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Abstract

The potential of using the percentage of ascospore infested rapeseed

petals to provide a quantitative forecast of the incidence of sclerotinia

stem rot in rapeseed was studied in several areas of Saskatchewan in 1985

and 1986. A pilot project in which farmers collected petal samples was

set up to study the commercial feasibility of such an approach. Farmers

normally collected rapeseed petals during early bloom and were then given

a disease risk forecast based on the percentage of infested petals
determined by a laboratory agar plate test. In crops that had been

sampled disease incidence was determined later in the growing season.

Intensive field studies were also conducted to investigate the effect of

sample size on estimates of petal infestation and disease incidence.

Finally, laboratory studies were conducted to find a growth medium for

the agar plate test which did not restrict the growth of Sclerotinia

sclerotiorum, allowed rapid identification of the fungus and assured good

protection from bacterial contamination.

The results indicated that disease forecasting based on petal
infestation would be feasible on a commercial scale, with farmers

collecting petal samples. Forecasts were relatively accurate when the

disease risk was low. However, problems occurred in identifying crops at

moderate and high disease risk. This was attributed to moisture

conditions and inoculum levels changing during flowering. It is suggested
that repeated petal sampling during flowering might alleviate this

problem. Crop canopy density appeared to be an important factor

affecting the relationship of petal infestation with disease incidence.

Disease incidence was higher per unit of petal infestation in crops with

dense canopies.
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The intensive field studies indicated that a sample SIze of five to SIX

sites per crop, with 40 petals tested per site could be used to estimate

the mean percentage of petal infestation in the crop with a standard error

of 5%. Based on results from laboratory experiments the growth medium

for plating petals was changed slightly from 1985 to 1986. This change
allowed the identification of S. sclerotiorum after 3-4 days In 1986

compared to 5 days in 1985.

The possibility of incorporating prevailing moisture conditions,

canopy density and changing inoculum levels in a future forecasting

system is discussed.
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Chapter 1

Introduction

The destructive capacity of plant pathogens IS well known.

Epidemics of potato late blight in the mid 19th century and Southern leaf

blight of corn in the early 1970's illustrate this point. One pathogen that

can be very destructive on rapeseed in western Canada is Sclerotinia

sclerotiorum (Lib.) de Bary [syn. Whetzelinia sclerotiorum (Lib.) Korf &

Dumont], a discomycete that causes stem rot disease. Although not as

infamous as the diseases mentioned previously, stem rot can cause severe

yield losses when environmental conditions favor an epidemic. The

incidence of stem rot varies from year to year, region to region, and even

within a single field (Gugel & Morrall 1986. Morrall & Dueck 1982,

Morrall et al. 1976, Steadman 1979).
Control of diseases caused by S. sclerotiorum has centered around

various cultural and chemical methods (Kolte 1985, Steadman 1979,

Tewari 1985, Thomas 1985). The host range of §. sclerotiorum is very

extensive and includes most of the common broad-leafed weeds found in

western Canada (Purdy 1979, Tewari 1985). This wide host range has

made breeding for resistance very difficult, so that disease control using

resistant rapeseed is not an option at least in the short run (Morrall &

Dueck 1982, Kruger 1980).
Cultural methods of control include long rotations and selective

planting of fields, deep plowing to bury sclerotia, burning of infected

stubble, and use of clean seed (Kolte 1985, Tewari 1985, Thomas 1985).
However, the success of these measures is often limited due to the

longevity. wide distribution, and long range dispersal of §. sclerotiorum

(Morrall & Dueck 1982, Williams & Stelfox 1979. 1980a, 1980b).
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Currently, foliar application of fungicides 1S considered the best

method of control of Sclerotinia on rapeseed, at least when disease

pressure 1S high enough to warrant it (Davies 1986, Dueck et al. 1983,

Morrall et al. 1985). However, the cost of spraying is about $50

CAN fha, which represents a rather large investment for the farmer. In

order for chemical control measures to be economical an adequate yield

12-20% 1S needed

With current prices for rapeseed, an increase of

to break even (R.A.A. Morrall, personal

mcrease must occur.

communication). Because of the variable incidence of stem rot, fungicides
are often used when disease pressure is not very high. Alternatively,
farmers may fail to recognize a potential for severe disease and not use

chemical control measures. Thus, there is a need for a method of

identifying the risk of stem rot in specific crops and recommending

appropriate actions.

At present, a qualitative method of forecasting the risk of stem rot

1S available in Canada (Thomas 1985). The method depends on

evaluating a number of crop, environmental, and pathogen factors in

order to identify those crops that require chemical control. However,

there are problems associated with this approach (Gugel 1985). First it

is not quantitative and second it does not adequately take into account

the fact that ascospores of the pathogen can originate from apothecia

present in surrounding fields.

Petals play a very important role m the disease cycle of stem rot

(Kapoor et al. 1983, Lamarque 1983). Originally it was thought that

ascospores of the fungus land on fallen petals that lodge on various

structures of the rapeseed plant. The ascospores would then use the

petals as a saprophytic food base before infecting plants. Recently it has

been demonstrated by Kapoor et al. (1983) and Lamarque (1983) that

petals are contaminated by ascospores and may even be colonized by

hyphae when still in situ in the inflorescence. The presence of ascospores

of �. sclerotiorum on various parts of the rapeseed plant was studied by

Gugel & Morrall (1986). They were able to demonstrate a quantitative
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relationship between petals infested with ascospores and disease incidence

and suggested that the relationship might be exploited to assist farmers

considering fungicide application for stem rot control.

Based primarily on work by Gugel & Morrall (1986), the present

project was directed towards developing a disease forecasting system in

which a measurement of inoculum on petals is used to enhance existing

nonquantitative criteria (Thomas 1985). One part of the study involved a

pilot project using petal samples provided mainly by growers in certain

rapeseed growing areas of Saskatchewan. This was designed to provide
information concerning the feasibility of using Sclerotinia-infested petals as

the basis for a commercial disease forecasting system. It was also

designed to provide data from a large geographic area under a range of

environmental conditions. Weather conditions were monitored to observe

their influence on the relationship between petal infestation and disease

incidence. It was hoped that this approach would overcome the sampling
limitations previously encountered by Gugel (1985).

Another area of study was the effect of sample SIze III commercial

crops on estimates of petal infestation and disease incidence. Experiments
were performed to determine the minimum size and number of samples
which would provide an adequate estimate of petal infestation, but still be

manageable when used in a commercial forecasting system.

The final area of study was undertaken because spraying for control

of stem rot in rapeseed is effective only if done during a relatively short

period of time during bloom (Morrall et al. 1985). Therefore rapid
isolation of S. sclerotiorum from infested petals is necessary for the data

to be useful in forecasting (Gugel 1985). Accordingly, experiments were

designed to find ways of speeding up the isolation and identification of

the pathogen.
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Chapter 2

Literature review

2.1. Disease cycle of Sclerotinia sclerotiorum and

influence of environmental factors on infection

2.1.1. General

The disease cycle of §. sclerotiorum is relatively simple. Hard black

sclerotia produced by the fungus act as overwintering structures and may

persist in soil for 10 years or more (Adams & Ayers 1979, Cook et al.

1975). The sclerotia have two methods of germination: (1) myceliogenic ,

i.e. the production of hyphae, or (2) carpogenic, i.e. the formation of

ascospore-producing apothecia (Le Tourneau 1979, Willetts & Wong 1980).
Carpogenic germination plays a major role in the disease cycle of

sclerotinia stem rot of rapeseed, while myceliogenic germination is thought
to be of relatively little importance (Morrall & Dueck 1982, Kolte 1985).

In spring rapeseed under western Canadian conditions, the crop

canopy (as well as that of nonhost crops) has developed sufficiently by
late June or early July to produce a favorable microenvironment for

sclerotia to produce apothecia (Morrall & Dueck 1983, Kruger 1975a,

1975b). Large numbers of ascospores are forcibly released from apothecia,
and have the potential to travel considerable distances (150 m or more),
depending on wind conditions (Schwartz & Steadman 1978. Williams &

Stelfox 1979).
Ascospores land on varIOUS plant structures including petals, which

play an important role m the disease cycle (Gugel & Morrall 1986,

Kruger 1975b, Lamarque 1983, Penaud 1984). Petals may be
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contaminated by ascospores when still in the inflorescence or after falling
and lodging on various plant structures. Ascospores depend upon the

petals as a saprophytic food base before plant infection (Briin et al. 1983,

Kapoor et al. 1983, Lamarque 1983).
Symptoms initially appear as water-soaked lesions which may expand

to girdle the stems. If microenvironmental conditions are moist, infected

host tissues may become covered with mycelia of the fungus. Once stems

are girdled, wilting, premature ripening, shredding and shattering of host

tissue, and lodging occur (Kolte 1985, Tewari 1985, Thomas 1985).
Infected host tissue has a characteristic bleached appearance and sclerotia

are produced within or on infected tissues. Sclerotia may thresh out with

the harvested seed or remain in the field with infected stubble, thereby

completing the disease cycle. Infection with S. sclerotiorum results in

decreased seed production, and losses from shrivelled seed, shattering, and

dockage due to contamination with sclerotia (Dueck & Sedun 1983,

Morrall et al. 1976).
The above represents a very brief overview of the disease cycle of

sclerotinia stem rot. A more detailed review of certain aspects of the

disease cycle, of chemical control and of disease forecasting in general is

pertinent to the interpretation of results in this thesis.

2.1.2. Ascospore production

The production of ascospores requires specific environmental

conditions. Sclerotium germination occurs at temperatures of 5 to 300 C,

with the optimum between 10 and 150 C (Abawi & Grogan 1975, Kruger

1975a, 1975b,'B.K. Teo & T .K. Turkington, unpublished data). However,

the most important factor that governs germination is soil moisture.

Using osmotica, Grogan and Abawi (1975) found that carpogenic

germination occurred only at water potentials close to 0 bars, although a

few initials were formed at -6 bars. Morrall (1977) demonstrated

germination over a range of water potentials from 0 to -7.5 bars by using

polyethylene glycol solutions. Using an inclined box technique Teo &
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Morrall (1985) demonstrated that germination in soil occurred from 0 to

-4 bars, although the frequency of germination at -4 bars was very low.

Evidently, carpogenic germination occurs optimally at water

potentials from near saturation (0 bars) to -7.5 bars, with an optimum

temperature of 10 to 15
0

C. In the field these conditions normally occur

only when the plant canopy covers the soil surface, thereby buffering

temperature and moisture fluctuations (Akai 1981, Morrall & Dueck 1982,

Schwartz & Steadman 1978). Although the development of an adequate

canopy is important, sufficient rainfall must occur to produce favorable

conditions (Morrall & Dueck 1982).
Relatively humid conditions must also be maintained for the

production of ascospores, because if apothecia begin to dry out ascospore

production decreases (KrUger 1975b). In the lab, ascospores were

produced over a range of temperatures from 4 to 300 C. with maximum

production at about 200 C (Newton & Sequeira 1972). Large numbers of

ascospores (2.58 x 105 per day) are forcibly released from apothecia,
which may remam functional for 2-17 days m the lab or for

approximately 7 days in the field. depending on weather conditions

(Newton & Sequeira 1972, Schwartz & Steadman 1978). Ascospore

release also varies depending on the time of day. Hartill (1980) found

that most ascospores in the field were trapped from 0900 to 1400 hours

and suggested that light might play a role in release. Williams and

Stelfox (1979) also found that more ascospores were trapped if agar plates
were exposed during the day than overnight. Although moisture is

essential for carpogenic germination, Kruger (1974, 1975a, 1975b) found

that wet weather does not necessarily favor ascospore release. Relatively

dry windy conditions promoted ascospore release while wet, cloudy, and

calm conditions discouraged it. Moderate to heavy rainfall also prohibited

ascospore release because the ascospores were caught in liquid drops that

collected on apothecia and were then probably washed into the soil.
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2.1.3. Ascospore survival

Ascospore survival is also influenced by weather conditions. Grogan

and Abawi (1975) found that ascospores placed on glass cover slips
survived for longer periods if the relative humidity (RH) was less than

75%. Percentage survival decreased rapidly when the RH was greater

than 75%. They found that survival was longer when ascospores were

placed on bean blossoms in the field where the RH varied. The extent

of germination also influenced survival. After 62 and 86 hours

germination, ascospore germlings survived for 32 days, while after 4 hours

germination survival was only for 4 days. In both cases germinated

ascospores were held at 98% RH on dialysis tube segments for the

survival period before placement on acidified potato dextrose agar (PDA).
Caesar and Pearson (1983) studied survival by placing ascospores on

"glass slivers" and exposing them to different RH's and temperatures

before incubation on PDA. Survival was also studied III the field by

using a differential fluorescent stain to assess ascospore viability. The

longest periods of survival on "glass slivers" occurred at RH's less than

80% and temperatures of 5-10
0

C. With increases in temperature or RH,

survival decreased. In the field temperatures of about 30
0 C were

associated with rapid reductions in ascospore survival. Ultra-violet light
also decreased viability in both field and lab studies. In the field,
survival rates were lower for ascospores on upper leaves than for those

deposited on lower shaded leaves.

2.1.4. Ascospore infestation of petals

The role of petals as a food base for S. sclerotiorum was

demonstrated by Purdy and Bardin (1953) who showed that the incidence

of infection was related to the location of detached flower parts on

tomato plants. They concluded that plant infection by §. sclerotiorum

occurs through dead or senescent tissue. McLean (1958) showed that

mycelial mats and mycelia arising from sclerotia were unable to directly
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infect a number of host plants including broccoli, cauliflower, and

cabbage. Infection only occurred in the presence of a suitable saprophytic
food base such as flower parts. Newton and Sequeira (1972) found that

ascospores were unable to infect detached lettuce leaves unless provided
with a nutrient base or wounded host tissue. Abawi and Grogan (1975)
found that infection of bean plants by sclerotia or ascospores only

occurred in the presence of blossoms (or other nutrient source) or injured
host tissue. Kruger (1975b) concluded that ascospores of S. sclerotiorum

depend on petals as a food base in order to infect rapeseed because

plants were infected only when petals were present. The same role of

petals was also suggested by Morrall and Dueck (1982). In their study
infection never occurred until crops were well into the bloom period.

Using scanning electron microscopy, Kapoor et al. (1983) showed that

ascospores placed directly on rapeseed leaf disc surfaces failed to

germinate and produce infections. However, if petal discs were placed
between the ascospores and leaf discs, ascospores germinated, colonized

the petal discs and then formed appressoria on the surface of leaf discs

before infection.

Penaud (1984) made a detailed study of development of rapeseed

petals and their con tamination and infection by ascospores of S.

sclerotiorum. Petals were present in the inflorescence for approximately
six days and became contaminated after expansion of the corolla. Fully

expanded petals had the greatest level of contamination while

contamination of unexpanded or wilted petals was much less. Rain

appeared to be the most important factor bringing about petal fall. Rain

droplets dislodged only wilted petals, weighing them down and causmg

them to fall. Penaud (1984) also found that humid conditions favored

adherence of petals to leaves, especially those that were already
contaminated. Lamarque (1983) also studied the contamination and

infection of petals by ascospores of S. sclerotiorum and found that

moisture was important for petal fall and adhesion to plant surfaces.

However, excess moisture levels (>60 ml H20/hr/m3, supplied with a
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humidifier) washed petals off leaves and no plant infections occurred.

Fogging or misting «25 ml H20 Ihr1m3) produced an increase in the rate

of petal fall and caused petals to clump together at certain sites on the

plant.

2.1.5. Ascospore germination, host infection and disease

development

Abawi et al. (1975) found that ascospores provided with a nutrient

source germinated on dialysis tubing within 3 hours and appressorial
initials were formed after 10 to 12 hours. The time required for

germination of ascospores on bean petals was slightly longer, 6 hours, and

blossoms were completely colonized after 48-72 hours. If colonized

blossoms were placed on bean leaves, symptoms were visible after

approximately 48 hours. Kapoor et al. (1983) obtained similar results

with ascospore-inoculated rapeseed petal discs placed on rapeseed leaf

discs. Germ tubes were initiated after 9-10 hours and appressoria were

formed on the surface of the leaf discs 19-21 hours after inoculation, with

complete colonization of the leaf discs after six days.
Germination of ascospores was shown to occur from 5-300 C, but

was generally best at 20-250 C (Abawi & Grogan 1975). Three to 6

hours were normally required for germination, which was similar to

results reported by Newton and Sequeira (1972) and Abawi et al. (1975).
Mycelial growth was also poor at the extremes of temperature tested, 5

and 300 C, and was best at 250 C. Abawi and Grogan (1975) also found

that lesion development on detached bean leaves occurred only at 10, 15,

20, and 250 C, with the optimum at 20-250 C. The time required before

symptoms were visible increased from 9 to 48 hours as the temperature

was decreased from 25 to 100 C. Moisture was also important for

infection and symptom development on detached as well as intact leaves,

or other plant structures. Approximately 48-72 hours of leaf wetness

were required before symptoms were visible and for lesion development to

resume if previously halted by dry conditions. Infection and growth of
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lesions did not occur at RH's of approximately 100%. Similar results

with respect to temperature were found by Weiss et al. (1980b) when

bean plants were inoculated with mycelial fragments III a dextrose

solution and then incubated at temperatures ranging from 10-300 C.

Symptoms developed at temperatures of 10-25
0

C but not at 300 C and as

the temperature was decreased the time before symptoms developed
increased.

The influence of water potential on ascospore germination and germ

tube and mycelial growth was studied by Grogan and Abawi (1975).
They found that germination was not reduced by water potentials as low

as -56 bars. However, reductions did occur once the water potential was

less than -64 bars and no germination occurred at less than -82 bars.

Germ tube growth was stimulated as the water potential was reduced

from -1 to -14 bars; below -1"; bars growth slowed down and stopped

completely at -91 bars. Mycelial growth showed a similar pattern.

Lesion expansion on detached leaves was promoted as the water potential
decreased from -1 to -24 bars. Small reductions in lesion diameters

occurred from -24 to -56 bars and growth was stopped completely at

approximately -91 bars.

Although work by Abawi and Grogan (1975) suggests that free

water is required by ascospores of §. sclerotiorum for infection other

studies have demonstrated infection in the absence of free water (Le Coz

1981, Briin et al. 1983). Le Coz (1981) inoculated whole rapeseed plants
and found that infection occurred even if plants were not subjected to

any period of free water. However, inoculated plants were incubated in a

greenhouse where the RH was always greater than 80%. Le Coz (1981)
concluded that infection could occur in the absence of free water if the

RH was above 90% for a certain period of time. Brun et al. (1983)
found that germination of ascospores occurred at RH's above 83%,

although below 88% RH germination was poor. Infection of detached

rapeseed stem pieces occurred at RH's above 92% after approximately 5

days incubation at 15
0

C. A longer incubation period was required at
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2.2.1. Fungicides

lower temperatures. Br iin et al. (1983) suggested that the period of high
RH or free water required for infection need not be continuous. as long
as the cumulative period is of adequate length.

In general infection of rapeseed or bean requires temperatures

between 10 and 30
0

C and the presence of free water or an RH above

90% for a sufficient period of time. Such conditions only occur in the

field once crops have developed an extensive canopy so that adequate
moisture and temperature levels are produced and maintained. A number

of experiments have studied the influence of canopy type on disease

development. especially in bean (Blad et al. 1978, Fuller et al. 1984,

Schwartz et al. 1978, Steadman et al. 1973, Weiss et al. 1980a). Overall

a canopy that is dense, closed, viny, and has a large leaf area index,

produces favorable moisture and temperature conditions for disease

development. A canopy that is more open, less dense, and more upright
favors drying within the canopy, thus restricting infection and disease

development. A similar situation probably also occurs for rapeseed where

infection and disease development in dense stands are enhanced by a

more favorable microenvironment than in less dense stands (Morrall &

Dueck 1982, Williams & Stelfox 1980a).

2.2. Chemical control

Effective control of diseases caused by §. sclerotiorum has been

achieved using foliar-applied fungicides (Hunter et al. 1978, Dueck et al.

