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Abstract

Botrytis cinerea isolates collected from Niagara region were

treated with different concentrations of the fiingicide, iprodione to

test their sensitivity to this fungicide. These Botrytis cinerea isolates

were divided into two groups according to their sensitivity to

iprodione. Those isolates whose growth was inhibited by iprodione

at concentrations < 2|i,g/nil were classified as sensitive isolates.

Isolates that were able to show considerable growth at 2|j,g/ml

iprodione were classified as resistant isolates. Resistant and

sensitive isolates were compared for their morphological and growth

characteristics, conidial germination, virulence on grape berries and

protein banding profiles. The fungicide iprodione at a concentration

of 2|xg/nil inhibited mycelial growth, sporulation and conidial

germination of sensitive isolates but not those of resistant isolates.

The inhibitory effect of the fungicide was greater on mycelial growth

than on conidia germination of the sensitive isolates. Sensitive

isolates produced no sclerotia whereas resistant isolates produced

large number of sclerotia. The fungicide iprodione affected

sclerotial production in the resistant isolates. The number of

sclerotia was decreased by the increase of iprodione in the medium.

Sporulation of resistant isolates was improved significantly in the

presence of iprodione. The resistant isolates were as virulent as the

sensitive isolates on grape berries.

The sensitive and resistant isolates showed similar protein

banding profiles in the absence of iprodione in polyacrylamide gel

electrophoresis studies. Similar protein profiles were also observed

when these isolates were grown in the presence of low iprodione





concentration (0.5|ig/nil). However, in the presence of iprodione at

concentration of 5|Xg/nil, one protein band with approximate

molecular weight of 83 KDa was present in the growing resistant

isolates (and the controls) but was missing in the inhibited sensitive

isolates.
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Introduction

Botrytis cinerea Pers is a well-known fungus. It is very

common in nature and incites economically important plant diseases

in a variety of unrelated crops (Staples et al. 1995). Bunch rot is the

well known destructive grape disease caused by B. cinerea

worldwide (Coley-Smith, 1980). In Ontario, the grape growers are

very concerned about the serious losses they encounter because of

this pathogen (Northover et al., 1990). The control of 5. cinerea

depends primarily on the use of fungicides. Iprodione is the only

fungicide that is registered for the control of this pathogen in Ontario

where the outbreak of resistant strains renders the use of this

fungicide less effective (Northover, 1988). This can impose a real

threat to grape production and the whole wine industry.

Understanding the nature of resistance developed by B. cinerea

isolates would be valuable in developing strategies for overcoming

or avoiding this resistance. Therefore, this research project was set

to study the sensitive and the resistant isolates of this pathogen and

establish differences and similarities between them in terms of their

colony morphology, sporulation, conidial germination and virulence

in response to iprodione. Furthermore, protein fingerprinting was

used to investigate differences and similarities between sensitive and

resistant isolates at the molecular level after treatment with

iprodione.





Literature review

Botrytis is a genus of Deuteromycetes (the Fungi Imperfecti).

The genus was first erected with several species, by Micheh in 1729

(Coley-Smith, 1980). Today more than twenty species are recognized

(Jarvis, 1980). The genus Botrytis includes a large number of host-

specific pathogens, e.g. B. faba on broad bean, B. aclada on onion and

B. tulipae on tulip (Morgan, 1971a, b). Botrytis cinerea Pers

(telomorph Botryotinia fuckeliana (deBary) Whetzel) is the most

common species of this genus. It is an important plant pathogen with

a wide host range. Indeed, it has been suggested that under suitable

conditions almost any temperate plant may be susceptible to infection

by B. cinerea (Groves et al., 1988). Diseases caused by such a

pathogen spread over various geographical regions including, Canada,

USA, Latin America, Europe and North Africa.

Morphological features

Mycelia

Botrytis cinerea is composed of brownish olive, septate hyphae,

which are cylindrical or slightly swollen at the septa. The hyphae

vary in diameter (1 1-23 |i.m) according to the conditions of

development. The septa separating the hyphal cells are perforated by

a simple pore. Intrahyphae may be seen frequently transversing old,

empty hyphal cells through this pore (Brierley, 1918). The

intrahyphae may bear microconidiophores. Anastomoses between

hyphae are often noted (Lorbeer, 1980).





10

Conidiophores and conidia

Conidiophores are erected, either solitarily or in groups of 2 to

5 borne on a cluster of hyphal cells, 1-3 mm in height. Their basal

cells are often inflated. Conidiophores are subhyaline to brown,

septate, branched at the apex. At each end, the branches form a

globose swollen conidiogenous cell bearing conidia on pedicles.

Botrytis cinerea conidia are hydrophobic, grayish-brown in mass and

nearly hyaline under the microscope. They are ovoid and measuring

8-14x 6-9 |J,m in diameter (Hawker and Hendy, 1963). The conidia

can be uninucleate or multinucleate (Grindle 1979, Shirame et al

1989). Conidia germinate in nutrient solutions, but less readily in

water, to form (usually) 1-5 germ-tubes (Drayton, 1937; Coley-

smith, 1980).

Microconidia

Microconidia of fi. cinerea are round, one celled, 2-3 |im in

diameter; phialides may occur on any part of the thallus, sometimes

within old, empty hyphal cells, or directly from germinating conidia.

Microconidia form in chains and are embedded in mucilage

(Sidorova, 1971). Whetzel (1945) reported that the only function of

microconidia is as male spermatia to fertilize sclerotia, and they can

not be induced to germinate. On the other hand, Brierley (1918)

claimed to have germinated microconidia in water and in nutrient

broth to give normal mycelia. Hino (1929) and Grindle (1979) also

reported microconidial germination on complete media, but further

attempts to germinate microconidia have failed. Faretra and Grindle
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(1992) reported that microconidia can be a good source of mutants if

they could be induced to germinate, because they are uninucleate.

Sclerotia

Willetts (1971) described the formation of sclerotia of

B. cinerea. Hyphal tips branch repeatedly and dichotomously. The

branches may have septa and may also fuse to form the characteristic

structure which is at first hyaline but later turns black because of

deposition of melanic pigments in the outer rind (Coley-Smith,

1980). The outer surface of sclerotia is composed of closely

arranged, thick-walled hyphae with outward-projecting tips.

