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ABSTRACT

In a study of sclerotinia stem rot in commercial rapeseed

fields in East and West Central Saskatchewan in 1983 and 1984, several

factors relating to inoculum density were monitored when the crops

were in bloom. Carpogenically-germinated sclerotia were counted in I

II
specific areas. The frequencies of Sclerotinia-infested live and dead

petals, leafaxils and leaf bases were determined by plating on potato

dextrose agar with added rose bengal and streptomycin. The final

percentage of diseased plants was determined shortly before the crops

were swathed. The results demonstrated a significant relationship

between petal infestation at early bloom and final disease.

Significant relationships between germinated sclerotia and disease

were obtained only with intensive sampling. Infested petals and

disease were regularly found when apothecia were absent, thereby

demonstrating the infective potential of extrinsically produced

ascospores. The possibility of using petal infestation to forecast

stem rot and improve the economics of chemical control is discussed;

however, several, refinements in the technique are required.

Laboratory studies demonstrated the potential for petals to be

colonized by�. sclerotiorum before falling from the inflorescences

onto plant surfaces. Laboratory and field studies of the persistence

of water droplets in leaf axils, a major infection court of rapeseed,

demonstrated that water sometimes persisted for relatively long

periods even when ambient environmental conditions were generally

unfavorable for infection. In view of the moisture requirements for

infection, this may partially explain the occurrence of low to moderate

levels of disease in some rapeseed fields during relatively dry years.
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1. INTRODUCTION

Sclerotinia sclerotiorum (lib.) de Bary [syn. Whetzelinia

sclerotiorum (Lib.) Korf and Dumont] is an important plant pathogen due to

its worldwide distribution, its wide host range and the lack of consistent

control of many diseases it causes (Adams and Ayers, 1979; Purdy, 1979;

Steadman, 1979; Willetts and Wong, 1980). In western Canada stem rot

caused by �. sclerotiorum is a major disease of rapeseed (canola) (Martens

et �., 1984). The pathogen also attacks numerous other cultivated and

wild plant species (Morrall � �., 1976). Yield losses up to 64% (in

extreme cases) have been reported in rapeseed (Dueck � �., 1983; Morrall

� �., 1976; Thomson et �., 1984; Verma et �., 1983) and are

attributable to fewer and smaller seeds, the shattering of prematurely

ripened pods before and during harvest and the loss of shrivelled seed

during combining (Dueck, 1977; Morrall � �., 1976; Verma, 1983).

Similar data have been reported for rapeseed in Germany (Kruger, 1972,

1973, 1980). Seed quality is also affected. In addition to shrivelled

seed, sclerotia in seed lots increase dockage (Dueck and Sedun, 1983;

Morrall and Dueck, 1983; Thomson and Stelfox, 1983) and are considered

objectionable contaminants by Canada's export customers (Dueck, 1977;

Petrie and Dueck, 1979, 1980; Verma, 1983).

S. sclerotiorum is considered to be a simple interest pathogen

(Abawi and Grogan, 1979; Morrall and Dueck, 1982). Sclerotia survive in

soil for several years (Adams and Ayers, 1979) and under favorable

conditions germinate carpogenically to form apothecia, which in turn

release airborne ascospores (Abawi and Grogan, 1979; Willetts and Wong,

1980). Given favorable conditions these ascospores germinate and colonize

dead and senescent tissues such as fallen petals, which provide an energy
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source essential for the subsequent infection of I iving plant tissues

(Abawi �.2l., 1975; Kapoor et 21.,1983; McLean, 1958b; Natti, 1971;

Purdy and Bardin, 1953). Infections in rapeseed crops are often initiated

in leafaxils (Kruger, 1980; Morrall and Dueck, 1982) because the axils

trap both water and fallen petals, thereby providing a favorable

environment for ascospore germination and host infection. Infected

rapeseed plants develop bleached lesions on their stems, which later

become brittle and shred and may break near the soil line. Diseased

plants wilt and ripen prematurely as the lesions girdle the stems.

Sclerotia eventually form in the pith cavities and sometimes externally on

affected plant parts. The shattering of infected plants before and during

harvest causes these sclerotia to fall to the ground, thereby providing

inoculum for subsequent years. Sclerotia may also germinate

myceliogenically and cause infections at or below the soil line, but in

rapeseed fields in western Canada the predominant mode of infection is

sclerotinia stem rot has been reported for western Canada (Dueck � �.,

believed to be by ascospores (Dueck, 1977; Martens et .2l., 1984; Petrie

and Dueck, 1979, 1980; Verma, 1983). While successful chemical control of

1983; Morrall ��., 1983, 1984; Thomson �.2l., 1984), the "break even"

point with currently recommended fungicides is of the order of 180 to 200

Kg/ha yield increase (Morrall and Dueck, 1983; Thomson et �., 1984).

Thus, a reliable method of predicting disease incidence would improve the

economics of chemical control.

Kruger (1975a) stated that at least 3 apothecia/m2 must develop

under favorable infection conditions in winter rapeseed fields in Germany

in order to initiate epidemics of sclerotinia stem rot. However, in

western Canada severe infestations of stem rot were reported in fields
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in which few or no apothecia were found (Morrall and Dueck, 1982, 1983;

Stelfox � �., 1978). Given the potential for long-distance

dissemination of ascospores (Stelfox et !I., 1978; Williams and Stelfox,

1979), this is not surprising. Accordingly, monitoring apothecia in

rapeseed fields, even if feasible, is unlikely to be a reliable method of

predicting epidemics. A more realistic approach might be to monitor the

concentration of airborne ascospores.

In view of the above, a major objective of the present study was to

determine whether final disease in commercial rapeseed fields could be

better predicted by determining the frequency of contamination with

ascospores of various plant structures known to be commonly involved in

the disease cycle than by determining the abundance of apothecia in the

field. The other objective was to investigate the persistence of free

water in leafaxils, a major infection court of rapeseed (Kruger, 1980;

Morrall and Dueck, 1982). It was felt that the persistence of water in

leaf axils might provide useful information regarding the relationship of

epidemics to weather conditions. Studies in the USA on beans (Abawi and

Grogan, 1975; Grogan and Abawi, 1975) and in France on sunflowers

(Lamarque and Rapilly, 1981) have demonstrated the importance of moisture

for infection by�. sclerotiorum, and suggest that the minimum duration of

plant surface wetness necessary for infection to occur may vary among

species. However, some experimental work has produced exceedingly

variable results (Boland, 1984) and suggests that our understanding of

host infection is inadequate. Laboratory studies of rapeseed have been

done with detached leaves and greenhouse-grown plants (Brun � �., 1983;

Lamarque, 1983; Le Coz, 1981); however, field data are lacking. Moreover,

standard instruments for monitoring plant surface wetness (Sutton � �.,
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1984) measure water on flat or convex surfaces which are quite unlike the

cup-shaped, often large leaf axi Is of rapeseed plants. In the present

study the persistence of water droplets in leafaxils was measured during

the period rapeseed is susceptible to infection by ascospores, and macro

and microclimatic conditions (temperature and relative humidity (RH) under

the crop canopy) were simultaneously monitored.

,

�
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2. LITERATURE REVIEW

The literature on Sclerotinia sclerotiorum is very extensive

(Symposium on Sclerotinia: American Phytopathological Society Annual

Meeting, Oct. 31, 1978 In Phytopathology 69: 875-910, 1979; Willetts and

Wong, 1980), but in this review only those aspects of particular relevance

to the present study will be dealt with.

2.1 Effects of environmental factors on the disease cycle

2.1.1 Sclerotium germination and apothecium formation

Sclerotia of�. sclerotiorum germinate either myceliogenically

or carpogenically, producing mycelia and apothecia, respectively

(Willetts and Wong, 1980). In rapeseed crops ascospores are the

primary cause of epidemics (KrUger, 1975a; Morrall and Dueck, 1982;

Williams and Stelfox, 1979, 1980) whereas infections incited by

sclerotial mycelium are believed to be relatively uncommon (Dueck,

1977; Verma, 1983). Recent evidence suggests that the mode of

sclerotium germination is influenced by root exudates of the host crop

(Huang and Dueck, 1980; Rimmer and Menzies, 1983). Because carpogenic

germination has much greater epidemiological significance in rapeseed

crops, myceliogenic germination and infection will not be discussed

further.

Field observations have provided evidence that apothecium

production is greatly influenced by the environment, as sclerotia form

apothecia at varying rates in different years, different regions and

in different rapeseed stands (KrUger, 1974, 1975a; Morrall and Dueck,

1982). This ensures that apothecia will be produced only when
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environmental conditions favor ascospore germination and host

infection (Wi lletts and Wong, 1980).

2.1.1.1 Effects of temperature and moisture

Neither thermocycling nor low temperature pretreatment of

sclerotia are essential for carpogenic germination (Willetts and Wong,

1980). Although stipes are initiated from 5 to 250C, the optimum for

both stipe initiation and apothecium expansion is generally agreed to

be between 10 and 200C (Wi lletts and Wong, 1980). Extreme

temperatures inhibit germination (Kruger, 1980) and may also result in

apothecia developing abnormally or not at all (Willetts and Wong,

1980).

Moisture is essential for both stipe initiation and apothecium

expansion (Abawi and Grogan, 1975; Grogan and Abawi, 1975). Free

water is required, as stipes are not initiated at 100% RH (Bedi,

1962). Recent studies have shown that apothecia develop over a range

of matric potentials from 0 to -5 bars (Soland, 1984; Teo and Morrall,

1984), contradicting previous reports (Abawi and Grogan, 1975; Grogan

and Abawi, 1975) that apothecia develop only under saturated

conditions (0 bars). However, if even slight moisture tensions

inhibited germination one would not expect to find apothecia in

western Canada. This is because apothecium production is a relatively

slow process requiring adequate soil moisture for several weeks (Abawi

and Grogan, 1979; Morrall, 1977), and field conditions of 0 bars for

these prolonged periods occur rarely, if at all, in this region

(Morrall, 1977). The presence of apothecia in rapeseed fields in

western Canada (Morral I and Dueck, 1982, 1983; Williams and Stelfox,
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1979, 1980) is a clear indication that carpogenic germination occurs

at water potentials substantially lower than 0 bars.

The effects of temperature and moisture are closely

inter-related. It is generally recognized that sclerotia require

exposure for various lengths of time to cool, moist conditions before

they are capable of maximum carpogenic germination (Abawi and Grogan,

1979; Steadman, 1983). Letham (1975) reported that the time required

for the production of apothecial initials varies from 13 to 208 days.

However, high temperatures combined with dry soils not only inhibit

germination, but also prevent previously-germinated sclerotia from

forming apothecia since the stipes cannot break through the hard

surface layer of topsoil (Kruger, 1972). Sclerotia exposed to extreme

drying in the field demonstrate reduced capabilities for carpogenic

germination even after subsequent exposure to optimum conditions,

although they still remain viable (Abawi and Grogan, 1975).

2.1.1.2 Effects of light

Light is not required for sclerotia to produce stipes (Bedi,

1962; Purdy, 1956). However, stipes are positively phototropic (Bedi,

1962). The differentiation and full expansion of apothecial discs

requires light (Bedi, 1962; Purdy, 1956) and at least an 8 h

photoperiod (Bedi, 1962). Recently it was shown that wavelengths near

the UV part of the spectrum are the most important (Honda and Yunoki,

1977). Light dependency can be viewed as a mechanism by which this

fungus ensures that apothecia form above the soil surface, not below

it, so that ascospores can be effectively dispersed (Willetts and

Wong, 1980).
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2.1.1.3 Effects of sclerotium size and depth of burial in soil

Bedi (1963b) demonstrated a positive correlation between

sclerotium size and the number of apothecia produced. This is

probably a direct function of the amount of stored nutrients present.

Sclerotia are known to germinate at depths of 30 cm (Cook � �.,

1975), but most germination occurs nearer the soil surface (Bedi,

1962; Cook � �., 1975). Aeration is probably a major factor in

determining whether deeply buried sclerotia germinate (Bedi, 1962).

Moreover, if sclerotia are too deep when they germinate the stipes

will be unable to elongate enough to reach the soil surface and form

apothecia (Willetts and Wong, 1980). KrUger (1975a) showed that more

apothecia were produced by sclerotia at cm than at 5 cm depth.

Since apothecia with stipes longer than 3 cm are rarely produced under

field conditions, it is probable that only sclerotia in the top 3 cm

of soil are functional in producing apothecia (Abawi and Grogan,

1979) •

2.1.1.4 Effects of pH and the nutrient status of the substrate

Laboratory studies have shown that sclerotia produced on media

of differing pH show no difference in ability to produce apothecia

(Bedi, 1963a). However, the pH of the substrate on which sclerotia

rest affects both stipe initiation and apothecium expansion. The

optimum range for apothecium production is 6 to 9.7; outside this

range sclerotia produce only stipes or do not germinate at all (Bedi,

1963a).

Apothecium production is influenced by the nutrient status of

the substrate both when sclerotia are formed and when they germinate.

Bedi (1963a) showed that sclerotia formed under extremely nutrient-rich

,,�,
��
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conditions produce few or no apothecia and those formed under

nutrient-poor conditions produce rudimentary or undersized apothecia.

Sclerotia formed under optimum conditions for fungal growth are,

however, very fertile. Carpogenic germination is favored by

nutrient-poor conditions at the time of germination (Bedi, 1963a).

Nutrients tend to promote mycel iogenic germination, a process

antagonistic to carpogenic germination (Bedi, 1963a; Saito, 1977). In

this regard Smith (1972) found that remoistening dry sclerotia caused

them to leak nutrients and germinate myceJ iogenically rather than

carpogenically.

2.1.1.5 Interaction of crop canopy and physical factors

Light, moisture and temperature are all critical determinants

of stipe initiation and apothecium expansion, and crop canopy

influences al I of these factors (Williams and Stelfox, 1980).

Apothecium formation is associated with the development of a crop

canopy in fields of bean (Boland, 1984; Imolehin et �., 1980;

Schwartz and Steadman, 1978; Steadman, 1983), soybean (Boland, 1984)

and rapeseed (Morrall and Dueck, 1982). Thus, microclimatic

conditions under the crop canopy are of major importance in the

epidemiology of �. sclerotiorum. This is because the microcl imate

under a dense canopy remains relatively stable compared with the

macro-environment (Natti, 1971), and moderate ambient temperatures

combined with high water potentials in the upper layers of soil favor

both stipe initiation and apothecium expansion (Abawi and Grogan,

1979; Morrall and Dueck, 1982; Steadman, 1983).

,_.-._---------
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2.1.2 Ascospore discharge, dispersal and survival

Immature apothecia contain few ascospores (Kruger, 1974;

1975a), but a mature apothecium can discharge an estimated 2.32 x 106

ascospores over a period of 9 days, given favorable conditions

(Schwartz and Steadman, 1978). Since a single sclerotium can produce

up to 100 apothecia under exceptional circumstances, it thus has the

potential to produce over 230 million ascospores (Schwartz and

Steadman, 1978).

Mature asci forcibly discharge ascospores for distances of 1 cm

or more in response to sudden changes in RH (Abawi and Grogan, 1979).

Ascospores are released continuously in turbulent air, but in still

air they are discharged in bursts of about 0.1 sec duration, forming

temporary elongate columns of ascospores in the air above the

apothecia (Willetts and Wong, 1980). Mass discharge in still air

creates turbulence (Steadman, 1983) and is an advantage in the

penetration of the boundary layer of air, thus ensuring that at least

a few ascospores will be dispersed by whatever slight air currents

exi st (Wi lletts and Wong, 1980).

Laboratory studies have shown that apothecia require at least

98% RH to remain turgid and they collapse at lower RH's; however,

recovery can occur if the apothecia are returned to 100% RH (Partyka

and Mai, 1962). In the field high temperatures and dry soils

dehydrate apothecia and thereby inhibit ascospore discharge, so dry

apothecia are consequently of little importance as a source of

inoculum (Kruger, 1972, 1974, 1975a, 1975b, 1980). However, on

rehydration apothecia Can become functional again (Boland, 1984).
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Provided moisture is not limiting, temperature alone will

influence ascospore discharge. Laboratory studies have shown that

discharge occurs from 4 to 32oC, but is optimum at 22°C (Newton and

Sequeira, 1972). Lower than optimum temperatures greatly reduce the

number of ascospores released, and almost none are released at 4°C.

Higher than optimum temperatures have a similar effect, but whereas

apothecia can recover from prolonged exposure to low temperatures by

return to optimum conditions, high temperatures have a permanent

detrimental effect (Newton and Sequeira, 1972).

Field studies have shown that many ascospores are discharged

during warm, windy weather as long as the apothecia remain turgid, but

few ascospores are discharged during humid and rainy weather (Kruger,

1974, 1975a). Rain prevents ascospores from being discharged into the

air; instead, the ascospores diffuse into films of water present on

the apothecia and are eventually washed into the soil (Kruger, 1974;

1975a, 1975b, 1980). Heavy rains coincident with apothecium

maturation have been reported to reduce disease incidence in rapeseed

(Kruger, 1975b).

After discharge, ascospores can be carried by air currents for

several kilometers (Abawi and Grogan, 1979; Jones and Gray, 1977).

Disease development has been observed in fields of bean (Akai, 1981;

Natti, 1971) and rapeseed (Morrall and Dueck, 1983) where apothecia

were absent but were present in adjacent fields. Thus, windblown

ascospores are probably a major means by which field-to-field spread

of disease occurs. Ascospores are also disseminated by honeybees

(Muckel and Steadman, 1981; Stelfox � �., 1978), but this is .
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probably of minor importance in the spread of disease (Williams and

S tel fox, 1 979) •

The crop canopy may restrict dispersal to some extent by

preventing ascospores from entering air currents above the canopy.