1983, Kruger 1973, Morrall et al. 1985). The three main fungicides used

for control are benomyl (methyl-1-(butylcarbamoyl)-2-benzimidazole
carbamate) trade name Benlate, iprodione (3-(3.5-dichlorophenyl)-N-(1-
methylethyl)-2,4-dioxo-1-imidazoline carboxamide) trade name Rovral, and

vinclozolin (3- (3 ,5-dichloropheny I )-5-methy1-5-viny loxazolidine- 2 ,4-dione)
trade name Ronilan (Gladders & Gould 1983, Spencer 1981).
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2.2.2. Application and timing

Aerial application of fungicide during the early bloom stage has been

shown to be effective against white mold of bean (Natti 1971, Hunter et

al. 1978, Tu 1983). Extensive research on chemical control of stem rot of

rapeseed has been done both in Europe and western Canada (Davies
1986, Dueck et al. 1983, Kruger 1973, Morrall et al. 1985). Kruger

(1973) reported that ground application of benomyl was effective against
stem rot of rapeseed, but expressed concern over scheduling spraying to

coincide with ascospore release.

In Canada, application of fungicides was studied in 1978 and 1980

by Dueck et al. (1983), using small plots and aerial application in large
scale field tests. In small plots, the fungicides benomyl, iprodione and

vinclozolin were applied at 0.25-1.0 kg a.i.j'ha when the plants were at

growth stage (G.S.) 4.1 (according to Harper & Berkenkamp, 1975).
Benomyl and vinclozolin generally gave the best control, either applied

separately or in a mixture of 0.25 kg a.i.j'ha benomyl and 0.25 kg a.i.j'ha
vinclozolin. Differences in yield were hard to detect and this was

attributed to stand variation and shrivelling of seed. In 1978 aerial

application of benomyl (1.0 and 1.5 kg a.i.j'ha] or iprodione (0.5 kg

a.i.jha) reduced disease levels significantly (Dueck et al. 1983). In large
scale tests in 1980 benomyl (1.0 kg a.i.j'ha] reduced disease significantly
while iprodione (0.5 kg a.i.j'ha] did not. However, yields for the benomyl
and iprodione treated strips were significantly higher than for the checks

and were not significantly different from each other. In both 1978 and

1980 aerial application reduced sclerotial numbers/kg seed compared to

checks. Dueck et al. (1983) concluded that application of a fungicide at

early bloom (G.S. 4.1-4.2) was effective for controlling stern rot of

rapeseed. Significant reductions in disease levels were also reported by
Verma & McKenzie (1982) using benomyl (1.0 kg a.i.Zha] applied to

small plots at G.S. 4.1. However. no significant differences in yield

between sprayed and check plots were found.

A comparison between aerial and ground application for control of



13

sclerotinia stem rot in rapeseed was made by Morrall et al. (1983).
Benomyl (0.6 kg a.i/ha) was ground-applied (tractor mounted sprayer)
using 124 I H20/ha at 276 kPa or aerially applied using 42 I H20/ha at

331 kPa. Significant reductions In disease incidence occurred in three of

four test fields. In some fields tractor application reduced disease

incidence significantly more than aerial application on the same treatment

date. However, "tractor wheel damage" due to ground application did

occur and amounted to about a 4% yield loss when application was at

G.S. 4.3.

In Alberta, Thomson et al. (1984) found that treatment at G.S.

4.1-4.2 with either benomyl (0.55 kg a.i.j'ha] or iprodione (0.75 kg a.i.Zha]
significantly reduced the level of stem rot when applied with an airplane.

Significant yield increases in some test fields and decreased dockage due

to sclerotial contamination were also reported. In Saskatchewan ground

application of benomyl, vinclozolin, or iprodione at 0.6 kg. a.i.j'ha when

crops were at G.S. 4.1-4.3 gave significant reductions in disease incidence

in six test fields (Morrall et al. 1984). Also half-rates of the fungicides

(0.3 kg a.i.j'ha] used either singly or applied at early bloom (G.S. 4.1-4.2)
and then again at full bloom gave significant disease control in some test

fields. Morrall et al. (1985) attributed better control at full bloom (G.S.
4.3) with tractor than with aerial application to the better penetration of

chemical and higher volumes of liquid that were applied. They also

suggested three advantages of ground application versus aerial application
for control of sclerotinia stem rot in rapeseed. These were:

" (a) superior
disease control, (b) a greater 'window' when spraying is likely to be

effective; by extending the effective period from early through to full

bloom, the grower has more time to make a decision about spraying and

to act, (c) lower costs of application.". Morrall et al. (1985) also pointed
out that when disease pressure IS relatively low, half-rate ground

applications may give as good control as full-rate applications.

According to Morrall et al. (1985), ground application makes a

number of options in chemical control available to the grower, based on



14

prevailing weather conditions. If wet weather occurred before the bloom

period and the disease risk appeared to be high. a full-rate ground or

aerial application could be made at G.S. 4.1-4.2. Alternatively, spraying

could be delayed until G.S. 4.3 with ground application. When moisture

conditions were dry before the flowering period, a half-rate ground

application could be made at G.S. 4.1. However, if moisture conditions

became favorable for infection after the pre-bloom period a second half

rate application at G.S. 4.3 could be made. Also. the farmer could

choose to wait and see if moisture conditions improved during G.S.

4.1-4.2 and then make the decision whether to spray at G.S. 4.3.

2.2.3. Cost and efficiency

Although there is a relatively wide range of options available for

chemical control of sclerotinia stem rot, they are of no practical value

unless economical control is accomplished. In western Canada, disease

incidence in canola can range from 0 to 80%; however, most crops usually
have less than 25-35% infected plants (Gugel & Morrall 1986, Morrall &

Dueck 1982, Morrall et al. 1976, Platford & Bernier 1975, Thomson et al.

1984). Kruger & Stoltenberg (1983) reported disease levels ranging from

0-89% infected plants over several years in West Germany, but with the

majority of fields having less than 30-40%. Yield losses due to disease

are variable and depend on weather conditions, crop characteristics, and

time of infection (Gugel & Morrall 1986, Morrall & Dueck 1982). Kruger
& Stoltenberg (1983) demonstrated that yield losses of approximately 5.6,

11.6, and 23% resulted from about 15, 25, and 50% infected plants

respectively, based on an expected yield of 3 t/ha. Morrall et al. (1976)
found disease incidence in four fields ranged from approximately 20 to

62% and corresponding yield losses from 11 to 15%. Subjecting disease

incidence and yield data from several years to regression analysis, Morrall

et al. (1984) derived a relationship between yield loss and disease

incidence. This relationship simply stated that percentage yield loss is

approximately 0.4-0.5 times the percentage of infected plants. R.A.A.
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Morrall (personal communication) suggests that this "rule of thumb" can

also be derived using data reported by Davies (1986), and Kruger &.:

Stoltenberg (1983).
In western Canada, the cost of fungicide and application IS

approximately $50 CAN fha, which represents a very large potential
investment for a farmer with a substantial acreage of rapeseed. With the

current market prices of rapeseed, a yield increase of 12-20% is needed to

make fungicide treatment economical (R.A.A. Morrall, personal

communication), Using data reported by Dueck & Morrall (1982),
Morrall et al. (1976), Morrall et al. (1984), Kruger & Stoltenberg (1983),
and Thomson et al. (1984), disease levels of 20-30% infected plants or

more would cause percentage yield losses high enough to justify chemical

control. However, as previously stated, disease incidence in western

Canada is generally less than 25-35% so that most fields do not require
chemical control while spraying is marginal in a small number of fields.

Only relatively few fields develop disease levels where a decision to spray

would be indisputable. Making the decision to spray is the most critical

part of any chemical control program. This is especially true for

sclerotinia stem rot of rapeseed, due to the infrequent occurrence of

sufficient disease to warrant fungicide application. There is potential for

monetary losses to occur from: (a) unnecessary application of fungicide
when disease levels are low, or (b) yield losses due to the absence or

inefficacy of disease control measures. Although concepts such as half

rate and split fungicide applications introduced by Morrall et al. (1985)
may lessen costs and optimize control, monetary losses will still occur.

This problem may be alleviated by better disease forecasting which has

the potential of identifying which rapeseed fields do and do not require

fungicide application for control of stem rot.
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2.3. Disease forecasting

2.3.1. General principles

In general the goals of disease forecasting are: (1) to guide the

farmer when control decisions must be made, and (2) to further the

pathologists' understanding of a disease (Shrum 1978). According to

Zadoks (1984) "disease warning" (disease forecasting) can be approached
from three different perspectives: "the crop, the disease, and the

weather" . Systems based entirely on the host or pathogen are relatively

rare, while the more common systems are environmentally based or

comprise some combination (Zadoks 1984). Irrespective of the main

orientation of a forecasting system, it usually predicts the relative

abundance or efficiency of inoculum (Fry 1982). Bourke (1970) suggested
that "four basic requirements" must be met in order for a forecasting

system to be useful to the farmer: (1) the disease produces significant
reductions in yield or quality in a crop that is economically important,

(2) the occurrence and severity of disease is variable, (3) the farmer has

access to efficient and economical control measures, and (4) the general

response of the pathogen to environmental conditions IS known as a result

of laboratory or field studies. Somewhat related to the fourth of Bourke's

requirements, are three criteria suggested by Fry (1982): (1) a general

knowledge of how the pathogen and disease development are affected by

the host and environment, (2) the ability to detect and estimate pathogen
and disease levels accurately, and (3) a general appreciation of the

epidemiology of the pathogen. Fry (1982) also pointed out that disease

forecasts are of little use if the right control equipment and chemicals are

not readily available or if the "response time is too long".
A forecasting system that encompasses all of the above requirements

may be able to forecast disease risk accurately, but this risk must be

translated into recommendations that the farmer understands and utilizes

(Zadoks 1984). Zadoks favors disease warnings for individual fields since

regional warnings provided to farmers "easily leads to overtreatment of a



17

majority of fields". In general, if farmers have a good understanding of

forecasts given to them. effective management decisions can be made.

2.3.2. Forecasting epidemics of S. sclerotiorum

In general most attempts at forecasting epidemics of S. sclerotiorum

have been primarily weather and host oriented (Haas & Bolwyn 1973,

Hunter et al. 1984, Rose et al. 1983, Thomas 1984). In 1969 and 1970,

Haas & Bolwyn (1972) tried to relate various crop and environmental

factors to the development of white mold of white bean. They found

that more disease tended to be associated with earlier seeding dates,

"north-south" direction of planting, and higher plant densities resulting
from increased plant size and weight. Based on these observations, they
outlined some general guidelines for forecasting outbreaks of white mold.

Hunter et al. (1984) related rainfall and soil matric potential on

various dates in 1978, 1979, and 1980 to the presence of ascospores or

white mold disease on bean. Soil matric potential was found to be more

closely related to inoculum and disease than rainfall. They concluded

that disease did not develop when soil matric potentials were less than

-40 kPa for 37 and 40 days after planting. Using a similar approach,
Rose et al. (1983) combined factors such as soil moisture, rainfall, canopy

density, and flower development to form a host-weather-based system to

predict white mold of bean. The system was designed primarily to

produce a series of predictions of disease potential and spray

recommendations, which were updated every 3-7 days during flowering.
Risk categories were as follows: "minimal (no spray), light (spray need

uncertain), moderate (spray), and heavy (spray twice)". In 1981 disease

developed in 83% of the fields predicted to have disease, while only 6% of

the fields predicted to have no disease developed white mold symptoms.

In western Canada, a qualitative pathogen-weather-host-based system

has been developed to forecast epidemics of sclerotinia stem rot of

rapeseed (Thomas 1985). This system consists of a checklist which

farmers use to decide if spraying is required. A score IS assigned for the
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answers to each of 15 questions. These questions establish the disease

history of the particular field and area, previous and current weather

conditions, presence of apothecia, crop yield potential, stand density, and

general crop condition. If the total score exceeds a certain level the

disease risk is predicted to be high and spraying is advised.

A number of experiments have investigated the possibility of

including measures of pathogen abundance or efficiency in forecasting
schemes for S. sclerotiorum. Boland (1984) suggested the inclusion of

apothecial numbers into the weather-host based systems for white mold of

bean. In both white bean and soybean, Boland (1984) was able to

demonstrate significant regressions of disease incidence on apothecial
numbers in 36 m2 plots. Field data and regression analysis indicated

that disease developed even when no apothecia were present. This was

attributed to either extrinsically produced inoculum or failure to detect

apothecia within the sampling area. Boland (1984) also suggested that

the relationship between apothecial numbers and disease incidence may

shift depending on prevailing environmental conditions, primarily moisture.

In Denmark, a pathogen-host-weather-based forecasting system for

sclerotinia stem rot of both winter and sprmg rapeseed has been under

investigation (Buchwaldt, 1986). This system provides a regional risk

assessment and is not designed to identify individual fields requiring
chemical control. "Agricultural advisors" at various locations in the

rapeseed growing areas of Denmark place 50 sclerotia 1 em deep in soil,

using plastic templates as guides. Once a plant canopy develops and

conditions for germination are favorable, advisors send in weekly reports

to the Research Center for Plant Protection, outlining the number of

germinated sclerotia. Environmental data are also obtained from each

area. Other information such as general presence of apothecia in the

region, crop and pathogen development, and 5 day weather forecasts are

also considered before forecasts are issued.

Advisors are sent a disease risk assessment when crops are at G.S.

4.1. These assessments may be repeated due to differences in plant
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development within the forecast region or changes in weather conditions.

A number of limitations in the present technique have been pointed out

(Buchwaldt, 1986). These include: (1) there are no risk assessments for

individual fields, (2) the importance of ascospore production and dispersal
is not addressed, and (3) forecasts based on individual sclerotial depots

may not have wide applicability when forecast regions are large and they

may result in unnecessary application of fungicides (Zadoks 1984).
Buchwaldt suggests that forecasts have been fairly accurate at

identifying when the disease risk is low and spraying is not required.

Also, it may be possible to modify the system to produce individual field

forecasts by including such parameters as crop history, agronomic

practices, presence of apothecia, and general crop information. She

indicates (Buchwaldt, 1986) that monitoring sclerotial germination will

remain the focus of the system because it "is less time-consuming" than

monitoring ascospore levels and conditions for infection.

Gugel (1985) and Gugel & Morrall (1986) have expressed

reservations concerning the monitoring of germinated sclerotia on an

individual field basis for forecasting stem rot in crops such as rapeseed.

They indicate that the scale of sampling and effort may make it

commercially impractical. Another problem with such an approach IS

that it does not account for the fact that ascospores can originate from

apothecia located considerable distances from the field in question (Gugel
1985, Gugel & Morrall 1986, Stelfox et al. 1978, Williams & Stelfox

1979) .

Given the above limitations Gugel (1985) undertook a serres of

experiments to determine if disease incidence was more closely related to

ascospore levels on a number of plant structures than to the number of

germinated sclerotia. In 1983 and 1984 he monitored the number of

germinated sclerotia as well as the presence of ascospores on live and

dead petals at sites in commercial fields of Brassica napus and B.

campestris. In 1983 leaf bases and axils were also collected and tested

for the presence of ascospores. At the same sampling sites disease
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incidence was determined before the crops were swathed in August.
Because of clustering of data for 1983 it was difficult in Gugel's (1985)
study to demonstrate unequivocal relationships between disease incidence

and the various parameters monitored. However, a general trend was

evident, where increasing disease incidence was associated with increasing
levels of inoculum, especially the level of ascospore infestation of petals.

Although a similar trend was found with germinated sclerotia, both

infestation of petals with ascospores and disease occurred in the absence

of apothecia.
In 1984, Gugel (1985) monitored one field in the Meadow Lake area

intensively. An extensive study was also done in which samples at one

site per field were collected from 27 fields. Clustering of the data

occurred in both the intensive and extensive experiments. However, it

was generally found that higher levels of petal infestation were associated

with higher levels of disease. Regression analyses were performed

separately on data collected in the intensive experiment and on the

combined data of the extensive study. Relatively low r2 values «0.30)
were found for the regressions of disease incidence on the percentage of

live and dead petals infested with ascospores (all growth stages combined)
and on the number of germinated sclerotia/m/ for both experiments.

Multiple regression analysis using all three independent variables

produced r2 values of 0.51 and 0.29 for the intensive and extensive

studies, respectively. In the extensive study a stronger relationship was

found between infested live petals (r2 = 0.59) or dead petals (r2 = 0.70)
and disease incidence when petals were sampled at G.S. 4.1-4.2. T-tests

for the slopes and intercepts were also performed. Slopes for the simple

regressions of disease incidence on each of the three independent variables

were found to be significantly different from zero. Intercepts were not

significantly different from zero for regressions using either live or dead

petals, while that for the number of germinated sclerotia/m2 was found to

be significantly greater than zero. Gugel (1985) suggests that this

difference illustrates that disease can develop in fields as a result of
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extrinsically produced ascospores and this maybe accounted for by

monitoring inoculum on petals.
Based on results from both 1983 and 1984, Gugel (1985) and Gugel

& Morrall (1986) concluded that monitoring inoculum levels on petals as

part of a forecasting system for sclerotinia stem rot of rapeseed would be

more effective than monitoring the number of germinated sclerotia. They
also suggested using live rather than dead petals because they would be

"easier to collect" and "have lower levels of contamination". However,

Gugel (1985) indicated that a number of aspects of the inoculum density
disease incidence relationship still needed to be addressed. These aspects

are part of the subject of the present thesis.



22

Chapter 3

Isolation of Sclerotinia sclerotiorum from

rapeseed petals

3.1. Introduction

In studies in 1983 and 1984 in which rapeseed petals were plated on

an agar medium, Gugel (1985) allowed an incubation period of 11 days
before the presence of �. sclerotiorum was assessed by the appearance of

sclerotia. However, in laboratory tests in which plates containing a

"PDA-type medium" were inoculated with mycelial plugs, only 5-6 days
were required before sclerotial initials developed enough to allow

identification of the fungus (Gugel 1985). The concentrations of rose

bengal and streptomycin sulfate used in both studies were 40 ppm and 30

ppm respectively. Gugel suggested that the incubation period necessary

to confirm the presence of S. sclerotiorum might be shortened by

reducing the concentration of rose bengal in the medium as it tended to

slow down the growth of S. sclerotiorum. Rapid isolation and

identification of the fungus is required for a forecasting system because of

the relatively short period during which spraying is effective. Because the

formation of sclerotia requires a relatively long period of time, other

characteristics such as colony morphology and growth rate might enable

faster identification.
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3.2. Materials and methods

In preliminary experiments in 1985 with Difco potato dextrose agar

amended with various amounts of rose bengal, concentrations greater than

20 ppm produced restricted mycelial growth relative to concentrations less

than 20 ppm and a check. Streptomycin sulfate at concentrations from

5-30 ppm caused no inhibition compared to the check. No quantitative

measurements of growth were taken and thus no statistical analysis was

performed. However, based on these results and because of the need for

adequate control of bacterial contamination, a medium containing 20 ppm

rose bengal and 30 ppm streptomycin sulfate was chosen for testing petals
In 1985.

Based on the results of preliminary experiments and those of Gugel

(1985), experiments were initiated in 1986 to investigate the possibility of

replacing rose bengal In the isolation medium, thereby allowing more

rapid identification of S. sclerotiorum on petals. In experiment A, in

which qualitative assessments of mycelial inhibition were used, it was

demonstrated that 6 antibiotics were most promismg as replacements for

rose bengal. Consequently experiment B was performed, using a range of

concentrations (5, 50, and 100 ppm) of each of these antibiotics. Five

replicate 9 em petri plates with each concentration of antibiotic plus a

control were set up by amending sterile Difco potato dextrose agar (PDA)
with the appropriate amount of antibiotic. Each petri plate was then

inoculated with a 5 mm mycelial plug taken from the edge of a 3-4 day
old colony of §. sclerotiorum growing on unamended PDA. After 45

hours of incubation at 250 C in an incubator, colony diameters were

measured at right angles in two directions and recorded.

Using the same medium and antibiotic treatments as In experiment

B, dilution plates were set up with two soil types (Melfort and

Greenhouse) and 5 replicate plates per treatment (experiment C). A 10-4

dilution of each soil type in sterile distilled water was prepared. To each

of 5 sterile, 9 em plastic petri plates used per treatment. 1 ml of the

appropriate soil dilution was added. Then for each treatment
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combination 15 ml of amended medium (cooled to approximately 45
0

C)
was added. All plates were subsequently swirled gently to distribute the

contents evenly. The plates were incubated for 48 hours at 250 C after

which time the number of bacterial colonies per plate was counted.

Based on the results of experiments A, B, and C, two antibiotics,

anhydrous ampicillin and tetracycline were chosen for further study. To

determine the optimum concentration of antibiotic to inhibit bacteria

without affecting mycelial growth of §. sclerotiorum six experiments were

set up using amended Difco PDA. In the first two experiments
concentrations of 0, 5, 25, 50, and 75 ppm of anhydrous ampicillin,

tetracycline, and streptomycin sulfate were used. Experiments 1 and 2

were set up using a completely randomized design; treatments were

replicated 5 times and each plate was inoculated with either one 5 mm

mycelial plug (experiment 1) produced as previously described, or one

rapeseed petal infested with ascospores (experiment 2). The petals used

in experiment 2 were picked from greenhouse-grown rapeseed plants,

placed on tissue paper and then sprayed with an ascospore suspension.

