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ABSTRACT

Keri, M., M.Sc,, The University of Manitoba, July, 1991, Resistance of Brassica

j_q¡teei! to blackleg disease caused by LepfOSplac¡!a maculans,

Major Professor: Dr. S. R, Rimmer,

LeBtqSphêgUA maculans causes blackleg disease in many cultivated crucifers

including Brassica ju_ncgê. To date only a limited number of plants from this species

have been evaluated for resistance to this pathogen. Accessions of B. junççê tvere

evaluated for reactions to 2 isolates ofL. maculans (Plat2, P186-14) at the cotyledon stage

(296 accessions) and to 1 isolate (P186-14) at the adulr plant stage (258 accessions).

Accessions were observed for consistency of inte¡action phenotype over 3 rating times,

and for root infection. Most accessions of B. þ¡ç9¿ were resistant at the cotyledon and

adult plant stages but the roots were susceptible. læptosphaeria maculans was recovered

from a sample of infected roots. Most (7 6vo) plants within accessions were resistant at

the cotyledon and adult plant stages, but some plants ¡esistant at the cotyiedon stage were

susceptible at the adult plant stage. Interaction phenotypes on most (772o) accessions

were not consistent over the 3 ratings. susceptible lines were subsequently selected from

plants whose rating scores were > 5.0 in any of the 3 ratings. A weak cor¡elation

1r=0.28**) was found between cotyledon and adult tests.

The use of resistant host varieties is an effective method to control blackleg

disease but little is known about the genetic control of resistance to L. maculans in

Brassica species. The inheritance of resistance in B. þ¡çga to L. maculans was

investigated in geenhouse experiments. Three ¡esistant parents (UM3021, UM3043,

uM3323) were reciprocally crossed to the susceptible parent uM3132 and to each other.

The parents, F1 and F2 plants of the cfosses were tested for reactions to L. macì.llans at

the cotyledon and adult plant stages. F2 plants from the crosses involving the resistant
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parents and F3 plants obtained from susceptible F2 plants from the cross UM3021 x

UM3132 were not tested at the adult stage. Resistance in all 3 resistant lines was

controlled by 2 nuclear genes with dominant recessive epistatic action. This is supported

by the segregation for resistance (1:3) in some F3 populations obtained fiom susceptible

F2 plants. No seglegation occuued in F2 progeny of resistant x tesistant crosses.

The relationship between the levels of seed glucosinolates and resistance in !.
iunçça to !. maculans was investigated. The levels of seed glucosinolates in 3 resistant

lines (JM3021, UM3043, UM3323) and 3 susceptible lines (UM3132, UM3466,

UM3467) were determined. In addition, the levels of seed glucosinolates in F1, F2, and

F3 seeds of crosses between resistant and susceptible li¡es were determined as were the

reactions of the plants to L. maculans. Resistance to L. maculans was controlled by

nuclear genes but levels of seed glucosinolates was controlled by the genotype of the

maternal plant. The predominant glucosinolate in seeds of the resistant lines UM3043,

uM3323 was 2-propenyl glucosinolates and the predominant seed glucosinolate in the

susceptible lines and the resistant line uM3021 was 3-butenyl glucosinolates. There

were significant differences between the levels of the 2-propenyl glucosinolates in the

¡esistant parents uM3323 & uM3043 and the parenrs uM3132,1JM3466, uM3467 g.

uM3021. The levels of the 3-butenyl glucosinolates in the susceptible parents and

resistant parent uM3021 were not significantly diffe¡ent. The 2-propenyl glucosinolate

was dominant over 3-butenyl glucosinolate. No relationship between resistance in B.

þ¡ç9¿ to L. maculans and the major seed glucosinolates was observed.
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FOREWORD

This thesis follows the manuscript style outlined by the Department of Plant

Science, Univelsity of Manitoba. Manuscripts follow the style recommended by the

Canadian Journal of Plant Pathology. Three manuscripts, each containing an abstract, an

introduction, mate¡ials and methods, results and discussion are presented. The

manuscripts are preceded by a general intloduction and literature review, and followed

by a general discussion, literature cited and appendices.
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GENERAL INTRODUCTION

Oilseed Brassica species are the third most impoftant sources of edible vegetable

oil in the world (Downey & Robbelen 1989). In Canada, oilseed rape (Brassica napu! L.

and Brassica rapa L. (syn. B. campestris L.) and mustard are significant economic crops

(Martens et al. 1984, Downey & Robbelen i989). The major cultivated species of

mustard are Brassica juncea Czern & Coss (brown & oriental mustard) and Sinapis alba

L. (yellow mustard).

Increased production of Brassica spp., especially of oilseed rape, has been

threatoned in many producing areas by the build up of diseases coÍlmon to rape, mustard

and the other crucifers. One such disease is blackleg, caused by Leptosphaeria maculans

(Desm.) Ces. & de Not. and its asexual stage Phoma lingam (Tode ex Schw.) Desm. This

pathogen occurs as aggressive and non-aggressive populations, Both tho aggressive and

non-aggressive populations of L. maculans have been reported in Canada (McGee &

Petrie 1978, Petrie 1979, Martens et al. 1984) and in Britain (Humpherson - Jones

1983a). Aggressive populations cause more serious damage than non-aggressive ones,

but disease severity fluctuates from year to year (McGee & Emmett 1977, Thurling &

Venn 1977, McGee & Petrie 1978, Gladders & Musa 1980). The fluctuations in the

aggressiveness of the pathogen suggest that L. maculans may respond to changes in host

resistance (Caryeeg & Thurling i980b, Delwiche 1980, Newman 1984) and/or

environmental influences. Hence, there is need for new sources of more stable

resistance.

Breeding for resistance to blackleg has been a major objective of oilseed rape

improvement programs in many count¡ies including canada. This is due to the serious

disease threat atüibutable to blackleg in Australia (Bokor et aL 1975, McGee 1977,

McGee & Emmett 1977, Thulling & Venn 1977), France (Alabouvette & Brunin 1970),

Kenya (Piening er al. 1975), England (Cook & Evans 1978) and more recently in Canada
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(Petrie 1979). Resistant varieties, rvhen available, have been able to increase and/or

maintain yields economically. The use of host resistance for disease control is also

environmentally desirable, and helps to onsure that yields ¡emain stable and predictable

over time.

Sources of resistance have been reported in many Brassica spp. including wild

species. Resistance which can only protect the crops in the adult stage has been found in

B. ¡apa (genome AA) and B. napu! (genome AACC) (Roy & Reeves 1975). Brassica

jg.[Cg4, a related species with genome AABB, possesses complete ¡esistance at both

seedling and adult plant stages (Roy 1984). This resistanca has also been said to be

stable although little is known about this host-pathogen relationship or the genetic conrrol

of the resistance. Genetic control of resistance, to any given pathogen, must involve the

association of two organisms - the host and the pathogen; and hence the interaction of

theû genotypes (Person & Mayo 1974). Such a relationship is expressed as the

observable disease ¡eaction or interaction phenotype (Ellingboe 1976). Evaluations of

some Brassica spp. for reactions to L. maculans have been reported but no such formal

evaluations of E. jlncgê have been made to date. In the evaluation of B. napus reactions

to L. maculans, Vr'illiams (1985) used a cotyledon raring scale of 0-9, where 0 indicated

highly resistant and t highly susceprible interaction phenotypes. while it is a satisfactory

scale of measurement, it has been rather difficult, in some cases, to delineate a resistant

reaction from a susceptible one.

The seedling and adult plant resistance in B. ju¡cc¿ to L. maculans has been

fiansfened to B. napus (Roy 1984). However, such transfers were not very successful

due to interspecific incompatibility and stelility of the F1 p¡ogeny (Roy i97g). Little is

known about how different genotypes in this host-parasite interaction affect the

expression of blackleg disease (cargeeg & Thurling 1980a), and about the host-parasite

inte¡action in the Brassica spp. - L. maculans system. No study of hosrparasite

interactions has been done in the B. iuncea - !. maculans pathosystem. Knowledge of
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the causos of fluctuating compatibility (sensu Heath 1981) of host-parasite interactions,

the use of methods that overcome interspecific incompatibility and sterility of the

progeny, and cytogenetic studies may all contribute to a better understanding of

resistance to L. maculans in canola.

Canola is a term used to describe low erucic acid, low glucosinolate cultiva¡s that

meet defined quality standa-rds in Canada. As a result, low glucosinolate rapeseed meal

has become an altemative to soybean msal as an animal feed supplement, and canola oil

is regarded as a high quality oil for human consumption. Such improvement of oilseed

rape is a desirable development. However, some reports have implied the involvement of

glucosinolates in the resistance in Brassica spp. against foliar pathogens (Rawlinson

1979, Mithen et al. 1986). Brassica juncea is related to B. rapa and B. napus. It is

resistant to blackleg disease, to which the latter two species are susceptible. Brassica

j¡¡çç¿ also has high levels of glucosinolates in the seed and leaves. Little is known

about the relationship between seed glucosinolates and resistance to L. maculans in

Brassica species.

This study was undenaken with the following objectives.

1. To screen and evaluate accessions of B. íuncea for susceptibility and resistance to !.
maculans.

To study the genetics ofresistance in B. jgnçgê to L. maculans.

To study the relationship of seed glucosinolates with the resistance of B. jlncgê to L.

maculans.

,)
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LITERATURE REVIEW

2.1,0 The Host

2.1.1 Description

The Brassica oilseed crops, Brassica napus L. (Argentine type rapo or summer

rape), and Brassica rapa L. (Polish type rape or surnmer turnip rape), are species inter-

related to B¡assica jr¡nçeê Czern & Coss and Brassica ca¡inata Braun. They are

commonly referred to as oilseed rape (oilseed type) or rapeseed and mustard (oilseed and

condiments type) respectiveiy (Downey & Rakow 1987). Hybridization of the diploid

species Brassica nigra (L.) Koch (n=8), Brassica oleracea L. (n=9) and B. rapa (n=10)

occurred naturally giving rise to the amphidiploid species, B. carinata (n=17), B. juncea

(n=18) and B. napus (n=19) @owney & Robbelen 1989).

The cultivation of oilseed rape is restricted to the temperate, wa.rm-temperate

zones (Kolte 1985) and to the sub-rropics (Downey & Rakow 1987). In Canada,

primarily summer forms of B. napus and B. rapa are grown (Canola Growers Manual

1989). Canada is a major producer of oilseed rape @owney & Robbelen i9g9) and a

major supplier of mustard to rhe world market (Martens et al. 1984). The major

cultivated species are B. juncea (brown & oriental mustard) and Sinapis alba L. (syn. B.

hirta - yellow mustard). The latter, a distant relative of the oilseed crops is grown in

geater quantities in Manitoba than the former.

2,1,2 History of Host

Rapeseed production began in Canada in 1942 with the Argentine type rapeseed

(stefansson 1983), but commercial production started in 1943 to supply lubrication oil

for marine engines during the second world war (Boulter 1983). In 1gs6-57, edible oil
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was flrst processed (Boulter 1983) and since then, continuous efforts by Canadian

breeders have resulted in the release of valieties of oilseed rape low in erucic acid and

glucosinolates (Downey & Rakow 1987). These cluality artributes are desi¡able in

products for human consumption and animal feed (Fenwick et al. 1983). Such varieties

are referred to as double low and well known as canola. A recent release of a canola

cultivar low in linolenic acid has shortened hydrogenation time and incleased oil stability

(Scarth et al. 1988). Improvements in oil and meal quality, and in the agronomic aspects

of oilseed rape, resulted in increased desirability of oilseed products at home and in the

world market, making oilseed lape tho second most valuable gtown crop (McVetty 1988,

Canola Growers Manual 1989) and the fastest glowing seed crop in Canada (Boulter

1983).

Brassica juncea (mustard), an amphidiploid of B. rapa and B. nigra is considered

a plant of Asiatic origin (Kolte 1985). In Canada, commercial production of musta¡d

stated in 1936 with about 40 hectares (Statistics Canada 1976). It is currently grown for

condiment in all the prailie provinces and has potential as an oilseed crop in western

Canada (Pawlowski 1970, Love 1988, Vy'oods et al. 1991), especially in the southem drier

parts of the prairies, where temperatures are rather high for B. napus. Mustard has better

tolerance to high salinity and high temperature conditions than oilseed rape (pawlowski

1970' singh 1987). In India, it is grown as a winter crop when weather conditions a¡e

mild and favourable, either as a pure crop or intercropped with wheat, barley and chick

peas (Singh 1987).

There aÌe two fo¡ms of the cultivated mustard, an early maturing dwarf type with

less foliage and poor yields, and a late manrring, profusely branched and high yielding

type (singh i987). The cultivars grown in canada are high yielding and have a maturity

pe.iod intermediate between B. napus and B. rapa (pawlowski 1970, woods et al. 1991);

the cultivars 'Domo' and 'cutlass' out yielded westar by up to 20vo in canada (Love

1988, Woods et al. 1991).
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Brassica j¡¡ç94 competes more readily with weeds and is more resistant to

shattering and lodging than B. napus and B. rap¿ (Pawlowski 1970, Woods et al. 1991). It

is also considerably more resistanr to blackleg disease than B. napus and B. rapa.

Brassica jU¡çeê (oriental mustald) has high contents of both oil and protein

(Woods et al. 1991). The oil content of B. jlncga is similar to that of B. rapa culrivar

'Echo', but it has a higher protein content than tho latter; moreover in Echo, the

reiationship between oil and protein contents is inve¡se (Pawlowski 1970). The use of

low glucosinolate cultivars in this crop would enhance its promotion as an oilseed crop

and its increased production in the prairies (Love 1988).

Brassica juncea is presently used in Asia as a vegetable crop, as an oilseed crop,

spice plants and for condiments. In Japan, the meal is used as a nitrogen fertilizer, while

in Canada, it is mainly produced for use in the preparation ofhot table mustard.

2,2,0 The Pâthogen

LeptosphÊçtþ maculans @esm.) Ces. & de Not. (phoma lingam (Iode ex Fr.)

Desm. is the causal organism of blackleg of crucifers (Smith & Sutton 1964,

Punithalingam & Holliday 7972, McGee & Emmett 1977) and, one of the mosr severe

diseases attacking B. napus and B. rapa (Downey & Rakow 1987); however, most lines

of B. jUEgê are resistanr to the fungus (Roy 1984, Downey & Rakow 19g7). In the

literature, blackleg disease of crucifers is known by various names; such as stem canker

(Punithalingam & Holliday 7972, Davies 1986, Newman 1984), canker (Martens et al.

1984, Newman & Bailey 1987), crown canker or dr.y rot (punithalingam & Holliday

i972, IGuger 1983).



2,2.1 Description

Leptosphaeria maculans is a hemibiouophic parasite of Brassicaceae (Boerema

1976). It is a heterothallic, bipolar ascomycete of the order Sphaeriales (Smith & Sutton

1,964, Cargeeg & Thurling 1980b). The mycelia of this fungus are septate, branched and

are hyaline when young, but become pigmented or dark walled with age (Boerema et al.

1981). The fungus may produce pseudosclerenchymatous perithecia (pseudothecia) of

the perfect state, as well as pseudoparenchymatous and pseudosclerenchymatous

pycnidia of its imperfect state (Boerema 1976) on dead host material. Ascospores are

spindle shaped, multinucleate and haploid; they are hyaline when young becoming

yellow tan at maturity (Smith & Sutton 1964, Boerema 1976)

Phoma lingam (Tode ex Fr.) Desm. is the imperfect state of !. maculans.

Pycnidia of P. lingam are large and initially closed but later develop papillate openings

(porus) sometimes as a neck (Boerema et al. 1981). Pycnidia vary widely in size and

shape both between and within strains (sensu Boerema 1976). pycnidiospores are

hyaline, guttulate and cylindrical in shape (Punithalingam & Holliday 1972).

In culture, !. maculans is highly variable in terms of growth rate, pycnidia

production and pigment production (Boerema 1976) characteristics which are often

associated with differences in pathogenicity (Petrie & vanterpool 1966). Non-aggressive

isolates a¡e fast growing, producing few pycnidia on v-B or prune lactose yeast aga¡,

while the aggressive isolates grow more slowly and produce abundant pycnidia on the

same media (McGee & Petrie 1978). Non-aggressive isolates of the fungus produce a

red/brown pigment in czapek-Dox medium while the aggressive isolates do not (Mccee

& Petrie i978, Humpherson-Jorres 1983a). Aggressive isolates of L. maculans also

produce abundant sirodesmin PL toxin compared to the non-ag$essive isolates. on

sta¡ch gels, non-aggressive isolates produce a fast migrating band for malate
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dehydrogenase (ECl i 137) compared ro aggressive isolates (Flill er al. 1984 cited by Hill

&Williams 1988).

2.2.2 Host Range

The pathogen attacks vitually all members of the Crucife¡ae including the

economically important species B. oleracea var. capitata, B. rapa (syn. B. campestris, or

turnip), Brassica napob¡assica L., Raphanus sativus L., S. alba, B. napus, B. carinata, B.

ju¡Cg¿ (Williams 1974, Punithalingam & Holliday 1972, Commonwealth Mycological

Institute 1978, Gabrielson 1983).

Its wild host range includes Raphanus raphanistrum L. in Australia, Brassica

kaber L. (syn. B¡assica arvense, g. alvense) in Canada (Petrie & Vanterpool 1968, petrie

1978); Thlaspi arvense L. (Perrie & Vanterpool 1965, McGee & Petrie 1978), Descurania

sophia (L.) Webb. (Petrie & Vanterpool 1965), Mathiola incana L., Lepidium spp. and

Sisymbrium spp. (Penie & Vanterpool 1966, Punithalingam & }Jolliday 1972,

Commonwealth Mycological Institute 1978).

2.3.0 The Disease

Leolesphêpxie maculans can atrack all parts of the plants causing damping-off of

seedlings (van Bakel 1968 cited by Gabdelson 1983), cotyledon infecions @elwiche

1980, Kruger 1983, Davies 1986), leaf spots, stem cankers, c¡own cankers and root

infections (Punithalingam & Holliday 1972, piening et al. 1975, Kruger 19g3, Van den

Berg et al. i989). It can also infect seed stalks, si-liques and seeds of susceptible plants

(Boerema 1976, Kluger 1983, Marrens et al. 1984). However, the most importanr phase

of the disease resulting in yield loss is the stem canker phase, which arises from early

infections of plants and usually forms at the base of the stem (Martens et al. 19g4, Davies
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1986). Early infection of susceptible plants results in premature ripening and production

of sh¡ivelled seeds, if any at all. Such infected plants tend to shatter before healthy ones

ale ripened. Severely infected plants fi.ecluently lodge by breaking at the root-collar

where the basal portion of the stem is infected and may be completely girdled.

2.3.1 Disease symptoms

Necrotic spots develop on cotyledons and/or leaves. Such lesions are usually

dirty-white in colour and inegularly shaped. The infection then spreads into the stem,

causing grey-brown to dilty-white discolourations often beginning near the base of the

scar remaining from fallen infected leaves. Infected tissue may be dotted with numerous

easily visible pycnidia (Kruger 1983, Marrens er at. 1984). Another lesion type forms on

stems (Kruger 1983) above the fifth node and has been shown to require pollen or fallen

floral parts (Hammond & Lewis i986a) for infection to occur.

2,3.2 The disease cycle

Leptosphae¡ia maculans overwinters on infested crop residue (l\4cGee & Emmett

1977 
' 
Peme 1978, Martens et al. 1984). In the absence of host tissue, the organism does

not persist for long in the soil. when conditions a¡e conducive, ascospores and,/or

pycnidiospores are produced. The ascospores become airborne, infecting plants for long

distances around the site of spore liberation.

oilseed rape can be infected by either ascospores or pycnidiospores as early as

the time of seedling emergence, since spores may either be p¡esent on seed or brought by

wind flMood & Barbetti 1977, Kr.uger 1983, Davies 1986). Within the crop, new

infections produce pycnidia from rvhich pycnidiospores ooze in the presence of fi.ee

moisture. These usually are the cause of localized infections or spread of disease.



10

Infection may also be initiated by seed-bome mycelia or pycnidia on seed (Kruger

1983). Infected seed may be impoltant in the spread of the disease to new areas (Wood

& Barbetti 1977, Kruger 1983, Martens et al. 1984, Davies 1986) but the pycnidia and

perithecia on host residue are more important in the epidemiology of the disease

(Boerema 1976, McGee & Emmett 1977).

2.3.3 Disease Control

Infested crop residues have been associated with severe crop infections (McGee

& Emmett 7977, Petrie 1978). In Austlalia, crop failures occur¡ed when crops were

sown close to, or on infested crop residue. The volume of crop ¡esidues can be reduced

in one year by 90Vo when crop rotation is practised (McGee 1977), and the incidence of

disease can be decreased by increasing distances from infested trash, or by use of shelter

belts. In Canada, severe blackleg infections occurred where infested rape residue was

present either in the field, or in an adjacent field; the inoculum on rapeseed thrash being

reduced in 2 years (Petrie i978). consequently a 3 - 5 year rotation is recommended as a

control practice.

Late seeding, in order to avoid critical ascospore ¡elease periods is used as a

control measure in Australia (Bokor et al. 1975, McGee & Emmett 1977), Germany and

the Netherlands (Iftuger 1983). However this pracrice mây result in reduced yields.

The use of disease fi'ee seed can prevent intloductions of the disease to new areas.

Seed may be treated with fungicides such as iprodione, thi_ram, fenpropimorph and

benomyl. The latte¡ fungicide has particularly been shown to increase yields and reduce

the incidence of blackleg. Howsver the reports regarding the effectiveness of these

chemicals are conflicting (Brown et al. 1976, Thurling &.yenn 1.977, Kruger 19g3).

Aggressive isolates of L. maculans have been found on weed hosts in Canada

(Petrie & vanterpool 1965, McGee & Perrie 1978, petrie 1979) and Ausrralia (t\4cGee
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1977). Consequently weed control is an important measure for the control of blackleg

disease.

The use of ¡esistant varieties is often the most economical means of controlling

plant diseases. In Canada a few cultivars of oilseed rape possess fair resistance to L.

maculans (Anon 1991); and in Europe and Australia, the disease is controlled by the use

of a few cultivars possessing adult plant resistance (Roy 1978, Cargeeg & Thurling

1980b, Newman & Bailey 1987).

2.4.0 History of disease

2.4.1 Occurrence in Canâda

Blackleg was first repolted in Canadian oilseed rape fields in i961 (Vanterpool

i961). Severe infections of fields in No¡rh Banleford and Annaheim (Vanterpool 1963)

were further indications of the prevalence of blackleg and its serious potential.

Petrie (1973a) included blackleg as part of a foot rot disease complex, even

though 17vo of the plates had L. maculans cultures. The high frequency of occurrence of

blackleg in damaged or injured plants was demonstrated when the fungus was isolated

from both cofiical and hypertrophied inner tissues; glva of the plants had blackleg in

conjunction with herbicide injury and approximately 657o of the stems had blackleg

(Petrie 1973b). undamaged plants wele larely infected, indicating that injury is required

for successful colonization.

In 1975, aggressive isolates of !. maculans were obtained from Saskatchewan

fields (McGee & Petrie 1978, Perrie 1979). A severe localized outbreak of the aggressive

populations later occurred with high incidence in the fields examined, when precipitation

was very high (Petrie et al. 1985). The aggressive populations of L. maculans now

predominate and contributo to serious crop losses in saskatchewan. since then
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aggressíve isolates of !. maculans have spread to the neighbouring provinces of

Manitoba and Alberta. Aggressive populations of L. maculans have also recently been

reponed in Ontario (Peters & Hall 1989).

2.4.2 Economic Importance

Oilseed rape was introduced to Ausu.alia in 1968 as an altemative crop to wheat.

Increased cultivation of oilseed rape was followed by the wide spread occuuence of

blackleg in 1971 (Bokor et al. 1975, Wood & Barbetri 1977, Cægeeg & Thurling 1980b).

Losses due to blackleg were tho major limiting factor in the establishment of this industry

in Australia.

In Great Bdtain the area sown to oilseed rape increased ftom 24.5 x 103 ha in

197 4 to 55 x 103 ha in 1977. The infection levels remained low up to 1976 but became

high in 7977 - 1978 (Cook & Evans 1978, Gladders & Musa 1980). Similarly in France

the expansion of winter rape production in 1964 - 1965 was followed by an epidemic of

blackleg in 1966 (Brown et al. 1976).

In Canada (Saskatchewan), rhe acreage sown to oilseed rape increased from 731 x

i03 in 1966 to 2,737 x 103 ha in 1971 (Statistics Canada 1976). Two to 3 years

following the i970 - 1973 production peak the aggressive parhogen was derected (perrie

1975, McGee & Petrie 1978). Fortunately disease severity fluctuates from year to year

although the causes of such fluctuations have not yet been determined (McGee &

Emmett 1977, Thurling & Venn 1977, Mc3ee & petrie 1978, Gladders & Musa 19g0).