Sclerotia are regarded as the most important structures involved in

the survival of this species because they can withstand adverse

conditions (Coley-Smith and Cooke, 1971). Sclerotia germinate to

produce conidiophores. When fertilized with spermatia

(microconidia), they produce apothecia.

Apothecia

The apothecia arise from sclerotia after a sexual process.

During the formation of apothecia, generative hyphae grow through

the cortex of the sclerotium (Tanaka and Nonaka, 1975). A columnar

structure, the stipe, forms and when it is about 4-5 nun long, a hard

cap develops which differentiates into the apothecial disc. The

apothecium is cupulate, stalked, and usually brownish in color. The

apothecial cup is infundibuliform to discoid and sometimes develops

a reflexed margin with age. The apothecium consists of the

hymenium, a palisade layer of asci with paraphyses of about the
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same length as asci (Korf, 1973). The ascospores, 8 per ascus, are

uniseriate, hyaline, unicellular, smooth and obovoid-ellipsoid.

Sometimes more than 8 spores may be in the ascus (Hennebert and

groves 1963). In a medium, the ascospores may germinate directly

to form a conidiophore, but usually a mycelium is formed and

eventually sclerotia and conidiophores develop (Netzar and Dishon,

1967).

Reproduction in Botrytis cinerea

The life cycle of the B. cinerea includes both sexual and

asexual forms, sclerotia and microconidia being the female and male

gametes, respectively, which by fusion produce apothecia containing

asci (Groves and Drayton, 1939). The fungus at the sexual stage is

called Botryotiniafuckeliana. However, the asexual cycle is the

most common form of reproduction and propagation of the fungus,

and it occurs by the production of the conidia (on conidiophores),

which germinate and produce mycelia and eventually develop

sclerotia and microconidia (Hennebert, 1973; Jarvis, 1977; Coley-

smith, 1980). It was in the19th century when deBary discovered the

perfect stage of B. cinerea that he called Peziza fuckeliana

{Botryotiniafuckeliana). His report about this stage was lost.

Therefore, the connection between Botryotiniafuckeliana and B.

cinerea remained unclear for almost a century. It was not until

Groves and Drayton (1939) succeeded in the production of apothecia

in cultures starting from isolates of
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B. cinerea, that the relationship between anamorphic and

telomorphic life stages of the fungus (Groves and Loveland, 1953)

was revealed.

Variation and heterokaryosis in Botrytis cinerea

Until recently, detailed studies on the variation in B. cinerea

have been limited by the difficulty in producing the sexual stage in

culture for genetic analysis. In addition, researchers have failed to

incorporate a heterokaryon test to determine the extent and role of

heterokaryosis in their experiments on variation (Paul, 1929).

Therefore, considerable literature has accumulated from numerous

studies over the years involving laboratory, greenhouse, and field

observations on the regulation of morphological and physiological

variation in B. cinerea by environmental and cultural conditions

without the knowledge of the fundamental underlying mechanism.

In his study of growth characters of five isolates of B. cinerea, Paul

(1929) recognized three morphological strains: sclerotial, which

produced mostly sclerotia; sporulating, which produced conidia but

grew more slowly than the other strains; and mycelial, which was

characterized by the development of aerial mycelia. By subculturing

one of these forms, it was possible to get one of the other types. Paul

(1929) noticed that greater sclerotial formation occurred in the

culture when the temperature was reduced to 12°C and when the

cultures were incubated in the dark or high humidity. He also

reported that high sporulation could occur at 27°C under conditions

of low humidity. Morgan (1971a) divided isolates of 5. cinerea
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from grapevine into seven morphological races on the basis of

differences in their conidial size.

Hansen and Smith (1932) first studied somatic segregation of B.

cinerea strains in two stable homotypes and several inconstant

heterotypes showing the co-existence of two component nuclear

types in heterokaryotic association in the same cell. Grindle (1979)

and Shirame et a/.(1989) found that conidia of fi. cinerea can

accommodate from 1-18 nuclei and that even greater variation may

occur in hyphal cells. Grindle (1979) also stated that nuclei of one

strain could migrate into the cells of another strain by anastomosis.

In his study Lorbeer (1980) claimed that phenotypic variability and

adaptability of B. cinerea is attributed to the heterokaryotic condition

of both mycelial cells and multinucleate macroconidia.

Genetics of Botrytis cinerea

As a pathogen, B. cinerea has received attention for more than

100 years of studies on its biology and host-pathogen interactions

(Blackman and Welsford, 1916; Brown, 1917). Since then, many

papers have been published on aspects of the disease in various

crops. However, our knowledge regarding the genetics of this

fungus is still limited compared to other fungi. This was mainly due

to the difficulty of inducing the sexual stage of this fungus in vitro

and the considerable time required for the development of apothecia

(Gregory, 1949; Groves and Loveland, 1953; Grindle, 1979). It is

only recently that researchers were able to make progress in this

field.
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Faretra and Antonacci (1987) and Faretra et al. (1988a)

introduced some improvements in the technique used to develop

apothecia. This provided the opportunity for studying the genetics of

B. cinerea. In another study, Faretra et al. (1988b) investigated the

genomes of B. cinerea isolates using classical Mendelian analysis of

the sexual progeny. Their results revealed that the sexual process in

B. cinerea is controlled by a single mating type gene with two

alleles. The alleles show co-dominance in heterokaryons and are

designated MATl-1 and MAT 1-2. The sexual progeny are obtained

by cross-fertilization of MATl-1 and MATl-2 isolates. Faretra and

Grindle (1992) claimed that B. cinerea isolates can occasionally

produce apothecia without cross-fertilization; self-fertile isolates are

probably heterokaryons carrying two mating type alleles in different

nuclei. Analysis of the sexual spores from apothecia has revealed the

genetic basis for differences in mating types, size of apothecia stalks

(Faretra et al, 1988b; Faretra and Pollastro, 1988), and resistance to

fungicides (Faretra and Pollastro, 1991,1996; Faretra et al.,

1991 ;Van der Vlugt-bergmans et al, 1993).