Different crops probably have different abilities to restrict

ascospore movement (Williams and Stelfox, 1979), but further study is

required before any meaningful results are available. Rapeseed,

however, does not totally restrict ascospore movement (Williams and

S tel fox, 1 979 ) •

In general, ascospore mortality increases as temperature and RH

increase (Caesar and Pearson, 1983; Grogan and Abawi, 1975; Partyka

and Mai, 1962). Ascospores are known to survive as long as 12 days in

the field (Caesar and Pearson, 1983; Grogan and Abawi, 1975) and 21

days under laboratory conditions (Grogan and Abawi, 1975). Survival

of germinated ascospores is closely correlated with the nutrient

status of the substrate, the amount of hyphal growth and the formation

of appressoria and other resistant structures (Grogan and Abawi,

1975). Mycel ium in colonized bean blossoms is reported to remain

viable for more than a month (Steadman, 1983). UV radiation is also a

factor closely I inked with temperature and RH. Prolonged exposure to

UV radiation is lethal to ascospores (Caesar and Pearson, 1983).

\

2.1.3 Ascospore germination and host infection

Laboratory studies have shown that most ascospores germinate

wi thin 6 h from 10 to 300C (Abawi and Grogan, 1975). Germ tube growth

is optimum at 2SoC, and in bean the optimum for lesion initiation and

development is between 20 and 250C (Abawi and Grogan, 1975; Weiss et
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�., 1980). Growth of S. sclerotiorum occurs over a pH range of 2 to

10 (Tanrikut and Vaughan, 1951).

Ascospore germination and germ tube growth can occur at high RH

in the absence of free (liquid) water. Water potentials as low as -56

bars (=96% RH) do not adversely affect either the rate or the

percentage of germination, but lower potentials cause inhibition (Brun

� �., 1983; Grogan and Abawi, 1975). Germ tube growth is actually

stimulated by water potentials of -1 to -14 bars (Grogan and Abawi,

1975). The presence of exogenous nutrients in the form of senescent

petals also stimulates germination, germ tube growth and infection of

rapeseed (Brun � �., 1983; Kruger, 1975b).

Despite the ability of ascospores to germinate at less than

100% RH, Grogan and Abawi (1975) found that minima of 48, 16 and over

72 h of continuous leaf wetness were required for infection of bean by

ascospores, moist colonized petals and dry colonized petals,

respectively, and RH values near 100% were insufficient for infection.

Lamarque and Rapilly (1981) showed that 42 h of continuous leaf

wetness was necessary for infection of sunflowers. In contrast, Brun

�!I. (1983) and LeCoz (1981) showed that under laboratory conditions

ascospore-induced infections of rapeseed could occur without free

water as long as RH was maintained above 90%. Obviously, more work is

required to resolve these conflicts. In particular, it will be

necessary to separate the effects of RH on ascospore germination from

those on host penetration, and to determine if real differences exist

among different host species with respect to infection.

The minimum period of wetness required for )nfection to occur

is a close function of temperature. In general, as temperature
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increases the required duration of wetness decreases (Brun � �.,

1983; LeCoz, 1981). This is probably a reflection of the increased

growth rates of germ tubes and mycelium as temperatures increase to

the opt ima.

2.2 Effects of current farming practices on the disease cycle

Because both the density and distribution of sclerotia in soil

are affected by farming practices, considerable attention has been

given in recent years to the ways in which these practices affect

certain aspects of the disease cycle of �. sclerotiorum. The

objectives of these studies have been to develop management programs

for disease control.

2.2.1 Crop rotation, tillage and seed

The crop history of a field is a major factor in determining

the population of sclerotia in the soil. Due to long term survival

(Adams and Ayers, 1979) populations are not appreciably diminished for

at least 3 years of a non-host crop after a host crop (Schwartz and

Steadman, 1978; Will iams and Stelfox, 1980). However, Williams and

Stelfox (1980) showed that two consecutive years of rapeseed increased

the soil population of viable sclerotia when compared with a single

year of rapeseed. Thus, the currently recommended 4-year rotation of

*

rapeseed with non-host crops may be useful for preventing increases

in sclerotium populations, but is probably ineffective in causing

*
1984 Guide to Farm Practice in Saskatchewan, University of

Saskatchewan, Saskatoon.
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populations to decline. Ascospores from extrinsic sources can further

null ify the effects of rotation (Hims, 1979; Morrall and Dueck, 1982,

1983; Wi II iams and Stelfox, 1979; 1980).

Tillage has both positive and negative effects on sclerotium

populations in soil. Tillage generally assures the presence of at

least some sclerotia on or near the soil surface each year (Cook!!

!l., 1975). Deep ploughing, which has been suggested for control of

white mold of bean and lettuce drop (Merriman, 1976; Merriman et !l.,

1979), reduces the number of sclerotia near the soil surface (Abawi

and Grogan, 1975) and, thereby, the number capable of producing

apothecia (Abawi and Grogan, 1979; Willetts and Wong, 1980). Deeply

buried sclerotia can, however, remain viable for several years (Cook

et !l., 1975) and be brought back to the soil surface by deep tillage

in subsequent years (Merriman!! !l., 1979; Williams and Stelfox,

1980). Furthermore, infested straw and cull seeds that are worked

into the soil stimulate sclerotium formation (Cook et �., 1975;

Kruger, 1975c), thereby increasing inoculum levels. It is therefore

doubtful that deep ploughing is a val id general recommendation since

not all sclerotia are rendered non-functional and disease severity may

be unaffected (Steadman, 1983).

The greatest potential for long-distance dissemination of

Sclerotinia spp. is via sclerotium-contaminated seed (Adams and Ayers,

1979). Sclerotia are commonly found in harvested rapeseed (Dueck and

Sedun, 1983; Thomson and Stelfox, 1983), and sowing contaminated seed

not only increases inoculum levels in fields already infested with

sclerotia, but can also introduce the disease into new fields. The

use of certified seed can, however, reduce this risk (Steadman, 1979) •
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2.2.2 Weed control and sanitation

The population of sclerotia in a field can increase in the

absence of a host crop if susceptible weeds are present. The benefits

of a good weed control program are obvious and, given the potential

for wild host plants to act as a source of inoculum (Abawi and Grogan,

1975; Hims, 1979), weed control should not be limited to cropped land.

However, recent laboratory studies (P.R. Verma, personal

communication) have shown that some herbicides have significant

stimulatory effects on sclerotium production. Stimulation of

carpogenic germination by herbicides has also been reported (Radke and

Grau, 1981, 1982). Thus, the continued use of herbicides and other

agricultural chemicals must be re-evaluated with respect to their

effects on both the production and germination of sclerotia in the

field.

Soil containing infested plant debris and sclerotia can be

distributed within and among fields by adhering to animals' feet,

farmers' boots and farm implements (Adams and Ayers, 1979). Keeping

.machinery and footwear clean are obvious ways to minimize this, but

little can be done about animals. Manure from cattle fed or bedded on

diseased plant tissue also provides a source of inoculum if spread on

fields (Adams and Ayers, 1979). Simi larly, infested straw and cull

seeds are a source of inoculum and should not be redistributed in or

among fields after harvest (Steadman, 1979). Kruger (1975c) suggests

that burning infested plant debris may be an effective way to destroy

this source of inoculum, but this is unl ikely to be completely

effective due to the heat resistance of air-dry sclerotia {Dueck et
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�., 1981) and because not all sclerotia are exposed to the flames

(McLean, 19S8a).

2.2.3 Resistant cultivars, biological control and chemical control

Bean cultivars have been reported in the USA which are

resistant or tolerant to infection by �. sclerotiorum either through

inherent (physiological) resistance (Anderson et �., 1974; Coyne et

!l., 1977; Grau � �., 1982) or through characteristics of plant

architecture and canopy density which create unfavorable microclimatic

conditions for disease development (Blad et �., 1978; Coyne � �.,

1974; Schwartz et !!., 1978; Steadman � �., 1973). However, no

resistant rapeseed cultivars have yet been developed (Kruger, 1980;

Morrall and Dueck, 1982, 1983; Dueck � �., 1983). Late seeding has

been suggested as a means of "escape" from infection for rapeseed, but

since yields are also affected, further evaluation is required

(Morrall and Dueck, 1982).

Despite the recent success of control of Sclerotinia minor

Jagger in truck farming fields with the hyperparasite Sporidesmium

sclerotivorum Uecker, Ayers and Adams (Adams and Ayers, 1981, 1982),

effective and economical biological control of Sclerotinia

sclerotiorum in field crops is a distant prospect. Soil-applied

chemicals have been used to destroy sclerotia or prevent their

germination, but airborne ascospores from outside the treated areas

often nullify any benefits conferred by these treatments (Steadman,

1979). Fol iar-applied fungicides, however, show great promise for

disease control. Fungicides are widely used in Europe on winter

rapeseed (R.A.A. Morrall, personal communication), and recent studies

in western Canada have resulted in the registration of benomyl and
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iprodione for control of stem rot of spring rapeseed (Dueck � �.,

1983; Morrall � �., 1983, 1984; Thomson � �., 1984). The present

cost of this chemical control in western Canada is of the order of

$SO.OO/ha; thus, it must be carefully evaluated in terms of potential

gains in yield. Although results are not always consistent, yield

increases of 4 to 177% have been reported (Dueck � �., 1983; Thomson

� �., 1984; Verma � �., 1983). Knowledge of the disease potential

and potential yield loss in a field would, therefore, be a great asset

in helping growers decide whether to invest large sums of money in

chemical control.

2.3. Disease forecasting

Epidemics cause serious financial losses to growers. Yield

losses attributable to�. sclerotiorum range from 0 to 100% in

different crops with concomitant financial losses (Purdy, 1979). Loss

of qual ity, loss of expenditures when control measures are ineffective

and the production lost due to planting fields to less lucrative

non-host crops instead of preferred crops also contribute to the total

financial loss (Purdy, 1979). Disease control must, therefore, be a

major consideration in farm management.

Disease management programs can be made easier to plan and more

cost-effective if growers can be made aware of the disease potential

of their fields early in the growing season. Approaches to disease

forecasting have three basic ingredients: the host, the pathogen and

the weather (Fry, 1982; Zadoks, 1984). Host-oriented forecasting

systems are generally strategic and are used in risk assessment.

Pathogen-oriented systems predict disease severity on the basis of
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inoculum levels. Weather-oriented systems predict the occurrence or

the efficacy of inoculum or both. Alone each of these systems makes

assumptions; e.g. weather-oriented systems assume the pathogen is

present in sufficient quantity to cause serious disease and that the

host is phenologically susceptible to infection. Thus, the "ideal"

forecasting system should include all three basic ingredients. This

does not, however, preclude the value of forecasts based only on one

or two ingredients provided the IImissing" ones are not limiting.

A forecasting system using measurements of rainfall, soil

moisture, canopy density and blossom development to determine whether

conditions were favorable for ascospore production and disease

development was developed a few years ago in New York State for

management of white mold of snap beans (Hunter, 1981; Rose et !l.,

1983). A more recent study considered the feasibility of forecasting

the occurrence of apothecia, hence ascosporic inoculum, and disease on

the basis of measurements of soil moisture alone, which was shown to

be more accurate than forecasts based solely on rainfall (Hunter et

!l., 1984). However, because measurements of inoculum density were

- absent or imprecise, these systems predicted more disease than

actually occurred in wet years when sclerotia were probably the

limiting factor in disease development (J.E. Hunter, personal

communication; Rose et !l., 1983). A similar forecasting system was

recently developed in western Canada for management of stem rot of

rapeseed (Anon., 1982, 1984). This system employs an arbitrary scale

of points for qualitative measures of crop history, crop density,

potential yield, probable degree of lodging, soi I moisture, presence

of water in the crop canopy, weather conditions before and during

�,,' ,',
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bloom and the presence of apothecia in and around the field.

Fungicide application is deemed necessary if the total number of

points assigned exceeds a predetermined threshold. Because disease

comprises interactions of host, pathogen and environment the accuracy

of both forecasting systems could be improved by a more precise

determination of inoculum levels in the field.

Recent studies in eastern Canada demonstrated a significant

relationship between apothecium density and disease in large (105 m2)

plots of white bean and soybean (Boland, 1984; Boland and Hall, 1982,

1983). Because these data suggest that apothecium monitoring may be

an important variable in a white mold forecasting model, the system

developed in New York is currently being modified to include an actual

measure of apothecium density (J.E. Hunter, personal communication).

However, apothecium monitoring is not practical in non-row crops like

rapeseed because of the large scale destructive sampling required.

Furthermore, no clear inoculum density-disease incidence (10-01)

relationships have yet been demonstrated for sclerotinia stem rot of

rapeseed. Kruger's (1975a) statement that epidemics of stem rot in

�..... '
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winter rapeseed fields in Germany require the development of at least

3 apothecia/m2 under favorable infection conditions is a qual itative

observation that does not seem to apply to spring rapeseed in western

Canada: Morrall and Dueck (1982, 1983) have reported severe

infestations in fields with few or no apothecia. The role of

extrinsically produced ascospores in causing disease in spring

rapeseed may, therefore, be of considerable importance (Hims, 1979;

Morrall and Dueck, 1982, 1983; Williams and Stelfox, 1979, 1980).

Accordingly, determining ascospore concentrations above the crop
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canopy and on plant surfaces might reflect the disease potential of

any particular field better than the density of apothecia.

Predictions of white mold and stem rot based on host and

weather provide qualitative estimates of disease occurrence and

severity (Anon., 1982, 1984; Hunter !! �., 1984; Rose et �., 1983).

Provided inoculum levels can be effectively monitored the addition of

a val id 10-01 relationship to these forecasting systems would improve

their accuracy and, when combined with rel iable yield loss data,

provide estimates of the potential dollar loss. This would provide

growers with a reasonably sound economic basis on which to decide

whether to invest in chemical control. Timing, however, becomes very

important: the pathogen must be monitored when the crop is

phenologically susceptible to infection and predictions must be made

quickly to allow growers time to act. An inherent element of risk,

however, is that these forecasting systems assume weather conditions

will remain conducive to disease after chemical control has been

implemented. Thus, if disease development is wholly or partially

arrested by unfavorable weather conditions shortly after fungicide

application, the investment in control may not payoff.
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3. INOCULUM DENSITY - DISEASE INCIDENCE RELATIONSHIPS IN SCLEROTINIA
STEM ROT OF RAPESEED (CANOLA)

3.1 Field studies - 1983

3.1.1 Materials and methods

Early in July three commercial rapeseed (Brassica napus cv

Westar) fields were chosen 8 km east of Melfort, Saskatchewan. The

fields were within 14 km of each other in a north-south direction.

Criteria for selecting fields were the presence of apothecia,

suitability of the stand (weediness, crop density, growth stage) and

the willingness of the growers to allow destructive sampling. Ten

sites per field were marked with 2 m-tall stakes about 25 m apart in

one field and 50 m apart in the two others.

On three dates corresponding approximately to early, full and

2
late bloom the number of germinated sclerotia per 3.5 m was

determined at each site by searching for apothecia in an area 10 m

long by 35 cm wide (the approximate distance between three rows of

plants). A cluster of apothecia was counted as one germinated

sclerotium. Results were later adjusted to a per m2 basis. Adjacent

to these 10 m-long areas 20 each of live and dead petals and 10 each

of leafaxils and leaf bases were collected on at least two of the

dates. Live petals were picked with forceps from fully expanded

flowers; one petal was collected per flower and one flower was used

per plant. Dead petals were picked with forceps from leaf surfaces

and out of leafaxils. Leaf axils and leaf bases no higher than 40 cm

from ground level were cut with scissors from plants. Each petal

sample from each site was kept in a separate plastic petri dish

containing moist filter paper, which prevented the petals from drying

out and clustering together. Leaf axils and leaf bases were kept in

c�\
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plastic bags with either two leafaxils or two leaf bases per bag.

All samples were labelled with the appropriate field and site. On the

second sampling date live and dead petals were also collected at three

sites in a fourth field within the same sampling area where no

apothecia had been found either before or on the sampling date.

Throughout the sampling clean, but not sterile, techniques were used.

On each sampling date the growth stages (GS) of the crops according to

Harper and Berkenkamp (1975) (Appendix A) were recorded.

As soon as possible after collection, all plant samples were

transferred to a motel room in Melfort where they were plated on

sterile Difco fotato Qextrose �gar containing 40 ppm �ose �engal and

30 ppm �treptomycin sulfate (PDA + RBS). The medium was prepared in

advance, autoclaved for 15 min at 117 kPa and 1200e, then dispensed

into 9 cm-diameter plastic petri dishes (15 ml per dish). After

cooling, the plates were packed into plastic sleeves and stored in a

cold room (5 to 7°e) until required.

Four petals were placed equidistant from each other in each

petri dish. Leafaxils and leaf bases were trimmed with a scalpel and

plated 2 per dish. All petri dishes were labelled with the

appropriate date, site and field. Samples were then transferred to

Saskatoon and incubated at room temperature (22 to 26°e) on the lab

bench for 11 days, at which time the presence of �. sclerotiorum was

scored for each plated structure. The fungus was identified by the

presence of sclerotia. The rationale of using this medium was that

preliminary tests showed that if present, Sclerotinia would outgrow

most other fungi.
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Final % diseased plants in each field was determined in

mid-August (GS 5.3) shortly before the crops were swathed. At each

site 100 plants were scored for the presence of stem lesions.

3.1.2 Results and discussion

The results are presented in Figures 1 to 17. Four sites in

Field 3 were omitted because at those locations the stand was

atypically sparse.

