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ABSTRACT

Fang, J., M.Sc., The University of Manitoba, 1993. Evaluation

of screening methodologies for selection of resistance in

oilseed rape to sclerotinia stem roL. uajor professor: Dr.

S.R. Rimmer.

Four methods (flower inoculation, stem inoculation, leaf

inoculation, and oxalic acid assay) of screening oilseed rape

cultivars or lines (referred to as lines hereafter) for their

resistance to infection by S. scLerotiorum \,rere evaluated.

When plant.s v¡ere inoculated by spraying an ascospore

suspension of S. sclerotiorum on flowers, l-00% disease

incidence for all- lines occurred but disease severity was not

estimable. The method of wrapping mycelial plugs of S.

sclerotiorum around stems of budding or flowering plants

seemed capable of distinguishíng differences in stem lesion

expansion rates among lines but. variability among plants

within a l-ine and amongr experiments was very high. Though

there were differences among lines in response to absorption

of oxalic acid by detached leaves, sensitivity to oxalic acid

was not correlated with resistance to S. sclerotiorum. Using

leaves of 3-week-old plants as inoculation targets appeared to

be an effective and rapid method for detecting resistance to

.9. scTerotiorum among oilseed rape lines. Variabifity of

disease severity rankings encountered in t.he experiments



l-l-a

reduced the reÌiabÍlity of the result. Beside the effect of

plant-to-plant variation, cultural conditions for producing

the pathogen inocula, pre-inocul-ation environment for growing

the plants, and humídity during incubation all- infl-uenced the

development. of sclerotinia stem rot disease in oil-seed rape

plants.
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Chapter 1

INTRODUCTION

Oilseed rape is one of the more important sources of

edible oil in the world (Downey & Robbelen 1-989). The superior

nutritional aspects of edible oil derived from oilseed rape of

canola quality are generating increased interest in the crop.

However, because of the intensified production of oilseed

rape/ some diseases have become potential threats to stable

production. An important disease is sclerotinia stem rot
caused by Scl-erotinia scl-erotiorum (Lib. ) de Bary. Disease

surveys (Huang et a7. 19BB; Turkington & Morrall- 1997; van den

Berg ç Platford 1-993) indicate that sclerotinia stem roL in
oilseed rape is prevalent when environmental conditions are

f avourabl-e f or disease development.

^9. scl-erotiorum seems to be among the most nonspecific,

widespread and successful of plant pathogens. It has a wide

host range and a cosmopolitan distribution (Purdy I979). The

explosive pathogenicity of the pathogen under favourable

conditions and the ability of the sclerotia to withstand

adverse conditions make the disease difficult to control.

Though several control- methods such as chemical

applications and crop rotation were used (Morrall & Dueck

i-983), this disease has not been control-led consistently and

economically. other potentially effective methods incl-ude
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biological control using parasites of sclerotia and

development of resistant or tolerant cultivars.
The possibility of utilising resistance to S.

scl-erotiorum Ln some host crops, such as bean, soybean, peâ,

safflower, sunflower, and alfalfa, has been extensively

investigated (see detail-s in chapter 2). Previous studies

showed that there were differences among host genotypes in

response to the pathogen infection. This also applies to

oilseed rape, indicating that breeding for resistance to this
disease in oilseed rape may be possible.

A reliable greenhouse screening method is necessary to

screen for resistance to S. scLerotiorum in oilseed rape.

Several techniques including fl-ower inoculation, stem

inoculation, leaf inoculation, and the use of culture

filtrates or oxalic acid have been exploited as methods to

screen for resistance to the pathogen in various hosts (more

will be discussed in chapter 2). The objective of this study

was to evaluate methodologies of screening for resistance to

this fungus in oilseed rape.



Chapter 2

LITERATURE REVIEW

2 "L " Host

Oil-seed rape is cul-tivated world-wide. Large producers

incl-ude China, the Indian subcontinent, Canada and Northern

Europe (Do\'/ney & Robbelen 1989 ) . The crop suplies a major

source of edible oil in the world t.oday. The oil extracted

from oilseed rape for human consumption was mentioned as early
as 1061 in Chinese literature and has been a major edibte oi1

source in China (Liu L987). fn western countries, the use of
rapeseed oil increased during the twentieth century (Daun et

al-. 1982; Downey & Robbelen 1-989 ) . The f irst pronounced

increase was in early l-950s when rapeseed oil was recognízed

as an edibl-e oil. The release of canola quality cultivars of

oilseed rape which have low level of erucic acid (<ZZ in the

oil¡ and aliphatic glucosinolates (<30 uM/g of oil-free solid)
in L974 in Canada resulted in further íncreased demand for
canola products. In addition to its value for edible oil,
oil-seed Tape may also be used as feedstuff, forage, condiment,

and for industrial purposes (Downey & Robbelen l_989; Liu

1987 ) .

Oil-seed rape is an overal-l term referring to Brassica

napus, Brassica rapa (syn. campestris), Brassica juncea and

Brassica carinata (Bunting l-986; Downey & Rimmer 1_993 ) . B.
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napus and B. rapa for which canol-a cultivars are available are

the predominant species grown in the world. Both winter and

sunmer annual forms occur in these two species. Winter annual

forms, which are well adapted to temperate moist climates/ are

the main crop in northern Europe and southern China. In Canada

and northern China where winters are more severe/ summer

annual forms are predominantly grown. B. juncea, well_ adapted

to drier climates, is the major oilseed crop in India. B.

carinata is only grown in eastern Africa.
The genetic relationships among oilseed Brassica species

and their close relatives has been determined. The three

species with higher chromosome numbers, B. napus (2n:38), B.

juncea (2n:36) and B. carinata (2n:34) are amphidiploids,

derived from diploid species B, nigra (2n : 1-6) , B. oleracea

(2n 18) and B. rapa (2n 20). The understanding of their
genetic relationships has encouraged plant breeders to create

synt.hetÍc mat.erials through interspecif ic hybridization. The

successful interspecific transfer of resistance to
Leptosphaeria macuLans from B. juncea to B. napus is an

example (Roy 1984). In recent years, biotechnology is enabling

genetic manipulation of desirable agronomic characteristics to
be potentially unlimit.ed. An example of this is the transfer
of an endochitinase gene from bean to B. napus. The

transformed plants showed higher chitinase activity and were

more resistant to Rhizoctonia sol-ani (Broglie et al-. l-991_).



2"2" Pathogen

The causal agent of sclerotinia stem rot in oilseed rape

is S. scl-erotiorum. Tt is a pathogenic fungus of subdivision

Ascomycete, order Discomycete. This fungus produces black

sclerotia from accumulated mycelia. A sclerotium may germinate

to form either mycelia or apothecia. Asci, which have a cleft
aperture at maturity, develop within an apothecium. Ascospores

arising from asci are hyaline and ellipsoidal-. No obvious true

conidial stage has been reported.

,S. scl-erotiorum has a large host range. It attacks over

300 species, including field, forage, vegetable, and

ornamental crops, trees and shrubs, and a number of herbaceous

weeds (Kolte l-985; Purdy I979; Willetts & Wong 1-980 ) . Early

studies indicated that isolates of ,9. scferotiorum obtained

from different hosts or the same host in different areas are

pathogenic to various hosts but vary widely in aggressiveness

(MorralJ- et aL. L972; Price & Col-houn 1975).

2 "3 " Disease

Sclerotinia stem rot is common through most of the

oilseed rape- growing areas of the worl-d . It is t.he most

prevalent disease causing significant yield loss each year in
China (Liu L987). Stem rot occurs sporadically in Canada.

Economic loss can be serious in moist years (Rimmer I9B2). The

importance of the disease has also long been recognízed in
European countries (Davies 1986).
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2.3.T. Symptom

Symptoms of sclerotinia stem rot are usually seen at late
flowering or early maturing stages of crop growth. Infect.ion

can be found on stems, leaves, side racemes and pods, while

stem infection is the most coflrmon. The lesions on stems appear

first as water soaked regions which rapidly spread and bleach

the affected stem white. The attacked area is distinctly white

often with zonate markings. When the stem is completely

girdled by such lesions, the plant wilts and dries. The

infected plants ripen prematurely and the diseased tissue

tends to shred, releasing black, spherical scl-erotia.

2.3.2 " Disease Cycle

S. sclerotiorum survives in t.he soil in the f orm of

sclerotia. Mature scl-erotia are able to remain viabl-e for many

years (Morrall & Dueck 1"982). Huang (1985) found that the

ability of sclerotia to stay intact r¡ras mainly due to a

mel-anized rind which protected sclerotium from parasitization.

Sclerotia which v¡ere mel-anized incompletely during maturation

or injured vrere susceptible to parasites. Rupture of the outer

layer of a sclerotium during germination also debilitates the

sclerotium. Mitchell- c Wheeler (1990) observed that sclerotia
became more liable to decay after producing apothecia or

mycelia. Moisture is an important environmental factor
influencing sclerotium decay. Sclerotia rotted more quickly

when buried in saturated soil than in dry soil (Teo et al-.



1989).

Given exog-enous nutrients and moist conditions, sclerotia
may germinate to form cottony mycelia. Though this type of

germination is less important, myceliogenic germination can

result in the formatÍon of secondary sclerotia which may

account for the slow decrease of sclerotia in the soil.
Alternatively, sclerotia may germinate to form apothecia.

Carpogenic aermination is very dependent on environmental

conditj-ons. Only those sclerotia which are formed at low

temperature or have been chilled for a period time (over 4

weeks) are capable of germinating to form apothecia (Huang &

Kozub 1989). Soil moisture is another important limiting
factor for germination. Maintaining soil- water near field
capacity ( -0.1 to -0.4 bar¡ is essential for abundant

production of apothecia from sclerotia (Teo & Morrall l-985).