Disease and Epidemiology

Botrytis cinerea can attack many cultivated and wild plants and

live as a saprophyte on necrotic, senescent tissue (Coley-Smith

1980). Important groups of plants that are attacked by B. cinerea are

field and greenhouse vegetables (Williamson et al., 1992; Elad et al,

1995 and Staples et al., 1995). The most impotant diseases caused

by B. cinerea are listed in Table 1 . Disease occurs predominantly

under conditions of high humidity and moisture on plant surfaces.
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Infection will occur only if periods of surface wetness exceed fifteen

hours and is stimulated by organic solutes such as sugars, amino

acids and organic acids (Hamer and Holden, 1997; Kamoen, 1992).

Infection of plant tissues can occur either directly or via natural or

artificial wounds. Wounding of plant tissues can be caused by

pruning or by insect or fungal pests (Fletcher, 1984). Botrytis

cinerea is dispersed in the air and on the surface of rain splash

droplets. In greenhouses, dispersal is facilitated by water irrigation .

systems. Diseased plant debris, particularly that on which

sporulation is profuse, is an important saprophytically based source

of inoculum. Botrytis cinerea may overwinter as sclerotia but can

also persist as mycelia in old plant parts (Verhoeff et al., 1988).

Economic importance

Losses generally arise from the rotting of perishable plant

produce during pre- or post-harvest, or in storage. Damage may even

occur under cold storage (Verhoeff et al., 1988) as B. cinerea can

tolerate low temperatures (Maude, 1980; Dubos, 1987). Losses can

be severe on soft fruits and vegetables, particularly those grown under

glass. Indeed, B. cinerea is usually the single greatest cause of losses

in European greenhouses (Verhoeff er al., 1988). Blights of buds,

flowers, leaves and stems can cause losses in a number of industries

including horticulture and viticulture.
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Table 1. Common diseases caused by Botrytis cinerea

Host
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Botrytis cinerea on Grapes

In viticulture, the development of grey mould on the grape

berry is one of the most important phenomena, and its conditions and

implications are complex (Harvey, 1955; Ciccarone, 1970; Schafer,

1994). Botrytis cinerea causes both the very destructive grey mould

(pourriture grise; bunch rot) and under certain conditions the so-called

noble rot (pourriture noble). The latter yields wines of a special

quality that are highly prized, sweet, smooth, full bodied and with a

most pleasant bouquet (Nelson and Amerine 1956; Ribereau-Gayon et

al, 1980).

Bunch rot of grapes

Bunch rot exists in many vineyards around the world (Sail et

al, 1981; Nair et al, 1987; Northover, 1988). Although the disease

has long been considered as a secondary pathogen of grape, it has

become increasingly important, in recent years, especially after the

large scale planting of susceptible wine grape cultivars, and the

general use of greater rates of nitrogen by grape growers (Jarvis,

1977). Temperate and damp climates favor this disease (Nelson,

1951a, 1951b). Botrytis bunch rot seriously reduces the quahty and

quantity of the crop. The reduction in yield may be associated with

the premature drop of bunches from the stalk with loss of juice and

the desiccation of the berries (Bulit and Dubos, 1988; Vail and

Marios, 1991). In table grape production, loss of fruit quahty in the

field, in storage, or during transit, can be substantial (Nelson, 1951a).

In wine production, the most serious damage is qualitative, from the

altered chemical composition of diseased berries. The fungus
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converts simple sugars (glucose and fructose) to glycerol and gluconic

acid and produces enzymes that catalyze the oxidation of phenolic

compounds (Ravji et al., 1988). It also secretes polysaccharides such

as (3-glucan, which hinder clarification of wine. Wines produced from

rotten grapes have off-flavors, fragile and are sensitive to oxidation

and bacterial contamination, making them unsuitable for aging.

Bunch rot develops whenever the berry exudes a drop of juice

from wounds that are caused by hail, insects or birds, other fungi,

partial detachment of the berry from the pedicel, or by the retention

of the floral parts (McKeen, 1974; Blakeman, 1975; Nair and Allen,

1993). The mycelium spreads around the underside of the skin,

between the cells. Then conidiophores differentiate, rise and break

the cuticle. The mycelium grows through the microfissures to the

outside and covers the cuticle with a dense tuft with numerous

conidia to spread the fungus. Mayama and Pappelis (1973) showed

experimentally that bunch rot develops only in grapes with a more

grossly-wounded cuticle, and not in grapes that remain intact, except

for the peristomatal cracks and microfissures. In bunch rot grey tufts

of conidiophores protrude from every wound surrounded by a brown

zone. The external fungal growth is at first limited to this region but

later covers it completely, while internally the mycelia rapidly

permeate the entire parenchyma. Thereafter, bunch rot spreads

rapidly through the bunch. The berries remain moist even in dry

weather and apparently predisposing their healthy neighbors in the

bunch, possibly by means of enzymes released from the affected

berry (Nair and Allen, 1993).
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Noble rot of grapes

In case of noble rot, under certain conditions, the skin of the

infected healthy berry remains intact until after maturity (Nelson,

1973). Conidia that germinate on the surface of the berry (Kosuge

and Hewitt, 1964), produce germ tubes which develop fine infection

hyphae. The infection hyphae penetrate the epidermis without gross

injury through the tiny wounds that occur naturally during the

growth of the berry (Verhoeff, 1974). An intracellular mycelium

then develops but is limited to the outer most layer of the skin. The

berry becomes no longer connected physiologically to the plant and

is subjected only to external influences. It begins to dry out and the

skin is dulled by the parasite but remains smooth for a while, then

wrinkles progressively. The permeability of the skin hasten the

drying which cause an increase in vacuolar sugar (Nelson, 1956;

Verhoeff et al., 1988). These rotten grapes are used in the

production of exceptional sweet white wine, the most prestigious of

which are Tokays of Hungry, the Sautemes of France, and the

German wines known as Auslese and Beerenauslese (Nelson and

Amerine, 1956; Ribereau-Gayon et al., 1980).