For any individual field no clear relationships were evident at

any plant growth stage between final disease (y) and a series of

independent variables (X), namely, number of germinated sclerotia/m2

and the frequencies of Sclerotinia-infested I ive petals, dead petals,

leafaxils and leaf bases. This was largely due to the lack of wide

within-field ranges of values for many of the variables: site-to-site

variation of final disease did not exceed 18% in any field and the

ranges of XiS were often similarly restricted. This caused clustering

of data along one or both axes. Regression analyses of data from

individual fields were not, therefore, I ikely to provide useful

.

information, especially considering the few degrees of freedom for the

error mean square (MSE) and the fact that it was obvious that within

any field, Y often varied over most of its range for any given value

of X. Calculating the regressions confirmed this and the results are

not reported here.

Consideration of the combined data from all three fields

provided a broader perspective of potential relationships between

inoculum and disease because the observed ranges of most of the

variables were greatly increased. In this sense it was fortunate that

the three fields had different ranges of % diseased plants with no
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Figures 1-3. Scatter diagrams of final % diseased plants" against

germinated sclerotia/m2 on three sampling dates (SO) for

three rapeseed (Brassica napus cv Westar) fields near

Melfort, Saskatchewan in 1983.

Field 1 = 0, Field 2 = b. , Field 3 = 0 .

Fig. 1 : SO 1 = 11-12 Ju I y, in growth
+

(GS)crops stage
4.1-4.2 ( ea r I y bloom).

Fig. 2: SO 2 = 20-21 July, GS 4.2-4.4 (fu II bloom) •

Fig. 3: SO 3 = 28-29 July, GS 4.4-5.1 ( I a te bloom) •

*
Final disease determined 18 August, GS 5.3.

+
Growth stages are according to Harper and Berkenkamp (1975)
(Appendix A).
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Figures -. Scatter diagrams of final % diseased plants agalns

% Sclerotinia-infested petals on three sampling dates

(so) for three rapeseed (Brassica napus cv Westar)

fields near Melfort, Saskatchewan in 1983.

Field 1 = 0, Field 2 = A, Field 3 = 0 .

Fig. 4: live pe ta I s on SO 1 (11-12 July), crops in

growth stage+ (GS) 4.1-4.2 (early bloom) •

Fig. 5: live peta I s on SO 2 (20-21 July), GS 4.2-4.4

( f u I I bloom).

Fig. 6: dead petals on SO 2.

Fig. 7: dead petals on SO 3 (28-29 July), GS 4.4-5.1
( 1 ate bloom).

*
Final disease determined 18 August, GS 5.3.

+
Growth stages are according to Harper and Berkenkamp (1975)
(Append i x A).
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Figures 8-10. Scatter diagrams of final % diseased plants* against � l� 40 ••

PERCENT INFE5�C -: � �
.

% Sclerotinia-infested leafaxils on three sampling

dates (SO) for three rapeseed (Brassica napus cv

Westar) fields near Melfort, Saskatchewan in 1983.

Field 1 = 0, Field 2 = A , Field 3 = 0 .

Fig. 8: SO 1 = 11-12 July, crops in growth stage+ (GS)
4.1-4.2 (early bloom).

Fig. 9: SO 2 = 20-21 July, GS 4.2-4.4 (fu II bloom) •

Fig. 10: SO 3 = 28-29 July, GS 4.4-5.1 ( I a te bloom) •

*
Final disease determined 18 August, GS 5.3.

+
Growth stages are according to Harper and Berkenkamp (1975)
(Appendix A).
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% Sclerotinia-infested leaf bases on three sampl ing
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Figures 11-13. Scatter diagrams of final % diseased plantsn against

dates (SO) for three rapeseed (Brassica napus cv o 20 40 t.

PERCENT INFE5TEC �:� =

Westar) fields near Melfort, Saskatchewan in 1983.

Field 1 = 0, Field 2 = A, Field 3 = 0 .

Fig. 11 : SO 1 = 11-12 July, crops in growth stage
+

(GS) 4.1-4.2 ( ea r I y bloom).

Fig. 12 : SO 2 = 20-21 July, GS 4.2-4.4 ( f u I I bloom) •

Fig. 13 : SO 3 = 28-29 July, GS 4.4-5.1 ( I ate bloom) •

*
Final disease determined 18 August, GS 5·3. �. I

..

+
Growth stages are according to Harper and Berkenkamp (1975)
( Appen d i x A).
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overlap (Field 1: 0 to 8%; Field 2: 38 to 52%; Field 3: 12 to 30%);

thus, the fields could arbitrarily be classified as having had low

(Field 1), moderate (Field 3) and high (Field 2) levels of disease.

On this scale Figures 1 to 13 show a general trend in that low levels

of inoculum were associated with low levels of disease and moderate or

high levels of inoculum with higher levels of disease. This is most

clearly depicted by Figure 4, which suggests that a curvilinear

relationship existed between the frequency of Sclerotinia-infested

I ive petals at early bloom (sampl ing date 1
....

= 11-12 July, GSn 4.1-4.2)

and final disease. While the low inoculum, low disease - high

inoculum, high disease relationship has a sound biological basis, the

biological basis for a curvilinear relationship is not obvious.·

Notwithstanding the general inoculum-disease relationships discussed

above, combining the data from all three fields results in a

"structuring" of observations; thus, regression analysis would be

statistically questionable.

Analysis of variance (Steele and Torrie, 1980) demonstrated

significant differences among fields for the means of al I but one (%

infested dead petals on sampling date 3) of the variables monitored

(Table 1). However, it could not be determined with certainty among

which fields differences existed because heterogeneity of variances

precluded val id pairwise comparisons of means without first equal izing

the variances by some transformation of the data. This was not

attempted because the data were rather I imited (small and unequal

sample sizes). Despite this, some additional information was obtained

*

Appendix A

\
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Table 1. Analysis of variance among fields for all variables monitored in

three rapeseed (8rassica napus cv Westar) fields near Melfort,

Saskatchewan in 1983.

Variable* Field

F value Significant

(2, 23 df) at p =

% Diseased plants

Germinated sclerotia/m2
(date 1)

Germinated sclerotia/m2
(date 2)

Germinated sclerotia/m2
(date 3)

% Infested live petals
(date 1)

% Infested 1 ive petals
(date 2)

% Infested dead petals
(date 2)

% Infested dead petals
(date 3)

% Infested leafaxils
(date 1)

% Infested leafaxils
(date 2)

% Infested leafaxils
(date 3)

% Infested leaf bases
(date 1)

% Infested leaf bases
(date 2)

% Infested leaf bases
(date 3)

1

2
3

3.0 ! 0.8
44.9 + 1.5
21.3 "+ 2.7

217.30 0.005

1
2
3

0.32 + 0.10
1.94 + 0.26
2.33 ! 0.30

1.46 + 0.56
3.00 ! 0.36
4.00 + 0.40

23.55 0.005

1
2

3

1
2
3

0.37 ! 0.19
1.46 + 0.36
2.38 + 0.60

19.0 ! 3.2
91.0 + 1.8
80.8 + 5.1

68.0 + 8.1
99.5 + 0.5
52.5 + 6.8

73.5 + 4.7
98.5 + 1.1
93.3 + 3.1

87.0 + 3.2
93.5 + 1.8
89.2 :; 5.5

6.79 0.005

1
2
3

1
2

3

1
2
3

1
2

3

1

2
3

4.0 ! 2.7
33.0 + 3.4
51.7 :; 10.1

7.09 0.005

1
2

3

34.0 + 6.7
72.0 + 6.8
53.3 ! 8.5

49.0 + 6.7
67.0 + 6.0
41.7 ! 7.9

4.0 + 2.2
31.0 + 6.0
35.0 + 7.2

40.0 + 7.2
66.0 "+ 4.3
41.7 ! 7.0

52.0 + 5.5
67.0 "+ 4.0
40.0 ! 8.9

166.68 0.005

1
2

3

1
2
3

1
2
3

1
2

3

14.88 0.005

16.59 0.005

1.17 NS

22.55 0.005

8.04 0.005

3.57 0.050

11.02 0.005

5.92 0.010

5.04 0.025

*

Sampling dates (SO) and growth stages (GS) were: SO 1 = 11-12 July, GS
4.1-4.2 (early bloom); SO 2 = 20-21 July, GS 4.2-4.4 (full bloom); SO 3 =

28-29 July, GS 4.4-5.1 (late bloom). Final disease determined 18 August. GS
5.3. Growth stages are according to Harper and Berkenkamp (1975)
(Appendix A).

+Sased on 10 observations (sites) in Fields 1 and 2 and 6 observations in
Field 3.

�
..
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by examining the means and standard errors (SE): Field 1 had

substantially lower inoculum levels than Fields 2 and 3 on the first

sampling date (11-12 July, GS 4.1-4.2), but this was not always

evident on the second (20-21 July, GS 4.2-4.4) and third (28-29 July,

GS 4.4-5.1) dates. Differences between Fields 2 and 3 were also not

always evident; however, in the case of % Sclerotinia-infested live

petals at early bloom, this would not be surprising, given the limited

number of samples, if the relationship with disease were indeed

curvi linear. Final disease was significantly different among all

three fields, but this was not unexpected since no overlap in the

ranges of values of % diseased plants occurred.

The same sorts of observations and conclusions applied to

relationships between the number of germinated sclerotia/m2 and the

frequency of Sclerotinia infestation of the various plant structures

monitored (Figures 14 to 17). Within-field relationships were not

evident, but on a broader perspective low numbers of germinated

sclerotia were associated with low levels of infestation of plant

structures and moderate to high numbers of germinated sclerotia with

higher levels of infestation. However, there was considerable

variation in the results and in several cases moderate to high levels

of infestation occurred when germinated sclerotia were absent or

infrequent. Except for dead petals only results from the first

sampl ing date are reported here (Figures 14 to 17) since they show the

strongest relationships.

These results suggest that ascospores from extrinsic sources

(Hims, 1979; Morrall and Dueck, 1982, 1983; Wi II iams and Stelfox,

1979, 1980) are probably very important not only in confounding
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Figures 14-17. Scatter diagrams of % Sclerotinia-infested plant

structures against germinated sclerotia/m2 for three

rapeseed (Srassica napus cv Westar) fields near

Melfort, Saskatchewan on two sampling dates (SO) in

Field 1 =0, Field 2 =/::;" Field 3 =0.

Fig. 14: live petals on SO 1 (11-12 July), crops in
+

growth stage (GS) 4.1-4.2 (early bloom) •

Fig. 15 : dead petals on SO 2 (20-21 July), GS 4.2-4.4
(fu 11 bloom) •

Fig. 16 : leaf ax i Is on SOL

Fig. 17 : leaf bases on SO 1.

*
Growth stages are according to Harper and Berkenkamp (1975)
(Appendix A).



-----....--------�--------------------
-------_._-- ---

�j \

..
, .: �.:: ':a':rfested plant

", T:: s::erotia/m2 for tnree

I" ,. ••• \.. I d� .1 '-l.3�1 ne s near

.

:.' :.: ::-:1 i19 dates (SO) in

, :,- ::.
.

;.12 July), crops in

l/ :: ' .... J (early bloom),

. :t ::: ::'il July), GS U·U

"( .. '

37

-

U)
_J

s
w
a...

w
>
:::J
0
W
....
U)
W
u,
Z

.... 2z
w
u
0:::
W
a...

N
<II

'0

®
::g 100 bo bo bo bo J::o, boO�bo ®U)

c 0 bo 0
_J

� bo 0

C
W

a a 0a...

bo

bo bo 0 bo

bo � .til:>.

Obo

bo 0

0

0

c

a
c

a 1.0 2.0 3.0 4.0 5.0 6.0

GERMINATED SCLEROTIA 1m2 (date 1)

10

U)
_J

x
«
LL
«
w
_J

CI
W
I
U'I
W
LL
z
I
Z
W
u
0:::
W
a...

0

0

0

bo 0

bo LIO. 4)

bo bo

bo bo bo

0

1.0 2.0 3.0 4.0 5.0 6.0 10

GERMINATED SCLEROTIA 1m2 (datel)

®

o

o OboLlO. 0

o

1.0 2.0 3.0 4.0 5.0 6.0 10

GERMINATED SCLEROTIA 1m2 (date 1)



\ 38

relationships of final disease and infestation of plant structures

with the number of germinated sclerotia in a field, but also in

causing disease some distance from their source. Observations made in

Field 4 support this hypothesis: although no germinated sclerotia

were found�. sclerotiorum was isolated from both live and dead

petals. The means (� SE) of 3 sites when the crop was in GS 4.2-4.3

(full bloom) were 31.7 � 6.0 and 61.7 � 7.3 % infestation for live and

dead petals, respectively. Again based on a mean of 3 sites,

10.7 � 6.7 % diseased plants occurred in the field. This study,

therefore, is supportive of previous reports (Morrall and Dueck, 1982,

1983) of epidemics of stem rot occurring in fields containing few or

no apothecia.

The results of this study demonstrated the need for a more

detailed examination of the relationship between the frequency of

Sclerotinia-infested petals relatively early in the bloom period and

final disease. This required that more extensive sampling be done

under conditions that would provide unstructured observations of the

relationship over a wide range of values of % diseased plants. Field

studies for 1984 were planned with this in mind.

3.2 Field studies - 1984

3.2.1 Materials and methods

In order to maximize the probability of obtaining a wide range

of values of % diseased plants, both intensive and extensive studies

were done in 1984. Though originally planned for the Melfort area,

studies were conducted near Meadow Lake, Saskatchewan because of dry

weather at Melfort during the pre- and early bloom stages of most
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commercial crops. For the intensive study 50 sites approximately 25 m

apart were marked as in 1983 in a single B. napus cv Westar field

located 10 km west and 12 km north of Meadow Lake. For the extensive

study a single site was marked in each of 27 other fields (21 �.

napus, 6 �. campestris) within 10 km of the intensive study field. At

each site in both the intensive and extensive studies the number of

germinated sclerotia/m2 was determined and samples of live and dead

petals were collected and stored as in 1983. Samples of leafaxils

and leaf bases were not collected in 1984 because the most promising

results were obtained in 1983 with petals; furthermore, sampling and

plating ofaxils and bases was more time-consuming than with petals

and hence would be impractical in a pest management program. Even

with this reduced sampling, time constraints prevented more extensive

sampling; moreover, samples in the intensive study were taken on only

two dates five days apart because the crop was already approaching

full bloom when the field was located. In the extensive study samples

were taken only on one date except in 10 fields in which the crops

were not as advanced as in the others; there, a ?econd set of samples

was taken five days after the first. Since most fields in the

extensive study were in or approaching full bloom on the first

sampling date, it was felt that it would be useful to obtain

additional data from the 10 less mature fields when they were at the

same growth stage as the majority of the fields on the first date.

For both the intensive and extensive studies, growth stages were

recorded as in 1983. Petal samples were plated on PDA + RBS as soon

as possible in a motel 'r oom in Meadow Lake.
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In response to rain in mid-July, 30 sites were marked as in

1983 in a late-seeded field of B. campestris cv. Tobin located 6.S km

north and 2.5 km east of Melfort, Saskatchewan. No apothecia were

found in this field although they were abundant in an adjacent cereal

field; hence this rapeseed field provided an opportunity to assess a

possible dispersal gradient of extrinsic inoculum. Since this field

was also being used in a chemical control study, the sites were

restricted to the ends of five check strips (Figure 18). Live and

dead petals were sampled at each site on two dates three days apart

during early to full bloom. Growth stages of the crop were also

recorded on each sampling date as in 1983. Petri dishes containing

PDA + RBS were exposed at mid-canopy height (on inverted flower pots)

overnight at each site on each sampling date in an attempt to trap

airborne ascospores sedimenting from the air. These dishes were

collected early the following morning. Collection and plating of

petal samples was done as in 1983.

All plated samples from Meadow Lake and Melfort were

transferred to Saskatoon as soon as possible and incubated as in 1983.

Dishes with petals were scored as in 1983. Exposed petri dishes were

incubated for 10 days to detect S. sclerotiorum. Final % diseased

plants was determined as in 1983 but with a 200-plant sample at each

site. Also at this time the number of plants in a one m2 quadrat was

counted at each site to determine crop density.

3.2.2 Results and discussion

3.2.2.1 Meadow Lake

The results are presented in Figures 19 to 35. In both studies

relatively broad ranges of % diseased plants were obtained: 9 to 75%
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Figures 19-21. Scatter diagrams of final % diseased plantsA against

germinated sclerotia/m2 on two sampl ing dates (SO) and

...

crop densityA for a rapeseed (Brassica napus cv

Westar) field near Meadow Lake, Saskatchewan in 1984

(Intensive study).

Fig. 19 : SO 1 = 11 - 1 2 J u I y , crop i n growth s tage
+

(GS) 4.2-4.3 (full bloom). The line

represents the linear regression of
transformed Y values on X as follows:

yl = 0.459 + 0.064X (r2 = 0.32, p = 0.005)

where yl = -In [1 - (ASINv'Y/100)].
Fig. 20: SO 2 = 16-17 July, GS 4.3-4.4 (full bloom).

Fig. 21: crop density (plants/m2), GS 5.2-5.3.

*
Final disease and crop density determined 18 August, GS 5.2-5.3.

+
Growth stages are according to Harper and Berkenkamp (1975)
(Appendix A).
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Figures 22-2S. Scatter diagrams* of final % diseased plants+ against

% Sclerotinia-infested petals on two sampl ing dates

(SO) for a rapeseed (Srassica napus cv Westar) field

near Meadow lake, Saskatchewan in 1984 (Intensive

study).

live petals on SO 1 (11-12 July), crop in

growth stage� (GS) 4.2-4.3 (full bloom).

Y' = 0.lS8 + O.OOSX' (r2 = 0.17, p = 0.005)

Fig. 23: live petals on SO 2 (16-17 July), GS 4.3-4.4
( full bloom).

Fig. 22:

Fig. 24: dead petals on SO 1.

Y' = -0.019 + 0.008x' (r2 = 0.31, p = O.OOS)

Fig. 2S: dead petals on SO 2.