For example a serious outbreak of blackleg occured in 1982 and the average yield losses

for the province of saskatchewan was 67o, with losses of up to 507o observed in the 17

fields surveyed (Perrie 1985b). In 1984, yield losses were much higher - reporred at

7.2vo with mean losses in the infected fields at 25.2vo; however, in 1985, the yield losses

estimated were lower - reported at 12.27a (Petr ie 1986). Blackleg was the most important



13

of all the diseases surveyed. In Manitoba, the production of oilseed rape increased ftom

79.4x103 acres in 1969 to 547 x i03 in 1980 (Statistics Canada 1984). No blackleg was

observed for the period berween 1978 - 1980 (Rimmer & Platford 1982). In 1987,

blackleg was detected in the southwest and the northwest regions of the province, causing

627o avenge infected fields with 307o infection level in the southwest, and 31Zo fields

infected with 24Vo infection level in rhe norrhwest (Platford 1988). Blackleg was

detected in the central region only in one field and was not found in the eastern region of

the province (Platford 1988); however it was detected even in the eastern region in 1989

(Van den Berg et al. i989). In Manitoba, blackleg is progressively intensifying;

moreover the steady inc¡ease in the production of oilseed rape in Canada from 1,401 x

103 ha in i98i to 3,652 x 103 in i988 (Statistics Canada 198g) may be matched by

increased severity of the disease and probably disease epidemics, unless resistant

cultivars a¡e introduced quickly.

2.5.0 Host . Parasite interaction

The use of resistant cultivars to control plant diseases may be followed by the

reculTence of disease on these cultivars due to changes in pathogen virulence, proper

understanding of the inte¡actions in a host-parasite system entails knowledge ofthe genes

involved in both organisms (Lawrence 1988). Flor (1942) realized this facror and

consequently studied the genetics of the interaction of resistance genes in the host

(Linum usitatissimum L.) and the virulence genes of the pathogen (Melamp¡ara lini L.)

in the flax-flax rust pathosystem @1or 1946, Flor & comstock l97i); he esøblished, that

in most cases, host resistance is dominant and that the pathogen's virulence is recessive.
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2.5,1 The gene - for - gene model

Pathogenicity (virulence) on flax va¡ieties possessing 1 gene for resistance to the

avirulent pathogen was conditiorred by a single gene in the parasite. Similarly, virulence

on flax varieties possessing 2, 3, 4 or 5 genes for resistance was conditioned by

corresponding 2, 3, 4 or 5 genes (re spectively) in the fungus. These studies culminated in

the important inference that: For each gene conferring resistance in the host, there is in

the pathogen, a correspondingly related and specific gene conferring virutence (Flor

1955, Flor & Comstock i971, Lawrence 1988).

Where resistance is dominant, a diploid pathogen will be vi¡ulent on a host plant

if the host plant is homozygous recessive for resistance at all loci (with both the virulent

and aviruient isolates) or when the host's resistance genes are all matched by the

pathogen's homozygous recessive genotype at the coresponding loci (Zadoks & Schein

1979). Where the host's resistance genes occur at more than I locus, a single gene for

resistance will confer rssistance to the recessive genotype of the pathogen (Zadoks &

Schein 1979, Lawrence 1988). Such a gene-for-gene relationship enables the use of

interaction phenotypes in the identification of either genotypes of the interacting

organisms (Flor & comstock 1971) and the use of single resistance genes to identify

specific interactions in host-parasite systems (Flo¡ 1955).

2.5,2 Epistasis and resistance

When morc than 1 resistance gene is effective against a pathogen and the genes

act independently, the interaction phenotype expressed, e.g. rating=l or 3 for 2 genes, is

usually the lower one i.e. r'ating=l (Roelfs 1988). However interactions between

resistance genes may occur (vanderplank 1984, Roelfs 198g). During epistatic

interactions, the presence o¡ absence of resistance alleles at one locus affects the
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expression of alleles at anothor locus, both in the host and the pathogen (Vanderplank

1984). Commonly reported epistatic relationships in a 2 gene system ale the 9:7 and 15:1

ratios. Rarely, 13:3 ratios of ¡esistant:susceptible planrs are reported. Vi¡ulence for

either of 2 resistance genes sepatated may occur in an epistatic relationship, but virulence

for the 2 genes combined in a cultivar is rare in the wheat-stem rust system (Vanderplank

1984).

2.6.0 Brassica - L. maculans pathosystem

The resistance of Brassica species to !, maculans is frequently referred to as two

separate types: Seedling resistance and adult plant resistance (Thurling &, Yenn 197'l.,

Cargeeg & Thurling 1980b, Delwiche 1980, Roy 1984, Sjodin & Glimelius 1988).

Seedling resistance often conditions resistance to specifrc races of the pathogen

(Delwiche 1980), while resistance at the adult stage is often against all prevalent races

(Kruger i983, Kolte 1985). However little is known abour the interactions in the

Brassica - L. maculans parhosystem (Hill & Williams 1988). Few studies have been

done on the resistance of the host and almost none on either the pathogen or both host

and pathogen.

2,6.1 Virulence studies

Recently, isolates of !. maculans from widely separated regions were tested for

differential virulence on cotyledons of B. napus cultivars westar, euinta and Glacie¡.

The isolates were then $ouped into four pathogeniciry groups (pGl - pG4). pG1 was

avi¡ulent on westar, PGZ was virulent on vy'estar only, pG3 was virulent on westar and

Glacier and PG4 was virulenr on all 3 cultivars (Mengistu er al. 1989, Koch et al. i991).

Crosses between a PG2 isolate and a PG4 isolate of L. maculans have been made. The

virulence of the palents and of their progenies were determined on the same cultivars of
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B. napus (Rimmer 1989, personal communication). The vi¡ulence of L. maculans is

determined by 2 major genes. (Rimmer 1989, personal communication).

2,6,2 Aspecfs of host resistance

Breeding for host resistance can be an economic and effective approach to

controlling diseases. It starts with the sealch for resistance. Both searching and breeding

for resistance are major objectives of breeding programs, aiming at incorporating

resistance to blackleg in oilseed rape in Aushalia (Cargeeg & Thurling 1980a), France

(Brown et al. 1976), Germany (Kruger 1983), England (Cook & Evans 1978, Newman

1984) and Canada, Some success has been achieved in theso respects.

Resistance has been found in several Brassica spp. either at the adult stage or at

both the seedling and adult plant stages. Adult plant resistance has been found in the B.

napus cultivars 'Novoski', 'Ceska' and 'Zollerngold' (Cargeeg & Thurling 1980b), and a

high level of¡esistance has been reported in the French cultivar 'Ramses' (wratten 1972,

Roy 1978). However, complete resistance (i.e. seedling & adult plant resistance) has not

been found in B. napus.

Brassica iuncea has been reported to be more resistant to blackleg rhan B. rapa, B.

napus and B. carinata. These reports are based eithe¡ on field obse¡vation of the disease

and/or results of interspecific crosses. In an interspecific cross of B. napus with a

resistant B. iuncea, Roy (1978) recovered resistant adult plants of B. napus type and

suggested thar the genes for adult plant resistance are located on the A-genome. Because

some þ. carinata showed resistance at both the seedling and adult stages, the genes for

seedling resistance are thought to be located on the B-genome, common to both B.

carinata and B. julçgê but absent in Brassica napus (Roy 1984, sacristan & Gerdemann

1986). Howeve¡ in their investigations of B. nigra, B. j_u!cgg, B. carinata and B. napus,
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Sjodin & Glimelius (1988) reported culrivars with the B-genome rhar were also

susceptible at the seedling stage.

The search for resistance to blackleg has also been carried out using new in vitro

selection techniques. Sacristan & Gerdemann (1986) obtained resistant progeny from

interspecific crosses of B. juncea, B. carinata and B. napus. The resistance from B.

carinata was lost after one generation of backcrossing unlike that from B. þ¡eea; and a

higher degree of resistance than that of Jet Neuf was obtained as a result of such

backcrossings and single plant selections. Consequently some genes for ¡esistance are

thought to occur on either the A-genome, or that recombination between the B and C-

genomes occured more readily than between A and B-genomes (Sacdstan & Gerdemann

1986). These investigations however, centered olì the transfer of resistance

interspecifically but provided little knotvledge on the nature of the resistance.

2,6.3.0 Genetics of host resistance

Knowledge regarding the genetics of resistance in the Brassicaceae to L.

maculans is scanty (Hill & williams 1989). Genetic studies are imponant steps towards

effective breeding for disease resistance. Few studies have been done on either seedling

o¡ adult plant resistance in oilseed rape to L. maculans, and little is known about the

mechanism of disease resistance.

2.6.3.1 Seedling resistance

The few studies to date are limited to the nature of host resistance. Thurling &

venn (1977) observed that in B. napus seedling resistance to blackleg was continuous,

However, significant interactions occur¡ed between the isolates of L. maculans and B.

napus; being particularly significant for latent period, duration of infection and partial
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field resistance. Cargeeg & Thurling (1980a) suggested that the resistance of B. napus ro

L. maculans is polygenic in nature. Similar.ly the rate of growth of the fungus on calli of

B. napus cultivars, Jet Neuf and Lesira, also varied quantitatively (Sacristan 1982).

As a result of genetic studies, Delwiche (1980) suggested thât l.esistance in B.

napus to !. maculans was oligogenic rathor than polygenic in nature. She reported that

resistance to L. maculans in two B. napus cultivars was conÍ.olled by two dominant

linked genes. Differential interaction between isolates of the fungus and cultivars of B.

napus occurred @elwiche 1980). This study was only done in the greenhouse and was

limited to seedling plants.

Contradictory results were obtained by Sawarsky (i989). She conducted studies

on ¡esistance of B. napus breeding lines 'R8314, R8317' (resistant) and the cultivar

'Regent' (susceptible) to isolate 'P185-10' of L. maculans in the greenhouse. Sawatsky

(1989) reported that a single ¡ecessive gene detemined the seedling resistance of both

resistant parents in the greenhouse.

2.6.3.2 Adult plant resistance

Adult plant resistance is being used to control blackleg disease in Europe and

Ausnalia. Partial adult plant resistance was found in B. napus derived from cell cultures

(Sacristan 1982).

Mithen and Lewis (1988) studied the inheritance of resistance to L. maculans in

crosses between B. oleracea and Brassica insula¡is Moss. They reported that two

dominant and independent genes conh'olled the inheritance of resistance to L. maculans

in the hybrid. sawatsky (1989) also studied resistance in adult plants of rhe crosses

'R8314 x Regent" 'R8317 x Regent', resistant x susceptible cultivars respectively, both

in the field and greenhouse. Resista.ce of the adult F1 plants in the field was

intermediate betweerr that of the crossed parents. The F2 population from the cross
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'R8314 x Regent'fitted a 9:7 ratio of resistant to susceptible, when the intermediate class

was grouped with the susceptibles, for 4 of the 6 families; the other two families had

reve¡sed ratios (Sawatsky 1989). Crosses involving R8317 and Regent had only two

families, one fitting a 3:1 and the orher had excess resistant plants (Sawatsky 1989). In

greenhouse studies, resistance was dominant in the F1 population, and the Fz populations

could fit a9:7, 15:7 and a 9:6:1 ratios when the phenotypes are grouped into resistant :

(intermediate + susceptible), (resistant + intermediate) i susceptible, and resistant :

intermediate : susceptible respectively (Sawatsky 1989). Field results were not grouped

to match the greenhouse groupings except for one, i.e. resistant : (intermediate +

susceptible). The F2 population fiom rhe cross 'R8317 x Regent' fitted a 3:1 ratio simila¡

to one family from the same cross tested in the field. Also both tests fitted a 9:7 ntio

when the inte¡mediates are grouped with the susceptible. Sawatsky (i989) concluded by

reporting that two dominant genes conferred the resistance in B, napus to L. maculans,

and that a single gene confer¡ed the intermediate reaction. She attributed the variations

to genetic background and environmental differences. These studies suggest that the

resistance in oilseed rape to L. maculans is oligogenically controlled.

2,6.4 Host specialization

Evidence for specific interactions between the host and the pathogen have been

repoted (Thurling & Venn 1977, Cargeeg & Thurling 1980a, Delwiche i9g0, Newman

1984, Hammond & Lewis 1987a, Hammond & Iæwis 1987c). such differentiaL

interactions as reported can be grouped into three classes: Those expressed at the

cotyledon stage (Delwiche 1980), on stems (Thurling & Venn 1977, Hammond & Lewis

1987b) and on the leaves (Wr.atten and Mumay 19?7, Hammond & Lewis 19g7c, Mithen

et al. 1987).
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Thurling & Venn (1977) tested 53 cultivars of B. napus and B. rapa at the adulr

stem stage with three populations of L. maculans and reported significant interactions

between them. Thirty six of the cultivars were classified as susceptible to all the three

populations, while some were ¡esistant to only one population, but either susceptible or

moderately resistant to the other two populations. Only one cultivar (Zollemgold) was

resistant to all the tlxee populations. Ali cultivars were susceptible at the cotyledon

stage. Hammond & Lewis (1987b) observed that only the aggressive isolate Lml

invaded the pith of B. napus cv. Rapora, whereas the weakly aggressive isolate Lm3 was

restricted to the stem cortex. They also reported that , when challenged with the th¡ee

isolates of L. maculans, the leaves of B. napus cv. Rapora reacted differentially. The

resistant reaction was expressed in the young leaves but lost with leaf age, and at higher

temperatures the incidence of infection was lower (Hammond & Lewis 1987c).

Such repolts of interactions between rapeseed and L, maculans, while suggesting

that several isolates of the pathogen may occur where rapeseed is widely grown, caution

one about the dangers of moving infected plant material between wide geographical areas

e.g. Australia and Canada.

2.6.5 Pathogenicity

Leptosphaeria maculans occurs both as aggressive and non-aggressive

populations on Brassica spp. in canada (McGee & petrie 1978, perrie 7979) and.in Great

Blitain (Humpherson - Jones 1983b). The aggressive populations attack crops in their

early growth causing serious damage while the non-aggressive populations attack crops

later in their growth causing very little damage (Martens et al. 19g4). Aggressive

populations may cause very little damage to the plants if infection occurs in the advanced

stage of growth (Hammond & læwis 1986b). Severe outbreaks of the disease caused by

aggressive populations occur¡ed in Ausrralia on oilseed rape of canadian origin and in
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the united states on cabbage (Gabrielson 1974). rt was suggesred that the relationship

between periods of inoculum availability and crop susceptibility were more favourable

for disease development in Australia than in Canada, where the pathogen was less

aggressive (McGee & Petrie 1978). In 1975, an aggressive isolate similar to that

occunìng in Australia and the U.S.A. was reported in Canada (McGee & petrie 197g,

Petrie 1979).

2.7.0 Mechanisms of resistance

Disease resistance mechanisms may involve factors related to tho environment of

the interacting genotypes, other than nutrients. These mechanisms may be expressed

during the pre-penetration perioci or after penetration (Goodman et al. 1986), resulting in

sub-optimal associations between the host-parasite genotypos (Bailey 19g3). Sound

breeding strategies will depend on identification of the pathogen's races and on some

knowledge of the genetic systems involved in host-parasite inte¡action. Resistance

mechanisms often involve st¡uctural and biochemical processes (pany 1990). Little is

known about the morphological, physiological and biochemical aspects of the resistance

of oilseed rape to L. maculans. some knowledge regarding the host,s resistance

mechanisms may allow breeders to develop/incorporate new or novel types ofresistance.

2.7.1 Morphological mechanisms

Field rcsistance has been attributed to a number of factors. The rapid loss of

cotyledons followed by a cluick development of leaves, lignification and vessel blockage

in ¡esistant rapeseed, and early differentiation of the xylem and woody tissues

(llammond & Lewis 1987a) have all been thought to inhibit the development of the

fungus in oilseed rape - !. maculans pathosystem. Recent reports show that host
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colonization is systenric and ends with the necrotic stem canker phase (Hammond et al.

1985, Hammond & Lewis 1986b). In the foliar necrotic phase, the fungus is resrricted to

the intercellular spaces of the parenchyma and the adjacent cells; the fungus does not kill

the cells in advance and the necrotic cells are seve¡a1 millimeters behind the hyphal front;

an indication of biotrophic invasion. These findings imply that breeding for leaf and

stem resistance could prevent systemic infections (Flammond & Lewis 1986b) and

consequently, canker development. In a breeding program at Wagga, Australia, no

complete resistance to leaf infections was found, but the production of pycnidia on some

infected leaves was either reduced or prevented flMratten & Munay 1977). This may

reduce the initial inoculum and secondary plant infections.

2.7,2 Other Defense Mechanisms

In general, penetrâtion of resistant plants often occurs as easily as in susceptible

ones, but the active accumulation of anti-microbial (fungitoxic) compounds may interfere

with host colonization (Macer 1960, Bailey 1983, Goodman et al. 1986). When invaded,

a resistant plant may respond to microbial organisms actively (Coodman et al. 19g6) by

accumulating fungitoxic compounds such as phytoalexins.

compounds with antifungal activity that meet the criteria of classification as

phytoalexins have recently been repol.ted in B. rapa, R sativus, B. napu! and B. ju¡cça

(Dahiya & Rimme¡ 1988, Rouxel et a1. 1989). Methoxybrassinin and cyclobrassinin

have been shown to accumulate in leaf and stem tissues of B. napus tfeated with AgNo3

solution or L. maculans suspension (Dahiya & Rimmer 1988). The two compounds

differ in the speed and dulation of accumulation at the infection site, and their

effectiveness; methoxybrassinin being faster and effective than cyclobrassinin @ahiya &

Rimme¡ 1988, Rouxel et al. 1989).
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Rouxel er al. (1989) fieated leaves of both B. napus (susceptible) and B. þ¡çg¿
(resistant) with both AgNO3 and CuCl2 solutions, and L. maculans suspension. They

reported another phytoalexin, brassilexin, that accumulated much faster in the resistant

species than in the susceptible one. Consequently Rouxel et al. (1989) suggested that

susceptibility could either be due to the levels of the phytoalexins that the pathogen can

tolerate, or that Sirodesmin PL actively inhibits the synthesis of the phytoalexin.

Sirodesmin PL is one of the toxins produced by L. maculans which can induce

necrosis and symptoms on seedling plants similar to those induced by the pathogen; it is

a codeteminant of pathogenicity (Sacristan 1982) and has been used to screen

protoplasts and embyo cultures, in the hope that resistance to the toxin may also be

expressed as resistance to the pathogen. Inherited resistance in Brassica spp. to L,

maculans has not been found using the toxin as a selector (Hill & Williams 1988), but

some progress has been made. Sjodin & Glimelius (1989) reported that, regardless of the

resistance of the intact plants, protoplasts of test plants were sensitive to the toxin.

Insensitivity to the toxin occurred only in the more diffe¡entiated tissues such as cell

aggregates, leaves ol roots of resistant plant material, whereas material susceptible to L.

maculans was sensirive to Sirodesmin PL (Sjodin & Glimelius 1989).

Mechanisms of host resistance to either the toxin or the pathogen may differ. The

probable occulrence of tolerance to sirodesmin pL or lack of expression by necrosis, as

in biotrophic invasion, or when the pathogen is unable to produce toxins in certain host

genotypes will only complicate the matte¡ i.e. resistance o¡ tolerance against the toxin

does not imply resistance or toleranco to the pathogen.

2.7.3 Glucosinolates

Inc¡eased interest in rapeseed products, both in the domestic and world markets

has led plant breede¡s to select for higher oil and lower glucosinolate contents in varieties
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suitable for western canada (wetter & craig 1959). such improvements while desirable

(Heaney & Fenwick 1980a, Fenwick et al. 1983) have been thought to result in increased

susceptibility of Brassica spp. to certain diseases (Greenhalgh & Mitchell 1976,

Rawlinson 1979).

Intact glucosinolates ale non-toxic but when tissues are damaged, the enzyme

myrosinase is able to hydlolyse glucosinolates to yield glucose, sulphate ion,

isothiocyanates, nitrites and thiocyanates @enwick et al. 1983, Underhill 1980). The

latter 3 compounds are responsible for the characteristic flavour and pungent taste of tho

mustards, radishes and horse radishes (Heaney & Fenwick. 1980b, Robbelen & Thies

1980, Underhill 1980, Sang et al. 1984). The hydrolysis products of glucosinolates have

been reported to be toxic to insects, bacter:ia and many foliar pathogens (Nayar &

Thorsteinson 1963, Greenhalgh & Mitchelt 1976, Fenwick et al. 1983) including L.

maculans (Mithen er al. 1986). The hydrolysis products of the indole glucosinolates

inhibited the g¡owth of L. maculans in culture (Mithen et al. 1986). cultivars of B. napus

with low incidence of blackleg had high levels of glucosinolates and erucic acid

(Hanacziwskyj & Drysdaie 1984). The resistance of leaves of the Brassicaceae to L.

maculans has been associated with lesion size and the levels of glucosinolates. plants

with small localized lesions had higher levels of the alkenyl glucosinolates than those

plants with either large lesions ol systemic infections (Mithen et al. 19g7). The ability of

the host plant to produce allyl isothiocyanates in large amounts contributes to the growth

restriction of the fungus (Greenhalgh & Mitchell 1976, Hammond er al. 19g5, Mithen et

al. 1986). The content of glucosinolates in the leaves of Brassicaceae resistant to L.

maculans (small localized lesions) was higher than in the leaves of the susceptible plants;

with the alkenyl glucosinolates forming the largest proportion of the total folia¡

glucosinolates (Greenhalgh & Mitchell 1976, Mithen et al. 19g7).

The high levels of flavour volatiles in ¡esistant plants may not be the actual cause

of the resistant reactions (Greenhalgh & Mitchell 1976, Fenwick et a1. 19g3, Holley &
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Jones 1985). In the wild species studied, hydroxy butenyls formed the largest proportion

of the total glucosinolates, indicating that a different mechanism, other than alkenyl

glucosinolates, may be involved in the expression of resistance in these plants. Holley &

Jones (1985) used B. ju¡çea species that did nor contain inhibitory levels of

isothiocyanates but which were not infected with the yeast organism (Nematospela spp.).

Also no relationship occur¡ed between concentrations of allyl isothiocyanates and

resistance to Plasmodiophora brassicae Woronin (Link & Walker 1943 cited by Holley &

Jones 1985). It is probable that breeding for low glucosinolates in the seed of the

B¡assicae and the level of selections may result in the ioss of ¡esistance genes due to

genetic linkage between these two characteristics, or that the resistance genes themselves

are pleion'ophic. The intensity of selections may also result in the decrease of ¡esistance

genes which were originally present (Wood 1986), if such selections are made in the

absence of the pathogen. Consequently the resistance genes to L. maculans may have

been eliminated with the commercially undesirable traits.
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Evaluation of Brassica ju¡çge Czern & Coss accessions fo¡ reaction to Leptosphae¡ia

maculans (Desm.) Ces. & de Not.

3.1 Abstract

Two hundred and ninety six accessions of Brassica iu¡çça were evaluated at the

cotyledon stage for reactions to two isolates of Leptosphae¡ia maculans (Plat2, PlB6-14).

The consistency of interaction phenotype ovor time was examined. In addition 258 of the

accessions were evaluated at the adult stage for teactions to the isolate Pt86-14, and at

harvest time for root infection. Most accessions of B. j!!Cgê were resistant at both the

cotyledon and adult stages but susceptible to root infecrion. One accession of B. þ¡çg¿

was susceptible to L. maculans at all stages. The aggressive isolate of L. maculans was

re-isolated from ¡oots of infected plants regardless of cotyledon or stem reactions.

Interaction phenotypes on cotyledons of 7'l7a of accessions were not consistent over

time. Eight lines of B. juncea susceptible to L. maculans at all stages of growth were

susbsequently selected from plants whose interaction phenotypes over time were > 5.0.

Most plants within accessions were resistant at cotyledon and adult stages; however some

plants were resistant at the cotyledon stage but susceptible at the adult stage. Further

testing of the latter group at only the cotyledon stage, without detaching the cotyledons

resulted in infection of the non-inoculated stems. A weak correlation (r=0.28**) was

found between cotyledon and adult stem tests.
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3,2 Introduction

Blackleg disease caused by Leptosphaeria maculans @esm.) Ces. & de Not. is a

considerable theat to the production of oilseed rape in many parts of the world including

Canada. Knowledge regalding sources of resistance to and specificity of L. maculans is

important for programs involved in breeding for resistance to this disease. Different

cultivars of Brassica napus L. and B. rapa L. (syn. B. campestris) have been studied as

sources fo¡ resistance to L. maculans (Thurling & Venn 1977, Roy 1978). This has

resulted in the identification in B. napus, of adult plant resistance to L. maculans

(Alabouvette et al. 797 4, Lammerink 1979). All B. napus culrivars tested were

susceptible at the seedling stage, both in the field and the greenhouse (Flelms &

Cruickshank 1979). No complete lesistance, i.e. at both the seedling and adult plant

stages, has been found (Thurling & Venn 1977, Roy 1978, Helms & Cruickshank 1979,

Newman & Bailey i987).

Brassica j_u_4çgê Czern & Coss (mustard), a species ¡elated to B. napus and B.

I3!ê, possesses both seedling and adult planr resisrance (Roy i9g4, Sacristan &

Gerdemann 1986). Resistance to L. maculans has also been identified in Brassica

insula¡is Moss., a wild species from sardinia (Mithen & Lewis 198g), Brassica carinata

Braun (sacristan & Gerdemann 1986) and in representatives of other Brassicaceae

(sjodin & Glimelius i988). High levels of resistance have been transferred by

interspecific crosses fiom B. ilnceê to B. napus (Roy 1984, sacristan & Gerdemann

1986) and from B. carinata to B. napus (Sacristan & Gerdemann 19g6). Only the

resistance from B. jgnqga persisted after the first back cross.

