.5.4.2 CORRELATION BETWEEN MORPHOLOGICAL CHARACTERS AND 

EY§BB!YH ROOT ROT. Pearson correlation coefficients were computed for 

the progeny population tested between EYi!~iY! root rot infection length 

and the following morphological characters: the width of the crown, the 

width of internal breakdown, the regrowth of the foliage and the dry 

weigth of the inoculated root system. 
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I V. R E S U L T S A N D D l S C U S S I 0 N 

IV.1 DEGREE OF SUSCEPTIBILITY TO EY§aB!YH ROOT ROT IN THE RED CLOVER 
SOURCE PDPULATIONS 

The use of the Horsfall-Barratt scale for assessing EY§![iYm root 

rot susceptibility gave rise to results very similar to those obtained 

with the measurement of the infection length. The major differences 

,observed between the two methods lie in a numerically greater proportion 

of resistant genotypes and a smaller proportion of susceptible genotypes 

with the use of the Horsfall-Barratt scale in the parental population 

(Table 10 vs Table 11>. A high degree of correlation (0.87 in Arlington 

and 0.88 in Florex, both significant at 0.001 level) between the results 

obtained with the Horsfall-Barratt scale and those obtained when 

measuring the length of infection from the inoculation site were found. 

A chi-square test of independence between the proportion of resistant,· 

intermediate and susceptible classes of genotypes obtained by the two 

methods did not show any significant difference at the 0.05 level. 

A similar trend was observed ~etween the two methods of disease 

assessment in the progeny population <Table 12). In this case, however, 

the use of IL gave rise to a numerically greater proportion of 

susceptible plants over the two red clover cultivars. The proportion of 

resistant genotypes was higher with the use of IL than HB scale in 

Arlington, whereas the proportion of resistant genotypes was higher with 

HB than IL in Florex. The correlation between the results obtained with 
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TABLE 10. EY§~tiYm root rot level of susceptibility of a red clover 
population, composed of the cultivars Arlington and Florex, 
as measured by the infection length from the inoculation 
site. 

Level of susceptibility EYH!:.L!:!!!! isolate number 
814 927 959 Total 

Resistant << 5cml 29 (201.) 45 C32'X.l 49 (35'1.) 123 (291) 
Intermediate 86 CbUl 74 (537.) 63 (451.) 223 ( 537.) 
Susceptible <> 25cm) 27 (19%) 20 ( 141.) 29 (21'1.) 76 ClBll 

Total 142 (1007.) 139 <1 OOY. I 141 ClOOX> 422 (100%) 

TABLE 11. EY!!!:.l!:!!!! root rot level of susceptibility of a red clover 
population, composed of the cultivars Arlington and Florex, 
as measured by the Horsfall-Barratt scale. 

Level of susr::ept i bi 1 it y EYaer.!.Y!!! isolate number 
814 927 959 Total 

Resistant (0-1-2) 33 (23'1.) 55 (40%) 55 C39Xl 143 ( 341.) 
Intermediate BB (62X) 70 (50'%) 66 (47'1.) 224 (537.) 
Susceptible (9-10-11) 21 C15XI 14 <10'1.) 19 (147.) 54 (137.) 

Total 142 (1007.) 139 (1007.) 140 ( 1 001) 421 (10011 

TABL~ 12. E!:!§!!:.l!:!!!! root rot level of susceptibility of the progeny red 
clover population, inoculated with E~ isolate B14, within 
Arlington and Florex using two methods of inoculation. 

Method of 
inoculation 

Susc:ept i b i lit y 
Classes 

Resistant 

Inter111ediate 

Susceptible 

Total (1007.) 

Arlington 

IL HB 

(7.) 

33 (14) 24 (10) 

155 (65) 176 174) 

49 (21) 37 (16) 

237 237 

Florex Total 

IL HB IL HB 

(7.) (7.) (7.) 

33 ( 14) 37 ( 15) 66 (14) 61 (13) 

181 (75) 187 (78) 336 (70) 363 t76) 

26 (11) 16 ( 7) 75 116) 53 (11) 

240 240 477 477 

N.B. Data calculated over the following crosses: R K R, R x S, S x s. 
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HB and IL in the progeny was very high (r=O.BB ** in Arlington; r=0.91 

** in Arlington). A chi-square test of independence between the 

proportion of resistant, intermediate .and susceptible classes of 

genotypes obtained by the two methods did not show any significant 

difference at the o.os level. 

The two methods appear redundant since they seem to measure the 

same thing. Nevertheless, both methods may be useful! when assessing the 

extent of EY!i[lY! root rot. The length of infection from the inocula-

tion site (JL) could measure the capacity of the fungus to progress 

along the vascular bundles, whereas the Horsfall-Barratt scale could 

; indicate its ability to completely propagate and induce rotting of the 

root tissues. Richard gt i!• (1980), when assessing EY!!riYID root rot in 

alfalfa, used a combined index, by multiplying the results obtained with 

the two methods. However, several pathologists are using the length of 

infection from the inoculation site <Leath and Kendall, 1978; Pederson 

Since the analysis of our results obtained with both scales of 

measurement did not reveal any different information, it was decided to 

use the length of infection for the purpose of discussion. Having 

decided upon the most appropriate scale of measurement, we can proceed 

to analyze the degree of susceptibility of the sample population to 

EY§iCiY! root rot. 

IV.I.2 n@g(!! 2f aY!~!Rti~iiitY Qf ae!R!! RQRY!et!QU! Qf tn! ~Y!tiY!Ci 
er!ingtgn iD~ E!QC!~ tg EYaeCiYm (QQI rgt 

The results obtained over the entire red clover parental populati~n 

tested are summarized in Table 13. Four hundred and twenty-two (422) 

genotypes were inoculated with the pathogen causing EY!iC!Ym root rot. 

Among them, 216 belonged to the cultivar Arlington, while 206 were from 
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TABLE 13. EY!!r!Ym root rot level of susceptibility of Arlington and 
Florex genotypes, as measured by the length from the 
inoculation site averaged over the three EYi!tiYm isolates. 

Level of susceptibility Cultivar Parental population 
Ar li ngton Florex Mean 

I (X) I (l) I (X) 

Resistant <less than 5cm> 66 (31) 57 (28) 123 (30) 

Intermediate 112 (52) 111 (54) 223 (53) 

Susceptible (over 25cml 38 (19) 38 (19) 76 (18) 

Total 216 (100) 206 (100) 422 (100) 

TABLE 14. Mean infection length (~m) in Arlington and Florex red clover 
genotypes inoculated with three isolates of EY!!r!Ym re!~Ym• 

E:. rQ!!!:!!!! 
RACE N 

814 142 

959 141 

927 139 

CONTROL 28 

MEAN 

16.0 

14.2 

12.9 

4.8 

Duncan's Multiple Range Test 
Control included excluded 

a a 

a ab 

a b 

b 

Means with the same letter are not significantly different at 0.05. 
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the cultivar Florex. Based on an arbitrary classification from infection 

length results, the source population was composed of 294 resistant, 534 

intermediate and 1Bl susceptible genotypes. to EM§~t!Y! root rot <Table 

13>. These results show that red clover appears moderately susceptible 

to EM§~t!M! root rot pathogen. A large proportion of clones have an 

intermediate susceptibility which would probably not kill the plants in 

the field but weaken them to the point that they may not survive harsh 

winter conditions and be more susceptible to other diseases. This large 

proportion of intermediate susceptibility may be linked to the 

disappearance of red clover under normal field conditions. Similar 

,results were reported in the literature but under field evaluation of 

EY§!tiY! root rot. 

The segregation of each class within each cultivar, averaged over 

the three EY!!(lY! isolates, was quite similar (Table 13). Because of 

its slightly greater percentage of resistant genotypes and its lower 

percentage of susceptible genotypes, Arlington appears more resistant 

than Florex to EY§![lY! root rot disease. However,. a chi-square test of 

independence between the cultivars and susceptibility classes indicates 

that the two populations are not significantly different at the 0.05 

level with respect to susceptibility. 

IV.1.3 ~Q!e~tia2D gf !b~ YitY!~D'! gf EY!!tiY! t!&~a QD t!~ S!QY!t 
'Y!!iY!(i 

The virulence of each EYa!tiY! isolate varies with the red clover 

cultivar used. A closer look at the segregation obtained within 

Arlington and Florex cultivars, for each of the EY!!t!Y! isolates used, 

shows some differences in the percentage of plants belonging to each of 

the category of susceptibility • 

The mean length of EY!!t!Y! infection measured from the inoculation 
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site (ILl for each of the three fungus isolates over all red clover 

genotypes is illustrated in Table 14. The 28 control plants had an 

infection length mean of 4.8 mm, showing a significant difference tat 

0.05 level) from the infection length of inoculated genotypes. However, 

no significant differences were observed when comparing the mean 

infection length of each EY§i(iYm isolate. Isolate 1814 had the longest 

mean infection length (16.0 mm), averaged over the 142 genotypes, 

followed closely by isolate 1959 with an infection length of 14.2 mm 

(over 141 genotypes). The isolate 1927 caused a mean infection length of 

12.9 mm <over 139 genotypes). Globally, E~ (Qi!Y! isolate 1814 is the 

,most virulent on our test plants while isolate 1927 is the least 

virulent, with isolate 1959 occupying an intermediate position. 

IY.1.3.1 VIRULENCE OF EY§8B!YH BQ§;y~ ISOLATES ON CULTIVAR 

ARLINGTON. A total of 216 genotypes from Arlington were inoculated with 

one of three races (Table 15). The EYai(iYm isolate 1959 induced the 

longest mean infection length (16.3 mm>, while the isolate 1814 caused a 

mean infection length of 13.9 mm, closely followed by the isolate 1927 

with 13.6 mm. However, none of the treatments within the cultivar 

Arlington showed any significant difference at 0.05 level. However, 

numerically, isolate 959 appears the most virulent on Arlington. 

Table 16 summarizes the proportibn of Arlington plants falling into 

each class of susceptibility to the disease. The proportion of resistant 

Arlington phenotypes found with each pathogen ranges from 277. with 

isolate I 814, to 297. with I 959, up to 367. with race I 927. The 

percentage of susceptible phenotypes classified within each pathogen 

ranges from 157. (for both E· I 814 and E· I 927) up to 237. <E. I 959). 

EY~i(iYm isolate 959 appears the most virulent on Arlington as evidenced 

by more susceptible and less resistant plants than the others. Isolate 
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927 appeared the least virulent while isolate 814 seems to be 

intermediate in this respect. A chi-sqare test, however, shows that 

these trends are not strong enough to be significant at 0.05 level. 

IV.1.3.2 VIRULENCE OF ISOLATES OF EY§SB!Y~ BQ§;y~ ON CULTIYAR 

FLOREX. A different picture for the virulence of EY§2tiY! isolates was 

obtained from the inoculations within the cultivar Florex <Table 15>. 

Over 200 Florex plants were also inoculated with one of the three races 

of EY§~tiY!· A significant difference was found among the inoculation 

treatments. EY22tiY! isolate 1814 caused a significantly longer mean 

infection length (18.1 mm>, compared to the mean infection lengths of 

isolates 1927 .and 1959 Cboth with 12.2 mm of infection). 

EYi![iY! isolate 814 appears to be the most virulent strain over 

the entire population <Table 14) and caused significantly longer 

infection length than the other two isolates in the cultivar Florex 

(Table 15>. 

Table 17 summarizes the proportion of plants belonging to each 

resistance category to the disease in the Florex cultivar. The 

percentage of resistant genotypes observed when inoculated with each 

pathogen varied from 137. <E· I 8141, to 297. <E· I 9271 up to 417. <E· I 

9591. The proportion of susceptible genotypes ranges from 141 <E. I 

9271, to 187. <E. I 9591, up to 237. <E. I 8141. In this case, contrary to 

that of the cultivar Arlington, a significant chi-square test 

demonstrated that EYa~riY! isolate 1959 was the least virulent while 814 

the most virulent (Table 171. Isolate 927 caused an intermediate 

reaction in Florex. Therefore, the variability in the range of 

percentage of plants belonging to. the resistant and susceptible 

categories is much more pronounced with the Florex than in Arlington 

genotypes. 
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TABLE 15. Mean infection length (mm) within the cultivars Arlington and 
Florex inoculated with three isolates of EYa!tlY! tQ§gY!• 

E:.. !:9!!!:!! 
RACE 

814 

959 

927 

ARLIN6TON 
N MEAN 

73 13.9 a 

70 16.3 a 

73 13.6 a 

FLOREX 
N MEAN 

69 18.1 a 

71 12.2 b 

66 12.2 b 

T-TEST BETWEEN 
CULTIVARS 

** 

* 
ns 

Means with the same letter within the same column are not significantly 
different at 0.05 according to the Duncan's multiple range test. 

t: means significantly different at the 0.05 level 
**: means significantly different at the 0.01 level 

TABLE 16. Reaction of Arlington genotypes to inoculation with 
E!!a!!:~Y! !:Q§g!!! isolates as measured by the infection 
from the inoculation site. 

three 
length 

EU§BB!YH ISOLATE NUMBER 

LEVEL OF SUSCEPTIBILITY 814 927 959 

Number of plants (percentage over isolate) 

Resistant ( < 5 cm) 20 (27Y.) 26 (367.) 20 (297.) 

Intennedi ate 42 CSB'Z.l 36 (497.) 34 (497.) 

Susceptible ( > 25 cm) 11 (157.) 11 (157.) 16 (23'4) 

TOTAL 73 ( 1001.) 73 (1007.) 70 (1007.) 
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TABLE 17. Reaction of Florex genotypes to inoculation with 
EY§!C!Ym (g!gY! isolates as measured by the infection 
from the inoculation site. 

EY§6B!Y~ ISOLATES NO. 

LEVEL OF SUSCEPTIBILITY 814 927 959 

three 
length 

----------------------------------------------------------------------
Number of plants (percentage over isolate) 

Resistant ( < 5 Cll) 9 (131.) 19 (291) 29 t4U) 

Intermediate 44 (647.) 38 (58%) 29 (41 i.) 

Susceptible ( > 25 cm) 16 (231) 9 ( 14%) 13 (18%) 

TOTAL 69 (1007.) 66 <lOOX> 71 (1001.) 



IV.1.3.3 DISCUSSION OF THE VIRULENCE OF EY§9B!Y~ BQ§~Y~ RACES. The 

results obtained in this experi~ent differ slightly from those 

previously reported in the literature, but they agree with their general 

conclusions. The greatest virulence (with pooled results over all 

clones) was obtained with isolate 1814, which agrees with results. 

published by Tetteh (1980), the only data available on this EYi!riY! 

race. Tetteh (1980), using the application technique on 17 red clover 

accessions (10-day old seedlings>, found that isolate 1814 and 1959 

significantly reduced stands of the seedlings, when isolate 1927 did not 

reduce stands differently from the control treatment. Isolate 1814 was 

~found more virulent than isolate 1959. 

To be consistent with the general statement that a host species is 

more severely attacked by its own isolates (Leath and Kendall, 1978>, 

EYi!riYm isolates 1814 and 1959, which came from red clover, should be 

more virulent than isolate 1927 which came from alfalfa <Table 4). Our 

results agree with this statement, since isolates 1814 and 1959 induced 

a longer mean infection length than isolate #927 (see Table 14). Leath 

and Kendall (1978), in a pathogenicity and host range study, noticed 

some differences among EYa!r!Y! isolates of different host species in 

their ability to induce root rot diseases. They concluded that, in 

general, host species were more sev~rely affected by isolates coming 

from the same species than by isolates coming from other related 

species, thus causing more important root rots on them. It was 

reported however, that some isolates were found more virulent on species 

from which they did not originate, but never was the virulence in these 

exceptional cases very high. Leath and Kendall (1978) using the slant­

board technique, measured the length of root rot infection in the red 

clover cultivar Pennscott (4 days after inoculation) at two sites of 
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inoculation: !11 with the inoculum placed on the tip of the root;. and 

<21 with the inoculum placed on the root 2 cm above the tip. They report 

that EYietiM! isolate 1927 caused root rot. only when inoculated to the 

tip of the roots, but was ineffective when inoculated at 2 cm above the 

root tip. On the other hand, isolate 1959 caused root rot at both 

inoculation sites. The authors concluded that the mode of action of the 

two isolates was different. Isolate 1927 seemed unable to penetrate and 

cause root rot in intact roots when inoculated at sites other than the 

root tip, while isolate 1959 possessed the ability to penetrate directly 

through the roots. When the fungus isolates were inserted in the root 4 

~cm below the crown (the application technique), Leath and Kendall (19781 

found that EYi!tiYm isolate 1927 was more virulent !infection length: 19 

mml than isolate 1959 (infection length: 14 mm) on 4-month old Pennscott 

. seedlings after 3 weeks of inoculation. These results suggested that the 

pathogenicity of isolate 1927 was limited by its ability to penetrate 

the roots. Similar results were obtained by Pederson gt @!· (1980) when 

working with Arlington red clover using the application technique. After 

three weeks of incubation, isolate 1927 caused a greater amount of root 

rot (mean infection length: 11.8 mm) than isolate 1959 (8.2 mml. 

In the present study, there seems to be a difference in the ability 

of each isolate to induce rot infection between the two cultivars used 

in this experiment. A significant difference was found in the rate of 

the various susceptibility caused by isolates 1814 and 1959 between 

Arlington and Florex clovers (Table 15>. EYa~t!~m isolate 927 did not 

show any significant difference over the two cultivars used. 