*
The 1 ines represent linear regressions of transformed Y values on

transformed X values as follows:

Y' = -In [1 - (ASIN1/Y/100)]
X, = ASI�

+
Final disease determined 18 August, GS 5.2-S.3.

::t:
Growth stages are according to Harper and Berkenkamp (197S)
(Appendix A).
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Brassica napus, 6 �. campestris) fields near Meadow

lake, Saskatchewan in 1984 (Extensive studY)+.

Figures 26-29. Scatter diagrams* of final % diseased plants against

various independent variables for 27 rapeseed (21

Fig. 26: germinated sclerotia/m2•

Fig. 27: crop density (plants/m2).
Fig. 28: live petals

V' = 0.111 + 0.003X' (r2 = O. 16, p = O.OSO)

Fig. 29: dead petals
V' = 0.004 + O.OOSX' (r2 = 0.28, p "" O.OOS)

.....

AThe I ines represent linear regressions of transformed V values on

transformed X values as follows:

V' = -In [1 - (ASI�]
X, = ASINVX/100

+
Data for germinated sclerotia and infested petals are from crops in

growth stage (GS) 4.2-4.3 (full bloom). Sampling dates were 12-13
July for 17 fields (�) and 17 July for 10 fields (A). Final disease
and crop density determined lS-17 August, crops in GS S.2-5.4.
Growth stages are according to Harper and Berkenkamp (197S)
(Appendix A).
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Figures 30-33. Scatter diagrams of % Sclerotinia-infested petals

against germinated sclerotia/m2 for intensive and

extensive studies of rapeseed fields near Meadow Lake,
...

Saskatchewan in 1984.
n

Fig. 30: live petals - Intensive study.

Fig. 31 : dead petals - Intensive study.

Fig. 32: live petals - Extensive study.

Fig. 33: dead petals - Extensive study.

*
Intensive study done in one field of Brassica napus cv Westar.

Sampling date (SO) was 11-12 July, crop in growth stage (GS) 4.2-4.3.
Extensive study done in 21 �. napus and 6 �. campestris fields. SO's
were 12-13 July for 17 fields (�) and 17 July for 10 fields (A) to

provide data from the same GS (4.2-4.3). Growth stages are according
to Harper and Berkenkamp (1975) (Appendix A).
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Figures 34-35. Scatter diagrams of germinated sclerotia/m2 against

crop density (plants/m2) for intensive and extensive

studies of rapeseed fields near Meadow Lake,

Saskatchewan in 1984.

Fig. 34: Intensive study in a field of Brassica napus
cv Westar. Sampling dates (SD)2were: 11-12

July for ger�inated sclerotia/m , crop in

growth stageh (GS) 4.2-4.3 (full bloom), and
18 August for crop density, GS 5.2-5.3.

Fig. 35: Extensive study in 21 �. napus and 6 B.

campestris fields. SO's were: 12-13 July
(17 fields = A) and 17 Ju�y (10 fields = 6)
for germinated sclerotia/m , crops in GS

4.2-4.3 on each SO, and 15-17 August for
crop density, GS 5.2-5.4.

*
Growth stages are according to Harper and Berkenkamp (1975)
(Appendix A).
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in the intensive study and 0 to 46% in the extensive study. However,

grouping of data occurred in both studies with respect to

% diseased plants. Eighty percent of the sites in the intensive study

field had �25 andS 60% disease and 78% of the extensive study fields

had �20% disease. This caused clustering of data towards the middle

and low ends of the range of the Y axis for scatter diagrams of the

intensive and extensive studies, respectively. In the intensive

study, the lowest measured value of % Sclerotinia-infested live or

dead petals was 50% (Figures 22 to 25); thus, for this field

clustering of these variables also occurred and the conclusions of the

1983 study appl ied: moderate to high levels of inoculum (infested

petals) were associated with moderate to high levels of disease. That

an increase in petal infestation was reflected in an increase in

disease was not as evident in the extensive study (Figures 26 to 29)

except, perhaps, with dead petals. Variation among fields in

agronomic characters probably played a major role in complicating

relationships between infested petals and final disease, but, except

for crop density, no quantitative measures of variability were made.

Final disease appeared to have no relationship with crop density in

either study (Figures 21 and 27).

Figures 22 and 24 suggest possible I inear relationships between

final disease and both infested I ive and infested dead petals on the

first sampl ing date (11-12 July, GS* 4.2-4.3) in the intensive study

field. Similar, but less obvious, trends are shown in Figures 28 and

29 for the extensive study. Final disease in the intensive study also

...

AAppendix A
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appeared to have a relationship with the number of germinated

sclerotia/m2 (Figure 19), but no simi lar relationship was apparent in

the extensive study (Figure 26). In order to test whether these

trends were significant, linear regression analyses of the data were

done according to the procedure described by Steele and Torrie (1980).

Results are reported in Tables 2 and 3. For these analyses all data

expressed as percentages were transformed with the angular or arc-sine

transformation (ASIN-Y%/100) (Steele and Torrie, 1980) in order to

improve the equal ity of the variances. Because stem rot is a simple

interest disease (Abawi and Grogan, 1979; Morrall and Dueck, 1982),

final disease was further transformed with the multiple infection

transformation (-In(1-%/100)) in order to correct for mUltiple

infections (Gregory, 1948; Zadoks and Schein, 1979). Despite the

seeming randomness of the relationship of disease to some of the

independent variables, simple regression analyses with respect to all

the independent variables monitored are included in the tables for the

purposes of comparison. Plots of residuals against predicted Y values

were randomly distributed for al I the independent variables; however,

given the great variability of the data, relationships other than

linear are not precluded. In addition to the complete set of simple

regression analyses, mUltiple regressions of final disease on selected

sets of independent variables were also done (Tables 2 and 3).

In the intensive study, numbers of germinated sclerotia/m2 and

the frequencies of infested I ive and dead petals on the first sampling

date accounted for 32, 17 and 31%, respectively, of the total

accountable variation (100%) in disease (Table 2). For the same

independent variables in the extensive study (data from GS 4.2-4.3),



Table 2. Simple and multiple regression analyses of final disease (V) on a series of Independent variables (X)· monitored In a rapeseed (8ranlca napus cv

Westar) field near Meadow lake. Saskatchewan In 198" (Intensive study)+.

\ J
, f.J

Independent
variables (X)

HGS/m2 HGS/mZ
date I date Z

:r.lP UP
date I date Z

:GOP
date

:top
date 2

eDEN

Regression equation

X y - 0."59 + 0.06" X

Y - 0."57 + 0.025 X

Y - 0.'58 + 0.005 X

V - 0.399 + 0.0016 X

Y • -0.019 + 0.008 X

Y • 0.056 + o.oos X

x

x
'"
c
o x Y • 0."03 + 0.001 X

Y • 0."70 + 0.072 X, - 0.007 X2
Y • 0.115 + 0.005 X, + 0.0005 X2
Y • -O.37B + 0.007 XI + 0.005 X2
Y • 0.266 + 0.05" X, + 0.003 X2
Y • 0.120 + 0.M3 XI + 0.005 X2
Y· 0.391 + 0.025 XI + 0.001 X2
Y • 0.1"5 + 0.016 X, + 0.00"5 X2
Y • -0.137 + 0.003 X, + 0.006 X2
Y • O.IOB - 0.001 XI + 0.006 X2
Y • 0.029 + 0.038 X, + 0.002 X2 + 0.00"5 X3
Y • o. IB7 + 0.016 XI - 0.001 X2 + 0.00lt6 X3
y. -O.33B + 0.0"5 XI - 0.017 X2 + 0.002 X3

+ 0.0003 X" + 0.00"5 X5 + 0.00" X6 +

0.0005 X7

...

u

�
c

X

�
o

c
o

x x

x

&
e
0..

x x

>

c:
., .,
" -

c:.o
., ..
a. .-

� �
>

X

x

X X

x x

X xX

X X xx x

Deviation of V

from regress I on
line

0.126

0.'''3

0.139

0.152

0.127

0.1"2

0.1"8

0.127

0.1"0

0.119

0.123

o.IIB

0.1""

0.140

0.12"

0.1"3

0.117

0.1"1

0.115

2
r

F

val ue
Degrees of
freedom

I. 48

I. ,.8

I. 48

I. 48

I. 48

I. ,.8

I. 48

2. 47

2. "7

2. "7

2. "7

2. 47

2. 47

2. "7

2. "7

2. 47

3. "6

3. 46

7. 42

...

c
...
u

:: 0.

.- ..

c: ..
'"

II>

l0.32 22.34

6.90

9.97

0.2"

21.78

7.72

3.20

11.15

4.9D

IS .96

13.1 B

16.73

3."2

5.12

12.96

3.BI

11.71

3.36

6.1"

0.005

0.025

0.005

NS

0.005

0.010

NS

0.005

0.025

0.005

0.005

0.005

VI
W

D.13

0.17

0.005

0.31

0.1"

0.06

0.32

0.17

0.40

0.36

0."2

0.13

0.18

D.36

0.1"

0.43

0.18

0.51

0.050

0.010

0.005

0.050

0.005

0.050

0.005

·AII percentage data transformed with ASINV%/IOO. Percentage diseased plants further transformed with -'n(I-%1100).

+Abbrevlatlons and sampling dates:

#GS/m2 • number of germinated sclerotla/m2
UP • % Sclerotlnla-Infested live petals
%OP • % Sclerotlnla-Infested dead petals
eDEN • crop density (plants/m2)

Sampling date (SO) I • 11-12 July. crop In growth stage (GS) 1t.2-It.3; SD 2 - 16-17 July. GS It.3-".".

Final disease determined 18 August, GS 5.2-5.3. Growth stages are according to Harper and 8erkenkamp (1975) (Appendix A).



Table 3. Simple and multiple regression analyses of final disease (Y) on a series of Independent variables (X)'" monitored in 27
rapeseed (21 Brassica napus, 6!. campestrls) fields near Meadow Lake, Saskatchewan in 1984 (Extensive studY)+.

Independent
variables (X)

#GS/m2 %LP %DP CDEN
Regression equation

Deviation of Y
from regression

line
2
r

F

value

I
>'-

Degrees of
freedom lSignificant

at p =

X Y = 0.226 + 0.021 X NS

X Y = 0.111 + 0.003 X

Y = 0.004 + 0.005 X

0.145

0.136

0.126

4-
o III

C
C 0
0'-
.- ..,
.., U
L. V
04-
o.c
o .

L-

a..

X

X Y = 0.220 + 0.0001 X 0.148

0.138Y = 0.116 + 0.010 Xl + 0.003 X2
Y = 0.001 - 0.002 XI + 0.005 X2
Y = 0.002 + 0.0006 XI + 0.004 X2
Y = -0.010 - 0.001 Xl + 0.0006 X2+ 0.004 X3 + 0.0001 X4

0.129

0.129

0.134

x X

.., >
c�
V
"U V
c
v..o
o.l1J
v .
Q L.

I1J
>

X x

X X

X X Xx

0.05

0.16

0.28

0.004

0.17

0.28

0.28

0.29

I. 32

4.81

9.69

0.11

2.48

4.66

4.76

2.20

1, 25

I, 25 0.050

I, 25 0.005

1,25 NS

2, 2'1
VI
poNS

2, 24 0.025

2, 24 0.025

4, 22 NS

"All percentage data transformed with ASIN\!%/IOO. Percentage diseased plants further transformed with -In(I-%IIOO).

+Abbreviations and sampling dates:
UGS/m2 = number of germinated sclerotia/m2
%LP = % Sclerotinia-infested live petals
%OP = % Sclerotinia-infested dead petals
CDEN = crop density (plants/m2)

Sampling dates were 12-13 July for 17 fields in growth stage (GS) 4.2-4.3 and 17 July for 10 fields in GS 4.2-4.3 on that date.

Final disease determined 15-17 August, GS 5.2-5.4. Growth stages are accordIng to Harper and Berkenkamp (1975) (Appendix A).
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5, 16 and 28%, respectively, of the total accountable variation was

explained (Table 3). Multiple regression analyses using some or all

of the independent variables monitored accounted for a maximum of 51

and 29% of the total accountable variation in the intensive and

extensive studies, respectively (Tables 2 and 3). Scatter diagrams of

the data from the intensive study suggested stronger relationships

existed between final disease and both germinated sclerotia and

infested petals (Figures 19, 20, 22 to 25) at the earl ier crop growth

stage. The regressions in Tables 2 and 3 support this observation:

most of the variation accounted for was explained by data from the

first sampling date. Most of the regressions for both studies were

significant at p � 0.050 despite relatively low r2 values. This was

mainly due to the large numbers of degrees of freedom for MSE in the

regressions.

T-tests of regression coefficients (slopes) and Y-intercepts

were done as described by Steele and Torrie (1980) in all cases where

the simple regressions were significant. Results are reported in

Table 4. In both the intensive and extensive studies the slopes of

al I regression lines were positive and signifi�antly different (p =

0.050) from 0; thus, disease increased as inoculum levels increased.

The Y-intercepts of regressions of final disease on both infested live

and infested dead petals were not significantly different (p = 0.050)

from O. This observation has a sound biological basis: one would not

expect disease to occur in the absence of inoculum. In contrast,

Y-intercepts were significantly different (p = 0.050) from 0 when

final disease was regressed on the number of germinated sclerotia/m2

for each sampling date in the intensive study. The occurrence of a
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Table 4. t-tests of Y-intercepts and s lcoes for linear regressiens of final disease en selected

independent variables+ for field studies of 1984.

Study* I ndependent va r i ab 1 e

Intensive Genninated sclerotia/m2
(date 1)

Genninated sclerotia/m2
(date 2)

% Infested live petals
(date 1)

% Infes ted dead peta 1 s
(date 1)

% Infested dead petals
(date 2)

Extensive % Infested live petals

% Infested dead petals

Y-intercept of Slcoe of

regress i en line t regression line t

0.459 18.56 * 0.064 4.73 *

0.457 12.29 * 0.025 2.63 *

O. 158 1.29 0.005 3.16 *

-0.019 -0.16 0.008 4.67 *

0.056 0.32 0.006 2.78 *

0.111 0.003

0.005

1.75

0.05

2. 19 '1.

0.004 3.11 *

...

nSignificant at p = 0.050. Critical values for to.050 with (n-2) df = �2.01 for the intensive

study and � 2.06 for the extensive study.

+All percentage data transformed wi th AS INV%/100. Final di sease further transformed wi th

-1n(1-%/100).

+For the intensive study, sampling dates (SO) and grcwth stages (GS) were: SO 1 = 11-12 July, GS

4.2-4.3; SO 2 = 16-17 July, GS 4.3-4.4; final disease detennined 18 August, GS 5.2-5.3. For the
extensive study, SO's were 12-13 July for 17 fields in GS 4.2-4.3 and 17 July for 10 fields in GS

4.2-4.3 on that date; final disease detennined 15-17 August, GS 5.2-5.4. Grcwth stages are

according to Harper and Berkenkamp (1975) (.Appendix A).
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"minimum" level of disease in the absence of germinated sclerotia

suggests considerable dispersal of ascospores occurred at least within

that field. This was not unexpected in view of the previous

discussion of extrinsic inoculum (Section 3.1.2). As in 1983, petal

infestation and disease were often observed when germinated sclerotia

were absent or infrequent in both the intensive (Figures 19, 20, 30

and 31) and extensive (Figures 26, 32 and 33) studies of 1984.

Overall, the data suggest that the frequency of Sclerotinia

infestation of petals at a relatively early stage of crop development

may play an important role in determining the level of final disease

in rapeseed fields. Although the 1983 study at Melfort suggested that

% diseased plants was most closely associated with the frequency of

infested I ive petals at early bloom, the 1984 results from Meadow Lake

indicated closer relationships with infested dead petals. However,

many of the fields studied in 1984 were either entering or in full

bloom on the first sampling date (11-12 July and 12-13 July for the

intensive and extensive studies, respectively); thus, the dead petals

on this date might be considered to be indicative of live petal

infestation at early bloom a few days before. Support for this idea

comes from the 1983 study, where % infested dead petals at full bloom

had a relationship with final disease (Figure 6) very similar to that

demonstrated with % infested I ive petals at early bloom (Figure 4),

albeit shifted towards the high end of the X-axis. On the other hand,

it is not known precisely when apothecia first appeared in the fields

in 1984. The study was conducted at Meadow Lake because of rain on 6

July. The study fields were located from 9-13 July and the first

samples taken from 11-13 July. It is probable that few, if any,
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apothecia were present before 6 July simply because very little rain

...

fel 1 at Meadow Lake from 16 June to 6 July"; hence, apothecia counted

on the first sampling date must have appeared in the 3 to 7 days after

the rain. It is conceivable, therefore, that when most fields were in

early bloom very 1 ittle ascosporic inoculum was present. Some dead

petals collected on the first date were probably "1 ive" when the

apothec i a firs t expanded, but others may have a 1 ready been dead. In

assessing % infestation with Sclerotinia no distinctions were made

between old dead petals and those newly fallen; thus, it cannot be

precisely stated that the relationship demonstrated in 1984 between

% infested dead petals and final disease was indeed a true reflection

of the relationship when the petals were still al ive.

Figures 34 and 35 demonstrate the lack of relationships between

the number of germinated sclerotia/m2 and crop density in both

studies. Determination of crop density was very I imited, however, and

was observed to vary considerably within any site. Time constraints

prevented more extensive sampl ing at each site and, hence, more

accurate determinations of crop density. It was observed that plants

in areas of high plant density were smaller on average and less

branched than those in areas of low plant density. Thus, crop density

would not appear to be a major factor in the establishment of the crop

canopy prerequisite for apothecium formation (Boland, 1984; Morrall

and Dueck, 1982; Schwartz and Steadman, 1978; Steadman, 1983); hence,

the lack of a relationship between germinated sclerotia and number of

*
Records at Meadow Lake of Atmospheric Environment Services,
Environment Canada.
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plants/m2• Measures of crop density other than plants/m2, however,

require evaluation.