Brassica íuncea is an atuactive alternative to B. napus and B. rapa. It performs

particulady well under warm dlier conditions. Its potential as an oilseed crop in canada

is very high (Woods et al. 1991), especially if and when canola quality B. j¡¡ee4 become

available (Love 1988). Incleased production of canola is threatened by the potential
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damage that blackleg can cause. Reports concerning the resistance of B. iuncea to L,

maculans have generally been based on either observations of the disease reaction in the

field, or results of crosses botween selected resistant B. íuncea plants with other Brassica

spp. (Roy 1984, Sacristan & Gerdemann 1986). No formal evaluations of B. junçça

have been made to date. Hence, this study was initiated to:

1. evaluate accessions of B. jr¡nCgê from the collection of the University of

Manitoba, for reactions to L. maculans,

2, select susceptible plants for a study of the genetics of resistance of B. ju¡CC¿

to L. maculans and

3. find optimum time for disease measurement at the cotyledon and adult

stages.

3.3.0 Materials and methods

3,3.1 Inoculum

Two aggressive isolates (Plat2 & P186-14) of L. maculans from widely different

regions in Manitoba were used. The isolates were recognised as aggressive on the basis

of their interaction phenotype on, and were maintained by repeated passage though

'Westar', a susceptible B. napus cultivar.

3.3,2 Inoculumpreparation

Infested host material was surface sterilized in 5Zo sodium hypochlorite

(household javex) solution for 2-3 minutes, then rinsed thoroughly 2-3 times in sterile

distilled water and transfer¡ed onto v8-juice agar plates to which 17o streptomycin

sulphate and ¡ose bengal (40 mg/L) were added. All plating was done under a laminar
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flow hood, and plates were kept unde¡ near UV light or cool fluorescant light at room

temperature. After 5-6 days, abundantly sporulating cultures were flooded with 5- 10 mL

of sterile distilled water and their surface gently scraped with a flamed glass slide. The

mixture was filtered through 4 layers of sterile cheese cioth into centrifuge tubes and

centrifuged for 30 minutes at 4500 rpm. The supernatant was decanted and the pelleted

spores stored frozen. When desired, the spore concentrate was thawed, and a few drops

resuspended in 10 mL of sterile distilled water. Quantification of spores was done using

a haemocytometer and appropriate dilutions made to obtain a final concentration of 1 x

107 spore mL-1.

3.3.3 Host material

Two hund¡ed and ninety six accessions of B. þ¡çsa randomly selected from the

University of Manitoba seed collection were evaluated in this study. Two hundred fifty

eight of these accessions were evaluated at both the cotyledon and adult stages. Seeds

were planted in flats (5 x 10 jiffy pots) using a soilless mix (Metromixnur, W. R. Grace &

Co. Ltd., Ajax, Ontario) as the planting medium. Up to 10 seeds from each accession

were planted. All flats were watered daily and kept in the growth chamber at 24l20oc

daylnight temperatures and a 16h photoperiod.

3.3.4 Cotyledonevaluations

Cotyledons were wounded rvhen fully expanded, 6-7 days after planting, and

simultaneously tested with both isolates of L. maculans, one to either cotytedon. The 2

isolates rvere diffelentiated by mar.king one cotyledon.

A drop of inoculum (10 uL) was introduced to the wound and the inoculum

allowed to dry onto the wounds. Flats were not watered until the following day.
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Cotyledons were evaluated for interaction phenotype (Ip), 10 days after

inoculation using the cotyledon evaluation method (Table 3.1). To determine the

optimum time fo¡ rating, up to 3 ratings were done for 261 to 296 accessions - on the

1Oth, 12th and 15th day after inoculation.

3.3.5 Adult plant evaluations

AII cotyledons were detached from seedlings to halt disease progress. Up to 10

seedlings per accession were potted (1 seedling per pot) in the soilless mix. Adult plants

were inoculated at gowth stage (GS) 3 - 3.2 (Harper & Berkenhamp 1975) using the

isolate Pl86-14. The inoculum was prepared in similar manner and concentration as for

cotyledon evaluation. Fully elongated stem (2nd - 3rd¡ node intervals were pierced, and

the inoculum (10 uL) delivered into the srem via the wound.

Plants were rated for stem lesions weekly for 5 weeks, beginning 10 days after

inoculation. The key of Newnran (1984) was slightly modified and used for stem

evaluations (Table 3.2). Notes were also taken fo¡ lesion colour, presence of pycnidia,

purpling of stems, wilting of plants and internal da¡kening of stems. All adult plants

were inoculated, rated and kept till harvest, either in a greenhouse or a growth chambe¡.

Growth chambers were maintained at 24l20oc daylnight temperature and 16h

photoperiod' but the greenhouso temperature varied depending on the season. The

greenhouse temperatures for the months of May, June, and July were not as strictly

controlled as those for the winter months.

3.3.6 Root evaluations

After ha¡vest, pots were watered thoroughly to facilitate removal of roots. Roots

were then rated for prosence of infection expressed as darkening of roots (Table 3.3). A
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sample of roots was plated on V8-juice agar medium. The medium was prepared as

described earlier. Fungal growth was observed for mycelial colour and presence of

pycnidia.

3.4 Results

Interaction phenotypes (IP) on coryledons of E. j!_nçgê were observed 8 - i0 days

after inoculation with both ag$essive isolates of L. maculans. The IP in B. iuncea - !.
maculans system was slow to develop compared to Westar. Frequently, yellowing and

purpling of cotyledons of resistant plants were observed 1 - 10 days after inoculation, but

lesions on the susceptible B. þ¡ç94 were more restricted compared to lesions on B. nap!ö

cv. Westar. At the adult stage, greyish-white lesions with abundant pycnidia were

observed on susceptible lines. Purple streaks (usually along the length of colonization)

and,/or limited necrosis (with purple borders) were commonly observed on ¡esistant linos,

but no pycnidia formed in the lesions. Rapid development of stem lesions occur¡ed at 4

to 5 weeks after inoculation. Infection of the ¡oots often was preceded by darkening of

the pith and resulted in wilting of some inoculated plants. Intemal tissues of infected

roots were often brown, becoming black at plant maturity. The aggressive isolate of L.

maculans was re-isolated from the dalkened roots.

The results for al1 accessions tested against the 2 isolates of L. maculans are

presented in Appendix 3.1 (cotyledon reacrions) and Appendix 3.2 (cotyledon & adult

reactions). one accession of B. j!ruga GJM3115) was highly susceprible to both isolates

at dìe cotyledon stage (IP=9), on day 10 and to Pl86-14 ar rhe adult stage (Ip=g) four

weeks after inoculation. Al1 uM3115 plants died, Based on mean Ip for plants within

accessions, all B. ju!çgê accessions tested were resistant to L. maculans at both the

cotyledon and adult stages, when IP 0 = most ¡esistant and Ip 9 = most susceptible for
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cotyledon reactions, and at the adult stage where IP 0 = most resistant and IP 8 = most

susceptible.

The mean IP of the accessions are grouped into classes (0-9). The number of

accessions of B. jlncca within each class (cotyledon & adult ¡eactions) are summarised

in Table 3.4. Three accessi.ons (UM3115, UM3403 & UM3064) had a mean IP gïearer

than 3.0 on first cotyledon rating; but on the third cotyledon fating 72 accessions had a

mean IP gleater than 3.0 when P186-14 was used as inoculum (Table 3.4). Most

accessions had low mean IP ratings. At day 10 of cotyledon ratings, 997o of the

accessions had mean IP within the range 0-3. Vr'hen Plat2 was used as inoculum, 96Zo

and 83Vo of the accessions were rated within the lower (0 - 3) range of the evaluation

scale at day 12 and day 15 respectively. When Pl86-14 was used as inoculum, 90Vo and

727o of the accessions were rated within the range (0 - 3) at day 12 and day 15

respectively. Similarly, at the adult stage, 1 accession had a mean IP rating greater than

3.0, ten days after stem inoculation, compared to 38 accessions with same mean Ip rating

at week 4 (Table 3.4). The mean IP of most accessions was within the 0 - 5 range in

week 1 to week 4, with 85Va of the accessions having a low rating (Ip 0 - 3) at four

weeks.

Based on IP ratings, accessions are grouped by the highest observed Ip of plants

within accessions (Tables 3.5 and 3.6). Most (288) accessions of B. ju¡ceê were rated

within the lower range (IP 0 - 3) of the cotyledon evaluarion scale at day 10, when plat2

was used as i¡oculum, while 280 accessions were rated within the same range (Ip 0 - 3)

of the scale using Pl86-14 as inoculum (Table 3.5). At the adult stage (week 1), 257

accessions were rated within the lower range (Ip 0-3) of the adult stage evaluation

(Tables 3.6); with the number of accessions in the lower range of cotyledon and adult

stage scale decreasing over timo.

Although all accessions of B. íuncea were resistant to L. maculans at both the

cotyledon and adult stages, the roots of most plants within accessions were infected
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regardless of the ratings for cotyledon and stem teactions. Eighty eight percent of the

accessions tested in the greenhouse had da¡kened roots. Tho aggressive isolate of L.

maculans was isolated f¡om darkened roots of 50 accessions of B. juncea sampled from

the greenhouse tests.

Since al1 accessions of B. þ¡cça were resistant to L. maculans, further

evaluations for susceptibility were made on the basis of single plants within accessions.

The reactions of B. jgxeqê plants at the cotyledon stage over the 3 ratings are summarised

in Table 3.7. When Plat2 was used as inoculum, 997o of the plants were rated in the 0 - 3

range at day 10; most of these plants were rated in IP class 0 and 1. At day fifteen, 86Zo

of the plants were rated in the 0 - 3 range; fewer plants were rated in Ip class 0 and 1, and

more plants were rated in IP class gleater than 3.0 compared to day 10. Similar results

were obtained using Pl86-14; with fewer plants occuning in IP 0 class compared to plat2

(Table 3.7). At the adult stage (weeks 1 - 3), most planrs were rated within the lower

range (IP 0 - 3) of the adult evaluarion scale compared ro weeks 4 and 5 (Iable 3.g).

Plants from which cotyledon IP ratings greate¡ than 5.0 were observed after 12 or 15 days

were sampled and re-tested with the 2 isolates of L. maculans at the cotyledon stage and

with Pl86-14 at the adult srage. Seven lines (planrs) UM3001, 1JM3132, UM3366,

UM3403, UM3460, UM3466 &.UM3467, wore susceptible at both the coryledon (Ip=9)

and adult stage (IP greater than 7). The susceprible plant (uM300l) was selected from

repeated selfing of a nield selected uM3001 with da¡k roots. A benomyl drench (0.25 g

500 mL-1) was used frequently and/or when desired, to rescue any wilting/dying plants.

A summary of individ.al plant reactions to L. maculans at both the cotyledon and

adult stages indicated that 76vo of the plants were resistant at both the cotyledon and

adult stages. some (22vo) plants were resistant to L. maculans at the cotyledon stage but

susceptible at the adult stage. A sample of these plants was re-tested at the cotyledon

stage. The cotyledons were not detached after rating, and stems were not inoculated.

cotyledons were symptomless (IP=O) but infection of stems occuned. Three plants
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(0.16Ea) were susceptible at the cotyledon stage and resistant at the adult stage. However

these could be a result of experimental er¡or. A poor conelation was found botween

cotyledon (day 10) and adult (week 4) reacions (r=0.28, P=0.001).

'lhe IP of 77 7o of the accessions changed from a lower rating at day l0 to a higher

one at day 15 after inoculation. The IP of 59 out of 258 accessions was consistent over

the 3 cotyledon ratings. Analysis of variance was performed on the data using plants

within accessions as replicates to determine the best time of resistance selection in B.

juncea. The IPs at day 15 after cotyledon inoculation had the widest range (Ip 0 - 7.0)

and the lowest error mean square compared to days 12 (IP 0 - 5.8 + 0.53) and 10 (IP 0 -

4.6 + 0.50). Likewise IP at week 5 had the widest range (IP 0 - S.0) and the lowest error

mean square compared to week 4 (lP 0 - 7.8 + 0.13) week 3 (IP 0 - 7.3 + 0.40) and week

2 (IP 0 - 6.7 + 0.68). However rhe occunence of saprophytic growrh at day 15 and week

5 cannot be¡uled out. consequently day 12 and week 4 would be the best time to select

for disease ¡esistance.

3.5 Discussion

This study indicates that the resistance of B. j¡¡çç¿ to L. maculans is not

'absolute and complete' (sensu Roy 1984, Sacristan & Gerdemann 19g6) but that

variability for expression of resistance occurs both among plants and at different plant

parts (i.e. cotyledon, stem & root). Based on the average Ip of plants within accessions,

all tested accessions of B. j¡¡cça were rcsistant to L. maculans at the cotyledon and adult

stages. Most B. Íuncea accessions were resistant to L. maculans at both the cotyledon

and adult stages, but the roots were susceprible. wittern et al. (1985) cited by Newman

& Bailey (1987) reported darkening of internal crorvn tissue of oilseed rape, inoculated

with L. maculans, regardless of the extemal symptoms of plants. Roots' susceptibility to

!. maculans may prove more damaging than the stem canker phase, especially in wet
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fields or in wet yeat's. Hence plants should also be screened for root infection.

Aggressive isolates of L. maculans were isolated ftom roots of B. þ¡ç9¿ regardless of

their IP ratings. Field root samples were often contaminated with other organisms. van

den Berg et al. (1989) also isolated L. lqêçul¿ns from roors of oilseed rape obtained from

the field. In practice it is more likely that ear'ly root infections by L. maculans would be

confused with other soil borne diseases, e.g. root rots. Since many B. þ¡ççg plants

which we¡e resistant to L. maculans at the cotyledon and adult stages subsequently

showed root infections, the resistance may promote development of virulent pathotypes.

Sexual recombination in the woody root tissue (Boerema 197 6) may give rise to new

pathotypes. It would be desirable to rransfer the resistance in B. junçga to L. maculans to

susceptible B. napus and B. rapa. However only plants ¡esistant at the cotyledon, stem

and ¡oot stages should be used in crosses to transfer the resistance genes.

Most plants within accessions resistant to L. maculans at the cotyledon stage were

also resistant at the adult stage. Roy (1978) and Sjodin & Glimelius (1988) reported

resistance in B. julcga at both the cotyledon and adult stages. In this study, one

accession a¡d 8 lines were susceptible at the cotyledons, stems, and roots. Most (7)

susceptible B. juncea lines were re-selected from plants with Ip equal to or greater than

5.0, twelve to fifteen days after inoculation. The line uM3001 was selected from a field

plant in which the roots were susceptible. This suggests incomplete resistance due to

heterozygosity of the genotypes. Lesions and sporulation were often resEicted in

susceptible B. iuncea lines compared to B. nap!! cv. westar. Restriction of lesion size

and sporulation on the susceprible B. jUCç¿ lines (e.g. LJM313Z, UM3001) may imply

the involvement of resistance mechanisms other than major genes. Moreover susceptible

plants may cany genes for resistance against other isolates of the pathogen. Hence plants

should be screened with a range of isolates, o¡ in the field.

A few plants within accessions rvere resistant to L. maculans at the cotyledon

stage (i.e. no necrosis occuned, IP=O) but susceptible at the adult stage. Inoculating only
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the cotyledons, but not the stems resulted in stem lesions. This suggests biotrophic

infections of the cotyledons. Hammond et al. (1985) reported biotrophic invasion of B.

napus leaves in the B. napus - L. maculans system. It is impossible to distinguish a

genuine resistant reaction (IP=O) from a biotr.ophic reacrion (Ip=0) by eye.

Consequently, selection of resistant genotypes should be based on the occurrence of the

hypersensitive response (IP=1-3). A hypersensitive response would deprive rhe pathogen

of living cells (Parry 1990) recluired for the initial biotrophic stage (Hammond et al.

1985).

A longer exposure time is required for adequate separation of resistant and

susceptible B. iuncea lines. Interaction phenotypes on cotyledons of B. juncea changed

over time in most (199/258) accessions tested; tending towards more susceptibility.

Susceptible B. juncea lines were subsequently selected from lines derived from some of

these accessions, suggesting heterozygosity of these genotypes. This implies incomplete

action of the resistance genes or the occulrence of modifying factors, Differences in Ip

due to homozygosity and heterozygosity of host material have important implications

when breeding for disease resistance (Roelfs i988). If the action of resistance genes is

incomplete, or modifying factors are involved, the process of transferring resistance

genes to susceptible B. juncea plants or the susceptible B. napus and B. rapê, will be

more complicated and lengthy. Morc information about the genetic control of resistance

in E. jrucca to L. maculans is required.

At the adult stage, rapid development of lesions occurred 4-5 weeks after stem

inoculation, suggesting rhe involvement of active or physiological resistance facto¡s. The

phytoalexins methoxybrassinin, cyclobrassinin and brassilexin have been shown to build

up faster in resistant Brassica spp. than in susceptible ones @ahiya & Rimmer 19gg,

Rouxel et al. 1989). This may ircrease time for disease to bs manifested depending on

the duration, effectiveness and concenhation of the phytoalexins. Further investigation

into the components ofresistance in B. iuncea to L. maculans is required.



Table 3.1. lnteracti_on phenotype classes on cotyledons of Brassica spp. after
inoculation with isolates of l-eptosphaeria macuians @elwiche, 1980). 

-

Class Description

No clar*ening alound wound, Typical response of non-
inoculated cotyledons,

Limited blackening around wound, Iesion diameter is 0.5 -

1.5 mm. Sporulation absent but chlorotic halo may be
present.

Da¡k necrotic lesions, 1.5 - 3.0 mm, chlorotic halo may be
present but spon¡lation absent.

Lesion diameter is 3 - 6 mm with sharply delineated dark
necrotic margins. May show gley-green tissue collapse as
in 7 and 9 or may have dark necrosis throughout. There is
no sporulation.

Çr_gy-green tissue collapse 3 - 5 mm diameter, sharply
delimited with non-darkened margin.

Rapid tissue collapse about 10 days followed by profuse
sporulation in large (greater than 5 mm) lesions that have
di ffuse non-darkened margins.
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Table 3.2, Interaction phenotype classes on adult stems of Brassica species inoculated
with leptosphaeria maculans. Rating scores are based on length and òircumference of
stem lesions obtained by addition of scale (C+L) (Newman, 1984).

Score
(s)

Iæsion circumference
or stem girdling (C)

Lesion length
on stem (L)

0

1

2

3

4

5

no infection

less than 25o/o girdling

25 - 49Vo girdlìng

50 - 747o girdling

75 - 1007o girdling

plant dead

no infection

less tha¡ 10 mm

10-19mm

20 -29 mm

greatel than 30 mm

plant dead

Table 3.3. Interaction phenotype classes on roots of B¡assica juncea after inoculation at
cotyledon and ad¡lt stage with isolates of Leptosphaeria macuians. Ratings are based on
percontage root darkening after harvest.

Percent root darkening
(circumference)

Score
(s)

0

1

3

5

7

9

no darkening (no disease)

less than 107o darkening

l}Va - 247o darkening

25Vo - 497o darkening

507o - 7 4Vo darkening

757a - 700Va darkening
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Table 3.4. Num,ber of Brassica j!¡çgê accessions in each mean interaction phenotype
group, when.challenged at the cotyledon and adult stages with two isolates ôf
Leptosphaeria maculans.

Intelaction phenotype gr oupings

Time 0-1 Ll-2 2.1-3 3.1-4 4.1-5 5.1-6 6.1-7 7 .t-g 8.1-9 Total

296
296
259

296
296
259

258
258
258
258

0
0
0
0

0
0
0

0
0
0

0
0
1

1

1000
7300

23 1523
2000

18730
2831 93

i0
10
00

t20

(Cotyledon)

(Adult stage)

00
00

222
74 1i

Day

10 259 28 7t2 202 49 3415 137 39 39

10 236 42 1512 153 63 5115 66 5s 66

Week

125700
221234 13 160 60 134 72 1t5 33

Plat2

Pl86-14

Pl86-14
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Table 3.5. Reactions of Brass.icg i¡¡cea accessions at the cotyledon stage to two isolates
of Leptosphaeria {nacuJans. Values are numbe¡ of accessions-grouped b-y highest
occuning interaction phenotypo taken over !ime.

Interaction phenotype

Isolate Time(days) Total

77t7833332296
52 1.45 59 27 6 7 296
39 96 53 44 20 9 261

70 15654934296
40 108 74 49 16 9 296
33 29 76 70 39 14 261.

10
t2
15

10
l2
t5

Pla't2

Pt86-14

Table 3,6. Reactions of Braslica juncea accessions at the adult stage to one isolate of
Leptosphagria maculans (P186- 14). Values are number of accessioñs grouped by highest
occurring interaction phenotype taken over five weeks.

Intelaction phenotype

8 TotalWeek

i19561 10000012s8266t173422660072s8
32883492623t7 184t02584 2't 14 60 54 26 18 9 34 16 258500511 4624836 1t2
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Table 3,7. Reactions of Brassica j¡¡çpg plants at the cotyledon stage to two isolates of
Lpptosphaeria maculans. Values a¡e percèntage plants within eachìnteraction phenotype
class taken over time.

Interaction phenotype

Isolate Time Total

Plat2

Pl86-14

41.6
26.8
2t.9

34.9
2t.2
18.0

10
'J.2

15

10
1a

15

0.5
J.J

10.3

0.8
7.6

t6.2

0.6
0.9
1.1

0.7
1.1
t.3

100
100
100

100
100
100

52.6 4.54
55.9 13.02
43.t 20.95

54.8 8.7
51.6 17 .3
30.7 28.4

0.2
0.5
2.6

0.2
1.3
5.4

Table 3'8' Reactions of Brassica junçeê plants at the adult stage to one isolate (plg6- 14)
of Leptospha.eria maculans. Valuàs are pèrcentage plants withln each interaction
phenotype taken over five weeks.

Interaction phenotype

Vy'eek 0 456 Total

1 93.67

2 62.7

3 38.8

4 24.9

5 3.5

5.5 0.2 0.4

289 3.6 2.9

42.2 7.6 4.r

38.8 16.8 '7.9

26.7 18.8 10.2

0.0 0.0

0.5 0.7

2.4 1.8

3.4 2.3

4.2 2.6

0.0 0.1

0.0 0.0

1.5 0.5

1.1 3.1

6.1 21.0

o.2

0.7

1.2

t.9

"7 1
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The inheritance of resistance in Brassica jg¡çea czern &. coss to Leptosphaeria maculans

(Desm.) Ces. & de Not.

4,1 Abstract

The inheritance of resistance to two isolates of I-eptosphaeria maculans (p1at2,

P186-14) was examined in Brassica junçgê. Ttu.ee resistanr parenrs (UM3021, UM3043,

UM3323) were each reciprocally crossed to the susceptible parenr (UM3132) and ro each

other. The parents and F1 from all the crosses and F2 flom crosses involving the resistant

parents and the susceptible parent (1JM3132) were evaluated at the cotyledon and adult

stages. similar results werc obtained for cotyledon and adult srem reactions. F3 families

of susceptible F2 plants from the cross involving one resistant parent (UM3021) were

also evaluated. Resistance of E. j_u_[cgê to L. maculans was controlled by two nuclear

genes with dominant recessive epistatic action in all three resistant lines. This conclusion

is supponed by the fact that some F3 families derived fi.om susceptible F2 plants

segregated for resistance in a ratio of 1 resistant : 3 susceptible. No segregation occuned

in the progeny of c¡osses between resistant patents.
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4,2 Introduction

The stem canker phase of blackleg disease caused by læptosphaeria maculans

(Desm.) Ces. & de Not, is important in many oilseed rape producing areas of the world,

as far as yield reduction is concerned (McGee & Emmett 1977, Rawlinson & Muthyalu

1979, Newman & Bailey 1987). Most oilseed rape culrivars in canada are susceptible ro

blackleg. In Europe a few cultivars provide adult planr resistance. Knowledge regarding

the genetics of resistance in Brassica spp. to L. maculans would be an important step

towa¡ds effective breeding for disease resistance in oilseed rape.

The resistance of Brassica napls L. to L. maculans was suggested to be

polygenically determined (Wratren & Munay 1977 , Cargeeg & Thurling i980a) based on

the observed disease development in the field. However, Delwiche (19g0) carried out

genetic studies in the greenhouse using two cultivars of winter oilseed rape @. naB_us)

and reported that one dominant gene confelred cotyledon resistance to L. maculans.

More recently, sawatsky (1989) suggested that one recessive gene controlled seedting

resistance in summer rape lines to L. maculans, and that two dominant genes conferred

adult plant resistance. Mithen & Lewis (1988) reported two dominant genes that confrol

resistance to L. maculans in hybrids of Brassica oleracea L. and Brassica insularis Moss.

Brassica ju-nçga czern & coss is a potentiar o seed crop in western canada

(woods et al. 1991) and is more resistant to blackleg at both the seedling and adult plant

stages than eithe¡ B. rapa or B. napus (Roy 1984, sacristan & Gerdemann 19g6).

Resistance to L. maculans has been transfened from B. j¡¡çg4 to other Brassica spp. by

interspecific hybridization (Roy 1984), but knowledge regarding the inheritance of

tesistance in B. iuncea to L. maculans is not available. This study was undertaken to

determine the genetic control ofresistance in B. j¡¡çç¿ to L. maculans.
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4.3.0 Materials ând methods

4.3.1 Hosf maferial

Three accessions of B. þ¡çga ruM3021, UM3323 & UM3043) were used as

resistant parents and the accession UMr3l32 was used as the susceptible par.ent. All

parents were single plant selections selected for resistance or susceptibility based on the

interaction phenotype (IP) at both cotyledon and adult stages, gtowth stages (GS) 1, and

GS 3 - 3.2 (Harper & Berkenkamp 1975) respectively. Resistant and susceptible plants

used in the genetic study were 52 plants. The B. napus cultivar 'Vy'estar' was included in

all tests as a susceptible check.