A direct comparison between the actual mean infection lengths of 

root rot obtained in the literature and the ones reported here should be 

made with caution. Even if the inoculation techniques were similar (the 



application technique>, the duration of the incubation period reported 

in the literature (3 weeks) was different from the period of 4 weeks 

used in this experiment. In addition, the preparation of the inoculum 

was also different. For instance, Leath and Kendall <1978l, as well as 

Pederson gt ~!· <1980>, grew their E~i~t!~m isolates on vegetable juice 

agar while PDA was used in the present study. Leath and Kendall <1978) 

exposed their isolates to the light, while in Pederson g1 ~!· (1980), as 

well as in the present study, isolates were grown in the dark. The 

exposure to the light may cause a more vigorous mycelial growth and the 

production of conidia and chlamydospores that might result in more 

,severe infection. Using isolate 927, Leath and Kendall (1978l reported a 

longer infection length in Pennscott <19 mml, compared to 11.8 mm in 

Pederson g1 ~!· (1980) with Arlington, and 13.6 mm with Arlington in the 

present study. The same tendency was observed with isolate 1959: an 

infection length of 14 mm reported in Pennscott <Leath and Kendall, 

1978) compared to only 8.2 mm obtained with Arlington by Pederson g1 ~!· 

(19BOl, and 16.3 mm in the present study. The conclusion that Arlington 

red clover would be more resistant than Pennscott to E~i~t!~m root rot 

could be suggested, but since these two cultivars were not tested in the 

same experiment we cannot be certain of this. In our experiment, 

Arlington red clover showed a mean' infection length of 16.3 mm with 

isolate #959 and 13.6 mm with isolate #927 compared to 8.2 mm with 

isolate 1959 and 11.2 mm with isolate 1927 reported by Pederson g1 ~!· 

(1980), The difference observed between the two experiments can be 

partially attributed to the length of the incubation period, which was 

one week longer in our case. In addition, variable conditions for plant 

growth among the experiments would also cause differences in infection 

length. 
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IV.2 DEGREE OF SUSCEPTIBILITY TO EY§8B!Y~ ROOT ROT OF THE PROGENY 
DERIVED FROM SPECIFIC CROSSES 

The progeny obtained from specific crosses between plants belonging 

to identified resistance categories were all inoculated with the same 

EY~~riYm isolate: number 814. The response of these progeny to EY~~riYm 

root rot was summarized according to the same classes as those used for 

their parents to allow a valid comparison between the two populations. 

Overall the entire progeny population (477 plantsl, fourteen 

percent (147.) of the genotypes were classified as resistant, seventy 

percent (707.1 intermediate and sixteen percent (167.1 susceptible (Table 

12). 

The two cultivars reacted differently to the disease. A chi-square 

test of independance between the two populations indicated that they 

were significantly different at the 0.05 level. The percentage of 

resistant genotypes <147.) was identical for the two cultivars, but 

Arlington had a greater percentage of susceptible genotypes (217.1 than 

Florex (117.). In the progeny population, Florex red clover appears more 

resistant to EY~~riYm [Qa~Ym isolate B14 than Arlington. 

In the parental population, Arlington had more resistant plants 

<277.) than Florex <237.) to E·[Q§~Ym race 814. This may be due to the 

progeny being inoculated at an earlier stage of physiological maturity. 
' 

Gene segregation may also explain this differential result. 

IV.3. PARENT-PROGENY CORRELATIONS AND REGRESSIONS: INHERITANCE STUDY 

The main objective of this project was to determine the inheritance 

of EY~~riYm root rot in red clover. The approach used to investigate 

this matter consisted of doing a series of single reciprocal crosses of 

plants within and between classes of EY§~r!Ym root rot susceptibility 

within each red clover cultivar. 
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Table 18 gives a description of the levels of susceptibility of 

parents involved in crosses and their progenies. Approximately forty 

plants were produced for each cross <Table 9), 

IV.3.1 HQ!Q9~n~!t~_QRt!!n~2-~!1b!n_!!~b-C!~!RCQ~ii_,tQ!!~! 

Pooling of the reciprocal crosses should be done only if the 

population within each cross is proven to be homogeneous. The results 

of a chi-square test of inde~endence and heterogeneity, made to test the 

latter, are given in table 18. Reciprocal differences were found within 

two of the crosses within Arlington red clover only. The two types of 

crosses concerned are the resistant x resistant and the resistant X 

susceptible ones. 

Differences among reciprocal crosses could infer that the genetic 

transmission could be of a cytoplasmic nature. If the offspring were 

always like their maternal parent, it would suggest that the hereditary 

transmission is through the cytoplasm rather than the nucleus <Crow, 

1976). Differences among reciprocal crosses have been reported in the 

literature for another quantitative character, name'y the yield. Taylor 

and Smith (1979) reported the results of an Italian study by Ceccarelli 

(19711 where reciprocal d~fferences for forage yield were found in red 

clover. Genetic vcriance was greater among populations than within. 

1\dditive genetic variance was a significant portion of the genetic 

variance among a diallel progeny from plants selected from wild and 

cultivated populations. 

Hypotheses for inheritance were developed from the distribution of 

disease classes tR, I and Sl from the F1 families from each gene pool 

ti. e. Arlington and Florex). 
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TABLE 18. Segregation of F1 progeny derived from specific crosses of parents selected 
from two Arlington and Florex populations for their susceptibility to EYa!t!Ym root rot. 

PARENTAL GENOTYPES Fl PROGENY 
-------------------------------------- -----------------------------------------

Mean Segregation !'lean Chi-square test 
Cultivar Type of Number Infection infection infection of heterogeneity 

cross in length length <R~I:Sl length for reciprocal 
the cross (mm) (mm} {mm) differences 

------------------------------------------------------------------------------------------------
BBb!~!HQ~ R X R 37 X 185 0 3 1. 5 4:13:26 23.3 14.55 ** 

R X R 185 X 37 3 0 1. 5 1:31: B 18.5 

R X S 20 X 29 3 26 14.5 5:36: 2 14.5 10.04 ** 
S X R 29 X 20 26 3 14.5 5:25:13 14.5 

S X S 74 X 135 30 35 30.0 15:29: 0 9.9 1. 85 ns 
S X S 135 X 74 35 30 30.0 11:33: 1 9.8 

R X I 185 X 206 ..,. 
9 6.0 3: 15: 2 15.3 2.63 ns .j 

I X R 2o6 x 185 9 3 6.0 1: 18: 4 14.2 

I X I 1 X 6 6 6 6.0 4:32: 4 14.9 2.70 ns 
I X I 6 X 1 6 6 6.0 9:23: 6 12.9 

S X 1 6 X 28 6 20 13.0 3:11: 1 10.7 0.62 ns 
I X S 28 X 6 20 6 13.0 3: 16: 1 9.5 

EbQB~! R X R 269 X 270 3 2 2.5 12:29: 4 10.0 0.73 ns 
R X R 270 X 269 2 3 2.5 15:25: 3 9.6 

R X S 277 X 275 4 26 15.0 4:35: 4 15.2 0.95 ns 
S X R 275 X 277 26 4 15.0 7: 34: 3 13.3 

S X S 279 X 294 50 30 40.0 3:33: B 21.1 0.58 ns 
S X S 294 X 279 30 50 40.0 4:33: 6 18.7 

lo1 
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IV.3.2 80Al~!i!_Qf_E!_!Qt(!QQQ~~!t!QO_ID!!O§ 

The intrapopulation mean of each type of cross varies in the 

opposite direction. In Arlington, progeny derived from crosses between 

resistant parents (R x R) are much more infected than progeny obtained 

from cross between susceptible parents (S x S). Whereas in Florex, 

progeny coming from the RxR type of cross gave rise to progeny less 

infected than those derived from the SxS type of cross. In both 

cultivars however, the RxS crosses occupied an intermediate position, 

being almost exactly in the middle of their respective means. In 

Arlington, the progeny mean of E~!!r!YID infection length is slightly 

)ess than the middle value, while in Florex, the progeny mean is 

slightly above the mean value. The noninoculated controls of both 

cultivars gave rise to resistant plants only. The mean of their EY!Ari~m 

infection length was significantly different from the treated plants. 

It seems that these two populations may have different resistance 

mechanisms or perhaps the lack of progress in selection for resistance 

in Arlington indicates a lack of resistance genes in this cultivar. A 

larger number of crosses within and between cultivars would have to be 

made to distinguish between these possibilities. The occurence of 

different resistance mechanisms has been reported in the literature. In 

alfalfa, Viands gt !!· (1979) comparin'g the inheritance of resistance to 

bacterial wilt in two alfala gene pools found that the two populations 

studied had different resistance mechanisms. Their conclusion based on a 

quantitative analysis were further supported by qualitative analysis 

done by Viands and Barnes (1982l. 

Michaud and Richard (1986, personal communication) also reported 

that they obtained a different pattern of. inheritance to EYairiYm root 

rot while working with different populations of red clover. 
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IV.3.3 E!t~n!:et99!Q~-~9tt!!i!l9Q§_iQ~_t!9t!!!!9Q§ 

Pearson correlation coefficients calculated between the E· 
infection length of the progeny and the mean E· infection length of 

their parents are reported in Table 19. In both cultivars, the mean E· 

infection length of the parents is moderately correlated with the E· 

infection length obtained in the progeny. In Arlington, the correlation 

value of parent-progeny E· infection length is -0.49 (significant at the 

0.0001 level>, whereas in Florex, the same correlatio~ value gave 0.37 

(significant at the 0.0001 level). The overall population mean being 

negatively correlated at 0.10 (significant at the 0.02 level). 

If we consider these correlation coefficients as estimates of 

narrow sense heritability tFrey and Horner, 1957>,then we would have to 

conclude that the value is 0 for Arlington, indicating a lack of 

resistance genes in this cultivar. In Florex, resistance seems to have a 

low to moderate heritability, suggesting that progress could be made in 

selection for EM!et!M! resistance, providing progeny testing was done. 

Regression analyses showed similar results to correlations (Table 

19l. The slope of the regression of parent to progeny infection length 

in Florex is 0.26 (r square= 0.94), while in Arlington the slope is 

negative at 0.38 with a r square of 0.90. These values are comparable 

since in each case, we are not con~idering crosses including parents 

with intermediate level of susceptibility. When we consider intermediate 

crosses that were made in Arlington, we obtained a lesser negative slope 

of 0.30 ( r square= 0.52). When all the progenies of both cultivars are 

pooled together in the regression analysis, the slope is not different 

from zero with a very weak fit (r square= 0.01). This further supports 

the conclusion that the two cultivars possess different resistance 

mechanism to E~§i(i~m root rot. 
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TABLE 19. Correlation between the parental mean E· infection length 
<MIL)and that of their progeny (PlL) for each cross. 

Correlations 
MIL * PlL 

Regressions 
MIL * PIL 

Overall progeny 

r = -0.10388 
p = 0.0236 
n = 475 

b = 0.035 
r-sq = 0.0118 

df = 16 

Arlington 

r = -0.49808 
p = 0.0001 
n = 235 

b = -0.384 
r-sq = 0.896 

df = 4 

Fl or ex 

r = 0.37056 
p = 0.0001 
n = 240 

b = 0.263 
r-sq = 0.94 

df = 4 

b = -0.299 (inc Intermediate) 
r-sq = 0.521 

df = 10 



IV.4 OCCURRENCE OF INTERNAL BREAKDOWN 

Throughout the experiments, while splitting the taproot of the 

plants longitudinally, the central area of. the crown appeared necrotic, 

with empty spaces in some cases <Figure 9), This crown deterioration was 

identified as the result of internal breakdown <IB> first reported by 

Braham ~t ~!· <1960). Internal breakdown is considered by some as one of 

the major factors involved in the lack of persistence of red clover, 

particularly in Northeastern North America <Newton and Braham, 1960; 

Cressman, 1967). 

The overall incidence of IB among the parental population was 40% in 

~Arlington and 41X in Florex. In the progeny population, the occurence of 

IB dropped to 337. in Arlington and 277. in Florex, the overall mean of 

their population being 317.. These results corroborate that previously 

reported in the literature. Cressman <1967) found IB in 567. of the 405 

red clover plants that he examined in a three month old stand.ln a 

greenhouse study, Braham gt !!· (1960) found that the incidence of IB 

increased from 23Y. of the plants at the end of 12 weeks to 727. at the 

end of 41 weeks. All the cultivars of red clover they tested showed IB: 

Pennscott, Dollard, Midland and Lakeland. However, the severity and the 

time of appearance varied with the cultivar. 

Graham gt !!· (1960) also repor'ted that in the field, duage was 

more severe when IB was accompanied by weevil injury and root rot. The 

hypothesis that internal breakdown would induce weakness within the 

taproot and subsequently allow more root rot to develop would favor a 

positive correlation between IB and root rot incidence. 

In the present study the width of IB at the crown level was 

measured in plants showing this breakdown in the progeny. Pearson 

correlation coefficients between EY22[!~m root rot infection length 



FIBURE 10. Internal breakdown in red clover <![!fQ!!Ym Q(e!!n§g L.l. 
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<Ill, the width of the crown CCWl and the width of internal breakdown 

CIBWl were calculated for the progeny derived from the R x R, R x s, and 

S x S crosses of Arlington and Florex red clover cultivars <Table 201. 

Results obtained within each cultivar did not differ from those 

calculated over the entire population. Il is negatively correlated with 

lBW Cr=0.12364, p=0.0012). IL is negatively correlated with CW <r= 

0.2010, p=O.OOOll. CW is correlated with lBW <r=0.3904S, p=0.0001). 

According to these results, the length of E~a!ti~m root rot infection 

decreases as the occurence of IB increases and the width of the crown 

increases. lBW increases as the crown diameter increases. Cressman 

~<19671 demonstrated a direct association between the X of internal 

breakdown infection within the taproot and the enlargment of the crown. 

A graphical representation of my results show the same pattern CFigure 

101, but with less precision. On this Figure, the darker squares 

indicate a higher number of data points at the same coordinates. The IB 

seems to appear when the crown diameter reaches 9 mm. 

The exact ~ause of IB is not well understood. In 1960, Graham ~l 

!!· suggested that it could indirectly be due to the effect of a missing 

unidentified minor-element. Histological studies made by Cressman · 

(1967), failed to associate IB with any pathogen. He describes the 

disease as being a physiological d1sorder associated with the fast 

enlargement of the crown as the red clover plant ages. 

IV.5 EFFECTS OF MORPHOLOBICAL FACTORS ON SUSCEPTIBILITY TO FUSARIUM 
ROOT ROT 

All correlations involving crown diameter, top regrowth dry weight 

(after 31 days) and root dry weight were highly significant <Table 21), 

showing a positive association between traits that measure general vigor 



TABLE 20. Pearson correlation coefficients between E!:!U!::.i.!H! root 
rot infection length, the width of the crown, the width of 
internal breakdown, the regrowth of the foliage, and the 
weight of the inoculated root system, calculated for the 
progeny population tested. 

Overall Arlington Florex 
progeny 

INFECTION LENGTH -0.2168** -0.1691** -0.3406** 
vs CROWN WIDTH p=0.0001 p=O.OOl p=O.OOOl 

INFECTION LENGTH 0.1259 o. 0728* 0.2927* 
vs INTERNAL BREAKDOWN p=0.0777 p=0.0403 p=0.0199 

INFECTION LENGTH -0.2995** -0.3079** -0.2965** 
j. vs TOP REGRDWTH p=O.OOOl p=O.OOOl p=O.OOB 

INFECTION LENGTH -0.1379** -0.1027 -0.2503* 
vs ROOT WEIGHT p=0.006 p=0.069 p=0.026 

CROWN WIDTH 0.1962** 0.1422* 0.4204** 
vs TOP REGROWTH p=O.OOOl p=0.012 p=0.0001 

CROWN WIDTH 0.5133** 0.4806** 0.7134** 
vs ROOT WEIGHT p=0.0001 p=O.OOOt p=0.0001 

CROWN WIDTH 0.2692** 0.1822* o. 5849** 
vs INTERNAL BREAKDOWN p=O.OOl p=0.035 p=O.OOl 

INTERNAL BREAKDOWN 0.3205** 0.371BH -0.3106 
vs TOP REGROWTH p=O.OOl' p=O.OOO p=0.353 

INTERNAL BREAKDOWN 0.2S4SH o. 3059** 0.3484 
vs ROOT WEIGHT p=0.002 p=0.002 p=0.294 

TOP REBROWTH 0.3123** 0. 3260** o. 4429** 
vs ROOT WEIGHT p=O.OOO p=O.OOO p=O,OOO 

*= significant at the 0.05 level 
If: significant at the 0.01 level 

~ ns: not significant at the 0.05 level 
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of individual plants. Crown diameter was positively correlated with 

root dry weight <r = 0.34**), indicating that plants with larger crown 

diameter tend to weigh more, therefore to have larger roots. Heavier top 

regrowth is also associated with heavier roots (r = 0.46**). These 

highly correlated morphological characters agree with results reported 

by Pederson ~1 al·• 1980. 

Our data, however, do not clearly establish an association between 

the root morphological characters and root rot incidence (Table 21). For 

example, root dry weight is not significantly associated with a reduced 

root rot infection in both red clover populations. Actually we obtained 

,different significant correlations in the test populations of the two 

cultivars that are difficult to explain. In Arlington, only top regrowth 

dry weight negatively associates with root rot incidence tr = -0.14**) 1 

while in Florex it is the crown diameter which is negatively correlated 

with root rot len~th (r = -0.16**>. These results suggest that plants 

with more vigorous top growth in Arlington are less prone to root rot, 

while in Florex the plants growing larger crown seem to suffer less from 

root rot. 

These resu)ts appear contrary to some published results. Pederson 

~1 e!• (19801 reported a significant correlation (0.22**) between the 

length of root rot infection and rnot diameter in Arlington clover, 

concluding that plants with large root diameter tended to rot more than 

plants with small root diameter. Our data do not support this 

conclusion. The authors do not specify in their study where the measure 

was taken on the taproot. A positive correlation between root rot and 

crown diameter indicates that plants with a large root diameter tend to 

suffer more from root rot than individual plants with thinner roots. A 

negative correlation would indicate the opposite: plants with small root 
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FIGURE 11. Correlation between internal breakdown and the width of the 
crown in the progeny ~ 
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TABLE 21. Correlation coefficients between root rot, crown diameter, 
top regrowth and crown diameter, top regrowth dry weight, 
root dry weight, for Arlington and Florex red clover 
cultivars, in the parental population. 

CHARACTERS ARLINGTON FLOREX 
----------:--------------------------------1-----------------------------

Crown 
I diameter 

Top regrowth 
dry weight 

Root Crown 
dry wt I diameter 

Top regrottth 
dry weight 

Root 
dry wt 

----------1--------------------------------:-----------------------------
ROOT ROT 

<mm> 0.09ns -0.14** 0.03ns -0.16H -0.04ns -0.06ns 

CROWN DIA-l 
METER 
(u) 0.21** o. 34** 0.23H o. 35** 

TOP RE-
GROWTH 
(g) o. 46** o. 56** 

----------:--------------------------------l-----------------------------
tt: significant at the 0.01 level 
ns: not significant at the 0.05 level 
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diameter tend to be more a~~ected by root rot than plants with larger 

root diameter. Furthermore, Pederson ~! 21· (19801 found that the corre­

lation between root rot and plant dry weight (0.02) was not signi~icant, 

but the negative correlations between root rot and regrowth (-0.15** and 

-0.09**1 were signi~icant. They concluded that susceptibility to E~ 

tQ~!Y! root rot was not associated with general vigor (for instance: 

plant dry weight) be~ore inoculation, but infected plants had reduced 

vigor in their growth. Selection for root rot resistance would tend to 

reduce root diameter, but further research would be needed to determine 

the implications of this for field performance o~ root rot resistant red 

,clover. 