Results of the extensive study (Figures 26 to 29) were based on

data from two different species of rapeseed, �. napus (21 fields) and

�. campestris (6 fields). Since the majority of the results were

based on B. napus fields, it was deemed worthwhile to determine

whether the few B. campestris fields in any way influenced the

results. Accordingly, the same regression analyses were carried out

excluding data from the B. campestris fields, but since no changes in

the results occurred, they are not reported here. Thus, all

observations and conclusions made in this study should apply to both

species.

3.2.2.2 Melfort

Studies conducted in 1984 failed to demonstrate relationships

between final % diseased plants (y) and a series of independent

variables (X), namely, the frequencies of Sclerotinia-infested live

and dead petals at two plant growth stages (sampling date 1 = 23 July,

GS 4.1-4.2; sampling date 2 = 26 July, GS 4.2-4.3) and crop density

(Figures 36 to 40). This was not unexpected as environmental

conditions were generally not conducive to lesion initiation and

expansion when the crop was phenologically susceptible to stem rot

infection (Morrall and Dueck, 1982, 1983). Percentage diseased plants

ranged from 4 to 49% (mean = 18.2 � 5.5%): sites with the highest

levels of disease were located in low areas in the field where the

soil remained moist the longest and, hence, where microclimatic

conditions were more favorable for disease. Because unfavorable

environmental conditions probably precluded this field's reaching its
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(SO) for a rapeseed (Brassica campestris cv Tobin)

� �

�� � � t:

� � � :t'...

Figures 36-39. Scatter diagrams of final % diseased plantsA against

% Sclerotinia-infested petals on two sampling dates (0

field near Melfort, Saskatchewan in 1984.

Fig. 36: live petals on SO 1 (23 July), crop in

growth stage+ (GS) 4.1-4.2 (early bloom).

live petals on SO 2 (26 July), GS 4.2-4.3
( f u I I bloom).

Fig. 37:

Fig. 38:

Fig. 39:

dead petals on SO 1.

dead petals on SO 2.

*
Final disease determined 23 August, GS 5.2-5.3.
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Growth stages are according to Harper and Berkenkamp (1975)
(Appendix A).
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Figure 40. Scatter diagram of final % diseased plants against crop

density (plants/m2)* for a rapeseed (Brassica campestris

cv Tobin) field near Me1fort, Saskatchewan in 1984.

*
.

Final disease and crop density determined 23 August: crop in growth
stage 5.2-5.3 according to Harper and Berkenkamp (1975) (Appendix A).

Figure 41. Distribution of % Sc1erotinia-infested I ive and dead

...

petals on two sampling dates (SO) and % diseased plantsh

*AII percentage data transformed by ASIN,f%/l00, then by
-In(l - %/100}.

+SD 1 = 23 July, crop in growth stage (GS) 4.1-4.2 (early bloom).
SO 2 = 26 July, GS 4.2-4.3 (full bloom). Final disease determined 23
August, GS 5.2-5.3. Growth stages are according to Harper and
Berkenkamp (1975) (Appendix A).

:: .

in a rapeseed (Brassica campestris cv Tobin) field near

Melfort, Saskatchewan in 1984.+
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disease potential and because of the apparant lack of relationships

between the dependent and various independent variables, regression

analyses were not done. Instead, the data were used to assess a

possible dispersal gradient of ascospores from a known source of

apothecia. This was possible because no apothecia were found in the

study field.

Apothecia present in an adjacent cereal field provided a "1 ine"

or "area" source of inoculum for the study field (Zadoks and Schein,

1979). The frequencies of Sclerotinia-infested 1 ive and dead petals

and final % diseased plants were used as measures of the presence of

ascospores at each site. Means of all 6 sites per strip (Figure 18)

were calculated for each of these variables and transformed with

Y = ASINll%/100, then -In(1-Y/100), as discussed in the previous

section. Results were plotted against distance from the edge of the

cereal field to demonstrate the presence (or absence) of dispersal

gradients of airborne inoculum. Results are reported in Figure 41.

Dispersal gradients of Sclerotinia-infested live and dead

petals were evident on the first sampling date. In general, higher

levels of petal infestation occurred nearer the source of apothecia

(cereal field), a logical conclusion being that ascospore

concentrations increased with proximity to their source. By the

second sampling date, however, levels of petal infestation had

declined sharply and only very slight, if any, dispersal gradients

were observed (Figure 41). This was largely attributable to the

apothecia drying up in response to relatively hot, dry weather

fol lowing the first sampl ing date. No apparent gradient of disease

was observed, however. This study is not only supportive of previous
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reports (Morrall and Dueck, 1982, 1983) of disease occurring in fields

containing no apothecia, but it also demonstrates the infective

potential of extrinsically produced ascospores and accentuates the

need for a stem rot forecasting system based on the presence of

ascospores, rather than apothecia, in any given rapeseed field.

No colonies of S. sclerotiorum developed after 10 days on the

petri dishes exposed overnight on each sampling date. The relatively

low levels of petal infestation on both sampling dates (Figure 41),

however, suggested that relatively few ascospores were present.

Petals, therefore, appeared to be very effective spore traps probably

because they were present for a long time (several days) compared with

the open petri dishes (10 h).

3.3 Growth chamber and laboratory studies

3.3.1 Microscopic examination of ascospore-infested rapeseed petals

3.3.1.1 Materials and methods

Frequent isolations of �. sclerotiorum from live and dead

petals collected during the field studies of 1983 and 1984 (Sections

3.1 and 3.2) necessitated further studies to determine whether these

petals were contaminated with ascospores or infected by germ tubes or

mycel ium. To provide petals, rapeseed (�. napus cv Regent) plants

were grown in 15 cm pots in a growth chamber maintained at 200C by day

and 150C at night with a 12 h photoperiod. To provide ascospores, new

sclerotia from rapeseed were cold-treated (2 to 30C) for two months in

a refrigerator and then soaked in distilled water for 24 h at 100C.

Sclerotia were surface sterilized in 10% Javex (0.6% NaDCI) for one

min, rinsed with sterile distilled water and placed on the surface of
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sterile 1% Difco water agar in 9 x 5 em-deep petri dishes (60 ml water

agar per dish, 10 to 15 sclerotia per dish). Dishes with sclerotia

were kept in an incubator set at a to 100e for three weeks, then

transferred to 15 to laoC until stipes developed (1 to 3 weeks). An

incandescent source giving 10 h illumination per day was used to

stimulate apothecial expansion. Prel iminary attempts to infest petals

with ascospores of �. sclerotiorum by spraying the inflorescences with

a filtered suspension of crushed apothecia resulted in excessive

apothecial debris on the petals. Consequently, the following method

was adopted:

Germinated sclerotia with functional apothecia were placed in

smal I tinfoil cups containing a few drops of water. Each cup was

suspended on threads from the inflorescence of a rapeseed plant in the

growth chamber. All fallen dead petals were removed from plant

surfaces at this time. In order to maintain high RH around the

petals, plastic bags were I ightly misted inside with distilled water

and placed over the inflorescences. The bags were perforated with

several small holes to allow some evaporation and air exchange to

occur. Ascospores were discharged "naturally" from the apothecia.

At 24 h intervals over a period of 10 days several hundred each

of live and dead petals were collected as previously described

(Section 3.1.1). Approximately half of each kind of petal were plated

on PDA + RBS to determine the frequency of infestation with S.

sclerotiorum. The remaining petals were cleared and stained in

lactophenol cotton-blue for microscopic examination. The plastic bags

were replaced after each sampl ing since their absence al lowed rapid
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evaporation of water from the tinfoil cups, thereby causing the

apothecia to dry up and become non-functional.

3.3.1.2 Results and discussion

The technique used to infest petals with ascospores did not

cause infestation of all petals in the inflorescences. Isolation

tests showed that the frequencies of infestation for live and dead

petals were 0.68 and 0.39, respectively. The fact that more live than

dead petals were infested was probably due to the inhibitory action of

bacteria on the dead petals. The high RH and temperature in the

plastic bags would promote bacterial growth, especially on petals

which had fallen onto leaf surfaces which were wet from condensation

and transpiration. It was observed that many more dead than live

petals had bacteria growing on them after plating and incubation, and

very seldom did a petal covered with bacteria also produce a colony of

S. sclerotiorum or any other fungus on the agar medium. Since

bacterial�contaminated petals were included in the totals (scored as

having no Sclerotinia), the observed frequencies of Sclerotinia on the

petals were underestimated, especially for dead petals.

Microscopic observation of cleared and stained petals was done

with Differential Interference fontrast (OIC) and Phase Contrast (PC)

illumination. Ascospores were most commonly found on live petals

(Figure 42) and in many cases the ascospores had germinated (Figure

43). A very low frequency (0.06) of infested I ive petals were

actually infected, i.e. penetrated by germ tubes or invaded by

mycel ium. In contrast, most (0.67) of the infested dead petals were

infected. Penetration of petals was very obvious because groups of

cel Is at the points of penetration no longer had clear discontinuity
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Figure 42. Phase contrast photomicrograph of ungerminated ascospores

of Sclerotinia sclerotiorum on the surface of a live

rapeseed (Brassica napus cv Regent) petal cleared and

stained in lactophenol cotton-blue. Mag. = 440 x.

Figure 44. Differential interference contrast photomicrograph of

mycelium from germinated ascospores of Sclerotinia

sclerotiorum infecting a senescent rapeseed (Brassica

napus cv Regent) petal cleared and stained in lactophenol

cotton-blue. Mag. = 320 x .

Figure'43. Differential interference contrast photomicrograph of

germinated ascospores of Sclerotinia sclerotiorum on the

surface of a live rapeseed (Brassica napus cv Regent)

petal cleared and stained in lactophenol cotton-blue.

Mag. = 440 x.

.------------------------------------�(---------
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between protoplasts and cell walls (Figure 44). These data suggest

that most petals contaminated with ascospores become infected when

they begin to senesce. Since senescent petals remain in the

inflorescences of rapeseed plants for varying lengths of time (under

field conditions, probably as a function of temperature, rainfall and

windspeed), they may actually be colonized by Sclerotinia before

falling onto leaf surfaces and lodging in leafaxils. Mycelium from

these colonized petals could infect healthy tissues immediately and,

hence, have a "head start" on Sclerotinia in petals which become

infested after they fall. This may be a very significant factor in

the initiation of lesions under field conditions, especially if

weather conditions become unfavorable for disease soon after apothecia

appear.

The low frequency of infected I ive petals observed in this

study suggests that this is a relatively rare event. There is,

however, a gradual transition from live to dead petals, and

determining by simple observation precisely when a petal begins to

senesc� is very difficult, if not impossible. Thus, having chosen for

study petals which appeared to be live but were actually senescent may

partially explain these observations.

3.3.2 Isolation techniques for identifying Sclerotinia from

ascospore-infested rapeseed petals

3.3.2.1 Materials and methods

If petal sampling is to be of practical use in a stem rot

forecasting system, it is essential that the frequency of Sclerotinia

on petals be determined as quickly as possible after collection. This

would al low growers time to implement chemical control. Accordingly,
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studies were undertaken to determine whether sclerotium initiation on

isolation plates could be speeded up to allow more rapid

identification of S. sclerotiorum.

The following media were used to test the length of time

required for �. sclerotiorum to form sclerotial initials:

Homemade Potato Dextrose Agar- - - -

Difco �otato £extrose Agar

*
( HPDA)
( PDA)

Difco �otato £extrose Agar (�ecial) (PDASp)
Difco Czapek Solution Agar (Cz)
Difco �ater Agar (WA)
V8-Juice Agar (V8)*
�omemade �apeseed £extrose Agar
Difco �alt Agar
Difco Corn Meal Agar
Difco Corn Meal Dextrose Agar

...

(HRDA)"
(MA)

(CM)

(CMD)

Criteria for selecting media for testing were availability and ease of

preparation. Media selected ranged from nutrient-rich to

nutrient-poor. One series of the media I isted contained streptomycin

(5). A second series contained both streptomycin and rose bengal

(RBS). Concentrations of streptomycin and rose bengal were identical

with those used in the field studies (Sections 3.1 and 3.2).

For each temperature regime tested (15 to 170C and 20 to 220C),
ten 9 cm-diameter plastic petri dishes were poured with 15 ml of each

medium. An ascospore suspension was prepared with 6 mature apothecia

(3 to 7 mm diameter) crushed with a mortar and pestle in 25 ml sterile

distilled water. The suspension was filtered through two layers of

cheesecloth into an atomizer and immediately sprayed onto the

inflorescences of rapeseed plants grown as described in Section

3.3.1.1. After 3 h I ive petals were removed from the inflorescences

*

-: Ree i pes i Ii Append i x B

\
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and plated 4 per dish on all the media I isted. The 3 h delay between

inoculation and plating allowed ample time for the water from the

ascospore suspension to evaporate. Inoculated dishes were incubated

at the respective temperatures until sclerotial initials appeared.

The various potato-dextrose media were also tested at 24 to 250C after

initial results indicated that these media were the most promising.

In all treatments the time of appearance of the first recognizable

sclerotial initials was recorded.

Recent work at Agriculture Canada, Saskatoon (P.R. Verma,

personal communication) showed that many commonly used herbicides

affect both the size and number of sclerotia produced in culture by S.

sclerotiorum. However, the time of appearance of the first

recognizable sclerotial initials was not recorded. Accordingly, 5

herbicides were tested for their effects, if any, on this time factor.

Stock solutions of 50,000 ppm of the active ingredients (a. i.)

of the 5 herbicides (Table 5) were prepared and incorporated with a

micropipettor into sterile molten (600C) Difco PDA to give final

concentrations of 25, 50, 100, 500 and 1000 ppm a.i. Ten 9

cm-diameter plastic petri dishes were poured with 15 ml of PDA

containing each concentration of each herbicide. Ten "controls" were

poured with 15 ml each of unamended PDA. Four ascospore-infested

petals (described above) were placed in each dish. Five dishes of

each treatment were incubated at 20 to 220C and five at 24 to 25°C.

The time of appearance of the first recognizable sclerotial initials

was recorded for each treatment.



-,�.
73

-
- �-----�-- �-- ----

Table 5. Herbicides incorporated into fotato Qextrose �gar(POA)

Herbicide Active Ingredient

(Trade name) (Common name) Concentration
( g/ I) in
canmercial
product

Avadex BW tr i a II a te 400

Treflan triflural in 545

2,4-0 2,4-0 isopropyl ester 600

Carbyne barban 240

Roundup glyphosate 356
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3.3.2.2 Results and discussion

The first test showed that in general, PDA-type media al lowed

the most rapid initiation of sclerotia at both temperature regimes (15

to 17°e and 20 to 220e) (Table 6). HRDA was comparable. A second

test of the PDA-type media showed that incubation of cultures near

2Soe al lowed slightly more rapid sclerotium initiation. The addition

of rose bengal to the media generally slowed both mycel ial growth and

sclerotium initiation. Because only the time of the first appearance

of sclerotia was recorded for each treatment, no measure of within-

In general, it appears that there is no advantage in using

treatment variability is obtainable from these data. However, it was

observed that on average, most colonies of S. sclerotiorum growing

from the petals began initiating sclerotia at the minimum time

Amendments of Difco PDA with specific herbicides did not appear

recorded for the respective treatment.

to influence the time of sclerotium initiation at the concentrations

tested (Table 7). Lower-than-tested concentrations (c::::: 25 ppm a. i.),

however, need evaluation, as do the effects of other agricultural

chemicals (herbicides, fungicides, fertilizers). Time constraints

prevented testing of a greater range of amendments.

media other than the commonly used Difco PDA for rapid production of

it is doubtful that they would further stimulate initiation because

sclerotial initials. Incubation of cultures at a constant 250e,

however, should provide at least a slight acceleration of sclerotium

initiation. Although temperatures higher than 2soe were not tested,

this is outside the optimum temperature range for germ tube and

mycel ial growth (Abawi and Grogan, 1975; Weiss et �., 1980).
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Table 6. Effect of culture medium and temperature of incubation on

time of first appearance of sclerotial initials on

Sclerotinia sclerotiorum colonies developing from

ascospore-infested rapeseed (Brassica napus cv Regent)
petals.

Days until first appearance of sclerotial
initials in a treatment

Test Test 2

15-17°C 20-220C 20-220C 24-25OC

5.5 5.5 6 6

6.5 6 8 5.5

6 6 5 4.5
6 6 7 5

5.5 5.5 6 5

7 7 8 5.5

PDA + S

PDA + RBS

HPDA + S

HPOA + RBS

POASp + S

POASp + RBS

WA + S

WA + RBS

CZ + S

CZ + RBS

v8 + S

v8 + RBS

HRDA + S

HROA + RBS

MA + S

MA + RBS

CM + S

eM + RBS

CMD + S

CMD + RBS

7

8

6

6

7

9

7

7

5.5

6.5
6

7

*
See text for explanation of abbreviations

represents no recognizable sclerotial initials present after 10

days

1 __
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Table 7. Effect of herbicides and temperature of incubation on time of
first appearance of sclerotial initials on Sclerotinia
sclerotiorum colonies developing from ascospore-infested rapeseed
(Srassica napus cv Regent) petals.

Days unti I first appearance of sclerotial
initials in a treatment

20-22oC 24-25OC

Concentrat i on (ppm) Concentration (ppm)
...

Herbicide" 25 SO 100 500 1000 2S SO 100 SOD 1000

trial late S 5 S.S 6 5 6

triflural in 5 6.5 6 5 5.5 6

2,4-0 ester 5.5 6 7 5 5 6.5

barban

glyphosate 5 6 6.S 5 5.5 6

control (unamended PDA) 5.5 5

*
Herbicides were incorporated into Difco PDA to give the final
concentrations listed.