4.3.2 Crossing procedure

Reciprocal crosses were made between resistant and susceptible, and between

resistant and resistant plants. In addition, each ¡esistant and susceptible plant was selfed

to obtain s3 progeny. selfed and crossed flowers were isolated in glycine bags to avoid

pollen cross contamination. Fifty F1 plants from each reciprocal cross were tested at the

cotyledon stage (GS 1); and from each recìprocal cross 1 to 7 F1 plants were randomly

selected. These F1 plants (i - 7) were tested at the adult stage (GS 3 - 3.2), grown to

matudty, and selfed to obtain F2 progeny of each cross. F2 plants (26-136) from each F1

plant were also selfed to obtain F3 seeds. The par.ents (Sz & S¡), the F1 and F2 plants

were all tested with the 2 isolates ofL. maculans (plat2 & pl86-14) at the cotyledon stage

and with Pl86-14 at the adult stage. F2 plants of resistant x ¡esistant crosses were not

tested at adult stage. F3 lines derived from susceptible F2 plants of rhe cross (uM3021 x

UM3132) were also tested only ar rhe cotyledon stage.
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Reciprocal crosses between different parent plants are numbered using arabic

nume¡als (1 to 7); where more than one F1 plant has been selected fi.om a given parental

cross, the F2 families derived therefiom ar.e designated by identical a¡abic numerals but

different alphabet (e.g. 14, 18 to 1G). F2 families de¡ived from different F1 plants of

different parental crosses are designated by different arabic numerals and may have

identical alphabet letters (e.g. 14, 2A to 7 A).

4,3,3 Inoculum

Two aggressive isolates of !. naculans (Plat2 & PlB6-14) selected from the

collection of the university of Manitoba were used in this study. The isolates were from

widely separated regions of Manitoba and were maintained by repeated passage through

Westar.

4.3.4 Inoculumpreparation

Infected host material was surface sterilized in 5zo sodium hypochlorite

(household javex) solution for 2 - 3 minures, then rinsed 2 - 3 times in sterile distilled

water and transfer¡ed onto v8-juice agar plates to which 17o streptomycin sulphate and

rose bengal (a0 mg/L) were added. All plating was done under a laminar flow hood, and

plates were kept under near uv light and/or cool fluorescent light at room temperature.

After 5 - 7 days, sporulating cultures were flooded with 5 -10 mL of sterilized distilled

water and their surface gently sclaped with a flamed glass slide to release the

pycnidiospores. The mixture was then filtered though 4layers of sterilized cheese cloth

into centrifuge tubes and cenhifuged for 30 minutes at 4500 rpm. The supematant was

decanted and the peleted spores stored at -10oc to -15oc. \vhen desired, the spore

concenúate was thawed and a ferv cirops re-suspended in l0 mL of sterile distilled water.
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Quantification of spores was done using a haemocytometer and appropriate dilutions

made to obtain a final concentration of 1x102 spore mL-1.

4,3.5 Cofyledonevaluations

Cotyledons were wounded when fully expanded, 6-7 days after planting and

simultaneously inoculated with both isolates ofL. maculans, one to eithe¡ cotyledon. A

drop of inoculum (10 uL) was introduced to the wounds and the inoculum allowed to dry

onto the wounds. Plants were not watered until the following day. Ten days after

inoculation, cotyledons were rated using a scale of 0 to 9, where 0 = no disease and 9 =

very susceptible ftViliiams 1985). Resistant and susceptible parents were each re-tested

for range and uniforrnity of reactions using both isolates of L. maculans. All cotyledon

evaluations were done in growth chambers, maintained ar 24lZ0oC day/night

temperatures, and 16 hour photoperiod.

4.3.6 Adult plant evaluations

Adult plants were inoculated at GS 3 - 3.2 using pycnidiospores of rhe isolate

Pl86-14. The inoculum (10 uL) was injected into the lower porrion of the stem, (2nd -

3rd) node above the crown using a hypodermic syringe. plants were first rated l0 days

after inoculation and followed by rveekly ratings over four weeks. The key of Newman

(1984) was slightly modified (p. 31) and used for srem evaluations. Adult plants were

inoculated, rated and kept till harvest either in the growth chamber or the greenhouse.

G¡owth chambers were maintained at 24/20oc daylnight temperature but the greenhouse

temperatures varied depending on the season. The grcenhouse temperatures for the

months of May, June and July wele not as strictly controlled as those for winter months.
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4,3,7 Statisfical analysis

The Chi-squale test for goodness of fit was used to analyse the F2 and F3

segregation data, F2 families of the same cross were tested for homogeneity using the

Chi-square test.

4,4.0 Results and discussion

4.4,1 Parental tests

The mean IPs' of the 3 r.esistant parents following cotyledon inoculation with

isolates of L. maculans were less than 0.7 + 0.14 (fable 4.1, 52 lines). The mean Ip for

susceptible parents was greater than 8.3 + 0.18. similar results were obtained in tests of

the selfed parental material (Table 4.1, s3 lines). The mean lps' of the selfed resistant

pafents were equal to or less than 0.3 + 0.05. Susceptible parents had a mean Ip greater

than 8.6 + 0.07 (Table 4.i). Interaction phenotypes (Ip) were consistenr even after 10

days from first rating. At the adult stage (four weeks after inoculation), the adult Ip

(AIP) for resistant and susceptible parents were grearer rhan 0.6 + 0.4 and7.0 + 0.32

respectively. The expression of a resistant o¡ susceptible Ip at the cotyledon stage in the

B.íuncea-L.maculanspathosystemoccurswithina0-3scoreforresistantand5-9for

susceptible genotypes rospectively (Table 4.1). At the adult stage, AIp fo¡ ¡esistant

parents occur¡ed within the 0 - 3 raDge and for susceptible parents within rhe 6 - g range,

based on the data from the parents. No se$egation for resistance or for susceptibility

occurred in the (Sz & 53) progeny of eithe¡ the susceptible or resistant parents.
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4.4,2 FL(susceptible x resistârìt crosses)

The mean IP of the Fi populations f¡om the susceptible x resistant crosses and

their reciprocals were between 0.02 and 1.28 (Table 4.2). Most scores for F1 reactions

were within the two lowest ranges of the rating scale (IP 0-1) compared to the parents (Ip

0-3). All F1 progeny from the UM3323 & UM3043 crosses with susceptible parent

(UM3132) were uniformly resistanr (lP 0 - 1). However segregarion for susceptibility

occurred in the F1 from the cross UM3021 x UM3132 indicating heterozygosity in

UM3021 ('Iable 4.2). When tested at rhe adulr stage, AIP 4 - 5 were ofren accompanied

by purple sEeaks and in some cases sporulation occurred with plants four weeks after

inoculation. Consequently AIP 4 and 5 are also considered as susceptible AIp. No

differences occurred between reciprocal crosses of resistant and susceptible plants.

Based on the F1, the resistance in E. jucca (test lines) to L. maculans is controlled by

dominant nuclear genes. This conforms with the dominant gene control in other Brassica

- L. maculans pathosysrems @elwiche i980, Mithen & tewis i9B8) but is in contrast to

the recessive gene control in the B. napus - L. maculans system (Sawatsky 19g9).

Resistant and susceptible IP for the parents and Fi were consistent at both cotyledon and

adult stage, hence only one set of data is presented.

4.4.3 Resistant x resistant closses

Data for F1 and F2 populations of crosses between all the resistant parents and

their reciprocals are presented in Tables 4.3 and 4.4 respectively. F2 populations of the

c¡osses between the resistant parents (uM3323 x uM3021) and (uM3323 x uM3043)

and their reciprocals were all resistant and similar to the responses of the Fi and their

fespective parents. This indicates that the resistance genes in uM3323 a¡e allelic to those

in uM3021 and uM3043. crosses berween uM3021 and uM3043 and their reciprocals
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were predominantly resistant (Table 4.4). One or two plants with Ip 7 were observed in

some crosses, but these could be due to epistatic effects and/or some unknown

envi¡onmental effects, associative and dissociative effects of the genes, or even an

experimental enor. Nevertheless based on the fact that these Ips in the F2 did not cover

the ra¡ge of IP defined earlier as susceptible, no segregation for susceptibility was

infe¡red in crosses between resistant parents. These results indicate that the resistant

genes in the three resistant palents (UM3323, UM3043, UM3021) are allelic.

4,4.4 Pooled F2 (susceptible x resistant crosses)

Chi-square tests for homogeneity of variances gave either significant values

and/or non-significant values for 13:3 and/or 3:1 ratios depending on individual parents

of a cross. Pooled F2 segegation ratios for the crosses UM3323 x UM3132 (Iable 4.5),

UM3021 x UM3i32 (Table 4.6) and UM3132 x UM3043 (Table 4.7) fit a 13:3 ratio of

resistant : susceptible plants. However, in the reciprocal crosses, the pooled F2

segregation ratios for some crosses of uM3132 x uM3323 (Table 4.g) and uM3132 x

UM3021 (Table 4.9) fit either 3:1 and,/or 13:3 ratios. The hypothesis that rwo genes with

dominant recessive epistatic interaction may be involved was tested by screening for

resistance in the progeny of susceptible F2 families. segregation for ¡esistance occuned.

in F3 families of susceptible F2 plants of the cross uM3132 x uM3021, fitting 1:3 or 0:1

ratios of resistant : susceptible plants (Table 4.10). These results indicate that resistance

to L. maculans in B. juncça lines UM3323, UM3043, UM3021 is controlled by two

nuclear genes with dominant recessive epistasis. The two gene control of resistance of B.

ju¡cea to L. maculans is consistent with the two gene system reported for other Brassica

species by Delwiche (1980), Mithen & l-ewis (1988) and sawatsky (19g9). Delwiche

(1980) reported two linked genes that determine the resistance of B. napus to L.
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maculans, but sawatsky (1989) reported two epistatic dominant genes controlling adult

resistance in B. napus to L, maculans. No F3 segregations were studied in either case.

4,4,5 F2 populations (susceptible x resistanf crosses)

The F2 segregation of 13 resistant : 3 susceptible can be explained by a two

resistance gene system in which one gene (A) when homozygous recessive is epistatic to

the other gene (B) when dominaut. The genofype (aa) in the presence of a dominant gene

(B) will confer susceptibility; rhe homozygous gene (BB) may be more susceptible rhan

the heterozygous gene (Bb); and the homozygous recessive gene (bb) will confer

resistance when associated with the genotype (aa). The genotypes of both susceptible

and resistant parents of particular crosses will certainly influence the resulting

segregation ratios. In this study, F2 segregation ratios for the cross UM3323 x UM3i32

fit a 13:3 ratio, indicating that UM3323 is uniform for same parental genotype (Table

4.5). They were allocated rhe genorypes (AAbb x aaBB) respectively. The reciprocal

cross uM3132 xuM3323 fit both i3:3 and 3:i ratios (Table 4.8). crosses 1-3 which fit

the same ratio (13:3) were allocared the genotypes (aaBB x AAbb). crosses 4 and 5 fit

13:3 and 3:1 ratios (Table 4.8). Based on no segregation in parenrs and the F1, the

genotypes postulated for susceptible and resistant parents are (aaBB x AABb)

lespectively.

Data for the cross uM3132 x uM3043 are presented in Table 4.7. F2 ratios for

crosses 3 and 5 fit a 13:3 ratio. The genotypes of the respective parents a¡e aaBB x

AAbb. crosses (1,2,4, 6 and 7) fitting both 13:3 and 3:1 were allocated rhe genorypes

(aaBB x AABb) for susceptible and resistant parents respectively.

No segregation was observed in pa¡onts VM3l32 and UM3021; however a few

susceptible plants occuned in some Fl populations of the cross uM3021 x uM3132 and

their reciprocals. uM3021 x uM3132 F2 crosses 1 ro 5 fit 13:3 ratio (Table 4.6); hence
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tho resistant and susceptible parents wero allocated the genotype AAbb x aaBB

respectively. However, the cross UM31,32 x UM3021 fit either l3:3,3:1 or 1:3 ratios

(Table 4.9). segregation for resistance occurred in the F3 families of susceptible F2

plants (including samples from the population fitting a 1:3 ratio), hence providing

support for the hypothesis of dominant recessive epistasis (Table 4.10). However, some

F3 families had reversed segregation rarios. This may have been caused either by

unknown environmental conditions, differences in the genetic background or other

unknown host-parasite interaction facto¡s. The genotypes of parents for the cross

UM3132 x UM3021 are summarized in Table 4.11.

In most cases, in this study the B, julce¿ cotyledon reactions, Ip 0-3 and Ip 5-9

were grouped as resistant and susceptible IP respectivety. At the adult stage the

occurfence of extensive purple streaks make determination of AIp more difficult. In this

study AIP 0-3 were grouped as resistant and AIP 4-8 as susceptible. The grouping of Ip

may influence the posrulation of gene action (sawatsky 1989). The heterozygosity of

parents and of the pathogen, and/o¡ differences in the genetic background will also affect

the nature of the host-parasite irlteraction @llingboe 1981). High tempteratures may

sometimes enhance epistatic interacrions (vanderplank 19g4); this may make it difficult

to obtain consistent gene action i.e. at cotyledon and adult stages.

The genes fo¡ resistance inuM3323 are alrelic ro those in trM302l and uM3043.

Although some segregation for susceptibility occurred in the F2 of crosses involving

uM3021 and uM3043, the expected 13:3 F2 segegarion rario was not observed due to

excess resistant IP. Possible explainations include, the occun:ence of biotrophic

infections, epistatic and,/or environmental effects, dissociative effects of the resistance

genes, differencos in the genetic background and probability ofa third non-allelic gene.

The two genes identified in this study may both have to be Eansferred to any

susceptible lines if B. ju-oeca type resistance is to be maintained. The dominant gene has

major effects on the expression of Ip, and the recessive gene has modifying effects on the
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expression of the dominant allele. Hence, both dominant and recessive control of

resistance are possible depending on the genotype of the original parent. The

identification of lines with AABB and aabb genotypes would facilitate future studies into

the mechanisms of action of the genes, the associative and dissociative effects of

different gene combinations and/or environment on host-parasite interaction. The

genotype aabb can easily be obtained in F3 families of susceptible F2 plants and the

genotype AABB may be identified by a tesrcross. Al1 the F1 will be resistant and all the

F2 will fit a 13:3 ratio. However it will be necessa¡y to select many F1 families pe¡ cross

in o¡der to differentiate between the genotype AABB and AABb. Furthermore,

separation of the two genes into single gene lines may facilitate the development of

differential series.
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Table 4,1. Plant number, inter,actionphenotype, disease severity and frequency of
phenotype for Brassica j¡¡çç4 lines challengêã ar rhe coryledon'stage with Lepiospbacna
maculans*.

Parent
number

Reactionl
RS Total Means + SE2

Frequency of phenotype
013579

366s000
2714 5 0 0 02921 4 0 0 00005342
0 0 0 3 436
0 0 0 47 37

178714000
168 18 10 0 0 0
17228 0 0 0 00 0 0 13 21850 0 0 8 6t92
0 0 0 11 10 167

uM3021
uM3043
uM3323
uM3t32
uM3466
u¡l3467

+ 0.139
+ 0.140
+ 0.114
+ 0.179
+ 0.t74
+ 0.180

0.25 + 0.056
0.25 + 0.050
0.30 + 0.052
8.72 + 0.071
8.79 + 0.058
8.66 + 0.070

0.45
0.63
0.61
8.48
8.54
8.38

47
46
54
50
4i
48

198
196
200
200
206
188

0
0
0

50
43
48

198 0
196 0
200 0

0 200
0 206
0 188

S2 lines

uM302r 47
uM3043 46
uM3323 54
uM3t32 0
uM3466 0
uM3467 0

S3 lines

* Isolates used = Plat2 and P186-14, both from Manitoba.I Reaction (R=resistant,S=susceptible)
2 SE=Standard enor.



T.able 4.2. 
-Pla¡t number, inter.action phenotype, disease severity and Íïequency of

phenotype. for F1 populations from suiceptibiè x resisrant cross ánd their iecipócals,
challenged at the cotyledon stage with Leptosphaeria maculans*.

Cross Reactionl
R S Total Means + SE2

Frequency of phenotype
0 1 3 57 9

4t 9 0 00 049 10 00 0

427 2448 41 0 0
109 39 IL 294 0

0.060
0.140

0.063
0.069

+
+

+
+

+
+

50050
50050

499 41 540
1,s9 33 192

50050
50050

0.18
0.02

0.68
r.28

0.26
0.38

0.055
0.020

3132x3323
3323x3132

3132x3021
3021x3132

3132x3043
3043x3132

37 13 0 00 0
31 19 0 00 0

1

2

Isolates used = Plat2 and P186-14, both from Manitoba.
Reaction (R=resistant, S=susceptible)
SE=Standard enor.

Table 4.3. 
-Pla¡t number, interaction phenotype, disease severity and frequency of

phenotype for F1 populations from relistant iìesistant c¡osses o"f gtassicä iunòäa ãnd
their reciprocals, challenged at the cotyledon stage with Leptosphaeria rnafilañ.' -

Cross Reactionl
R S Total Means + SE2

Frequency of phenotype
013579

34 14 0 0 0 039rt 0 0 0 0

36 10 0 0 0 0
30 18 0 0 0 0

2620 0 0 0 03020 0 0 0 0

48048
50050
46046
48048
46046
500s0

3323x3021
3021x3323

3323x3043
3043x3323

3021x3043
3043x3021

0.29 + 0.07
0.22 + 0.06

0.22 + 0.06
0.38 + 0.07

0.43 + 0.07
0.40 + 0.07

*
1

2

Isolates used = Plat2 and Pl86-14, both from Manitoba.
Reacf ion (R=resistant, S=susceptible)
SE=Standard er¡o¡.



Table 4.4. Cross, observed segregation ratios and Chi-square tests for F1 reactions of
Brassica iuncea (resistant x resistant) challenged with Leptosphaeria ma"culans.

Total Model
Reaction
RS

1. 3323x3021
3021x3323

3323x3043
3043x3323

651 0 651 1:0
618 0 618 i:0

585 0 585 1:0
721 0 '721 1:0

4.

3021x3043 128 2
123 1

131 1

t26 1

t29 2
62 I

132 0
136 0

Total 967 8
Pooled

3043x3021 133 0420
114 1

130 1

129 1

Total 548 3
Pooled

130 1:0
124 1:0
132 1:0
127 1:0
131 1:0
63 1:0

132 1:0
136 1:0

133 1:042 1:0
115 1:0
1,31 1r0130 1:0

975 1:0
1:0

551 1:0
1:0

NB: Crosses befween resistant parents were not tested at adult.
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Table 4.5, Cross, observed segregation tatios and Chi-square tests for F1 reactions of
Brassica iuncea (UM3323 xUl./r3132 crosses) challenged with Leptosphãcua maculans .

Cross Reaction
R S Total

y2

13:33:1

L. 28 4 32 2.667

2. 25 4 29 L943

3. 25 5 30 1.111

4. 27 2 29 5.069*

5. 20 6 26 0.051

6. 27 2 29 5.069*

Total 152 23 175 15.909Pooled 13.122**
Homogeneity df=5 2.788

0.10-0.20

0.10-0.20

0.20-0.30

0.01-0.05

0.70-0.90

0.01-0.05

< 0.001
0.70-0.90

0.82r 0.30-0.50

0.446 0.30-0.s0

0.079 0.70-0.90

2.631 0.10-0.20

0.304 0.50-0.70

2.63t 0.10-0.20

6.912
3.603 0.05-0.10
3.309 0.s0-0.70
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Table 4.6. Cross, observed segregation ratios and Chi-scluare tests for Fe reactions of
Brassica juncea (uM3021 x uM3132 crosses) challengeri with Leptosphãeria maculans.

Cross Reaction
R S Total

y2

73:33:1

t24
118
t24

98
98

119
115

796

65
99
80
92
55

391

21'587
2B 81 18
2C 64 1.62D 13 192E 45 10

1A 101 23
1B 93 25
lC 94 30
lD 83 15
1E 79 i9
lF 104 15
lG 88 27

Total 642 154
Pooled
Homogeneity df=6

2.753
0.915
0.043
5.184*
t.646
9.7 57**
0.t42

20.434
18.004**
6.866

'l .021**
2.455
1.067
0.928
t.364

t2.833
10.406**
) ¿.)1

98 t.646
115 1.046
t24 5.204*
1 19 9.75 i **
11 i 2.886

567 20.533
19.004**
2.529

0.0s-0.10
0.30-0.50
0.70-0.90
0.01-0.05
0.10-0.20
0.001-0.01
0.s0-0.70

< 0.001
0.30-0.50

0.001-0.01
0.10-0.20
0.20-0.30
0.30-0.50
0.20-0.30

0.10-0.20
0.50-0.70

0.10-0.20
0.20-0.30
0.01-0.05
0.001-0.01
0.05-0.10

< 0.001
0.50-0.70

0.003 >0.95
0.461 0.30-0.502.4t2 0.10-0.20
0.763 0.30-0.50
0.026 0.70-0.90
2.95L 0.05-0.10
1.688 0.10-0.20

8.304
0. i90 0.70-0.90
8.114 0.20-0.30

2.718 0.05-0.10
0.021 0.70-0.90
0.082 0.70-0.90
0.219 0.50-0.70
0.012 0.90-0.95

3.050
0.183 0.50-0.70
2.867 0.50-0.70

0.026 0.70-0.90
0.339 0.50-0.70
0.559 0.30-0.50
2.951 0.05-0.10
0.038 0.70-0.90

3.912
0.798 0.30-0.50
3.114 0.50-0.70

3A 79 L9
38 91 24
3C 104 20
3D t04 15
3E 91 20

Total 321 70
Pooled
Homogeneity df=4

Total 469 98
Pooled
Homogeneity df=4



Table 4.6, (continued)

4A 94 i8
48 36 11
4C4s5
4D21 5
48739
Total 269 48
Pooled
Homogeneity df=4

5A 9',1 14
58 91 20
5C 87 18
5D 80 11

Total 355 63
Pooled
Homogeneity df=3

II2 4.762*
47 0.064
50 6.000*
26 0.05',1
82 8.602**

317 19,484
16.430**
3.054

111 9.084**
ltt 2.906
105 3.457
91 8.092**

4r8 23.539
21.975**
t.564

0.01-0.05
0.70-0.90
0.01-0.0s
0.70-0.90
0.001-0.01

< 0.001
0.50-0.70

0.001-0.01
0.05-0.10
0.05-0.10
0.001-0.01

< 0.001
0.50-0.70

0.528 0.30-0.50
0.668 0.30-0.502s13 0.10-0.20
0.004 0.95
3.253 0.05-0.10

6.966
2.692 0.10-0.20
4.274 0.30-0.50

2.745 0.05-0.10
0.039 0.70-0.90
0.178 0.50-0.702.65t 0.10-0.20

5.613
3.715 0.05-0.10
1.898 0.50-0.70

Table 4'7. cross, observed segregation ratios and chi-square tests for F1 reactions of
Brassica j!nçea (UM3132 x UM3043 crosses) challenged with LeprospÉçda maculans
at the cotyledon stage.

yz
Cross Reaction

RS Total 3:7 13:3

t. 67 15

2. 88 18

3. 91 16

4. 89 19

5. 89 14

6. 79 22

7. 76 2t

Total 5'79 125
Pooled
Homogeneity df=6

82 t.972

106 3.635

r07 5.760*

108 3.161

103 7.149**

101 0.558

97 0.581

704 22.816
19.705r,*
3.111

0.10-0.20

0.05-0.10

0.01-0.05

0.05-0.10

0.001-0.01

0.30-0.50

0.30-0.50

< 0.001
0.70-0.90

0.011 0.90-0.95

0.218 0.50-0.70

1.013 0.30-0.50

0.095 0.70-0.90

t.799 0.10-0.20

0.610 0.30-0.50

0.535 0.30-0.s0

4.281
0.456 0.s0-0.70
3.823 0.70-0.90

NB: No reciprocal Crosses for this c¡oss were tested.
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Table 4'8. cross, observed segregation ratios and chi-square tests for F1 reactiorìs of
B¡assica iuncea (uM3132 x uM3323 crosses) challenged with Leptosph#ria maculans.