Pear son correlation coefficients were computed between the 

different morphological characters measured in the progeny population 

<Table 201. All correlations found within each cultivar, except one, 

indicates the same trend found in the overall progeny population. 

The length of infection of EYa~riYm [Q§gym race 814 was negatively 

correlated with the three following characters: a. the width of the 

crown (r=-0.22 **l; b. the regrowth of the foliage tr=-0.30 **>; and c. 

the weight of the infected roots (r=-0.14 tt), Greater infection length 

of E~ race 814 is associated with smaller crown width and lighter roots. 

Similarly, the regrowth of the plant decreases as the length of E· 

infection increases. 

Regrowth of the aerial part of the infected plants is positively 

correlated with the enlargment of the crown <r=0.20 **) and the width of 

internal breakdown (r=0.32 ft). And in turn the width of internal 

breakdown is correlated with the width of the crown (r=0.27 ft), These 

results support those already found in the parental population and in 



the literature <Peterson ~i 2!. 1 1980). Logically, top regrowth should be 

correlated with enlargment of the crown, since plants with large crown 

width are recognized to accumulate more carbohydrates in their root 

system. Our data support this theory since top regrowth and root weight 

are correlated <r= 0.31 **)• Cressman (1967) found that the incidence 

of internal breakdown increases as the width of the crown increases. 



V. CONCLUSION AND SUGGESTIONS FOR FURTHER RESEARCH 

Two sample populations from the red clover cultivars Arlington and 

Florex, were studied for their reaction to EYaiC!Ym root rot disease. 

Three isolates of EYa!CiYID (g§~YID (814, 927 and 959) were inoculated 

using the application technique to different genotypes to assess their 

virulence on red clover taproots and to identify the red clover 

genotypes showing resistance to EYi2CiYID root rot. 

Over the entire population, EYa!tiYm (9§~Ym 814 was the most 
J 

virulent isolate, inducing a mean length of infection of 16.0 mm, 

followed byE· (g§~Ym 959, with 14.2 mm, and f. C2!!Ym 927, with 12.9 

m1. The genotypes classified as resistant (less than 5 mm of infection) 

0 made up 30X of the population, while the susceptible ones (more than 25 

mm of infection) made up lBX of the population. The majority of the 

genotypes (527.) belonged to the intemediate category, their level of 

infection ranging between 5 and 25 mm. 

The virulence of E· isolates varied within each cultivar. Isolate 

814 produced the longest mean infection in Florex (18.1 mml, whereas 

isolate 959 was the most virulent in Arlington (16.3 mml. Isolate 927 

was the least pat~ogenic isolate over the two cultivars. 

Specific crosses were made within each cultivar between genotypes 

classified as resistant (R), intermediate Cl) and susceptible (S). The 

progeny obtained were inoculated with E~ t2!~Y! 814 using the same 

inoculation technique used with their parents. 

0 
Within the progenies of these crosses, E· isolate 814 showed 

somewhat more pathogenicity on Arlington than on Florex. The proportion 

of resistant genotypes obtained was identical for the two cultivars 



(33Xl, while the proportion of susceptible genotypes was much higher in 

Arlington (21X) than in Florex (117.). 

The segregation obtained within each class of resistance within 

each type of cross was strikingly different for each cultivar. In 

Florex, the R x R cross gave rise to plants with less infection than for 

those derived from S x S crosses, while the opposite was found in 

Arlington. The narrow-sense heritability was estimated to be 37Y. in 

Florex, while in Arlington, the heritability estimate was 0, probably 

indicating the absence of genes for resistance in this cultivar. 

Complementary data were taken during the experiments to relate 

morphological characters with E~i~ti~m root rot. The occurrence of 

internal breakdown <IBl was noted in about 407. of the parental 

genotypes. In the progeny, its occurrence increased as the crown 

diameter increased, the critical diameter being 9 mm. Increased EY!~t!Y! 

infection was correlated with smaller crown diameter, lower top 

regrowth, and lower root dry weight. 

The somewhat limited data of this study indicate that the 

inheritance of resistance to EY§~tiY! root rot is quite complex showing 

low heritability. For further study, the procedures used in this study 

could be improved in the following ways: 

a. the inoculum could be composed of a culture of mixed EYiet!Y! 

isolates. However, this would require the testing of the reaction of 

these fungi when they are grown together to verify that they are not 

antagonists; 

b. the plants should all be inoculated during the same day, and the 

assessment of their reaction to the disease completed on the same day. 

This would gave rise to more reliable results, as the plants would have 

exactly the same physiological age; 



c. it should be verified that the reaction of vegetative propagules 

to EYiir!Ym infectiori is similar to the reaction of the parent plants. 

Plants reproduced vegetatively have a different physiological age than 

the plants obtained directly from the seeds; 

d. the design of the experiment could perhaps be improved. The 

suggested experimental design would be a split-split plot design, where 

the cultivar would be attributed to the main plot, and the EYi!CiY! 

isolate to the subplot, if individual isolates are used; 

e. A greater number of crosses within and between resistance 

classes and cultivars should be done to verify the pattern of 

• 
inheritance of resistance. 

An alternative to this procedure would be the following. Pre-

screening of the genotypes could be done with at least three isolates of 

fY§![iYID using the slant-board technique, described by leath (1978). 

Mass screening could be achieved with the use of the gnobiotic chamber. 

Vegetative reproduction of the genotypes prior to inoculation should be 

done and crosses made between plants belonging to different classes of 

resistance. 

0 
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R E D C L 0 V E R 6 E N 0 T Y P E S R E S P 0 N S E 
T 0 T H R E E F U S A R I U M R A C E S 

COLUMN VARIABLE DESCRIPTION 

1 
2 
3 
4 
5 

b 
7 
8 
9 

10 
11 
12 
13 
14 
15 

CLN 
FUNGUS 
BLOCK 
IL 
IC 

HB 
RE 
RATIO 
IB 
cw 
TAPLEN 
SR 
SRL 
PLA~TWT 
ROOTWT 

GENOTYPE NUMBER (MOTHER.BENOTYPE) 
FUSARIUM ISOLATE NUMBER (0 is control) 
BLOCK NUMBER <1 to 6) 
ROOT INFECTION LENGTH, in mm 
DISTANCE OF UNINFECTED TISSUES FROM 

INFECTION SITE TO CROWN, in mm 
HORSFALL-BARRATT SCALE 
DEGREE OF RESISTANCE <R, I or S) 
IL I <IC + IU 
INTERNAL BREAKDOWN <Y or N> 
CROWN WIDTH, in mm 
TAPROOT LENGTH, in mm 
NUMBER OF SECONDARY ROOTS (more than 2 mm in dia.) 
ADDED LENGTH OF SECONDARY ROOTS, in mm 
TOTAL PLANT DRY WT, in g (including taproot wt> 
TAPROOT DRY WEIGHT, in g 



ARLI NGTON CLOVER -- MOTHER GENOTYPES 

Q 
C 0 L U M N N 0 • 

GENOTYPE -----------------------------------------------------------
I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

--------------------------------------------------------------------
1.1 814 2 6 30 3 I 0.1667 y 6 30 11 36 8.06 1. 33 
1. 2 927 3 17 23 3 I 0.4250 N 9 22 6 50 9.68 2.79 
2.1 959 5 25 22 6 s 0.5319 N 8 47 0 0 5.18 1. 86 
2.2 814 5 18 17 4 I 0.5143 N 11 23 13 12 
3. 1 927 1 7 33 2 I 0.1750 y 5 40 0 0 8.87 2.74 
3.2 959 1 5 17 2 R 0.2273 N 14 22 0 0 8.08 1.65 
4 I 1 814 6 17 13 7 1 0.5667 N 7 30 0 0 5.95 2.58 
4.2 927 6 30 3 10 s 0.9091 N 7 33 0 0 5.22 1. 65· 

l 

4.3 959 6 13 10 5 1 0.5652 N 11 23 4 23 3.25 1. 42 
5.1 814 4 5 40 2 R 0.1111 N 10 38 10 45 10.29 2.69 
5.3 959 3 7 33 5 I o. 1750 V 7 31 14 40 7.02 2.16. 
6. 1 914 2 6 29 2 I 0.1714 y 9 29 6 35 2.33 0.72 
6.2 927 3 2 33 2 R o. 0571 V 8 35 0 0 10.50 1. 16 

~ 7. 1 959 3 38 2 9 s 0.9500 N 6 40 0 0 5.82 1. 03 
8.2 927 3 3 32 2 R 0.0857 V 10 21 6 35 
8.3 959 3 2 28 1 R 0.0667 V 6 25 10 30 5.15 0.98 
9. 1 814 5 16 34 4 I 0.3200 y 9 20 8 50 8.01 2.58 
9.2 927 5 18 22 4 I 0.4500 N 12 15 20 40 9.61 3.46 

10.1 814 5 19 13 4 I 0.5938 y 8 16 15 32 2.65 1. 05 
10.2 814 5 33 10 7 s 0.7674 N 5 12 4 43 2.29 0. 57 . 

0 11.1 959 6 6 69 2 I 0.0800 N 10 35 21 40 11.88 2.43 
12. 1 927 6 28 12 4 s 0.7000 N 9 18 16 40 5. 73 3.10 
13.2 927 4 13 27 4 I 0.3250 N 11 40 0 0 
13.3 959 1 6 24 2 1 0.2000 y 12 30 0 0 5.61 0.71 
14. 1 814 1 9 36 3 I 0.2000 N 9 45 0 0 6.26 1. 74 
15. 1 927 1 . 18 12 7 I 0.6000 N 9 30 0 0 8.24 2.17 
19.2 959 3 30 10 5 s 0.7500 N 9 10 14 40 4.08 1. 28 
20.2 814 4 3 27 2 R 0.1000 N 7 30 ·o 0 2.84 0.48 
21.2 927 5 36 10 4 s 0.7826 y 13 b 14 46 14.31 5.34 
22. 1 814 5 9 25 3 I 0.2647 N 8 23 10 34 3.48 1. 39 
22.2 927 5 6 40 2 I 0.1304 N 10 16 18 46 8.38 1. 85 
23.1 959 4 32 4 10 5 0.8889 N 12 36 0 0 10.83 2.43 
25. 1 814 2 9 21 4 I 0.3000 N 9 30 0 0 1. 95 1. 07 
26.1 927 2 3 37 2 R 0.0750 'V 7 24 13 40 5.47 1. 22 
27.2 959 1 4 31 1 R o. 1143 N 8 25 0 0 6.03 1.62 
28. 1 959 3 20 30 3 I 0.4000 N 9 3(1 6 50 
28.2 814 3 25 15 8 s 0.6250 N 6 40 0 0 3.60 0.67 
29.1 814 4 26 14 7 s 0.6500 N 9 30 8 40 5.26 1.16 
30. 1 927 3 38 0 11 s 1.0000 N 10 38 0 0 
31.1 927 3 16 19 3 I 0.4571 y 8 20 B 45 4.22 1.08 
31.2 959 2 2 48 1 R 0.0400 N 9 15 7 50 3.70 1. 30 
32. 1 814 3 20 15 5 I 0.5714 N 9 16 12 35 
32.2 927 4 B 42 3 I 0.1600 y 10 25 .18 50 8.94 t. 93 
33.1 959 1 5 50 2 R 0.0909 y 10 15 15 55 10.20 3.03 
33.2 814 1 12 18 4 I 0.4000 N B 17 B 30 8.54 1. 81 
34.1 959 2 2 43 1 R 0.0444 N 7 20 13 45 5.70 1. 35 
35.1 814 4 32 0 11 s 1.0000 N 5 32 0 0 2.02 0.17 
36.1 927 3 20 20 4 I 0.5000 V 10 20 11 40 3.25 0.93 
36.2 959 4 2 33 1 R o. 0571 y a 15 11 35 B. 14 1. 21 



ARLINBTON CLOVER -- MOTHER GENOTYPES 

C 0 L U t1 N N 0 • 
GENOTYPE -----------------------------------------------------------• 2 3 4 5 6 7 B 9 10 11 12 13 14 15 
--------------------------------------------------------------------

37.1 814 3 0 12 0 R 0.0000 V a 12 0 0 2.15 0.55 
37.2 927 1 3 23 1 R 0.1154 N B 26 0 0 4.38 0.90 
38.1 959 1 11 21 4 I 0.3438 y 10 32 0 0 7.82 1. 75 
38.2 814 1 5 35 2 R 0.1250 N 9 17 7 40 7.20 1. 22 
39.1 927 1 21 9 B I 0.70(10 N 9 20 0 0 14.53 3.40 
39.2 959 1 2 43 1 R 0.0444 V 7 30 12 45 10.34 3.04 
43.1 B14 2 3 32 2 R 0.0857 N 5 17 3 35 5.07 1. 26 
43.2 927 4 7 18 3 I 0.2800 N 11 25 0 0 8.91 4.84 
44. 1 959 2 15 15 5 I 0.5000 N 9 30 0 0 6.78 1.15 
46.1 814 3 12 18 3 I 0.4000 V 8 15 10 30 5.03 1. 29 
49.1 959 1 27 B 7 1 o. 7714 N 16 11 11 35 7.70 1. 83 
49.2 814 3 7 28 3 I 0.2000 y 11 15 17 35 6.60 1. 85 
50.1 927 4 6 29 2 I 0.1714 V 6 35 0 0 7.51 1. 04 

" 51.1 927 1 12 18 6 I 0.4000 N 6 10 30 4.92 0,92 
51.2 959 1 13 12 5 I 0.5200 N 12 20 0 0 7. 04 2.67 
52.1 814 1 23 7 9 I 0.7667 y 9 30 0 0 7.66 2. 16 
52.2 927 1 21 9 7 I 0.7000 y 7 30 0 0 8.27 3.67 
53.1 959 3 4 36 2 R 0.1000 V a 30 16 40 8.35 2.85 
54.2 814 3 B 37 3 I 0.1778 N 7 36 B 45 4.06 0.90 

Q 
55.1 927 3 3 42 10 R 0.0667 y 11 19 14 45 4.17 1. 13 
55.2 959 5 b 27 2 I 0.1818 V 11 13 14 33 7.45 1. 72 
56. 1 814 5 21 19 3 I 0.5250 V 12 23 12 40 10.23 2.30 
56.2 927 5 4 43 2 R 0.0851 V 9 34 15 47 6.29 1. 74 
57.1 959 5 15 17 3 I 0.4688 N 9 22 11 32 3.36 1. 01 
57.2 814 3 3 50 2 R 0.0566 V 12 35 12 53 10.98 3.96 
58.1 927 3 17 13 3 I 0.5667 y 7 15 8 30 3.28 0.93 
58.2 959 6 40 0 10 s 1.0000 N 4 40 0 0 t. 10 0.46 
59.1 814 1 16 37 6 I 0.3019 y 10 40 16 53 8.02 2.24 
59.2 927 1 3 37 2 R 0.0750 N 9 40 0 0 8.11 2.70 
62.1 927 6 9 28 3 I 0.2432 y 6 37 0 0 
63.1 959 5 17 25 4 I 0.4048 N 10 12 14 30 
64.1 959 5 9 44 3 I 0.1698 y 7 39 10 16 
64.2 814 6 22 28 7 I 0.4400 N 5 50 0 0 
65. 1 927 4 2 38 1 I 0.0500' y 7 24 16 40 8.73 1. 80 
65.2 959 3 2 33 1 R 0.0571 y 6 23 9 35 5.60 1.05 
66.1 814 3 2 38 1 R 0.0500 y B 25 13 40 11.65 3.20 
67.1 814 2 19 26 3 I 0.4222 N 12 15 16 45 8.92 2.29 
67.2 927 5 B 47 3 I o. 1455 y 11 22 12 33 
68. 1 959 5 45 0 10 s 1.0000 N 11 45 0 0 7.17 1.92 
68.2 814 5 2 31 2 R 0.0606 N 4 33 0 0 6. 19 1.00 
70.1 927 2 2 38 1 R 0.0500 V 10 22 12 40 8.33 2.06 
71. 1 927 2 2 48 1 R 0.0400 y 12 29 20 50 8.91 2.55 
72.1 959 1 6 44 1 R 0.1200 N 9 20 9 50 1. 95 0.74 
73.1 814 6 11 39 3 I 0. 2200 N 9 35 10 15 
74.1 814 6 32 B 9 s 0.8000 N 12 24 10 40 9.23 4.40 
74.2 927 6 44 6 8 s 0.8800 N 12 18 14 so 7.38 4.58 
75.2 927 4 12 18 6 I 0.4000 y 13 30 0 0 5.25 1. 25 
7b. 1 959 3 2 33 1 R 0.0571 y a 35 0 0 8.63 2.04 
77.1 814 3 3 22 2 R 0.1200 y 7 25 0 0 9.01 2.72 

Ot"l 



ARLINBTON CLOVER -- MOTHER GENOTYPES 

G 
C 0 L U 1'1 N N 0 • 

GENOTYPE -----------------------------------------------------------
I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

--------------------------------------------------------------------
78.1 959 4 2 48 1 R 0.0400 V 11 30 7 50 6. 73 1. BB 
78.2 814 2 4 26 2 R 0.1333 V 9 30 0 0 9.11 2.20 
79.1 927 1 3 33 1 R 0.0833 N 12 16 9 35 11.41 2.62 
79.2 959 2 B 22 3 I 0.2667 V 9 18 12 30 4.31 1. 06 
80.1 927 3 2 28 1 R 0.0667 N 7 30 0 0 2.49 0.83 
81.1 814 2 43 2 10 5 0.9556 N 9 45 0 0 6.77 1. 65 
81.2 927 4 45 0 11 s 1.0000 N 8 25 12 45 7. 72 1.73 
82.1 0 2 1 31 1 R 0.0313 V 9 20 12 32 3.95 0.93 
82.2 0 1 3 47 2 R 0.0600 N 5 20 9 50 1. 71 0.66 
83.1 959 1 28 2 10 5 0.9333 N 5 30 0 0 4.10 0.64 
84.1 959 4 6 34 3 R 0.1500 N 11 28 21 40 7.37 2.30 
84.2 814 1 12 19 4 I 0.3871 N 8 31 0 0 3.03 0.81 
86.1 814 1 2 23 1 R 0.0800 N 9 25 0 0 10.00 2.25 