Light. is required for differentiation of the stípes of

germinated sclerotia into disks (Mylchreest c Wheeler I9B7;

Smith & Boland l-989). Nutrient in a medium where scl-erotia are

formed affects carpogenic germination. Budge a Whipps (199i-a)

found that sclerotia produced on lower sucrose concentrat.ions

germinated more rapidly and produced more apothecia. In the

f ield, most apothecia \^/ere produced during the middle

flowering stage of oilseed rape (Morrall & Dueck L982). Each

apothecium produces about 2.3 * 106 ascospores which are

released into the air and dispersed within the crop (Schwartz

c Steadman 1-978) .
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Under adequate moisture conditions, ascospores which have

been provided wíth an additional energy source may germinate

to form infection hyphae. Senescent petals are a common food

base in nature for promoting the formation of appressoria, a

prerequisite for penetration of healthy host tissue (Kapoor et

al-. l-983). When infected petals fall, they adhere to lower

leaves or leaf axils and provide a substrate for mycelial

development and infection. The initial penetration takes place

directly by mechanical pressure of an infection hyphae through

the cuticle. After penetration of the host cuticle, the

mycelia ramify intercel-lularly and intracellularly,
establishing colonization of the host tissue mainly by enzymic

dissolution of cell walls. Infection and development of the

disease are controlled by moisture. Tu ç1989a) observed that
free moisture was essential for the establishment of

infection, and high humidity and free moisture \^/ere necessary

for symptom development and disease progress in bean.

Eventually, sclerotia are formed from weft mycelia either
on the surface or in the stem of the host. At harvest, these

sclerotia fall to the soil- to overwinter.

2"3"3" Pathogenesis

S. scferotiorum usually infects a host directly through

the cuticle by its appressorium (Tariq & JeffTies 1984, 1986).

The penetration has been thought to be achieved by a

mechanical means (Lumsden L979). Appressoria adhered tightly
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t.o the host surf ace by a mucilagrinous material, exerted

considerable force on the cut.icle, thus mechanically gained

entry into the host tissue. Hov/ever/ Tariq and Jeffríes (l-987)

detected lipolytic enzyme activities during the penetration of

PhaseoLus leaf tissues by S. scl-erotiorum. Thus t.hey suggested

that lipolytic enzyme might be involved in softening the

cuticle in a highfy localized region/ consequently enabling

the appressoria to effect penetrat.ion.

Once the host cuticle is breached, infection hyphae of S.

scl-erotiorum develop intercellularly and intracellularly. The

colonization of tissue by the pathogen is mainly achieved by

enzymatic dissolution. ,S. scJ-erotiorum Ls able to produce in

different culLure media a wide range of polysaccharidases

which are necessary to degrade important cell wall- components

(Riou et al-. 1991-). The best characterized of these enzymes

are polygalacturonases (PG) and pectinmethylesterases (PME)

which macerate plant tissue. Secretion of these pectolytic

enzymes has been shown in several hosts including bean where

PG and PME were detected early in pathogenesis and observed to

associate with advancing margins of lesion (Lumsden 7976). PG

and PME activities are present as a number of isoenzymes in

vivo or in vltro (Marciano et aL. L982, Riou et al,, 1,992) . The

two types of enzymes are produced sequentially during growth

in culture (Riou et aL. 1,992). Polygalacturonase activity
increases prior to the increase of pectinase activity. Low pH

favours the enzyme activity (Echandi & Walker 1,957). The
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ability t.o produce a wide rangie of polysaccharidases and a

number of pectolytic isoenzymes enables the fungus to attack

hosts which have different cell- wall- composítions and could

explain the lack of host specificity. Cellulases are also

associated with .9. scLerotiorum. Lumsden (1,969 ) detected

cellulase in bean tissue after inoculation with S.

scLerotiorum and found that its presence in diseased tissue

was directly correlated with severity of disease symptoms. He

suggested that cellul-ase may contribute to the nutritional
status of the invading mycelium and to its invasive

capabilities. Hemicellulolytic enzymes were studied in
sunflower by Hancock (L967 ) . He found that arabanase and

xylanase were secret.ed in infected tissues. The former caused

the destruction of araban, the latter seemed not to contribute
great.ly to cel-l wall degradation. Though necessary to
breakdown the plant ceIl wall, cell wall-degrading enzymes

were not correlated with pathogenicity of S. scl_erotiorum

(Morrall et aL. 1"972). This suggests that these enzymes may

not be sufficient for the success of the infection.
Many studies have suggested that oxalic acid plays an

important role in pathogenesis of S. scl-erotiorum. Magro et

al-. ( 1984 ¡ found that a S . scTerotiorum isolate l-ost j_ts

aggressiveness and behaved as hypovirulent on sunflower if
pre-conditioned by growing in a medium that depressed the

synthesis of oxalic acid. This has been confirmed by a l-ater

study (Godoy et aL. l-990) . Mutants of ^S. scLerotiorum which
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were deficient in oxalic acid production were nonpathogenic on

beans, whereas both wild type and a revertant iuere pathogenic.

Oxa1ic acid, which is produced earl-y in pathogenesis, has been

suggested to have the following functions: 1) to enhance the

activity of polygalacturonase by lowering the pH of the tissue

and by insolubilizing the calcium in calcium-pectate complexes

of cell walls (Maxwell & Lumsden I970); 2) to inhibit
polyphenoloxidase activity to linit. the production of the

phenolic oxidation compounds that protect the pectic substance

of cel-I walls (Magro et al-. L984; Marciano et aJ-. 1-983); and

3) to cause proteinaceous deposits in chloroplasts (Tariq &

Jeffries 1985). Hov/ever oxalic acid may not be the sole factor
but other micromolecular components may share a codeterminant

role in pathogenesis. Callahan and Ro\^ie (1991-¡ showed that the

whole exudates produced by S, trifoLiorum inhibited radicle
length of alfalfa significantly more than the fractionated

exudates lacking larger macromolecular components.

2"4" Disease Control

Because of the explosive pathogenicity of ^S. sclerotiorum

under favourable conditions and the ability of sclerotia to

wíthstand adverse conditions, sclerotinia stem rot. in oilseed

rape has not been controlled consistently and economically.

Chemical applícation and crop rotation have been used as

control methods with a certain degree of success (Morrall &

Dueck l-983 ) . Other met.hods such as biological control and
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are still under

2 "4 "L" Cultural Practices

Crop rotation has been recommended as a cont.rol method

aiming to reduce populations of sclerotia of S. scl-erotiorum

to sufficiently low levels to prevent serious disease

occurrence. However, Morrall and Dueck (L982) found that
abundant apothecia were viable in fields iuithout oilseed rape

for more than 4 years. In addition, airborne ascospores move

into oilseed rape fields from extrinsic sources. Thus the

traditional 4-year rotation advised for oílseed rape may not.

be an ef f ective means f or controlling sc.l-erotinia stem rot.
Soil- solarization (Phil1íps 1990 ) and fall burning

(Gilbert 1991-¡ could also reduce populations of sclerotia in
the soil, but neither has been used in Canada.

Crop density and irrigation affect moisture conditions,

therefore, influence disease devel-opment. Proper crop density

of sunflower (Hoes & Huang 1985¡ and soybean (Grau & Radke

1984) and less irrigation in soybean (crau & Radke 7984) could

result in reduced disease severity and yield loss.

2"4.2" Chemical Contro]-

Amendment of soil with S-H mixture lmain ingredients

incl-ude bagasse, rice husks , oyster shell- powder / urea /

potassium nitrate, cal-cium superphosphate and mineral ash) or
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PerlkarM (calcium cyanamide) has been shown to be effective to

controlS. scl-erotiorum (Huang & Sun 1991). Amended soil
significantly reduced viability of sclerotia and production of

apothecia from sclerotia. Application of benomyl and thiram

into soil had the same effect (Yarden et al-, 1986).

Chemical treatments applied to plants can al-so be

effective if they are provided in proper time. e single

application of benomyl or vinclozol-in in early bloom stage

effectively controlled the disease in oilseed rape (Dueck et

aJ-. l-983). However/ many factors may affect the efficacy of

chemical control. The effects of spray volume/ spray timing,

number of sprays and nozzLe arrangement on control of white

mold in bean has been investigated and the most effective
treatment was recommended (Morton & Hall 1-989). fn order for
fungicides to be cost-effective, a reliable forecasting system

is essential. Sclerotial populations in sunflower (Holley &

Nelson 1986¡ and numbers and distribution of apothecia in bean

(Boland & Hall l-9BB) have been found to be correlated with

disease incidence, but no forecasting system has been

developed. In recent years/ a series of studies (Gugel &

Morrall l-986; Turkington et al-. 1988, 7997a) indicated that
detection and quantification of petal infestation could be

used to forecast the dísease incidence in oil-seed rape.

However, underestimation or overestimation of the disease

depending on circumstances affect the reliability of the

system (Turkington et aL. 1-991-b).
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2 "4 "3 " Biological Control.

Biological factors influence the survival of sclerotia in
soil (Adams & Ayers 1979 ¡ and the disease development of white

mol-d j-n bean (Inglis & Boland 1990). Thus the application of

selected antagonists may have potential for suppression of the

disease caused by ,S. scLerotiorum. Over 30 species of fungi

and bacteria have been reported to be parasites or antagonists

of Scl-erotinia spp. (Steadman 1,979) . Among them, Trichoderma

spp. (Knudsen et af. 1991; Trutmann & Keane 1-990),

Coniothyrium minitans (Budge & Whipps 1991b), Epicoccum

purpurascens (Zhou et al-. 1-99L), TaLaromyces fl-avus (Mclaren

et al-. 1986 ) , Alternaria al-ternata and Cladosporium

cTadosporíoides (Boland & Hunter 19BB¡ have been studied to
some extent and thought t.o have potential for the control_ of

the pathogen. Hov/ever/ some factors may limit the use of those

microorganisms. For instance, temperature and moisture

affected the efficiency of the infection of scl_erotia by

Trichoderma spp. (Knudsen et a-7.. l-991; Trutmann & Keane 1990).