Cross Reaction
R S Total

yz

13:33:1

1.4
1B

4,4
4B
4C
4D
4E

57 t2
74 19
71 18
58 15
42 15

35 1.4

37 10
36 11
39 10
37 t2

39 10
35 15
32 t9
34 16
41 10

Total 124 32 156
Pooled
Homogeneity df=1

3.488 0.05-0.10
0.0i9 0.70-0.90

3.508
1.675 0.10-0.201.832 0.10-0.20

2.130 0.10-0.201.036 0.20-0.30
1.082 0.20-0.30
0.772 0.30-0.50
0.053 0.70-0.90

5.073
3.696 0.0s-0.101.377 0.70-0.90

0.333 0.50-0.700.348 0.50-0.700.058 0.70-0.90
0.5s 1 0.30-0.s00.007 0.90-0.95

1.297
0.234 0.s0-0.701.063 0.70-0.90

0.007 0.90-0.95
0.988 0.30-0.50
r.862 0.10-0.20
0.444 0.50-0.700.444 0.s0-0.70

3.745
0.020 0.s0-0.703.725 0.30-0.50

0.5s 1 0.30-0.500.667 0.30-0.50
4.085* 0.01-0.051.307 0.20-0.30
0.791 0.30-0.50

7.400
r.r17 0.20-0.306.283 0.10-0.20

0.34s 0.50-0.70
2.229 0.10-0.20

2.573
0.330 0.50-0.70
2.244 0.10-0.20

0.084 0.70-0.900.t72 0.50-0.70
0.127 0.70-0.90
0.155 0.50-0.70
2.142 0.10-0.20

2.680
0.996 0.30-0.50
1.684 0.70-0.90

3.083 0.05-0.10
0.202 0.s0-0.70
0.677 0.30-0.50
0.086 0.70-0.90
1.049 0.30-0.50

s.097
3.792 0.05-0.10
1.305 0.70-0.90

1.049 0.30-0.50
0.010 0.90-0.95
7.41,2** <0.07
3.419 0.05-0.100.t37 0.70-0.90

12.027
7.5i3** < 0.01
4.514 0.30-0.50

0.086 0.70-0.90
4.t09* 0.0i-0.05

11.339** <0.01
5.507* 0.01-0.05
0.021 0.70-0.90

21,.062
13.706** < 0.001
7.356 0.10-0.20

72 14 86
52 18 70

¿.4
2B
2C
2D
2E

3.A
3B
3C
3D
3E

Total 302 '79
Pooled
Homogeneity df=4

69
93
89
IJ
57

381

49
47
47
49
49

241

49
57
58
48
48

260

49
50
51
50
51

25r

Total 184 57
Pooled
Homogeneity df=4

37 12
46 11
39 19
34 14
38 10

Total 196 66
Pooled
Homogeneity df=4

5.A
5B
5C
5D
5E

Total 181 70
Pooled
Homogeneity df--4
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Table 4,9. Cross, observed segl.ogation ratios and Chi-scluare tests for F1 reactions of
Brassica iu¡çça (uM3132 x uM302i crosses) challengeá with Lentosnhãe¡ia maculans.

yz

73:3
C¡oss Reaction

RS Total 3:1

1. 103 29 r32 0.646 0.30_0.50 0.898 0.30-0.50

2. 93 32 125 0.024 0.70_0.90 3.887* 0.01_0.05

3. 91 34 125 0.323 0.50_0.70 5.908* 0.01_0.05

4. 37 85 t22 t28.847¿'* < 0.001 207.314** < 0.001

5. 97 22 1t9 2.692 0.10-0.20 0.005 0.90_0.95

6. 103 28 r3t 0.919 0.30-0.50 0.592 0.30_0.50

7. 98 30 i28 0.167 0.s0-0.70 1.846 0.10_0.20

8. 32 I 41 0.203 0.s0-0.70 0.270 0.50_0.70

Total 654 269 923 134.820 220.720Pooled 8.454** <0.001 65.394** <0.001
Homogeneity df=7 126.366** < 0.001 155.326#* < 0.001

Total# 617 184 801 4.974 13.406Pooled 1.758 < 0.10-0.20 9.361* < 0.001-0.01
Homogeneity df=6 3.21.6 < 0.70-0.90 4.045 < 0.20-0.30

# Cross 4. is excluded from pooled data,



Table 4.10. 
^Faguly, 

observed segregation fo¡ resistance in Brassica juncea and Chi-
square tests for F3 reaction of susceptible F2 families to Leptosphaeriã macL¡lans.

Family Reacrion
F2 number R S Toral Model Xz p

3.3132x3021 11 41 52 1:3 0.231 0.50-0.7010 35 45 1:3 0.067 0.20-0.900 44 44 0:129 15 44 3:121 23 44 1:3 2.735 0.05-0.10
i 1 34 45 t:3 0.007 0.90-0.95

4. 3132x3021 I 44 45 0:111 31 42 i:3 0.000 > 0.9516 32 48 1:3 t.36t 0.20-0.3014 26 40 1:3 1.633 0.20-0.3013 33 46 1:3 0.116 0.70-0.9010 32 42 I:3 0.000 > 0.95

7. 3132x3021 19 22 4t 1:li0 35 45 1:3 0.067 0.90-0.9541 0 41 t:013 32 45 L:3 0.189 0.50-0.7042 3 45 1:029 1.6 45 3:t 2.141 0.10_0.20

8. 3132x3021 0 47 47 0:l30 16 46 3:t 1.85 0.10_0.2012 34 46 1:3 0.000 > 0.9511 29 40 1:3 0.033 0.70-0.90i6 31 47 i.:3 11596 0.20_0.300 53 53 0:1
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Table 4.11. _Observed F1 interaction phenotype and Chi-square models for F2 and F3
reactions of Brassica íunôea (uM3132 x uMi021 cross) clialengeo with læpiospháãria
maculans.

C¡oss Fr
Reaction

Þ^ F3*
Proposed genotype
of parent plants

i.
2.
?

4.

6.
7.
8.

3:1
3:1
3:1
1:3
3:1
3:1
3:1
3:1

++

++

l*
++
++

Res# 13:3
Seg@
seg
seg
Seg 13:3
Res 13:3
Res 13:3
Res l3:3

aaBB x AABb
aaBB x AaBB
aaBB x AaBB
aaBB x Aabb
aaBB x AaBB
aaBB x AABb
aaBB x AABb
aaBB x AABb

#. Res=resistant.
@. Seg=ssg¡eg¿¡1¡g.

tested in F3 = ++; Not tested in F3 = --.NB: F3 families were not tested for adult ¡eactions.
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The relationship of the major. seed glucosinolates in seed of Brassica junçCs Czern &

Coss with the resistance to Leptosphaeria maculans (Desm.) Ces. & de Not.

5.0 Abstract

The relationship between levels of seed glucosinolates in Brassica jg¡esê and the

resistance to læptosphaeria maculans was investigated. lævels of glucosinolates in seed

of three resistant lines (JM302i, UM3043, UM3323) and three susceptible lines

(UM31,32,UM3466, UM3467) were determined. Crosses were made between resistanr

parents and UM3l32 and the reactions of the progeny to !, maculans evaluated. Also the

levels of glucosinolates in the F1, F2 and F3 seeds were dete¡mined. Resistance in B.

juncea to !. maculans is controlled by nuclear genes but the levels of the major seed

glucosinolates (2-propenyl & 3-butenyl glucosinolates) are controlled by the genotype

the matemal plant. Levels of 2-propenyl glucosinolates in seed of resistant lines

uM3043 and uM3323 were significantly different from the levels in the susceptible lines

and the resistant line uM3021. However levels of 3-butenyl glucosinolates in seeds of

the susceptible lines and the resistant parent uM3021 were not significantly different

from each other. The 2-propenyl glucosinolates were the dominant seed glucosinolates.

There was no relationship between the levels of seed glucosinolates in E. j¡¡Seê and

resistance to L. maculans.



5.1 Introduction

Most Brassica napus L. and Brassica taÞa L. (syn. Brassica campsstrlÐ cultivars

are susceptible at all growth stages to læptosphaeria maculans @esm.) Ces. & de Not.,

the causal organism of blackleg in crucifers. Resistance to L. maculans in oilseed rape

may be expressed at the cotyledon (Williams & Delwiche 1980), foliar ftVratten 1977,

Hammond & Lewis 1987c, Mithen et al. 1987), o¡ adult (Thurling & yenn 19j7,

Cargeeg & Thurling 1980b, Hammond & Lewis 1987a) stages. W¡auen (1977) and

Mithen et al. (1987) atrributed the (foliar) resistance in some Brassica spp. to the high

levels of glucosinolates in resistant cultivars compared to the susceptible ones. Brassica

napus and B. rapa cultivars have a high percentage of 3-butenyl glucosinolate as

component of the total glucosinolates. The resistance in B. juncea to L. maculans is

reportedly due to high levels of 2-propenyl glucosinolates (Mithen et al. 19g7). Mosr B.

j¡!ççg cultivars in canada have a high percentage of the total glucosinolates as 2-

propenyl glucosinolates. Lower levels of 2-propenyl glucosinolates in B. oleracea L.

cultivars contributed to susceptibility to Peronospora pê!as{1ea (pers. ex Fr.) Fr., the

causal organism of downey mildew of cabbage (Holley & Jones 19g5). High levels of 2-

propenyl glucosirrolates in germinating seeds of Brassica spp. protected seedlings from

infection by fungi (Holley & Jones 1985).

Development of canola quality B. ju!çeê may result in the expansion of the

canola indusu'y in canada. Reducing the levels of seed glucosinolates genetically may

alter crop host resistance to folia¡ pathogens (Greenhalgh & Mitchell 1976, Rawlinson

1979). such low glicosinolate culrivars may be rhreatened by blackleg disease. In this

study, the relationship between levels of seed glucosinolates in B. jruccê with resistance

to L. maculans is investigated.
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5.2.0 Materials and methods

5.2.1 Inoculum

Two aggressive isolates (Plat2 & P186-14) of L. maculans from Manitoba were

used. The isolates were recognised as aggressive on the basis of thei¡ interaction

phenotypes on 'Westa¡', a susceptible B. napus cultivar. The inoculum was prepared in

the same manner as described in section 3.

5.2,2 Host material

Three resistant lines (JM3021, UM3043 &. UM33Z3) and 3 susceprible lines

(uÌM3132,ul¡f3466 &.uM3467) were used ro determine the relationship of resistance to

!. maculans in B. jg¡çça with levels of seed glucosinolates. Brassica þ¡çç¿ lines were

selected for thei¡ reactions to L. maculans at the cotyledon and adult stages using the

method of williams (1985) and Newman (1984) respectively. parent plants representing

resistant and susceptible iines were each self-pollinated and reciprocally cross-pollinated,

All pollinations were controlled, and cross-pollinations preceded by emasculations.

Progeny of the self-pollinated parents and the F1 seeds were tested for their reactions to

L. maculans at the cotyledon and adult stages. F1 and F2 plants were self-pollinated to

obtain F2 and F3 seeds respectively.

Seeds were planted in flats (5 x l0 jiffy pots) and seedlings in pots (1 per pot)

using a soilless mix (Metromixrv, w. R. Grace & co. Ltd., Ajax, ontario) as the planting

medium. Au flats and pots were watered daily and kept in a growth chambe¡ at24/20oc

daylnight temperarures and a 16h photoperiod,



5.2,3 Analysis of seed glucosinolates

Glucosinolate composition is affected by pod position (Kondra & Downey 1970).

consequently a bulk sample per plant was used for the analysis. All the seed from each

plant was threshed and a 1 g sample taken. Seeds f¡om the self-pollinated parents (S2)

and the F1, F2 and F3 seeds, were analysed for glucosinolate levels. The analysis was

pedormed using the method of Daun & McGregor (1981). Benzyl glucosinolate was

used as the internal standa¡d.

5.3 Resulfs and Discussion

The most important component glucosinolates in seeds of resistant and

suscepdble B. iuncea test lines are the 2-propenyl and 3-butenyl glucosinolates (Table

5'1). The 2-propenyl glucosinolates accounted for 66vo and, 99vo of the totar

glucosinolates in the seeds of the rcsistant lines uM3043 and uM3323 respectively. In

seeds of susceptible lines uM3132, uM3466, uM3467 and resistant line uM3021, the 2-

propenyl glucosinolates accounted for 20vo to 30vo and the 3-butenyl glucosinolates for

70vo fo 77vo of the total glucosinolates. The mean levels of 2-propenyl glucosinolates in

the seeds of the resisrant lines uM3043 and uM3323 were significantly different from

those of the susceptible parenrs and resisrant line uM302i (rable 5.1). Similarly, mean

levels of the 3-butenyi glucosinolate in seed of susceptible lines were significantly

different flom mean 3-butenyl glucosinolate levels in seed of the resistant tines uM3043

and uM3323, but mean levels of 3-butenyl glucosinolate in seed of susceptible parents

wero not significantly diffe¡ent fron mean 3-butenyl glucosinolate levels in seeds of

resistant line uM3021 (Table 5.1). This suggests thar mechanisms other than levels of

seed glucosinolates are involved in the resistance of B. ju¡cga to L. maculans, and that

the ¡ole of the major glucosinolates in seed of B. iuncea with regard to resistance to !.
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maculans may be a minor one if any. Greenhalgh & Mitchell (1976) reported rhar high

levels of allyl isothiocyanates were formed by both resistant and susceptible Brassica

oleracea in response to infection by !. parasitica. similarty walker (1943) cited by

Greenhalgh & Mitchell (1976) observed no relationship between levels of 2-propenyl

glucosinolates and the resistance of B. oleracea to club root.

In the F1 of crosses between susceptible and resistant B. iuncea lines, no

difference in IP occurred with direction of cross; when resistance = Ip 0-3 and

susceptibility = IP 5-9. Al1 F1 plants were resistant to L. maculans, indicating that

resistance in B. iuncea to L. maculans is controlled by nuclear genes. sufficient seed for

analysis was available from F1 plants of the cross uM3l32 x uM3323. The mean levels

of the 2-propenyl and/or 3-butenyl differed significantly with direction of cross and

depended on the levels in the female parent (Table 5.2). This indicates that the levels of

2-propenyl and 3-butenyl glucosinolates in the seeds of resistant and susceptible B.

junçge lines are controlled by the maternal genotype rather than the genotype of the

embryo. This also suggests that the levels of seed glucosinolates and resistance to L.

maculans in E. junccê a.e not conÍolred by the same gene. The control of seed

glucosinolate levels by the mate¡nal genotype has been reported in other Brassica spp.

(Kondra & stefansson 7970, r,ove et al. 1990). The levels of 2-propenyl glucosinolates

in F2 seeds of the crosses between resistanr and susceptible lines (JM3132 x uM3323)

and their reciprocals, accounted for 63vo - 67va of the total glucosinolates (Table 5.2).

This furthe¡ ¡eflects the dominance of inhedrance of the 2-propenyl glucosinolates over

3-butenyl glucosinolates. Similar results were obtained by Love (19gg).

Data obtained from sampre F3 seeds of resistant and susceptibre F2 plants of the

cross uM3021 x uM3132 a:e presented in Table 5.3. Average levels of 2-propenyl

glucosinolates in F3 seeds of resistant and susceptible F2 plants account ed ror 4gro - g5va

and 38vo - 59vo or the totar seed glucosinolates respectivery. The average levels of 3-

butenyl glucosinolares accounred for 15va - Srvo anð, 40vo - 62vo of the total seed
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glucosinolates in F3 seeds of ¡esisrant and susceptible Fz (uM3021 x uM3132) plants

respectively. The levels of 2-propenyl glucosinolates in seed of resistant and susceptible

F2 plants are plotted against those of 3-butenyl glucosinolates in Figure 5.1. An inverse

relationship is indicated for seed levels of 2-propenyl glucosinolates verses 3-butenyl

glucosinolates. The scatter of resistant and susceptible Ip through out the figure further

supports the conclusion that there is no relationship between resistance in B. iuncea to L.

maculans with the levels of the major glucosinolates in the seed of B. þ¡çea. Hence the

levels of glucosinolates in seed of B. juncea may be reduced without affecting their

resistance to L. maculans.
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Table 5.1. Glucosinolate content in seeds of resistant (R) and susceptible (s) Brassica
iuncea lines as determined by the method of the Canadian Grain Commissiò;1. Values
a¡e means* + SE.

Glucosinolates (umol g-1 meal)
Line
Number IP N Allyl2 But3 Hobut5 Total

UM3043 R 4 120.016.2b
UM3323 R I 151.0t6.4a
UM3021 R 5 49.3+1.2c
UM3l32 S 6 39.2!2.tcd
UM3466 S 5 33.612.7d
UM3467 S 7 47.6!2.2cd

0.3+0.1c¿ 0.510.0a 182.4a
0.110.0d 0.1+.b i53.1bc
0.8t0.luc 0.2t0.0ab t64.3b
1.h0.1b 0.4+0.iab 76t.7uc
1.7t0.3a 0.4+0.1ab l57.7bc
1.1+0.lb 0.4t0.1ab 145.tc

61.6!7.6d
1.910.6c

114.0¡.2.0a
121.0t6.0a
r22.074.ra
102.0t4.6¡

*Means under each column fg!]o_wed by the same letter are not significantly diffe¡ent for
each glucosinolate, L.S.D at SVo level.
1 Daun & McGregor (1981).z Allyl (2-Propenyl).
3 But (3-Butenyl).
4 Pent (4-Pentyl).
5 Hobut (2 Hydroxy-3-Butenyl).

Table 5.2. Glucosinolate content in seeds of selfed and c¡oss pollinated Brassica iuncea
lines as determined by the method of the Canadian G¡ain Commissionl. Valuãlìñ----=-=--
means* + SE.

Glucosinolates (umol g-1 meal)

IPN Al1yt2 But3 Pent4

Parent
or

Cross Hobut5 Total

Pþ132 S
F1P1xP2 R
FzPtlJ2 R
FZPZxP¡ R
F1P2xP1 R
Pt3323 R

39.2!2.rd
41.1+2.6d

i02.0+1.4c
1.72.0+2.4c
135.013.8b
151.0t6.4a

121.0 6.0a
114.013.0b
59. it0.8c
54.3+1.5c

1.610.3d
1.9t0.6d

6
6

19
21

6
8

1.110.1a 0.4+0.1b 161.0ab1.1+0.ia 0.8t0.la 156.7 ab0.210.0b 0.2t0.0bc 161.5ab
0.210.0b 0.3t0.0cc1 766.6a
0.1+0.0c 0.1+.d 136.1c
0.1+0.0bc 0.1+ . cd 153.0b

*Means under each column fg]]o¡ved.by the same letter are not significantly different for
each glucosinolate, L.S.D at 5Vo level.I Daun & McGresor (1981).
2 Allyl (2-Propen!t). '

3 But (3-Butenyl).
4 Pent (4-Pentvl).
5 Hobut (2 Hyitroxy-3-Butenyl).
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Table 5.3. Glucosinotate contents in F3 seeds from a sample ofresistant and susceptible
F2 plants of the cross (3021x3132) as õetermined by the m-ethod of Canadian Grain
Commissionl. Values arc means + SE of replicates.

Total

Plant
of

Cross IP N

Glucosinolates (umol g-1 meal)

A1lyl2 But3 Pent4

1 R8
S6

2 R13
S6

3 Ri6s4
4 R16s8
5 R8

s11
6 R14

s15
7 R16

S7

155.0117.80
105.0+17.10

147.0! 9.62
87.2+16.50

155.0! 9.29
69.5+ 8.51

101.0t13.20
66.01 3.65

84.0115.30
80.1+12.00

138.0a11.60
91.5+12.70

97.8+ 9.00
59.4+ 6.96

42.2!12.30
72.3+14.80

40.0! 8.29
83.6t 9.90

27.9+ 7.48
109.0j10.80

71.9!12.30
96.1+ 5.00

89.8+14.30
87.2x12.10

41.4!10.90
83.9+1 1.40

57.0t 8.43
97.2x 7.59

0.3+0.03
0.5r0.15

0.210.01
0.4t0.07

0.2!0.02
0.610.13

0.5+0.09
0.610.05

0.510.12
0.6j0.1i

0.3t0.03
0.5+0.06

0.4+0.05
0.7+0.12

0.6i0.14 198.09
0.810.24 178.58

0.4{.07 187.53
0.510.07 171.62

0.210.05 183.26
0.710.13 179.7 5

0.5t0.10 173.84
0.610.09 163.29

0.4t0.05 174.69
0.5i0.08 1,64.37

0.4-F0.10 180.01
0.510.07 175.s8

0.210.03 r55.34
0.310.03 rs1.57

1

z
3

4
5

Daun & McGregor (1981).
Allyl (2-Propenyl).
But (3-Butenyl).
Pent (4-Pentyl).
Hobut (2 Hydroxy-3-Butenyl),



o20ß
aoS

otoÞ
oH

{tffi

3-B
U

T
E

N
Y

L (M
crornol per g rneal)

F
igure 5'1' T

he relationship buw
ecn 

the m
a.¡br seed glucoeinohæ

s w
ith reacdon-to l¡ptosphae¡ia m

aculans in rcsistant (R
) and stsceprible (S

) B
r¿

sica
iuncea challenged a[ cotyledon slaS

e !À
/irrr 2 isotaæ

s ofþ8e r¿
ã purá -¿

 "t adutt srem
 w

irh isolaa plg6l4 r

tt 
. lt 

,l 
'

' 
'1 -t*.'

s 
'â ç'. 

r
Â

-¡ 
t

. 
tt 

¡ 
f¡

tl

a"

¡3
¡

.t-3 ñ 
¡

*¡ 
. 

t'

I



72

GENERAL DISCUSSION

Resistance in B. jg¡Cga to L. maculans is expressed at both the cotyledon and

adult plant stages. Based on observation of interaction phenotypes (Ip), using a limited

number of plants, this resistance is often refered to as 'complete and stable' (Roy 19g4)

or as 'absolute and complete' (sacristan & Gerdemann 1986). Evaluation of accessions

of B. iuncea at the University of Manitoba indicated that there is variability for reactions

to L. maculans at the cotyledon and adult stages on aerial parts of the plant and also in

the roots in the adult stage. Most accessions expressed resistance in both the cotyledon

and stems but were susceptible to loot infection. It is possible that root infections in B.

napus and B. rapa are not recognized or perhaps overlooked because of the cuffent

impofiance of stem and c¡own canker. It is also conceivable that susceptibility of roots

and subsequent development of the sexual stage on root resid.ues may provide for sexual

recombinations and/or development of virulent pathotypes. Consequently, screening for

resistance to root infections in B. junçça should be considered in breeding programs.

Interaction phenotypes on most accessions were not consistent over time, often

tending towards higher IPs (i.e. increasing susceptibility) with duration of infection.

Hence, a longer exposure to infection may be required to adequately separate resistant

genotypes from susceptible ones. This may be due to the incomplete action of the

resistance genes. That this may be the result of heterozygosity of host material is

supported by the fact that susceptible lines were selected f¡om selfed lines whose Ip were

equal tolor greater than 5.0 in any of the 3 ratings. There was often less damage by the

pathogen on such heterozygous genotypes compared to the susceptibre ones;

nevertheless, the fungus was able to colonize the host, albeit restrictedly. Again, the

widespread use of cultivars with such genotypos may allow for the development of new

pathotypes and,/or increase of inoculum.
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Most plants within accessions were resistant to L. maculans at both the cotyledon

and adult stages; however some plants with a resistant Ip at the cotyledon stage were

later infected at the adult stage even when the stems had not been inoculated. This

suggests that biotrophic or latent infections may occur as early as the cotyledon stage and

results in subsequent disease development. cytological studies are needed to verify this.

For breeding purposes, selections at the cotyledon and adult stages should be based on

the occuffence of the hypersensitive response (Ip = 1-3). Better still, inoculation of the

cotyledons, without detachment, and subsequent selection ofplants at the adult stage may

be used in preliminary breeding tests to select for cotyledon and/or adult resistance. This

latter method would be preferable over inoculation of both cotyledons and stems because

it follows the natural development of the disease in the field more closely.

The inheritance of resistance in B. jr¡¡eea to L. maculans was studied under

controlled environmental conditions using two isolates at the cotyledon stage and with

one isolate at the adult stage. It is difficult to decide whether or not intemediate Ips (e.g.

IP=5) should be assigned to either the ¡esistant or susceptible phenotype. As a result,

IPs' on Brassica species in genetic studies have often been categorized arbitrarily. In this

study no segregation for resistance occuned when plants with Ip = 5 -9 were selfed and

the progeny were challenged with isolates of L. maculans at the cotyledon stage, nor did

segregation for susceptibility occur when plants with Ip = 0 - 3 were selfed and tested

with the same isolates of L. maculans. This suggests that for B. iuncea cotyledon

reactions, IP 0-3 = resistant and Ip 5-9 = susceprible.

Resistance in B. iuncea to L. maculans is controlled by two nuclear genes with

dominant recessive epistatic gene action. consequently the inheritanceof resistance may

be perceived as quantitative (snickberger 19g5). The resistance of B. iuncea has been

described as 'complere and stable' (Roy 1984) or 'absolute and complete'(sacristan &
Gerdemann 1986). consecluently both the major and modifier (sensu strickberger 19g5)

genes may have to be transfened to susceptible cultivars or other susceptible and



14

compatible species if B. ilnçaê type resistance to L, maculans is to be maintained.

However it is unlikely that 'stable' resistance can easily be transferred to a susceptible

cultivar or to another species unless special care is taken to also select for the recessive

gene. The differential nature of resistance to L. maculans has been demonstrated in B.

napus. It is possible that the resistance conferred by the two genes in B. junççe rvhen

separated singly into monogenic lines will be differential in narure. Also, in view of the

gene-for-gene hypothesis, different host-pathogen genotype combinations may result in

different genotypic ratios and possibly manifesting different lps'. Hence knowledge of

the resultant IP of particular hetelozygous genes may be important for inference of

effective gene combinations. There is need Io test the stability of both the dominant and

recessive genes, singly and in different combinations. These genes may be used in the

development of differential series.

Resistance genes in the pa'ent uM3323 a¡e allelic to those in parents uM3021

and uM3043. A few susceptible plants were observed in the F2 of crosses involving

uM3021 and uM3043 but the segregation ratio did nor fit the expected 13:3 ratio due to

excess resistant IP. It is probable that factors such as epistatic and/o¡ environmental

effects on certain genotypos, or the occu*ence of biotrophic/latent infections may be

involved. Also the presence of a third lesistance gene or of dissociative gene effects

could ¡esult in some segregation for susceptibility.

Epistatic genes are $eatry influenced by the environment and the stab ity of the

genes may depend on whether combined genes are associated o¡ dissociated

(vanderplank 1984). Blackleg disease has been known to fluctuate from year to year

though the cause of such fluctuations have not been known (cargeeg & Thurling l9g0b).