~ 87.1 927 3 19 8 8 I 0.7037 N 9 22. 3 27 5.40 1.12 
87.2 959 6 12 12 5 I 0.5000 N 7 24 0 0 8.48 2.98 
91.1 814 2 7 23 3 I 0.2333 N 8 24 7 30 2.42 0.75 
91.2 927 6 40 0 11 s 1.0000 N 6 40 0 0 t. 74 0.97 
92.1 927 6 24 6 4 I 0.8000 N 12 8 11 30 8.74 4.32 
93.1 959 6 25 10 5 I 0.7143 N 5 35 0 0 2.54 1.10 
95.1 959 5 18 8 B 1 0.6923 N 6 26 0 0 4.44 0.88 

0 95.2 814 4 17 4 7 I 0.8095 N 7 21 0 0 
96.1 927 5 48 2 10 s 0.9600 N 12 30 14 50 5.20 1.83 
96.2 959 5 36 4 9 I 0.9000 y 11 40 0 0 
97.1 814 4 12 18 5 I 0.4000 N 12 30 0 0 6.55 1. 45 
98.1 814 5 4 31 2 R 0.1143 N 4 35 0 0 
98.2 927 1 8 22 3 I 0.2667 N 8 30 (I 0 3.52 0.75 
99.1 927 4 3 27 2 R 0.1000 N 13 30. 0 0 6.95 1. 90 

100.1 959 4 60 (I 11 s 1.0000 N 11 60 (I 0 6.82 1. 64 
100.2 814 4 21 29 8 I 0.4200 N 8 50 0 0 3.36 0.86 
101.1 927 3 11 25 3 I 0.3056 V 8 27 13 36 2.51 0.90 
101.2 959 6 11 29 3 I 0.2750 y 16 15 15 25 
106.1 814 1 B 27 3 I 0.2286 N 13 15 16 35 10.49 4.12 
106.2 927 5 3 37 2 R 0.0750 y 11 29 10 11 5.42 1. 77 
107.1 959 1 3 37 2 R 0. 0750 ' N 7 20 9 4(1 6.39 1. 86 
108.1 959 b 50 10 9 s 0.8333 N 10 46 9 14 
108.2 814 5 14 16 5 I 0.4667 N 9 22 9 B 
110. 1 814 6 29 13 4 s 0.6905 N B 17 18 25 
111.1 927 2 18 10 3 I 0.6429 N 7 28 0 (I 2.02 0.68 
112. 1 959 6 35 0 3 s 1.0000 N 9 35 0 0 3.95 0.91 
114.1 927 6 26 7 10 I 0.7879 N 14 33 0 0 10.87 6.71 
114.2 959 4 4 28 2 R 0.1250 V 11 13 10 32 5.68 1. 42 
117.1 814 3 1 39 1 R 0.0250 N 10 29 11 40 5.27 1.65 
11 B. 1 814 4 25 10 7 s 0.7143 y 9 35 0 0 15.75 7.51 
118.2 927 3 1 29 1 R 0.0333 y 6 19 7 30 4.68 0.92 
119. 1 959 2 11 24 4 I 0.3143 N 10 35 0 0 8.01 2.69 
119.2 814 4 8 29 3 I 0.2162 N 13 26 16 37 
120.1 927 3 1 29 1 R 0.0333 N 5 21 9 30 4. 1 B 1. 15 
121. 1 959 5 4 3b 3 R 0.1000 y 13 2b 13 40 5.08 2.07 
123.1 927 5 2 43 R 0.0444 N 9 20 14 45 



ARLINGTON CLOVER -- MOTHER GENOTYPES 

C 0 L U M N N 0 • 
GENOTYPE -----------------------------------------------------------

tl 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
--------------------------------------------------------------------
123.2 959 5 40 5 3 s 0.9889 N 9 20 15 45 
124.1 0 6 9 23 4 R 0.2913 V 10 22 11 10 
125.1 914 5 7 38 4 I 0.1556 V 10 28 15 45 4.15 1.10 
126.1 927 1 2 43 1 R 0.0444 y 10 45 0 0 10.64 1. 91 
128.1 927 4 2 43 1 R 0.0444 N 11 15 16 45 
128.2 927 4 22 16 4 I 0.5789 N 11 18 12 38 
129.1 959 2 20 15 9 I 0.5714 V 10 35 0 0 5.69 1.15 
135.1 814 b 35 5 9 s 0.8750 N 12 19 10 40 7.20 4.24 
135.2 927 1 9 17 4 I 0.3200 N 9 25 0 0 3.74 0.60 
136.1 959 6 30 5 5 s 0.8571 V 7 35 0 0 4.68 1.70 
136.2 914 6 30 0 11 s 1.0000 N 7 30 0 0 4.72 2.20 
137.1 927 6 22 11 9 I 0.6667 N 9 33 0 0 6.44 2.24 
137.2 959 6 35 5 6 s 0.9750 V 10 15 20 40 7.49 2.94 

• 138. 1 814 6 33 0 10 s 1.0000 N 17 18 8 33 11.99 7.91 
139.1 814 6 21 11 7 I 0.6563 V 10 32 0 0 5.68 1.92 
139.2 927 6 2 48 2 R 0.0400 V 5 20 50 7.47 3.94 
140.2 814 6 2 23 2 R 0.0800 N 7 25 0 0 7.83 2.61 
142.2 959 2 55 25 10 s 0.6875 V 7 25 5 55 2.72 0.84 
143.1 927 1 3 27 2 R 0.1000 N 9 30 0 0 3.38 1.04 

0 
144.1 814 1 12 23 4 I 0.3429 V 9 26 10 35 7.29 1.92 
144.2 927 2 3 47 1 R 0.0600 V 7 30 11 50 3.94 0.85 
145.1 959 2 25 20 6 s 0.5556 N 11 25 19 45 6.87 2.52 
145.2 814 2 22 13 5 I 0.6286 N 12 20 13 35 3.47 1.37 
154.1 959 3 B 22 3 I 0.2667 N 12 20 12 30 3.45 0.96 
156.1 927 2 40 5 10 s 0.8889 N 9 22 11 45 6.15 2.05 
156.2 959 5 12 50 3 I 0.1935 V 11 27 13 35 
159.1 959 5 12 18 3 I 0.4000 N 13 19 9 11 
159.2 959 5 18 32 4 I 0.3600 N 9 20 10 30 
161. 1 914 5 10 35 3 I 0.2222 V 7 24 13 21 5.80 2.06 
163.1 927 2 3 27 2 R 0.1000 N 12 10 10 30 8.19 2.10 
164.1 0 3 2 43 2 R 0.0444 V 8 27 10 45 2.60 0.95 
165. 1 814 2 3 23 2 R 0.1154 y 10 12 16 26 8.33 1. 57 
165.2 927 2 6 29 3 R 0.1714 y 9 17 13 35 2.30 0.60 
166.1 959 2 5 35 3 R 0.1250' V 10 10 17 40 4.99 1.20 
167.1 959 6 25 10 5 I 0.7143 N 11 11 15 35 3.78 1.47 
167.2 814 6 9 30 4 I 0.2308 V 13 14 18 39 8.11 4.41 
168.1 927 6 22 23 4 I 0.4889 N 12 28 11 45 5.95 2.55 
170.1 814 6 7 36 2 R 0.1628 V 10 16 19 27 
172.1 814 b 11 26 4 I 0.2973 V 9 37 0 0 
172.2 927 6 5 49 1 R 0.0926 N 11 15 21 39 
179.1 959 4 18 17 5 I 0.5143 N 11 35 (I 0 
179.2 814 1 15 15 5 I 0.5000 V 8 15 6 30 2.59 0.74 
181.1 0 5 20 15 6 I 0.5714 N 15 35 0 0 6.74 2. 13 
181.2 0 3 25 23 5 I 0.5208 N 14 28 17 48 6.92 2.21 
182.1 927 4 9 21 4 I 0.3000 N 9 21 B 30 - 184.1 814 3 14 16 4 I 0.46b7 N 9 15 10 30 1. 31 0.51 
184.2 927 4 25 20 5 s 0.5556 N 10 25 13 45 10.91 1. 66 
185.1 959 2 3 37 2 R 0.0750 N 10 20 12 40 4.13 1. 24 
185.2 814 2 3 37 2 R 0.0750 V 10 32 8 40 5.29 1.16 



ARLINGTDN CLOVER -- MOTHER GENOTYPES 

c 
C 0 L U M N N 0 • 

GENOTYPE -----------------------------------------------------------
I 2 3 4 5 b 7 B 9 10 11 12 13 14 15 

--------------------------------------------------------------------
186.2 959 4 19 11 B I 0.6333 N 9 30 0 0 
187.1 927 2 4 36 2 R 0.1000 V 6 23 9 40 3.49 0.69 
187.2 959 3 9 26 2 I 0.2571 V 10 35 0 0 11.44 2.35 
188.2 0 4 18 22 5 I 0.4500 N 9 40 0 0 4.00 1. 18 
189.1 814 3 27 3 10 s 0.9000 N 9 30 0 0 1.69 0.50 
189.2 927 5 12 38 4 I 0.2400 N 9 25 6 50 
191. 1 814 4 12 39 4 I 0.2400 N 10 22 18 50 
192.1 959 4 16 19 3 I 0.4571 N 13 18 1 35 
192.2 814 4 2 43 1 R 0.0444 N 9 22 B 45 10.31 1. 49 
193.1 927 5 14 26 3 I 0.3500 N 11 20 13 40 
196. 1 927 2 15 30 4 I 0.3333 V 9 45 0 0 5.83 0.95 
196.2 959 4 4 41 2 R 0.0989 V 12 20 16 45 25.45 12.66 
198.1 814 1 5 35 2 R 0.1250 V 9 22 9 40 8.98 2.28 

J 198. 2 927 1 16 19 7 I 0.4571 N 9 35 0 0 8.85 2.68 
200.1 959 4 28 12 8 s 0.7000 V 7 40 ·0 0 
200.2 914 4 3 27 2 R 0.1000 y 9 26 7 30 
201.1 927 5 17 23 4 I 0.4250 N 10 29 15 40 
201.2 959 3 3 29 2 R 0.0939 N 9 20 12 32 9.91 4.12 
203.1 814 1 60 0 11 s 1.0000 N 1 60 0 0 2.43 0.83 

0 
203.2 927 5 36 14 6 s ' 0. 7200 N 9 24 11 50 
204.1 959 2 2 33 1 R 0.0571 y 9 35 0 0 7.33 1. 79 
204.2 814 6 5 30 2 R 0.1429 N 14 35 0 0 16.18 8.57 
205.1 959 4 21 19 6 I 0.5250 N 9 40 0 0 1.86 0.56 
206.1 B14 2 q 26 3 I 0.2571 N B 26. a 35 6.48 1.25 
207.2 0 5 4 26 2 R 0.1333 V 9 30- 0 0 b. 71 1. 94 
208.1 927 2 4 29 2 R 0.1212 y b 25 33 3.20 1. 14 
208.2 959 2 a 26 2 I 0.2353 V 9 23 14 34 6.55 1. 63 
209.1 927 2 7 18 3 I 0.2800 N b 2~ 0 0 2.40 0.65 



FLOREX CLOVER -- MOTHER GENOTYPES 

C 0 L U t1 N N 0 • 
GENOTYPE -----------------------------------------------------------

* 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
--------------------------------------------------------------------
210. 1 814 6 50 0 11 s 1.0000 N 7 50 0 0 20.07 11.73 
210.2 927 3 20 16 8 I 0.5556 V 6 36 0 0 2.40 0.93 
212.2 814 4 17 19 3 I 0.4722 y 10 25 8 36 
213.1 927 3 22 13 7 I 0.6286 V 7 35 0 0 2.85 0.85 
213.2 959 3 27 3 9 s 0.9000 N 6 30 0 0 4.57 1.15 
214.1 814 4 16 21 4 I 0.4324 V 11 12 15 37 
215.1 927 4 3 42 2 R 0.0667 N 11 20 18 45 
216.1 959 4 2 43 1 R 0.0444 N 11 10 26 45 
218.1 814 2 16 16 3 I 0.5000 V 11 12 7 32 7.50 1. 65 
218.2 927 1 10 20 3 I 0.3333 V 11 30 0 0 4.38 0.95 
220.1 959 1 10 15 3 I 0.4000 N 9 25 0 0 4. 12 o. 77 
220.2 814 1 22 8 4 I 0.7333 N 7 30 0 0 2.60 0.65 
221.1 927 3 0 30 0 R o.oooo V 12 19 10 30 8.14 2.79 

J 221.2 959 3 2 28 1 R 0.0667 V 14 18 11 30 11.04 3.57 
223.1 814 2 14 16 4 I 0.4667 N 10 30 0 0 
224.1 814 1 23 22 5 I 0.5111 N B 24 11 45 4.16 1.22 
225.1 959 2· 4 32 1 R o. 1111 y 7 22 36 3.40 0.82 
225.2 814 2 15 15 5 I 0.5000 V 9 21 12 30 1. 72 0.60 
226.1 927 1 7 19 3 I 0.2692 N 6 26 0 0 5.60 1. 71 

0 
227.1 814 2 11 9 7 I 0.5500 N 7 20 0 0 1.83 0.64 
227.2 927 1 12 18 4 I 0.4000 y 12 30 0 0 3.86 1. 34 
228.1 927 1. 7 28 2 I 0.2000 y 5 35 0 0 2.42 0.56 
229.1 0 5 4 26 2 R 0.1333 N 10 19 14 30 4.35 1. 57 
229.2 0 2 0 66 0 R N 9 17 0 49 5.02 1. 96 
230.1 959 1 . 13 13 3 I 0.5000 N B 26 0 0 2.82 0.50 
231.1 0 4 6 27 2 I 0.1818 N 12 8 15 33 7.45 2.08 
235.1 959 1 40 0 11 s 1.0000 N 5 40 0 0 1.77 0.48 
235.2 814 2 27 13 8 s 0.6750 N B 20 a 40 1.91 0.69 
236.1 927 1 2 28 1 R 0.0667 V 7 30 0 0 3.84 1. 09 
236.2 959 4 8 32 3 I 0.2000 N 10 10 11 40 7.55 1. 59 
237.1 814 4 12 18 7 I 0.4000 N 9 30 0 0 3.55 1. 44 
238.1 927 4 4 38 2 R 0.0952 y 11 31 18 42 7.19 1. 78 
239.2 959 6 2 28 1 R 0.0667 y 11 17 10 30 3.72 0.94 
240.1 814 4 31 11 5' s 0. 7381 ' N 10 22 19 42 8.26 1.66 
240.2 927 4. 3 33 2 R 0.0833 y 9 11 19 36 4.49 1.00 
241.1 814 5 9 26 3 I 0.2571 V 13 20 17 15 11.77 3.28 
242.1 927 2 2 28 1 R 0.0667 N 8 30 0 0 7.94 2.14 
243.1 959 4 9 26 3 I 0.2571 y 11 10 18 35 9.44 2.61 
243.2 814 2 B 17 3 I 0.3200 V 9 15 25 4.57 0.91 
244.1 959 2 20 23 5 I 0.4651 N 9 19 13 43 10.29 1. 81 
245.1 927 2 39 0 10 s 1.0000 N 12 30 39 3.39 1. 74 
245.2 959 1 5 23 0 R 0.1786 V 11 28 0 0 1. 62 (1.62 
246.1 0 2 0 35 0 R 0.0000 V 10 15 9 35 2.09 0.75 
247.1 814 4 13 24 5 I 0.3514 N 7 37 0 0 4.25 1. 06 
249.1 "927 1 6 23 2 I 0.2069 N 9 29 0 0 2.27 0.65 
250.1 0 6 3 32 1 R 0.0857 N 6 35 0 0 4.95 0.58 
252.1 0 6 2 43 1 R 0.0444 N 9 9 21 36 6.64 1. 93 
253.1 814 .4 18 16 4 I 0.5294 y B 34 0 0 2.98 0.65 
253.2 927 4 7 3B 2 1 0.1556 V 10 23 7 45 4. 72 0.90 



FLOREX CLOVER -- MOTHER GENOTYPES 

Q 
C 0 L U M N N 0 • 

GENOTYPE -----------------------------------------------------------
# 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

--------------------------------------------------------------------
254.1 959 4 7 33 3 I 0.1750 N 12 31 14 40 11.23 2.60 
254.2 814 4 3 52 2 R 0.0545 N 10 25 13 55 9.32 2.40 
255.1 927 4 11 29 3 I 0.2750 V 11 15 14 40 7. 23 1. 72 
256.1 0 5 1 34 1 R 0.0286 V 10 13 6 35 4.31 1. 01 
256.2 0 1 14 13 4 I 0.5185 N 5 27 0 0 1.26 0.41 
257. 1 814 3 21 9 8 I 0.7000 N 7 30 0 0 11.27 4. 18 
257.2 927 1 5 30 2 R 0.1429 N 11 35 0 0 7.60 3.30 
258.1 959 1 18 12 5 I 0.6000 y 15 30 0 0 3.48 1. 26 
258.2 814 1 30 5 9 s 0.8571 N 9 35 0 0 1. 76 1. 00 
259.1 927 1 6 27 2 I 0.1818 V 9 25 10 33 5.30 1. 42 
259.2 959 5 4 56 2 R o. 0667 V 8 15 13 60 5.78 1. 79 
260.2 927 4 11 34 4 I 0.2444 y 13 10 18 45 5.60 1.84 
261.1 959 4 2 53 1 R 0.0364 V 10 15 15 55 6.39 1.96 