Another problem is that the antagonist fungi must survive,

spread, infect and decrease sclerotia numbers gradually over

a long period, but only a few apothecia which arise from

survivinq sclerotia and produce millions of spores are capable

of initiat.ing a disease epidemic.

2"4"4" Resistance

Disease resistance has long been considered a cost-
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effective means of control. Once there is a high l-evel of

resistance, disease becomes unimportant in a host population

and costs to producers are minimal (Hayes 19BB; Tinline et al-.

1989). However, because of wide host range and lack of tissue

specificity, breeding for resistant varieties against S.

scLerotiorum is very difficult. At the present time, flo

cultivar of any host is completely resistant to the disease.

Differences in response to .9. scLerotiorum among cultivars or

breeding lines, hovrever, have been noted in some host species

incl-uding bean (Dickson et al-. 1-982; Hunter et aL. 1,981-, L982;

Miklas et al-. L992a; Schwartz et al-. 1,987), soybean (Boland &

Hall 1986, L9B7; Chun et aI. 1,987; Cline & Jacobsen l-983; Grau

et al- . I9B2; Nelson et al . 199]-a , L9 9l-b ) , pea (Vel-astegui

l-9BB), alfalfa (Pratt & Rowe 799I), sunflower (Sedun & Brown

l-989 ) , saf f lower (Mundel et al. l-985 ) , and oilseed rape

(Bailey I9B7; Brun et al-. I9B7; Frencel et aL. L9B7; Liu et
al-. 1990; Newman & Bailey I9B7; Sedun et al-. i-989; Thomson &

Kondra 1983 ) . This shoul-d encourage further efforts to screen

for resistant germplasm to S. scl-erotiorum.

The mechanism of resistance to ScJ-erotinia spp. has not

been well understood so far. Three general types of resistant
reactions have been suggested. These are: l-) avoidance due to
plant architecture characters; 2) resistance of tissue to
phytotoxic effect.s of oxalic acid secreted by the pathogen;

and 3) formation of phyt.oalexins. Fuller et aL. (1-984b) found

that lifting bean leaves off the soil surface, which



76

artificially enhanced air movement and shortened the períod of

free moisture, decreased severity of white mold. So they

suqgested that. upright plant growth habit could contribute to
disease avoidance. Since petals are an important food base for
the development of the pathogen infection hypha, apetalous

oilseed rape could be another possibility to avoid the

disease. An apetalous mutant of oilseed rape has been shown to

be less infected than the normal- cultivar Westar (Dov¡ney &

Rimmer 1993). Fu et a-7.. (l-990) also reported that incidence of

stem rot in an apetalous line of oilseed rape was reduced.

Tu (1985) reported that the diffusion rate of oxalic acid

in bean leaf tissues of susceptible plants is greater than

that in resistant plants. Oxal-ic acid vras distributed
uniformly throughout the leaf tissue of susceptible plants,

whereas it was confined to major veins of resist.ant plants.

His later study (l-989b¡ showed that. the plasma membrane of the

resistant cultivar appeared more tolerant to damage induced by

oxal-ic acid than that of the susceptibl-e cultivar.
Sutton and Deveral-l ( l-984 ) observed that leaves and

hypocotyls of bean and soybean infected by ^S. scferotiorL)m

ascospores displayed a hypersensitive response to infection,
which v/as associated with phytoalexin accumulation. Favaron et

aL. (l-9BB) found that oxalic acid was an act.ive elicitor of
glyceollin, a phytoalexin in soybean. As oxalic acid is also

an important factor in pathogenesis, they suggested that
marked changes in the rate of synthesis and accumul-ation of
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oxalic acid may prevent phytoalexin production by rapid tissue

kitling, or trigger phytoalexin production when cells are not

kil-led, which could lead to plant susceptibility
resisLance.

oï

Genetics of resistance to ^9. scLerotiorum has been

studied. Inheritance of the apetalous character which may

result in disease avoidance v¡as controll-ed by 4 recessive

genes ín oilseed rape (Fu et a1. 1990). Fuller et aL. (1984a)

and Lyons et al-. (1,987 ¡ showed that physiological resistance

in PhaseoLus spp. was quantitatively inherited and that
additive gene action contributed to the expression of

resistance.

2"5" Techniques for Se1-ection of Resistance to S" scTeroXiorum

Though resistance to Sclerotinia spp. is t.hought to occur

in some genotypes of host plants/ progress in developing

resistant. germplasm has been hampered by the erratic
occurrence and intensity of natural disease in field plots

within and between years. Development of a reliable method to

screen for resistance is essential for resistance breeding.

2"5.1" Field. Evaluation

Differences in response to infection by S. scLerotiorum

in various hosts v¡ere revealed in field evaluations (Boland e

Hall I9B7; Brun et al-. L9B7; Chun et aL. I9B7; Frencel et al-.

1-987; Grau et aL. L982; Liu et aL, 1990; Miklas et aL. L992a;
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Nelson et a7. 1991b; Schwartz et aL. L9B7 ) . Field testing is
probably the best method if climate conditions are consistent

in the area. Fairly good correl-ations of the disease severity

in soybean (r:0.7-0.8) bet\,,¡een years have been obtained by

Chun et al-. (l-987) and Nel-son et a-L. (l-991-b) . However, Boland

and Hall (1987 ) observed variation in soybean cultivar
responses between years. The inconsistency in oilseed rape was

even worse. Variability of differences in response to ^S.

sclerotiorum among oilseed rape cultivars has made it
difficult to interpret the results obtained in the field
evaluat.ions (Brun et aL . L987; Frencel et al- , 1,987 ) .

Environmental effects can cause difficulty in identifying
resistance to S. sclerotiorum in field.

2.5 "2. Flower Inoculation

Flower inoculation (FI) has been used to test for
resistance to Scl-erotinia spp. (C1ine ç Jacobsen l-983; Hunter

et al-. l.9BI; Ne\Àrman & Bailey 7987; Thomson & Kondra 1983). The

inoculation technique consists of spraying an ascospore

suspension of the pathogen on the flowers. The inocul-ated

flowers are allowed to fall- naturally. Disease incidence is
generally recorded after 1-3 weeks. The technique can be

improved by spraying the ascospore suspension on detached

petals (Cline c Jacobsen l-983; Dickson et aL. 1,982; Hunter et

aL. 1981-). The inoculated petals are then placed manually in
the leaf axil-s, where under natural condítions petals would
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general-Iy lodge. This improved inoculation method avoids

escapes and standardizes the time of initial infection.
The FI method is based on the disease cycle, and

therefore, is similar to the natural- infection cycle. This

method, hovrever, is highly influenced by environmental factors

such as moisture conditions. In addition, it is time-consuming

and the number of plants that can be evaluated and assessed is
]-ow.

2 "5 "3 " Stem Inoculation

Stem inoculation (SI) has been widely used to screen for
resistance to ,9. sclerotiorum in bean (Dickson et aL. L982;

Hunter et al. 1981, ]-982), soybean (Boland & Hall- 1986; Cline

& Jacobsen l-983), alfalfa (Pratt & Ro\^/e L99L), and oíIseed

rape (Sedun et a7. l-989; Thomson & Kondra l-983). This method

employs pieces of a nutrient medium on which mycelia of the

fungus are grov/n. The colonized pieces are attached to plant

stems and wrapped with wet cotton for 7 to 4 days. Disease

severity was determined by a numerical severity scale (e.9. 0-

5) , lesion length r or rate of lesion expansion on stems. An

improved method, using excised stems was thought. also to be

ef f ective (Chun et al-. 1,987; Miklas et aL. I992a; Nelson et

aL l-991-a, l-99l-b) . Though destructive, this technique allows

large number of plants to be tested in growth chambers under

defined controlled environment conditions.

Several studíes (Hunter et al. 1981; Dickson et a7. 1,982;
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Thomson & Kondra 1983) indicated that SI is correl-ated with

FI. This type of inocul-ation has several advantages. It
reduces the risk of escapes and a large number of plants may

be tested in a controlled environment. Correlation between SI

and field testing is controversial. C1Íne and Jacobson (1983)

stated that the result obtained by SI was similar to the

observations on the same bean cultivars in the field. A

moderately high correlation (r:0.68) between field resistance

and resistance eval-uated by SI has been achieved in bean

lMiklas et al. 1"992a¡. However Nelson et al-. (1-991-a) found

there was no correl-ation of disease severity in soybean

between laboratory and field evaluations. Hunter et aL. (L982)

al-so observed that some bean cultivars previously reported to

have low disease incidence in the field were hiqhly

susceptible when inoculated by SI. Some studies (Chun et al-.

I9B7; Boland & Hall l-986) reported that disease assessment by

Sf showed varying correlations with disease incidence in field
experiments.

2 "5 "4 " Leaf Inoculation

Inocufating detached leaves (LI) with ^9. scLerotiorum has

also been found to show differences among cultÍvars in pea

(Velastegui 19BB) and oilseed rape (Bailey l-987). This method

involves placing a piece of mycelium-colonized medium on a

detached leaf and determining l-esion diameters after 2-5 days.

The LI method further simplifies inocul-ation procedures
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Bailey's study (l-987¡ indicated that the results of LI and FI

\^/ere simil-ar. Velastegui (1988) stated that the result of the

LI method compared well with that obtained under field
conditíons.

2"5"5" Oxalic Acid Assay

Cul-ture f iltrates of S. scl-erotiorum contain toxic
metabolites which induce in sunflower seedlings similar
symptoms to naturally infected plants (Huang and Dorrell
1-978). An important toxic component in the filtrates is oxalic

acid which has been demonstrated to play a key role in
pathogenesis in bean (Godoy et al-.1990; Magro et aL,1984).