That epistasis may be the cause is a plausible postulation and further studies into the

effect of envi¡onmental factors such as temperature, moisture and humidity may provide

an insight. The identification of lines with AABB and aabb genotypes would facilitate

future studies into the mechanisms of action ofthe genes, the associative and dissociative
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effects of different gene combinations, and/or environmental effects on host-parasite

inte¡action.

Studies on the relationship of the major seed glucosinolates in B. íuncea with

resistance to L. maculans indicated that either of the major seed glucosinolates (2-

propenyl or 3-butenyl) may occur predominantly in B. ju!ççê irrespective of the

reactions to L. maculans, There were no significant differences between the major seed

glucosinolates (2-propenyl & 3-butenyl) in the resistant line uM3021 and the susceptible

lines UM3132, UM3466 &. UM3467, but the major seed glucosinolate levels of the

aforementioned lines were significantly different from those of the resistant lines

UM3043 and UM3323. In addition, the resistance in B. iuncea to L. maculans was

controlled by nuclear genes but the levels of the major glucosinolates were controlled by

the genotype of the maternal plant. That there is no relationship between resistance in B.

iuncea with the levels of nrajor seed glucosinolates was further indicated by the results

obtained f¡om resistant and susceptible F2. This suggests that ¡oactions to L. maculans

and the levels of the major seed glucosinolates are not controlled by the same gene. This

is significant in that glucosinolate levels in seed of B. juncea may be reduced genetically

possibly without adversely affecting resistance to L. maculans. Nevertheless, more

studies on the inter-relationship of seed glucosinolate and folia¡ glucosinolate levels with

the resistance to !. maculans a¡e needed.
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Appendix 3.1. Mea¡ disease severil.y ¡atings for Brassicâ jg¡994 accessions challenged at cotyledon stage
wifh 2 isolates of Leptosphaeria maculans (p186-14 & plarz). values are means of 5 to 10 plants (upper-

J31ugÐ 1 SE (Loìver values) 10, 12 and 15 days âfter inoculations in descending disease severiry ãt àây rO.
'University of Manitoba accession numbcr.

Pl86-14 PIatz

uMNo{' 10 l5 uMNo* 10 12 i5

3115 9.00
0.00

3403 4.60
0.50

3064 3.80
0.80

3rt6 3.00
0.00

3132 2.89
0,66

3379 2.60
0.50

3370 2.60
0.27

3396 2.60
0.50

3488 2.60
0.27

3118 2.60
0.27

3479 2.20
0.33

3113 2.20
0.33

3363 2.20
0.33

3373 2.20
0.33

9.00 9.00
0.00 0.00

5.80 6.20
0.53 0.53

5.80
1.31

5.00 5.00
0.42 0.42

3.00 3.50
0,55 0.59

4.60 7.00
0.78 0.00

5.40 6.20
0.27 0.33

4.20 5.40
0.53 0.27

3.00 5.40
0.42 0.50

3.40 3.80
0.50 0.33

3.40 5.60
0.50 0.31

4.20 5.00
0.53 0.42

3.80 5.00
0.68 0.42

3.40 4.60
0.27 0.27

3115 9.00
0.00

3403 3.80
0.80

3132 2,79
0.68

3370 2.20
0.33

34'79 2.20
0,33

3396 2.20
0.53

3488 2.20
0.33

3373 2,20
0.33

3480 2.20
U.JJ

3314 2.00
0.84

3385 1.80

0.53

3122 1.80
0.33

3111 1.80
0.33

3116 1.80

9.00 9.00
0.00 0.00

4.60 6.20
0.88 0.53

2.38 3.25
0.51 0.51

3.40 6.20
0.27 0.33

3.00 5.60
0.42 0.31

3.40 5.40
0.78 0.27

2.60 3.80
0.50 0.68

3.00 3.80
0.00 0.33

2.20 3.60
0.33 0.60

2.40 2.80
1.11 1.08

2.60 3.80
0.50 0.53

2.60 3.80
0.50 0.33

2.60 3.40
0.50 0.27

3.00 3.00
0.42 0.42
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Appendix 3.1 (continued).

Pr86-14

uMNO* 10 L2 uMNo+ 10 12

Pla?

15 15

3122 2.20
t,.JJ

3460 2.20
1.14

3097 2.20
0.33

3354 2.20
0.33

3314 2.00
0.84

3056 2.00
1.17

34t5 1.80
U.JJ

3417 1.80
U.JJ

3480 1.80
0.33

3111 I.80
0.33

3357 1.80

0.33

3467 1.80
0.53

3126 1.80
0.33

3143 1.80
0.33

3366 1.80
0.53

3.40 4.60
0.65 0.50

2.60 3.80
1,07 0,90

3.00 3.00
0.42 0.42

2,60 3.00
0.27 0.42

2.40 2.80
f.ii 1.08

2.20
1.14

2.60 4.20
0.27 0.53

2.20 3.80
0.33 0.33

1.80 4.60
0.33 0.65

2.60 3.20
0.58 0.41

2.20 3.80
0.33 0.33

3.40 4.60
0.98 0.88

3.40 4.20
0.50 0.53

3.00 3.80
0.60 0.33

2.60 3.40
0.65 0.78

3118 1.80
0.33

30& 1.80
0.33

3010 1.67

1.05

3312 1.60
0.31

3056 1.60
0.91

3379 i.40
0,27

3406 1.40
0.27

3491 1.40
0.27

3363 1.40
0.27

3472 1.40
0.27

3482 1.40
0,27

3368 1.40
0,27

3483 1.40
0.27

341't 1.40
0.27

3481 1.40
0,27

3.00 3.00
0.42 0.42

a1^
1.31

1.67 2.33
1.05 1.48

3.40 4.60
0.50 0.65

2.60
1.13

4.60 6.20
0.78 0.53

1.80 4.60
0.53 0.50

1.80 4.60
0.33 0.27

2,20 4.20
0.33 0.53

1.80 4.20
0.33 0.33

1.80 3.80
0.33 0.68

3.80 3.80
0.33 0.33

1.80 3.80
0.33 0.68

1.40 3.80
0.27 0.33

2,20 3.60
0.33 0.60
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Appendix 3.1 (continued).

Pl86-14

ul\.tr 1o* 10 TZ uMNo* 10 12

Pla?

15

3400 1.80
0.97

3342 1.75
1.11

3337 1.67
1.67

3103 1.60
0.40

3365 1.50
1.19

3376 L40
0.27

3406 1.40
0.2'1

3491 1.40
0.27

3472 1,40
0,27

3085 1.40
0.27

3368 1.40
0.27

3482 1.40
0.27

3483 1.40
0.27

3099 1.40
0.27

3390 1.40
0.27

3.00 3.80
1.10 1.02

4.50 6.00
1.26 1,00

2.00 3.00
1.53 1.15

2.00 3.00
0.42 0.42

2.00 2.50
i.00 1.50

4.20 4.60
0.61 0.58

2.60 4.20
0.50 0.68

1.80 4.20
0.33 0.33

2.20 4.60
0.3 3 0.27

2.60 3,80
0.27 0.68

3.80 4.40
0.33 0.31

1.80 5.40
0.33 0.27

1,80 3.80
0.33 0.80

4.60 s.80
0.27 0.53

3.00 4.20
0.42 0.33

3467 1.40

0,27

3466 1.40
0.27

3354 1.40
0.27

3382 t.33
0.88

3348 r.33
0.88

3357 |.20
0.33

3145 L20
0.33

3126 |.20
0.33

3325 1.00
0.00

3376 1.00
0.00

3399 1.00
0.00

3113 1.00
0.37

3387 1.00

0.00

3360 1,00
0.00

3415 1.00
0.00

1.80 2.60
0.53 1.07

2.20 2.60
0.80 0.t8

1.40 1.80
0.27 0.33

1.33 r.67
0.88 0.67

1.33 1.33
0.88 0.88

2.20 3.40
0.33 0.27

2.20 3.40
0.33 0.2't

1.60 2.60
0.40 0.50

3.00 5.00
0.42 0.00

3.40 4.60
0.27 0.50

2.60 4.60
0.50 0.27

2.60 4.20
0.65 0.68

1.40 4.20
0.27 0,33

1.40 4.20
0.27 0.53

1.00 4.20
0.00 0.53
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Appendix 3.1 (continued).

Pl86-14

uMNo" 10 12 uMNo* 10 t2

Platz

i5 15

3413 1,40
0,27

3095 1.40
0.27

3466 1.40
0.27

3393 1,40
0.27

3109 1.40
0.27

3089 1.40
0.27

3487 1,40
0,27

3453 1.40
0.27

3375 1.40
0.68

3348 1.33

0.88

3312 1.20
0.20

3145 t.20
U.J.1

3463 1.20
0.33

3tr4 1.20
0.33

3439 1.20
U.JJ

2.20 3.40
0.53 0,27

2.60 3.80
0.50 0.33

2.20 3.80
0.80 0.90

2,20 3.00
0,80 0,73

3.80 4.60
0.33 0.50

2.60 3.00
0.50 0.42

1.40 1,80
0.27 0.53

1.40 1.40
0.27 0.27

3.00 3.00
0.63 0,63

3.33 3.33
1.67 1.67

2.20 3.00
0.33 0.60

2.20 3.40
0.33 0.2'1

1.80 3.00
0.33 0.60

3.40 4.60
0.ó5 0.65

1.40 1.80
0.27 0.53

3390 1.00 1,80 3.40
0,00 0.33 0.27

34t3 1.00 1.80 3.40
0.00 0.33 0.27

3309 1.00 3.00 3.40
0.00 0.00 0.27

34't0 1.00 1.00 3.00
0,00 0.00 0.60

3460 1.00 1.40 3.00
0 ,37 0 .27 1 .03

3469 1.00 1.80 2.80
0.00 0.33 0.63

3152 1.00 2.60 2.80
0.00 0.27 0.36

3101 1.00 3.00 2.60
0.00 042 0,50

3143 1.00 1.00 2.60
0.00 0.00 0.2'1

3485 1.00 1,00 2.60
0.00 0.00 0.65

3420 1.00 1.00 2.60
0.00 0.00 0.27

3422 1.00 1.00 2.60
0.00 0.00 0.27

3476 1.00 i.00 2.60
0.00 0.00 0.27

3498 1.00 1.00 2.60
0.00 0.00 0.27

3093 1.00 1.80 2.20
0.00 0.33 0.33
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Appendix 3.1 (continued).

Pl86-14

LIMNO* 10 t2 UMNO' 10 12

PIat2

15

3450 1.20
0.33

3325 1.00
0.00

3461 1.00
0.00

3399 1.00
0.00

3387 1.00
0.00

3360 1.00
0.00

3385 1.00
0.00

3481 1.00
0.00

3309 1.00
0.00

3083 1.00
0.00

3470 1.00
0.00

3091 1.00
0,00

3152 1.00
0.00

3469 1.00
0.00

3101 1.00
0.00

1.40 2.60
0.27 0.27

3.80 5.00
0.33 0.00

2.60 4.60
1.07 0.88

2.20 4.60
0.33 0.27

2.20 4.20
0.33 0.33

1.80 4.20
0.53 0.53

3.80 4.60
0.68 0.50

1.80 4.00
0.33 0.54

1.80 1.80
0.33 0.33

2.80 5.80
0.55 0.80

2.20 5.40
0.53 0.27

2.60 4.20
0.78 0.53

2,20 2.40
0.33 0.43

1.80 4.80
0.33 0.55

3.00 3.80
0.42 0.33

3s00 1.00
0,00

3502 1.00
0.00

3468 1.00
0.00

3459 1.00
0.00

3434 1.00
0.00

3473 1.00
0.00

3079 1.00
0,00

349 1.00
0.00

30ó9 1.00
0.00

3458 1.00
0.00

34s5 1.00
0.00

3489 1.00
0.00

3313 1.00

0.00

3432 1,00
0.00

3452 1.00
0,00

1.00 2.20
0.00 0.33

1.00 2.20
0.00 0.33

1.00 2.20
0.00 0.33

0.80 1.80
0.13 0.33

1.00 1.80
0.00 0.33

1.40 1.80
0.27 0.53

1.00 1.40
0.00 0.27

1.00 1.40
0.00 0.27

1.40 1.40
0.27 0.27

1.00 1.40
0.00 0.27

1.00 1.40
0.00 0.27

1.00 1.40
0.00 0.27

1,40 1.40
0.27 0.27

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0,00
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Appendix 3,1 (continued).

PlS6-14

UMNO+ 10 12 LIMNO+ 10 12

Plat2

t5 15

3454 1.00
0.00

3485 1.00
0.00

3420 1.00
0.00

3422 1.00
0.00

34'16 1.00
0.00

3498 1.00
0.00

3093 1.00

0.00

3500 1.00
0.00

3502 1.00
0.00

3468 1.00
0,00

3071 1.00
0.00

3473 1.00
0.00

3434 1.00
0.00

3459 1.00
0.00

3106 1.00
0.00

3.00 3.80
0.60 0.53

1.40 3.00
0.27 0.60

1.00 2.60
0.00 0.27

1.00 2.60
0.00 0.27

1.00 2.60
0.00 0.27

i.00 2.60
0.00 0.2'l

2.20 3.00
0.33 0.42

1.00 3.00
0.00 0,00

1.00 3.00
0.00 0.00

1.00 2.20
0.00 0.33

2.60 3.00
0.50 0.60

1.00 2.20
0.00 0.33

1.00 3.00
0.00 0.42

1.00 3.40
0,00 0.50

3.00 3.80
0.60 0.33

3503 1.00 1.00
0.00 0.00

3445 1.00 1.00
0.00 0.00

3429 1.00 1.00
0.00 0.00

343t 1,00 1.00
0.00 0.00

3075 1.00 1.00
0,00 0.00

3442 1.00 1.00
0.00 0.00

3495 i.00 i.00
0.00 0.00

3497 1.00 1.00
0.00 0.00

3499 1.00 1.00
0,00 0.00

3501 1.00 1.00
0.00 0.00

3041 1.00 3.40
0.00 0.98

3045 1.00 2.60
0.00 0.78

3029 1.00 i.80
0.00 0.33

3019 1.00 1.40
0.00 0.27

3035 1.00 1.40
0.00 0.2t

1.00
0.00

1.00
0.00

1.00
0.00

r.00
0.00

1.00
0.00

1.00
0.00

1.00
0.00

1.00
0.00

1.00
0.00

r.00
0.00

:
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Appendix 3,1 (continued).

Pl86-14

TIÙßIO* I O l5 uMNo" 10 12 r5

3381 1.00

0.71

3069 1.00
0.00

3313 1,00
0.00

3079 1.00
0,00

3464 1.00
0.00

3458 1.00

0.00

3455 r.00
0.00

3489 1.00
0.00

3443 1.00
0.00

3478 1.00
0.00

3432 1.00
0.00

3452 1.00
0.00

3503 1,00
0.00

3445 1.00
0.00

3429 1.00
0.00

4.00 5,00
1.00 1.41

2.20 2.20
0.53 0.53

1.00 1.00
0.00 0.00

2,20 4.20
0.33 0,33

1.00 3.00
0.00 0.00

1.00 2.20
0.00 0.33

1.00 1.80
0.00 0.33

1,00 1.80
0.00 0.33

1.00 2.20
0.00 0.33

1.00 2.60
0.00 0.27

1.00 2.60
0.00 0.27

1.00 2.20
0.00 0.33

r.00 2.20
0.00 0.33

1.00 1.80
0.00 0.33

1.00 1.60
0.00 0_31

3041 1.00
0.00

3049 1.00
0.00

305i 1.00
0.00

3054 1.00
0.00

346t 0.80
0.13

3077 0.80
0.13

3083 0.80
0.13

3151 0.80
0.13

309i 0.80
0.13

3095 0.80
0.13

3308 0.80
0.13

3311 0.80
0.13

33U 0.80
0.13

3150 0.80
0.13

3463 0.80
0.13

1.40
0.27

1.00
0.00

1.00
0.00

1.00
0.00

3.00 5.00
1.03 0.84

2,20 4.20
0.53 0.33

2.80 3.40
0.55 0.65

2.60 3.40
0,27 0.50

1.00 3.00
0.00 0.00

1,.20 3.00
0.33 0.00

3.00 3.00
0.00 0.00

2.00 2.60
0.42 0.27

1.40 2.60
0.27 0.50

1,20 2.60
0.33 0.65

1.00 2.20
0,00 0.33
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Appendix 3.1 (continued).

Pl86-14

UMNO* 10 12 UMNO* 10 L2

Platz

15

3431 1.00
0,00

3075 1.00
0.00

3442 1.00
0.00

3495 1.00
0.00

3497 1.00
0.00

3499 1.00
0.00

3501 1.00
0,00

3471 1.00
0.00

3440 1.00
0.00

3474 1.00
0.00

3437 1.00
0.00

3457 1.00
0.00

3484 1.00
0.33

3346 1.00
0.55

3425 1.00
0.55

1.00 1,40

0.00 0.27

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00

1.00 3.00
0.00 0.42

1.00 1.40
0.00 0.27

1,00 1.40
0.00 0.27

1.00 1.00
0.00 0.00

1.00 3.40
0,00 0.27

1.25 2.50
0.25 0.50

1.40 1.80
0.68 0.9'1

1.80 2.20
0.49 0.49

3494 0.80
0.13

3071 0.80
0.13

3443 0.80
0.13

3439 0.80
0.39

3147 0.80
0.13

3400 0.80
0.20

3471 0.80
0.13

3465 0.80
0,13

3487 0,80
0.13

3081 0.80
0.13

3453 0.80
0.13

3440 0.80
0.13

3474 0.80
0.i3

343't 0,80
0.13

3323 0.80
0.13

1.40 2.20
0.27 0.53

2.00 2.00
0.60 0.60

1.00 1.40
0.00 0.27

1.40 1.40
0.27 0.27

1.40 1.40
0.27 0.27

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00

0.80 1.00
0.13 0.00

i.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00
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Appendix 3.1 (continued).

Pl86-14

UMNO' 10 t2 15 uMNo" 10 t2 15

3338 1.00
1.00

3041 1.00
0.00

304s 1.00
0.00

3029 1.00
0.00

3019 1.00
0.00

3035 1.00
0.00

3047 1.00
0.00

3049 1.00
0.00

3051 1.00
0.00

3054 1.00
0.00

3037 1.00
0.00

3048 1.00
0.00

3039 1.00
0.00

30't7 0.80
0.13

3151 0.80
0.13

1.20 2.60
0.97 0,75

3.40
0.98

2.60
0.78

1.80

0,33

1.40
0.27

1.40
0.2't

1.40

^11

1.00
0.00

1.00
0.00

i.00
0.00

1.40
0.27

1.00
0.00

1.00
0.00

3.00 5.00
0.42 0.60

2.60 2.20
0.27 0.33

3436 0.80
0,13

3025 0.80
0.r3

3022 0.80
0.13

3037 0.80
0.13

3039 0.80
0.13

3007 0.80
0.13

3033 0.80
0.13

3009 0.80
0.13

3355 0.75
0.75

3048 0.75
0.16

3002 0.67
0.21

3085 0.60
0.16

3065 0.60
0.16

3441 0.60
0.16

3099 0.60
0.16

0.80 0.80
0.13 0.13

1.80
0.49

t.20
U.JJ

1.00
0.00

0.80
0.13

0.80
0.13

0.80
0.13

0.80
0.13

0.75 1.00
0.75 0;11

1.00
0.00

0.67 0.67
0.21 0.21

1.80 4.20
0.33 0.53

2,20 3.80
0;t7 0.53

1.00 3.80
0.00 0.33

3.00 3.40
0.42 0.50
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Appendix 3.I (continued).

Pr86-14

LIMNO* 10 15 IjMNO" 10 12

3308 0.80
0.13

3311 0.80
0.13

33U 0.80
0.13

3150 0.80
0.r3

3149 0.80
0.39

3494 0.80
0.13

3456 0,80
0.13

3147 0,80
0.13

3465 0,80
0.13

3323 0.80
0.13

3492 0.80
0.13

3462 0.80
0.13

3435 0.80
0.13

3081 0.80
0.13

3067 0.80
0.13

1.00 2.20
0.00 0.53

2.00 2.60
0.42 0.27

1.20 2.40
0.33 0.58

1.60 1.80
0.40 0.33

1.60 2.20
0.40 0.53

1.40 1.80
0.27 0.33

i.00 2.20
0.00 0.53

1.20 t.20
0.33 0.33

1.00 3.00
0.00 0.60

1.00 1.00

0.00 0.00

1.00 2.20
0,00 0.53

1.00 1.80
0.00 0,33

1.00 1.00
0.00 0.00

1.00 1.80
0.00 0.33

r,20 1.60
0.33 0.40

34s4 0.60 1.80
0.16 0.33

3393 0.60 1.00
0.16 0.00

3109 0.60 1.60
0.16 0.58

3366 0.60 0.80
0.16 0.13

3097 0.60 1 .20
0.16 0.33

3106 0.60 0.60
0.16 0.16

3456 0.60 1.40
0.16 0.27

3154 0.60 1.40
0.16 0.27

3448 0.60 1.00
0.16 0,00

3103 0.60 1.00
0.16 0.37

3457 0.60 1.00
0.16 0.00

3450 0,60 1.00
0.16 0.00

3380 0.60 0.80
0.24 0.20

3492 0.60 1.00
0.16 0.00

3416 0.60 0.80
0.24 0.20

2.60
0.65

2.60
0.78

2.20
0.53

2.00
0.42

2.00
0.60

1.80
0.33

1.80
U.JJ

1.80
0.33

1.80
0.33

1.60
0.40

1.00
0.00

1.00
0,00

1.00
0.00

1.00
0.00

1.00
0.00
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Appendix 3.1 (continued)

Pt86-r4

UMNO* IO L2 uMNo* to 12

Plat2

15

3436 0.80
0.13

3391 0.80
0.20

3353 0.80
0.58

3404 0.80
0.58

3025 0.80
0.13

3022 0.80
0.13

3007 0.80
0.13

3033 0.80
0.13

3493 0.75
0.16

3477 0.75
0.16

3438 0.7s
0.16

3355 0.75
0.75

3335 0.15
0.7 5

3002 0.67
0.zr

3383 0.67
0.33

0.80 0.80
0.13 0.13

2.00 1.60
0.63 0.60

1.80 3.40
0.97 0.75

1.80 1.80
0.97 0.97

1.80
0.49

t.20
0.33

0.80
0.13

0.80
0.13

1.00 2.50
0.00 0.33

1.00 3.00
0.00 0.93

1.00 1,00
0.00 0.00

1,.25 1.25
1.25 t.25

1.25 2.00
1.25 1.68

0.67 0.67
0.21 0.21

1.00 1.67

0.00 0.67

3462 0.60
0.16

3490 0.60
0.16

3405 0,60
0,24

3391 0.60
0,24

3401 0.60
0.u

3343 0.60
0.24

3346 0.60
0.24

3011 0.60
0.16

3043 0.60
0.16

3451 0.56
0,18

3381 0.50
0.29

337t 0.50
0.29

3477 0.50
0.19

3484 0.50
0.19

3365 0.50
0.29

1.00 r.00
0.00 0.00

1.00 1.00
0.00 0.00

0.60 0.80
0.24 0.20

0.40 0.80(\)L nrn

0.60 0.80
0:u 0.20

0.60 0.60
0.24 02A

0.60 0.60
0.24 0.u

0.60
0.16

0.60
0.16

r.22 ?.56
0.36 0.78

0.75 1.50
0.25 0.50

0.50 1.50
0.29 0.50

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00

0.75 1.00
0.25 0.00
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Appendix 3.1 (continued).

Pl86-14

L\4NO* t0 t2 l5 uMNo+ 10 12

3065 0.60 3A0
0.16 0.50

3441 0.60 1.40
0.16 0.27

3486 0.60 1.00
0.16 0.00

3154 0.60 r.40
0.16 0.?7

3448 0.60 1.00
0.16 0.00

3430 0.60 1.00
0.16 0.00

3490 0.60 1.00
0.16 0,00

3446 0,60 1.00
0.16 0,00

34',U 0.60 1.00
0.16 0.00

3380 0.60 1.20
0.24 0.49

3401 0.60 1 .40
0.24 0.40

3343 0.60 1.80
0.24 0.97

3009 0.60 0.80
0.16 0.13

3011 0.60 0.60
0.16 0.16

3043 0.60 0.60
0.16 0.16

3438 0.50
0.19

3342 0.50
0.29

3349 0.50
0.29

3073 0.40
0.16

3149 0.40
0.16

3486 0.40
0.16

3328 0.40
0.16

3430 0.40
0.16

3433 0.40
0.16

3478 0.40
0.16

3388 0.40
0.24

3153 0.40
0.16

3148 0.40
0.16

3446 0.40
0.16

3424 0.40
0.16

1.00 1.00
0.00 0.00

0.75 0.75
0.25 0.25

0.75 0.75
0.25 0.25

2.20 3.80
0.53 0.33

r,20 2.40
0.33 0.58

1.00 2.20
0.00 0.33

1.00 2.20
0.00 0.33

0.40 1.80
0.16 0.33

1.40 1.80
0,27 0.53

1.00 1.40
0.00 0.27

0.80 1.40
0.20 0.40

0.80 r.40
0.13 0.27

1.00 1.40
0.00 0.2't

1.00 1.00
0.00 0.00

1.00 1.00
0.00 0.00

4,60
0.65

3.80
0.33

2.60
0.2'l

1.40
0.27

1.40
0.27

2.20
0.33

i.00
0.00

2.20
0,53

2.00
0.33

2.60
0.98

1.40
0.40

2,00
0.89
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Appendix 3,1 (continued).