Control of Botrytis cinerea

The control of B. cinerea is extremely difficult because of the

ability of this pathogen to attack crops at different stages of growth,

or during storage and transit, and affects all plant parts, including

cotyledons, leaves, stems, flowers and fruits (Maude, 1980). Botrytis

cinerea has the widest host range and causes severe damage on
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several economically important fruits, vegetable and ornamental

crops (Yunis et ai, 1990; Williamson etal., 1992; Staples and

Mayer, 1995). Therefore, the use of fungicides to control the fungus

encounters different problems. Crop diversity influences B. cinerea

control in terms of practical approaches, availability of chemicals

and implication of possible strategies. In fruit crops, most of the

available fungicides active against this pathogen are registered for

use in field sprays. A limited number of chemicals are registered for

use as post harvest treatment with disparities between different

countries in which chemicals may be used. Toxicological and

environmental considerations make the situation more complicated.

The possible toxic effects on humans cause restrictions in the use of

some chemicals (Garibaldi and Gullino, 1990; Kato et ai, 1983).

However, more innovative control strategies can be designed, and

fungicides can be applied by means of environmentally safer

techniques (Jarvis, 1989; Nair, 1990). For instance, formulations of

dicarboximides, which are active by subhmation, have been

developed with the aim of reducing the amount of residues on fruits

and at minimizing the farmer's exposure to chemicals during

spraying. Post harvest treatments can be carried out by applying

chemicals in aqueous washes and dips, sprays or as dust. Recently,

sprays have been largely used in order to reduce environmental

problems caused by discharge of large quantities of fungicides.
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Available fungicides

Two groups of chemicals, the benzimidazoles and

dicarboximides, which are highly effective against B. cinerea, are

currently available (Creemers, 1992; Verhoeff ef a/., 1992).

Diethulfencarb, a N-phenylcarbamates, has been developed over the

past decade to control B. cinerea strains resistant to benzimidazoles

(Kato, 1988). Multisite fungicides such as chlorothalonil,

dichlofluanid and thiram are also available, but severe restrictions

often limit their use on some crops (Leroux and Clerjeau, 1985).

Benzimidazoles

Benzimidazoles include some important systemic fungicides

such as benomyl, carbendazim and thiabendazole. They are

effective against numerous types of diseases caused by a wide

variety of fungi (Beever et ai, 1989; Delp, 1988; Leroux and

Clerjeau, 1985; Richmond and Pring, 1971). They were introduced

in the late 1960s and played a very important role in controlling the

growth of grey mold on various crops. However, they lost part of

their importance during the last decade on most crops due to the

appearance and persistence of resistant strains and due to the

toxicological problems (Groves et al., 1988; Georgopoulos, 1977).

Their use has been reduced on grapevine and vegetables (Gullino

and Garibaldi, 1986). In many countries, they have been replaced by

more effective chemicals (Eckert and Ogawa, 1988; Northover and

Mattioni, 1986).
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Dicarboximides

Dicarboximides include iprodione, procymidone and

vinclozolin. They replaced benzimidazoles in most situations in the

late 1970s (Pappas and Fisher, 1979; Northover and Neufeld, 1981,

1982). Even though their high activity has been lost, at least in part,

due to development of pathogen resistance on some crops, their use

remained crucial on most crops (Wang and Coley-Smith, 1986;

Wang et al., 1986; Locke and Fletcher, 1988).

Fungicide resistance

Resistance to benzimidazoles and dicarboximides complicates

chemical control of B. cinerea on several crops (Locke and Fletcher,

1988; Washington et al ,1992). The relative importance of fungicide

resistance varies in different crops and in different areas, according

to the selection pressure exerted by the use of groups of chemicals

(Bolton, 1976; Staubs, 1991; Abou-jawdah and Hani, 1995). At the

time of the introduction of benzimidazoles, there were no other

highly effective fungicides with different modes of action that could

have been used as companion materials. Therefore, the

benzimidazoles were used in excess, and resistance developed

quickly and limited their usefulness within 2 to 4 years in most areas

(Washington et al ,1992). Tolerance to benomyl was first reported

by Bollen and Scholten in 1971. Since then, there have been an

increasing number of reports of tolerance in B. cinerea (Miller and

Retcher, 1974; Geeson, 1976; Cho, 1977).
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Dicarboximide resistance developed in the 1980s, although not

so rapidly and in a less dramatic way. This type of resistance now

affects B. cinerea in many crops. Resistance to both benzimidazoles

and dicarboximides is now widespread in B. cinerea on grapevines,

vegetable and ornamental crops (Lorenz, 1988; Delp, 1988;

Northover and Matteoni, 1984; Rewal et al., 1991; Elad et al, 1992;

Abou-jawdah and Barghout, 1993).

Iprodione and vinclozolin were first tested against Botrytis

bunch rot in Ontario vineyards in 1980 (Northover, 1987).

Iprodione-resistant isolates were detected in 1983 in experimentally-

treated vineyards and glasshouses (Northover, 1983; Northover and

Matteoni, 1984, 1986). The development of high incidence of

resistant strains resulted in a failure in disease control. In Ontario,

where iprodione is the only fungicide currently registered to control

bunch rot, the grape growers are very concerned about the heavy

losses they might encounter due to such a problem.

Understanding the nature of resistance developed by B. cinerea

strains, investigation of morphological and growth characteristics,

and establishment of differences and similarities between resistant

and sensitive strains could be helpful in developing strategies for

overcoming such resistance. Understanding the mode of action of

iprodione may help explain the problem of resistance. The mode of

action of iprodione or dicarboximide in general remains unclear even

though it has been the subject of many studies. The fungicides exert

their fungitoxic effects by causing collapse or bursting of treated

fungal hyphae and conidia. Various mechanisms have been

proposed as possible modes of action of the fungicide (Pommer and
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Lorenz, 1987). Davis and Dennis (1981) suggested that the primary

mode of action of vinclozolin was on the cell wall synthesis.