The suspension was produced by grinding 4-5 mature apothecia of §.
sclerotiorum in approximately 20 ml of sterile distilled water and then

filtering the suspension through cheesecloth into the reservoir of a small

atomiser. After spraying, the petals were allowed to dry before placement
on the agar plates. In experiments 3 and 4 the same experimental

design, concentrations of antibiotics and number of replications were used,

but petals were also sprayed with a 10-4 soil suspension, allowed to dry

and then sprayed with the ascospore suspension. The soil suspension was

prepared as previously indicated using Melfort soil.

In experiments 5 and 6, antibiotic combinations were compared with

individual compounds. In both experiments the following treatments were

tested:
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anhydrous ampicillin 50 ppm

streptomycin sulfate 50 ppm

tetracycline 25 ppm

anhydrous ampicillin 50 ppm + streptomycin sulfate 50 ppm

anhydrous ampicillin 50 ppm + tetracycline 25 ppm

streptomycin sulfate 50 ppm + tetracycline 25 ppm

anhydrous ampicillin 25 ppm + streptomycin sulfate 25 ppm

anhydrous ampicillin 25 ppm + tetracycline 5 ppm

streptomycin sulfate 25 ppm + tetracycline 5 ppm
control

Experiments 5 and 6 were similar to the previous experiments: a

completely randomized design was used with each treatment replicated 5

times and Difco PDA as the basal medium. In experiment 5, treatments

were inoculated with 5 mm mycelial plugs, prepared as previously

described; in experiment 6, a single ascospore infested petal per plate

(prepared as previously described) was used.

For all 6 experiments the inoculated plates were incubated at 250 C

for 45-72 hours, depending on the method of inoculation, and colony
diameters were then measured. In addition to these experiments
combinations of different concentrations of the antibiotics used III

experiments 1 and 5 were studied for their effectiveness in controlling
bacteria (experiments 1a and 5a). Similar procedures as in experiment C

were used for preparing the soil dilution and amended media. After 48

hours incubation at 25
0 C the number of bacterial colonies per plate was

counted.

3.3. Results

Based on qualitative assessments of mycelial inhibition in experiment

A, the antibiotics anhydrous ampicillin, chloramphenicol, nalidixic acid,

neomycin, norfloxacin and tetracycline were chosen for further study.

Experiment B was set up in a completely randomized design with each

treatment represented by one antibiotic and one concentration. There

were five replicates of 19 treatments, including one control. An analysis
of variance revealed that significant differences existed among treatments
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(p<O.Ol). Because the objective of the experiment was to compare

treatments with the control, a LSD test (p=0.05) was used to compare

means with the control. Concentrations of 50 ppm and 100 ppm

nalidixic acid, 100 ppm of chloramphenicol, and 100 ppm norfloxacin

caused significantly less linear growth than in the control (Table 3-1).
The observation that 50 ppm tetracycline also caused significantly less

growth was anomalous, because 100 ppm was not significantly less than

the control (Table 3-1). All other antibiotic combinations produced

colony diameters which were not significantly less than the control.

In experiment C statistical analysis of the data was not possible.
Mean numbers of bacterial colonies per plate were recorded, where

possible, but many treatments gave zero values or too many colonies to

count (Table 3-2). Overall, anhydrous ampicillin, tetracycline,

chloramphenicol, and nalidixic acid gave the best control of bacteria from

both soil types. Based on observations from experiments Band C

anhydrous ampicillin and tetracycline were chosen for further study. The

results from experiment 1 were tested using a 3 (antibiotic) by 5

(concentration) factorial analysis of variance. Both the antibiotic and

interaction effects were significant at p<0.05. Using Duncan's multiple

range test (p=0.05) for antibiotics, no significant differences in growth
were found between tetracycline (58.0 mm) and streptomycin sulfate (49.6
mm), nor between streptomycin sulfate and anhydrous ampicillin (44.4
mm). However, a significant difference was found between tetracycline
and anhydrous ampicillin. The mean growth measurements for each of

the antibiotics at their respective concentrations showed some unusually
low values, especially for 0 ppm anhydrous ampicillin and 25 ppm

streptomycin sulfate (Table 3-3). Also unusually high values were

recorded for the 50 ppm streptomycin sulfate, 0 ppm tetracycline, and 75

ppm tetracycline treatments. These differences may be due to variation

In the mycelial growth plugs used for inoculation. In the other

experiments mycelial growth tended to decrease with an
. .

Increase III

antibiotic concentration. Because no consistent decrease in mycelial
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Table 3-1: The effect of various concentrations of antibiotics in

potato dextrose agar on the linear growth of S. sclerotiorum
from mycelial plugs. experiment B.

Treatment N Mean colony diameter (mm)
at 45 hrs.

Control 5
§

78.7a

Anhydrous ampicillin 5 ppm 5 79.3a

Anhydrous ampicillin 50 ppm 5 80.3a

Anhydrous ampicillin 100 ppm 5 80.2a

Chloramphenicol 5 ppm 5 83.3a

Chloramphenicol 50 ppm 5 77.4a

Chloramphenicol 100 ppm 5 53.4

Nalidixic acid 5 ppm 5 78.2a

Nalidixic acid 50 ppm 5 22.4

Nalidixic acid 100 ppm 5 10.7

Neomycin 5 ppm 5 82.8a

Neomycin 50 ppm 5 80.9a

Neomycin 100 ppm 5 81. 7a

Norfloxacin 5 ppm 5 82.6a

Norfloxacin 50 ppm 5 80.9a

Norfloxacin 100 ppm 5 75.5

Tetracycline 5 ppm 5 82.7a

Tetracycline 50 ppm 5 69.7

Tetracycline 100 ppm 5 79.3a

t
S.E. 1.22

Means followed by the letter "a" not significantly less than

the control, single-sided LSD, p=0.05 (Steel & Torrie 1980).
Standard error.
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Table 3-2: The effect of various concentrations of antibiotics in

potato dextrose agar on the number of bacterial colonies

per plate, experiment C.

Treatment N Mean number of bacterial
colonies per plate

Melfort soil Biology
greenhouse
soil

Control 5 TNCa TNC

Anhydrous ampicillin 5 ppm 5 TNC 1.6

Anhydrous ampicillin 50 ppm 5 0 0

Anhydrous ampicillin 100 ppm 5 0 0

Chloramphenicol 5 ppm 5 8.3 3.5

Chloramphenicol 50 ppm 5 0 0.2

Chloramphenicol 100 ppm 5 0 0

Nalidixic acid 5 ppm 5 1.8 0

Nalidixic acid 50 ppm 5 0.4 0

Nalidixic acid 100 ppm 5 0 0.4

Neomycin 5 ppm 5 2.0 TNC

Neomycin 50 ppm 5 3.0 TNC

Neomycin 100 ppm 5 1.0 1.5

Norfloxacin 5 ppm 5 1.0 TNC

Norfloxacin 50 ppm 5 0.4 TNC

Norfloxacin 100 ppm 5 1.8 0

Tetracycline 5 ppm 5 0 0

Tetracycline 50 ppm 5 0 0

Tetracycline 100 ppm 5 0 0

a
Too numerous to count.
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Table 3-3: The effect of 5 concentrations of 3 antibiotics in potato
dextrose agar on the mean linear growth of S. sclerotiorum.
experimen ts 1 and 2.

Treatment Mean colony diameter (mm)

Antibiotic & Concentration (ppm) N
. la •

2
b

experlment experlment

Anhydrous ampicillin o 5 36.4 80.7

Anhydrous ampicillin 5 5 55.2 79.2

Anhydrous ampicillin 25 5 42.9 66.3

Anhydrous ampicillin 50 5 42.6 76.4

Anhydrous ampicillin 75 5 45.1 61.1

Streptomycin sulfate o 5 46.0 77.7

Streptomycin sulfate 5 5 45.3 75.6

Streptomycin sulfate 25 5 37.2 74.7

Streptomycin sulfate 50 5 73.6 70.6

Streptomycin sulfate 75 5 46.1 76.1

Tetracycline o 5 72.8 77.0

Tetracycline 5 5 55.0 75.0

Tetracycline 25 5 48.9 69.9

Tetracycline 50 5 45.4 72.2

Tetracycline
t

S.E.

75 5 67.8 66.2

6.9 3.8

a Growth from mycelial plugs after 48 hrs ..

Growth from ascospore infested rapeseed petals after 72b

hrs ..

t Standard error.
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growth and unusual variation occurred, the interaction effect was not

studied (Table 3-3).
In experiment 2 the same treatment combinations and experimental

design and analysis as in experiment 1 were used except that petri plates

were inoculated with ascospore-infested rapeseed petals. The resulting

analysis of variance indicated that a significant treatment effect (p<O.Ol)
existed only among concentrations (Table 3-4). Using orthogonal

polynomials the concentration sum of squares was then partitioned into a

linear component and the residual (Gomez & Gomez 1984, Snedecor &

Cochran 1980, Sokal & Rohlf 1981). The F-value for the linear effect

was highly significant (p<O.Ol), while that for the remainder was not.

Therefore, the relationship between colony diameter and antibiotic

concentration is inverse and linear for the range 0-75 ppm (Table 3-3).
Experiments 3 and 4 were the same as experiment 2, except that

rapeseed petals were sprayed with a 10-4 soil dilution before being
infested with ascospores of .§.. sclerotiorum.

the results of experiment 3 indicated

The analysis of variance of

that both antibiotic and

concentration, as well as their interaction, had significant effects on linear

growth of.§.. sclerotiorum (Table 3-5). Duncan's multiple range test

(p=O.05), demonstrated that anhydrous ampicillin (58.0 mm) resulted III

significantly more growth than streptomycin sulfate (53.1 mm) or

tetracycline (49.0 mm). Using orthogonal polynomials the concentration

sum of squares was then divided into the linear component and a

remainder. A significant F-value (p<O.Ol) occurred only for the linear

component. Because a significant interaction occurred the interaction

sums of squares was divided into two contrasts: the linear responses of

anhydrous ampicillin versus streptomycin sulfate and the linear responses

of anhydrous ampicillin and streptomycin sulfate versus tetracycline (Table
3-5). The resulting F-tests indicated that only anhydrous ampicillin and

streptomycin sulfate versus tetracycline was significant (p<O.Ol). A

greater decrease in colony diameter occurred when the concentration was

increased with tetracycline than with the other antibiotics (Table 3-6).
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Table 3-4: Analysis of variance of mean colony diameter of S.
sclerotiorum in relation to 3 antibiotics and 5

concentrations, and orthogonal polynomials for concentration

effects, experiment 2.

Source df MS F

Antibiotic 2 57 0.78

Concentration 4 288 3.95**

Linear component
a

1 850 11.64
**

Quadratic, cubic, 3 101 1.38
etc. components
combined a

Antibiotic x concentration 8 103 1.41

Error 60 73

**

Significant at p<O.Ol.
a Components for the relationship between colony diameter

and antibiotic concentration.

Bacterial contamination was found only in treatments with no added

antibiotics.

In experiment 4 no significant treatment effects were found. Only
minor differences In colony diameter occurred among antibiotics and

concentrations. For anhydrous ampicillin and streptomycin sulfate, colony
diameters did not even consistently decrease with increasing concentration.

A consistent but nonsignificant decrease occurred with
. .

increasing

tetracycline concentration (Table 3-6). Linear growth was considerably
less than in Experiment 3 in all treatments although incubation conditions

were almost identical.

For experiment 5, a completely randomized design was used with

treatments consisting of different concentrations and combinations of



Table 3-5: Analysis of variance of mean colony diameter of �.
sclerotiorum in relation to 3 antibiotics and 5

concentrations, and orthogonal polynomials for concentration
and antibiotic concentration interaction effects, experiment 3.

Source df MS F

Antibiotic 2 510 8.36
**

Concentration 4 194 3.18*

Linear component
a 1 735 12.05

**

Quadratic, cubic, 3 13 0.21
etc. components
combined a

Antibiotic x concentration 8 178 2.92**

A versus S x linear 1 69 1.13

component for
concentration b

A &; S versus T 1 1271 20.84
**

x linear component for
concentrationsC

Error 60 61

**

Significant at p<O.Ol.
Significant at p<O.05.

*

a Components for the relationship between colony diameter
and antibiotic concentration.

Test for the difference between anhydrous ampicillin and

streptomycin sulfate in linear response to concentration.

Test for the difference between anhydrous ampicillin +

streptomycin sulfate and tetracycline in linear response
to concentration.

b

C



33

Table 3-6: The effect of 5 concentrations of 3 antibiotics in potato
dextrose agar on the mean linear growth of �. sclerotiorum
from ascospore infested rapeseed petals. experiments 3 and 4

Mean colony diameter

Antibiotic & concentration (ppm) N
.

3
a . 4aexperIment experIment

Anhydrous ampicillin 0 ppm 5 59.3 35.2

Anhydrous ampicillin 5 ppm 5 59.7 44.1

Anhydrous ampicillin 25 ppm 5 58.4 40.4

Anhydrous ampicillin 50 ppm 5 56.2 38.9

Anhydrous ampicillin 75 ppm 5 56.3 42.8

Streptomycin sulfate 0 ppm 5 50.6 42.3

Streptomycin sulfate 5 ppm 5 54.1 35.2

Streptomycin sulfate 25 ppm 5 52.4 36.7

Streptomycin sulfate 50 ppm 5 53.8 41.4

Streptomycin sulfate 75 ppm 5 54.6 43.1

Tetracycline 0 ppm 5 58.6 45.3

Tetracycline 5 ppm 5 56.1 39.9

Tetracycline 25 ppm 5 54.0 37.1

Tetracycline 50 ppm 5 40.4 38.5

Tetracycline 75 ppm 5 35.7 32.0

t
3.5 3.4S.E.

a After 67.5 hrs. (experiment 3) and 66 hrs. (experiment
4) .

Standard error.
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antibiotics as well as a control. Individual petri plates were inoculated

with mycelial plugs. The analysis of variance indicated significant

differences among treatments (p<O.Ol). According to Duncan's multiple

range test (p=0.05), 25 ppm anhydrous ampicillin + 25 ppm streptomycin

sulfate resulted in significantly more linear growth than all other

treatments including the check (Table 3-7). However, a wide range of

colony diameters occurred and, as in experiment 1, differences among

treatments may have also reflected variation in the mycelial plugs used

for inoculation.

In experiment 6 the same treatments and experimental design as in

experiment 5 were used except that the petri plates were inoculated with

ascospore-infested rapeseed petals. Analysis of variance demonstrated

significant differences among treatments, (p<0.05). According to Duncan's

multiple range test (p=0.05) 50 ppm anhydrous ampicillin + 25 ppm

tetracycline caused significantly less linear growth than all other

treatments, which were not significantly different from each other (Table
3-8) .

In experiments 1a and 5b only the control plates (no antibiotic) had

large numbers of bacterial colonies (62-106 colonies per plate), while no

more than 1-3 formed on any plates amended with antibiotic(s).

3.4. Discussion

The primary objective of the laboratory experiments was to shorten

the time required for §. sclerotiorum from petals to be identified on

isolation plates. Because rose bengal was found to restrict the growth of

§. sclerotiorum, a decision was made in 1986 to replace it in the agar

medium. From a serres of experiments the antibiotics anhydrous

ampicillin and tetracycline appeared to be most promising. A

combination of 25 ppm anhydrous ampicillin plus 25 ppm streptomycin

sulfate was chosen for use in 1986 because it permitted growth of §.
sclerotiorum while assuring good protection from bacterial contamination.

In general most concentrations of all three antibiotics appeared to
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Table 3-7: The effect of various concentrations and combinations of

antibiotics in potato dextrose agar on the linear growth of
S. sclerotiorum from mycelial plugs. experiment 5.

Treatment N Mean colony
diameter (mm)
at 50 hrs.

Ampicillina 25 ppm + Streptomycinb 25 ppm 5
§

77.6a

Control 5 59.8b

Ampicillin 50 ppm 5 55.5bc

Streptomycin 50 + Tetracycline 25 ppm 5 42.7cd

Ampicillin 25 ppm + Tetracycline 5 ppm 5 42.4cd

Tetracycline 25 ppm 5 40.4cd

Ampicillin 50 ppm + Tetracycline 25 ppm 5 39.7cd

Streptomycin 25 + Tetracycline 5 ppm 5 38.3d

Streptomycin 50 ppm 5 38.0d

Ampicillin 50 ppm + Streptomycin 50 ppm 5 37.8d

a Anhydrous ampicillin.
Streptomycin sulfate.b

Means followed by the same letter are not significantly
different according to Duncan's multiple range test,
p=O.05.
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Table 3-8: The effect of various concentrations and combinations of

antibiotics in potato dextrose agar on the linear growth of

�. sclerotiorum from ascospore infested rapeseed petals.
experiment 6.

Treatment N Mean colony
diameter (mm)
at 69 hrs.

Control 5
§

81.9a

Ampicillina 50 ppm

Ampicillin 50 ppm + Streptomycinb 50 ppm

5 81.3a

5 81.1a

Ampicillin 25 ppm + Streptomycin 25 ppm 5 79.9a

Ampicillin 25 ppm + Tetracycline 5 ppm 5 79.8a

Streptomycin 50 ppm 5 79.3a

Streptomycin 25 + Tetracycline 5 ppm 5 79.0a

Streptomycin 50 + Tetracycline 25 ppm 5 76.3a

Tetracycline 25 ppm 5 75.5a

Ampicillin 50 ppm + Tetracycline 25 ppm 5 67.3b

a Anhydrous ampicillin.
Streptomycin sulfate.b

Means followed by the same letter are not significantly
different according to Duncan's multiple range test,
p=O.05.
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have only minor inhibitory effects on the growth of �. sclerotiorum, while

providing good bacterial control (Tables 3-3,-6.-7,-8). Experiments 2 and

3 suggested a significant concentration effect (Tables 3-4,-5).
Concentrations of 50 ppm and 75 ppm tetracycline appeared to restrict

the growth of S. sclerotiorum relative to lower concentrations and the

control (Tables 3-3, -6). However, differences between the various

antibiotics, concentrations and the controls were minor in terms of the

ability to identify S. sclerotiorum.

It must be noted that results were variable between and within

some experiments, especially when mycelial plugs were used to inoculate

plates. As suggested previously, variation in the plugs might account for

this. Nonuniform ascospore infestation of petals may have also occurred,

producing further variation. Also slight temperature differences during
incubation may have caused variations in growth rates. P.R. Verma

(personal communication) has suggested that due to evaporation the

antibiotics may tend to be more concentrated towards the surface of the

medium when the agar layer is thin. Thus, variation in antibiotic

concentrations encountered by the fungus may have occurred as a result

of differences in the thickness of the agar layer among petri plates.
Human error in the preparation of media or antibiotic solutions is even a

possibility. Notwithstanding the variations only minor differences in

linear growth between the control and amended plates occurred in most

experiments. Thus, the combination of 25 ppm anhydrous ampicillin plus
25 ppm streptomycin sulfate was selected as the most satisfactory for the

present work. However, further work is necessary to confirm the present

results and select an optimum medium for isolating §. sclerotiorum from

petals.
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Chapter 4

Forecasting disease incidence

4.1. Introduction

In studies by Gugel (1985), a positive relationship was demonstrated

between the percentage of rapeseed petals infested with ascospores of §.
sclerotiorum (ID) and disease incidence (DI). However, the sample size,

experimental area, and environmental conditions under which this

relationship was demonstrated were rather limited. In order to evaluate

more fully the use of the relationship as a method of disease forecasting,
it was necessary to study it more extensively.

4.2. 1985

4.2.1. Materials and methods

4.2.1.1. Determining petal infestation and disease incidence, 1985

In June 1985 a brochure describing the proposed forecasting system

(Appendix A) was mailed to approximately 600 farmers in the Melfort

area of Saskatchewan (Fig. 4-1). Farmers who received this brochure

were encouraged to participate in a pilot project for disease forecasting.

They were given detailed sampling instructions and asked to collect

samples of inflorescences from their rapeseed crop(s) and bring them to a

laboratory located at the Agriculture Canada Research Station at Melfort.

Petal samples were tested for the presence of §. sclerotiorum and, after

several days, the results were given to the farmers by phone. It was

anticipated that in August the crops would be visited shortly before
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swathing to assess disease incidence. The goal for 1985 was to receive

samples from 300 crops, thereby allowing evaluation of the forecasting

system over a relatively large geographic area and range of environmental

and agronomic conditions.