~ 261.2 814 2 11 22 3 I 0.3333 V 8 10 22 33 2.35 0.75 
262.1 927 3 15 15 4 I 0.5000 N 7 30 0 0 3.80 0.60 
263.1 814 6 26 7 4 s 0.7879 N 7 17 11 33 8.03 1. 94 
263.2 927 3 9 25 3 I 0.2647 N 6 34 0 0 6.24 1. 56 
264.1 959 3 2 28 1 R 0.0667 V 13 30 0 0 7.51 1. 26 
266.1 959 3 11 19 3 I 0.3667 N a 16 6 30 3.85 0.50 
266.2 814 3 11 19 4 I 0.3667 N 7 30 0 0 4.63 0.68 
267.1 927 3 3 47 1 R 0.0600 V 9 20 12 50 7.29 o. 77 
267.2 959 2 3 32 1 R 0.0857 V 10 25 35 4.68 1. 56 
268.1 814 3 28 5 10 s 0.8485 N 7 33 0 0 8.61 1. 50 
269.1 814 3 3 32 2 R 0.0857 y 8 25 14 35 
269.2 927 1 3 29 1 R 0. 0938 V 7 32 0 0 4.90 1.08 
270.1 959 3 1 31 1 R 0.0313 N 10 12 17 32 4.97 1. 97 
270.2 814 3 2 43 1 R 0.0444 V 11 28 18 45 7.19 3.35 
271.1 927 1 3 33 1 R 0.0833 N 8 36 0 0 5.75 1. 75 
271.2 959 2 3 26 1 R 0.1034 y 10 16 7 29 2.79 0.90 
272.1 927 6 3 27 2 R 0.1000 N a 30 0 0 
273.1 0 5 2 38 1 R 0.0500 V 8 22 12 40 5. 17 1.00 
273.2 0 1 0 30 0 R o.oooo N 12 30 0 0 6.39 2.02 
274.1 0 2 10 35 4 I o. 2222 V 5 45 0 0 3.61 0.82 
274.2 0 1 3 23 1 R 0.1154' N 6 26 0 0 5.84 1. 20 
275.1 814 3 26 9 9 s 0.7429 N B 25 11 35 
275.2 927 2 11 34 4 I 0.2444 N 8 45 0 0 4.74 1. 18 
277. 1 959 2 0 30 0 R 0.0000 N 7 30 0 0 3.22 0.76 
277.2 814 2 4 21 2 R 0.1600 V 10 25 0 0 4.69 1.26 
278.1 927 4 16 19 6 I 0.4571 y 9 35 0 0 16.09 2.92 
278.2 959 4 32 23 6 s 0.5818 y 12 33 16 55 8.47 2. 17 
279.1 814 5 50 0 11 s 1.0000 N 4 50 0 0 2.46 0.15 
279.2 927 4 35 0 11 s 1.0000 N 4 35 0 0 
280.1 959 4 5 22 3 R 0.1852 V 9 14 9 27 7.63 1. 20 
281.1 814 1 30 10 10 s 0.7500 N 7 40 0 0 5. 7b 0.56 

- 282.1 959 3 17 18 4 I 0.4857 N 8 14 3 35 5.17 1.03 
282.2 814 4 13 12 5 I 0.5200 N 9 25 0 0 6.53 0.57 
283.2 959 5 27 3 10 s 0.9000 V 9 23 7 7 7.49 0.51 
294.1 927 5 6 44 3 I 0.1200 y 4 50 0 0 
285.1 959 6 11 36 2 I 0.2340 y 9 26 7 21 



FLOREX CLOVER -- MOTHER GENOTYPES 

C 0 L U M N N 0 • 
GENOTYPE ---------------------------------~-------------------------• 2 3 4 5 b 7 8 9 10 11 12 13 14 15 
--------------------------------------------------------------------
286.1 814 3 22 13 7 I 0.6286 N 11 35 0 0 3.14 1. 01 
286.2 927 2 12 12 4 I 0.5000 N B 24 0 0 1. 83 0.34 
288.1 927 2 6 24 3 I 0,2000 N 5 30 0 0 1.58 0.59 
289.1 959 3 21 14 3 I 0.6000 N 12 17 8 35 9.43 4.20 
289.2 814 2 22 0 11 I 1.0000 N 3 22 0 0 0.15 0.09 
290.1 959 2 7 33 2 I 0.1750 N 6 40 0 0 1.63 0.56 
293.1 927 2 7 23 2 I 0.2333 V 11 30 0 0 3.74 0.97 
293.2 959 2 0 35 0 R 0.0000 N 9 35 0 0 3.13 0.74 
294.1 814 3 30 0 3 s 1.0000 N 7 30 0 0 2.74 0.62 
295.1 814 1 4 21 1 R o.tooo N 9 25 6 3.73 0.87 
296.1 959 4 17 23 4 I 0.4250 y 9 25 14 15 
296.2 814 4 2 43 1 R 0.0444 N 8 32 14 45 8.90 1. 98 
297.1 927 3 21 19 6 I 0.5250 V 10 19 5 40 7.67 1. 21 

~ 297. 2 959 4 11 29 3 I 0.2750 N 7 40 0 0 5.16 0.97 
298.1 814 1 12 20 3 I 0.3750 N 10 32 2 7.65 4.21 
298.2 927 3 1 61 1 R 0.0161 N 13 22 13 62 6.30 2.71 
300.1 814 6 9 22 4 I 0.2903 V 16 21 19 33 10.66 3. 15 
300.2 814 3 10 20 3 I 0.3333 N 11 18 14 30 2. 77 1.11 
302.1 927 2 11 29 3 I 0.2750 V 8 24 13 40 5.36 1. 74 . 
302.2 959 1 4 28 1 R 0.1250 V 7 18 9 32 6.26 1. 49 
303.1 0 1 2 28 1 R 0.0625 N 10 30 0 0 2.41 0.64 
305.2 927 6 4 47 2 R 0.0784 V 11 16 19 51 10.32 3.13 . 
306.1 959 5 8 47 3 I 0.1455 V 10 36 18 19 
306.2 814 5 15 35 4 I 0.3000 N 11 20 24 30 12.16 3.84 
308.1 927 5 26 19 7 s o. 5778 V 11 24 12 21 6.08 1. 74 
308.2 959 5 15 20 3 I 0.4286 N 9 12 7 23 4.57 LOO 
309.1 927 5 32 8 B s 0.8000 N 14 21 22 40 6.04 2. 18 
310.1 814 5 25 15 5 s 0.6250 N 13 12 10 40 4.93 1. 41 
310.2 927 5 b 44 2 I 0.1200 V 7 15 14 35 2.69 1.06 
311.1 959 5 23 22 4 I 0.5111 N 12 25 15 20 5.87 0.97 
311.2 814 6 35 10 10 s o. 7778 N B 45 0 0 5.70 1. 35 
312.1 927 4 16 14 5 I 0.7273 N 9 22 B a 7.83 1. 42 
312.2 959 1 28 2 9 s 0,9333 y 7 30 0 0 7.30 2.78 
313.1 959 2 0 32 0 R o.oooo· N 12 32 0 0 6.68 1. 64 
314.1 814 1 2 31 1 R 0.0606 N 6 33 0 0 2.22 0.52 
314.2 927 2 13 17 5 I 0.4333 N 8 30 0 0 1.94 0.95 
315.1 814 b 35 0 11 s 1.0000 N 5 35 0 0 12.03 3.89 
316.1 959 5 32 13 5 s 0.7111 N 9 20 B 25 9.27 2.31 
316.2 814 5 20 30 4 1 0.4000 V 9 25 b 25 7.50 1. 42 
317.2 959 3 5 35 2 R 0.1250 V 9 22 11 40 4.44 1. 22 
318.1 814 2 7 27 2 I 0.2059 N 6 29 B 34 12.87 1. 55 
318.2 927 1 11 19 3 I 0.3667 N 6 30 0 0 2.58 0.96 
319. 1 959 3 10 20 4 I 0.3333 N 10 30 0 0 4.79 1. 22 
319.2 814 1 40 0 10 s 1.0000 N 6 40 0 0 3.80 0.99 
320.1 959 2 9 31 3 I 0.2250 y B 40 0 0 2.54 o. 72 
320.2 959 2 5 25 2 R 0.1667 V 5 30 0 0 4.74 1. 29 
321. 1 814 1 15 15 4 I 0.5000 N 5 30 0 0 2.83 0.49 
322.1 927 6 14 21 6 I 0.4000 N 9 35 0 0 7. 15 1. 71 
323.1 959 6 13 14 4 I 0.4815 N 7 27 0 0 



FLOREX CLOVER -- MOTHER GENOTYPES 

Q 
C 0 l U M N N 0 • 

GENOTYPE -----------------------------------------------------------
tt 2 3 4 5 6 7 B 9 10 11 12 13 14 15 

--------------------------------------------------------------------
327.1 927 6 40 0 11 s 1.0000 N 3 40 0 0 3.15 0.87 
330.1 959 6 30 5 9 s 0.8571 N 14 19 14 16 
331.1 959 1 1 14 1 R 0.0625 N 9 15 0 0 2. 77 0.66 
331.2 814 1 18 22 3 I 0.4500 y 9 22 16 40 3.93 0.92 
333.1 814 1 16 14 8 I 0.5333 N 9 30 0 0 5.43 1. 06 
334.1 927 3 2 43 1 R 0.0444 V 9 22 20 45 8.35 1. 91 
334.2 959 4 6 34 2 I 0.1500 N 10 15 7 40 7.83 1.43 
335.1 927 3 6 54 2 I 0.1000 V 10 25 14 60 
336.1 959 3 4 36 2 R 0.1000 N 9 40 0 0 
337.1 814 4 21 29 5 I 0.4200 V 7 40 13 50 2.27 0.94 
339.1 814 5 8 29 3 I 0.2162 N 9 37 0 0 
339.2 927 2 20 15 7 I 0.5714 N 7 35 0 0 0.97 0.35 
340.1 959 5 27 33 4 s 0.4500 y 9 22 14 38 9.82 2.17 

,341.1 814 5 2 53 1 R 0.0364 V 9 40 10 15 2.35 0.96 
342. 1 927 2 16 19 5 I 0.4571 N 13 19 35 2.50 0.97 
343.1 959 2 30 0 11 s 1.0000 N b 30 0 0 0.74 0.30 
345.1 959 2 9 21 2 1 0.3000 V 8 30 0 0 4.56 1.24 
345.2 814 3 11 39 3 I 0.2200 y 7 50 0 0 3.74 1. 02 
346.2 959 4 11 19 3 I 0.3667 V 5 30 0 0 3.07 0.65 
347.1 814 3 4 2B 2 R 0.1250 V 14 20 17 . 32 6.56 1. 84 
350.1 814 5 16 22 4 I 0.4211 N 10 18 16 38 6.33 1.90 
350.2 927 5 0 42 0 R o.oooo N 8 13 14 29 
351.1 959 b 50 0 10 s 1. 0000 N 9 40 12 50 12.73 3.26 
353.1 959 6 12 38 3 I 0.2400 N 8 35 15 50 13. 16 2.40 
354.1 927 6 35 0 10 s 1.0000 N 8 35 0 0 5.35 1. 74 
354.2 959 5 1 34 1 R 0.0286 V 11 19 21 16 
355.1 927 5 9 31 3 I 0.2250 V 10 15 18 25 6.93 2. 11 
357.1 959 5 3 43 2 R 0.0652 N 10 25 8 46 2.86 0.42 
357.2 814 5 23 26 5 I 0.4694 N 8 27 9 49 4.60 0.99 
358.2 927 6 7 33 2 I 0.1750 V 10 20 13 40 12.87 2.17 
359.2 959 6 5 35 2 R 0.1250 N 6 40 0 0 8.12 1. 16 
360.1 814 5 17 13 B I 0.5667 N 13 30 0 0 9.63 3.03 
360.2 927 5 30 5 9 s 0.8571 N 10 20 14 15 5.60 1.04 
362.1 959 6 3 30 1 R 0.0909 'N 9 33 0 0 3.29 1. 02 
362.2 814 b 24 b 6 I 0.8000 V 14 13 14 30 12.23 5.52 
364.1 814 5 6 44 2 I 0.1200 V 8 20 7 30 3.30 0.49 
364.2 814 6 27 9 7 s 0.7500 N 9 24 8 36 3.81 1.27 
366.1 927 5 28 12 7 s 0.7000 N 13 19 13 21 
366.2 959 5 12 28 3 I 0.3000 N 9 21 19 19 
367.2 927 2 9 18 3 I 0.3462 N 7 27 0 0 1. 56 0.42 
370. 1 959 3 1 29 1 R 0.0333 N B 12 14 30 8.75 1. 89 
371.1 927 5 45 0 10 s 1.0000 N 4 45 0 0 10.38 2.07 
372.1 927 5 14 26 3 I 0.3500 N 10 23 15 40 7.63 2.11 
373.1 814 5 19 19 5 I 0.7917 N 9 19 B 38 4.27 1.03 
374.2 927 5 1 44 1 R 0.0222 N 5 25 11 20 
375.2 959 5 4 39 2 R o. 0930 y 8 13 20 30 6.12 1. 48 
377.1 814 6 30 0 11 s 0.5000 N 0 30 0 0 2.30 0.38 
378.2 814 6 B 34 4 I 0.1905 N 9 16 16 42 5.31 1. 48 
386.1 914 1 40 0 10 s 1.0000 N 5 40 0 0 2.05 0.87 



FLOREX CLOVER -- MOTHER GENOTYPES 

C 0 L U M N N 0 • 
GENOTYPE -----------------------------------------------------------

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
--------------------------------------------------------------------
386.2 927 3 23 17 B I 0.5750 y 6 15 5 40 2.24 0.65 
387.1 814 2 25 15 7 s 0.6250 N 9 25 8 40 1. 38 0.54 
388.1 927 3 5 39 2 R o. 1136 N 9 19 8 44 2.99 O.BB 
389.1 959 1 28 2 9 s 0.9333 V 4 30 0 0 1. 71 0.49 
391.1 959 5 35 10 6 s o. 7778 N 9 10 25 45 4.29 1. 17 
391.2 814 2 6 24 3 I 0.2000 N 11 15 7 30 4.38 1.09 
392.1 927 4 7 33 3 I 0.1750 y 12 18 12 40 7.93 2.24 
393.1 814 4 23 2 10 I 0.9200 N 6 25 0 0 2.55 0.53 
393.2 927 4 12 28 4 I 0.3000 N 10 24 8 40 3. 17 0.99 
394.1 927 4 9 38 4 I 0.1915 y 13 20 7 47 5.72 1. 35 
395.1 959 4 3 42 2 R 0.0667 V 11 25 9 45 5.69 1. 44 
395.2 814 4 19 6 7 I 0.7600 N 7 25 0 0 5.28 1. 22 
396.1 0 5 1 54 1 R 0.0182 y 12 25 15 30 5.53 1. 52 

• 397.2 959 6 11 24 3 I 0.3143 V 10 14 16 35 10.21 3.32 
398.2 959 1 28 l 8 s 0.9655 y 10 29 0 0 5.58 2. 19 
399.1 0 4 2 28 2 R 0.0667 N 9 10 5 30 0.81 0.40 
400.1 0 3 0 22 0 R 0.0000 V 8 22 14 3.68 0.59 
400.2 0 3 0 12 0 R 0.0000 V 11 12 35 3.71 0.91 
401.1 0 5 3 37 2 R 0.0750 V 9 27 6 40 7. 72 1. 75 
401.2 0 1 0 42 0 R 0.0000 y 7 42 0 0 4.23 1. 44 
402.1 0 4 0 20 0 R 0.0000 V 15 20 0 0 7.29 1. 51 
404.1 927 2 20 15 7 1 0.5714 N 10 35 0 0 4.95 1. 24 
404.2 959 3 3 27 2 R 0.1000 V 12 30 0 0 8. 11 1. 84 
407.1 814 3 20 20 5 I 0.5000 N 4 20 3 40 2.79 0.95 
410. 1 927 5 5 35 2 R 0.1250 N 9 32 6 8 
411.1 959 b 17 33 5 I 0.3400 N 8 50 0 0 4.69 1. 19 
411.2 959 b 10 30 3 I 0.2500 N 9 18 10 40 8.32 2.07 
413.1 959 1 24 2 10 I 0.9231 N 6 26 0 (I 4.13 0.85 
414. 1 927 1 0 25 0 R o. 0000 N 10 25 0 0 6.04 2. 1 B 
414.2 959 1 3 20 1 R 0.1304 N 12 20 6 25 8.45 2.95 

• 



COLUMN 
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VII.2 A P P E N D I X 2 

R E D C L 0 V E R F 1 P L A N T S R E S P 0 N S E 
T 0 F U S A R I U M R A C E B 1 4 

VARIABLE DESCRIPTION 
-------- ----------------------------------------------

PLANT I PLANT REPLICATE WITHIN THE CROSS 
FUNGUS FUSARIUM ISOLATE NUMBER (000 is control) 
IL ROOT INFECTION LENGTH, in mm 
lC DISTANCE OF UNINFECTED TISSUES FROM 

INFECTION SITE TO CROWN, in mm 
HB HORSFALL-BARRATT SCALE 
18 INTERNAL BREAKDOWN (V or N) 
lBW INTERNAL BREAKDOWN WIDTH, in mm 
IBD INFECTION OF INTERNAL BREAKDOWN (V or N} 
cw CROWN WIDTH, in mm ' 
TAPLEN TAPROOT LENGTH, in mm 
TPW TOTAL PLANT WEIGHT, in grams 
TRW TAPROOT WEIGHT, in grams 



CROSSES -- ARLINBTON CLOVER 

C 0 l U M N N 0 • 
CROSS --------------------------------------------------

I 2 3 4 5 b 7 8 9 10 11 12 13 

--------- --------------------------------------------------
1 X 6 1 814 7 23 3 N N 14 30 2.70 1.27 
1 X b 2 814 16 24 4 N N 10 40 3.23 1. 72 
1 X b 3 814 1!3 27 6 N N 10 45 2.80 1.55 
1 X 6 4 814 7 23 3 V 9 N 12 30 3.06 1. 52 
1 X 6 5 814 20 20 4 y 1 N 10 40 2.71 l. 33 
1 X 6 6 814 22 18 5 N N 11 40 2.38 0.90 
1 X b 7 814 8 32 4 y 4 V 13 40 3.33 1. 32 
1 X b B 814 27 15 7 N N 9 42 2.56 1. 01 
1 X 6 9 814 11 29 4 V 5 V 12 40 5.35 2.99 
1 X 6 10 814 17 25 5 y 5 V 14 42 5.46 2.68 
1 X 6 11 814 19 26 b N N 11 45 4.52 1. 86 
1 X 6 12 814 16 24 5 N N 11 40 4.60 1. 75 
1 X 6 13 814 26 19 9 N N 8 35 3.14 1.04 

~ 1 X 6 14 814 10 25 4 V 3 N 12 35 3.92 1. 29 
1 X 6 15 814 19 14 5 N N 14 35 4.76 2.17 
1 X 6 16 814 11 29 4 N N 7 40 3.93 0.90 
1 X b 17 814 17 18 b N N 8 35 4.23 1. 23 
1 X 6 18 814 12 28 4 V 4 y 9 40 3.40 1. 40 
1 X 6 19 814 19 21 6 N N 11 40 2.75 1. 43 
1 X 6 20 814 30 6 9 N N 10 36 2.78 0.85 
1 X 6 21 814 20 15 5 V 3 V 9 35 2. 11 1. 00 
1 X 6 22 814 4 26 .. 