Hishada et ,al. (1977) concluded that dicarboximides affect

membrane function as well as cell wall synthesis. In contrast,

Pappas and Fisher (1979) and Georgopoulos et al. (1979) suggested

that the fungicides do not directly influence membrane permeability

or cell wall synthesis. Georgopoulos et al. (1979) proposed that the

primary action of dicarboximides resulted in interference with

mitosis in Aspergillus nidulans. Thus, as synthesis increases the

volume of the protoplast, the cell is unable to divide, and eventually

bursts. Pappas and Fisher (1979) suggested that dicarboximides do

not affect respiration, membrane permeability or RNA production;

however, prochloraz inhibited protein synthesis and iprodione

inhibited DNA synthesis. The reported effects of fungicides might

be secondary rather than the primary action since these effects have

been observed at high concentrations of fungicides and are

sometimes contradictory (Pappas and Fisher 1979; Geogopoulos et

al, 1979). De Waard and Nistelrooy (1988) and Kalamarakis et al.

(1991) proposed that a number of physiological mechanisms can be

proposed to account for the diminishing sensitivity of pathogenic

fungi to fungicides. Among the mechanisms that have been

proposed are the differential uptake and/or efflux of a fungicide and

subsequent metabolism or detoxification. In their study to assess

these proposals. Steel and Nair (1993) stated that B. cinerea isolates

resistant and susceptible to iprodione accumulated the fungicide to

the same extent and did not appear to metabolize iprodione. Choi

and Cho (1996) claimed that vinclozolin causes significant lipid
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peroxidation and subsequent cellular leakage from sensitive strains

but not from the resistant ones.

The objectives of this study

The focus of this was : (a) to investigate the morphological and

growth characteristics of B. cinerea isolates to establish differences

and similarities between sensitive and resistant isolates (in terms of

mycelial growth, seclerotial production, conidial production,

conidial germination and virulence); (b) to employ protein

fingerprinting to investigate differences and similarities between the

sensitive and resistant isolates of such pathogen at the molecular

level.
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Material and Methods

Fungal Isolates

The Botrytis cinerea (B. cinerea) isolates were kindly supplied

by Dr. J. Northover (Agriculture & Agri-Food Canada, Pest

Management Research Center, Vineland Station, ON) and were

referred to as BC2, BC3, BC4 and BC5 (original codes, HRIO-9, F-

10, RC3.5 and RC3.4, respectively). These isolates were isolated

from Niagara region. Botrytis cinerea isolates were maintained on

potato-dextrose agar (PDA) prepared according to Webster et al.

(1970). Two hundred grams of diced peeled potatoes were boiled in

approximately 300 ml of distilled water for 30 min. The liquid was

filtered through cheesecloth. The broth was combined with lOg

dextrose, 15 g agar, and enough distilled water to make one liter, and

was autoclaved at 12TC for 20 min. The medium has a pH of 5.6

before sterilization.

Iprodione sensitivity test of Botrytis cinerea isolates

First the sensitivity of B. cinerea isolates to iprodione was

tested, mycelium plug method of Northover and Matteoni (1986)

was used. Mycelial plugs (4mm) of the B. cinerea isolates were

taken from the periphery of actively growing colonies on PDA. The

iprodione amended medium was prepared to give concentrations of

0, 0.5, 1, 2, 5, 10 ^ig iprodione/ml (Rovral 50WP, May and Baker

Canada Ltd., supplied by Dr. J. Northover) in sterile water into

molten PDA (pH 5.6) at 50°C. The mycehal plugs were incubated

on PDA and iprodione-amended PDA for three days and 23 °C. The

mean radial growth of colonies was determined by measuring
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diameters of colonies at right angle to each other in three replicate

plate cultures.

Second, the sensitivity of mycelial growth to iprodione was also

evaluated in hquid cultures. Conidia of the four isolates were

harvested by washing the surface of the culture with sterile Tween

20 (0.5%, VA^; 10 ml). Conidial suspensions were filtered through

sterile glass wool (pre-washed with sterile distilled water). One ml

of conidial suspensions (10^ conidia/ml) were used to inoculate

100ml of Potato Dextrose Broth (PDB) amended with iprodione (0,

0.5, 1, 2, 5 and 10p,g/ml) with two replicates of each concentration.

Cultures were incubated at 23°C with shaking (125 rpm). After three

days the mycelia were harvested on filter papers, dried overnight at

65°C and dry weight was measured.

Morphological and cultural characteristics

Colony morphology of Botrytis cinerea isolates

Mycelial growth and colony morphology were investigated on

PDA and PDA amended with iprodione. Radial growth was

measured after three days of growth at 23°C. Sclerotial production

on PDA and PDA amended with iprodione was evaluated after 10

days of growth at 23°C by counting the number of sclerotia in each

plate. Shape and size of conidia of both the sensitive and the

resistant isolates were examined using the light microscope.

Sporulation of Botrytis cinerea isolates

To quantify sporulation in B. cinerea, the isolates were grown

for 10 days on two plates of amended and unamended PDA at 23°C
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in the dark. Plates were flooded with 0.1% of Tween 80 in sterile

water and the concentration of conidia was calculated by

haemocytometer slide counts.

Conidial germination of Botrytis cinerea isolates

In studies concerning resistance to iprodione, conidial

germination inhibition tests are also necessary, as conidia are very

important in the epidemiology of the disease especially at the

beginning of the season. To do this test, conidia of B. cinerea

isolates were harvested from PDA plates using sterile 0.1% Tween

80. The suspension was filtered through sterile cheesecloth to

remove mycelial fragments, centrifuged, and the deposit washed in

sterile glass distilled water. Conidia were resuspended in molten

sterile potato-dextrose broth (PDB) and the concentration adjusted to

approximately 10^ spores/ml. Ahquots of the conidial suspension

(50 fxl) were added to equal volumes (950 |j.l) of PDB containing

iprodione concentrations of 0, 2, 5, 10, 25, and 50 |ig/ml. The

conidia and fungicide suspension were thoroughly mixed and

duplicate aliquots (10 }4.1) were plated on petri dishes. Germination

of samples of 100 conidia was measured after incubation at 23°C for

18hr. Germination was considered to have occurred when the length

of the germ-tube exceeded the width of the conidium.