Thus several researchers have considered the possibility of

using culture filtrates or oxalic acid (OA) to select for
resistance to ^9. sclerotiorum. Rov¡e and Welty (1-984) sprayed

oxalate solutions on the leaves of alfal-fa seedlings but did

not observe any relationship between resistance to oxalate and

resistance to S. trifol-iorum. Some studies used excised leaves

of bean (Tu 1-985) or sunflov/er (Huang & Dorrell L978; Mouly e

Esquerre-Tugaye 1989 ¡ fed with culture filtrates or oxalic

acid and discriminated susceptibte lines from tolerant lines.
An al-ternative approach using culture filtrates or oxalic acid

to detect resistance to S. scl-erotiorum is cell culture

technique. The general method is to assay callus growth on

medía amended with cul-ture filtrates or oxalic acid.

Differences between resistant and suscept.ible lines of bean
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vrere reported ( Hartman et a7 1-987; Miklas et af . 1-992b)

2"5"6. Evaluation of Screening Methods in Oilseed Rape

Evidence for dif f erences in susceptibility to .S.

scLerotiorum in oilseed brassi-cas is substantial. This

indicates that breeding for resistance to the dÍsease may be

possible. A major difficulty in developing resistant cultivars
to stem rot is the lack of reliable techniques for selection
of resistant genotypes. In western Canada, scferotinia stem

rot in oilseed rape occurs sporadically, therefore/ a reliable
greenhouse screening method is necessary. FI (Newman & Baitey

1987; Thomson & Kondra 1-983), SI (Sedun et al-. l-989; Thomson

& Kondra 1-983¡ and LI (Bailey L987 ¡ methods have been used to
identify resistance to S. scl-erotiorum among oilseed rape

cul-tivars. The objective of this study is: i-) to evaluate four

methods of selection for resistance to S, scl-erotiorum tn l-B

oilseed rape lines; 2) to develop a rapid testing method under

growth chamber conditions; and 3) to examine the effects of

some environmental factors which may cause variation in
disease developmenl in oilseed rape plants.
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Chapter 3

MATERIALS AND METHODS

3"1" Host

Eighteen

to evaluate

scLerotiorum.

Table L.

Iines of oilseed rape (Brassica napus) were used

methods for screening for resistance to S.

Detailed description of these lines is listed in

The seeds of the l-ines were individually planted in

Jiffypots (Jiffy Products Lt.d., Shippegan, NB) containing

Metro-mix (W.R. Grace & Co. of Canada Ltd., Ajax, ON). Ten

plants were prepared for each line. Plants were grov¡n in a

growth room with cool white fl-uorescent and incandescent (I:2

of input wattage) lighting. Light duration was 16 hours with

an abrupt light-dark change. The growth-room temperatures v¡ere

1-60c night and 210C day. Plants were watered daily and supplied

weekly with 15.6 g of 20-20-20 (N-P-K) fertilizer (W.R. Crace

& Co. of Canada Ltd., Ajax, ON). After three weeks when the

first and the second leaves were ful1y expanded, the plants

were used for leaf inoculation or oxalic acid assay.

To prepare plants for stem inocul-ation or flower

inoculation, the winter type lines were grov¡n for 3 weeks

under the above condition and then incubated in a coof cabinet

(5oC constant temperature) for vernalization. After 6 week

vernalization, plants \dere individually transplanted into 13
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Tabl-e i-. Descript.ion of 1B oil-seed rape cultivars/lines
(Brassica napus) used to evaluate methods of selection for
resistance to S. scl-erotiorum

UM-
Line

Cultivar/
Line Origin

Disease
Form" Reactiony

2344
2345
2346
2357
2358
2359
2449
247 6
247 7
247 B

247 9
2480
2487
2482
2483
2484
2485

China
China
China
Sweden
Sweden
Sweden
Canada
Poland
China
China
China
China
China
China
China
China
China
Canada

r-990 )

1-9 90 )

Bl_002
81007
BlOOB
Hanna
Topas
Global-
Vlestar
Start
84004
84039
84001_
827
Huiyou 50
BL-23
Huyou 9
1008
ShenJ.iqinggeng
DN].8 B

EW
EW
EW
s
S

S

S

LW
LW
EW
EW
EW
EW
EW
EW
LW
LW
S

unknown
MR (Liu et aL
unknown
S (Fang)"
unknown
MS (Fang)
S (Fang)
unknown
MR (Liu et al-
S (Fang)
unknown
MR(Liu et aL. 1990)
unknown
unknown
MS (Fang)
unknown
MS (Fang)
S (Fang)

"Winter/summer forms: LW : late winter form, EW : early
winter form, S sunmer form.

vKnown disease reactÍon: PR: moderately resistant, MS:
moderately susceptible, S: susceptibl-e.

'Personal- communication .
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cm diameter plastic pots containing a mixture of sand, peat

and vermiculite (1:1:2 by volume). Each pot was supplied with

L.2 g of 11-53-0 (N-P-K) fertilizer (Border Chemical Company

Ltd., Winnipeg, MB). Ten pots \üere grouped in a flat for each

line. In order to synchronize lines for experiments, spring

type lines were seeded four weeks before winter type plants

\^/ere removed from vernalization and transplanted at t.he same

time. The group of both winter and spring type plants were

then incubated in a growt.h room for additional 3-4 weeks.

3 "2 " Pathogen

An isolate of S. scferotiorum originally col-lected from

a diseased canola field near Dominion City, Manitoba in L99L

was used in this study. Sclerotia were increased from a single

scl-erot.ium on potato dextrose agar and stored on moist sand in
a dark cool cabinet (4oC) for l-ater use.

Inocula used for leaf or stem inoculation were prepared

by growing the fungus on 20% V-B agar. A laboratory-increased

sclerotium was surface sterilized in 95qø ethanol for 3

minutes, air dried, and cut in hal-f. e half of the sclerotium

was placed in a Petri dish containing 20ã V-B agar. The plate

v¡as then incubated for 3 days at 230C day and 1B0C night in a

cabinet. The cabinet light rüas supplied by cool white

fluorescent lights with a 14 hour photoperiod. To reduce

variability of the pathogen inoculum/ a mycelial plug was cut

at the growing margin of the colony and transferred to a nev/
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V-B agar plate. The plates v¡ere incubated under the same

condition for two days.

Apothecia were produced using the technique described by

Huanq and Kozub (1989) . Laboratory-increased sclerotia \^/ere

individually cultured on PDA in Petrí dishes and kept in the

dark at 160C for 6 weeks. Scl-erotia were then transferred onto

moist sand in a glass dish and incubated at room temperature

under light. MaLure apothecia were produced in 3 weeks and

production continued over several weeks. Ascospores v/ere

induced to be discharged from apothecia onto the dish lid by

opening the lid to change the relative humidity. They were

then washed off with distilled water and collected into a

sprayer. Since ascospores collected by t.his method rúere not

sufficient, apothecia were ground in a mortar to release more

ascospores. The ground apothecia were then washed with
distilled water and filtered t.hrough tissue paper. The water

containing ascospores was collect.ed into the sprayer and

diluted Lo a concentration of about 2 * l-03 spores m1-1.

3 " 3 . Flower Inoculation

Flowers of 18 oilseed rape lines were sprayed with a

suspension of ascospores at a concentration of about 2 * l-03

spores m1-1. The inoculated plants were then incubated for 2

weeks Ín a misting chamber that maintained continuous plant

surface wetness. The misting chamber was kept in a growth room

and illuminated with ambient light from the room. Disease
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incidence was recorded after 2 weeks, but disease severit.y was

not estimated.

3"4" Stem Inoculation

Eighteen oilseed rape lines, each contained 10 plants, at

budding to flowering stage \úere evaluated for resistance to S.

scferotiorum. A mycelia plug (6 mm diameter) was cut with a

cork borer from the growing margin of a 2-day-old colony and

placed on the fourth and fifth internode of the plant. A piece

of wet absorbent cotton was wrapped around the stem to hold

the mycelial plug in place. Inoculated plants were then

incubated in the growth room where they were grown and watered

every B-1-2 hours to keep the cotton wet. Stem lesion length

(run) for each plant was measured daily from the third day

after inoculation for 7 days. The rate of stem lesion

expansion lmn/day) for each line was calculated as the slope

resulting from the linear regression of mean l-esion length

(mm) on days. The SAS procedure REG without intercept term

(SAS Institute rnc. / Cary, NC) was used for the cal-culation.

3 " 5. Leaf Inoculation

Six plants of each of 18 oifseed rape lines were tested

for resistance to S. scferotíorum three weeks after planting.

A mycelial plug (3 mm diameter) \^/as cut with a mini-straw from

the growing margin of t.he 2-day-old colony and placed on the

middle of the first. and the second leaves of each plant. The
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group of inoculated plants were then incubated for 2 days in
a misting chamber that provided continuous l-eaf wetness. The

misting chamber was kept in the growth room and itluminated

with ambient light from the room. Diameter (mn) of necrosis at

24, 48 and 60 hours after inoculation v/as measured wit.h a
rul-er. Alt.ernatively, fesion area (cm') v¡as measured using an

image analysis system with the IMAGEX software package (L.

Lamari, unpublished). An inocul-ated leaf was detached from the

plant 2 days after inoculation and an image of the leaf was

captured with a video camera att.ached to a color image

processing system. The healthy and the lesion areas on a leaf
could be differentiated on the basis of their colors by the

system. The detected area was then highlighted and measured.

3.6" Oxalic Acid Assay

A preliminary study was conducted to determine the effect
of concentration and feeding t.ime on the tolerance of oilseed

rape to oxalic acid. The procedure has been described in
detail by Tu (1985). Two oilseed rape lines (WesLar and

UM2477) and 5 concentrations of oxal-ic acid (5, 10, 20, 40, B0

and 160 mmol) were used. Each solution was distributed into 20

sample bottles, 5 of which \,,/ere allotted to each line. The

first and second leaves of 3-week-old oilseed rape plants were

excised and immediately inserted into the boLtle through a

layer of parafil-m to prevent evaporation. The leaves were then

left at room temperature for 24 hours. During this period,
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oxalic acid of t.he appropriate concentration was added as

necessary to ensure that the petioles were always immersed.