Pl86-14

UMNO* iO 12 UMNO* 10 t2

Platz

15

3451 0.56
0.18

3371 0.50
0.29

3449 0.50
0.19

347s 0.50
0.r9

3349 0.50
0.29

3362 0.50
0.29

3073 0.40
0.16

3328 0.40
0.16

3433 0.40
0.16

3148 0.40
0.16

33& 0.40
0.24

3496 0.40
0.16

3416 0.40
0.24

3427 0.40
0.16

34t4 0.40
0.u

0.78 r.67
0.15 0.65

1.25 3.00
0.63 0.82

1.00 2.50
0.00 0.33

0.88 2.00
0.13 0.38

3.50 4.50
0.96 1.26

2.75 4.50
1.31 2.06

3.00 5.40
0.60 0.65

1.40 2.20
0,27 0.33

1.00 1.00
0.00 0.00

i.00 1.00
0.00 0.00

1.40 2.60
0,40 0.75

i.00 1.80

0.00 0.33

2.20 2.20
0.49 0.49

0.80 2.60
0.13 0.27

0.60 1.00
0.24 0.00

3418 0.40 0.60 1.00
0,24 0.24 0.00

3435 0.40 1.00 1.00
0.16 0.00 0.00

34t4 0,40 0.40 1.00
0.24 0.24 0.00

3408 0.40 0,40 0.80
0.24 0.u 0.20

3425 0.40 0.60 0.60
0,24 0.24 0.24

34M 0.40 0.40 0.60
0.24 0.24 0.u

3340 0.40 0,40 0.60
0.24 0.u 0.u

33't8 0.40 0.60 0.60
0.u 0.24 0.u

3411 0.40 0.60 0.60
0.24 0.24 0.u.

337s 0.40 0.40 0.40
0.24 0:24 0.24

3027 0.40 2.20
0.16 0.33

3005 0.40 0.80
0.16 0.13

3015 0.40 0.80
0.16 0.13

3383 0.33 0.67 0.67
0.33 0.33 0.33

3018 0.33 0.33 0.33
0,2r 0.21 0.21
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Appendix 3.1 (continued).

Pl86-14

UMNO* IO 12 UMNO* IO t2

Plat2

15

3405 0.40
0.u

3408 0.40
0,24

3347 0.40
0.24

3341 0.40
0.24

3378 0.40
0.24

3340 0.40
0.24

3352 0.40
0.24

3027 0.40
0.16

3005 0.40
0.16

3015 0.40
0.16

3053 0.40
0.16

3062 0.40
0.16

3382 0.33
0.33

3018 0.33
0.21

3344 0.2s
0.25

1.60 2.20
0.60 0.80

0.80 1.20
0.20 0.49

1.20 2.80
0.97 1.62

2.20 2.80
1.16 1.20

0.80 1.00

0.20 0.00

1.00 1.20
0.55 0.49

1.20 1.80
0.49 0.49

2.20
0.33

0.80
0.13

0.80
0.13

0.60
0.16

0.40
0.16

1.33 1.67
0.88 0.67

0.33 0.33
0.21 0.21

3.50 3.50
0.96 0.96

3344 0.25
0.25

3493 0.25
0.16

3334 0.25
0.25

3449 0.25
0.16

3475 0.25
0.16

3362 0.25
0.25

33'17 0.25
0.25

3089 0.20
0.13

3114 0.20
0. i3

3444 0.20
0.13

3421 0.20
0.20

3364 0.20
0.20

3427 0.20
0.13

3067 0,20
0.13

3428 0.20
0,20

2.50 2.50
1.44 1,44

1.00 1.50
0.00 0.33

1.00 t.zs
0.7 t 0.63

1.00 1.00
0.00 0.00

0.88 1.00
0,13 0.00

0.50 0.75
0.29 0.25

0.25 0.75
0.25 0.25

1.80 i.80
0.53 0.53

r.20 1.60
0.33 0.40

0.80 1.60
0.13 0.40

0.40 1.40
0.24 0.40

1.00 1.20
0.55 0.49

0.80 1.00
0.13 0.00

0.60 1.00
0,16 0.37

0.60 1.00
0.24 0.00
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Appendix 3.1 (contÌnued).

Pt86- 14

UMNO' 10 t2 UMNO' IO 1215

3334 0.25 1.25
0.25 0.63

3371 0,25 0.75
0.25 0.25

3367 0.2s 0.50
0.25 0.29

34M 0.20 0.80
0.13 0. i3

3388 0.20 1.00
0.20 0.00

3153 0.20 0.80
0.13 0.13

3421 0.20 2.20
0.20 0.49

3418 0.20 1.40
0.20 0.40

3428 0.20 1.40
0.20 0.40

3411 0.20 0.60
0.20 0.24

3407 0.20 1.60
0.20 0.87

3369 0.20 1.20
0.20 0.49

3394 0.20 1.00
0.20 0.00

3398 0.20 1.00
0.20 0.55

3031 0.20 1.20
0.13 0.33

3353 0.20
0.20

3347 0.20
0,20

3341 0.20
0.20

3392 0.20
0.20

3407 0.20
0.20

3352 0.20
0.20

3394 0.20
0.20

3398 0.20
0.20

3031 0.20
0.13

3013 0.20
0.13

3329 0.00
0.00

3419 0.00
0.00

3423 0.00
0.00

3496 0.00
0.00

3326 0.00
0.00

0.40 0,80
0.24 0.20

0,20 0.80
0.20 0.20

0.00 0.80
0.00 0.20

0.60 0.80
0,24 0.20

0.60 0.60
0,24 0.24

0.20 0.40
0.20 0.24

0,40 0.40
0.u 0.24

0.20 0.20
0.20 0.20

1.20
U.JJ

0.20
0.13

r.20 2.20
0.33 0.33

1.00 1,00
0.00 0.00

0.80 1.00
0,20 0.00

i.00 1.00
0.00 0.00

0.60 1.00
0.16 0.00

4.00
0.58

1.50

0.50

0.7 5

0.25

2.00
0.60

1.40
0.40

1.40
0.27

2.60
0.75

1.40
0.40

1.40

0.40

0.60
0.24

2.00
1.26

1.20
0.49

1.40
0.40

1.60

0.60
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AÞÞendix 3.1 (continucd).

Pl86- 14

UMNO* IO t2 UMNO' 10 t2

P1^t2

I5 15

3017 0,20
0.13

3013 0.20
0.13

3010 0.00
0.00

3329 0.00
0.00

3419 0.00
0.00

3423 0.00
0.00

3326 0.00
0.00

3392 0.00
0.00

3374 0.00
0.00

3361 0.00
0.00

3412 0.00
0.00

3410 0.00
0.00

3332 0.00
0.00

3359 0.00
0.00

3409 0.00
0.00

0.40
0.16

0.20
0.13

0.00 0.00
0.00 0.00

2.00 3.80
0.42 0.53

2.20 2.60
0.49 0.40

2.20 2.60
0.49 0.75

0.60 1.00
0.16 0.00

0.60 0.80
0.24 0.20

0.80 1.40
0.20 0.40

0.20 1.80
0.20 0.80

i.50 3.00
0.50 t.4t

0.60 0.60
0.24 0.24

0.00 3.60
0.00 1.83

r.25 2.A0
0.63 0.58

0.80 1.20
0.20 0.49

3361 0.00
0.00

3374 0.00
0.00

3412 0.00
0,00

3332 0.00
0.00

3338 0.00
0.00

3369 0.00
0.00

3410 0.00
0.00

33s9 0.00
0.00

3367 0.00
0.00

3351 0.00
0.00

3397 0.00
0.00

3389 0.00
0.00

3409 0.00
0.00

3372 0.00
0.00

3358 0.00
0.00

0.00 0.80
0.00 0.20

0.40 0.80
0.u 0.20

0.50 0.75
0.29 0.25

0.00 0.60
0.00 0.24

0.00 0.60
0.00 0.24

0.40 0.60
0,u. 0.24

0.60 0.60
0,24 0.24

0.25 0.50
0.25 0.29

0.25 0,50
0.25 0.29

0.20 0.40
0.20 0.u

0.20 0.40
0,20 0.24

0.20 0.40
0,20 0.24

0.40 0.40
0.24 0.24

0.00 0.33
0.00 0.33

0.33 0.33
0.33 0.33
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Appendix 3.1 (continued).

Pl86- 14

LIMNO* 10 t2 UMNO+ 10 t2

Plat2

t5

3351 0.00
0.00

3397 0.00
0.00

3389 0.00
0.00

3358 0.00
0.00

3372 0.00
0.00

3426 0.00
0.00

3395 0.00
0.00

3339 0.00
0.00

3336 0.00
0.00

3386 0.00
0.00

3402 0.00
0.00

3333 0.00
0.00

3356 0.00
0.00

3384 0.00
0.00

3350 0.00
0.00

0.60 1.80
0.24 0.'13

1.00 1.60

0.55 0.60

0.80 1.60
0.20 0.60

0.33 0.33
0.33 0.33

1.00 1.33
1.00 0.88

0.50 1.00
0.29 0,71

0.75 0.75
0.75 0.7 5

1.50 2.50
1.19 0.96

0.50 1.50
0.29 0.87

0.60 0.20
0,24 0.20

0.40 1.00
0.24 0.55

0.20 0.80
0.20 0.58

0.75 3.00
0.25 0.00

0.40 t.20
0.24 0.49

0.33 0.67
0.33 0.33

3339 0.00
0.00

3336 0.00
0.00

3426 0.00
0.00

3395 0.00
0.00

3402 0.00
0.00

3333 0.00
0.00

3386 0.00
0.00

3356 0.00
0.00

3337 0.00
0.00

333s 0.00
0.00

3384 0.00
0.00

3350 0.00
0.00

3510 0.00
0.00

3345 0.00
0.00

3004 0.00
0,00

0.00 0.2s
0.00 0.25

0.00 0.25
0.00 0.25

0.50 0.25
0.29 0.25

0,25 0.2s
0.25 0.25

0.20 0.20
0.20 0.20

0.00 0.20
0.00 0.20

0.40 0.20
0.24 0.20

0.50 0.00
0.29 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00
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Appendix 3.1 (conthrued)

Pl86- 14

UMNO* 10 t2 UMNO* 10 12

PleLZ

l5

3510 0.00
0.00

3345 0.00
0.00

3004 0.00
0.00

3006 0.00
0.00

3008 0.00
0.00

3012 0.00
0.00

3014 0,00
0.00

3016 0.00
0.00

30u 0.00
0.00

3026 0.00
0,00

3028 0.00
0,00

3030 0.00
0.00

3032 0.00
0.00

3034 0.00
0.00

3036 0.00
0.00

0.00 0.40
0.00 0.16

0.20 0.20
0.20 0.20

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0,00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

3006 0.00
0.00

3008 0.00
0.00

3012 0.00
0.00

3014 0.00
0.00

3016 0,00
0.00

3024 0.00
0,00

3026 0.00
0.00

3028 0.00
0.00

3030 0.00
0.00

3032 0.00
0.00

3034 0.00
0.00

3036 0.00
0.00

3038 0.00
0.00

3040 0.00
0.00

3042 0.00
0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0,00
0.00 0.00
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Appendix 3.1 (continued).

Pl86-14

u ßtO* 10 12 UMNO* 10 IZ

Plat2

15

3038

3040

3052

3055

3057

3059

3070

3072

3442

3044

3046

3050

3068

0.00
0.00

0.00
0.00

0.00
0,00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0,00 0.00
0.00 0.00

0.00 0.00
0.00 0,00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0,00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

3044 0.00
0.00

3046 0.00
0.00

3050 0.00
0.00

3052 0.00
0.00

3055 0,00
0.00

3057 0.00
0.00

3059 0.00
0.00

3066 0.00
0.00

3068 0.00
0.00

3070 0.00
0.00

3072 0.00
0.00

3074 0.00
0.00

3076 0.00
0.00

3078 0.00
0.00

3080 0.00
0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0,00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0,00
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Appendix 3,1 (continued).

Pr86-14

LIMNO+ 15 uMNo+ 10 12

3076 0.00 0.00
0.00 0.00

30'18 0.00 0.00
0.00 0.00

3080 0.00 0.00
0.00 0.00

3082 0.00 0.00
0.00 0.00

3060 0.00 2.00
0.00 0.84

3061 0.00 0.40
0.00 0.16

3003 0.00 0.40
0.00 0.16

300i 0.00 0.00
0.00 0.00

302t 0.00 0.00
0.00 0.00

3023 0.00 0.00
0.00 0,00

3058 0.00 0.00
0.00 0.00

3063 0.00 0.00
0.00 0,00

Maluka 0.00 i.70
0.00 0.45

Westar 9.00 9.00
0.00 0.00

3082 0.00 0.00 0.00
0.00 0.00 0.00

3060 0.00 4.00
0.00 0.99

3061 0.00 0.80
0.00 0.39

3017 0.00 0.40
0.00 0.16

3003 0.00 0.40
0.00 0,16

3053 0.00 0.20
0.00 0.13

3062 0.00 0.00
0.00 0.00

3001 0.00 0.00
0.00 0.00

3021 0.00 0.00
0.00 0.00

3023 0.00 0.00
0.00 0.00

3058 0.00 0.00
0.00 0.00

3063 0.00 0.00
0.00 0.00

Maluka 0.00 1.20
0.00 0.42

Westâr 9.00 9.00
0.00 0.00

0.00
0.00

0.00
0,00

0.00
0.00

0.00
0.00
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Appendix 3.2. Mean disease severity ratings for Brassica jg¡994 accessions cha enged at cotyledon stzge
with 2 isolates ofLentosphaeria maculans (plg6-14 & phé) anrl at adult srem sagelirh plaelt+. vatoãs
are means of 5 to 10 planrs (upper values) I SE (Lorver varues) 10 days (82, A2)]afrer inocurarions.
Mean disease 

-severity 
raúngs are arranged in descending disease seveiity at week 4.*University of Manitoba acccssion numbcr.

Cotyledon
Tests Adult snem tests

UMNO* B2 A2 We€k 1 We¡k2 Week3 Week4 ÌVeek5 Roor

3115 9.00
0.00

3342 
:ro

3358 0.00
0.00

34M 0.80
0.58

3405 0.40
0.24

3411 0.20
0.20

3407 0.20
0.20

3359 0.00
0.00

3339 0.00
0.00

3347 0.25
0,25

3388 0.2s
0.25

3369 0.20
0.20

9.00 5.10
0.00 0.86

1oo 1'o

0.00 0.50
0.00 0.29

0,40 0.40
0.24 0.24

0.00
0.00

0.00
0.00

0.67
0.33

6.70 7 .30
0.68 0.40

2.00 
1oo

2.25 4.00
0.25 0.58

3.00 4.00
032 0.45

3.40 4.60
0.75 0.75

7.80
0.13

:.oo

5.75
1.03

s.60
0.81

5.60
0.75

5.60
1.40

5.40
0.93

5.40
0.93

5.33
1.76

5.2s
0.8s

5.25
1.7 5

5.20
1.36

5.20
r.36

5.00
0.55

8.00
0.00

7.00
0.00

0.40 0.40
0.24 0.24

0.60 0.00
0:u 0.00

4.00
t.14

4.00
0.55

3.40
0.51

0.20
0.20

0.00
0.00

0.00
0.00

2.00
0.55

2.60
0.40

2.00
0.45

0.50
0.29

0.00
0.00

0,25 0.s0
0.25 0.50

0.75
0.25

0.20
0.20

1.67 4.00
0.67 1.13

2.50 4.00
0.50 0.71

2.s0 4.50
1.04 1.50

1.60 3.40
0.51 1.03

3.80
1.07

4.00
0.55

3374 0.00
0.00

3380 0.60
0,24

0.00 0.80
0.00 0.20

0.60 0.40
0.24 0.24

2.60
0.75

2.40
0.60
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Appendix 3,2 (continued).

Cotyledon
Tests

UN,f\O* 82 A2

Adult stem tests

Weêk I Vr'eel¿ Week3 Weck4 \Veeks Roor

3408 0.40
0.u

3362 0.00
0,00

3372 0.00
0.00

3346 1.00
0.s5

3410 0.00
0.00

3382 0.25
0.2s

3355 0.60
0,60

334t 0.25
0,25

33s0 0.00
0.00

337 5 1.40
0.68

339 0.40
0:u

3344 0.25
0.25

3333 0.00
0.00

3345 0.00
0.00

34m 0.00
0.00

0.40 0.00 3.00
0.u 0.00 0.95

0.00 0.00 1.50
0.00 0.00 0.50

0.00 0.00 2.00
0.00 0.00 0.71

0.60 0.00 1.40
0:u 0.00 0.24

0.00 0.40 2.80
0.00 0.u 0.66

1.00 0.50 250
0.71 0.29 0.ó5

0.60 0.00 1.80
0.60 0.00 0A9

0.00 0.25 1.00
0.00 0.2s 0,00

0.00 0.50 2.00
0.00 0.29 0.4r

0.40 0.40 2.00
0.24 0.u 0.45

0.20 0.20 1.40
0.20 0.20 0.40

0.2s 0.25 1.50
0.2s 0.25 0.50

0.00 0.00 1.67
0.00 0.00 0.67

0.00 0.40 1.80
0.00 0.24 0.37

0.00 0.40 i.80
0.00 0.2A 0.97

4.00 5.00
1.14 1.38

3.50 5.00
0.50 0.00

3.75 5.00
0.85 0.91

2.80 4.80
0.49 0.86

3.80 4.80
0.66 0.66

3.50 4.75
0.87 0.95

3.20 4.60
0.66 0.81

2,50 4.50
0.65 0.87

3.00 4.s0
0.82 1,04

3.20 4.40
0.73 0.81

3.20 4.00
1.16 1.30

2.50 4.00
0.96 r.47

333 4.00
1.33 1.53

2.80 4.00
0.66 1.00

3.00 4.00
1.38 1.70
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Appendix 3.2 (continued).

Cotyledon
Tests

UMNO* B2
^2

Adult stem tests

Week 1 Week2 Week3 lveek4 Week5 Roor

3361 0.00
0.00

3386 0.00
0.00

34W 0.00
0.00

3351 0.00
0.00

33'71 0.50
0.29

3334 0.25
0.25

3336 0.00
0.00

3476 1.00
0,00

3337 1.67
1.67

3474 1.00
0.00

3335 0.75
0.?5

3365 1.50
1.19

3475 0.50
0.29

3377 0.25
0.25

3118 2.60
0.27

0.00 0.00
0.00 0.00

0.00 0.20
0.00 0.20

0.00 0.40
0.00 0.24

0.00 0.25
0.00 0.25

0.50 0.00
0,29 0.00

0.25 0.00
0.2s 0.00

0.00 0.2s
0.00 0.25

1.00 0.80
0.00 0.20

0.00 0.33
0.00 0.33

0.80 0.00
0.20 0.00

0.00 0.00
0,00 0.00

0.50 0.00
0.29 0.00

0.25 0.25
0.25 0.25

0.25 0.25
0.25 0.25

1.80 0.00
0.33 0.00

2.00 3.00
0.45 0.95

1.40 3.20
0,u 0.86

1.80 3.20
0.80 1.36

r.75 2.7s
0.75 r.31

2.00 2.75
|.22 1.60

I t< ô ô<

0.63 1.11

1.25 2.25
0.25 0.7s

1.40 2.40
0.51 0.51

1.33 2.00
0.33 1.00

0.00 r.20
0.00 0.37

|.25 2.00
0.25 0.71

1.25 2.00
0.63 0.91

0.25 t.zs
0,25 0.25

1.50 2.00
0.65 0.9r

1.10 2.10
0.78 0,84

3.80
1.07

3.80
1.07

3.80
1.59

3.75
1.65

3.50
2.02

3.50
1.44

3.50
L32

3.40
0.68

J.JJ
1.86

3.00
0.84

3.00
1.08

2.7 5
1.1 1

2.7 5
0.85

2.75
1.1 1

2.60 5.80
0.83 1.05

3.00
0.97
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Appendix 3.2 (continued).

Cotyledon
Tests Adult stem tests

uNtr{o+ 82 A2 Vr'e€kl Weeld r eek3 Week4 r¡r'eek5 Roor

3439 r.20
0.49

3471 1.00
0.00

3340 0.40
0.u

3367 0.20
0.20

3312 1.20
0.20

3132 2.56
0.60

307t i.00
0.00

3487 1.40
0.40

3338 1.00
1.00

3431 1.00
0.00

3489 1.00
0.00

3492 0.80
0.20

3414 0.40
0.24

3143 1.80
0.33

3323 0.80
0.13

0.80 0.40
0.58 0.24

0.80 0.40
0.20 0.24

0.40 0.400:u 0.u

0.00 0.20
0.00 0.20

1.60 0.00
0.31 0.00

2.44 0.00
0.62 0.00

0.86 0.00
0.14 0.00

0.80 0.00
0.20 0.00

0.00 0.20
0.00 0.20

1.00 0.00
0.00 0.00

1.00 0.20
0.00 0.20

0.ó0 0.40
0.24 0.24

0.40 0.20
0.u 0.20

1.00 0,00
0.00 0.00

0.80 0.00
0.i3 0.00

0.60 r.20
0.'u 0.20

0.80 1.40
0.58 0.51

0.80 1.40
0.49 0.87

0.60 1.80
0.24 0.92

0.80 1.70
0.13 o.zt

0.r7 2.00
0.09 0.67

0.57 0.57
0.20 0.20

0.00 1.20
0.00 0.37

0.80 1.40
0,37 0.75

0.00 1.00
0.00 0.00

0.20 0.80
0.20 0.20

0.40 1.20
0.24 0.20

0.20 1.80
0.20 0.37

0.80 1.80
0.20 0.47

0.40 1.30
0.16 0.42

2.60
0.40

2,60
0.75

2.60
1.60

2.60
1.47

2.50 3.30
0.34 0.37

2.44 2.94
0.63 0.62

2.43 6.00
0.48 0.87

2.40
0.ó0

2.40
1.29

2.40
0.24

2.40
0.75

2.40
0.60

2.40
0.75

2.30 4.80
0.40 0.84

230 3.60
0.50 0.93

2.00
0.97

1.13

0.56

6.00
1.00

3.40
0.50

3.00
r.16
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Appendix 3.2 (continued).

Cotyledon
Tests Adult stem tests

UMNO* B2 Weekl Weol¿ Week3 Week4 Vr'eek5 Root

3060 0.00
0.00

302t 0.00
0.00

3378 0.50
0.29

3412 0.00
0.00

3037 1.00
0.00

33t4 2.00
0.84

3383 0.80
0.20

3343 0.60
0.24

311i 2.00
0.38

3013 0.25
0.16

3017 0.2s
0.16

3043 0.56
0.18

3403 4.60
0.50

3488 2.60
0.40

34M 1.44

o.29

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.50 0.00
0.29 0.00

0.00 0.00
0.00 0.00

0.78 0.00
0.15 0.00

2.00 0.20
0.84 0.13

0.40 0.00
0.24 0.00

0.60 0.20
0.24 0.20

2.00 0.00
0.38 0.00

0.25 0.00
0.16 0.00

0.00 0.00
0.00 0.00

0.56 0.00
0.r8 0.00

3.80 0.00
0.80 0.00

2.20 0.00
0.49 0.00

1.44 0.00
0.29 0.00

0.50
0.17

0.71
0.29

1.00
0,58

1.00
0.71

1.67
0.80

0.70
0.33

1.00
0.45

1,20
0.20

0.75
0.16

0.50
0.19

0.38
0.18

r.67
0.80

1.00
0.79

0.00
0.00

0.89
0,20

1.00 2.30 3.80 3.80
0.00 0.33 0.77 1.06

1.29 2.29 3.7r 0.71
0.47 052 0.97 0.18

1.50 2.25
0.87 1.31

1.7 5 2.25
1.03 1.31

1.78 222 3.13 0.33
0.80 0.80 0.87 0.33

1.50 2,20 2.30 1.80
0.40 0.47 0.45 0.92

1.60 2.20
0.68 0.92

1.60 2.20
0.60 1.20

1.00 2.r3 5.63 4.88
0.00 0.30 1.03 0.85

1.25 2.13 2.88 2.38
0.45 0.67 1,01 l.l8

1.88 2.13 2.50 0.00
0.91 0.90 0.91 0.00

1.89 2.r1 4.00 0.00
0.77 0.75 1.01 0.00

i.30 2.00 6.90 5.44
0.78 0.70 0.23 1.03

|.20 2.00
0.20 0.63

1 .44 2.00 5 .67 3 .67
0.38 0.37 0.80 1.18
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Appendix 3.2 (continued).