Test of iprodione resistance stability

Isolates that are resistant to iprodione were tested for the

stability of their resistance to iprodione. These isolates were grown

on fungicide free PDA and transferred as mycelial discs to fresh





30

media every seven days. After every four transfers, the isolates were

tested for resistance to iprodione on PDA amended with iprodione

(2^g/ml).

Virulence of resistant and sensitive isolates of Botrytis cinerea

Virulence of B. cinerea isolates was tested under laboratory

conditions. Green Thompson Seedless grape berries were washed

with 1% sodium hypochlorite and rinsed under tap water for at least

10 minutes in order to eliminate competitive microorganisms and

pesticide residues. Grape berries were punctured with a sterile

needle, and then drop inoculated over the wound with 20 \i\ of a

conidial suspension (10^ conidia/ml). Twenty berries were inoculated

for each isolates. After inoculation grape berries were incubated at

23°C in plates lined with wet Whatman filter paper to maintain

humid conditions. Disease incidence was evaluated after four days

by determining the percentage of infected berries. This experiment

was repeted twice.

Investigation of Botrytis cinerea's total soluble proteins

The effect of iprodione on total soluble proteins and their

synthesis in sensitive and resistant isolates was examined on

polyacrylamide gels. These were visualized using silver staining and

commassie Brilliant blue methods. To facilitate comparisons,

densitometric scanning of protein profiles was also prepared using

AIS software (Imaging Research Inc., St. Catharines, ON). Total

soluble protein profiles of the sensitive and the resistant isolates were

compared in the presence and in the absence of iprodione.
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Extraction of total soluble proteins

Botrytis cinerea isolates were grown in PDB and/or PDB

amended with 0.5 ^ig/ml iprodione (the concentration that will allow

the sensitive isolates to show some growth). Total soluble proteins

were extracted from resistant and sensitive isolates (Castle et al.

1992). Mycelia were harvested after 24 hr and washed with distilled

water. Mycelia were then dipped in liquid nitrogen for 5 min to

induce cell breakage. The mycelia were mixed with one part of cold

TEPI (lOmMTris, 1 mM ethylenediamine-tetra -acetic acid, 1 |xM

phenylmethylsulfonyl fluoride, and 1 mM iodo-acetamide; pH 6.8)

and ground using a Sorvall omnimixer for 4 min at 4°C. The

resulting slurry was poured into 70 ml homogenizing flasks and

mixed with an equal volume of glass beads (0.45 mm) and exposed

to further cell disruption in a mechanical cell homogenizer, Braun

model MSK, for 30 sec at 4°C. The slurry was centrifuged at

10,000x g for 10 min at 4°C. The supernatant was transferred into a

clean tube and was mixed with two parts of n-butanol. The mixture

was shaken vigorously and was then centrifuged at lOOOx g for 10

min at 4°C. The bottom aqueous layer was dialyzed in TE buffer (10

mM Tris and 1 mM EDTA; pH 7.5) for 2 hr at 4°C. The sample was

lyophilized and resuspended in TEPI buffer. Protein concentrations

were determined using Bio-Rad protein assay kit.

SDS-Polyacrylamide Gel Electrophoresis (PAGE)

Proteins were separated by sodium dodecyl sulphate-

polyaerylamide gel electrophoresis (SDS- PAGE). Polyaerylamide
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gels consisting of 4% stacking and 11% separating gels were used

(Laemlli, 1970; Gerson, 1996). The separating gel (0.37 M Tris(PH

8.8) ,10.1% acrylamide, 0.99% N,N'-methylenebisacrylamide

(BIS), 0.1% sodium dodecyl sulfate (SDS), 0.05% ammonium

persulfate (APS) and 0.05% N,N, N', N'-tetramethylenediamine

(TEMED) was casted into a BioRad mini slab gel apparatus

(BioRad, Richmond, CA) assembled with 0.75 mm thick spacers.

The separating gel was overlaid with water-saturated n-butanol for

polymerization to occur. After separating the gel was polymerized,

the n-butanol was washed off with distilled water. The stacking gel

(0.1% (SDS), 0.05% (APS) , 0.125 M Tris (PH 6.8) , 3.9%

acrylamide, 0.347% Bis and 0.1%TEMED) was then cast, and 10

well combs were used to produce the sample wells.

Proteins were dissolved in SDS reducing buffer (0.05 M Tris,

pH 6.8), 10% glycerol, 2% SDS, 0.001 %bromophenol blue and 5%

2-mercaptoethanol) and then heated for 4 min in boiling water. The

samples were left at room temperature for 5 min before being loaded

into the wells. Proteins were resolved for 45 min at lOOV in Tris-

glycine buffer (0.007M Tris, 1.44- % glycine and 0.1%SDS, pH 8.3).

Gel silver staining

Acrylamide gels were stained to visualize protein bands using

silver stain (James et al., 1981; Rabilloud et al., 1994). The gel was

fixed in 50% methanol and 10% acetic acid for 30 min, followed by

5% methanol and 7% acetic acid for 30 min. The gel was placed in

10% glutaraldehyde for 30 min. The gel was rinsed in distilled water

for 2 hr (several changes), followed by 5 |i.g/ml dithiothreitol for 30
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min. Then, the gel was soaked in 0. 1% silver nitrate for 30 min.

After rinsing with distilled water, the gel was soaked in developer

(50 111 of 37% formaldehyde in 100 ml 3% sodium carbonate) until

the desired level of staining was attained. Staining was stopped by

adding 5 ml of 2.3 M citric acid directly to the developer and

agitating for 10 min. The solution was then discarded and the gel

was washed several times with distilled water for 30 min. For

storage, the gel was soaked in 0.03% sodium carbonate.