Areas (cm') with brown symptom and of the whofe leaf were

measured by the image analysis system at L2 and 24 hours. The

percentage of leaf area with brown symptoms was calculated.

Based on the preliminary study, 18 lines of oilseed rape

were tested by feeding with B0 mmol oxalic acid for L2 hours.

Five plants of each line were evaluated.

3.7 " Environmental Effects on Screening Procedure

Seven environmental factors which may cause variation in

the screening procedure were investigated. These included 1-)

pathogen isolate, 2) inoculum â9€, 3) position in culture

where inoculum plugs were excised, 4) V-B concentration in
medium for inoculum production, 5) photoperiod under which

plants \^/ere grown, 6) fertil-ization, and 7) inoculation sites
on plants. Each facLor was evaluated by leaf inoculation as

described in section 3.5 using four oilseed rape l-ines

(UM2479 | UM2477 | Hanna and Westar).

In the pathogen isolate experiment, pathogen isolate SS-S

was originally isolated from sunflower, SS-R from oilseed rape

and SS-C from chicory. In the inoculum age experiment,

inoculum disks cut from 36-, 48- and 60- hour cultures were

ínoculated on the plants. For the experiment investigating the

effect of position in culture where inoculum plugs were

excised, inoculum disks v¡ere cut either from the edge or the



30

centre of a grov¡ing culture. Tn the V-B concentration

experiment, l-0%, 202 and 40lø V-B were used to culture the

fungus. In the photoperiod experiment, three groups of plants

v¡ere illuminated for 14, 16 or 18 hours photoperiod

respectively. For the fertilization experiment, fertilizer
(20-20-20, N P K) was supplied to or unsupplied withheld for
plants each week. In the inoculation site experiment, Lesion

sizes on the first and second leaves were compared.

3 " 8. Experimental Design and Data Analysis

The experimental design for each inoculation method

experiment was a randomized complete block desÍgn with l-B

oilseed rape lines. The flower inoculation was done 3 tj-mes

with l-0 plants for each line. There were 5 replications with
l--10 plants for each line in the stem inoculation, 4

replications with l-2 leaves ( 6 plants ) in the leaf inoculation

and 4 replications with 10 leaves ( 5 plants ) in oxalic acid

assay. Significant differences between means were determined

by Waller-Duncan K-ratio T test.
The experimental design for each environmental influence

experiment was a split plot design with each oilseed rape line
as whole plots and environmental factors as subplots. There

were 4 lines for each experiment and 2 or 3 levels of factors

within each whole plot. Each subplot consisted of 20 leaves

(10 plants). Lines contained in flats v¡ere randomly assigned

to the mist. chamber and l-evels of a factor were randomly
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assigned within a flat. The experiment was repeated once and

the data were combined as two replications. Data of the

inoculation site experiments were obtained from 5 experiments

with each subplot consisting of 1-0 leaves ( 10 plants ¡ .

Significant differences between means lrere determined by

Duncan's multiple-range test.
All data analyses \Mere performed by the SAS procedure GLM

(SAS Institute fnc./ Cary, NC).
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Chapter 4

RESULTS

4"L" Flower Inoculation

Atl l-B lines were infected following fl-ower inocul-ation

with ascospores. The first. symptoms of necrosis appeared on

petals. Leaves v/ere often subsequently infected where the

infected petals were landed. Stem l-esions generally originated
from leaf axils at the point where the infected petals

deposited and extended up and down t.he stems. Multiple stem

and/or leaf infections occurred on single plants.

l-00% disease incidence for all lines occurred. SÍnce

j-nitial inf ection on plants v/as asynchronous and multiple
ínfections occurred on single plants, disease severit.y was not

comparable among lines.

4"2" Stem Inoculation

Symptoms of initial infection on stems were observed as

incipient brown necrosis 3 days after inoculation. During the

next 7 days, infection progressed up and down the stems from

the inoculation point. Margins of healthy and infected tissue
v¡ere distÍncl at the beginning, with green healthy tissue at

the edge of advancing necrosis, but became less distinct when

plants dried and yellowed. Sclerotia v¡ere formed within the

stems when diseased plants \üere incubated for another 2 weeks.
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The lesion lengt.h on the stem of oilseed rape induced by

S. sclerotiorum \ñas measured daily from the third day after
inoculation for 7 days. The rate of stem lesion expansion

(mm/day ) was calculated for each line as the linear regression

coef f icient of mean stem lesion lengt.h against time. Al-1 the

regressrons were significant (r':0. B0-0.95, p<0.01) .

Statistical analysis indicated that there were significant
differences among mean rates of the lines (Table 2). However,

variability v¡as fairly high (C.V. : 28.7ø) and rankings of

l-ines varied among experiments. Over all experiments, cultivar
Westar was the most severely infected and exhibited the

highest average rate of stem lesion expansion (I7.6 runlday¡.

Significantly lower rates of lesion expansion were observed in
DNI-BB, Start, UM2345, UM24B2, UM24B4, UM24B3, Global-, IJM24B5l

UM247B and Topas, whil-e the rates of TJM2346, tJM2344, IJM24B7,

Hanna, UM24B0, UM2477 and üM2479 v/ere not significantly
different from that. of Westar.

4"3" Leaf Inoculation

Aft.er 24 hours following inoculation in a mist chamber,

initial infection \¡/as observed as brown necrosis around the

inoculation point. During the next 4B hours, lesions enlarged

radially from the inoculation point. Margins of healthy and

infected tissue were distinct. Healthy tissue was green

whereas infected tissue was necrotic and brown.

Although necrosis is visible 24 hours after incubation,
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Table 2. Mean rates of stem lesion expansion (run day-t) of
oilseed rape cultivars/lines inoculated with .9. scl-erotiorum
based on daily measurements from the 3rd to 1-0th day after
inoculation

Experiment"
UM

Line
Combined

testY

2449
2346
2344
248I
2357
2480
247 7
247 9
DNI-B B

247 6
2345
2482
2484
2483
2359
2485
247 B

2358

24 .9
1,6.g
l_8.0
15.1_
15.9
15.3
t_9.3
14 .2
9.3

1,4.3
72.2
]-3.2
1,2.7
13.5
15.1-
t-3.0
1_0.2
3.5

20 .4
1"5 .4
23 .9
28 .0
1_7.8
23 .4
1,4 .9
t-3.9
l-9.5
1-7.5
\9.2
20 .4
23.2
L6 .9
11. 6
1-9 .4
16. B

12 .5

T4.B
]-7.7
70.7
12 .6
11. 3
6.5

71,.6
7.5
9.6

t_3.0
6.6
L7
B.B
8.5

r_0.6
6.6
4.9
6.3

9.4
24 .4
1i_. 0

7 .3
r-6.0
r-0.6
8.2

t_4.8
t_1_. 3
6.4
9.2
8.6))
3.3
B.l-
2.3

12.5
5.8

18.6
L5.2
1,6.3
l-l-. 5
1"2.7
1"4 .6
9.3

l-l- . 9
t_0.3
6.2
9.4
9.6
8.4

L2 .9
8.1_

1'I.6
7 .3
9.r

1,7 .6 a
1,6.7 ab
16.0 abc
1,4 .9 abcd
74.7 abcd
1,4 . L abcd
L2.7 abcde
1,2 .5 abcde
1"2 .0 bcde
1l-. 5 bcde
11. 3 cde
1-l-. 3 cde
1-1.1 cde
l-1. 0 cde
70.7 cde
10.6 de
10.3 de
7.4 e

MSE:13 .0

"Data are mean rates of 1-10 plants
cultivar/Line from 7 daily measurements.

for each

vData are means of five experíments and were analyzed as
a randomized complete block design. Means within columns
followed by the same letter are not significanlly different by
Wall-er-Duncan K-ratio T test at p:0 . 05.
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the lesions v/ere Loo small- to take accurate measurement. By 70

hours, most leaves \^/ere totally necrotic so f urther assessment

could not be made. Alt plants could be kitted if they \¡¡ere

l-eft under continuous mist for extended periods. The

experiments recording disease severit.y by .l-esion diameter

showed that it \^/as possible to differentiate the lines in

response to t.he pathogen at each recording tine from 36 to 60

hours after inoculation (Figure 1).

Lesion areas of the inoculated leaves of 18 lines at 48

hour after ínoculation, when the lesion size was about 50% of

the whole leaf/ were measured by the image analysis system.

Statistical differences in mean leaf l-esion areas of i-B lines
were detected (Table 3). Though the rankings of l-ines were not

always constant from one experiment to another, Westar \,¿as

usually the most susceptible of the various lines. The lines
could be divided into two groups on the basis of leaf lesion

size. UM2479, UM2346r TJM2344t Hanna, Start and Topas were not

signif icantly dif ferent f rom Westar while rJIvI24B3 , DN1BB,

UM24B0 , UNI2345 , UMz484 | UM24B2, TJM247B r IlM24B5 r Global and

UM2477 had significantly smaller lesion sizes than Westar.