,) V 2 N 10 30 3.75 1.11 
1 X 6 23 814 7 30 3 y 2 N 14 37 5.10 2.07 
1 X 6 24 814 11 19 4 N N 10 30 3.52 0.93 
1 X 6 25 814 21 16 6 N N 10 37 3.82 1. 80 
1 X 6 26 814 17 23 4 V 4 V 9 40 2.27 0.90 
1 X 6 27 814 12 18 4 y 3 N 13 30 3.03 1. 52 
1 X 6 28 814 17 23 5 V 5 V 11 40 3.63 2. 10 
1 X b 29 814 10 25 4 N N B 35 1. 61 0.48 
1 X 6 30 814 10 30 3 N 9 N 9 40 4.71 1.14 
1 X 6 31 814 20 20 5 N . N 10 40 4.15 1. 09 
1 X 6 32 814 17 18 5 N N 7 35 2. 77 0.99 
1 X 6 33 814 5 45 2 y 2 V 10 50 5.20 2.57 
1 X 6 34 814 22 18 4 N N 6 40 3.81 1. 07 
1 X b 35 814 25 15 8 N N 6 40 2.44 0.82 
1 X b 36 814 11 29 4 N N 9 40 3.24 1. 07 
1 X 6 37 814 4 31 2 N N 6 35 2. 15 o.vo 
1 X 6 38 814 8 32 3 N N 9 40 3.88 0.98 
1 X 6 39 814 18 22 5 N N 9 40 3.95 1. 12 
1 X 6 40 814 4 36 3 N N 10 40 4.00 1. 35 
1 X 6 41 000 3 32 1 N N 12 35 3.16 1. 12 
1 X 6 42 000 1 39 0 V 1 y 6 40 3. 12 0.74 
1 X 6 43 000 2 38 0 N N 9 40 2.55 1.04 
6 X 1 1 814 19 28 4 N N 9 47 3.26 1. 86 
6 X 1 2 814 18 22 4 N N 9 40 3. 15 1. 24 - 6 X 1 3 814 5 35 2 V 2 N 9 40 2.88 1. 27 
b X 1 4 814 7 29 3 N N 6 36 2.76 0.56 
6 X 1 5 814 25 15 7 N N q 40 2.52 0.99 
6 X 1 6 814 13 27 4 N N 5 50 3.49 0.84 



CROSSES -- ARLINBTON CLOVER 

C 0 L U 11 N N 0 • 
CROSS --------------------------------------------------

I 2 3 4 5 6 7 8 9 10 11 12 13 

--------- --------------------------------------------------
b X 1 7 814 11 29 3 y 1 N 11 40 2.27 0.71 

b X 1 B 814 29 16 4 N N 6 45 1. 47 0.96 

6 X 1 9 814 25 25 4 V 2 N 10 50 4.50 2.37 

b X 1 10 814 26 11 8 V 2 N 11 37 3.09 1. 31 

6 X 1 11 814 6 29 2 N N 10 35 3.17 1.22 

b X 1 12 814 1 45 0 y 1 y B 45 3.05 o. 77 

6 X 1 13 814 13 27 5 N N 8 40 2.48 0.82 

b X 1 14 814 4 31 2 V 2 N 10 35 2.95 t. 01 
6 X 1 15 814 "7 33 2 N N 6 36 3.15 1.07 ..,) 

6 X 1 16 814 17 23 5 N N 7 40 1. 33 0.82 
6 X 1 17 814 12 28 3 V 4 V 11 40 4.15 1.79 

b X 1 18 814 3 47 1 N N 9 50 3.84 1. 81 
b X 1 19 814 12 28 4 N N 9 40 1. 68 0.65 
6 X 1 20 814 14 26 3 y 1 N 9 40 2.33 o. 93 

b X 1 21 814 12 28 3 N N 3 40 2.18 0.75 
b X 1 22 814 
b X 1 23 814 2 38 1 V 1 N 7 40 2.40 0.75 
b X 1 24 814 
b X 1 25 814 45 0 11 N N 7 45 0.61 0.61 
b X 1 26 814 14 21 6 N N 10 35 3.04 1.18 
b X 1 27 814 q 21 5 y 3 y 12 30 3.51 1. 47 
6 X 1 28 814 3 37 2 N N 10 40 3.33 1. OB 

6 X 1 29 814 b 44 2 N N 6 50 2.58 1. 16 
b X 1 30 814 12 33 "7 N N 11 45 2.98 1.47 ~' 

b X 1 31 814 13 29 5 N N 9 42 3.04 1. 32 
b X 1 32 814 14 21 4 N N 10 35 2.81 0.92 
b X 1 33 814 2 42 1 V 1 y 11 44 4.80 1.67 
6 X 1 34 814 20 10 5 N N 10 30 3.90 1. 87 
6 X 1 35 814 14 30 3 N N 11 44 3.26 1.73 
b X 1 36 814 24 31 7 y 4 V 10 55 3.74 l. 47 
b X 1 37 814 2 33 2 y 2 N 13 35 3.03 1. 69 

b X 1 38 814 7 28 3 N N 7 35 3.85 1. 52 
b X 1 39 814 29 B B N N 10 37 3.62 1. 23 
b X 1 40 814 17 23 4 N N B 40 1.55 0.90 
6 X 1 41 000 1 34 2 V 1 N 13 35 4.78 1. 94 
b X 1 42 000 11 28 4 N N 12 39 3.02 1. 80 

b X 1 43 00(1 1 49 0 N N 11 50 3. 76 1. 87 
b X 1 44 000 1 36 1 N N 10 37 3.45 1. 38 
b X 1 45 000 1 30 0 N N 10 30 3.98 1.83 
b X 28 1 814 20 11 8 N N 9 31 3.58 1. BO 
b X 28 2 814 2 33 0 V 3 N 12 35 4.15 1.92 

b X 28 3 814 4 36 3 N N 8 40 
6 X 28 4 814 13 22 5 N N 11 35 
b X 28 5 814 24 11 10 y 2 N 11 35 
b X 28 b 814 11 24 4 N N B 35 
6 X 28 7 814 7 33 3 N N 9 40 
6 X 28 8 814 14 23 5 V 3 N 10 40 
b X 28 9 814 9 26 4 N N 6 35 
6 X 28 10 814 6 29 3 N N 8 35 



CROSSES -- ARLINBTON CL OYER 

0 C 0 l U M N N 0 . 
CROSS --------------------------------------------------

# 2 3 4 5 6 7 B 9 10 11 12 13 

--------- --------------------------------------------------
6 X 28 11 814 12 18 5 N N 10 30 
6 X 28 12 814 7 28 3 N N 12 35 
6 X 28 13 814 6 26 3 V 2 N 11 32 
6 X 28 14 814 25 10 10 N N 9 35 
6 X 28 15 814 1 31 0 V 2 V 11 32 
6 X 28 16 000 1 29 0 V 2 V 12 30 
6 X 28 17 000 1 34 0 N N 8 35 
6 X 28 18 000 1 32 0 N N 9 33 

28 X b 1 814 15 20 6 V 2 N 11 35 
29 X 6 2 814 8 27 4 N N 7 35 
28 X b 3 814 26 6 10 V 2 N 12 32 
28 X 6 4 814 2 31 1 N N 10 33 
28 X 6 5 814 7 23 4 N N B 30 

; 28 X 6 6 814 6 29 3 N N 10 35 
28 X 6 7 814 9 24 5 N N B 33 
28 X 6 B 814 a 25 5 y 1 N 11 33 
28 X 6 9 814 9 26 5 N N 10 35 
28 X 6 10 814 9 26 5 N N 10 35 
28 X 6 11 814 6 29 4 N N a 35 
28 X 6 12 814 10 22 7 y 2 V 12 32 
28 X 6 13 814 21 11 9 y 1 V 11 32 

28 X 6 14 814 7 25 4 N N 9 32 
28 X 6 15 814 3 29 2 y 1 N 10 32 
28 X 6 16 814 18 12 B V 2 N 11 30 
28 X 6 17 814 11 19 6 y 1 N 10 30 
28 X 6 18 814 14 21 7 N N 9 36 
28 X 6 19 814 2 35 1 N N 10 35 
28 X 6 20 814 7 25 4 V 2 N 10 32 
28 X b 21 000 2 38 1 N N 9 40 
28 X 6 22 000 1 29 0 N N 11 30 
28 X 6 23 000 1 34 0 N N 9 35 
28 X 6 24 000 2 38 1 N N 10 40 
20 X 29 1 814 21 9 6 N N 9 30 2.00 0.74 
20 X 29 2 814 7 23 3 N N B 30 2.09 0.61 
20 X 29 3 814 6 29 3 N N 7 35 1. 91 1. 16 
20 X 29 4 814 11 19 4 N N 10 30 1. 92 1. 01 
20 X 29 5 814 19 11 b N N 10 30 2.70 1. 53 

20 X 29 6 814 17 13 5 N N 9 30 2.25 1. 17 
20 X 29 7 814 3 27 3 N N 7 30 2.34 0.58 
20 X 29 B 814 18 17 4 N N 4 35 1. 73 0.63 
20 X 29 9 814 10 25 3 N N 6 35 2.93 1. 14 
20 X 29 10 814 10 24 3 N N 9 34 2.39 0.97 
20 X 29 11 814 35 35 10 N N 7 35 1. 78 0.52 
20 X 29 12 814 18 18 4 N N 9 36 3.14 1. 65 
20 X 29 13 814 11 19 4 N N 10 30 2.73 1. 29 - 20 X 29 14 814 24 10 B N N 6 34 3.76 1. 23 
20 X 29 15 814 14 21 3 y 1 N 10 35 2.63 1. 46 
20 X 29 16 814 18 17 4 V 1 N 10 35 2.89 1. 23 
20 X 29 17 814 21 14 6 N N 9 35 2.43 0.94 



CROSSES -- ARLINGTON CLOVER 

C 0 L U M N N 0 • 
CROSS --------------------------------------------------

# 2 3 4 5 6 7 B 9 10 11 12 13 

--------- --------------------------------------------------
20 X 29 18 814 14 20 4 N N 9 34 2.85 1. 35 

20 X 29 19 914 16 14 4 N N 9 30 2.23 1. OB 
20 X 29 20 814 15 15 4 N N 10 30 3.21 1. 63 

20 X 29 21 814 10 27 3 N N 8 37 2.36 1. 05 
20 X 29 22 814 11 22 3 N N 9 33 2.84 0.98 
20 X 29 23 814 31 4 10 N N 6 35 1.25 0.58 
20 X 29 24 814 19 13 4 V 1 N 10 32 2.61 1.18 
20 X 29 25 814 22 13 5 N N 5 35 1.84 0.65 
20 X 29 26 814 17 18 4 N N 9 35 2.58 0.99 
20 X 29 27 814 14 21 4 N N 9 35 1. 94 0.79 
20 X 29 28 814 19 16 5 V 2 N 9 35 3.30 1. 58 
20 X 29 29 814 17 18 4 N N 6 35 1.90 1.09 
20 X 29 30 814 10 25 3 N N B 35 3.04 1.42 
20 X 29 31 814 21 11 3 V 1 N 9 32 1. 59 1. 05 
20 X 29 32 814 16 19 3 N N 3 35 2.04 0.68 
20 X 29 33 814 15 15 4 N N 9 30 1.73 0.89 
20 X 29 34 814 20 16 5 N 4 N 9 36 2.03 0.95 
20 X 29 35 814 16 19 5 N N 8 35 1.96 0.95 
20 X 29 36 814 4 36 2 N N 10 40 3.70 1. 42 
20 X 29 37 814 9 26 4 V 6 y 13 35 

Q 20 X 29 38 814 1 34 1 N N 9 35 2.42 0.66 
20 X 29 39 814 13 22 4 N N 9 35 1. 61 1.11 
20 X 29 40 814 
20 X 29 41 000 16 17 5 N N B 33 2.36 1.00 
20 X 29 42 000 24 b 5 N N 5 30 2.08 0.85 
20 X 29 43 000 2 38 1 N N 5 40 2.22 0.71 
20 X 29 44 000 2 31 1 N N 6 33 2.35 1. 26 
29 X 20 1 814 11 27 4 N N 7 39 1.13 0.63 
29 X 20 2 814 16 17 4 V N B 33 2. 73 1. 23 
29 X 20 3 814 14 21 4 N N 7 35 1.77 0.86 
29 X 20 4 814 38 0 10 N N 9 38 2.19 0.55 
29 X 20 5 814 13 19 4 N N 9 32 2.31 0.82 
29 X 20 b 814 24 b 5 N N B 30 1.49 0.70 
29 X 20 7 814 
29 X 20 B 814 8 23 2 y N 2 35 2.40 1. 30 
29 X 20 9 814 20 10 5 N N 9 30 2.81 0.95 
29 X 20 10. 814 13 27 4 N N 7 40 2.03 0.65 
29 X 20 11 814 20 15 5 N N 7 35 2.54 0.79 
29 X 20 12 814 11 19 5 N N 9 30 2.51 1. 04 
29 X 20 13 814 

,., 33 1 V 4 N 12 35 2.46 1. 13 .t. 

29 X 20 14 814 22 13 4 N N 9 35 1. 48 0. 76 
29 X 20 15 814 35 0 10 N N 8 35 2.08 0.87 
29 X 20 lb 814 2 38 1 V 2 y 11 40 1. 96 1.28 
29 X 20 17 814 29 1 9 N N 10 30 2.32 1. 12 
29 X 20 18 814 20 20 5 N N 10 40 2.43 1. 38 - 29 X 20 19 814 33 2 9 N N 7 35 1. 73 0.89 
29 X 20 20 814 9 23 4 N N 9 32 2.36 1. 38 
29 X 20 21 ' 814 12 23 4 N N 11 35 1. 58 1.12 
29 X 20 22 814 12 23 3 N N 9 35 1. 72 0.89 



CROSSES -- ARLINBTON CLOVER 

0 
C 0 L U M N N 0 . 

CROSS --------------------------------------------------
t 2 3 4 5 0 7 B 9 10 11 12 13 

--------- --------------------------------------------------
29 X 20 23 814 B 27 4 N N 10 35 2.28 1. 33 
29 X 20 24 814 26 4 B N N B 30 1. 69 1. 02 
29 X 20 25 814 29 6 8 N N 9 35 2. 11 0.90 
29 X 20 26 814 30 0 10 N N s 30 O.Bl 0.45 
29 X 20 27 814 20 20 5 N N 5 40 1. 92 0.52 
29 X 20 28 814 16 29 5 V 3 y b 45 2.69 1.02 
29 X 20 29 814 16 24 4 y 3 V 9 40 2.93 l. 38 
29 X 20 30 814 22 B 6 N N 9 30 1. 96 0.75 
29 X 20 31 814 18 22 5 y 2 y 9 40 3.14 1. 42 
29 X 20 32 814 32 3 10 N N 9 35 1. 98 1.18 
29 X 20 33 814 14 26 4 N N 9 40 2. 71 1. 25 
29 X 20 34' 814 33 7 9 N N B 40 2.51 1. 01 
29 X 20 35 814 40 0 10 N N 9 40 2.99 1. 04 

, 29 X 20 36 814 1 39 0 V 1 N 10 40 2.40 0.91 
29 X 20 37 814 30 0 9 N N 9 30 1. 80 0.71 
29 X 20 38 814 16 19 4 N N 9 35 2.08 0.92 
29 X 20 39 814 30 0 9 N N 9 30 2. 13 0.87 
29 X 20 40 814 35 0 10 N N 7 35 1.56 0.67 
29 X 20 41 000 19 21 5 N N 9 40 1.16 0.81 
29 X 20 42 000 7 28 2 N N 8 42 2.25 0.83 

0 29 X 20 43 000 3 37 1 N N 9 40 2.07 1. 05 
29 X 20 44 000 2 28 1 V 2 V 7 30 1.53 0.76 
74 X 135 1 814 14 31 4 N N 11 45 2.20 1. 09 
74 X 135 2 814 14 21 4 N N 10 35 1. 59 0.49 
74 X 135 3 814 18 22 5 N N 10 40 1. 39 0.58 . 
74 X 135 4 814 7 33 3 y 4 y 12 40 1. 89 0.82 
74 X 135 5 814 19 11 6 y 1 N 9 30 0.95 0.49 
74 X 135 6 814 3 37 1 y 1 N 10 40 2.43 1. 32 
74 X 135 7 814 1 34 0 y 1 N 9 35 1. 78 0.80 
74 X 135 a 814 21 14 5 N N 10 35 1. 79 0.88 
74 X 135 9 814 14 21 4 N N 9 35 1. 42 0.61 
74 X 135 10 814 11 24 3 V 1 N 10 35 2.60 0.95 
74 X 135 11 814 3 29 2 V 1 N 9 32 1.77 0.66 
74 X 135 12. 814 9 31 3 V '2 N 10 40 2.30 0.77 
74 X 135 13 814 4 36 2 V 2 N 11 40 2.75 1.02 
74 X 135 14 814 14 21 4 N N 10 35 2.14 0.90 
74 X 135 15' 814 17 23 4 N N 11 40 1. 99 1. 01 
74 X 135 16 814 3 37 2 y 1 N 10 40 2.46 0.87 
74 X 135 17 814 2 38 1 N N 11 40 1. 93 0.86 
74 X 135 18 814 9 31 3 N N 9 40 2.56 1.11 
74 X 135 19 814 11 29 3 N N 9 40 2. 11 0.75 
74 X 135 20 814 12 18 5 y 1 N 11 30 1. 83 0.70 
74 X 135 21 814 2 33 1 N N 9 35 2.94 0.81 
74 X 135 22 814 12 23 4 y 2 N 12 35 2.78 1. 28 
74 X 135 23 . 814 9 26 3 y 1 N 11 35 3.03 1. 40 
74X 135 24 814 5 35 3 N N 10 40 2.29 L 18 
74 X 135 25 814 14 21 3 V N 12 35 1. 97 1. 01 
74 X 135 26 814 17 21 4 N N 9 38 2.04 0.99 
74 X 135 27 814 17 23 3 V 2 y 9 40 2.47 0.82 