Cotyledon
Tests

UMNO* B2 AZ

Adult stem tesfs

Weêk I Weeld. Week3 Week4 Week5 Root

3390 1.40
0.27

3348 1.33

0.88

3085 1.25
0.25

3048 1.00
0.00

3455 1.00
0.00

3457 1.00
0.00

3308 0.80
0.13

3025 0.78
0.15

3477 0.75
0.25

3352 0.40
0.u

3356 0.00
0.00

3029 1.00
0.00

30s1 1.00
0.00

3049 1.00
0.00

3363 2.20
0.33

1.00 0.00
0.00 0.00

1.33 0.00
0.88 0.00

0.63 0.00
0.18 0.00

0.75 0.00
0.i6 0.00

1.00 0.00
0.00 0.00

0.60 0.00
0.u 0.00

0.80 0.00
0.13 0.00

0.78 0.00
0.15 0.00

0.50 0.50
0.29 0.29

0.20 0.00
0.20 0.00

0.00 0.00
0.00 0.00

1.00 0.00
0.00 0.00

1.00 0.00
0.00 0.00

1.00 0.00
0.00 0.00

r.40 0.00
0.27 0.00

0.40 0.70
0,16 0.15

1.33 t.67
0.33 0.67

0,75 i.88
0.25 0.81

1.38 1.63

0.96 0.94

0.00 0.80
0.00 0.37

0.00 0.80
0.00 0.37

0.70 1.30
0.i5 0.21

0.78 2.00
0.22 0.58

0.50 1.00
0.29 0.00

0.80 1.20
0.37 0.58

1.00 L25
0.00 0.2s

0.40 1.90
0.16 0.59

0.90 1.40

0.80 0.78

0.67 t.2Z
0.17 0.15

0.30 0.70
0.15 0.15

2.00 6.30 5.10
0,26 0.42 0.97

2.00
1.00

2.00 5.88 2.88
0.80 0.& 1.04

2.00 6.00 0.00
0.89 0.78 0.00

2.00
0.84

2.00
0.95

2.00 2A0 1.67
0.45 0.48 i.01

2.00 3.22 1.00
0.58 0.80 0.50

2.00
0.41

2,00
0.95

2.00
0.41

1.90 5.00 0.78
0.59 0.91 0.78

r.90 6.00 1.33
0.71 0.71 0.55

1.89 4.00 2.33
0.35 0.88 1,17

1.80 4.40 2.30
0.25 0.87 1.03
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Appendíx 3,2 (cont¡¡ued).

Cotyledon
Tests Adult stem tests

UMNO* B2 rvVeekl Week2 Week3 \Veek4 Week5 Roor

3440

3005

3423

3486

3384

3379

3009

3435

3449

3354

3417

3099

3M7

3079

3106

1.00 0.80
0.00 0.20

0.ó0 0.40
0.u 0.u

0.40 0.40
0.16 0.16

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

2.78 1.44
0.52 0.29

0.56 0.78
0.18 0.15

0.75 0.50
0.25 0.29

0.50 0.25
0.29 0.25

2.14 1.29
0.40 0.29

1.80 1.40
0.33 0.27

1.40 0.60
0.27 0.16

1.00 1.00
0,00 0.00

1.00 1.00
0.00 0.00

1.00 0.60
0.00 0.16

0.20 0.40
0.20 0.40

0.00 0.00
0.00 0.00

0.00 0.50
0.00 0.17

0.00 0.60
0.00 0.24

0.60 0.60
0.24 0.24

0.00 0.67
0.00 0.r7

0.00 0.67
0.00 0.24

0.25 0.50
0.25 0.29

0.00 0.00
0.00 0.00

0.00 0.14
0.00 0.14

0.00 0.10
0.00 0.10

0.00 0.60
0.00 0.16

0.00 0.70
0.00 0.zt

0.10 0.40
0.10 0.16

0.00 0.50
0.00 0.17

1.00 1.80
032 0.49

0.80 1.80
0.37 0.73

1.10 1.80 3.40 2.30
0.10 0.33 0.83 1.03

1.40 1.80
0.75 0.92

1.00 1.80
0.32 0.66

0.67 1.78 5.78 4.78
0.17 0.32 0.72 0.95

1.56 1.78 3.56 2.78
0.41 0.36 0.85 1.10

1.00 1.7 5
0.00 0.48

0.75 1.75
0.25 0.63

0.71 t.1t 4.14 1.86
0.18 0.36 0.99 0.70

0.50 1,70 3.20 2.80
0.3r 0.37 0.87 t.14

1.30 1.70 3.10 2.90
0.47 0.40 0.74 t.r2

1.50 1.70 4.50 r.00
0.27 0.26 0.73 0.73

r.70 1.70 3.50 3.67
0.21 0.21 0.54 0.58

0.90 1.70 7.80 5.60
0.35 0.2r 0.13 0.52
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Appendix 3.2 (continued).

Colyledon
Tests Adult stem tests

u¡,fl\o* B2 ìVe€k1 ìrVecl¿ Vy'eek3 r eek4 lveeks Root

3309 1.00
0.00

3421 1.00
0.00

31 13 2.20
0.33

3357 1.80
0.33

3480 1.80
0.49

3483 1.40
0.40

348r'. 1.20
0.49

3437 1.00
0.00

3501 1.00
0.00

3154 0.60
0.16

3027 0.40
0.r6

3370 2.56
0.29

307 5 1.00
0.00

338',t i.00
0.00

3022 0.89
0.11

1.00 0.00
0.00 0.00

1.00 0.00
0.00 0.00

r.00 0.00
0.37 0.00

t.20 0.00
0.33 0.00

2.20 0.20
0.49 0.20

1.40 0.20
0.40 0.20

0.60 0.00
0.24 0.00

0.80 0.20
0.20 0.20

r.00 0.00
0.00 0.00

0.60 0.00
0.16 0.00

0.40 0.00
0.16 0.00

2.33 0.00
0.33 0.00

1.00 0.00
0.00 0.00

1.00 0.00
0.00 0.00

0.89 0.00
0.11 0.00

0.30 0.70 1.70
0.15 0.15 0.30

0.44 1.00 t.67
0.18 0.29 0.33

0.50 1.00 1.60
0.17 0.21 0.22

0.20 0.80 1.60
0.13 0.29 0.31

0.20 0.80 1.60
0.20 0.20 0.40

0.20 0.80 1.60
0.20 0.20 0.68

0.20 1.00 1.60
0.20 0.77 1.17

0.20 1.00 1.60
0.20 0.00 0.24

0.40 0.80 1.60
0.16 0.13 0.22

0.20 0.90 1.60
0.13 0.3r 0.34

0.90 1.40 1.60
0.18 0.27 0.34

0.33 1.l l 1.56
0.17 0.51 0.44

0.78 1.22 1.56
0.15 0.i5 0.24

0.33 0.67 1.56
0.17 0.u 0.u

0.33 1.56 1.56
0.r7 0.82 0.82

2.r0 0.80
0.31 0.39

2;t8 2.89
0.86 1.16

4.70 6.40
0.91 0.31

2.40 4.10
0.76 1.07

::

:.
1.80 0.25
0.13 0.16

2.70 0.78
0.45 0.78

4.30 1.80
0.94 0.87

4.78 3.89
0.78 1.01

4.00 2.tl
0.88 1.07

6.33 4.11
0.55 0.99

5.00 0,14
1.12 0.14
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Appendix 3,2 (continued).

Cotyledon
Tests Adult stem tests

UMNO+ B2 A2 We€k I Weck2 lveek3 ÌVeek4 Week5 Roor

3067 0.78 0.22
0.15 0.15

3116 3.00 1.80
0.00 0.33

34û 2.20 1.00
1.71 0.55

3077 0.80 0.80
0.13 0.13

3311 0.80 0.80
0.13 0.13

3493 0.75 0.25
0.25 0.25

3073 0.40 0.40
0.16 0.16

3058 0.00 0.00
0.00 0.00

3063 0.00 0.00
0.00 0.00

3396 256 233
0.56 0.58

3039 1.00 0.78
0,00 0.r5

3041 1.00 1.00
0.00 0.00

3062 0,33 0.00
0.17 0.00

336ó 2.14 0.57
0;14 0.20

3095 1.40 0.80
0.27 0.13

0.00 0.56
0.00 0.24

0.00 0.80
0.00 0.13

0.00 0.00
0.00 0.00

0.00 0.80
0.00 0.13

0.00 0.20
0.00 0.13

0.25 0.25
0.25 0.25

0.00 0.40
0.00 0.16

0.00 0.40
0.00 0.16

0.00 0.00
0.00 0.00

0.00 0.22
0.00 0.15

0.00 0.67
0.00 0.17

0.00 0.56
0.00 0.18

0.00 0.33
0.00 0.r7

0.00 0.43
0.00 0.20

0.00 0.20
0.00 0.13

0.89 1.56
0.42 0.58

1.10 1.50
0.23 0.22

0.75 1.50
0.25 0.65

1.00 1.50
0.15 0.17

1.00 1.50
0.15 0.22

0.75 1.50
0,2s 0.65

0.60 1,50
0.16 0.22

1.30 1.50
0.15 0.27

0.50 1.50
0.17 0.31

0.56 1.44
0.18 0.18

1.22 1.44
0.28 0.34

1.00 I.44
0.00 0.i8

1.00 1.44

0.33 0.29

1.00 1.43
0.00 0.20

0.80 130
0.13 0.22

4.00 4.80
0.71 0.87

4.20 0.10
0.99 0.10

4.40 1.20
0.81 0.81

5.00 3.00
0.93 r.13

2.00 2.00
0.55 0.88

2.33 0.56
0.62 0.34

4.Il 1.33

0.92 0.90

4.00 3.14
1.09 1.37

2.20 2.40
0.73 1.05

3.22
0.9r

4.90
0.90

4.00
0.86

2.20
0.25

2.00
0.96

2.60
0.91

6.60
0.27

1.43
0.72
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Appendix 3.2 (continued).

Cotyledon
Tests Adùlt stem tests

UMNO* B2 Week 1 Week2 Week3 Week4 Week5 Rool

3453 1.40
0.40

3M5 1.00
0.00

3091 1.00
0.00

3360 1.00
0,00

3452 1.00
0,00

34& 1.00
0.00

3481 1.00
0.00

3147 0.80
0.13

3150 0.80
0.13

3462 0.80
0.20

3401 0.60
0.u

3418 0.20
0.20

3068 0.00
0.00

3415 1.7 5
0.37

3033 0.88
0.12

0.80 0.00
0.20 0.00

1.00 0.00
0.00 0,00

0.80 0.00
0.13 0.00

1.00 0.00
0.00 0.00

1.00 0.00
0.00 0.00

1.00 0.00
0.00 0.00

1.40 0.20
0.40 0.20

0.80 0.00
0.13 0.00

0.80 0.00
0.13 0.00

0.60 0.00
0.u 0.00

0.60 0.00
0.24 0.00

0.40 0.00
0,u 0.00

0.00 0.00
0.00 0.00

1.00 0.00
0.00 0.00

0.88 0.00
0,12 0.00

0.00 0.60
0.00 0.u

0.40 0.90
0.16 0.23

0.40 1.00
0.22 0.58

0.40 0.80
0.16 0.39

0.00 0.60
0.00 0.u

0.00 0.40
0.00 0.24

0.40 0.80
0.40 0.80

0.30 0.90
0.15 0.18

0.40 0.70
0.i6 0.15

0.00 0.80
0.00 0.20

0.00 0.80
0.00 0.20

0.00 0.80
0.00 0.20

0.00 1.20
0.00 0.80

0.25 0.63
0.16 0.38

0.38 035
0.00 0.1ó

1.40
0.60

1 .40 3 .20 1 .90
0.16 0.85 0.85

1.40 4.20 3.90
052 0.93 0.98

1.40 430 2.70
0.31 0.86 0.97

1.40
0.60

1.40
0.87

1.40
1.40

1.40 1.90 0.00
0.16 0.18 0.00

1.40 1.90 0.13
0.27 0.2s 0.13

1.40
0.51

1.40
0.51

1.40
0.40

1.40
0.93

1.38 5.38 2.25
0.26 0.94 0.96

r.38 2.00 1.57
0 ,37 0 .42 0.90
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Appendix 3.2 (continued).

Cotyledon
Tests Adult stem tesls

UMNO* B2
^2

We€kl WeþW Week3 Week4 Week5 Root

3015 0.38 0.38
0.i8 0.18

3109 1.44 0.56
0.29 0.18

3393 1.44 0.67
0.29 0.17

3368 1.22 t.22
0.22 0.22

3007 0.78 0.78
0.15 0.15

3081 0.78 0.78
0.15 0.15

3065 0.56 0.56
0.18 0.18

3031 0.22 0.22
0.15 0.15

3353 0.00 0.00
0.00 0.00

30& 3.80 r.80
0.80 0.33

3373 2.20 2.20
0.33 0.33

3152 1.00 1.00
0.00 0.00

3151 0.80 0.80
0.r3 0.13

3001 0.00 0.00
0.00 0.00

3097 2.50 0.75
0.33 0_16

0.00 0.50 0.88
0,00 0.19 0.23

0.00 0.67 0.6't
0.00 0.17 0.17

0.00 0.22 0,89
0.00 0.15 0.20

0.00 0.00 0.33
0.00 0.00 0.r7

0,00 0.78 r.22
0.00 0.15 0.28

0.00 0.67 r.2Z
0.00 0.r7 0.22

0.00 0.33 0.78
0.00 0.r7 0.22

0.00 0.33 0.44
0.00 0.r1 0.24

0.00 0.67 1.00
0.00 0.67 1.00

0.00 0.60 0.80
0.00 0.16 0,13

0.00 0.20 0.ó0
0.00 0.i3 0.22

0.00 0.20 0.90
0.00 0.13 0.10

0.00 0.70 1.00
0.00 0.15 0.2r

0.00 0.57 r.29
0.00 0.20 0.29

0.00 0.75 1.25
0,00 0.25 0.s6

1.38 250 1.25
0.37 0.94 0.90

1.33 5.78 4.44
0.1't 0.86 0.93

1.33 6,33 4;18
0.17 0.67 1.01

1.33 4.56 3.89
0.u 0.99 r.23

1.33 1.78 0.22
0.u 0.36 0.15

1.33 4.00 2.89
0,17 0.82 1.02

1.33 3.22 3.56
0.24 0.88 1.03

1.33 3.11 0.11
0.17 0.70 0.1i

i.33
1.33

1.30 2.30 0.20
0.15 0.58 0.13

1.30 3.20 1.80
0.15 0.93 0.88

1.30 1.60 0.00
0.15 0.16 0.00

1.30 1.70 0.00
0.21 0.26 0.00

1.29 1.86 0.57
0.29 0.34 0.43

1.25 250 4.88
0.56 0.80 0.85



r1'7

Appendix 3.2 (confinued)

Cotyledon
Tests Adult stem tests

UMNO* B2 A2 Weekl r eok2 Week3 Week4 Week5 Root

3056 1.38
1.10

31',26 1.89

0.35

3093 r.00
0.00

3114 1.20
0.33

3145 1.20
0.33

3035 1.00
0.00

3083 1.00
0.00

3443 1.00
0.00

3498 1.00
0.00

3499 1.00
0.00

3438 0.80
0.20

3011 0.60
0.16

3416 0.40
0.u

3332 0.00
0.00

3392 0.00
0.00

1.13 0.00
0.85 0.00

1.00 0.00
0.29 0.00

1.00 0.00
0,00 0.00

0.20 0.00
0.r3 0.00

r.20 0.00
0.33 0.00

1.00 0.00
0.00 0.00

0.80 0.00
0.13 0.00

0.80 0.00
0.20 0.00

r.00 0.40
0.00 0.u

1.00 0.00
0.00 0.00

0.60 0.20
0.24 0.20

0.60 0.00
0.16 0.00

0.60 0.00
0.u 0.00

0.00 0.00
0.00 0.00

0.20 0.20
0.20 0.20

0.63 t.25 1.25
0.18 0.25 0.25

0.22 0.56 t.22
0.15 0.24 0.15

0.33 0.78 r.22
0.24 0.32 0.22

0.40 0.50 r.20
0.16 0.17 0.20

0.20 0.60 1.20
0.13 0.16 0.13

0.50 0.90 1.20
0.17 0.28 0.25

0.70 l.00 1.20
0.15 0.15 0.13

0.00 0.80 1.20
0.00 0.20 0.37

0.60 0.80 1.20
0.40 0.37 0.49

0.00 0.40 t.20
0.00 0.1ó 0.13

0.20 0.80 1.20
0,20 0.20 0.37

0.40 0.80 r.20
0.16 0.20 0.2s

0.00 0.80 1.20
0.00 0.20 0.37

0.60 0.80 1.20
0.24 0.37 0.58

0.20 0.40 1.20
0.20 0.u 0.73

3.88 0.75
0.97 0.49

3.22 0.67
0.97 0.44

3.67 3.33
1.05 0.97

3.20 2.80
0.88 0.70

1.50 1.44

0.27 0.75

290 0.00
0.53 0.00

3.40 4.60
0.79 0.78

0.00
0.00

1.20
0.81

1.60
0.16

2.80
0.66
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Appendix 3,2 (continued).

Cotyledon
Tests

UMNO* 82 AZ

Adult stem tests

!Ve4k1 Week2 r#eek3 r eek4 Vr'eek5 Root

3419 0.00
0.00

3103 1.60
0.40

3101 i.00
0.00

3497 r.00
0.00

3053 0.40
0.16

3153 0.20
0.13

3061 0.00
0.00

3089 r.44
0.29

33',16 1.40
0.27

3482 1.40
0.40

3385 1.00
0.00

3422 1.00
0.00

3425 1.00
0.55

3429 1.00
0.00

3432 1.00
0.00

0.00 0.00
0.00 0.00

0.60 0.00
0.16 0.00

1.00 0.00
0.00 0.00

1.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.40 0.00
0.16 0.00

0.00 0.00
0.00 0.00

0.22 0.00
0.15 0.00

r.00 0.00
0.00 0.00

1.40 0.40
0.40 0.24

1.80 0.00
0.53 0.00

1.00 0.00
0.00 0.00

0.40 0.600.u 0.u

1.00 0.20
0.00 0.20

1.00 0.00
0.00 0.00

0.00 1.00
0.00 0.00

0.10 0.20
0.10 0.13

0.40 0.60
0.16 0.27

0.10 0.40
0.10 0.16

0.40 0.80
0.16 0.25

0.20 0.ó0
0.13 0.16

0.40 1.00
0.16 0.15

0.56 0.67
0.18 0.17

0,20 0.40
0.r3 0.16

0.40 0.60
0.24 0.24

0.30 0.40
0.15 0.16

0.30 0.30
0.15 0.15

0.60 0.80
0.u 02ß

0.40 1.00
0.40 0.32

0.00 0.80
0.00 0.20

r.20
0.20

f.io 6.10
0.10 0.72

i.10 4.00
0.18 0.80

1.10 2.10
0.18 0.23

1.10 3.90
0.28 0.90

1.10 1.60
0.23 0.22

1.10 2A0
0.10 0.50

1.00 3.11
0.00 0.81

1.00 3.90
0.15 0.81

1.00
0.45

1.00 4.70
0.15 0.98

1.00 4.ñ
0.21 0.92

1.00
032

1.00
0.32

1.00
0.32

3.20
0.94

4.80
0.81

0.78
0.78

1.10
0.66

0.14
0.14

1.40
0.67

3.22
0.95

3.10
1.06

3,60
1.06

4.60
0.87

:
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Appendix 3.2 (continucd).

Cotyledon
Tests Adul[ stem tests

UMNO+ B2 A2 Week 1 Week2 lveek3 Week4 Week5 Roor

3478 1.00 0.40
0.00 0.24

3485 1.00 1.00
0.00 0.00

3495 1.00 1.00
0.00 0.00

3391 0.80 0.60
0.20 0.2A

3446 0.60 0.40
0:u 0.u

3490 0.60 0.60
0.u 0.24

3349 0.50 0.50
0.29 0.29

3148 0.40 0.40
0,16 0.1ó

3421 0.25 0.25
0.25 0.25

3398 0.20 0.20
0.20 0.20

3428 0.20 0.20
0.20 0.20

3003 0.00 0.00
0.00 0.00

3069 1,00 1.00
0.00 0.00

3t49 0.80 0.40
0.39 0.16

3399 1.00 1.00
0.00 0.00

0.60 0.80
0.24 0.37

0.00 0.00
0.00 0.00

0,00 0.00
0.00 0.00

0.00 0.20
0.00 0.20

0.20 0.20
0,20 0.20

0.40 0.40
0.24 0.24

0.00 0.75
0.00 0.25

0.00 0.30
0.00 0.15

0.00 0.00
0.00 0.00

0.20 0.20
0.20 0.20

0.00 0.00
0.00 0.00

0.00 0.s7
0.00 0.20

0.00 0.30
0.00 0.15

0.00 0.50
0.00 0,17

0.00 0.11
0.00 0.11

0.80 1.00
0.37 0.45

0.75 1,00
0.2s 0.41

0.50 1,00
0.19 0.00

0.60 1.00
0.u 0.45

0.60 1.00
0.u 0.45

0.80 1,00
0.37 0.55

1.00 1.00
0.00 0.00

0.50 r.00
0.1? 0.26

0.75 1.00
0,25 0.41

0.80 1.00
0.20 0.32

0.60 1.00
0.24 0.45

0.71 1.00
0.29 0.31

0.60 0.90
0,27 0.23

0.60 0.90
0.22 0.18

0.11 0.89
0.11 0.11

1.63

0.26

1.50
0.43

::
1.86 0,29
0.91 0.18

4.40 5.90
0.81 0.71

r.30 0.00
0.26 0.00

3.89 2.89
1.10 1.16

0.00
0.00

0.00
0.00
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Appendix 3.2 (continued).

Cotyledon
Tesß Adult stem tests

UMNOT B2 A2 Weekl Week2 We¿k3 Week4 Weok5 Rool

3019 1.00
0.00

3054 1.00
0.00

3lz2 2.20
0.33

3479 2.20
0.49

3434 1.00
0.00

3496 0.40
0.24

34æ 1.50
1.19

342ß 0.00
0.00

3413 1.40
0.27

3313 1.00
0.00

33'U 0.80
0.13

3395 0.00
0.00

3450 1.20
0.49

3442 1.00
0.00

3458 1.00
0.00

1.00 0.00
0.00 0.00

1.00 0.00
0.00 0.00

1.80 0.00
0.33 0,00

2.20 0.20
0.49 0.20

i.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.75 0.00
0.25 0.00

0.00 0.00
0.00 0.00

r.00 0.00
0.00 0.00

1.00 0.00
0.00 0.00

0.80 0.00
0.13 0.00

0.00 0.00
0.00 0.00

0.60 0.00
0.u 0.00

1.00 0.20
0.00 0.20

i.00 0.20
0.00 0.20

0.25 0.75
0.16 0,3r

0.63 0.88
0.18 0.12

0.60 0.70
0.16 0.15

0.20 0.60
0.20 0.40

0.00 0.60
0.00 0:u

0.00 0.60
0.00 0.u

0.00 0.50
0.00 0.29

0.00 0.50
0.00 0.29

0.20 0.70
0.13 0.21

0.00 0.30
0.00 0.1s

0.00 0.60
0.00 0.16

0.00 0.33
0.00 0.33

0.00 0.40
0.00 0.24

0.40 0.60
0.40 0.40

0.40 0.600.u 0.u

0.88 1.38 1.75
0.30 0.46 0.96

0.88 3.88 1.13
0.12 0.87 0.85

0.80 3.70 1.40
0.13 0.94 0.67

0.80
0.58

0.80
0,37

0.80
0.37

0;15
0.48

0.75
0.48

0.70 5.10 410
0.21 0.98 1.04

0.70 1.30 0.00
0.15 0.21 0.00

0.70 0,90 0.00
0.15 0.23 0.00

0.67
0.67

0.60
0.40

0.60
0.40

0.60
0.u
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Appendix 3.2 (continued).

Cotyledon
TesLs Adult stem tests

UMNO" B2 L2 Weckl Week? Week3 r eek4 rüeek5 Root

3076 0.00
0.00

3394 0.20
0.20

344s 1.00
0.00

30'24 0.00
0.00

3389 0.00
0.00

3397 0.00
0.00

3078 0.00
0.00

3381 1.00
0.71

3018 0.40
0.u

3014 0.00
0.00

3016 0.00
0.00

3023 0.00
0.00

3026 0.00
0,00

3028 0.00
0.00

3030 0,00
0.00

0.00 0.00
0.00 0.00

0.20 0.00
0.20 0.00

r.00 0.00
0.00 0.00

0.00 0.20
0.00 0.13

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.r0
0.00 0.10

0.50 0.00
0.29 0.00

0.40 0.00
0.24 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0,00 0.00
0.00 0.00

0.00 0.00 0.50
0.00 0.00 0.50

0.00 0.20 0.40
0.00 0.20 0.40

0.00 0.20 0.20
0,00 0.20 0.20

0 .20 0 .20 0.20
0.13 0.13 0.13

0.00 0.20 0.20
0.00 0.20 0.20

0.20 0.20 0.20
0.20 0.20 0.20

0.10 0.10 0.10
0.10 0.10 0.10

0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00

0,00 0.00 0.00
0.00 0,00 0.00
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Appendix 3.2 (continued).

Cotyledon
Tests

UMNO* B2 L2

Adult stem tests

We€k 1 We€k2 Week3 rüe¿k4 Week5 Root

3032 0.00
0.00

3034 0.00
0.00

3036 0.00
0.00

3038 0.00
0.00

3040 0.00
0.00

3M2 0.00
0.00

3M4 0.00
0.00

3046 0.00
0.00

3050 0.00
0.00

30s2 0.00
0.00

3055 0.00
0.00

3057 0,00
0.00

3059 0.00
0.00

3066 0.00
0.00

3070 0.00
0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0,00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0,00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0,00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00
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Appendix 3.2 (continued).

Cotyledon
Tcsts

utfi{o* Bz

Adult stem tesrs

Weekl r'Veel¿. Week3 Vr'eek4 Vy'eek5 Root

30'12 0.00
0.00

3074 0.00
0.00

3080 0.00
0.00

3082 0.00
0.00

Maluka 1.20
0.42

Westâr 9.00
0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

1.70 0.10
0.45 0.10

9.00 3.88
0.00 0.18

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.40 0.80
0.16 0.25

5.s5 6.66
0.16 0.12

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

1.40 r.60
0.22 0.27

7.26 7.65
0.09 0.08

0.00
0.00

7.00
0.00