The laboratory was open seven days a week from July 5 to 26;

during this period samples from 249 crops were obtained and processed.
A small proportion of these was collected by research personnel rather

than by farmers. Although most samples carne from within the primary

sampling area of 16 townships (1491 km2) centered on Melfort (Appendix
A), a few were collected from outside of this area.

Typically a farmer would collect samples from four widely spaced
sites (>50 m apart) in a crop, when the rapeseed plants were at G.S.

4.1-4.2 (Harper & Berkenkamp 1975). However, some farmers mistakenly
collected samples at G.S. 4.3-4.4. At each site 10-12 plant tops were

collected, enough to provide a total of at least 40 petals per site.

Samples were then placed in clean plastic bags and labelled with the site

number and crop location. The farmers were also asked to mark each

sampling location in a crop and were provided with 2 m long stakes for

this purpose if they requested it. The flower samples were taken to the

lab where the farmers filled out a questionnaire (Appendix B) which

recorded such information as: (1) farmer's name, address, and phone

number, (2) crop and site location, (3) cultivar , (4) crop and disease

history, and (5) various crop characteristics. If farmers were considering

fungicide application they were requested not to spray the area where

samples were collected.

The flower samples were normally processed within 2 hours of

delivery to the lab. Plant growth stage and condition of the samples

were recorded before processing. For each of four sample sites in a crop,

enough petals were picked from the inflorescences to provide 40 petals per

site for a total of 160 per crop. Petals were picked at random from each

inflorescence, normally with no more than one petal from a single flower.

After picking at least 40 petals from one site these were then placed in
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Figure 4-1: Map of Saskatchewan showing sampling locations 1985
and 1986.
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one half of a clean sterile labelled petri plate before transfer to the agar

medium. To maintain relatively sterile conditions petals were plated on

the agar medium in a laminar flow hood. Petals were placed four per

plate and 10 plates were used per site. The plates contained sterile Difco

potato dextrose agar with 20 ppm rose bengal and 30 ppm streptomycin

sulfate (PDA + RBS) (Section 3). The plates were incubated at 25
0 C

in a incubator for five days and then each petal was scored for the

presence of S. sclerotiorum. Identification of the fungus was based

primarily on the formation of sclerotial initials, although a number of

other qualitative characteristics were used including: mycelial colour,

growth habit, growth rate, absence of abundant aerial hyphae, and the

absence of fruiting structures. After incubation the mean percentage of

petals infested (PEl) per site and per crop was determined.

Of the 249 crops in which petals were sampled in July only 201

were assessed for disease incidence in August. Crops that were located

well out of the primary sampling area, that had been sprayed without

check strips, or that had already been swathed were not assessed.

Disease incidence (DI) was assessed by counting the number of infected

plants out of 200 at each sampling site and dividing by two to give a

percentage figure. In some crops stakes marking the sampling sites could

not be found. If so, farmers were contacted and asked to confirm the

given crop location and approximate location of sampling sites in the crop

(Appendix B). Abnormally sparse, weedy, or nonuniform crop stands

were noted as well as severe infestations of blackleg (caused by

Leptosphaeria maculans). Systematic ratings of these characteristics in

each crop were not attempted.

Analyses of data collected in 1985 were done usmg the SAS

statistical analysis package (SAS Institute Inc., 1985), and all regression

parameters, including slopes and intercepts, were tested at p=0.05 and

p=O.Ol. However, in the text below "significance" refers to p<0.05.

Arcsine transformation of PEl and DI and multiple infection

transformation of arcsine transformed DI were evaluated (Gregory 1948,
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Snedecor & Cochrane 1980). However, differences were very minor when

compared to regressions using untransformed PEl and DI values. Thus.

all regressions reported for 1985 are based on untransformed data.

4.2.1.2. Environmental monitoring, 1985

Rainfall was monitored in the Melfort area from late June to late

August. On June 20, ten rain gauges were set up in the primary

sampling area (16 townships) surrounding the city of Melfort. An

attempt was made to distribute them evenly throughout the sampling

area, but this was not always possible because of the need to place them

in protected areas without tall vegetation. An attempt was also made to

check each ram gauge at least weekly. However, because of time

constraints some gauges were visited less frequently at certain times. The

gauges were left in place until August 26. Because all gauges were not

visited on a consistent basis, the data are incomplete and it was difficult

to draw conclusions from them. Temperature and rainfall records for the

Melfort area for the period of May to August were also obtained from

the official Environment Canada meteorological station at the Agriculture
Canada Research Station in Melfort.

For microenvironmental monitoring a CR-21 micro logger with sensors

(Campbell Scientific Inc.) was set up in a commercial crop of Brassica

napus cv. Westar located approximately 1.6 km N. of Melfort. The

micrologger was put in place on June 12 when the crop was at G.S. 2.2.

Measurements of temperature, relative humidity (RH) and leaf wetness

were recorded every 15 mm. using a Model 201 temperature and RH

probe and a Model 231 leaf wetness sensor coated with a thin layer of

flat white latex paint (Gillespie and Kidd, 1979). Each sensor was placed
in the plant canopy at a height of 6-10 cm above the soil surface. A

model RG-2501 (Sierra-Misco, Inc.) tipping bucket ram gauge was also

connected to the micrologger to record rainfall amounts in aliquots of 1

mm. All data recorded by the micrologger were automatically placed on

cassette tape for later transfer to the University of Saskatchewan's

computer system.
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4.2.2. Results

For the 249 crops tested in July. mean PEl ranged from 4.4S'( to

99.4%, with an average of 47.4%. There was a wide distribution of mean

PEl, with most crops having less than 60% PEl (Fig. 4-2). The mean

DI values in the 201 crops assessed in August ranged from 0% to 40.1%

with an average of 8.75%. About 90% of the crops had mean DI values

below 20% (Fig. 4-3).
Using data from Gugel (1985) a prediction curve had been produced

and included as part of the brochure sent to farmers III 1985 (Appendix
A). According to the prediction curve PEl levels below 45% correspond
to low disease risk and crops were expected to have less than 20% Dr.

Crops with 45-90% PEl were assumed to be at moderate disease risk and

were expected to have 20-40% Dr. Crops forecast to be at high risk had

PEl levels of 90% or greater and were expected to have 40% or more Dr.

The transition between low and moderate risk corresponded to the

level of disease where chemical control in an average crop became

economically justifiable based on 1985 rapeseed prices, and the transition

from moderate to high was twice the transition from low to moderate.

Although forecast DI was based on PEl values, actual DI also depends on

moisture conditions and will change accordingly even with constant PEL

With this in mind, the data were cross-tabulated according to both

forecast and actual DI (Table 4-1).
The majority of the 201 crops assessed for disease were forecast to

have low and moderate disease levels, while only a small number were

forecast to have high levels (Table 4-1). In fact DI was low in most

crops and a much smaller number had moderate and high values (Table
4-1). Overall, disease was correctly forecast for most crops considered to

be at low risk. However, for most crops considered to be at moderate or

high risk, the forecasts were incorrect and generally overestimated DI.

For a small number of crops forecast to be at low risk. DI was

underestimated from the level of PEL

A scatter plot of DI versus PEl shows the wide range of PEl values
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Table 4-1: The number of crops in each of three categories"
according to forecast and actual disease incidence, Melfort
1985.

Actual disease incidence

Forecast Total Low Moderate High
disease incidence

Low 96 91
C 4u lu
0

UC OUModerate 96 85

High 9 60 30 OC

Total 201 182 18 1

a Categories based on Gugel (1985) (Section 4.2.2.).
Disease risk correctly forecast; Total = 102.

Disease risk underestimated; Total = 5.

Disease risk overestimated; Total = 94.

C

U

o

compared to the clustering of DI values between 0 and 40% (Fig. 4-4).
There was a slight trend of increasing DI as the level of PEl increased.

A regression of mean DI on mean PEl was significant, but the coefficient

of determination indicated that only a small proportion (11.9%) of the

variation in DI could be attributed to variation in PEl (Table 4-2).
However, t-tests indicated that both the intercept and slope were positive

and significantly different from zero (Table 4-2).
Moisture has an important influence on the ID-DI relationship for

stem rot and, in the Melfort area, moisture conditions during late June

and early July appeared to be better for disease development than later

on (Figs. 4-5,-6,-7). Accordingly, the time at which petal samples were

collected was divided into four periods, July 5-10, 11-15, 16-20, and 21-26

and scatter plots of DI versus PEl were constructed separately for each

period (Figs. 4-8a-d).
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Table 4-2: Regression analysis of mean disease incidence on mean

percentage petal infestation for the overall data in 1985

and for each of four time periods during July when petals
were collected.

a MPElb MDI
c

Time period N C.D. Intercept Slope
(%)

July 5-26 201 11.9** 3.84** (1.07)
t
0.102** (0.02)

t
47.5 8.7

July 5-10 32 51.4** -1.80 (2.03) 0.261** (0.05) 39.1 8.4

July 11-15 84 17.3
**

3.85**(1.36) 0.113**(0.03) 43.3 8.8

July 16-20 52 7.1 3.85 (2.60) 0.095 (0.05) 48.8 8.5

July 21-26 32 0.5 8.22 (4.43) 0.024 (0.06) 65.3 9.7

a Coefficient of determination.

Mean percentage petal infestation.
Mean disease incidence (%).

**

Significant at p<O.Ol.
Standard error of the estimate.

b

c

t

Regressions of Dl on PEl were calculated for each period separately

(Table 4-2), and only those for July 5-10 and 11-15 were significant.

Fifty-one and 17% of the variability in DI was explained in each period,

respectively. The stronger relationship between PEl and DI for these

periods is also evident from the respective scatter plots (Figs. 4-8a-d).
Not only is the scatter of points less but there appears to be a steeper

slope for the earlier time period. For the July 5-10 period, t-tests

indicated that the intercept was not significantly different from zero while

the slope was positive and significantly different from zero. For the July
11-15 period, both the slope and intercept were positive and significantly
different from zero.

Further regression analyses were performed to study the influence of

a number of factors by excluding certain crops from the overall data set.

Crops that had severe blackleg disease, heavy weed infestations, or where
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exact petal sampling sites were not found, were excluded. A separate

regression of DI on PEl was calculated in each case. but none of these

exclusions had a major effect on the regression compared to the overall

analysis (Table 4-3).
Table 4-3: The effect of excluding crops with certain

characteristics on the regression of mean disease incidence
on mean percentage petal infestation, Melfort 1985.

Characteristic
8. N

b
Intercept Slope MPEI

C MDIdC.D.
excluded (%)

Severe Blackleg
e **

3 . 61
* *

(1. 08)
t

o . 116
* *

(0 . 02)
t

9.0175 15.6 46.6

Weedy stands f 177 13.3 ** 3.73** (1.14) O. 112
**

(0.02) 46.9 9.0

All petal 137 10.0
* *

4. 22
* *

(1. 31) 0.092**(0.02) 48.9 8.7

sampling sites
g

sites not found

All three 110 12.9
**

4.06 ** (1.45) 0.107**(0.03) 47.9 9.2
exclusions
combined

a

f

Crops possessing the indicated characteristic
excluded from the regression analysis.
Coefficient of determination.
Mean percentage petal infestation.
Mean disease incidence (%).
Blackleg of rapeseed, caused by Leptosphaeria maculans.

Severity based on a qualitative assessment (Section
4.2.1.1.).
Qualitative assessment (Section 4.2.1.1.).
One or more sampling sites in a crop were not found
when disease incidence was assessed (Section 4.2.1.1.).

**

Significant at p<O.01.

b

were

C

d

e

g

t Standard error of the estimate.

Canopy density has been reported to have an important effect on

inoculum production and disease development with.§_. sclerotiorum (Blad
et al. 1978, Fuller et al. 1984, Schwartz et al. 1978, Steadman et al.
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1973, Weiss et al. 1980a). Although ratings of stand density (Section

4.2.1.1.) were not made systematically in 1985, enough ratings were

recorded to allow separate regressions for light, moderate and heavy crop

canopies (Table 4-4). For comparative purposes a regression of mean DI

on mean PEl was also calculated for crops where canopy density was not

classified (Table 4-4). Significant regressions were found for light,
moderate and unclassified canopies with coefficients of determination of

20.8, 31.2, and 20.3%, respectively (Table 4-4). For light and moderate

canopies intercepts were not significantly different from zero. The slopes
were 0.084 and 0.195, respectively, with both significantly different from

zero (Table 4-4). For the unclassified canopies both the intercept (2.85)
and slope (0.126) were significantly different from zero (Table 4-4).
Ta.ble 4-4: Regressions of mean disease incidence on mean

percentage petal infestation for crops classified according to

crop canopy density", Melfort 1985.

N
b

Intercept Slope MPEIc MDIdCanopy density C.D.

(%)

Light 33 20.8** 0.575 (1. 59)
t 0.084**(0.03) t 49.4 4.7

Moderate 18 31.2* 0.512 (3.40) 0.195
*

(0.07) 42.9 8.9

Heavy 12 2.1 20.01 (5.58) -0.051 (0.11) 42.6 17.8

Non-classified 138 20 . 3
**

2. 85
*

(1.16) 0.126**(0.02) 48.0 8.9

a Crop canopy

4.2.1.1.).
density assessed qualitatively (Section

b

*

Coefficient of determination.
Mean percentage petal infestation.
Mean disease incidence (%).

**

Significant at p<O.01.
Significant at p<0.05.
Standard error of the estimate.

c

d

t



Overall, mean PEl was similar for the different canopy classes

(Table 4-4). However, mean Dl was much higher for heavy canopies

than for light, moderate and unclassified canopies (Table 4-4). These

data suggest that canopy density can influence the relationship between

PEl and Dl, with more disease per unit of PEl developing in heavy

canopies,

Separate regressions of Dl on PEl were also calculated for Brassica

napus and B. campestris cultivars (Table 4-5). Only the regression for B.

napus was significant, with t-tests indicating that both the slope and

intercept were significantly different from zero. B. napus cultivars showed

slightly higher levels of PEl and much higher levels of Dl (Table 4-5).
The growth stage at which petal samples are collected is thought to

influence the lD-Dl relationship (Gugel 1985). Hence regressions of Dl on

PEl for crops sampled at G.S. 4.1-4.2 and at G.S. 4.3-4.4 were

calculated (Table 4-5). Only the regression for crops sampled at G.S.

4.1-4.2 was significant; t-tests indicated that both the intercept and slope
were significantly different from zero.

Several environmental variables to use III multiple regression analysis
were derived from temperature, RH and leaf wetness data collected with

the micro logger and from rainfall data collected both with the micrologger
and at the Environment Canada Meteorological Station (Section 4.2.1.2).
The derived rainfall variables included: (1) the number of days with

rainfall, and total amount of rainfall (mm) during seven days before the

petal sampling date, and (2) the number of days with rainfall, and total

amount (mm) during the period from the day of petal sampling to six

days later. Temperature and RH variables were also derived using the

same two periods before and after petal sampling. The average, mean

minimum and mean maximum temperature and RH were calculated for

each period. Total hours of leaf wetness were also calculated for these

periods.
These variables had specific values for each of the different petal

sampling dates. It was hoped that, if included in regression equations,
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Table 4-5: Regressions of mean disease incidence on mean percentage
petal infestation for Brassica napus and B. campestris
cult ivars. and for crops sampled at G.S.a 4.1-4.2 and
G.S. 4.3-4.4, Melfort 1985.

b c MDIdCultivar/G.S. N C.D. Intercept Slope MPEI

(%)

B.
**

4.31** (1.22)t 0.107 **(0.02)
t
49.3 9.6napus 156 13.1

B. campestris 40 4.8 2.64 (1. 59) 0.047 (0.03) 41.2 4.6

G.S. 4.1-4.2 146 16.2** 3 . 19
* >I<

(1 . 06) 0.107** (0.02) 46.1 8.1

G.S. 4.3-4.4 49 3.0 7.10 (3.06) 0.064 (0.05) 52.3 10.4

a Crop growth stage according to Harper & Berkenkamp
(1975).
Coefficient of determination.b

c Mean percentage petal infestation.
Mean disease incidence (%).

**

Significant at p<O.Ol.
Standard error of the estimate.

d

t

the variables might help to explain some of the variation In DI not

accounted for by variation in PEL Because of the possibility of

multicollinearity each variable was added to the regression of DI on PEl

separately. However, none of these variables accounted for significantly
more variation In DI than already explained by PEL The

microenvironmental data were consistent with this because despite
differences in rainfall, the temperature, RH and leaf wetness in the

rapeseed canopy changed only slightly throughout the sampling period

(Figs. 4-5,-6,-7,-9). Also, it must be recognized that the environmental

variables were derived from only two sources and they may not be

representative of all the crops sampled in the Melfort area. To test this

possibility further, a separate regression was calculated for crops situated

in the general area (Townships 45-46 and Ranges 17-19) where the
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micrologger was located. However. the resulting analysis did not account

for any more variation compared to the overall multiple regression

analysis.
In addition to the twenty environmental variables included In

multiple regression analyses, the variable YSLC (years since last canola

crop) was tested with PEl to see if crop rotation would account for more

of the variation in Dl. The results indicated that the influence of YSLC

was not significant, and did not explain additional variation in Dl. This

result is reflected in mean levels of DI and PEl for crops with rotations

of different lengths (Table 4-6), where DI and PEl changed very little for

crop rotations of one to five years.

4.2.3. Discussion

Gugel (1985) and Gugel & Morrall (1986) suggested that the

relationship between PEl and DI might provide a quantitative approach
to disease forecasting for sclerotinia stem rot. They also indicated that

monitoring PEl might better account for extrinsically produced inoculum,

thus providing more accurate disease forecasts. The present work

involved a more extensive study of the inoculum density-disease incidence

relationship demonstrated by Gugel & Morrall (1986) and was intended to

consider whether forecasts based on PEl would be commercially feasible.

In 1985 there was a wide range of PEl with no crops having a

mean value of 0% (Fig. 4-2). Thus, at least some inoculum was present

in most rapeseed crops in the Melfort area. The range of DI was more

restricted and most crops had below 20% DI (Fig. 4-3). Using the

classification of disease risk derived from Gugel (1985) forecasts were

correct for 50.7% of the crops tested (Table 4-1). The level of DI was

overestimated for most crops forecast to be at moderate and high risk.

For a small number of crops forecast to be at low risk, DI was

underestimated. The general overestimation may have been related to

relatively poor moisture conditions during late July and early August

(Figs. 4-5,-6,-7). Infection and subsequent disease development were

probably restricted resulting in lower DI than expected from PEl.
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Figure 4-9: Daily temperature at approximately 6 to 10 ern above
the soil surface within a rapeseed crop, June 12 to August
20, Melfort 1985. Data obtained from environmental

monitoring equipment located in the Melfort area.
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Table 4-6: Mean percentage petal infestation and disease incidence
for crop rotations of varying lengths. Melfort 1985.

Number of years
MPEI

b MDlcbetween rapeseed N

crops
a

One 1 20.0 0

Two 13 57.6 7.8

Three 40 57.8 9.3

Four 41 47.6 8.1

Five 17 43.5 7.1

a Data derived from grower information sheets (Appendx
B). Five-year rotations were voluntarily indicated by
some growers although the information requested related

only to the previous four years.

Mean percentage petal infestation.
Mean disease incidence (%).

b

c

Regression analysis indicated a significant overall relationship
between DI and PEL However, the r2 value was low, suggesting that

only a small proportion of the variation in DI could be attributed to

variation in PEL Obviously other factors must have been influencing Dl.

It was thought that blackleg disease, heavy weed infestations and the fact

that in some crops DI was not assessed at the exact location where petals
were collected may have been involved. However, regression analyses to

take these into account (Table 4-3) made very little difference.

Nevertheless, on an individual crop basis, moderate to severe blackleg
infestations did appear to have an influence. In one example moderate

DI was forecast for a crop, but when disease was assessed the plants were

very stunted and most possessed severe basal stem cankers as a result of

blackleg infection and DI was very low. Probably severe infections of

blackleg do generally reduce the importance of sclerotinia stem rot

because of an effect on the plant canopy.
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The type of rapeseed cultivar did not greatly influence the

relationship between PEl and DI. A regression of Dl on PEl for B.

napus cultivars was significant while that for B. campestris cultivars was

not. This difference may have reflected the smaller data set for B.

campestris and the overriding influence of poor moisture conditions in late

July and early August. However, B. campestris cultivars did have much

lower Dl levels, perhaps reflecting lower canopy densities than in B.

napus cultivars.