4"4" Oxalic Acid Assay

After 2-B hours, brown symptoms appeared on the petioles

which were immersed in the oxalic acid solutions. Symptoms

t.hen developed upwards through veins and finalty spread to the

interveinal tissues. Leaves were shrunk and dried due to the
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Figure 1-. Disease development on leaves of different oilseed
rape cultivars/lines inoculated with ,S. scLerotiorum and
incubated in a misting chamber for 3 days. A point represenLs
a mean of 3 replicaLes with 20 leaves (10 plants) per
replicate.
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Table 3. Mean leaf lesion areas (cm') of
rape cul-tivars/lines inoculated with .9.
incubated in a misting chamber for 2 days

3-week-old oilseed
scLeroti-orum and

Experiment"
UM

Line
Combined

testY

2449
247 9
2346
2344
2357
247 6
2358
2483
2481-
DNlB B

2480
2345
2484
2482
247 B

2485
2359
247 7

1"0 .42
r-0 . 07
1"r.47
L0.75
9.93
7.70
8.99
7 .83
8.51
B .57
7.00
B.48
8.03
7. B0
8.61
7 .6r
7. BB
7 .06

r_0 . 09
7 .s6
9. 81
9.0s
B.28
8.70
6.25
7 .02
6 .63
5.96
8.09
5 .45
5.73
5.31
5 .37
4 .6r
6 .99
5 .41,

9.35
11.65

B. 81
10.68

B.82
B. 82
9.09
B.l_1
B.8s
9 .46
9.03
6 .45
B .11_
6 .46
7.55
s.76
6.06
5 .71,

9 .47
8.66
6.3L
4.92
B.0s
7 .05
7 .BL
8.04
4. BB
4.58
4.34
7 .93
6.3B
8.35
5.31-
8.75
5.58
4 .66

9.83 a
9 .49 ab
9 .l-0 abc
B. 85 abcd
8.77 abcd
8.07 abcde
8.04 abcde
7 .7 5 bcde
7 .22 cdef
7.14 cdef
7 .71- cdef
7.08 cdef
7.06 cdef
6.98 def
6.71- ef
6.70 ef
6.63 ef
5.71_ f
MSE:1. 67

"Data are means of 1-2 l-eaves ( 6 plants ) .

vData are means of four experiments and were analyzed as
a randomized complete block design. Means within columns
followed by the same letter are not significantly different by
Waller-Duncan K-ratio T test at p:0.05.
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effect of the acid. The percentage of leaf area with brown

symptom, therefore/ was calculated for each leaf.
Concentration of oxalic acid and duration of uptake

affected the diffusion of oxalic acid into leaves. The

percentage of leaf area with brown symptoms was positívely
correlated with concentration and duration of upt.ake (Figure

2). When leaves were fed within low concentration solutions (5

or l-0 mMol), symptoms were restricted to a small area. The

leaves dried after 24 hours exposure, which made measurement

difficul-t. Distinct differences in percentage of leaf area

with brown symptoms were obtained when excised l-eaves were fed

in the 40 or B0 mMol solution for 1,2 hours (Figure 2).

Based on this preliminary study, the response of oilseed

rape to oxalic acid was tested by feeding excised l-eaves with

B0 mMol for L2 hours. Analysis of data indicated that there

\^/ere signif icant dif f erences among lines (Table 4) . Hanna

( 64 . B% ) was severely af f ected, whil-e Westar ( 54 . 0% ) v¡as

intermediately, and Global (36.0%¡ and UM24B3 (35.0%) were

slightly affected by oxalic acid. The rankings of lines as

determined by oxalic acid assay, however, are not simíIar to

that determined by either l-eaf inoculation or stem inoculation
(Table 5).

4"5. Environmental Effects on Screening Proced.ure

There was no factor by line interaction for any of the
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Figure 2. Response of excised leaves of two oilseed rape
cultivars/lines to uptake of oxalic acid in relation to
concentration and durat.ion of feeding. A point represents a
mean of 2 replicates with 20 leaves (1-0 plants) per replicate.
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Tabl-e 4. Mean percentage of leaf area
week-old oilseed rape cultivars/lines
acid for 1-2 hours

with brown
fed with B0

lesion of 3-
mmol oxalic

Experiment"
UM

Line
Combined

TestY

2357
2358
247 7
DN].8 B

2482
2481,
247 6
247 9
2449
247 B

2345
2485
2484
2346
2344
2480
2359
2483

36. Bs
57.17
36.92
25 .89
4B.90
35.79
24.94
38.59
24 .80
18.98
27 .24
37.33
33.95
27.50
79 .92
19.87
73 .44
20.38

76.09
66. B1
67 . B0
61. 5i-
63 .44
72.1-7
70.77
64 .53
67.7 6
64.74
59.51-
52. BB
56.24
58 . t-5
s6 .94
41, .25
40.60
4T. B4

67 .67
58.05
59.67
66 .45
47.31
s0.77
56.77
58. B5
57 .28
55.26
56 .04
42 .44
46 .95
47.30
32 .62
42 .95
45.09
28 .59

78.46
73.84
69 .42
7B.39
62 .46
63.36
69.59
58. s2
72.34
68.59
61" .7 4
62 .50
58.95
57 .98
63.70
60.03
44 .66
49 .1-7

64.77
63.95
58.45
58.06
55.53
55.52
55 .52
55.2L
54.05
5l_.98
51. 13
48.79
48.77
46.23
43.30
4l-.03
35.95
34.98

a
ab
abc
abcd
abcde
abcde
abcde
bcde

cde
cdef
cdef
defg
defg
efg
fgh

qh
h
h

MSE:47.17

"Data are means of 10 leaves ( 5 plants ) .

vData are means of four experiments and were
a randomized block design. Means within columns
the same letter are not significantly different
Duncan K-ratio T test at p:0.05.

analyzed as
fol-l-owed by
by Vüal-ler-
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Table 5. Ranks of 18 oilseed rape lines
methods for sel-ection of resistance to

obtained by different
,9. scf erotiorum.

Methods"

UM
Line

Oxalic
Acid Assay

Stem
Inoculation

Leaf
Inoculation

2357
2358
247 7
DN].8 B

2482
2481,
247 6
247 9
2449
247 B

2345
2485
2484
2346
2344
2480
2359
2483

r_8.0
1,7.0
1-6.0
l-5.0
14.0
L2 .5
1,2 .5
l_t_. 0
l-0.0

9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
t-. 0

74 .0
1.0

1_2 .0
r_0.0

7 .s
15.0
9.0

1t_.0
18.0
2.0
7.5
3.0
6.0

L7 .0
16.0
13.0
4.0
5.0

1"4

L2
1,

9
5

l-0
i-3
1"7

l-B
4
7
J

6
16
15

B

2
l_ l-

"Ranks are calcul-ated by
Institute Inc. / Cary) based on
different methods.

the RANK procedure of SAS (SAS
mean values of combined test of
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experiments investigating environmental influences on disease

development in oilseed rape. Significant differences among the

4 lines were generally detected. Westar v/as always more

severely infected than UM2477.

Pathogen isolate. All three isolates were pathogenic to
al-l the lines tested, but aggressiveness among them was

significantly different. rsolate SS-C isol-ated from chicory

caused significant.ly smaller lesions on oilseed rape leaves

than SS-R and SS-S which \¡/ere isolated from oilseed rape and

sunflower respectively (Table 6). Lesion sizes induced on the

leaves by SS-R and SS-S were not significantly different.
Age of inoculum" Inoculum age significantly affected

lesion sizes on the oilseed rape leaves. Inocula from 36 or 48

hour cul-tures were significantly more aggressive, which caused

larger lesion sizes, than 60 hour cultures where mycelia had

started to form sclerotial initials (Table 7). Lesion sizes

caused by inocula from 36 and 48 hour cul-tures were not

signif icantly dif ferent .

Position of inoculum in cu].ture. The inocula cut from the

margin of the culture seemed to be more aggressive than those

from the centre which were older. The inocul-a with hyphal tips
caused significantly larger leaf lesions than the central
inocula (Table B).

V-8 concentration in medium" To assess the effect of

nutrj-ent concentration of medium on pathogen aggressiveness,

!02, 202 and 40% V-B agars were used to culture the fungus
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Table 6. Effect of pathogen isolate on leaf lesion sLze (cm')
of four oilseed rape cultivars/lines inoculated with S.
scferotiorum and incubat.ed in a misting chamber for 2 days

Line"

Isolate 2449 2357 247 9 247 7 MeansY

SS -R
SS -S
SS -C

MeansY

9.98
9.78
9 .02

9.s9 a

9.78
l_0 . l_l-
8.54

9.48 a

7 .51,
7 .5L
6.95

6 .92
6. B0
6.1"6

B.
B.
7.

55a
55a
67b

7 .32 b 6.63 b

*Data are means of 2 tests with 20 leaves
test and were analyzed as a split plot design

vMeans within columns or rows followed by
are not significant.ly different by Duncan/s
test at p:0.05.

.( 

1-0 plants ) per

the same letter
mult.iple-range



44

Table 7. Effect of inoculum age on leaf
four oilseed rape cultivars/lines
scferotiorum and incubated in a misting

lesion size (cm') of
inoculated with ,5.
chamber for 2 days

Line"
Inocul-um

Age 2449 247 9 2357 247 7 MeansY

36 hrs
48 hrs
60 hrs

MeansY

B .20
9. B0
1. Bl_

6.60 a

7 .37
B .14
1.08

5.53 ab

7 .28
7 .43
0 .92

5.21" ab

s.60
5.98
r.7 6

4.45 b

7 .1-r
7 .84
l_.39

a
a
b

*Data are means of 2 t.ests with 20 l-eaves (1-0 plants) per
test and were analyzed as a split plot design.

vMeans wíthin columns or ro\^is followed by the same l-etter
are not significantly different by Duncan's multiple-range
test at P:0.05.
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Table B. Effect of position in
excised on leaf lesion size
cul-tivars/lines inoculat.ed with
in a misting chamber for 2 days

culture where inoculum plugs
(cm') of four oilseed rape
S. sclerotiorum and incubated

Line*
Inocul-um

Site 2449 247 9 2357 247l MeansY

margrn
centre

MeansY

5.2L
3.29

4.25 a

4 .87
1. 93

3.37 ab

4 .52
2 .04

3 .28 ab

3.36
1_ .62

2.49 b

4.47 a
2.20 b

"Data are means of 2 tests with 20 leaves ( 1-0 plants ) per
test and were analyzed as a split plot design.

vMeans within columns or rows followed by the same letter
are not significantly different by Duncan/s multiple-range
test at P:0.05.
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respect.ively. Lesion sizes on leaves caused by inocula cut

from 10%, 20% and 402 V-B cul-tures were significant different
from each other. Higher concentration of V-B induced more

aggressiveness of the pathogen which caused larger l-esion size

(rable 9).