Measurement of de novo protein synthesis

The effect of higher iprodione concentration (5|a.g/ml) on de

novo protein synthesis in the sensitive and the resistant isolates of B.

cinerea were investigated. One millilitre spore suspension

(concentration 10^ /ml) from each isolate was used to inoculate 100

ml of PDB (two flasks for each isolate). The cultures were incubated

on a shaker at 23°C. After 24 hr, when cultures were in the early log

phase of mycelial growth (Fig. 10) aliquots of iprodione suspension

were added to one flask of each culture to give a concentration of

5fig/ml. At the same time [^^S]-methionine was added to all flasks to

give a concentration of 0.5ci/ml of [^^S]-methionine (l|a.Ci=37KBq).

Total soluble proteins were extracted at 0, 30 min, Ihr, 2hr, 4hr and

6hr after the addition of [^^S] and iprodione.

Extraction of^^S-labeled proteins

At each time 15 ml were withdrawn from each flask. Mycelia

were centrifuged at 10,000x g for 5 min at 4°C, washed three times

with cold distilled water and lyophilized. The lyophilized mycelia
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were resuspended in extraction buffer (0.1 M Tris-HCl, pH 6.7, and

1 |iM phenyl-methylsulfonyl fluoride) and were freeze-thawed three

times in liquid nitrogen, then centrifuged at 10,000 x g for 30 min at

4°C (Langlands, 1997). The supernatant was transferred to another

tube and the protein concentrations were measured. Fifteen

micrograms of total soluble proteins of each sample were loaded on

polyaerylamide gel electrophoresis.

Staining of SDS-Polyacrylamide Gel

Following electrophoresis, the protein bands were visualized by

staining with 0.25% Coomassie Brilliant Blue R-250, 40% methanol,

and 10% glacial acetic acid (Gerson, 1996). The gels were

immersed in Coomassie Blue staining solution and left to stain for

Ihr on a shaker. The gel was destained in an excess of destaining

solution (40% methanol, 10% acetic acid).

Following destaining, the gel was placed on a piece of

Whatman filter paper no.3. The paper holding the gel was placed on

the gel dryer, and the gel was covered with a piece of saran wrap.

The gels were dried at 70°C for 2 hr.

Autoradiography

Dried SDS-Polyacrylamide gels containing [^^S] methionine

were placed in a light-tight X-ray film holder in a dark room and

covered with a sheet of BioMax film (Kodak®, Scientific Imaging

Systems). Films were exposed at -40°C for six days. After

exposure, the film was removed from the holder in the dark room

and developed by soaking the film in a Kodak GBX developer for 1-
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1 .5 min. This was followed by a quick rinsing in water bath at room

temperature and subsequent soaking in a Kodak GBX fixer for 2

min. Once developed, the films were left to air dry at room

temperature and protein banding profiles were analyzed using AIS

software.
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Results

Sensitivity to iprodione

The colony diameters of B. cinerea isolates on PDA and PDA

amended with iprodione revealed that radial growth of BC2 and BC3

isolates started to decrease at iprodione concentrations as low as

0.5|Lig/ml and their growth was completely suppressed by iprodione

concentration over 2.5 }xg/ml (Fig. 1). Isolates BC4 and BC5

maintained their normal growth even at iprodione concentration of

2|Lig/ml. Decrease in their growth appeared only at iprodione

concentrations over 3|ig/ml and their growth was completely

inhibited by iprodione concentration of 10 |a,g/ml. In liquid medium

growth of isolates BC2 and BC3 was stopped by 5|ig/ml iprodione.

The B. cinerea isolates BC4 and BC5 show normal growth even at

iprodione concentrations up to 2|xg/ml, whereas their growth was

inhibited by 10|ig/ml iprodione (Fig. 2).

Isolates whose growth was inhibited at iprodione

concentrations below 2|ig/ml were considered as sensitive to

iprodione (BC2 & BC3), whereas those that showed a considerable

amount of growth at this concentration were considered as low-level

resistant to iprodione (BC4 & BC5) (Northover and Matteoni, 1986).

Morphology and growth characteristics of Botrytis cinerea isolates

Figure 1&2 show that resistant isolate BC4 had a growth rate

higher than that of the sensitive isolates. Sensitive isolates produced
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Figure 1. Radial growth of Botrytis cinerea isolates incubated for three days in

PDA and PDA amended with different concentrations of iprodione at 23 °C.
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Figure 2. Effect of iprodione concentration on growth of Botrytis cinerea

isolates in liquid medium (PDB).
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much more dark gray mycelium than the resistant ones (Fig. 3). The

resistant isolate, BC4, produced fluffy light gray mycelium, whereas

the resistant isolate BC5 produced very little aerial mycelium (Fig.

4). Sensitive isolates produced no black sclerotia. In contrast,

resistant isolates produced numerous small black sclerotia (Table 2).

However with the increase of iprodione concentration in the

medium, the resistant isolates produced fewer but larger sclerotia

scattered randomly across the plate (Table 2 & Figure 4). Iprodione

concentration over 5 |J.g/ml completely suppressed the sclerotia

formation,

Sporulation of Botrytis cinerea isolates

Conidial production at and 2 |ig/ml iprodione concentration

was determined after ten days of incubation as shown in Table 3.

Data were analyzed using SPSS software® program (SPSS. In. 444

North Michigan Ave. Chicago, IL 60661 1). The resistant isolate

BC5 sporulated poorly on the fungicide-free media compared to the

sensitive isolates (P<0.05). Sporulation of the same isolate (BC5)

was enhanced by the presence of iprodione at low concentration (up

to 2 |Xg/ml) in the media (P<0.05). There was also a trend towards

increase sporulation by the resistant strain (BC4) at the same

iprodione concentration. Each isolate of B. cinerea produced conidia

of different sizes and shapes (Table 4 & Figure 5). Therefore, there

were no significant differencies in conidia shape and size among the

four isolates (P>0.05).
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Figure 4. C and c, show ten days old resistant isolate BC4 plated on

PDA and PDA+ iprodione (2 \ig/m\), respectively. D and d, show

resistant isolate BC5 was grown under the same conditions.
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Table 2. Sclerotia produced by resistant isolate at different

concentrations of iprodione after 10 days of incubation at 23°C.

Isolates
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Figure 5. (A) Conidiophores. (B) Conidia and microconidia oiBotrytis

cinerea.