Data from Gugel & Morrall (1986) suggested that the relationship
between PEl and Dl was strongest when petals were sampled at G.S.

4.1-4.2. The present results are inconclusive in this regard, even though
a significant regression was found for crops sampled specifically at G.S.

4.1-4.2. However, this regression was very similar to that for the overall

data set and a regression for crops sampled at G.S. 4.3-4.4 was

nonsignificant (Tables 4-2,-5). The nonsignificance may have reflected a

smaller data set or the overriding influence of poor moisture conditions in

late July and early August.

A number of regressions calculated for varIOUS data sets in 1985 had

intercepts significantly greater than zero, which suggested that disease

may occur in the absence of inoculum (Tables 4-2, - 3, -4, -5). This

contrasts with the results of Gugel & Morrall (1986) where intercepts for

regressions based on PEl were consistently not significantly different from

zero. Because petals are intimately involved in the process of infection

(Gugel & Morrall 1986, Kapoor et al. 1983, Lamarque 1983) one would

assume that if PEl was zero no infection would occur. A possible

explanation for the present results is that PEl levels varied throughout
the flowering period. thereby changing the disease risk. Hence, reliable

forecasts may depend not so much on sampling at a particular growth

stage as on sampling when inoculum is present. To achieve this,

repeated petal collection would be necessary. Furthermore, inoculum

would sometimes not be detected until it was too late for effective

fungicide application (Morrall et al. 1985).
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When the petal sampling period was subdivided, significant

regressions were found for the July 5-10 and 11-15 periods (Table 4-2).

Compared with the overall analysis a much higher r2 value (0.514) was

found for July 5-10 and a slightly higher value (0.173) for July 11-15. A

test of the homogeneity of regression coefficients showed that the slope for

July 5-10 (0.261) was significantly greater than for July 11-15 (0.113)
(Table 4-7) (Gomez & Gomez 1984). The slopes continued to decrease

for the July 16-20 (0.095), and July 21-26 (0.024) periods, although the

regressions were not significant (Table 4-2). These differences may have

reflected better moisture conditions for infection in late June and early
July.

Table 4-7: Homogeneity of regression coefficients for the July 5-10
and 11-15 petal sampling periods, Melfort 1985.

N
a

C.D.

(%)
Slope

July 5-10

July 11-15

32 51.4** 0.261a
t

84 17.3
** 0.113b

a Coefficient of determination.
**

Significant at p<O.Ol.
Slopes followed by the same letter are not significantly
different from each other, p=0.05, based on a procedure
outlined by Gomez and Gomez (1984).

t

Because moisture plays such an important role in the disease cycle
of sclerotinia stem rot (Briin et al. 1983, Kruger 1974, 1975, Le Coz

1981) any factor that modifies the microenvironment surrounding the host

plant can be expected to have an influence on the relationship between

PEl and DI. Perhaps the most important factor expected to do this is

canopy density. After classifying the data according to canopy density,

significant regressions were found for light and moderate canopies and for

nonclassified canopies. Although a difference in r2 values occurred, it
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may be inconsequential relative to the corresponding difference in slopes.

The slope for crops with moderate stands (0.195) was larger than the

slope for light stands (0.084) (Table 4-4). However, when the

homogeneity of regression coefficients was tested (Gomez & Gomez 1984),
the slopes were not significantly different. Although the difference was

not significant, mean PEl and DI levels suggested a trend in which

moderate canopies resulted in higher DI at a given level of PEl than

light canopies.

Even though the r2 value and slope of the regression for crops with

heavy canopies was not significant, the mean DI was 17.8% suggesting
that a low to moderate level of disease developed regardless of PEL It is

possible that in these crops PEl levels varied throughout flowering and

petals were collected when inoculum levels were lowest, thus

underestimating the disease risk. Although the data are rather limited it

appears that different ID-DI relationships exist for crops with different

canopy densities. In contrast, Gugel & Morrall (1986) indicated that the

relationship between PEl and DI was not influenced by plant density.

However, they suggested that when plant density (number of plants per

m2) was very high, canopy density tended to decrease due to competition
between plants.

Multiple regression analysis was attempted using environmental

variables from two sources of data. However, no additional variation in

DI was accounted for. The temperature, RH and leaf wetness variables

measured in the crop canopy changed only slightly throughout the

sampling period. Only towards the end of July and in the first part of

August did any of the environmental variables start to change appreciably

(Figs. 4-5, -6, -7, -9). This was also the time when petal testing was

terminated because most crops were well into G.S. 4.3-4.4. and most

rapeseed leaves would be falling off preventing leaf infections from

progressing into stems.

Multiple regression analysis was also attempted usmg the variable

YSLC (years since last rapeseed crop) along with PEL However, YSLC



63

did not provide any more useful information SInce mean PEl and DI

changed very little for crop rotations of varying lengths (Table 4-6).
This may have reflected the longevity of Sclerotinia sclerotiorum as well

as the potential for spread of inoculum of this pathogen. Indeed, it is an

argument in favor of basing a disease forecasting system on PEL

4.3. 1986

4.3.1. Materials and methods

4.3.1.1. Determining petal infestation and disease incidence, 1986

Originally all field experiments in 1986 were planned for the Melfort

area. However, because of dry conditions in June and early July at

Melfort, petal samples were also obtained from the Meadow Lake and

Makwa areas (west-central Saskatchewan), and from the Shellbrook area

in central Saskatchewan (Fig. 4-1). In these regions moisture conditions

appeared to be more conducive to inoculum production and disease
.

development. An analogous brochure (Appendix C) to that used in 1985

was sent to approximately 500 farmers in the Melfort area and was also

given to collaborating farmers in other areas. The collaboration of the

farmers at Meadow Lake, Makwa and Shellbrook was obtained through
media broadcasting and the assistance of local agricultural representatives.

Petal sampling and processing procedures used in 1986 were similar

to those In 1985. In the Melfort-Carrot River area
1 farmers brought their

samples to the same lab as was used in 1985.

collected by research personnel.
In the Meadow Lake. Makwa and Shellbrook areas some samples

Some samples were

were collected by farmers, but most were collected by research personnel

1 In 1986, because of the drought farmers from out of the primary sampling arez, at

Melfort were also encouraged to collect samples. Consequently the term Melfort-Carrot
River is more appropriate for indicating the sampling area in east-central Saskatchewan
for 1986.
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and local agricultural representatives. Samples from the Meadow Lake

and Makwa areas were processed in an office at Meadow Lake, while

samples from the Shellbrook area were transported in ice-filled styrofoam
coolers to either Saskatoon or Melfort for processing. Petal samples from

145 crops were processed from June 28 to July 23. Of these, 93 were

from the Melfort-Carrot River area, 10 from Makwa, 28 from Meadow

Lake, and 14 from Shellbrook. All collaborating farmers were asked to

fill out a similar questionnaire to that in 1985 (Appendix D).
Based on experiments performed after the 1985 field season the

isolation medium for plating petals was changed from that used in 1985

(Section 3). It consisted of sterile Difco potato dextrose agar with 25

ppm anhydrous ampicillin and 25 ppm streptomycin sulfate (PDA +

AST). The change allowed the identification of S. sclerotiorum after only
3-4 days compared to 5 days in 1985. In 1986 identification was based

less on the formation of sclerotial initials and more on the other

characteristics used in 1985. Thus, test results were given to farmers

quicker than in 1985.

Fields from which petal samples had been obtained were visited III

August shortly before swathing to assess DI using the same procedures as

in 1985. Qualitative estimates of stand density (light, moderate, or

heavy), uniformity (uniform or patchy), and weediness (not weedy or

weedy) were also made. Of the 145 crops sampled in June and July only
129 were assessed for disease. Most of the crops that were missed were

early-maturing B. campestris.

Analyses of data were similar to those in 1985 and significance in

the text below refers to p<O.05. As in 1985, transformations of PEl and

DI were evaluated. However, transformation produced only small

differences compared to regressions using untransformed data. Thus, as

in 1985, all regression analyses reported are based on untransformed data.
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4.3.1.2. Environmental monitoring 1986

In 1986, 16 rain gauges, one for each township in the primary study

area, were set up near Melfort on May 21-22. The rain gauges used

were either official Environment Canada gauges, as used in 1985, or

commercial gauges owned by farmers. Each rain gauge was placed in a

farmer's yard, which was located as near as possible to the centre of each

township. Monitoring the rainfall was the responsibility of farmers, who

had agreed to keep records during June, July, and August.

Weather data from May to August 1986 for each of the areas m the

study were obtained from two sources: (1) temperature and rainfall data

were obtained from official Environment Canada meteorological stations

located at the Agriculture Canada Research Station at Melfort, Loon Lake

(near Makwa), Meadow Lake and the Prince Albert airport (Shellbrook),
(2) rainfall data were obtained from the Saskatchewan Agriculture Crop
and Weather Report2.

Four microloggers were set up in 1986: one CR-21 in the Shellbrook

area and two CR-21's and one 21X (Campbell Scientific Inc.) in the

Melfort-Carrot River area. The CR-21 's were connected to the same

types of sensors used in the 1985 study, while the 21X was connected to

a Model 207 temperature and RH probe, a Model 237 leaf wetness sensor,

and a Model RG-2501 (Sierra Misco Inc.) tipping bucket rain gauge.

Each micrologger was programmed to monitor temperature, RH, and leaf

wetness at 15 min. intervals, and rainfall in aliquots of either 0.25 mm or

1 mm. Data recorded by each micrologger were automatically placed on

cassette tape for subsequent transfer to the University of Saskatchewan's

computer system.

The micrologger m the Shellbrook area was about 20 km N .E. of

Shellbrook m a crop of B. napus cv. Westar. It was set up on June 28

when the crop was at approximately G.S. 3.3. One set of RH and

2Available from the Economics Branch, Statistics Section of Saskatchewan Agriculture.
Administration Building, Regina, Sask. S4S OBI.
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temperature and leaf wetness sensors was placed in the plant canopy

20-25 em above the soil surface. All three microloggers in the Melfort

Carrot River area were set up on July 2. The first (21X) was placed In

test plots containing a set of B. napus cultivars situated 11 km E. of

Melfort. Most of the cultivars in the test were at G.S. 3.2 on July 2.

Two sets of temperature-RH and leaf wetness sensors were placed in the

canopy: the first was approximately 6-10 em and the second was about

20 em above the soil surface. The second micrologger (CR-21) was

placed In a crop of B. napus cv. Westar (G.S. 3.3) situated

approximately 21 km S.E. of Melfort. The third (CR-21) was put in a

crop of B. napus cv. Triton (G.S. 3.2) situated approximately 13 km

S.E. of Carrot River. The sensors for both CR-21's located In the

Melfort-Carrot River area were at similar heights in the canopy to those

placed in the Shellbrook area. Because of programming problems with

the 21X in the Melfort area and the CR-21 in the Carrot River area, no

data were collected from these microloggers.

4.3.2. Results

In 1986 the levels of PEl and DI reflected the dry environmental

conditions during June and early July, especially in the Melfort-Carrot

River and Shellbrook areas (Fig. 4-10, Table 4-8). Mean PEl ranged
from 0 to 80.6% with an average of 9.8 %; 74% of the crops had less

than 10% PEl (Fig. 4-11). Mean DI in August ranged from 0 to 57.1%

with an average of 9.5 % (Fig. 4-12). Sixty-six percent of crops had less

than 10% DI (Fig. 4-12). Thirty out of 39 crops with greater than 10%

PEl and 28 out of 42 crops with greater than 10.0% DI were from the

Meadow Lake and Makwa areas, where moisture condition- were more

conducive to inoculum production and disease development (Figs. 4-11.

12, Table 4-9).
Using the same classification of disease risk as in 1985, crops in

each area in 1986 were cross-tabulated according to both forecast DI and

actual DI (Table 4-10). Of the 78 crops in the Melfort-Carrot River area
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Tllhle 4-8: Week ly rainfall [mm}, Melfort rain gauge network, 1986.

Cooperator

June

Rainfall (mm) for the week ending on

July

8 15 29 I'>22 13 20 27

August

3 10 17 Total

W. Dupin 173.7

L. Yoen

B. Warner

R. L. Taylor

B. Blakely

H. Wozniak

B. Ferguson

J. Graham

J. Ingram

H. Haidey

W. Leach

D. Tyacke

J. A. Audette

R. C. Stewart

G. E. Miller

J. Y. Drury

14.0 3.0

12.2 5.1

11.9 11.9

14.2 3.8

20.3

9.9 15.0

13.5

15.2 7.6

14.0 7.6

14.0 15.2

14.0 11.7

10.9 3.0

11.4

11.7

10.2

10.2

5.1

2.5

7.11

6.6

1.3

2.5

5.1 25.4 77.5 13.2 7.6 7.6 8.11

5.1 12.7 8.11

12.7 21.6 12.7

14.2 16.3 16.8

22.11 25.4 7.6

126.7

155.5

184.2

160.0

1211.8

110.6

148.5

161. 2

1112.6

187.0

172.2

171.5

137.7

164.1

172.2

3.8 7.6

10.11 28.7 7.11

&Rainfall data not recorded for this period. However, for most occurrences the missing data were included in rainfall
levels for the subsequent week.

3.3 16.0 33.0 20.32.5 7.6

3.3 5.1 21.6 31.8 111.13.8

6.4 &
411.5 34.8 20.67.6

2.5 7.6 12.7 31.8 20.33.8

2.0 6.9 31.5 15.02.0

5.1 15.2 27.11 12.72.5

2.5 3.8 12.7 22.11 30.5 2.5

3.8 5.1 8.11 27.11 27.11 20.3

5.1 6.4 21.1 27.11 22.11 14.0

7.1 7.6 11.4 30.5 22.11 2.5

5.1 5.1 11.11 111.3 30.7 22.11

7.4 25.4 26.7 311.4 12.7

5.1 3.8 24.1 34.3 17.8

6.4 5.1 10.2 35.6 30.5

7.6 6.4 5.1 26.4 34.3 26.4

7.1 21.6 2.5

25.4 17.8 7.6

16.5 20.3 8.11

7.6 45.7 12.7

33.0 38.1 10.2

8.11 46.5 11.11

15.2 20.3 5.1

5.1 211.2

30.5 34.3

7.6 38.1 7.6

1
i
I

-I
o
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T8Lle 4-9: Rainfall data from the Saskatchewan Agriculture Crop and
Weather Report, 1986.

Rainfall (mm) for the week ending on

June July August

Reporter
location 1 8 15 22 29 6 14 20 27 3 10 17 24 31

Rl\t S88A
b c

4.1 4.1 21.1 19.1 3.0 10.9 34.0 4.7 ?d ?
Meadow Lake

RM588Bb 8.9 6.1 88.9 14.0 15.0 13.0 ? 6.1 7.9
Meadow Lake

RM561
Loon Lake ? IS.0 9.9 39.9 ? 16.0 38.1 34.0 24.1 134.9 1.0 ?
(Makwa) -1

�

a Rural municipality.
Two reporters for the RM of Meadow Lake.
No rainfall for this period.
No rainfall dat a reported for this period.

b

d
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77 were forecast to have low DI and only one to have a moderate level

(Table 4-10). In August the majority of crops did, indeed, have low DL

while a relatively small number had moderate and high DI (Table 4-10).
Thus, disease was underestimated in a few crops that were forecast to

have low DI and overestimated for a single crop forecast to have

moderate DI (Table 4-10). In the Shellbrook area all 14 crops were

forecast to have low DI (Table 4-10). In August, 12 of the 14 crops had

low DI, while one had a moderate and one had a high level (Table 4-10).
Again for a small number of crops actual DI was underestimated by the

level of PEL

For the 27 crops in the Meadow Lake area the majority were

forecast to have low DI levels, and a small number to have moderate

levels (Table 4-10). In August most crops forecast to be at low disease

risk had low DI, while two of the five crops forecast to be at moderate

risk had moderate DI. Disease levels were underestimated for five crops

forecast to be at low disease risk, and overestimated for three forecast to

be at moderate risk (Table 4-10). As in the Melfort-Carrot River and

Shellbrook areas DI was either underestimated or overestimated by the

level of petal infestation for a small number of crops. Finally in the

Makwa area all crops were forecast to have low DI. However, when DI

was assessed only one crop had low DI, while six had moderate and three

had high levels (Table 4-10). While forecasts for the other three areas

were fairly accurate those for the Makwa area underestimated the DI level

III the majority of crops.

The underestimation of DI levels is very evident III a scatter plot of

mean DI versus mean PEl (Fig. 4-13). Most crops III the Makwa area

had moderate to high DI levels while PEl levels were relatively low. The

Melfort-Carrot River and Shellbrook areas tended to have the lowest

levels of PEl and DI while the Makwa and Meadow Lake areas had

somewhat higher levels of either or both PEl and DI (Fig. 4-13).
Clustering of PEl and DI values towards the lower ends of the axes

occurred especially for the Melfort-Carrot River and Shellbrook areas.
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Table 4-10: The number of crops in each of three categories"
according to forecast and actual disease incidence, for four

sampling areas, 1986.

Actual disea�e incidence

Forecast Total Low Moderate High
disease incidence

72c
U U

Melfort-Carrot Low 77 4 1
River

° OUModerate 1 1 Oc

High 0 0° 0° Oc

Total 73 4 1

lu
u

Shellbrook Low 14 12 c 1

Moderate 0 0 0 0

High 0 0 0 0

Total 12 1 1

Meadow Lake Low 22 17 c 5u 0

Moderate 5 3° 2c 0

High 0 0 0 0

Total 20 7 0

Makwa Low 10 1
c BU 3u

Moderate 0 0 0 0

High 0 0 0 0

Total 1 6 3

a Categories based on Gugel (1985) (Section 4.3.1.1.).
Disease risk correctly forecast; Total = 104, Melfort-Carrot
River = 72, Shellbrook = 12, Meadow Lake = 19, Makwa
= l.

Disease risk underestimated; Total = 21, Melfort-Carrot
River = 5, Shellbrook = 2, Meadow Lake = 5, Makwa =

9.

Disease risk overestimated; Total = 4, Melfort-Carrot River
= 1, Sh�llbrook = 0, Meadow Lake = 3, M_a_kw_a_=_O_. ...A

c

U

o
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This clustering had a considerable effect on subsequent regression analyses
of the data. Although there had been a trend of increasing Dl with

increasing PEl in the 1985 data, such a trend was not as apparent in the

overall data for 1986.

Regressions of mean Dl on mean PEl were calculated for each

sampling location (Table 4-11). Only those for the Meadow Lake and

Melfort-Carrot River areas were significant, and r2 values of 0.156 and

0.066 respectively, were found. For both areas, t-tests indicated that the

intercepts (9.05 and 3.41, respectively) and slopes (0.171 and 0.295,

respectively) were significantly different from zero (Table 4-11). The very

low r2 values partly reflect the clustering of data points with both

variables (Fig. 4-13). Nonsignificant regressions for the Shellbrook and

Makwa areas reflect the smaller data sets and clustering of data points

for PEL

Preliminary analyses suggested that as in 1985, moderate to severe

blackleg infections, heavy weed infestations, and the fact that III a

number of crops exact petal sampling sites were not found had little

effect on the relationship between PEl and Dl. Poor moisture conditions

and generally low PEl and Dl levels III 1986 were of overriding

importance. On the other hand as in 1985, canopy density appeared to

have an effect on the relationship of Dl and PEL The 1986 data were

pooled regardless of location and classified according to canopy density

(light, moderate, and heavy). Separate regressions were calculated for

each category (Table 4-12). Significant regressions were found for light
and moderate crops, with r2 values of 0.554 and 0.272, respectively (Table
4-12). For crops with light canopies the intercept was not significantly
different from zero, while the slope (0.185) was. Both the intercept (4.07)
and slope (0.342) for crops with moderate canopies were significantly
different from zero. Mean Dl increased as the crop canopy became

denser although mean PEl changed only slightly (Table 4-12).
As in 1985, separate regressions were performed for B. napus and

B. campestris cultivars using data from all locations. The regression was
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Table 4-11: Regression of mean disease incidence per crop on mean

percentage petal infestation per crop for four sampling
areas, 1986.

C.D.a MPElb c

Location N Intercept Slope MDI

(%)

Melfort-Carrot 78 6.6* 3.41 ** (1.10) t
* t

4.90.295 (0.13) 5.0
River

Shellbrook 14 23.6 1. 75 (4.26) 2.23 (1.16) 2.8 8.0

Meadow Lake 27 15.6* 9 .05
**

(2 . 74) 0.171* (0.08) 29.8 14.2

Makwa 10 5.3 40.3 (9.69) -0.400 (0.60) 14.1 34.7

a Coefficient of determination.
b

*

Mean percentage petal infestation.
Mean disease incidence (%).