Photoperiod. To study if photoperiod under which plants

were grown af f ected resistance of oil-seed rape to ,S.

scl-erotiorumt three groups of plants \^¡ere illuminated with 14,

76 and l-B hour photoperiod respectively before inoculation.
Leaf lesion sizes among the three giroups v¡ere significantly
different. P1ants grown under more than 16 hour photoperiod

developed significantly smaller lesions when inoculated with
the pathogen than those grown under 14 hours photoperiod

(rable 10).

Fertilization" Plants without fertilizer supplement

showed symptoms of nitrogen deficiency. The use of fertilizer
corrected the deficiency but had no infl-uence on the disease

development. Mean lesion areas on the leaves of fertílized
plants were not significantJ-y different from those of

unfertilized plants (Table 11).

Site of inoculation" The first l-eaf and the second leaf
\^¡ere compared as inoculation sites. Lesion sizes tended to be

larger on the second leaves than on the first leaves (Tab1e

!2) .
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Table 9. Effect of V-B concentration in medium for inoculum
production on leaf lesion size (cm') of four oilseed rape
cultivars/lines inoculated with .9, sclerotiorum and incubated
in a misting chamber for 2 days

Line"
V-B

Concn. 2449 247 9 2357 247 7 MeansY

402
202
10u

MeansY

L2 .33
B .77
5.76

8.76 a

9. B0
6 .64
4.28

6.97 ab

8.26
5 .62
3 .32

5.73 b

6 .52
s.09
3 .40

5.01 b

9.23
6.38
4.L9

a
b
C

"Data are means of 2 tests with 20 leaves (1-0 plants) per
test and were analyzed as a split plot design.

vMeans within columns or rows followed by the same letter
are not significantly different by Duncan's multiple-range
test at. p:0.05.
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Tabl-e i-0. Ef fect of
on leaf lesion size
i-noculated with S.
chamber for 2 days

photoperiod
(cm') of four
scl-erotiorum

under which plants were grown
oilseed rape cultivars/lines
and incubated in a misting

Line"
Photo-
period 2449 2357 247 9 247 7 MeansY

L4 hrs
A6 hrs
18 hrs

MeansY

1,0 .07
8.24
9 .57

9.29 a

9.53
6. B0
6.L9

7.5r b

8.15
7 .36
6.23

7.25 b

7 .37
5 .52
s.65

6.18 c

B

6
6

.78

.98

.91

a
b
b

*Data are means of two tests with 20 leaves (10 plants)
per test and were analyzed as a split plot design.

vMeans within columns or rows followed by the same letter
are not significantly different by Duncan/s multiple-range
test at P:0.05.
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Table 1l-. Ef fect of fertil-ization (20:20:20 / N-P-K) on leaf
lesion size (cm') of four oilseed rape cultivars/lines
inoculated with S. sclerotiorum and incubated in a misting
chamber for 2 days

Line'
Fertili -
zation 2357 247 9 247 7 MeansY2449

with
without

MeansY 5.02 a

5.
4.

35
69

4 .52
3.93

4.23 ab

4. 81
3.55

4 .1,8 ab

3.36
2 .64

3.00 b

4 .51- a
3.70 a

"Data are means of 2 tests with 20 leaves (1-0 plants) per
test and were analyzed as a split plot design.

vMeans within columns or ro\üs followed by the same letter
are not significantly different by Duncan's multiple-range
test at p:0.05.
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Table 12. Effect
lesion size ( cm')
inoculated with ,S.
chamber for 2 days

of inoculat.ion site on a plant on leaf
of four oilseed rape cultivars/lines
scl-erotiorum and incubated in a mistinq

Inoculation
site

line*
2449 2357 247 9 247 7 MeansY

2nd leaf
i-st leaf

MeansY

9.9s
9.60

9.78 a

B. s0
7 .59

8.05 b

7 .84
7.70

7.77 b

6 .56
5.91-

6.24 c

B.2I a
7.70 b

"Data are means of 5 tests with l-0 leaves (10 ptants) per
test and were analyzed as a split plot design.

vMeans within columns or rows followed by the same letter
are not significantly different by Duncan/s multiple-range
test at P:0.05.
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Chapter 5

DISCUSSION

Stem rot disease coul-d be established on all oilseed rape

l-ines tested using flower inoculation. Both stem and leaf
infection occurred where infected petals were deposited. Since

multi-infections occurred on single plants and the time and

site of initial infections on plants \^rere not consistent it is
not feasible to compare lines using disease severity. Though

some studies have assessed the dísease severity in bean (Cline

& Jacobsen l-983; Hunter et aL 1981-) and oil_seed rape (Newman

& Bailey t9B7)t results have been variabl-e, and therefore, not

reliable.
Regardless whether stem or leaf inoculation was used, all_

lines studied v/ere more or less susceptible. None of l-B f ines

of oilseed rape investJ-gated showed a highly resistant
response, alt.hough the progression of infection by S.

scl-erotiorum dif f ered among t.he lines tested. Means of the

host response to the pathogen showed a continuous gradient

rather than distinct. grouping of disease severity (Table 2,

3).

The stem inoculation has been t.hought to be a feasible
method for evaluating resistance to ,9. scl_erotiorum in bean

(Dickson et al.1982; Hunter et aL. l-981; Miklas et af.

L992a), soybean (Boland & Hall 1,986; Chun et aJ-. 1987; Cline



& Jacobsen l-983 ) and alfalfa (Pratt
52

Rowe 799I). The

technique appeared able to detect differences in
susceptibility of oilseed rape to,S. scl_erotiorum. West.ar

which has been considered a stem rot susceptible cultivar
showed the highest rate of stem l-esion expansion, while UM2345

which has been reported to be moderately resistant in fiel-d
evaluations had a significantly lower rate. However, UM2477

and UM24B0, also observed to be moderately resistant in the

fietd were not significantly different. from Westar. Such

inconsistent reactions between field and laboratory

eval-uations !¡ere also observed in soybean (Boland & Hall 1986;

Chun et al. I9B7; Nelson et aL. l-991b) and bean (Hunter et af .

1"982). The major problem using stem inoculation in oilseed

rape is that variabÍlity among plants of a line and among

experiment.s was very high. In some experiments, many stems

escaped infection or lesion development was asynchronous. This

contributed to variability and limited the ability to
distinguish dif f erences among l-ínes. Similar problems v¡ere

also encountered in other studies (Boland & Hall l-986; Chun et

al-. 1-987; Nelson et al-. L99La, 1991b; Pratt & Rowe 1991). The

reasons for this variation are not understood. Boland and Hall_

(1986) have attempted to produce equal disease ratings for a

soybean cultivar but fail-ed to identify any factors as a

possible cause of the variation in disease severity. Hunter et

a7. (1-981-) and Cline and Jacobsen (1983) observed that tissue
age of bean or soybean affected t.he disease severity. In this
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study, plant-to-plant variation in growth stage at the time of

inoculation due to genetic variation, seed size and sowing

depth could be a major cause of the variability. In addition,
the method is time-consuming for testÍng resistance to stem

rot in oilseed Tape since only the plants after budding stage

can be used. These problems suggest that stem inoculation may

not be a reliable method for identifying resistance to ,S.

scl-erotiorum in oilseed rape.

Inoculating plants with mycelia plugs of S. scl_erotiorum

on oilseed rape leaves did provide significant differences

among lines. The evaluation of the disease severity using this
met.hod matched observations made on field-infected plants.

Westar again v/as determined to be the most susceptible

cultivar. Moderate resistance of tJM2477 | UM24B0 and TJM2345,

which has been reported in field evaluat.ions/ was also

detected by this method. These lines had significantly smaller

leaf lesions than Westar. Variability in leaf inoculation
(C.V.:16.8%) was also encountered, but less than that in stem

inoculation (C.V.: 28.79ø). This may be due to relatively
uniform growth stage of plants at ínoculation. In addition,
the measurement t.echnique using the image analysis system

allowed accurate and rapid measurement of lesion areas on

leaves. Thus the leaf inoculatíon method investigated in this
study appears to be a simple and effective method of screening

oil-seed rape cultivars for resistance to sclerotinia stem rot
under controll-ed conditions.
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This study indicated that resistance in oilseed rape to

S. sclerotiorum could be discerned on stems and/or leaves

among different fines. Global, DNI-BB, 11M2345, IJM24B2r rJM24B4,

UM24B5 and UM247 B were rel-atively less susceptible than Westar

on both stems and leaves. Moderate susceptibility of ¡JM2345,

Global and UM24B5 has also been observed in field evaluations/

but DN-I-BB and UM247B were susceptible which is contrary to
the observation in this study. Topas and Start were slightly
infected on stems buL severely attacked on leaves. These

cultivars grow slowly. When inoculated at 3 weeks old, their
leaves might be relatively immature and therefore more

susceptible to attack than other lines. However, slolu growth

might resul-t in a stiffer stem that could reduce stem lesion

expansion in a mature plant (Sedun et al-.1989). UM2477 and

UM24B0 have been reported to be partially resistant to ,S.

scl-erotiorum under field conditions. They were also shown to
have smal-ler lesions on leaves in this study. Holvever, there

\üas no significant difference in rates of stem lesion
expansion beLween these lines and Westar. This implies that
partial resistance of UM2477 and UM24B0 might be due to slower

development of the pathogen on leaves to stems. Since diseased

petals generally fall on leaves, followed by disease

development into stems in naLure, slower disease development

on l-eaves might be an important component of resistance in
oilseed rape to ,S. scl-erotiorum.