-- represents no recognizable sclerotial initials present after 8 days

/



Tests of "edqe effects" and I imi ting nutrient avai labi I i ty were

Incorporation of lower concentrations of rose bengal into POA should

be examined, though, to determine the minimum concentration that would

still allow S. sclerotiorum to outgrow its competitors (under

conditions where petals are collected from commercial rapeseed

fields). Lower concentrations of rose bengal in the medium might

allow faster development of sclerotial initials.

carried out using various-sized discs of Difco PDA + RBS. One

ascospore-infested petal (Section 3.3.2.1) was placed on each of these

discs. Results are not reported here because the incubation

temperature fluctuated greatly (22 to 36°c). In general, however, it

was observed that no acceleration of sclerotium initiation occurred

when compared with culturing four infested petals on a 9 em-diameter

petri dish containing 15 ml Difco POA + RBS •

.�
� .

.
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4. WATER RETENTION IN THE CROP CANOPY

4.1 Growth chamber and laboratory studies

4.1.1 Materials and methods

Rapeseed plants (�. napus cv Regent and !. campestris cv

Candle) were grown one per 15 cm pot in a growth chamber maintained at

200C by day and 15°C at night with a 16 h photoperiod. From the full

bloom stage onwards water droplets were placed with a Pasteur pipette

into leaf axi Is located -=: 10, 10 to 30 and ::- 50 cm above the soi 1

surface. The subtending leaves were marked with tags. A wet and dry

bulb thermometer was used to measure RH periodically in the chamber.

The presence of water droplets in the marked leafaxils was monitored

over' periods of 36 h. A second experiment was conducted as above,

except that the plants were sprayed with water to create droplets in

the I eafax i Is.

4.1.2 Results and discussion

Despite their considerable variability, the data clearly show

that water persisted longer in leafaxils nearer the soil surface

(Table 8). This was not surprising since leafaxils of rapeseed

plants are larger nearer the stem bases and, hence, hold more water.

The maximum time after which water was still observed to be present in

the lowermost leafaxils was 12 h in Test 1 and 36 h in Test 2.

However, mean persistence was much lower in each case. The data

demonstrated no differences between cultivars in their ability to

retain water, but since this study was rather limited differences

under field conditions are not precluded. Differences in maximum

droplet persistence between Tests 1 and 2 (Table 8) were attributable

to the more humid conditions in the growth chamber during Test 2 (mean
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Table 8. Persistence of water droplets in leafaxils at various heights
on rapeseed (Srassica napus cv Regent and �. campestris cv

Candle) plants grown in a growth chamber.

*
Test Cultivar

Number of

droplets
observed

Height above ground
(cm) of leafaxils

containing water

droplets

Longest time period
after which specific
water droplets in
leaf axi Is were

observed (h)

Min. Max. Mean + SE

Regent 30 0-10 2 12 6.9 + 0.6

20 >50 0 8 2.6 + 0.4

Candle 30 0-10 2 12 6.5 + 0.6

20 :>50 0 8 2.7 + 0.4
-

2 Regent 40 0-10 4 36 10.8 + 1.1
-

30 10-30 0 12 4.3 ! 0.6

20 >50 0 4 2.2 + 0.4

Candle 40 0-10 4 36 12.5! 1.2

30 10-30 0 12 4.8 + 0.6

20 >50 0 8 2.3 ! 0.4

*
Test 1 : water droplets placed into leaf ax i 1 s wi th a Pasteur pipette.

Mean RH in growth chamber = 65% (! 10% RH).

Tes t 2: plants sprayed to fill leaf axils with water. Mean RH in growth
chamber = 75% (! 10% RH).
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RH = 65 and 75% (� 10% RH) for Tests 1 and 2, respectively), hence a

lower evaporation rate during that test. Leafaxils might also have

been "recharged" by the gradual trickl ing of water down the plants for

several hours after spraying. In both tests the plants had a tendency

to branch out of the leafaxils, which reduced the volume of the

axils, changed their architecture and made it difficult for water

droplets to remain firmly lodged in them. This degree of branching is

not common in the field and is related to plant spacing. Thus, the

values of droplet persistence reported in Table 8 are underestimations

of the maximum time droplets might have persisted under more "normal"

conditions.

4.2 Field studies

4.2.1 Materials and methods

No field studies were conducted in 1983 because plots seeded

for th is purpose were des troyed by ha i 1 and flood i ng on 24 June. In

1984 two 48-row plots of !. campestris cv Tobin were seeded on each of

two dates (2 May and 11 May) at the Agriculture Canada Research Farm

in Saskatoon. The plots measured 8.5 m wide by 6 m long (rows 18 cm

apart) and the seeding rate was 0.8 g/row. Carbofuran (Furadan) was

sown with the seed at a rate of 1.0 g/row for flea beetle control.

Plots were periodically irrigated.

A CR21 Micrologger (Campbell Scientific Inc.) was programmed to

record temperature and RH measured with a Model 201 thermistor and RH

probe (contains a Phys-Chemical Research Model PCRC-l1 + 1% deviation

RH sensor and a Fenwal UUT-51Jl thermistor) under the crop canopy at

15 min intervals. The sensor was set 8 em above the soil surface in

�.--�------�----------------------�
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one of the plots seeded on 11 May when the plants reached the bud

stage (16 June, GS* 3.2). A rain gauge was also set up next to the

plots on this date. A total of 290 leafaxils (170 in the first and

120 in the second seeding dates, respectively) were marked in

transects across the plots when they entered early bloom (GS 4.1 : 18

and 21 June for the first and second seeding dates, respectively) by

stapling 2.5 cm-square pieces of surveyors' tape to the leaves

subtending the axils. A total of 110 leafaxils were chosen about 5

cm above the soil surface, 110 at mid-canopy height (ca. 10 to 20 cm)

and 70 near the top of the crop canopy (ca. 30 to 40 cm). The

persistence of water droplets in these leafaxils was monitored in a

series of experiments over a two week period until the crop entered

GS 4.4. In the absence of rain, axils were filled using a portable

sprayer normally at about 8:30 PM. Observations were made 3 to 5

times daily and the number of leafaxils still containing water

droplets was recorded each time. Care was taken to minimize damage to

the plots both when the axils were filled and when observations were

made. Data for ambient environmental conditions (temperature, aH and

windspeed) for the Saskatoon area were obtained from the Atmospheric

Environment Service Station IIA" , Environment Canada.

4.2.2 Results and discussion

Persistence of water droplets in leafaxils is reported in

Table 9. Results of experiments in plots from both seeding dates were

combined because by 24 June there was very I ittle difference in growth

stage among the plots. less than a third of the leafaxils near the

...

�Appendix A



21 June 4.1 8 100 100 83
8:30 PM 12 86 71 32
(rainfall 6.5 16
to 13 h later) 20

24 64 37 0
28
32
36 53 29 0
40
44 17 10 0
48 7 3 0

23 June 4.1-4.2 8 100 100 100
8:30 PM 12 84 73 30

16
20
24 19 7 0
28
32 10 3 0

36
40 4 0 0

25 June 4.2 8 95 85 24
8:30 PM 12 62 34 11

16
20 28 9 0
24 15 1 0

26 June 4.2 8 71 50 11
8:30 PM 12 39 25 6

16
20 27 14 0
24 13 2 0

27 June 4.2-4.3 8 82 66 31
8:30 PM 12 51 37 26

16
20 5 1 0
24 0 0 0

28 June 4.3 8 11 6 0
8:30 PM 12 0 0 0

29 June 4.3 8
(by irrigation 12 30 22 0
ending at 16
4:00 PM) 20 5 0 0

24 0 0 0

*
Positions measured as distance from soi I surface: lower .. ca. 5 em,
middle • ca. 10 to 20 em, upper .. ca. 30 to 40 em.

+ .

are according to Harper and Berkenkamp (1975)Growth stages
(Append i x A).

-- represents no observations made.
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top of the crop canopy had water in them on any date 12 h after

filling and none contained water after 24 h. This was true even on

22-23 June when rain fell from 6.5 to 13 h after the axils were

initially filled. However, persistence increased with proximity to

the soil surface and was evidently a function of the increased size of

leafaxils nearer the plant base and the moderating effect of the crop

canopy on environmental variables. Figure 45 shows that during the

study RH under the crop canopy was always higher and more stable than

the ambient RH, and the temperature under the crop canopy was

generally a few degrees lower than the ambient temperature. Thus, the

rate of evaporation would be reduced nearer the soil surface. Wind is

an additional factor which becomes increasingly important higher in

the crop canopy as it increases the rate of evaporation and can also

cause water droplets to become dislodged from leafaxils. Air

currents under a dense canopy, however, are generally slight because

the fol iage acts as a windbreak.

The occurrence of a rain shower during the first experiment

(Figure 45) resulted in lower microclimatic and ambient temperatures

and increased daytime RH in both environments; thus, the rate of

evaporation was reduced and water droplets at the lower and mid-canopy

heights persisted longer than they did in other experiments. Water

was observed after 48 h in 7% of the lowermost leaf axi 15 and in 3% of

those at mid-canopy height (Table 9). In this experiment the effect

on persistence of "recharging" leaf axi Is by rainfall was probably

minimal since the rain began 6.5 h after the axils were filled and

continued for only 6.5 h. It is noteworthy, however, that despite no

rainfal I during the second experiment water was present in 4% of the

"
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Figure 45. Environmental conditions in June during the bloom period*

of rapeseed (Brassica campestris cv Tobin) plots near

Saskatoon, Saskatchewan in 1984. Sol id 1 ines (---)

represent macroclimatic conditions+, broken 1 ines(---)

represent microcl imatic conditions�.

*
Growth stage 4.1-4.3 according to Harper and Berkenkamp (1975)
(Appendix A).

+
Weather data from Atmospheric Environment Service, Saskatoon Station
IIA" , Environment Canada.

*"
Microclimatic data recorded with a model 201 thermistor and RH probe
connected to a CR21 Micrologger (Campbell Scientific Inc.).
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lowermost leafaxils after 40 h (Table 9). Droplet persistence in

subsequent experiments declined and this decl ine was attributable to

increasing temperatures, relatively brisk winds during the day and the

lack of rain which caused a corresponding decrease in ambient RH

(Figure 45). As long as the soil surface under the crop canopy was

moist, daytime microclimatic RH fell below 80% only once. Increased

fluctuations in, and lower values of, microcl imatic RH were associated

with the soi I surface drying out (Figure 45). Plots were heavily

irrigated on 29 June after the soi 1 surface had dried out (Figure 45)

but no water was observed in the marked leafaxils 24 h after

irrigation (Table 9). Brisk winds, high temperatures and low RH were

probably responsible for rapid evaporation of water from the crop

canopy.

Maximum RH measured with the sensor was 99%, although due to

the sensor's limitations any measured values �97% are representative

of 100% RH (Users Manual - 201 thermistor and RH probe; Campbell

Scientific Inc., 1982). Thus, except on the last 2 days of the study

night-time microcl imatic RH was at or near 100% for at least several

hours (Figure 45).
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5. GENERAL DISCUSSION

Rapeseed was introduced into western Canada in the 1940's and

now occupies an annual average of nearly 2 million hectares.

Sclerotinia stem rot has also occurred since the 1940's and has become

more widespread as rapeseed cultivation has expanded (Morrall and

Dueck, 1982, 1983). Yield losses are of sufficient magnitude to

warrant management programs for disease control. Cultural practices

such as crop rotation, sanitation, deep tillage and flooding have

traditionally been used to control many plant diseases (Fry, 1982),

but these are impractical or largely ineffective for control of stem

rot in western Canada (Dueck !:!�., 1981; Morrall. and Dueck, 1982,

1983; Williams and Stelfox, 1980). Resistant cultivars and biological

control are at best distant prospects; however, effective control has

been reported with fol iar-applied fungicides and these are now in

commercial use (Dueck!:! �., 1983; Morrall !:! �., 1983, 1984;

Thomson!:! �., 1984).

Despite its proven efficacy many growers hesitate to use

chemical control because of the high cost. This hesitancy is

understandable because in any given year disease severity varies

considerably among fields (Morrall and Dueck, 1982, 1983). Economics

precludes the widespread spraying of fields in which resulting gains

in yield will not at least cover the cost of control. Moreover,

unnecessary pesticide use in agriculture is generally to be

discouraged. Thus, deciding in which fields chemical control is

justified is a major economic issue for rapeseed growers and a more

general environmental issue.
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Predictions of stem rot and decisions to spray have in recent

years been dependent on crop history and qual itative estimates of

a) weather conditions when crops are susceptible to infection,

b) characteristics of the crop and c) the presence of apothecia.

Qual itative risk assessments are made by assigning points on an

arbitrary scale to each of these factors. Spraying is recommended if

the total number of points assigned exceeds a predetermined threshold

(Anon., 1982, 1984). The accuracy of such a forecasting system could

be greatly improved if a clear mathematical relationship were

demonstrated between inoculum density and final disease. If inoculum

levels could be measured when crops are phenologically susceptible to

infection, quantitative disease predictions could be made rather than

qual itative risk assessments. Furthermore, when combined with

reliable yield loss data, predictions of the potential dollar loss

could also be made. This would greatly improve the economics of

chemical control.

One of the major objectives of this study was to examine the

role of inoculum with respect to various aspects of the disease cycle

of S. sclerotiorum on rapeseed in order to determine whether an 10-01

relationship existed that could be exploited in a stem rot forecasting

system. Measuring inoculum was approached in two ways. First, the

density of carpogenically-germinated sclerotia was determined.

Second, the infestation of host plant structures with germinated and

non-germinated ascospores was studied in recognition of the possible

unrel iability of predicting disease incidence on the basis of the

presence of apothecia (Section 2.3). The plant structures were chosen

from those known to be intimately involved in the disease cycle



90

(Section 1); 1 ive and dead petals, leaf axi Is and leaf bases were all

considered initially (1983). Infestation was determined by plating on

agar and, in effect, each infested plant structure was considered to

be a "unit of inoculum".

The 1983 study demonstrated no apparent relationships between

inoculum and disease within individual fields. However, sample sizes

were relatively small and the ranges of % diseased plants among sites

were relatively narrow in each field. Since the ranges of many of the

independent variables were similarly restricted, data were often

clustered along one or both axes when they were plotted (Figures 1 to

13). Combining the data from al I three fields, however, provided a

broader perspective of possible relationships between inoculum and

disease. In addition, because there was no overlap among fields in

the ranges of % diseased plants, three broad "levels of infection",

each corresponding to one of the fields, could be identified. On this

scale, a general trend was evident in that low levels of inoculum were

associated with low levels of disease and higher inoculum levels with

higher levels of disease. This applied for many of the independent

measures of inoculum on most dates and was most obvious with respect

to % infested I ive petals collected at early bloom (Figure 4). The

data also suggested a possible curvilinear relationship between

infested petals at early bloom and final disease (Figure 4). However,

val id statistical analysis of the combined data from all three fields

was not possible (Section 3.1.2). Regression analysis of the means

for each field of each variable was also questionable because the

error mean square (MSE) would have had only a single degree of freedom

and the r2 would have had to be nearly 100% to be significant.

j-------�---
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Nevertheless, the 1983 results were promising and additional field

studies in 1984 were planned accordingly.

In 1984, attempts were made to collect data with a wide range

of values of % diseased plants under conditions that would allow val id

statistical analysis. Consequently, both "intensive" and "extensive"

studies were done. The intensive study was done in a single field in

order to minimize agronomic variables, but with a large number of

sampl ing sites in the hope of obtaining a wide range of "levels of

inoculum" and disease. The extensive study was done using many fields

in recognition of the fact that variation in disease among fields was

likely to be greater than site-to-site variation within a single

field. Previous studies (Morrall and Dueck, 1983) had shown the wide

range of % infected plants possible among fields in a 250 km2 area.

Thus, if the 10-01 relationship previously discussed were of general

applicability, there should also be a greater range of inoculum

density among fields than within. The two studies were also done as

an "insurance policyll should one of them fail to produce results.

Sampling of infested plant structures in 1984 was restricted to

live and dead petals. Leafaxils and leaf bases were not collected in

order to save time and because the 1983 results indicated that they

provided no additional useful information over petals. Moreover,

sampling of leafaxils and leaf bases would not be as practical as

petal sampling in a pest management program because it is more

cumbersome and time consuming. Furthermore, dirt and other debris are

trapped by these plant structures, resulting in more extraneous

contamination of the isolation plates and, hence, greater difficulty

in identifying S. sclerotiorum.

----�------------........�----------------------------------------------------------------- -�
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No data were collected at early bloom from most of the study

fields for logistic reasons (Section 3.2.1). By the time they were

located most fields were already approaching, or in, full bloom.

However, it is probable that few, if any, apothecia were present when

the fields were in early bloom because environmental conditions had

generally not been conducive to carpogenic germination of sclerotia.
J..

Judging from the amount of rainfall for 3 weeks before full bloomA and

the known moisture requirements for carpogenic germination (Abawi and

Grogan, 1979; Morrall, 1977), most, if not all, the apothecia found on

the first sampl ing date must have appeared only a few days before. It

is therefore doubtful that many ascospores were available to infest

petals when most crops were in early bloom.

Despite the first petal samples being from crops at full bloom,

results of the 1984 studies were similar to those of 1983. Low

frequencies of petal infestation were generally associated with low

levels of disease and higher frequencies of infestation with higher

levels of disease. Linear regression analyses and t-tests of

Y-intercepts and slopes demonstrated significant positive

relationships for both infested I ive and infested dead petals with

final disease, despite relatively low r2 values (Tables 2 and 3). Of

the total variation accounted for by multiple regression analyses

using all the independent variables, however, a substantial portion

was explained by infested 1 ive and dead petals on the first sampling

date.