**

Significant at p<O.Ol.
Significant at p<0.05.
Standard error of the estimate.

c

significant for B. napus cultivars with an r2 value of 0.111 (Table 4-13).
T-tests indicated that both the intercept and slope were positive and

significantly different from zero (Table 4-13). As in 1985, the regression

for B. campestris cultivars was nonsignificant (Table 4-13). The

significant regression for B. napus cultivars may reflect a larger data set

resulting in a larger regression mean square value. Also, for both

cultivars there were several crops where moderate to high DI developed
when levels of PEl were less than 30% (Figs. 4-14, -15). These crops had

relatively high residual values and this probably resulted in a

nonsignificant regression for B. campestris cultivars, and a low r2 from

the regression for B. napus cultivars. In general both cultivars had

similar levels of DI and PEl in 1986 (Table 4-13).
Using combined data from all locations regressions of mean DI on
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Table 4-12: Regression of mean disease incidence per crop on mean

percentage petal infestation per crop for the three
categories" of canopy density, combined data, 1986.

Stand density N C.Db Intercept
(%)

Slope MPEIC MDI
d

Light 28 55.4** -0.105 (0.44)t 0.185**(0.03)t 8.1 1.4

Moderate 65 27.2** 4.07 ** (1.36) 0.342**(0.07) 11.6 8.0

Heavy 35 2.8 16.82 (3.14) 0.174 (0.18) 11.3 18.8

a Qualitative assessment of crop canopy density (Section
4.3.1.1.).

b Coefficient of determination.
C

d
Mean percentage petal infestation.
Mean disease incidence (%).

**

Significant at p<O.01.
t Standard error of the estimate.

mean PEL were calculated for crops sampled at G.S. 4.1-4.2 as opposed to

G.S. 4.3-4.4. The regressions were significant for both groups with r2

values of 0.132 and 0.093, respectively (Table 4-13). For both groups

intercepts (7.40 and 4.28, respectively) and slopes (0.303 and 0.274,

respectively), were significantly different from zero (Table 4-13). PEL and

DI tended to be higher for crops sampled at the earlier growth stage

(Table 4-13). Overall, regressions for each group were relatively similar.

In 1985 crop rotation appeared to have little effect on the

relationship of PEL with DI. However, In 1986 a significant multiple

regression (r2 = 0.247) was obtained when mean DI was regressed on

mean PEL and YSLC (Table 4-14). Levels of DI and PEL in 1985

changed very little as the rotation lengthened (Table 4-6). However, in

1986 levels of DI decreased steadily as the length of rotation increased,
whereas PEL levels decreased slightly overall (Table 4-15).

Because of the rather limited range of DI and PEL values In 1986
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Table 4-13: Regressions of mean disease incidence per crop on mean

percentage petal infestation per crop for Brassica napus
and _!!. campestris cultivars, and for crops sampled at

G.S.a 4.1-4.2 and G.S. 4.3-4.4, combined data, 1986.

Cultivar/G.S. N b
Intercept Slope MPElc MDI dC.D.

(%)

B. napus 98 11.1** 6.78** (1.49) t o . 284
* *

(0 . 08)
t
10.5 9.9

B. campestris 22 14.3 5.39 (3.33) 0.329 (0.18) 9.0 9.3

4.1-4.2 85 13.2 ** 7.40 ** (1. 63) o . 303
* *

(0 . 09) 10.8 10.9

4.3-4.4 44 9.3 * 4.28* (1. 93) 0.274* (0.13) 8.1 6.8

a Growth stage according to Harper & Berkenkamp (1975).
b Coefficient of determination.
c Mean percentage petal infestation.
d Mean disease incidence (%).
**

Significant at p<O.Ol.
*

Significant at p<0.05.
t Standard error of the estimate.

and the lack of microenvironmental monitoring m the Makwa and

Meadow Lake areas, multiple regression analyses usmg similar

environmental variables as in 1985 were not attempted.

4.3.3. Discussion

Results from 1986 clearly illustrate the very important effect of

weather on the relationship between PEl and DI for S. sclerotiorum.

Poor moisture conditions especially m the Melfort-Carrot River and

Shellbrook areas caused clustering of PEl and DI values. In the Melfort

Carrot River area mean levels of DI and especially PEl were lower than

in 1985. In the Makwa and Meadow Lake areas, the levels were

somewhat higher probably because of higher rainfall (Fig. 4-10, Table

4-9).
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Table 4-14: Multiple regression of mean disease incidence per crop
on mean percentage petal infestation (PEl) per crop and
YSLCa. all sampling locations. 1986.

N
b

Regression equation MPEI
C

MDI
d

Source C.D.

(%)

PEl and YSLC 66 24.7** Y = 32.2** + 0.184(PEI) 13.7 11.5
-6.95 ** (YSLC)

a

c

Years since last rapeseed crop.
Coefficient of determination.
Mean percentage petal infestation.
Mean disease incidence (%).

**

Significant at p<O.01.

b

d

Table 4-15: Mean levels of petal infestation and disease incidence
for crop rotations of varying lengths, all locations 1986.

Number of years
MPElb MDlcbetween rapeseed N

crops
a

One 1 7.0 50.4

Two 10 14.7 21.1

Three 26 15.4 12.7

Four 24 12.4 5.7

Five 5 11.2 6.7

a Data derived from grower information sheets (Appendix
D). Five-year rotations were voluntarily indicated by
some growers although the information requested related

only to the previous four years.
Mean percentage petal infestation.
Mean disease incidence (%).

b

c

Using the same classification of disease risk as III 1985, the majority



82

of forecasts were correct. Most incorrect forecasts tended to be

underestimates of the actual disease risk. This was especially true III the

Makwa area. The underestimation of DI may be due to three factors.

In the Melfort-Carrot River and Shellbrook areas moisture conditions

tended to be poor throughout June and the early part of July. Thus, for

most crops tested, PEl was low at G.S. 4.1-4.2. However, rainfall

increased after the first week in July and PEl levels may have increased

for the rest of the bloom period. Therefore these crops may have been

at a higher disease risk than indicated by PEl at G.S. 4.1-4.2.

A second possible reason for underestimation was that petal

sampling in a number of crops in the Makwa and Meadow Lake areas,

was done during periods of rainfall. Kruger (1975a, 1975b) has suggested
that rainfall can prevent ascospore dispersal by catching spores in droplets
of water lodged on the apothecia. Subsequently these ascospores may be

washed into the soil. Thus, PEl levels may have been low because the

crops were sampled during periods of rainfall.

Finally, the sampling sites in a number of crops in the Makwa area

were located close to shelterbelts. When Dl was assessed severe lodging
had occurred at these sites, favoring plant-to-plant disease spread and

higher DI. The shelterbelts may have reduced evaporation, thereby

maintaining moist conditions which would favor lodging as well as

infection and plant-to-plant disease spread. Areas of the crops further

away from the shelterbelts were observed to show little or no lodging and

lower D I levels.

Significant regressions of DI on PEl were obtained only for the

Meadow Lake and Melfort-Carrot River areas, and r2 values were similar

to those in 1985. Low r2 values and nonsignificant regressions may

partly reflect clustering of PEl and DI values. In the Melfort-Carrot

River and Shellbrook areas most forecasts were correct as crops forecast

to be at low disease risk had low DI. For the Meadow Lake area there

was much less clustering of data and a trend of increasing DI with

increasing PEl was more apparent (Fig. 4-13). The relatively low r2
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value for the regression of DI on PEl (Table 4-11) may reflect the

influence of other factors such as canopy density and variation in

moisture conditions.

Based on data combined from all locations, only mmor differences

occurred between the regressions for crops sampled at G.S. 4.1-4.2 and

G.S. 4.3-4.4. Several regressions (Tables 4-11, -12, -13) had intercepts

significan tly greater than zero, suggesting infection in the absence of

inoculum at the time PEl was assessed. As suggested for the 1985 data,

changing PEl levels and conditions for infection may account for

intercepts significantly greater than zero

disease risk when petals were collected

and the

at G.S.

underestimation of

4.1-4.2. Changing
moisture conditions may have increased inoculum production and caused

more favorable conditions for infection at G.S. 4.3-4.4. If so, more

accurate disease forecasting could probably have been achieved by

determining PEl more than once during the flowering period.
The 1986 results again suggested that canopy density may influence

the relationship between PEl and DI. Significant regressions were found

for crops with light and moderate canopies. As in 1985, the mean levels

of PEl and DI and the slopes from regression analyses increased as the

canopy became denser (Tables 4-4, -12). A test of the homogeneity of

regression coefficients showed that the slopes for light and moderate

canopies were not significantly different. However, from the mean levels

of Dl and PEl there appears to be a trend whereby denser canopies have

higher DI at a given level of PEl (Table 4-12). Perhaps the overriding
influence of relatively poor moisture conditions in 1986 and at certain

times in 1985 masked any difference in slopes that might have occurred.

The reason for the differing r2 values might be that light and moderate

canopies interacted differently with changing moisture conditions during
the summer. In light stands more favorable moisture conditions may not

have produced more favorable conditions for inoculum production,
infection and disease development because of relatively high rates of

evaporation. However, moderate canopies would tend to prevent excessive
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evaporation and prolong moist conditions after a rainfall. Thus, moderate

canopies might have allowed the pathogen to respond to changing
moisture conditions after G.S. 4.1-4.2. The primary influence of increased

canopy density would be to provide and prolong a more favorable

environment for disease development.
The influence of rapeseed cultivars was also studied in 1986. As III

1985, a significant regression was found only for �. napus cultivars. It

was suggested that the difference between cultivars in 1985 may have

been due to differences III canopy density. Results from 1986 seem to

support this conclusion. Both species of rapeseed had similar levels of

mean PEl and DI (Table 4-13). Also, a number of B. campestris crops

had moderate to high DI levels. The canopy density for these crops was

high, and DI was similar to DI in some B. napus crops with heavy

canopies.

In 1985 the relative length of crop rotations appeared to have little

influence on PEl and DI. However, III 1986 a significant regression was

obtained when DI was regressed on PEl and YSLC. Also DI steadily
decreased as the crop rotation lengthened (Table 4-15). This change with

longer rotations may account for the higher r2 in 1986. However, caution

must be used in this interpretation. In the Makwa and Meadow Lake

areas crop rotations are typically 2-3 years, whereas in the Shellbrook

area and especially in the Melfort-Carrot River area, rotations tend to be

longer, i.e. 3-5 or more years. Thus, the apparent decrease in DI may be

due to differences among areas rather than crop rotations of different

durations.
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Chapter 5

Sample size in relation to petal infestation
and disease incidence

5.1. Introduction

Experiments to study the scale of sampling needed in commercial

rapeseed crops for estimating the level of petal infestation were set up in

1985 and 1986. The scale of sampling is an important aspect of the

proposed forecasting system based on petal infestation. Sample size must

be large enough to provide accurate estimates of petal infestation but

small enough so that farmers are not reluctant to sample because of the

time and effort involved. The influence of sample size on estimates of

disease incidence was also studied in both years.

5.2. Materials and methods

5.2.1. 1985

In July two experiments were set up III commercial crops of

Brassica napus cv. Westar in the Melfort area. The crops were chosen

because both had good, uniform, relatively weed-free stands and the

owners were not intending to spray for stem rot control and were willing
to permit destructive sampling. In the first experiment apothecia were

also present in the crop. The first (Moulton) experiment consisted of a

200x50 m area, which was divided by stakes into 100 10xlO m sampling
sites. In the second (Fidyk) experiment an area of 50x50 m was divided

into 25 10xlO m sites. In both experiments petal samples were collected
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from each site when the rapeseed plants were at G.S. 4.2. The samples
were collected by walking around each site and reaching in at random to

pick off approximately the top 25 em of plants. Once enough plant tops

were collected to provide 100 petals per site, they were placed in clean

plastic bags and taken to the petal testing lab where they were processed,

usually within three hours of collection.

For the Moulton experiment samples were collected over a period of

three days; samples from sites 1-30 on July 8, from sites 31-75 on July 9,

and from sites 76-100 on July 10. In the Fidyk experiment samples were

collected on July 19. Petals were picked from the plant tops and plated
in petri dishes containing sterile PDA + RBS (Section 3). Four petals
were plated per petri dish and a total of 100 petals were plated per

sampling site.

After incubating for five to SIX days at 25
0

C, petals were scored for

the presence of §. sclerotiorum. The results were recorded as the number

of infested petals per petri plate. Disease incidence (DI) was measured at

each site shortly before the crops were swathed (Moulton experiment

August 19, Fidyk experiment August 26), by assessing the percentage of

infected plants in a sample of 200 plants.

5.2.2. 1986

Three experiments were set up during July, two near Melfort, and

one near Meadow Lake. The Meadow Lake experiment was undertaken

because of very low rainfall at Melfort during June and early July.

Crops were selected usmg similar criteria to those for the 1985

experiments. Based on results from 1985, the area over which samples
were collected was increased in order to be more representative of field

scale variations in levels of petal infestation. Results were expressed as

the number of petals infested per petri plate, as in 1985. However, the

number of petals tested per site was decreased to 40 because increasing
the number of petals to 100 from 40 had only a slight effect in 1985.

Disease incidence was measured in all experiments in late August by the

same procedure as in 1985.
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At Melfort the first (Pedersen) experiment consisted of 25 sampling
sites spaced about 25 m apart, located from east to west along the north

side of a 48 ha crop of B. napus cv. Westar. The second (South)
experiment consisted of 10 sites in a triangular-shaped, 14 ha crop of B.

campestris cv. Tobin; six sites were situated along the south side and 4

along the east side, with all sites no less than 25 m apart. All sampling
sites were marked with tall stakes. In the Pedersen experiment these

stakes were placed along the edge of the crop and petal samples were

taken on July 13 when the rapeseed plants were at G.S 4.2. However, in

the South experiment samples were taken from the same sites on nme

dates (July 17-24 and August 6) as the crop progressed from early G.S.

4.1 through to G.S. 4.4. In the South experiment, enough plant tops

were collected within approximately 2 m of each stake to provide 40

petals per site on each date. Samples in the Pedersen experiment were

taken about 30 m into the crop from each stake. The same procedure as

in 1985 was followed for further processing the petal samples, except that

the isolation medium used consisted of sterile Difco potato dextrose agar

with 25 ppm anhydrous ampicillin and 25 ppm streptomycin sulfate

(Section 3).
The Meadow Lake experiment consisted of 24 sampling sites, 12

evenly spaced on each of the east and west sides of a 64 ha crop of B.

napus cv. Westar. The sites were marked by tall stakes and petal

samples were collected on July 12 when the crop was at G.S. 4.1-4.2.

Collection and further processing of petal samples followed the same

general procedures as for the Melfort experiments. However, processmg

was done within three hours of collection in an office at Meadow Lake.
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5.3. Results

In the Moulton experiment samples were collected over three days.

During this period the mean PEl per day changed. Thus the data were

analyzed separately for each day. Data from the South experiment, 1986

were very similiar for a number of the sampling dates. A gradual
increase in PEl occurred in daily samples from July 17 to 24. However,

by August 6 PEl had increased substantially, probably due to changing
moisture conditions. In this thesis only data from July 19 and August 6

are presented. The July 19 sampling date was chosen because there was

an intermediate mean PEl value on this date relative to the mean values

on July 17 (1.75 %) and July 24 (11.75%).
Data on petal infestation were analyzed according to Snedecor and

Cochran's (1980) procedure for two-stage sampling. For the present

experiments the estimated variance of PEl has two components: (1) the

component of variance for sites (S/) and (2) the error component (S22),
leo variance among plates within sites. The components are derived by

performing a one-way ANOVA of mean PEl per petri plate, with sites as

the main factor. In the ANOVA the mean square among sites (MSAS)
represents S22 + n2S12, where n2 = number of petri plates per site used

in the experiment. The mean square among plates (MSAP) represents

S22. Thus S12 MSAS - MSAP jn2. Results of such ANOVA for the

1985 and 1986 experiments and S/ values are shown in Table 5-1.

Large differences among experiments in both S12 and S/ were evident.

In two-stage sampling estimated components of variance can be used

to calculate expected variances (Sy2) and standard errors (Sy) for various

sample sizes (Snedecor & Cochran, 1980). In the present work the

expected Sy =/s/ jnl + S22 jnln2 where nl number of sample sites

and n2 = the number of petri plates per site. Expected Sy values for

various numbers of sites and petri plates (number of petals collected)
within each site are presented graphically for all experiments in Figures

5-1a-d,-2a-d. There was a general decrease in the Sy with increases in

the number of sampling sites or petri plates used within sites. However.
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Table 5-1: Statistical data and analysis of variance of the

percentage of petals infested with S. sclerotiorum III SIX

experimen ts.

Analysis of variance
of mean PEl per plate

Experiment
8. b

MPEl C.V. Source df
c

MS

Estimated
variance for

sites ( S/)
e

Moulton field
Me Ifort 1985

(Sample sites
1-30)

85.9 14.0 Sites

(Sample sites

31-75)

Plates

84.8 5.9 Sites

Plates

(Sample sites

76-100)
60.1 13.5

Fidyk field
Melfort 1985

41.3 18.2

Meadow Lake
1986

57.67.1

Pedersen field
Melfort 1986

5.1 74.0

South field
(July 19)
Melfort 1986

59.67.3

South field
(August 6)
Melfort 1986

35.4 30.0

Sites

Plates

Sites

Plates

Sites

Plates

Sites

Plates

Sites

Plates

Sites

Plates

709

44

1072

23

572

24

594

23

209

24

223

9

90

9

89

29 3600 25

25

25

25

10

10

10

10

132.7

11. 2

38.0

32.9

0.4

1.4

4.9

83.0

8. Mean percentage petal infestation for each experiment.
Coefficient of variation (based on mean percentage petal
infestation per site).
Mean square among sites (MSAS) = S22 + n2S12; Mean

square among plates within sites (MSAP) = Sl; S12 =

variance component for sites; Sl = variance component for plates within sites.

n2_ = number of petri plates per site used in experiment.
S/ = (MS,,"S - MSAP)/n2·

b

c

d

e

284

620

341

1625

675

1365

543

163

159

139

125

187

138

1099

269
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there were differences among experiments III how quickly the Sy decreased

with increasing sample size. Overall the Sy at any given sample size was

higher in 1985 than III 1986. In 1985 the Sy for any given sample SIze

was slightly higher III the Moulton experiment for sampling sites 1-30

than for sites 31-75 and 76-100 or in the Fidyk experiment (Figs. 5-1a-d).
In 1986 the Meadow Lake, Pedersen, and South (July 19) experiments

produced similar Sy's for a given sample size, while Sy�s for the South

(August 6) experiment were higher (F igs. 5-2a-d) .

The influence of sample size on the accuracy of disease incidence

values was also studied. Using another procedure from Snedecor and

Cochran, (1980), the sample size required to estimate DI with specified
levels of error was determined at p= 0.05 (Table 5-2). The specified
levels of error were +2.5% DI, +5.0% DI, and +10% Dr. The required

sample SIzes varied greatly among experiments (Table 5-2). For the

Fidyk, 1985 and Meadow Lake, 1986 experiments, a larger sample SIze

was required than in the Moulton, 1985, South, 1986, and Pedersen, 1986

experiments. Of these, the lowest required sample size was in the South

experiment; those for the Moulton and Pedersen experiments were slightly

higher.

5.4. Discussion

The importance of sample SIze III estimating MPEI is illustrated by
the derived Sy values, especially in the 1985 and South (August 6) 1986

experiments. With only one or two sampling sites and few petals per site

Sy was very large (Figs. 5-1a-d,-2a-d). As the number of sites or the

number of petals per site was increased Sy decreased. However, the

relationships differed among experiments. In the Meadow Lake, Pedersen,
and South (July 17-24) experiments mean PEl was very low (Table 5-1).
Consequently little variation occurred either among or within sampling
sites and there were only small decreases in Sy with increased sample
sizes. However, in the South (August 6) experiment mean PEl had

increased, with more variation among and within sites, and larger
differences in sy among sample sizes were apparent.
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A. Moulton Experiment. Sites 1-30. Melfort. 1985 8. Moulton Experiment. Sites 31-75. Melfort. 1985
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Figure 5-1: a-d: Plots of the expected standard error (Sy) of the

mean percen tage of .§.. sclerotiorum infested petals per
site against the number of petri plates per site for
1 ,2----,
4-------.,10---- ,

25 - - - - - - - - -

-, and 100 -- - -- sampling
sites for two experiments in 1985. Sy's calculated

according to a procedure for two-stage sampling outlined
by Snedecor and Cochran (1980).
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A. Meadow Lake Experiment. 1986 B Pedersen Experiment. Meltort. 1986

se ..