Tn an attempt to understand and reduce the variation
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encountered in the study/ several experiments v/ere conducted

to study if lines reacted differently depending on various

environmental factors using leaf inoculation. The environment

under which plants are grown before inoculation and the age of
the tissue have been thought to be reasons causing variation
( Cline & Jacobsen l-983 ; Nelson et al- . 799La, 79 9i_b ) . The

photoperiod experiment showed that plants grov¡n under longer

photoperiod (more than 16 hours) incurred significantly less

disease. Young tissue seemed to be more susceptible to attack
by the pathogen. This was shown by the inoculation site
experiment where the disease on the second reaves was more

severe than on the first leaves. Though Chun et aL. (1_gB7 )

reported that fertilized plants of soybean \üere more resistant
to S. scJ-erotiorum than unf ertil ized, rro signif icant
difference between them in oilseed rape was detected in this
study. Chun et a7. (1987 ) and previous experiments in this
study suggested that. pre-inocul-ation conditions of the

pat.hogen might inf l-uence the disease development on the

plants. The experiments which investigated the effects of the

age and the position of inocurum in a culture on the disease

development demonstrated that older mycelia of S. scl-erotiorum

(either from the centre of a growing culture or which had been

cul-tured for a longer time) became significantly less

aggressive, and consequently, produced smaller lesions on

leaves. The aggressiveness of the pathogen was al-so dependent

on nutrient in the medium on which it had been cultured. The
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Chapter 6

SUMMARY

Four methods of screening for resistance to .S.

scferotiorum in oil-seed rape were evaluated. This study

indicates that all lines tested v/ere more or less susceptible.

Disease severity is not comparable among lines using fl-ower

inocul-ation due to multiple infection on single plants and

asynchronous disease development in plants. The technique

assessing diffusion rate of oxalic acid in excised leaves to
select resistance failed to identify resistant tines which

have been evaluated by other methods. Stem inoculation is al-so

not a satisfactory procedure to se]ect for resistance to stem

rot in oilseed rape since variability within and between

experiments is high. Leaf inoculation seems to be a simple,

fairly consístent method that can be used to screen for
resistance to S. scl-erotiorum in oilseed rape.

Environmental factors affect the development of stem rot
disease in oilseed rape plants. Aggressiveness of the pathogen

in oilseed rape Ís dependent on cultural- conditions under

which inocula are produced. Nutrienl concentration in a medium

used for inocul-um production, position in a culture where

inocula are excised and inoculum age are some of the factors.
Environment such as photoperiod under which plants are grown

during pre-inoculation period and tissue age influence the
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Table 7. Analysis of variance for l_esion expansion rate
(mm/day) on stems of rapeseed cultivars/línes inoculated withs. scl-erotiorum and incubated with wet cotton for 9 days

Sourceu DF SS MS Fb

Replication
Line
Experimental error

4
I7
6B

1_099.0r-
57 5 .77
886.60

274.7s
33. 83
13.04

2.59 **

Total- B9 2560 .7 9

" Experimental design was a randomized complete bl-ock designwit.h 5 replicatíons, each was a mean of t-tO plants. c.v. :
28.7LZ.

b ** - significant. at 1% level, * : significant at 5å level_,ns not significant.
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Table 2. Analysis of variance for lesion area (cm') on leaves
of rapeseed cul-tivars/lines inoculated with ^9. scl,erotiorum
and incubated in a misting chamber for 2 days

Source" DF SS MS Fb

Replication 3 49 .29 16 .43
Líne 17 86. B0 5.11 3.06 **
Experimental error 5i- 85 .22 1, . 6T

TotaI 71- 22L .3L

" Experiment.al design vras a randomized comprete block designwíth 4 replications, each was a mean of L2 l_eaves (6 plantsj.
c.v. 16.83U.

b ** - significant at l-å level, * : significant at. 5? level,
ns : not significant.
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Table 3. Analysis of variance for percentage of leaf area
wíth brown l-esion of rapeseed cul-tivars/lines fed with B0 mmol
oxalic acíd for 12 hours

Source" DF ee MS Fb

Replication
Line
Experimental error

3
I7
51

1-2316 .48
4900 .42
2402.75

4t0s .49
288.26
47.41

6.1-2 **

Total 1-96]-9 .6s

" Experimental design \^/as a randomized complete block design
with 4 replications, each $/as a mean of l-o l-eaves 15 prantsj.
c.v. 13.38%.

b ** - significant at 1% level, * : significant at 5% l-evel,
ns not significant.
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Table 4. Analysis of variance
isolate on leaf lesion area (cm2)
inoculated with ,S. scLerotiorum
chamber for 2 days

74

for the effect of pathogen
of rapeseed cultivars/lines
and incubated in a misting

SS MS FbSource" DF

Replication
Line (A)
Error (a)
Pathogen isolate
AxB
Error (b)

1
3
3

(B) 2
6
B

5.25
40. 83
2.38
4.13
0.72
3.06

5.25
L3 .67
0.79
2 .06
0.1"2
0.38

77.r4 *

5.40 *
0.32 ns

Total 23 56.37

" Experimental- design was a split plot design with 2replicatíons, each v¡as a mean of 20 reaves (10 plants).
c.v. (a) l-0.80U, c.v. (b) 7.492.

b ** - significant at l-% Ievel, * : significant at 5% level,
ns : not significant.
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Table 5. Analysis of variance for the effect of inoculum ageon leaf lesion area (cm') of rapeseed cultivars/linãsinoculated with ^9. scl-erotiorum and incubated in a misting
chamber for 2 days

Sourceu DF SS MS Fb

Replication
Line (A)
Error (a)
Inoculum age
AxB
Error (b)

1
3
3

(B) 2
6
B

0.77
1_4 .42
2.38

]-99 .47
9 .77

r-0 . B9

0.77
4.B!
0.79

99.73
L.52
7 .36

6.06 ns

73.27 **
7.1,2 ns

Total 23 237.04

u Experimental design was a split plot design with 2replications, each was a mean of 20 leaves (1ó plants).
c.v. (a) 1"6.352, c.v. (b) 2I.422.

b ** : significant at 1% level, * : significant at 5% level,ns not sígnificant.



Table 6. Analysis of variance for the
culture where inoculum plugs excised on
of rapeseed cultivars/lines inoculat.ed
and incubated in a mistinq chamber for

76

effect of position in
leaf l-esion area (cm2)
with .9. sclerotiorum
2 days

Sourceu DF SS MS Fb

Replication
Line (A)
Error (a)
fnoculum site
AxB
Error (b)

(B)

i_

J

3
a
3
4

0 .02
6.26
1.11_

20 .31-
0. 82
3 .43

0 .22
2 .09
0 .37

20.3I
0.27
0. 86

5.62 ns

23.68 **
0.32 ns

TotaI l_5 31.96

" Experimental design
replications, each v¡as a
c.v.(a) 1-8.27qø, c.v.(b)

b ** - sÍgnificant at l-%
ns : not significant.

v¡as a split plot design with 2
mean of 20 leaves (10 plants¡.

27 .672.

level, * : significant at 58 level-,
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Analysis of variance for the effect of V-B
concentration in medium for inoculum production on leaf lesion
area (cm2) of rapeseed cu.l-tivars/lines inoculated with,S.
scl-erotiorum and incubated in a misting chamber for 2 days

Sourceu DF FbMSSS

Replication
Line (A)
Error (a)
V-B Concn. (B)
AxB
Error (b)

1
3
3
)
6
B

9 .9r
48 .22
4.28

I02 .07
6.98
7 .7 6

9.
1"6.

i_.
51.

1_.

0.

91"
07
43
04
L6
97

IL.2B *

52.59 **
I.20 ns

Total 179.22

" Experimental design v/as a split plot design with 2
replications, each was a mean of 20 leaves (10 plants).
c.v.(a) 1,8.092, c.v.(b) 1,4.932.

b ** - significant at l-? l-evel , * : significant at 5% level,
ns not siqnificant.

23
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Tabl-e B. Analysis of variance for the effect of photoperiod
under which plants were gror¡¡n on leaf l-esion area (cmr) of
rapeseed cultivars/lines inoculated with ^9. scl-erotiorum and
incubated in a misting chamber for 2 days

Sourceu DF SS FbMS

Replication
Line (A)
Error (a)
Photoperiod (B)
AxB
Error (b)

t_

3
3
2
6
B

2.9I
30.07
0.r-0

1,7 .97
6 .27

1s.06

2 .9L
t0 .02
0.03
B.98
l-.05
J..BB

294.8r

4.77
0.56

**

*
NS

Total 23 72.38

" Experimental design v/as a split plot design with 2
replications, each v¡as a mean of 20 leaves (10 plants).
c.v. (a) 2.442, c.v. (b) IB.L6e".

b ** - significant at l-? Ievel, * : significant at 5% level,
ns not significant.
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Table 9. Analysis of variance for the effect of fertilization
(20:20:20, N-P-K) on leaf lesion area (cnr) of rapeseed
cultivars/lines inoculated wíth ^9, scl-erotiorum and incubated
in a misting chamber for 2 days

Sourceu DF SS MS Fb

Replication
Line (A)
Error (a)
Fertilization (B)
AxB
Error (b)

1
3
3
1
3
4

0.55
B .32
r.49
2 .58
0 .28
4 .40

0.55
2.77
0. s0
2 .58
0.09
1. 1_0

5.57 ns

.35 ns

.08 ns
2
0

Total l_5 1_7 .63

" Experimental design
replications, each was
c.v.(a) 77.1,8, c.v.(b)

b ** - significant at 1?
ns not significant.

v¡as a sptit plot design with 2
a mean of 20 leaves (10 plants).

25 .53õ .

level, * : significant at 5% level_,
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Table 1-0. enalysis of variance for the effect of inoculation
site on a plant on leaf lesion area (cm,) of rapeseed
cul-tivars/lines Ínoculated with S. scTerotiorum and incubated
in a misting chamber for 2 days

Source" DF SS MS Fb

Replication
Line (A)
Error (a)
Inocul-ation site (B)
AxB
Error (b)

4
3

I2
i-
3

1-6

29.26
63 .12
25.77

2 .64
0. 85
4 .67

7 .32
2I.04
2.15
2 .64
0 .28
0.29

9. B0

9. t_B

0.99

**

**
NS

Total 39 126.25

" Experimental- design was a split plot design with 2
replications, each v/as a mean of 20 leaves (10 plants).
c.v.(a) L8.42, c.v.(b) 6.74e".

b ** - significant at l-% level, * : significant at 5% level,
ns not significant.