*
Records at Meadow lake of Atmospheric Environment Services,
Environment Canada.
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Although the 1983 study suggested that % Sclerotinia-infested

I ive petals showed stronger relationships with final disease than did

infested dead petals, the opposite was demonstrated in 1984. This was

not surprising since data were not collected at early bloom in 1984,

and infestation of dead petals on the first sampling date could be

considered indicative of live petal infestation at an earl ier growth

stage (Section 3.2.2.1). Thus, both the 1983 and 1984 results suggest

that monitoring Sclerotinia infestation of live petals at a relatively

early crop growth stage has potential for predicting the incidence of

stem rot in rapeseed crops. Additional support for this concept comes

from the 10 fields in 1984 which, unlike the majority in the extensive

study, were at early bloom on the first sampling date (Section 3.2.1).

In these fields petal samples were collected on two dates and

regression analyses of 10-01 relationships for the early bloom phase

were possible. Despite the relatively few degrees of freedom,

stronger relationships were demonstrated between infested petals and

final disease than were demonstrated in either the intensive or

extensive studies with data collected at full bloom. R2 values based

on transformed data (Section 3.2.2.1) were 0.59 for infested live

(y = 0.110 + 0.0101 X, p = 0.010) and 0.70 for infested dead petals

(y = -0.119 + 0.0097 X, p = 0.005), more than twice the values

obtained at full bloom (Tables 2 and 3).

Stronger relationships between inoculum and disease at early

rather than full or late bloom are to be expected. Even 100% petal

infestation at late bloom might not be associated with high levels of

disease. Rapeseed plants begin shedding leaves at about this time so

that infections which start in leaf tissues during late bloom may not
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progress into the stems before abscission occurs. Thus, infections

which begin early during the bloom period have the best opportunity to

The relationships between petal infestation and disease

cause epidemics simply because they have a longer period for

establishment in the main stem.

demonstrated by the 1984 study are clearly different between the

intensive and extensive studies (Figures 22, 24, 28 and 29): for both

live and dead petals the slopes of the regression lines differ between

studies. However, if a curvilinear relationship applied between petal

infestation at an early crop growth stage and final disease, as

tentatively suggested by the 1983 study, one would not expect the

slopes to be identical. The intensive and extensive studies each

covered a different range of values of % diseased plants (low to

moderate in the extensive and moderate to high in the intensive), and

combining results of both studies (Figures 46 and 47), although

statistically questionable, demonstrates broad curvi linear

relationships between petal infestation and disease similar to that

suggested by the 1983 study (Figure 4). The biological basis for a

"concave upward" curvi linear relationship between inoculum and

disease, as suggested by Figures 4, 46 and 47, is not obvious,

however. Some form of IIfacultative synergism" (Baker, 1978) could be

involved. Only one infection can start in a leaf axil irrespective of

the number of infested petals lodged in it, but the probability of

infection occurring may increase if more than one infested petal is

present. The probability of any two randomly selected petals being

infested does not increase linearly with increase in percentage

infestation of petals. However, there is currently no evidence
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Figures 46-47. Scatter diagrams of final % diseased plants against
.J.

% Sclerotinia-infested petals at full bloom" for

combined data of the intensive and extensive studies

+
of rapeseed fields near Meadow Lake, Saskatchewan in

1984.

Fig. 46: live petals

Fig. 47: dead petals

*

Sampl ing dates were: for infested petals, 11-12 July in the intensive

study, and 12-13 July (17 fields) and 17 July (10 fields) in the
extensive study. Data for both studies are from growth stage (GS)
4.2-4.3 (full bloom). Final disease was determined 18 August in the
intensive and 15-17 August in the extensive studies, GS 5.2-5.4.
Growth stages are according to Harper and Berkenkamp (1975)
(Append i x A).

+ .

fIntenSive study (�) was in a field 0 Brassica napus cv Westar.
Extensive study (A) was in 21 B. napus and 6 �. campestris fields.
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suggesting that the presence of two or three infested petals in a leaf

axil would increase the chances of infection occurring. Thus, the

notion of facultative synergism is entirely speculative. However, it

should be a major area of future research in order to understand

better the nature of 10-OJ relationships between rapeseed and S.

sclerotiorum.

A significant 10-01 relationship was also demonstrated between

the density of germinated sclerotia and final disease in the intensive

study in 1984 (Figure 19, Table 2). This relationship (r2 = 0.32) was

stronger than that demonstrated in the same field for infested live

petals (Figure 22, r2 = 0.17, Table 2) and as strong as that for

infested dead petals (Figure 24, r2 = 0.31, Table 2). However, a

similar relationship was not evident in the extensive study (Figure

26, Table 3). This is probably an indication of the extensive

sampling required to demonstrate relationships between apothecia and

disease: a significant relationship was demonstrated with 50 but not

with 27 sampling sites. In contrast, significant relationships were

demonstrated in the extensive study between disease and infested live

(r2 = 0.16) and infested dead (r2 = 0.28) petals. Furthermore, in

both 1983 and 1984 infestation of plant structures (Figures 14 to 17

and 30 to 33) and disease development (Figures 1 to 3, 19, 20 and 26)

occurred at sites where no apothecia were found. A 1 imited study in

1984 of a possible dispersal gradient of ascospores (Section 3.2.2.2)

demonstrated the potential of ascospores moving into rapeseed crops

from adjacent fields. These studies confirmed previous reports of

long-distance dispersal of ascospores (Williams and Stelfox, 1979,

1980) and severe infestations of stem rot occurring where few or no
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aoothecia were found (Morrall and Dueck, 1982, 1983). Clearly,

extrinsic inoculum may be very important in causing disease in

rapeseed fields; thus, there is a need for a stem rot forecasting

system based on ascospore rather than apothecium monitoring. The

large scale destructive sampling required for adequate apothecium

monitoring is an additional factor precluding its practicability.

Overall, the present study has demonstrated the potential of

incorporating a measure of inoculum levels such as petal infestation

into a stem rot forecasting system and thereby improve predictive

reliability. Several aspects of the technique, however, require

refinement. One of the major considerations is in the time required

for positive identification of �. sclerotiorum on the isolation

plates. In this study the frequency of infestation with Sclerotinia

was determined after 11 days incubation, although it was observed that

most colonies of �. sclerotiorum had recognizable developing sclerotia

af ter seven or eight days. I n order for growers to benef i t from peta I

sampl ing at early bloom to predict disease, this time must be reduced

considerably. Even seven days i$ too long to wait for results because

growers have only a brief period during which effective chemical

control can be implemented. Rapeseed is susceptible to

ascospore-induced infections only during bloom, when petals are

falling and are avai lable for colonization (2 to 3 weeks). Recent

studies in western Canada have shown that control of stem rot is most

effective when fungicides are applied before ful I bloom (Dueck � !l.,

1984; Morrall � �., 1983, 1984); thus, growers would have a maximum

of 7 to 10 days during which to act after petal samples were

<:ollected.

I



98

In view of the critical importance of time, developing a

technique for more rapid identification of �. sclerotiorum on

isolation plates must receive high priority. Prel iminary tests using

simple manipulations of culture media (Section 3.3.2) showed only that

the best possible simple basic medium (POA) had already been chosen

for this study. Further tests are required, however, to determine

whether using lower concentrations of rose bengal would speed up the

rate of sclerotium initiation and still slow the growth of other fungi

enough to give�. sclerotiorum a competitive advantage. The inclusion

of other chemicals in the basic medium as possible stimulators of

sclerotium initiation also requires further study. For example,

stal ing products from old cultures are known stimulators of sclerotium

initiation in 1. sclerotiorum and other sclerotium-forming fungi

(Bedi, 1958; Humpherson-Jones and Cooke, 1977).

Without reduction of the time constraints described above the

10-01 relationships described in this thesis have limited practical

potential for predicting the incidence of stem rot in rapeseed fields.

However, in view of a recent report of effective control of stem rot

by using more than one application of fungicide each at a reduced rate

(Morral I � �., 1984), the time factor may diminish in importance.

For example, a grower could collect a sample of petals at early bloom

for plating and, if the probability of an epidemic was high according

to a qualitative risk assessment, immediately spray at half the

recommended rate. In th is way the grower wou I d be assured of a t leas t

some control (Morrall ��., 1984). If, seven days later, the

prediction based on petal infestation were for a severe epidemic, the

grower could assure himself of the maximum possible control by another

.�
� �'
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half-rate application of fungicide. Alternatively, he could take a

chance on the "lesser insurance" conferred by the first half-rate

application. If the prediction were for little or no disease, the

grower would only have lost a maximum of half his potential

expenditures on chemical control.

Another aspect of the technique requiring further work is the

size of the samples and the sampling area. Petals should be collected

over a fairly large area so that the sample(s) will be representative

of the entire field. If sampling were limited to a relatively small

area, false predictions would result when the sampling area was

unrepresentative of the field. This concept is illustrated by

additional manipulation of data from the intensive study of 1984:

regression analyses of final disease on infested petals (data from

first sampling date) using means of 2, 3, 5 and 10 adjacent sample

sites improved r2 values considerably (Table 10). These results

clearly show that the larger the sampling area and the more petals

which are collected, the more representative the data are of the field

since "local effects" average out. Hence, a more accurate prediction

could be made using larger samples of petals collected over a larger

area. Judging from the r2 values and their significance (Table 10),

it appears that either a sampl ing area and/or a sample size about 5

times as large as those used in this study (Section 3.1.1) might be

appropriate. Further research is required, however, to substantiate

this and to separate the effects of sample size from size of the

sampl ing area.

Another aspect of the present study was the investigation of

the persistence of water droplets in the leafaxils of rapeseed
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Table 10. Simple regression analyses of final disease (Y) on % Sclerotinla-infested petals (X) using means* of adjacent sampling

sites In a rapeseed (Brasslca napus cv Westar) field entering full bloom+ near Meadow lake, Saskatchewan In 1984
(
1

...__

(Intensive study).

Independent
variable (X) I

Deviation of Y \% Live % Dead from regression 2
F Degree of Significant

petals petals Regression equatIon , jne r value freedom at p =

,._ Original data X Y = 0.158 + 0.005 X 0.139 0.17 9.97 I. 48 0.005
o III (I site) X Y = -0.019 + 0.008 X 0.127 0.31 21.78 I. 48 0.005

c:
c: 0
0·-
.- ..,

Mean of 2 X Y = -0.073 + 0.009 X 0.106 0.35 12.25 I, 23 0.005
.., u
'- Gl sites X Y = -0.255 + 0.011 X 0.080 0.62 38.19 I. 23 0.005 I-'
0 .....

o.c: a
0'- a
'-

Hean of 3 X Y = 0.030 + 0.007 X 0.089 0.34 7.18 I, 14 0.025
o,

sites X Y = -0.282 + 0.011 X 0.050 0.77 51.45 I, 14 0.005

..,>- Mean of 5 X Y = -0.187 + 0.010 X 0.068 0.62 12.90 I. 8 0.010
c+--:
Gl sites X Y = -0.338 + 0.012 X 0.046 0.82 37.1,6 I, 8 0.005
-ov
c:�
V.Il
0.10 Mean of 10 X Y = -0.324 + 0.0123 X 0.066 0.70 7.09 I, 3 0.100
Gl'-
D L.

sites X Y = -0.422 + 0.0134 X 0.022 0.97 86.19 I. 3 0.005
10
>

"'Calculations of means for disease and petal Infestation were done with original data. All percentage data were then

transformed with ASINV%lIOO. Percentage diseased plants was further transformed with -In(I-%IIOO).

+
Petal samples collected 11-12 July (sampling date I), crop in growth stage (GS) 4.2-4.3. Final disease determined 18

August. GS 5.2-5.3. Growth stages are according to Harper and Berkenkamp (1975) (Appendix A).
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plants. The results, although I imited, have some bearing on how 10-01

relationships such as those demonstrated in the present work could be

exploited in a practical disease forecasting system. Water was found

to persist in the infection court for relatively long periods even

when macroenvironmental conditions were generally not conducive to

infection (Section 4.2.2). This may at least partially explain the

occurrence under relatively hot, dry conditions of low to moderate

levels of disease in rapeseed fields near Melfort in 1984 (Section

3.2.2.2). The importance of moisture for infection by �. sclerotiorum

has been discussed (Section 2.1.3) and obviously requires further

evaluation; however, this study has shown that the moisture

requirements for infection may be met even when apparently unfavorable

environmental conditions persist. The "recharging" of leafaxils with

water by dew and guttation also need evaluation to determine whether

they have a significant effect in extending the persistence of water

droplets in the infection court.

In conclusion, this study has demonstrated the existence of a

relationship between the frequency of Sclerotinia-infested I ive petals

at a relatively early stage of crop development and the incidence of

stem rot in rapeseed fields. Further studies are required, however,

to characterize this relationship more accurately and thereby improve

disease predictions based on it. In order to do this additional data

are required covering a wide range of values of both petal infestation

and disease. These data must be collected in a manner that would

al low valid statistical analyses. Sample sizes (number of petals/site

and number of sites or fields) must be increased and sampl ing sites

must cover a greater area in order to explain more of the variation in
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results and show how the relationship varies over its entire potential

range. Furthermore, identification of S. sclerotiorum in isolation

plates must be speeded up to allow predictions to be made as quickly

as possible. Finally, environmental factors need closer scrutiny,

especially their effects on aspects of the infection process. Thus,

if an inoculum-disease curve of general predictive capability were

developed, it might be possible to adjust it according to the

prevai ling weather.



103

LITERATURE CITED

Abawi, G.S., and R.G. Grogan. 1975. Source of primary inoculum and

effects of temperature and moisture on infection of beans by

Whetzelinia sclerotiorum. Phytopathology 65: 300-309.

Abawi, G.S., and R.G. Grogan. 1979. Epidemiology of diseases caused

by Sclerotinia species. Phytopathology 69: 899-904.

Abawi, G.S., F.J. Polach, and W. T. Mol in. 1975. Infection of bean by

ascospores of Whetzelinia sclerotiorum. Phytopathology 65:

673-678.

Adams, P.B., and W.A. Ayers. 1979. Ecology of Sclerotinia species.

Phytopathology 69: 896-899.

Adams, P.B., and W.A. Ayers. 1981. Sporidesmium sclerotivorum:

distribution and function in natural biological control of

sclerotial fungi. Phytopathology 71: 90-93.

Adams, P.B., and W.A. Ayers. 1982. Biological control of sclerotinia

lettuce drop in the field by Sporidesmium sclerotivorum.

Phytopathology 72: 485-488.

Akai, J. 1981. Studies on the epidemiology and control of

sclerotinia disease of beans caused by Sclerotinia sclerotiorum

(Lib.) de Bary. Rep. Hokkaido Prefect. Agric. Exp. Stn. No.

36. 83 pp. (English summary).

Anderson, F.N., J.R. Steadman, D.P. Coyne, and H.F. Schwartz. 1974.

Tolerance to white mold in Phaseolus vulgaris dry edible bean

types. Plant Dis. Rep. 58: 782-784.

Anonymous. 1982. Sclerotinia check 1 ist. Agri-News, Alberta Agric.

Print Media Branch, 14 June: 14-17.



�_
..•

� -_ •• __ �._', .• '
.. ":"r:,"",,_'-_" 104

Anonymous. 1984. 1984 Sclerotinia check list. Agri-News, Alberta

Agric. Print Media Branch, 2 July: 14-17.

Baker, R. 1978. Inoculum potential. Pages 137�157 In: J.G. Horsfall

and E.B. Cowling (eds.). Plant disease, an advanced treatise.

Vol. 2. Academic Press, NY. 436 pp.

Bedi, K.S. 1958. The role of stale products in the formation of

sclerotia of Sclerotinia sclerotiorum (Lib.) de Bary. Indian

Phytopathol.11: 29-36.

Bedi, K.S. 1962. Light, air and moisture in relation to the

formation of apothecia of Sclerotinia sclerotiorum (Lib.) de

Bary. Proc. Indian Acad. Sci. Sec. B. 55: 213-223.

Bedi, K.S. 1963a. Some chemical and biological factors affecting the

formation of apothecia of Sclerotinia sclerotiorum (Lib.) de

Bary. J. Indian Bot. Soc. 42': 66-73.

Bedi, K.S. 1963b. The age and size of sclerotia of Sclerotinia

sclerotiorum (Lib.) de Bary in relation to the formation of

apothec i a. J. I nd i an Bot. Soc. 42: 204-207.

Blad, B.L., J.R. Steadman, and A. Weiss. 1978. Canopy structure and

irrigation influence white mold disease and microclimate of dry

edible beans. Phytopathology 68: 1431-1437.

Boland, G.J. 1984. Epidemiology and management of diseases caused by

apothecia of Sclerotinia sclerotiorum with incidence of white

Sclerotinia sclerotiorum in whitebean and soybean. Ph.O.

thesis, Univ. of Guelph, Guelph, Ontario. 245 pp.

Boland, G.J., and R. Ha 11 • 1982. White mold of soybeans. Can. J.

Plant Pathol. 4: 304 (Abstract).

Boland, G.J., and R. Ha 11 • 1983. Cor reI a t i on of abundance of



105
'�----

mold of whitebean and soybean. Can. J. Plant Pathol. 5: 201

(Abstract).

Brun, H., P. Bautrais, and M. Renard. 1983. Importance de llhumidite

relative de I lair et de la temperature sur la contamination du

Colza par Sclerotinia sclerotiorum. Proc. 6th Int. Rapeseed

Conf. Paris, France: 897-902.

Caesar, A.J., and R.C. Pearson. 1983. Environmental factors

affecting survival of ascospores of Sclerotinia sclerotiorum.

Phytopathology 73: 1024-1030.