CROSSES -- ARLINSTON CLOVER 

C 0 L U M N N 0 • 
CROSS -------------------------------~------------------• 2 3 4 5 6 7 B 9 10 11 12 13 

--------- --------------------------------------------------
74 X 135 29 814 17 23 3 V 1 N q 40 1. 84 0.47 
74 X 135 29 814 9 31 3 V 2 V 10 40 2.37 1. 17 
74 X '135 30 814 21 14 5 V 2 N 5 35 1.80 0.82 
74 X 135 31 814 21 19 4 N N 10 40 2.23 0.86 
74 X 135 32 814 13 17 4 N N 10 30 1.82 0.82 
74 X 135 33 814 11 . 24 3 y 2 N 11 35 2.50 1. 14 
74 X 135 34 814 7 33 3 y 1 N 10 40 2.58 0.99 
74 X 135 35 814 4 36 3 y 1 N 12 40 2.37 1.07 
74 X 135 36 914 7 30 3 V 3 N 10 37 3.23 1.35 
74 X 135 37 814 5 30 3 y 1 N q 35 2.43 0.76 
74 X 135 38 814 1 34 1 N N 12 38 2.60 1. 24 
74 X 135 39 814 21 9 7 N N 13 30 3.65 1. 59 
74 X 135 40 814 6 29 3 y 1 N 9 35 3.69 1. 15 
74 X 135 41 000 1 39 1 y 1 N 11 40 3.15 1. 03 
74 X 135 42 000 3 32 2 N N q 35 2.38 0.79 
74 X 135 43 000 3 33 2 N N 10 35 2.61 0.69 
74 X 135 44 000 2 33 1 y 3 N 11 35 3. 96 1. 28 

135 X 74 1 814 11 29 3 N N 10 40 2.45 0.85 
135 X 74 2 814 16 19 9 N N 9 35 2.16 0.70 
135 X 74 3 814 7 33 3 y 1 N 13 40 3.38 1. 50 
135 X 74 4 814 17 15 3 N N lf 32 2.50 0.97 
135 X 74 5 814 7 28 3 y 2 N 13 35 3.07 1. 29 
135 X 74 6 814 4 26 3 N N 8 30 2.38 0.67 
135 X 74 7 814 4 26 3 N N 10 30 2.21 0.66 
135 X 74 8 814 7 28 3 N N 10 35 2.25 0.73 
135 X 74 9 814 11 26 4 N N 11 37 2.39 0.64 
135 X 74 10 814 4 27 3 N N 9 31 1.96 0.53 
135 X 74 11 814 11 19 3 y 2 N 12 30 2.39 1. 02 
135 X 74 12 814 12 20 3 N N 11 32 2.70 1.24 
135 X 74 J.3 814 13 21 3 y 3 N 10 35 2.49 1. 02 
135 X 74 14 814 16 14 5 y 3 y 11 30 2.38 0.97 
135 X 74 15 814 15 15 5 N N 9 30 2.32 0.87 
135 X 74 16 814 6 24 3 y 1 N 10 30 2. 16 o.ao 
135 X 74 17 814 9 33 3 y • 1 N 12 42 2.79 1. 10 
135 X 74 18 814 4 26 3 N N 9 30 2. 12 0.83 
135 X 74 19 814 5 25 3 N N 12 30 3.25 1. 33 
135 X 74 20 814 16 17 3 y 2 y 11 33 2.38 1. OB 
135 X 74 21 814 8 24 3 y 1 N 11 32 2.75 1. 23 
135 X 74 22 814 3 27 3 y 1 N 9 30 2.18 1. 04 
135 X 74 23 814 29 1 8 V 5 y 12 30 2. 92 0.93 
135 X 74 24 814 B 27 3 y 2 y 12 35 2.95 1. 23 
135 X 74 25 814 B 22 4 N N 11 30 1. 39 o. 76 
135 X 74 26 814 3 27 2 N N 7 30 3.04 0.94 
135 X 74 27 814 7 23 3 N N 11 30 2.68 1,70 
135 X 74 28 814 6 36 3 y 1 N 12 42 2.85 1. 42 - 135 X 74 29 814 5 30 2 y 2 N 14 35 2.64 1. 56 
135 X 74 30 814 15 19 3 N N 11 34 2.71 1. OB 
135 X 74 31 814 11 21 3 y N 12 32 2.90 1. 38 
135 X 74 32 814 7 21 4 N N 11 28 2.65 1. 00 



CROSSES -- ARLINGTON CLOVER 

C 0 L U M N N 0 . 
CROSS --------------------------------------------------

I 2 3 4 5 6 7 8 9 10 11 12 13 

--------- --------------------------------------------------
135 X 74 33 814 12 23 3 N N 10 35 1. 78 0.70 
135 X 74 34 814 
135 X 74 35 814 7 28 3 V 2 N 11 35 3.05 1. 57 
135 X 74 36 814 11 19 4 V 1 N 11 30 2.84 1. 48 
135 X 74 37 814 13 23 4 N N 9 36 2.63 0.95 
135 X 74 38 814 b 24 3 V 1 N 10 30 1. 91 o. 76 
135 X 74 39 814 14 22 4 V 2 N 11 36 2.33 0.98 
135 X 74 40 814 10 20 3 y 1 N 11 30 2.15 0.85 
135 X 74 41 000 24 6 8 N N 11 30 2.41 1.09 
135 X 74 42 000 16 14 5 N N 10 30 1. 85 0.85 
135 X 74 43 000 15 17 4 N N 10 32 2.48 1. 36 
135 X 74 44 000 2 33 2 V 2 y 10 35 2.84 1. 32 
135 X 74 45 000 3 32 2 V 2 N 9 35 2.81 1.03 

, 135 X 74 46 000 4 31 2 N N 6 35 2.25 0.75 
37 X 185 1 814 20 20 4 N N 9 40 2.47 1. 47 
37 X 185 2 814 24 b 5 N N 9 30 1. 78 0.93 
37 X 185 3 814 35 5 10 N N 9 40 2. 12 0.97 
37 X 185 4 814 32 8 9 N N 9 40 1. 97 1. 13 
37 X 185 5 814 26 9 7 N N 9 35 2.08 O.BB 
37 X 185 b 814 27 8 10 N N 11 35 2.13 1. 43 

0 37 X 185 7 814 14 21 4 N N 11 35 3.01 1. 73 
37 X 185 8 814 23 17 5 N N 11 40 2.43 1. 59 
37 X 185 9 814 1 34 0 N N 9 35 2.62 1. 35 
37 X 185 10 814 15 20 4 y 3 N 11 35 3.05 1.77 
37 X 185 11 814 34 1 10 N N 8 35 2.27 1. 26 
37 X 185 12 .. 814 25 10 b y 1 N 10 35 2.43 1. 21 
37 X 185 13 814 1 44 0 V 2 N 11 45 2.36 1. 51 
37 X 185 14 814 18 22 4 N N 6 40 1. 48 0.67 
37 X 185 15 814 37 3 10 N N 9 40 1. 12 0.87 
37 X 185 16 814 32 B 10 N N 9 40 2. 17 1. 28 
37 X 185 17 814 30 5 10 N N 9 35 2.69 1. 04 
37 X 185 18 814 16 24 4 N N 7 40 2.12 1. 04 
37 X 185 19 814 35 5 10 N N 10 40 2.09 1. 28 
37 X 185 20 814 25 8 9 N N 10 33 1. 7 6 0.82 
37 X 185 21 814 30 10 8 N N u 40 2.01 1. 41 
37 X 185 22 814 12 23 3 y 1 N 9 35 2. 74 1. 06 
37 X 185 23 814 25 5 7 N N 11 30 2.71 1. 68 
37 X 185 24 814 30 5 9 N N 11 35 2.91 1. 31 
37 X 185 25 814 10 25 4 V 1 N 11 35 3.43 1. 74 
37 X 185 26 814 33 7 10 N N 10 40 2.19 1. 09 
37 X 185 27 814 27 3 9 N N 9 30 1. 84 0.84 
37 X 185 28 814 32 8 9 N N 9 40 1.83 t. 16 
37 X 185 29 814 31 9 9 N N 10 40 1. 60 1. 09 
37 X 185 30 814 32 8 B N N 9 40 2.20 1. 23 
37 X 185 31 814 29 b 8 N N 9 35 1. 63 0.81 - 37 X 185 32 814 
37 X 185 33 814 30 5 10 N N 9 35 1. 12 0.79 
37 X 185 34 814 40 0 11 N N 9 40 2.02 1.11 
37 X 185 35 814 34 . 1 10 N N 9 35 1. 72 0.72 



CROSSES -- ARLINSTON CLOVER 

C 0 L U M N N 0 • 
CROSS --------------------------------------------------

I 2 3 4 5 6 7 8 9 10 11 12 13 
--------- --------------------------------------------------

37 X 185 36 814 30 10 8 N N 7 40 2.08 1. OB 
37 X 185 37 814 27 3 9 N N 9 30 2.34 0.97 
37 X 185 38 814 
37 X tB5 39 814 2 33 1 y 1 N 9 35 3.21 1.47 
37 X 185 40 814 12 23 3 N N 8 35 2.29 o. 93 
37 X 185 41 000 14 21 4 N N 6 35 1. 27 0.76 
37 X 185 42 000 34 6 8 V 2 V B 40 1.32 0.95 
37 X 185 43 000 6 34 1 N N 11 40 3.12 1.69 
37 X 185 44 000 11 29 2 V 1 N 9 40 2.16 1. 29 
37 X 185 45 000 1 44 0 V 1 N 9 45 1. 79 1.23 

185 X 37 i 814 19 16 5 y 2 N 9 35 2.01 l. 25 
185 X 37 2 814 29 6 9 N N 11 35 1.73 1. 09 
185 X 37 3 814 26 6 8 N N 9 32 1.10 0.82 

, 185 X 37 4 814 14 19 4 N N 9 33 1. 62 0.95 
185 X 37 5 814 B 22 3 y 1 N 6 30 1. 63 0.67 
185 X 37 6 814 21 14 6 N N 10 35 1. 97 1.17 
185 X 37 7 814 16 19 4 N N 10 35 1.83 1.04 
185 X 37 8 814 22 B 8 N N 7 30 0.92 0.60 
185 X 37 9 814 20 10 4 y 1 N 10 30 2.30 1.25 
185 X 37 10 814 24 6 B N N 9 30 1.96 0.65 
185 X 37 11 814 26 4 9 N N 11 30 3.16 1. 43 
185 X 37 12 814 10 25 4 N N 11 35 1.86 1. 06 
185 X 37 13 814 12 18 4 N N 9 30 1.46 1.04 
185 X 37 14 814 15 20 4 N N 10 35 2.79 1.48 
185 X 37 15 814 14 16 4 N N 9 30 2.40 1. 35 
185 X 37 16 814 13 22 4 N N B 35 2.04 0.92 
185 X 37 17 814 30 10 9 N N 9 40 1. 83 0.99 
185 X 37 18 814 12 18 4 N N 9 30 2.42 1.23 
185 X 37 19 814 16 14 4 y 1 N 9 30 2.17 1. 15 
185 X 37 20 814 10 20 3 V 1 N 10 30 1. 75 1. 08 
185 X 37 2·1 814 20 10 6 N N 9 30 2.44 1. 15 
185 X 37 22 814 16 14 b V 2 N 11 30 2.30 1. 49 
185 X 37 23 814 16 19 4 N N 9 35 2.26 1.27 
185 X 37 24 814 18 12 7 N N 11 30 1. 60 1. 35 
185 X 37 25 814 28 2 9 N N 9 30 1. 71 0.70 
185 X 37 26 814 30 5 B V 1 N 12 35 3.35 1.62 
185 X 37 27 814 3 27 1 V 2 N 10 30 3.29 l. 51 
185 X 37 28 814 16 14 3 N N 9 30 1. 74 0.95 
185 X 37 29 814 25 10 7 N N 10 35 2.23 1. 31 
185 X 37 30 814 15 20 4 N N 10 35 2.50 1. 73 
185 X 37 31 814 16 24 4 y 2 N 11 40 2.66 1. 41 
185 X 37 32 814 24 9 7 N N 8 35 2.59 1. 25 
185 X 37 33 814 7 23 3 N N 11 30 3.56 1. 67 
185 X 37 34 814 24 6 e N N 9 30 2.69 1. 62 
185 X 37 35 814 23 7 7 N N 9 30 2.20 1. 09 
185 X 37 36 814 24 16 6 V 1 y 9 40 2.81 1. 41 
185 X 37 37 814 35 5 10 N N 10 40 2.32 1. 16 
185 X 37 38 814 12 23 4 y 2 N 11 35 2.54 1. 97 
185 X 37 39 814 21 9 7 N N 11 30 2.05 1. 00 



CROSSES -- ARLI NB TON CLOVER 

- C 0 L U M N N 0 • 

CROSS --------------------------------------------------
I 2 3 4 5 6 7 B 9 10 11 12 13 

--------- --------------------------------------------------
195 X 37 40 814 11 19 4 N N 10 30 1. 98 1.11 
185 X 206 1 814 6 29 3 N N 8 30 
185 X 206 2 814 7 28 3 N N 9 35 
185 X 206 3 814 6 24 3 y 1 N 10 30 
185 X 206 4 814 15 15 7 y 2 N 11 30 
185 X 206 5 814 11 29 6 N N 10 40 
195 X 206 6 814 7 30 3 N N 11 37 
185 X 206 7 814 7 33 3 N N 9 40 
185 X 206 B 814 26 8 10 N N 8 34 
185 X 206 9 814 18 15 B N N 7 33 
195 X 206 10 814 12 33 5 N N 8 45 
185 X 206 11 814 23 9 10 N N 8 32 
195 X 206 12 914 28 4 10 V 2 N 9 32 

. 185 X 206 13 . 814 12 23 6 N N 9 35 

185 X 206 14 814 14 19 5 N N q 32 
185 X 206. 15 814 11 24 6 y 1 N 9 35 
185 X 206 16 914 15 16 6 V 1 N 10 31 
185 X 206 17 914 30 0 l1 N N 9 30 
195 X 206 19 814 17 18 8 N N 8 35 
185 X 206 19 814 9 31 4 y 1 N 10 40 
195 X 206 20 914 32 0 11 N N 9 32 
185 X 206 21 814 11 24 7 N N 8 35 
185 X 206 22 814 9 26 4 V q V 9 35 
185 X 206 23 814 1 34 0 y 1 N 9 35 
206 X 195 1 814 5 25 2 N N 9 30 
206 X 185 2 814 11 22 6 N N 8 33 
206 X 185 3 914 15 20 6 V 2 N 10 35 
206 X 185 4 814 8 27 4 V 1 N 9 35 
206 X 185 5 814 33 0 11 N N 9 33 
206 X 185 6 814 22 13 9 y 2 N 10 35 
206 X 185 7 814 16 24 7 N N B 40 
206 X 185 8 814 9 26 3 N N 9 35 
206 X 185 9 814 28 2 10 V 2 N 10 30 
206 X 185 10 814 16 32 4 N N 8 48 
206 X 185 11 814 21 12 B N N B 33 
206 X 195 12 814 4 26 3 N N 9 30 
206 X 185 13 814 23 7 9 N N 9 30 
206 X 185 14 814 10 20 7 y 1 N 10 30 
206 X 185 15 814 12 23 7 V 2 N 11 35 
206 X 185 16 814 13 19 7 V 2 N 11 32 
206 X 185 17 814 18 12 7 V 2 N 10 30 
206 X 185 18 814 19 16 7 V 1 N 9 35 
206 X 195 19 814 21 9 7 N N B 30 
206 X 185 20 814 2 33 1 V 2 N 10 35 
206 X 185 21 000 1 29 0 N N 9 30 



CROSSES -- FLOREX CLOVER 

0 
C 0 L U M N N 0 • 

CROSS -------------------------------~------------------
I 2 3 4 5 6 7 B 9 10 11 12 13 

--------- --------------------------------------------------
269 X 270 1 814 5 25 3 N N 10 33 

269 X 270 2 814 8 27 2 N N 9 35 
269 X 270 3 814 14 21 5 N N 10 33 

269 X 270 4 814 20 10 a N N a 31 
269 X 270 5 814 2 33 1 V 1 N 9 35 

269 X 270 6 814 26 9 10 N N 8 35 

269 X 270 7 814 7 23 4 V 2 N 10 30 
269 X 270 8 814 1 29 0 N N 9 30 
269 X 270 9 814 6 24 3 V 2 N 11 30 
269 X 270 10 814 9 26 4 N N 10 35 
269 X 270 11 814 29 6 10 V 1 N 10 35 
269 X 270 12 814 6 29 4 N N 11 35 

269 X 270 13 814 2 28 0 N N 11 30 
~ 269 X 270 14 814 4 26 2 V 1 N 11 30 

269 X 270 15 814 12 18 6 N N 9 30 
269 X 270 16 814 25 5 9 N N 8 30 
269 X 270 17 814 13 17 6 N N 8 30 
269 X 270 18 814 3 27 2 N N 12 30 
269 X 270 19 814 9 26 5 V 1 N 10 35 
269 X 270 20 814 3 37 1 N N 11 38 
269 X 270 21 814 30 5 10 N N 7 35 
269 X 270 22 814 14 21 7 V 1 N 9 35 

269 X 270 23 814 2 28 1 N N 9 30 
269 X 270 24 814 B 27 4 N N 9 35 
269 X 270 25 814 21 9 8 V 2 N 10 30 
269 X 270 26 914 2 28 1 N N 10 30 
269 X 270 27 814 17 12 B N N B 29 
269 X 270 28 814 14 15 7 V 2 N 10 29 