2. 2.

I.

. '. '. 2.

D. South Experiment (August 6), Meltod, 1986C. South Experiment (July 19), Meltort. 1986
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NUMBER OF PETRI PLATES PER SITE

Figure 5-2: a-d: Plots of the expected standard error (Sy) of the
mean percentage of §. sclerotiorum infested petals per
site against the number of petri plates per site for
1 ,2-·---,
4 -------- 10 -- -- ,

25----------, and 100 -- - --sampling
sites for three experiments in 1986. Sy's calculated

according to a procedure for two-stage sampling outlined

by Snedecor and Cochran (1980).
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Table 5-2: Statistical data on the mean percentage of §.
sclerotiorum infected plants (DI) per crop and the mimmum

sample size for estimating DI per crop at p= 0.05.

Specified error level

Experiment 01 c. V.8. :t2.5% 01 i:_5.0% 01 .::10.0% 01

Moulton field 21.6 29.4 25.8
t

6.5 1.6
Melfort 1985

Fidyk field 20.3 54.6 78.2 19.6 4.9
Melfort 1985

Meadow Lake 16.8 68.6 85.4 21.3 5.3
1986

Pedersen field 5.1 125.0 26.2 6.6 1.6
Melfort 1986

South field 5.2 70.1 8.5 2.1 0.5
Melfort 1986

a Coefficient of variation (based on mean disease incidence

per site).
Minimum sample size required for specified level of error
= 462\L2. (J = population standard deviation. L =

specified error (units on scale of measurement used).

t
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In 1985 the Sy values for 4 sampling sites and 40 petals per site in

the Moulton (July 8, 9, and 10 sampling dates) and Fidyk experiments
were 6.3%, 3.4%, 5.1%, and 4.7% respectively (Figs. 5-1a-d). In the

South (August 6) experiment in 1986 the corresponding Sy was 5.2%

(Figs. 5-2d). An Sf of about 5% would be acceptable in a practical
disease forecasting system because it would have a minor effect on

forecasts relative to changes in PEl with time (Table 5-1) (Gugel &

Morrall, 1986).
because PEl

The other 1986 experiments gave inconclusive results

was very low but they suggest that, under such

circumstances, variability among sites is also low and a large sample size

IS unnecessary (Figs. 5-2a-c).
Results from the 1986 experiments suggest that Sy values calculated

for both the 1985 and 1986 experiments are representative of field-scale

variations in PEL The coefficient of variation (C.V.) for each experiment
was calculated using mean PEl per site (Table 5-1). The values were

quite low, except in the Pedersen, South (July 19), and Meadow Lake

experiments, where PEl was very low. Low C.V. values suggest relatively
random distribution of infested petals in the crop. When measuring

inoculum that is randomly distributed in a crop, the specific location of

sampling sites is not critical, provided enough sites are chosen. However,

gradients of inoculum may occur when the source is aggregated (Boland
1984) or in an adjacent crop (an area source, Zadoks & Schein, 1979).
Thus, parts of rapeseed crops next to areas or crops where apothecia of

S. sclerotiorum are abundant could be expected to have higher PEl values

than parts further away. The importance of gradients of inoculum of S.

sclerotiorum in rapeseed IS not known and more work in this area in

needed (Gugel & Morrall, 1986). However, if conditions made an

inoculum gradient likely, adjustments ill procedures for sampling petals for

disease forecasting could be made.

The minimum sample size to estimate DI at specified levels of error

varied widely among the experiments. The Fidyk and Meadow Lake

experiments indicated that about 20 sample sites were required to achieve
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an error of +5% DI. However. the Moulton, South, and Pedersen

experiments indicated that much smaller numbers of sampling sites were

sufficient to achieve the same level of error (Table 5-2). In the extensive

studies DI was determined at each of the four sites in a crop where

petals had been collected. Judging by the above results, the accuracy of

estimation was quite low in crops with characteristics similar to those in

the Fidyk and Meadow Lake experiments.
The difference among experiments m the sample SIzes required to

give specified levels of error was related to crop density. In the Moulton

and South experiments the canopy density was relatively uniform and

little lodging had taken place. However, in the Fidyk and Meadow Lake

experiments canopies were extremely dense and there was variation among

sites in the amount of lodging that had occurred. In the lodged areas DI

was consistently higher than in the non lodged areas, probably because of

plant-to-plant spread of the fungus. Thus, variation among sampling sites

was much higher in the Fidyk and Meadow Lake experiments than the

others, suggesting an aggregated rather than random distribution. The

variation was reflected by larger sample SIzes required for specified levels

of error and higher C.V. values (Table 5-2).
Aggregation of disease was also suggested in the Pedersen

experiment by a very high C.V. (Table 5-2) but this was not reflected in

minimum sample sizes needed for specified levels of error. This was

because DI was much lower than in the Fidyk and Meadow Lake

experiments (Table 5-2). For sites 1-13 in the Pedersen experiment the

canopy was light and the mean DI was 1.8%. At sites 14-25 the canopy

was denser and mean DI was 8.8%.

The present results suggest that when sclerotinia stem rot IS

assessed in rapeseed crops, such as in the extensive studies, a minimum

of 5 or 6 sampling sites should be used to achieve an error level of +5%

DI. If canopy uniformity is low it will be necessary to increase the

sample size considerably or make specific assessments in areas of the crop

with different crop canopies, to achieve the same error level.
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Although formal analysis of distribution patterns using variance to

mean ratios is inappropriate with the present percentage data. it IS

noteworthy that C.V. values were lower for PEl than for DI in all

experiments. This suggests a more random distribution of ascospore

infested petals than of diseased plants. Boland (1984) showed that in

white bean and soybean crops in Ontario the distribution of both

apothecia of §. sclerotiorum and white mould disease were aggregated. It

is to be expected that ascospores will be more randomly distributed in a

crop than the apothecia from which they are discharged because of

relatively rapid spore dispersal by air currents. When inoculum IS

randomly distributed, sampling to assess disease risk will be inherently
easier than when it is aggregated. However, it must be recognized that

agronomic factors such as lodging and canopy density can lead to non

random DI, even when inoculum is randomly distributed.
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Chapter 6

General Discussion

6.1. Feasibility and advantages of disease forecasting
based on petal testing

Bourke (1970) outlined four criteria that must be met in order for

forecasting to be appropriate for a disease. In the case of sclerotinia

stem rot of rapeseed generally all of these criteria are fulfilled. The

disease can cause significant reductions in yield and quality. Occurrence

and severity are quite variable; this is evident from the present study as

well as previous studies (Gugel & Morrall 1986, Morrall & Dueck 1982,

Morrall et al. 1976, Steadman 1979). All farmers who participated in the

present work in 1985 and 1986 had access to fungicides and methods of

application, both at a relatively reasonable cost. Finally, the general

response of S. sclerotiorum to environmental conditions IS known,

although some specific details still need investigation. Thus stem rot is a

disease where forecasting would provide useful information for disease

control decisions.

At present a forecasting system using qualitative risk assessments is

available in western Canada (Thomas 1985). However, the system does

not provide a quantitative forecast of possible disease incidence. Thus. it

is very difficult to judge potential yield loss and the yield increase that

could result from fungicide application. Indeed. the economics of disease

control are not addressed directly. It is simply assumed that crops with

possible yields of 30 bushels J acre (1700 kgJha) or more have the greatest

potential of benefitting from disease control. However, it can be argued
that by itself this assumption will lead to unnecessary applications of

fungicide when the disease risk is low.
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The forecasting system of Thomas (1985) does address a number of

environmental and agronomic factors which play an important role in the

incidence and severity of sclerotinia stem rot. The addition of a

quantitative component relating inoculum density and disease incidence

might improve the system. The economics of disease control could then

be accounted for III more detail, especially In light of yield loss

relationships recently demonstrated by Morrall et al. (1984). Potential

yield losses could be derived from the forecast disease risk and. from this,

better informed decisions could be made.

In a system that uses inoculum density to forecast DI, it is

important to be able to detect and estimate inoculum levels rapidly and

accurately (Fry 1982). Commercial forecasting of stem rot based on PEl

would be dependent on farmers collecting petals themselves. Thus, the

sample size must be small enough that farmers are willing to collect

petals, but large enough to provide reliable estimates of PEL Results

from 1985 and 1986 indicate that PEl levels can be determined quickly.

Sampling and processing of petal samples was done in as little as 1 1/2
hours, with results available in 3-5 days. In the extensive studies

(Section 4) the sample size was arbitrarily set at four sites per crop and

40 petals (10 petri plates) per site. The intensive experiments reported in

Section 5 indicate that this sample size could be expected to have

provided fairly accurate estimates of PEL

The sampling area used in some of the intensive experiments was

small compared to the size of many commercial rapeseed crops, which

typically range from 20 to 80 ha. Further work may be necessary to

determine whether 4 sample sites and 40 petals per site IS adequate III

large commercial crops when PEl exceeds 50%. If it were necessary to

increase sample size, the intensive studies indicate that the most effective

means of reducing the error would be by increasing the number of

sampling sites per crop. The number of sites could be more than

doubled without substantially increasing the effort and time for collecting

petals. However, a substantial increase in the time needed to process the
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petal samples would occur.

number of petals plated

This might be offset by decreasing the

per sampling site. For example in all

experiments in 1985 and 1986 an increase of sample sites from 4 to 10

and a corresponding decrease of petals plated from 40 to 16 per site

would not have caused an increase in the expected standard errors (Figs.

5-1a-d,-2a-d).
Farmers must be able to understand a system proposed for

commercial scale forecasting. From experience in 1985 and 1986 it was

apparent that most farmers were able to follow the instructions provided

for sampling petals. They were able to sample their crops quickly and in

most cases samples were brought to the lab and processed within 2-3

hours. The general reaction of farmers to petal sampling was positive.
This was expected since most crops were sampled in 15-30 minutes.

Identification of S. sclerotiorum on culture plates was relatively easy and

disease forecasts were given to farmers within 5 days in 1985 and 3-4

days in 1986. Such a relatively short period would provide enough time

for farmers to contemplate the decision to spray and act while chemical

control was still possible.
In the present project forecasts were normally given over the phone.

Because most farmers were not familar with the disease cycle of stem rot,

time had to be spent explaining the forecasts with the aid of the

brochures (Appendices A, C). In commercial forecasting farmers would

use the forecasts along with various qualitative (Thomas 1985) and

quantitative (Morrall et al. 1984) factors to determine potential yield
losses and then decide whether spraying would be economical. However.

in the present study farmers were reminded that it was only a pilot

project and were discouraged from deciding whether to spray solely on

the forecasts issued to them. Although some confusion occurred when

farmers were given forecasts in 1985 and 1986, this can be attributed to

a lack of familiarity with the proposed system. With further exposure

most farmers should be able to understand and utilize the forecasts.

However, farmers might also consider consulting local government or

chemical company officials before deciding to spray.
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6.2. Accuracy of disease forecasts

The above discussion indicates that inoculum levels on petals can he

determined quickly and accurately, and commercial scale disease

forecasting based on the results is possible. However, for forecasts to

provide useful information to the farmer they must be accurate. In

general forecasts of low disease risk in crops were relatively accurate.

More problems occurred when forecasting moderate and high disease risk.

Changing moisture conditions and inoculum levels and their possible
interaction with canopy density may provide an explanation for these

incorrect forecasts.

From results III 1985 and 1986 it is clear that moisture plays an

important role in the relationship between PEl and Dr. Although,
disease risk can be assessed accurately for a crop at a particular time,

whether the forecast risk is reflected by the actual disease outcome

depends largely on moisture conditions after sampling. In 1985 moderate

and high disease risks did not translate into corresponding disease levels

because of poor moisture conditions in late July and early August. In

1986 poor moisture conditions during June and the first week of July,

especially for the Melfort-Carrot River area, restricted inoculum

production and disease levels were relatively low. However, for a few

crops improved moisture conditions later in July may have prolonged

flowering, and favored late inoculum production and infection.

Consequently disease levels in these crops were higher than forecast.

Because moisture is important to the relationship between PEl and

DI any agronomic factor that modifies moisture conditions around the

host will be important. In 1985 and 1986 canopy density appeared to be

the most important factor of this type. Denser canopies can promote and

prolong conditions favorable to the pathogen, thereby influencing the

relationship between PEl and Dr.

The influence of general moisture differences IS evident from a

comparison of the regression line for the overall data III 1985 with those

for the Melfort-Carrot River and Meadow Lake areas in 1986 and the
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forecast curve derived from Gugel & Morrall (1986) (Fig. 6-1). The

forecast curve from Gugel & Morrall (1986) (Appendices A. C) is based

primarily on data from 1983 at Melfort and 1984 at Meadow Lake.

Moisture conditions in those periods were favorable (Table 6-1) and the

steep curve seems to reflect this. In 1985 moisture conditions appeared

to be relatively favorable in June and early July. However, compared
with long term averages, monthly rainfall was below normal (Table 6-1).
Thus, the shallow regression line obtained for data in 1985 may reflect

the situation during a relatively "dry" year (Fig. 6-1). In 1986 rainfall

in the Melfort-Carrot River area was well below normal for June, but

above normal for July and about normal for August (Table 6-1). The

corresponding regression line may be misleading (Fig. 6-1). Most crops

forecast to be at low disease risk had low DI and were clustered on both

axes of a plot of mean DI versus mean PEl (Section 4.3.2.). However, in

a few crops forecast to be at low disease risk, moderate to high DI

developed. These crops probably exerted a considerable influence on the

regression, producing a steeper slope than expected. Overall the data for

the Melfort-Carrot River area probably reflect the situation when very

poor moisture conditions occur before flowering and during early bloom.

The regression line for the 1986 Meadow Lake data is somewhat

intermediate between the others and may reflect the situation during a

year with average rainfall (Fig. 6-1). Interpretation of the 1986 Makwa

data is difficult. Possible explanations for the high DI levels at Makwa

were discussed in Section 4.3.3.. However, rainfall levels in this area were

well above normal (Table 6-1) and the data may partly reflect the

situation when moisture conditions are very favorable.

The influence of canopy density on the relationship between PEl

and D I must also be considered m relation to disease forecasting.

Although the slopes of regressions for light and moderate canopies in 1985

and 1986 were not significantly different, higher mean DI did occur in

crops with denser canopies. With this in mind regression lines were

drawn for different canopy densities (Fig. 6-2). In both 1985 and 1986
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Table 6-1: Total rainfall per month for June. July and August at

four locations from 1983-1986 and long term averages.

Total rainfall (nun)
a

Location &: Year June July August

Melfort 1983 42.1 126.0 78.0

Melfort 1984 83.0 40.8 15.3

Melfort 1985 58.9 53.2 56.2

Melfort 1986 25.1 88.1 58.2

Melfort long term 71.0 64.4 54.4

average

Shellbrook 1986 25.1 105.8 46.9

Shellbrook long 69.1 65.3 52.1
term average

Makwa 1986 62.4 183.7 5.6

Makwa long term 78.9 71. 6 67.4

average

Meadow Lake 1984 61. 7 57.4 58.8

Meadow Lake 1986 69.6 169.2 7.8

Meadow Lake long 74.2 82.4 73.9
term average

a Rainfall data obtained from sources indicated in Sections
4.2.1.2. and 4.3.1.2 ..
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the slopes were shallower for light than for moderate canopies. Also. the

slopes for 1985 were shallower than for 1986. perhaps reflecting the

relatively better moisture conditions III a few areas in 1986. Differences

among different canopy types may have been masked by the effects of

relatively poor moisture conditions in 1985 and in some areas in 1986.

Nonsignificant regressions were found III both years for heavy crop

canopies. However, the highest mean DI occurred in heavy canopies. It

could be argued from the overall data set that regardless of the PEl

level, crops with heavy canopies will develop moderate to high DL

However, some crops with heavy canopies had low PEl and low DL

Thus, the high DI levels probably reflect changing PEl levels during

flowering, rather than an inherent ability of heavy canopies to develop
severe disease regardless of PEL

It is clear from the above that to improve accuracy and provide
realistic disease forecasts, prevailing moisture conditions and canopy

density must be taken into account. The current forecast curve

(Appendices A, C) appears to apply only when moisture conditions are

favorable throughout flowering. In the future, modifications need to be

made, perhaps by implementing a scheme such as that in Figure 6-3.

Here an attempt has been made to include the possible influences of both

macroenvironmental moisture conditions and canopy density. Initially the

influence of moisture conditions before flowering would be considered.

Then the influence of different canopy densities for each moisture scenario

would be considered. The initial categorization would be flexible so that

a particular crop could switch from one category to another if moisture

conditions changed. Finally, several modifying factors might be

considered. Some of these factors may be found in the qualitative

forecasting scheme of Thomas (1985) and include: (1) environmental

forecasts for the period during and after flowering, (2) crop uniformity
and (3) the potential crop yield and average yields in the past. Other

factors such as: the presence of blackleg and the current price for

rapeseed, should also be considered before a final decision to spray is

made.
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Below average rainfall Average or above average

Canopy density Canopy density

/�, /�"
Light Heavy Light Heavy

Moderate Moderate

� * � � � � �
Curve 1 Curve 3 Curve 4 Curve 6

Curve 2 Curve 5

Figure 6-3: Proposed forecasting scheme based on data from 1985
and 1986. Appropriate curve depends on the moisture
scenario and canopy density.

A Trend of improving moisture conditions
immediately before flowering.

B Drying trend immediately before flowering.

*

Curves 1-6 refer to possible future forecast curves.
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6.3. Integration with new approaches to chemical

control

An improved forecasting scheme could also be used III conjuction
with the "new" options for fungicide application described by Morrall et

al. (1985). For example disease risk in a particular crop could be

moderate to high at G.S. 4.1-4.2. However. environmental forecasts may

suggest "drier" conditions during the rest of the flowering period. If the

crop had a moderate to heavy canopy and the farmer wanted to spray.

he could reduce his investment by using a half-rate application of

fungicide. Alternatively. the farmer could choose to wait until G.S. 4.3

and then, depending on current and forecast moisture conditions and

canopy density, make the decision to spray using either a half or full-rate

application. Forecasting based on PEl could be integrated with the

above application options to provide a more dynamic approach to

chemical control of sclerotinia stem rot. For example, repeated sampling
of petals to provide forecasts throughout the flowering period could be

used. In a number of crops in 1985 and 1986 where PEl underestimated

DI it was suggested that changing inoculum levels during the flowering

period might be responsible. Perhaps this underestimation of disease risk

could have been avoided if sequential sampling had been done.

Repeated sampling of petals in crops is feasible since sampling

requires relatively little effort and the time needed for identification of �.
sclerotiorum is short. However, it must be realized that towards the end

of flowering, leaves begin to absciss, or have already abscissed and the

number of petals available for infestation is rapidly decreasing. Thus, the

potential for plant infection 1S limited to that period during which

abundant petals and infection sites are available. Recognizing this

limitation, the idea of repeated sampling still has promise, considering
that the flowering period can last 21 days or longer, depending on

environmental conditions. Also, recent work by Rude et al. (1987)
indicates that moderate disease can still develop if sufficient inoculum and

conducive environmental conditions do not occur until G.S. 4.4.
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Moreover, when infections were initiated during G.S. 4.4, Rude et al.

(1987) demonstrated effective control of stem rot with a late bloom (G.S.
4.4) application of fungicide.

6.4. Proposed future work

Petal testing IS not the ultimate answer to forecasting epidemics of

sclerotinia stem rot. However, when used in conjunction with the current

qualitative system (Thomas 1985), yield loss relationships and chemical

control options outlined by Morrall et al. (1984, 1985) and perhaps

repeated sampling, it should provide a reliable, accurate and easy to use

forecasting system. Several questions must be answered before a truly
commercial system IS implemented. First, the system needs to be

validated under ideal conditions for inoculum production, infection and

disease development (i.e. high "disease pressure"). Secondly, the

suggestion that under certain environmental conditions separate

relationships exist for different canopy densities must be substantiated.

The question of changing inoculum levels and the relationship with

DI also must be investigated. This should provide evidence to support

the idea of repeated petal sampling for more accurate disease forecasts.

Sampling procedures must also be fine-tuned. It has been suggested that

PEl may change depending on the time of day and conditions under

which petals are collected (Hartill 1980, Kruger 1975b). These may be

important aspects to consider when collecting petals.