Cook, G.E., J.R. Steadman, and M.G. Boosalis. 1975. Survival of

Whetzelinia sclerotiorum and initial infection of dry edible

beans in western Nebraska. Phytopathology 65: 250-255.

Coyne, D.P., J.R. Steadman, and F.N. Anderson. 1974. Effect of

modified plant architecture of Great Northern dry bean

varieties (Phaseolus vulgaris) on white mold severity, and

components of yield. Plant Dis. Rep. 58: 379-382.

Coyne, D.P., J.R. Steadman, and H.F. Schwartz. 1977. Reaction of

Phaseolus dry bean germplasm to Sclerotinia.sclerotiorum.

Plant Dis. Rep. 61: 226-230.

Dueck, J. 1977. Sclerotinia in rapeseed. Canada Agric. 22: 7-9.

Dueck, J., R.A.A. Morrall, A.J. Klassen, and J. Vose. 1981. Heat

inactivation of sclerotia of Sclerotinia sclerotiorum. Can. J.

Plant Pathol. 3: 73-75.

Dueck, J., R.A.A. Morrall, and D.L. McKenzie. 1983. Control of

Sclerotinia sclerotiorum in rapeseed with fungicides. Can. J.

Plant Pathol. 5: "289-293.

�----�--------------------------------------



106

��2ck, J., and F.S. Sedun. 1983. Distribution of Sclerotinia

sclerotiorum in western Canada as indicated by sclerotial

levels in rapeseed unloaded in Vancouver, 1973-1981. Can.

Plant Dis. Surv. 63: 27-29.

Fry, W.E. 1982. Principles of plant disease management. Academic

Press. N. Y. 378 pp.

Grau, C.R., V.L. Radke, and F.L. Gillespie. 1982. Resistance of

soybean cultivars to Sclerotinia sclerotiorum. Plant Dis. 66:

506-508.

Gregory, P.H. 1948. The multiple-infection transformation. Ann.

Appl. BioI. 35: 412-417.

Grogan, R.G., and G.S. Abawi. 1975. Influence of water potential on

growth and survival of Whetzelinia sclerotiorum.

Phytopathology 65: 122-128.

Harper, F.R., and B. Berkenkamp. 1975. Revised growth-stage key for

Brassica campestris and B. napus. Can. J. Plant Sci. 55:

657-658.

Hims, M.J. 1979. New or unusual records of plant diseases and pests.

Plant Pathol. 28: 197-198.

Hond Y and T Y k· 1977. Control of sclerotinia disease ofa, • , • uno I.

greenhouse eggplant and cucumber by inhibition of development

of apothecia. Plant Dis. Rep. 61: 1036-1040.

H H C d J D eck 1980. Wilt of sunflower from infection byuang, .., an • u •

sclerotium formation by acid stal ing compounds in Sclerotinia

mycel ial-germinating sclerotia of Sclerotinia sclerotiorum.

Can. J. Plant Pathol. 2: 47-52.

Humpherson-Jones, F.M., and R.C. Cooke. 1977. Induction of

_______ �� J� �1 __



107

5clerotiorum and Sclerotium rolfsii. Trans. Br. Mycol. Soc.

68: 413-420.

Hunter, J.E. 1981. Proposal for a forecasting system for white mold

of snap beans. Annu. Rep. Bean Imp. Coop. 24: 122-123.

Hunter, J.E., R.C. Pearson, R.C. Seem, C.A. Smith, and D.R. Palumbo.

1984. Relationship between soil moisture and occurrence of

Sclerotinia sclerotiorum and white mold disease on snap beans.

Protec. Ecol. 7: 269-280.

Imolehin, LD., R.G. Grogan, and J.M. Duniway. 1980. Effect of

temperature and moisture tension on growth, sclerotial

production, germination, and infection by Sclerotinia minor.

Phytopathology 70: 1153-1157.

Jones, D., and E.G. Gray. 1977. Crop losses due to the soil-borne

fungus, Sclerotinia sclerotiorum. ARC Res. Rev. 3: 79-81.

Kapoor, K.S., C. Lamarque, and J. Berrier. 1983. Some aspects of the

host-parasite relations between Sclerotinia sclerotiorum (Lib.)

de Bary and rapeseed. Proc. 6th Int. Rapeseed Conf. Paris,

France: 991-994.

Kruger, W. 1972. Untersuchungen uber die Biologie von Sclerotinia

sclerotiorum, dem Erreger des Rapskrebses. Mitt. BioI.

Bundesanst. Land-Forstwirtsch. Berlin-Dahlem 146: 214.

Kruger, W. 1973. Massnahmen zur Bekampfung des Rapskrebses,

verursacht durch Sclerotinia sclerotiorum (Lib.) de Bary.

Phytopathol. z. 77: 125-137.

KrUger, W. 1974. Untersuchungen uber die Epidemiologie des

Rapskre�ses, verursacht durch Sclerotinia sclerotiorum (Lib.)

de Bary. Proc. Int. Rapskong. 4: 595-603.



'.

\'-..__ ... -. -���= .

108
-_ "-- _,,/

t-,
.qe r , W. 1975a. Die Beeinflussung der Apothezien- und

Ascosporen-Entwicklung des Rapskrebserregers Sclerotinia

sclerotiorum (Lib.) de Bary durch Umweltfaktoren. Z.

Pflanzenkrankh. Pflanzensch. 82: 101-108.

Kruger, W. 1975b. tiber die Wirkung der Witterung auf den Befall des

Rapses durch Sclerotinia sclerotiorum (Lib.) de Bary.

Nachrichtenbl. Deut. Pflanzenschutzd. 27: 1-6.

KrUger, W. 1975c. Uber die Bildung von Sklerotien des

Rapskrebserregers (Sclerotinia sclerotiorum (lib.) de Bary) im

Boden. Mitt. BioI. Bundesanst. land-Forstwirtsch.

Berl in-Dahlem 163: 32-40.

Kruger, W. 1980. Wurzel- und Stengelkrankheiten des Rapses.

Kali-Briefe (BOntehof) 15: 179-192.

Lamarque, C. 1983. Conditions climatiques qui favorisent Ie

processus naturel de la contamination du Colza par Ie

Sclerotinia sclerotiorum. Proc. 6th Int. Rapeseed Conf. Paris,

France: 903-908.

lamarque, C., et F. Rapilly. 1981.
.. . ,

Conditions necessarres a la

contamination du Tournesol par les ascospores de Sclerotinia

sclerotiorum (lib.) de Bary: appl ication � la prevision des

epid�mies locales. Inf. Techn. (CETIOM) 75: 4-6.

le Coz, S. 1981. Contribution a- I 'etude de quelques facteurs

conditionnant 1 'infection du Colza par Sclerotinia sclerotiorum

- M�moire de fin d'�tudes. ENSA de Rennes et Station de

Pathologie V�g�tale - INRA Rennes - Ie Rheu: 39-43.



109

.

{>�'!am� O.B. 1975. Stimulation by 1 ight of apothecial ini tial

development of Sclerotinia sclerotiorum. Trans. Br. Mycol.

Soc. 65: 333-335.

Martens, J.W., W.L. Seaman, and T.G. Atkinson, eds. 1984. Diseases

of field crops in Canada. Can. Phytopathol. Soc. 160 pp.

McLean, D.M. 1958a. Some experiments concerned with the formation

and inhibition of apothecia of Sclerotinia sclerotiorum (Lib.)

d By. Plant Dis. Rep. 42: 409-412.

McLean, D.M. 1958b. Role of dead flower parts in infection of

certain crucifers by Sclerotinia sclerotiorum (Lib.) d By.

Plant Dis. Rep. 42: 663-666.

Merriman, P.R. 1976. Survival of sclerotia of Sclerotinia

sclerotiorum in soil. Soil BioI. Biochem. 8: 385-389.

Merriman, P.R., M. Pywell, G. Harrison, and J. Nancarrow. 1979.

Survival of sclerotia of Sclerotinia sclerotiorum and effects

of cultivation practices on disease. Soil BioI. Biochem. 11:

567-570.

Morrall, R.A.A. 1977. A preliminary study of the influence of water

potential on sclerotium germination in Sclerotinia

sclerotiorum. Can. J. Bot. 55: 8-11.

Morrall, R.A.A., and J. Dueck. 1982. Epidemiology of sclerotinia

stem rot of rapeseed in Saskatchewan. Can. J. Plant Pathol. 4:

161-168.

Morrall, R.A.A., and J. Dueck. 1983. Sclerotinia stem rot of spring

rapeseed in western Canada. Proc. 6th Int. Rapeseed Conf.

Paris, France: 957-962.

(



/1__

110

,;\1, R.A.A., J. Dueck, D.L. McKenzie, and D.C. McGee. 1976. Some

aspects of Sclerotinia sclerotiorum in Saskatchewan, 1970-1975.

Can. Plant Dis. Surv. 56: 56-62.

Morrall, R.A.A., R.K. Gugel, and P.R. Verma. 1983. Aerial and ground

level application of fungicide to canola for control of

sclerotinia stem rot. Pest. Res. Rep. Canada: 238.

Morrall, R.A.A., K.T. Turkington, R.K. Gugel, and P.R. Verma. 1984.

Commercial options with ground level fungicide application to

control sclerotinia stem rot of canola. Pest. Res. Rep.

Canada: 272.

Muckel, R.D., and J.R. Steadman. 1981. Dissemination and survival of

Sclerotinia sclerotiorum in bean fields in western Nebraska.

Phytopathology 71: 244 (Abstract).

Natti, J.J. 1971. Epidemiology and control of bean white mold.

Phytopathology 61: 669-674.

Newton, H.C., and L. Sequeira. 1972. Ascospores as the primary

infective propagule of Sclerotinia sclerotiorum in Wisconsin.

Plant Dis. Rep. 56: 798-802.

Partyka, R.E., and W.F. Mai. 1962. Effects of environment and some

chemicals on Sclerotinia sclerotiorum in laboratory and potato

field. Phytopathology 52: 766-770.

Petrie, G.A., and J. Dueck. 1979. Diseases of rape and mustard.

Pages 21-32�: Insect pests and diseases of rape and mustard.

Pub. no. 48, Rapeseed Assoc. of Canada.

Petrie, G.A., and J. Dueck. 1980. Diseases. Pages 23-27 �: Canola,

Canada's rapeseed crop. Pub. no. 56, Canola Counci 1 of Canada.



111

e L.H. 1956. Factors affecting apothecial production by

sclerotinia sclerotiorum. Phytopathology 46: 409-410.

Purdy, L.H. 1979. Sclerotinia sclerotiorum: history, diseases and

symptomatology, host range, geographic distribution, and

impact. Phytopathology 69: 875-880.

Purdy, L.H., and R. Bardin. 1953. Mode of infection of tomato plants

by the ascospores of Sclerotinia sclerotiorum. Plant Dis. Rep.

37: 361-362.

Radke, V., and C.R. Grau. 1981. Carpogenic germination of sclerotia

of Sclerotinia sclerotiorum. Phytopathology 71: 900-901

(Abstract).

Radke, V., and C.R. Grau. 1982. Effect of herbicides on carpogenic

germination of sclerotia of Sclerotinia sclerotiorum.

Phytopathology 72: 1139 (Abstract).

Rimmer, S.R., and J.G. Menzies. 1983. Influence of host seedl ing

exudates on germination of sclerotia of Sclerotinia

sclerotiorum. Proc. 6th Int. Rapeseed Conf. Paris, France:

951-956.

Rose, K.B., J.T. Andaloro, and J.E. Hunter. 1983. Evaluation of a

white mold forecasting scheme in a snap bean pest management

program. Phytopathology 73: 373 (Abstract).

Saito, I. 1977. Studies on the maturation and germination of

sclerotia of Sclerotinia sclerotiorum (Lib.) de Bary, a causal

fungus of bean stem rot. Rep. Hokkaido Prefect. Agric. Exp.

Stn. No. 26. 79 pp. (Engl ish summary).

.>:



J
112

Schwartz, H.F., and J.R. Steadman. 1978. Factors affecting

sclerotium populations of, an� apothecium production by,

Sclerotinia sclerotiorum. Phytopathology 68: 383-388.

Schwartz, H.F., J.R. Steadman, and D.P. Coyne. 1978. Influence of

Phaseolus vulgaris blossoming characteristics and canopy

structure upon reaction to Sclerotinia sclerotiorum.

Phytopathology 68: 465-470.

Smith, A.M. 1972. Biological control of fungal sclerotia in soil.

Soil BioI. Biochem. 4: 131-134.

Steadman, J.R. 1979. Control of plant diseases caused by Sclerotinia

species. Phytopathology 69: 904-907.

Steadman, J.R. 1983. White mold - a serious yield-limiting disease

of bean. Plant Dis. 67: 346-350.

Steadman, J.R., D.P. Coyne, and G.E. Cook. 1973. Reduction of

severity of white mold disease on Great Northern beans by wider

row spacing and determinate plant growth habit. Plant Dis.

Rep. 57: 1070-1071.

Stelfox, D., J.R. Williams, u� Soehngen, and R.C. Topping. 1978.

Transport of Sclerotinia sclerotiorum ascospores by rapeseed

pollen in Alberta. Plant Dis. Rep. 62: 576-579.

Steele, R.G.D., and J.H. Torrie. 1980. Principles and procedures of

statistics: a biometrical approach. McGraw-Hi 11 Inc. 633 pp.

Sutton, J.C., T.J. Gillespie, and P.O. Hildebrand. 1984. Monitoring

weather factors in relation to plant disease. Plant Dis. 68:

78-84.

Tanrikut, S., and E.K. Vaughan. 1951. Studies on the physiology of

Sclerotinia sclerotiorum. Phytopathology 41: 1099-1103.



113

Teo; B.K., and R.A.A. Morrall. 1984. A technique to study the

influence of soil moisture on sclerotium germination of

Sclerotinia sclerotiorum. Can. J. Plant Pathol. 6: 268

(Abstract).

Thomson, J.R., and D. Stelfox. 1983. Sclerotinia contamination of

Alberta-produced rapeseed, from 1976-1981. Can. Plant Dis.

Surv. 63: 19-21.

Thomson, J.R., P.M. Thomas, and I.R. Evans. 1984. Efficacy of aerial

application of benomyl and iprodione for the control of

sclerotinia stem rot of canola (rapeseed) in central Alberta.

Can. J. Plant Pathol. 6: 75-77.

Verma, P.R. 1983. Surviving sclerotinia stem rot. Agri-book Mag. 9:

11-12.

Verma, P.R., R.A.A. Morrall, and D.L. McKenzie. 1983. Field

evaluation of foliar-applied fungicides for the control of

sclerotinia stem rot in canola, 1983. Pest. Res. Rep. Canada:

239.

Weiss, A., E.O. Kerr, and J.R. Steadman. 1980. Temperature and

moisture influences on development of white mold disease

(Sclerotinia sclerotiorum) on Great Northern beans. Plant Dis.

64: 757-759.

Willetts, H.J., and J.A.-L. Wong. 1980. The biology of Sclerotinia

sclerotiorum, �. trifoliorum, and S. minor with emphasis on

specific nomenclature. Bot. Rev. 46: 101-165.

Williams, J.R., and O. Stelfox. 1979. Dispersal of ascospores of

Sclerotinia sclerotiorum in relation to sclerotinia stem rot of

rapeseed. Plant Dis. Rep. 63: 395-399.



114

rLj!:ufnS, J.R., and D. Stelfox. 1980. Influence of farming practices

in Alberta on germination and apothecium production of

sclerotia of Sclerotinia sclerotiorum. Can. J. Plant Pathol.

2: 169-172.

Zadoks, J.e. 1984. A quarter century of disease warning, 1958-1983.

Plant Dis. 68: 352-355.

Zadoks, J.C., and R.D. Schein. 1979. Epidemiology and plant disease

management. Oxford University Press, NY. 427 pp.

------------------,

(



\ 115

·,'.'r,dix A.

';'.:

r�v TO GROWTH STAGES IN RAPESEED (Brassica campestris and B. napus).

Descriptions are based on the main stem.

STAGE: 0 - Preemergence
- Seed 1 i ng

2 - Rosette

2.1 First true leaf expanded
2.2 Second true leaf expanded

(add 0.1 for each additional leaf)

3 - Bud

3.1 Inflorescence visible at center of rosette

3.2 Inflorescence raised above level of rosette

3.3 Lower buds yellowing

4 - Flower

4.1 First flower open
4.2 Many flowers opened, lower pods elongating
4.3 Lower pods starting to fill
4.4 Flowering complete, seeds enlarging in lower pods

5 - Ripening

5. 1 Seeds in lower pods fu 11 size, translucent

5.2 Seeds in lower pods green
5.3 Seeds in lower pods green-brown mottled

5.4 Seeds in lower pods brown

5.5 Seeds in all pods brown, plant senescent

*
From: Harper, F.R. and B. Berkenkamp. 1975.

key for Brassica campestris and B. napus.
657-658.

Revised growth stage
Can. J. Plant Sci. 55:

(
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P"i"'i;.end i x B.

R�CIPES FOR HOMEMADE MEDIA.

1) _!!ornemade f_otato Q_extrose �gar (HPDA)

Diced potato
Dextrose
Agar
Distilled water

200 g
20 g
15 g

1. 0 I

Simmer potato in d H 0 for 1 h. Pour off liquid into graduated
flask straining thro6gh two layers of cheesecloth. Add dextrose

and agar and mix thoroughly. Make up to 1.0 1. Autoclave for 15
min at 117 kPa and 120°C.

2) �omemade �apeseed Q_extrose �gar (HRDA)

Substitute 200 g diced rapeseed stems for potato in 1) above.

3) Va-Juice Agar (va)

va juice 200 ml

CaC03 3 g
Agar 15 g
Dis till ed water aoo ml

Mix ingredients in order given. Autoclave for 15 min at 117 kPa

and 120°C.
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