269 X 270 29 814 4 31 2 V 1 N 10 35 
269 X 270 30 814 18 12 8 N N 9 30 
269 X 270 31 814 5 30 3 N N 11 35 
269 X 270 32 814 9 26 5 N N 9 35 
269 X 270 33 814 8 22 4 y N 9 30 
269 X 270 34 814 10 25 6 N ' N 10 35 
269 X 270 35 814 7 28 b N N B 35 
269 X 270 36 814 6 29 3 y 2 N 11 35 
269 X 270 37 814 6 29 3 V 1 N 10 35 
269 X 270 38 814 7 25 3 N N 10 32 
269 X 270 39 814 11 19 4 N N 7 30 
269 X 270 40 814 17 12 6 V 1 N 9 29 
269 X 270 41 000 25 10 9 N N 8 35 
269 X 270 42 000 1 34 0 V 2 N 11 35 
269 X 270 43 000 2 28 0 N N 9 30 
269 X 270 44 814 3 27 1 V 1 N 9 31 
270 X 269 1 814 30 0 11 N N 8 30 

270 ·X 269 2 814 15 19 7 N N 9 35 
270 X 269 3 814 4 31 2 V 2 N 10 35 
270 X 269 4 814 B 32 4 V 2 N 10 40 
270 X 269 5 814 2 33 0 N N 10 35 



CROSSES -- FLOREX CLOVER 

C 0 L U 11 N N 0 • 
CROSS --------------------------------------------------
• 2 3 4 5 6 ' 7 8 9 10 11 12 13 

--------- --------------------------------------------------
270 X 269 6 814 2 33 0 V 3 N 11 35 
270 X 269 7 814 6 29 4 y 1 N 9 35 
270 X 269 8 814 7 28 4 V 2 N 11 35 
270 X 269 9 814 12 23 7 N N B 35 
270 X 269 10 814 19 16 B V 1 N 9 35 
270 X 269 11 814 24 11 9 N N 8 35 
270 X 269 12 914 26 B 9 N N 7 35 
270 X 269 13 814 7 28 4 y 2 N 10 30 
270 X 269 14 814 2 28 1 V 3 N 12 30 
270 X 269 15 814 9 24 5 N N 9 33 
270 X 269 16 814 b 24 4 V 1 N 10 30 
270 X 269 17 814 13 19 7 N N a 32 
270 X 269 18 814 3 32 1 N N 9 35 

• 270 X 2b9 19 814 14 21 7 N N 7 35 
270 X 269 20 814 5 32 2 N N 9 37 
270 X 269 21 814 8 32 4 N N 9 40 
270 X 2b9 22 814 4 31 2 V 2 N 10 35 
270 X 269 23 814 11 29 6 N N 8 40 
270 X 269 24 814 2 33 1 V 1 N 9 35 
270 X 269 25 814 7 31 4 N N 9 38 
270 X 269 26 814 6 29 4 V 2 N 11 35 
270 X 269 27 814 2 33 1 N N 9 35 
270 X 269 28 814 12 23 6 N N 8 35 
270 X 269 29 814 16 15 8 V 1 N 9 31 
270 X 2b9 30 814 3 37 1 N N 9 40 
270 X 269 31 814 15 15 B y 1 N 7 30 
270 X 269 32 814 22 13 7 N N B 35 
270 X 269 33 814 14 lb 6 N N 9 30 
270 X 269 34 814 11 29 5 y 1 N 9 40 
270 X 269 35 814 14 18 6 N N 8 32 
270 X 269 3b 814 9 21 5 V 1 N 10 30 
270 X 269 37 814 7 25 4 y 2 N 10 32 
270 X 269 38 814 1 34 0 N N 9 35 
270 X 269 39 814 1 32 0 y '2 N 12 35 
270 X 269 40 814 2 34 1 y 1 N 11 36 
270 X 269 41 000 1 29 0 N N 9 30 
270 X 269 42 000 2 33 0 N N 11 35 
275 X 277 1 814 15 20 4 N N 10 35 
275 X 277 2 814 7 25 3 N N 10 32 

275 X 277 .3 814 20 20 6 N N 8 40 
275 X 277 4 814 B 32 3 N N 9 40 
275 X 277 5 814 12 28 5 y 1 N 9 38 
275 X 277 6 814 14 21 6 V 1 N 10 35 
275 X 277 7 814 9 31 4 N N 10 40 
275 X 277 8 814 2 28 1 N N 9 30 
275 X 277 9 814 11 29 5 N N 8 40 
275 X 277 10 814 11 24 4 N N 8 35 
275 X 277 11 814 26 11 B N N 6 37 
275 X 277 12 814 33 .... 9 N N 7 35 L 



CROSSES -- FLOREX CLOVER 

- C 0 L U M N N 0 • 
CROSS -------------------------------~------------------

I 2 3 4 5 b 7 B 9 10 11 12 13 

--------- ----------------------·---------------------------
275 X 277 13 814 18 12 7 y 1 N 8 30 
275 X 277 14 814 24 11 8 N N a 35 
275 X 277 15 814 8 22 3 N N 9 30 
275 X 277 16 814 12 23 5 V 3 N 11 35 
275 X 277 17 814 7 28 3 N N 10 35 
275 X 277 18 814 6 29 2 N N 9 35 
275 X 277 19 814 28 4 7 N N 7 32 
275 X 277 20 814 17 15 6 N N a 32 
275 X 277 21 814 13 17 6 N N 11 35 
275 X 277 22 814 9 21 4 N N 10 30 
275 X 277 23 814 21 12 7 N . N 9 33 

275 X 277 24 814 14 18 5 N N 8 32 
275 X 277 25 814 15 15 4 N N 9 30 

, 275 X 277 26 814 9 26 3 N N 10 35 
275 X 277 27 814 15 20 5 N N B 35 
275 X 277 28 814 32 2 B N N 6 34 
275 X 277 29 814 14 18 5 y 1 N 7 32 
275 X 277 30 814 11 24 4 N N 8 35 
275 X 277 31 814 6 29 2 N N 9 35 
275 X 277 32 814 12 28 3 V 3 N 10 40 
275 X 277 33 814 8 28 3 N N 9 36 
275 X 277 34 814 9 21 3 N N 9 30 
275 X 277 35 814 6 26 ... 

·-' N N 9 32 

275 X 277 36 814 15 20 5 V 2 N 10 35 
275 X 277 37 814 19 11 7 N N 10 30 
275 X 277 38 814 11 24 5 N N 11 35 
275 X 277 39 814 13 22 5 N N 9 35 
275 X 277 40 814 17 23 4 N N 7 40 

275 X 277 41 000 21 15 6 N N 8 36 
275 X 277 42 000 1 32 1 N N 8 33 
275 X 277 43 000 3 32 1 y 1 N 9 35 
275 X 277 44 000 1 29 1 N N B 30 
277 X 275 1 814 19 11 b N N 7 30 
277 X 275 2 914 28 7 9 N • N 6 35 
277 X 275 3 814 1 25 3 N N 9 30 

277 X 275 4 814 6 30 3 V 2 N 11 36 
277 X 275 5 814 12 18 4 V 3 N 8 30 
277 X 275 6 914 7 25 3 N N 9 32 

277 X 275 7 814 6 24 2 N N 9 30 
277 X 275 8 81.4 10 25 4 V 1 N 9 35 
277 X 275 9 814 21 9 7 N N 6 30 
277 X 275 10 814 14 21 6 V 1 N 10 35 
277 X 275 11 814 13 22 5 N N 11 35 
277 X 275 12 814 15 25 5 V 3 N 12 40 
277 X 275 13 814 12 23 4 N N 9 35 

0 277 X 275 14 814 33 2 9 N N 5 35 
277 X 275 15 814 8 26 2 N N 8 34 
277 X 275 16 814 16 14 5 N N 7 30 
277 X 275 17 814 9 24 3 N N 9 33 



CROSSES -- FLOREX CLOVER 

C 0 L U 11 N N 0 • 

CROSS -------------------------------~------------------

• 2 3 4 5 6 7 B 9 10 11 12 13 

--------- --------------------------------------------------
277 X 275 18 814 21 14 7 N N 8 35 
277 X 275 19 814 14 16 5 V 1 N 10 30 
277 X 275 20 814 21 16 6 N N 9 37 
277 X 275 21 814 4 32 1 N . N 8 36 
277 X 275 22 814 8 27 3 V 2 N 12 35 
277 X 275 23 814 7 28 3 N N 10 35 

277 X 275 24 814 27 5 8 N N 9 32 
277 X 275 25 814 6 30 3 N N 9 35 
277 X 275 26 814 12 23 4 V 2 N 8 32 
277 X 275 27 814 11 29 3 N N 8 40 
277 X 275 28 814 1 29 1 N N 9 30 
277 X 275 29 814 15 15 5 N . N b 30 
277 X 275 30 814 7 22 3 N N 9 29 

• 277 X 275 31 814 9 26 4 N N 11 35 
277 X 275 32 814 7 28 3 N N 10 30 
277 X 275 33 814 11 22 3 N N 7 33 
277 X 275 34 814 10 20 2 V 2 N 10 30 
277 X 275 35 814 13 22 2 V 3 N 11 35 
277 X 275 36 814 14 20 4 N N 8 34 
277 X 275 37 814 14 21 5 N N 7 35 
277 X 275 38 814 12 23 5 V 1 N 9 35 
277 X 275 39 814 11 24 4 N N 9 35 
277 X 275 40 814 1 29 1 N N 12 30 
277 X 275 41 000 3 27 1 N . N 9 30 
277 X 275 42 000 2 33 1 N N 8 35 
277 X 275 43 000 3 27 2 N N 10 33 
279 X 294 1 814 11 19 3 N N 10 30 2.78 0.62 
279 X 294 2 814 26 11 7 N N B 35 2.03 0.85 
279 X 294 3 814 14 26 4 V N 9 40 1. 8'3 o. 74 
279 X 294 4 814 16 11 3 N N 9 37 1.88 0.63 
279 X 294 5 814 16 16 5 N N 10 32 1. 55 0.63 
279 X 294 b 814 30 6 a y 3 V 11 36 1. 99 o. 72 
279 X 294 7 814 20 12 4 V 1 y 11 32 2.43 0.97 
279 X 294 8 814 27 6 9 N N 10 33 1. 28 0.21 
279 X 294 9 814 15 25 4 N N 11 40 1. 92 0.75 
279 X 294 10 814 5 30 3 N N 7 35 2.41 0.70 
279 X 294 11 814 20 20 5 N N 7 40 1. 29 0.54 
279 X 294 12 814 22 13 7 N N 7 35 2. 11 0.66 
279 X 294 13 814 12 25 5 N N 9 37 1.74 0.59 
279 X 294 14 814 26 14 B N N 8 40 1. 66 0.48 
270 X 294 15 814 16 18 6 N N 11 36 3.04 1. 27 
279 X 294 16 814 1 39 0 N N 9 40 2.41 1. 25 
279 X 294 17 814 31 9 9 N N 6 40 0.72 0.24 
279 X 294 18 814 29 11 9 N N 5 40 1. 75 0.52 
279 X 294 19 814 11 24 3 N N 9 35 2.35 0.83 

0 279 X 294 20 814 21 14 6 N N 10 35 2.39 0.91 
279 X 294 21 814 14 21 5 N N 5 35 1. 20 0.37 
279 X 294 22 814 7 28 3 N N 10 35 3.43 1. 09 
279 X 294 23 814 14 23 4 N . N 11 37 2.20 1. 09 



CROSSES -- FLOREX CLOVER 

0 
C 0 L U M N N 0 • 

CROSS ---------------------------------------------------
# 2 3 4 5 6 7 8 9 10 11 12 13 

--------- ---------------------------------------------------
279 X 294 24 814 19 21 6 y V 13 40 2.53 1. 14 
279 X 294 25 814 14 26 5 N N 11 40 3.44 0.99 
279 X 294 26 814 16 14 6 N N 10 30 3.59 1. 03 
279 X 294 27 814 21 19 B N N 10 40 2.09 0.87 
279 X 294 28 814 16 24 5 N N 9 40 2.07 0.88 
279 X 294 29 814 26 11 6 N N 10 35 3.45 1.13 
279 X 294 30 814 22 18 B y V 12 40 3.94 1.67 
279 X 294 31 914 14 26 4 N N 10 40 1. BB 0.84 
279 X 294 32 814 31 11 4 N N 9 42 2.55 o. 74 
279 X 294 33 814 22 8 7 N N 10 30 2.55 0.99 
279 X 294 34 814 1b 14 5 N N 6 30 1. 95 0.57 
279 X 294 35 814 20 15 7 N N 9 35 1. 73 O.b4 
279 X 294 36 814 20 15 5 N N 8 35 1. 50 0.45 

• 279 X 294 37 814 13 20 4 N N 11 33 3. 73 1. 39 
279 X 294 38 814 1 39 1 N N 10 40 2.79 1. 53 
279 X 294 39 814 11 29 3 N N 10 40 2.67 0.93 
279 X 294 40 814 18 17 7 N N 9 35 3.73 0.9b 
294 X 279 1 814 21 12 b N N B 33 2. 13 0.57 
294 X 279 2 814 7 33 3 y 2 N 10 40 3.43 1. 37 
294 X 279 3 814 18 15 5 N N b 35 1. 27 0.42 
294 X 279 4 814 2 38 1 N N 11 40 3.39 1. 04 
294 X 279 5 814 30 10 9 N N 7 40 2.26 0.75 
294 X 279 6 814 15 20 4 N N 12 35 2.33 0.93 
294 X 279 7 814 31 4 8 N N 7 35 2.39 0.57 
294 X 279 8 814 11 24 4 N N 10 35 2.49 0.97 
294 X 279 9 814 26 14 7 N N 9 40 1.83 0.7b 
294 X 279 10 814 12 23 5 N N 13 35 2.98 1. 2b 
294 X 279 11 814 16 16 b N N 11 32 2.63 1.24 
294 X 279 12 814 14 21 6 N N 10 35 
294 X 279 13 814 12 18 5 N N 11 30 2.41 0.70 
294 X 279 14 814 14 21 3 y 2 y 9 35 1. 63 0.60 
294 X 279 15 814 7 28 4 N N 9 35 1. 99 0.71 
294 X 279 16 814 11 19 6 N N 6 30 t. 97 0.23 
294 X 279 17 814 22 13 7 N . N 9 35 1. 21 0.61 
294 X 279 18 814 40 5 9 V 5 y 12 45 1. 94 0.95 
294 X 279 19 814 18 12 B N N 5 30 1. 46 0.53 
294 X 279 20 814 22 18 5 y 4 V 11 40 2.72 0.92 
294 X 279 21 814 6 29 3 N N 10 35 2.97 0.85 
294 X 279 22 814 15 15 5 N N 5 30 1. 02 0.21 
294 X 279 23 814 17 18 5 N N 10 35 2.25 0.85 
294 X 279 24 814 21 19 4 V 2 V 11 40 2.68 0.91 
294 X 279 25 814 32 0 9 N N 6 32 0.95 0.39 
294 X 279 2b 814 21 14 4 y 4 V 13 35 3.80 2.06 
294 X 279 27 814 20 10 5 V 3 N 11 30 3.22 1. 37 
294 X 279 28 814 9 2b 3 N N 9 35 2.94 0.84 
294 X 279 29 814 6 24 4 N N b 30 2.71 0.92 
294 X 279 30 814 7 28 3 y 5 V 12 35 2.91 1. 44 
294 X 279 31 814 14 21 5 N N 7 35 1. 59 0.61 
294 X 279 32 814 18 12 3 N N 7 30 2.22 0.44 



CROSSES -- FLOREX CLOVER 

0 
C 0 L U 11 N N 0 • 

CROSS ---------------------------------------------------
I· 2 3 4 5 6 7 B 9 10 11 12 13 

--------- ---------------------------------------------------
294 X 279 33 814 21 19 5 N N 10 40 3.71 1. 09 
294 X 279 34 814 18 17 5 N N 10 35 2.17 1. 51 
294 X 279 35 814 21 24 6 N N 11 45 3.40 1. 53 
294 X 279 36 814 14 21 5 N N 10 35 2.93 1. 12 
294 X 279 37 814 19 11 4 N N 10 30 2.90 0.91 
294 X 279 38 814 13 22 5 N N 11 35 3.10 1. 25 
294 X 279 39 814 21 9 5 N N 10 30 2.67 0.89 
294 X 279 40 814 3 31 2 y 2 V 13 32 4.04 1. 02 
294 X 279 41 000 29 6 B N N 9 35 3.74 0.97 
294 X 279 42 000 5 35 2 V 1 N 11 40 3.57 1. 00 
294 X 279 43 000 2 33 2 N N 9 35 2.93 0.90 
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VII.3 A P P E N D I X 3 

Normality tests on the EU§@[lYm infection length (IL) measured from the 
inoculation site for the parental populations of the two red clover 
cultivars, over all inoculation groups and within each group. 

OVER THE TWO 
RED CLOVER CULTIVARS ARLINGTON FLOREX 

Variables D:normal Prob > D D:normal Prob > D D:normal Prob > D 

IL 0.13904 < 0.01 0.14884 < 0.01 0.13649 < 0.01 

SQRT ll 0.07559 < 0.01 0.08954 < 0.01 0.06151 0.04 

LN IL 0.08824 < 0.01 0.09865 < 0.01 

IL 814 0.10748 < 0.01 0.15678 < 0.01 

SQRT 814 0.05484 > 0.15 o. 07795 > 0.15 

LN 814 0.10442 < 0.01 0.08749 > 0.15 

IL 927 0.15718 < 0.01 0.16718 < 0.01 

SQRT 927 0.09637 < 0.01 0.13385 < 0.01 

LN 927 0.10355 < 0.01 0.13940 < 0.01 

IL 959 0.16394 < 0.01 0.15775 < 0.01 

SI:JRT 959 0.09631 < 0.01 0.11512 0.02 

LN 959 o. 07781 0.04 0.08929 > 0.15 

NOTES: IL: infection length, NOT TRANSFORMED 
SQRT: square root transformation of IL 
LN : logarithmic transformation of IL 

0.09371 < 0.01 

o. 07376 > o. 15 

0.06354 > 0.15 

0.13902 < 0.01 

0.17340 < 0.01 

0.09526 0.14 

0.07411 > 0.15 

0.17512 < 0.01 

0.10744 0.04 

0.08201 > 0.15 

814, 927, 959: Normality tests on each group of inoculation 