Finally, the service of petal testing that was provided by the current

research program to farmers cannot continue indefinitely. Other agencies
or individuals should become involved in future. Recently, Kaminski

(1987) has shown that the process of setting up a petal test can be done

by farmers themselves. Accordingly, materials for petal testing could be

prepared at the university and distributed to farmers before rapeseed

crops start flowering. Training could be achieved through written

instructions or video tape presentations, outlining the various steps

(Kaminski 1987). Identification of .§.. sclerotiorum in culture plates would
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be the only difficult aspect of petal testing. Consequently it is probably
best left to trained professionals. Farmers might set up their own petal
test but leave identification to local agricultural representatives. other

government agencies or private companies. Not all farmers will want to

set up their own test(s) (i.e. plate petals). Thus, other agencies will

also have to provide this service.
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The Sclerotinia project is designed to try to improve the ability to

predict sclerotinia stem rot in canola fields and thereby reduce the
economic risks inherent in using fungicides for control. It depends on

growers in the Melfort area lending a helping hand by providing samples.



SPONSORSHIP
�,-

The Sclerotinia Project is a research

program of the Department of Biology,
University of Saskatchewan, Saskatoon. It
is mainly funded by a grant-in-aid from
the Canola Council of Canada, as part of
the IIGrow With Cano l a " program. Support
also comes from the Melfort Research
Station, the Natural Sciences and

Engineering Research Council of Canada and
from the chemical industry.

WHY IS THE PROJECT CENTRED IN MELFORT?

Sclerotinia stem rot has been a

problem in the Melfort region for at least
ten to fifteen years. However, most

growers will have noticed major
differences in disease incidence from
field to field and year to year and some

have had no serious problems with
sclerotinia. In the sclerotinia project
it is just as important for us to obtain
assistance from growers who have not had

problems as from those who have. We need
results from a complete range of fields -

everything from very low to very high
disease risk. Without this range we

cannot evaluate or improve our predictive
mode I •



BACKGROUND TO DISEASE PREDICTION - THE ECONOMICS OF CROP INSURANCE

Fungicides have been registered in
Canada to control sc lerot in ia for severa I

years now. The current basis for disease

prediction and deciding whether or not to

spray a crop depends on three or four
factors. These are outlined in greater
detail in the Canola Grower's Manual. In
brief the important considerations are:

1) The presence of apothecia in the
canola crop or in nearby cereal
fields. Apothecia are small pinkish
mushroom-like structures that release
infective spores. They begin to

appear on the soi I surface in late
June or early July.

2) A past· history of sclerotinia in the
field or in nearby fields. Given
favorable conditions, this may signal
the likely development of apothecia,
even when they have not actually been
found.

3) The occurrence of wet conditions just
before and during early bloom. Some
rainfall at this time is necessary for
apothecium formation, spore release
and infection.

4) A good crop stand with adequate yield
potential. The high cost of spraying
makes disease control economically
questionable if the yield potential is
low.
The above factors are qualitative and

far from perfect for deciding whether

spraying will payoff. Fields where
apothecia are absent may become heavi ly
infected from airborne spores originating
in other fields. Even when apothecia are

present disease may be less than expected.
Sometimes weather is only marginally
favorable for disease development and

growers are uncertain whether spraying is

necessary. Under these circumstances, the
use of fungicides becomes equivalent to

the purchase of insurance. Growers could

clearly benefit from � more quantitative
prediction system.



A NEW POSSIBILITY FOR DISEASE PREDICTION?

Recent studies at the University of
Saskatchewan have suggested that it may be

possible to develop a better system of

predicting sclerotinia stem rot. The

system would be based on sclerotinia
infestation of canola flowers during early
bloom. The disease cycle of sclerotinia
starts when apothecia release spores which
land on petals. When the petals carrying
spores die, they falloff and lodge in
leaf axils and flower branches. The

fungus grows from the dead petals into the
leaf base and stem. Thus, even though the
typical symptoms of bleaching and

shredding of the stem may not become
evident unti I late bloom, the important
process of infection has occurred 10 - 14
days ear I i er.

Because of the above disease cycle,
disease incidence in a field will be
determined by the frequency of infestation

of petals with spores. A high frequency
of infestation should result in more

disease than a low frequency. A disease

prediction system based on petal
infestation should do a better job than

existing methods of accounting for spores
that blow into canola fields from external
sources. Also, because the frequency of

petal infestation can be measured as an

actual percentage, the system may
eventually be made more quantitative.
However, it is important to realize that
even when percentage petal infestation has
been measured, the exact disease outcome

is still affected by weather conditions.

Rainfall, humidity and temperature all
intervene to determine how many plants
actually become diseased. Nevertheless,
predicting disease on the basis of petal
infestation � potentially � step ahead of

prediction based � apothecia, crop stand
and disease history.

A lab test is necessary to determine
the frequency of petals infested with
sclerotinia. At present the test takes

about 6 - 7 days to provide an answer.

Since timing is a vital consideration to
canola growers considering fungicide
application, we are working on ways to

speed the test up. However, if growers
will consider ground-level application
(see Canola Grower's Manual), spraying is
effective up to full bloom. Thus, if
petal samples are collected and tested at

early bloom, an answer about the disease
risk can be provided when it is still
feasible to spray •

•



A PILOT PROJECT DEPENDING ON YOUR HELP - A TARGET OF 300 FIELDS

To date our studies of how petal
infestation relates to disease incidence
have been promising, but limited by the
scale of sampling. The accuracy and

feasibility of any disease prediction
system should be tested on a large scale,
ie. with several hundred fields. We have
not yet been able to work on this scale.
In the brief time during which canola
crops are in bloom, it has not been
possible to visit large numbers of fields,
collect samples and do the lab testing.
Now we are asking growers in an area of 16
townships centered on Melfort to do the

collecting in their own fields and br l nq
the samples to us - and weill do the lab

testing. In this way, we hope our pilot
project in 1985 will deal with at least
300 fields. With your � we can achieve
this �.

Enclosed with this brochure is an

instruction sheet on how to collect
samples in your fields. If you are

willing to lend us a hand, please read
this sheet carefully and, when the crop is
in the right growth stage, collect the

samples and take them as soon as possible
to our lab at the Agriculture Canada
Research Station at Melfort. We will

start the lab test the same day and, as

soon as we have the results (probably 6 -7
days later), we will telephone to let you
know. Access to the lab at the Research
Station will be well sign-posted. The lab
will be open seven days a week from 7:30
am. to 7:30 pm. during the period canola
crops are in bloom. During the period it
is open, inquiries can be made by phoning
752-3070.

Shortly before swathing, we shall
visit all fields from which we received

samples to assess the percentage of
infected plants. This will be a vital
part of the project, allowing us to
evaluate the reI iability of the proposed
prediction system.

.

Since we need to assess disease
incidence in your field(s) we do ask that,
if you decide to spray the crop with a

fungicide to control scl�rotinia, you
leave a few acres unsprayed. It would be
desirable if the non-sprayed part could
co-inc ide with the part where you
collected petal samples. However, the
essential thing is to have a non-sprayed
area since without it we cannot val idate
our sys tem.

Any deci s i on you make to spray your
crop should be made independently of our

lab tests £[ the results we provide. We
must emphasize that the sclerotinia

project �� � research project. l! �
not � � working disease forecasting
method and � wi 11 accept ns 1 ega I

responsibility for the results. We will,
however, send you the overall results of
the project and .2.!:!!:.. evaluation of its
success later on in the fall.

----- -- -- --- ----

..



PREDICTING STEM ROT BASED ON PETAL INFESTATION

The graph shown below illustrates the
basis on which we will estimate the
disease risk in your field if you bring us

petal samples to test. This graph is
based on generalized results from several
fields studied in 1983 and 1984 under a

variety of conditions. Remember that its
val idity is J imited by the scale of our

studies to date and by our imperfect
understanding of how weather conditions
influence the relationships depicted. The

objective of the sclerotinia project is to

validate and improve its accuracy for

possible future practical use. This means

attempting to reduce the width of the band
for the most probable range of disease
incidence and, thus, the areas of greatest
errors. It also means understanding how
weather conditions such as temperature and
rainfall during bloom cause shifts in the
location of the prediction band.
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EFFECTS OF SCLEROTINIA STEM ROT ON YIELD

The decision of whether or not to

spray a fungicide to control sclerotinia

depends on several factors and one of the
most important for growers is economics.
The pay-off from disease control will
depend not only on the amount of disease
in the field, but also on the yield
potential of the crop.

A number of figures have been

pub1 icized in the past two years
concerning the yield losses that result
from stem rot and the increases that can

be obtained with successful control.
However, some of these represent extreme

cases and growers should beware of

assuming that they will always see similar
effects. While the question of the

general effect of sclerotinia on canola

yields in western Canada is still not

fully resolved, a reasonable rule of thumb
is as follows:

Percentage yield loss usually equals about
O.S times percentage infected plants.

This rule is based mainly on plot and
field scale tests conducted in
Saskatchewan since 1980. Thus, if SO% of
the plants in a field are infected, a

yield loss of 2S% will occur; if 70% of
the plants are infected, yield loss will
be 3S%; and so on.

The rule of thumb can be applied to

potential crop yields and costs of

spraying to decide whether chemical
control is worthwhi Ie. This would, of

course, be easier if better disease

prediction were possible. However, if
only 20% infected plants occur, chemical
control wi II payoff only if the yield
potential is near 40 bushels an acre.
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SCLEROTINIA PROJECT

For office ��

Sample No.

Date sample received
-----------------

Date grower notified of
results

--------------

Condition of sample -----------

Waiver
----------------

NAME OF GROWER

ADDRESS
---------------------------------------

TELEPHONE NUMBER (7 digits) __

VAR IETY
-------------------------

DATE SEEDED
----------

DATE FLOWER SAMPLE COLLECTED
--------------------------

GROWER'S ESTIMATE OF YIELD POTENTIAL
------------------

CROP HISTORY OF FIELD 1984
------------

("Cereal" is adequate for 1983
------------

wheat, oats, and barley)
1982
-----------

1981

PREVIOUS HISTORY OF STEM ROT IN THIS FIELD? Yes No

HAVE YOU SEEN APOTHECIA IN THE FIELD THIS YEAR? Yes No

IS GROWER PLANNING TO SPRAY WITH A FUNGICIDE?

Yes No Maybe

NAME OF FUNGICIDE SELECTED
------------------

LOCATION OF FIELD --_--_1------_1------_1----_--
MAP OF SECTION(S) TO SHOW POSITION OF FIELD AND SAMPLE SITES

Show position of

sample sites
(stakes) with X
and number them

accordingly.

I
I
I
I

I

I
I
I
I
I
I

,...- - - - -- - + - - - - --

COMMENTS:
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SCLEROTINIA PROJECT
Year 2

Department of Biology
University of Saskatchewan

Saskatoon, SK S7N OWO

OBJECTIVE: To improve the ability to forecast the severity of
sclerotinia stem rot in canola crops and thereby reduce the economic
risks in using fungicides for control. The project depends on growers
in the Melfort area lending a helping hand by providing samples from
their crops.

SPONSORSHIP: We are supported directly or indirectly by the Canola
Council of Canada, the Natural Sciences and Engineering Research
Council of Canada, the Agricultural Development Fund, the Agriculture
Canada Research Station at Melfort and the agrichemicals industry.



CANOLA DISEASES AND CONTROL

I

I

Growers in E. central Saskatchewan are familiar with the two

major diseases of canola: sclerotinia stem rot and blackleg. A high
level of control of blackleg can be achieved by adequate crop
rotation, but the same is not always true with sclerotinia. Spores of
sclerotinia blow into canola crops from distant sources and, given the

right weather conditioni, may initiate severe infestations.

Two fungicides are registered against sclerotinia, but to achieve
optimum control the crop should be sprayed before full bloom, i.e.
before the disease becomes visible. The fungicides work well, but

spraying costs about $20.00 an acre for chemical at the recommended
rate, plus application costs. Thus, growers would like to have a

reliable method of forecasting disease when the crop is in early
bloom, so as to help them decide whether to invest in fungicide
application.



WIN ENOUGH FUNGICIDE TO SPRAY 20 ACRES (RETAIL VALUE $300)!

During the period "that our lab at Melfort is open in July we

shall hold four draws at about 5-day intervals. The names entered in
these draws will be those of growers who have brought samples to the
lab since the previous draw. Each winner will receive enough Benlate
or Rovral to treat 20 acres of canola at recommended rates. These
prizes have been kindly donated by the manufacturers. Two winners
will receive Benlate and two will receive Rovral. The draws will be
independently supervised and the judge's decision will be final.



PREDICTING SCLEROTINIA BASED ON PETAL INFESTAllON

Our pilot project in the Melfort area is now in its second year.
It is designed to learn how to forecast sclerotinia stem rot on the
basis of the level of infestation of canola petals with spores of the
sclerotinia fungus.

The project depends on growers lending us a helping hand by
bringing samples to our lab when their crops are in early bloom. It
works like this: When the crop is at the correct growth stage, you
collect 5 - 10 flowering shoots at each of 4 sites down one side of

your field (see enclosed sheet). Keep the samples in 4 separate
clean, labelled, plastic bags and take them to our lab at the Melfort
Research Station as quickly as possible. We will test the petals and
let you know the average frequency of infestation with sclerotinia.
You can then consult the chart in this brochure to help you evaluate
the risk of yield loss in your crop.

1['1')Apothecia lklder <fPi------ c:;: c=_:_) Sclerotia Overwinter
Plant Canopy

--

.

��
� in Soil

Wilted Leaf
Lesion
Progessing
Up &Down
Stern

-.
New Sclerotia
Inside Infected Stem

Di"ect Infection
by Myceliun

\

DISEASE CYCLE of SCLEROTlNIA STEM ROT

ADVANTAGES OF FORECASTING DISEASE BASED ON PETAL INFESTATION

This method of forecasting sclerotinia is generally a step ahead
of predictions based on finding apothecia in your crops, past history
of sclerotinia in the area and crop density. The main biological
advantage is that it accounts for spores blowing into the crop from
unknown external sources. Thus, the effects of weather conditions on

release of spores by apothecia are partly compensated for. The method
has another advantage. It is simpler and cleaner than crawling around
on your hands and knees looking for apothecial



R 'lC�ii..o!'1 NIA DISEASE: AND YIELD LOSSES IN CANOlA

York done in western Canada to date suggests that, under average
conditions, the relationships depicted in the chart below apply in
canola crops. You may wish to use parts of this chart to help decide
if spraying might payoff in your crop. However, remember that step 2
is the most variable because it depends the most on plant stand and on

weather conditions during the time plants are flowering and losing
their leaves. Thus, if hot dry weather occurs in late July, the
actual % diseased plants and % yield loss in a crop will be less than
forecast. Conversely, if unusually cool wet weather persists during
late bloom, even fields forecast to be at low risk may develop
moderate amounts of sclerotinia stem rot.

% FREQUENCY OF PETALS
INFESTED WITH SPORES

AT EARLY BLOOM 0%-45% 45%-90% 90%-100%

CD 1 T T T
RISK OF DISEASE LOW MODERATE HIGH

® ! • • •PROBABLE % OF
DISEASED PLANTS 0%-20% 20%-40% 40%-55%

IN THE CROP

� � �@ !
PROBABLE % LOSS 0%-10% 10%-20% 20%-28%IN YIELD

@ ! T T T
BUSHEl LOSS WILL DEPEND ON YiElD POTENTIAL OF CROP

@ 1 1 1 1$ LOSS IF CROP
NOT PROTECTED WILL DEPEND ON MARKET PRICE OF CANOLA

BY SPRAYING

AN ANSWEB IN 3 ., 4 DAYS?

Last year we phoned growers with the test results 5 days after
they brought the petal samples in. Because of the need to spray
before the crop is too advanced, we have worked hard to find a method
of speeding up the test. This year we can promise you an answer in 4

days and, in most cases, we shall probably be able to phone with the
results 3 days after you bring the samples in.



THREE 'WAYS OSE THE CORRECT GR

(a) Your canola should be at stage 4.2
in the growth stages key shown on

the right hand side. This key is
identical to that in Chapter 3 of
the Canola Grower's Manual.

(b) The crop should be at what many
growers call 20% bloom. (See the
illustration below.) This is when
an average of about 12-15
flowers are open on the main stem.

Vith Polish rapeseed use the high
end of this range. Vith Argentine
varieties, use the low end.

(c) The crop should have started
showing yellow blossoms about 5-6
days earlier. Do not include wild
mustard blossoms in this assessment.
If the weather is very warm, the
period could be at least 1 day
shorter.

CANOLA GROVTH STAGES

O. Pre-emergence

1. Seedling

2. Rosette

3. Bud

4. Flower

4.1 First flower open
4.2 Many flowers

open, lower pods
elongating.

4.3 Lower pods
starting to fill.

4.4 Flowering
complete, seed
enlarging in
lower pods.

5. Ripening



HOW AND WHEN TO FIND US

Yhen canola crops are in bloom in the Melfort area our services
will be available 7 days a week. But our hours of operation will be a

little different from last year. From Monday to Saturday we shall be
open from 7:30 a.m. to 6:30 p.m., and on Sundays from 1:30 p.m. to
6:30 p.m. only. Our lab is easy to find. It is located in the old
Horticulture building at the Melfort Research Station. Just follow
the signs that say "SCLEROTINIA PROJECT".

PHONE FOR MORE INFORMATION

Our number is 752-3070. After hours leave a message on the
answering machine and we'll call you back as soon as possible.

CONDITIONS OF PARTICIPATION

1. If you plan to spray your crop with a fungicide to control
sclerotinia, please leave a check strip down one side of the field
where you collected the petal samples (see the instruction sheet).
This strip is essential for us to validate our prediction system by
assessing disease incidence before you swath the crop in August.

2. This project is still only a research program, not a commerical
forecasting system. Thus, we must ask you to sign a legal waiver
releasing us from responsibility for any decisions you make about the
management of your crop based on the test results we give you.



GOING AWAY ON HOLIDAY AND NEED HELP TO COLLECT SAMPLES?

It is obviously impossible for us to monitor all the canola crops
in and around our study area (16 townships centred on Melfort) and
check when each of them reaches the correct growth stage for sampling.
This would require almost daily visits in early July. For this reason

we request the participation of growers in bringing the samples into
our lab. However, we can undertake a limited amount of sampling if
you are planning to go away on holiday and cannot collect the flowers
for us. Please phone us at 752-3070 and let us know (a) when you will
be away, (b) the exact land location, (c) the date the crop was seeded
and (d) the variety planted. Try to give us at least three days
notice of when sampling will be necessary.

RESULTS

Next winter we shall mail everyone that participates a report
explaining the results of the project.
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-1-

Sample No.

SCLBROTINIA PROJECT

NAME OF GROVER

ADDRESS
--------------------------------------------.---------

TELEPHONE NUMBER (7 digits)

VARIETY
-----------------------

DATE SEEDED

DATE FLOVER SAMPLE COLLECTED

GROVER'S ASSESSMENT OF CONDITION OF STAND

Light
--

Moderate Heavy Other (please specify)
-------

("Cereal" is adequate for
wheat, oats, and barley)

1985
----------------

1984
-----------------

1983
-----------------

1982
---------------

CROP HISTORY OF FIELD

PREVIOUS HISTORY OF STEM ROT IN THIS FIELD? Yes No

HAVE YOU SEEN APOTHECIA IN THE FIELD THIS YEAR? Yes No
--

HAVE YOU SEEN BLACKLEG DISEASE IN THE FIELD THIS YEAR? Yes No
--

IS GROVER PLANNING TO SPRAY VITH A FUNGICIDE TO CONTROL SCLEROTINIA?

Yes No Maybe
__

NAME OF FUNGICIDE SELECTED
------------------------

COMMENTS:



-2-

Grower's Name:
_

LEGAL LOCATION OF FIELD / / /

MAP OF SECTION TO SHOY POSITION OF FI�D AND SAMPLE SITES

I

I

------

I

-I

I

I
I
I

I

I
I

------ E

Show position of
sample sites
(stakes) with X
and number them W
accordingly.

COMMENTS ON LOCATION OF FIELD: :3

For office use only

Sample No.

Date sample received
-----------

Date grower notified of
results

--------

Condition of sample
-----------

Yaiver
-----------

Petal Infestation
Data

Disease Incidence
Data

Blackleg Rating

1
------------

2
-----------------

3
---------------

1
------------

1
----------------

2
---------------

2
-------------------

3
--------------------

4

3
-----------------

4
-------------------

4
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