44

Table 4. Measurements of conidia of Botrytis cinerea isolates grown

on PDA for ten days at 23°C in the dark.

Isolates
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Conidial germination

Conidia of the four B. cinerea isolates showed 94-96%

germination in PDB after 18 hr. Conidial germination of the

sensitive isolates was completely inhibited at iprodione

concentration of 10 |xg/ml. On the other hand conidia from the

resistant isolates were able to germinate even at iprodione

concentrations up to 50 |ig/ml (Fig. 6). Observation could not be

made reliably after this concentration because of visual interference

from numerous small crystals of the iprodione. Germination of

conidia of the sensitive isolates (BC2, BC3) in PDB, produced one

or occasionally two germ-tubes. The number of germ-tube produced

by the sensitive isolates was not affected by the presence of

iprodione in the medium. By contrast, the germination of the

resistant isolates (BC4, BC5) was characterized by the emergence of

2-3 germ-tubes. The introduction of iprodione to the medium did not

affect the number of germ tubes produced by the germinated conidia

of resistant isolates (Fig. 7).

Stability of resistant isolates

The two iprodione-resistant isolates of B. cinerea were tested

for stability of their resistance to iprodione. This test was done over a

period of four months. In this test each isolate was subcultured about

16 times on iprodione free PDA. This test showed no obvious change

in the resistance of these isolates to iprodione (Table 5).
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Figure 6. Conidia germination of Botrytis cinerea isolates after 1 8hr of

incubation in PDB and PDB amended with different concentrations of

iprodione at 23 °C.
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Figure 7. Conidia germination of Botrytis cinerea. A) Resistant isolate

BC4, conidia germinated forming 2-3 germ-tubes (occasionally one). B)

Sensitive isolate BC3, conidia germinated forming one germ-tube

(occasionally two).
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Table 5. Sensitivity of resistant isolates to iprodione after every four

transfers on iprodione free PDA.

*Time
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Virulence of Botrytis cinerea isolates

After incubation of the inoculated grape berries for 4 days at

23°C, the percentage of the infected berries of the four isolates

ranged from 83 - 95% (Table 6). Differences were not observed

between sensitive and resistant isolates in their ability to infect

grapes (F>0.05). The highest percent of infection recorded by the

resistant isolate (BC4) and the sensitive isolate (BC3) were 95 and

93%, respectively. The resistant isolate BC5 and the sensitive isolate

BC2 had an infection percentage of 83 and 88%, respectively. The

sensitive isolates BC3 and the resistant isolate BC4 developed

abundant amount of aerial mycelium on the berry surface. The

sensitive isolate BC2 produced less aerial mycelium. The resistant

isolate BC5 produced no aerial mycelium while it caused a big

wound in the berry (Fig. 8).
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Table 6. Virulence of sensitive (BC2, BC3) and resistant (BC4, BC5)

isolates of Botrytis cinerea on grape berries.

Isolates
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Figure 8. Infection by Botrytis cinerea isolates after four days at

23°C, following an artificial inoculation of grape berries with, (I)

sensitive isolate BC2, (ii) sensitive isolate BC3, (iii & iv) not

inoculated benies (controls), and (v & vi) resistant isolates BC4 and

BC5, respectively.
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Total soluble protein analysis

The main purpose of isolating the total soluble proteins from

the resistant and the sensitive B. cinerea isolates is to look for any

differences that might provide important information linking specific

proteins to resistance. The silver staining method was used to detect

the SDS-PAGE resolved proteins. To facilitate comparisons,

densitometric scanning of protein profiles was also prepared using

AIS software (Imaging Research Inc., St. Catharines, ON).

There were no apparent differences in the banding pattern

between total soluble protein profiles of the sensitive and the

resistant isolates, when these isolates were grown on PDB.

Differences were also not found between B. cinerea isolates (the

sensitive and the resistant) that were grown in PDB amended with

iprodione (0.5|ig/ml) and the controls (Figs. 10- 13). The presence of

iprodione (5|J,g/ml) did not affect protein content in iprodione

resistant B. cinerea isolates (Table 7).

Analysis ofde novo protein synthesis

The aim of this experiment was to investigate the effect of

iprodione on the De novo protein synthesis in the sensitive and the

resistant isolates; in other words, to assess if there is suppression or

induction of any protein /s in the presence of iprodione.

De novo protein synthesis of B. cinerea isolates was investigated at

higher iprodione concentration (5 |Xg/ml) which inhibits completely

the mycelial growth of the sensitive isolates and to some extent that

of the resistant isolates.
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Table 7. Effect of iprodione on the protein content of the mycelium

of Botrytis cinerea isolates.

Isolates
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Figure 1. Growth of Botrytis cinerea isolates in shake liquid culture

(PDB) at 23° C. The values are the means of the growth of the four

isolates with three replicates each.
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Figure 10. Total soluble protein profiles of Botrytis cinerea isolates

separated by SDS-polyacrylamide gel electrophoresis. Total soluble

proteins were extracted after 32hrs of incubation in PDB at 23°C. (M) the

protein standards.
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Figure 11. Densitometeric recording of protein gel shown in figure 10.
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Figure 12. Total soluble protein profiles separated by SDS-polyacrylmide

gel electrophoresis. The isolates were grown in PDB amended with

iprodione (0.5|ig/ml). Proteins were extracted after 32hr of incubation at

23°C. (M) protein standards.
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Figure 13. Densitometeric recording of the protein gel shown in figure 12.
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When total soluble proteins were extracted immediately after the

addition of [^^S] methionine, a clear protein profile appeared with no

protein bands when autoradiography was used to visualize

polypeptides on X-ray film(Fig. 14). This means that [^^S]

methionine had not yet been incorporated into proteins. No

differences in the protein profiles were observed between the

sensitive and the resistant isolates either in the absence or in the

presence of iprodione when proteins were extracted 30 min, Ihr and

2hr after the addition of iprodione and [^^S] (Figs 15-20). When

protein were extracted after 4hr and 6hr, the protein profiles showed

that at least one protein in the sensitive isolates with an approximate

molecular weight of 83 KDa was inhibited in the presence of

iprodione (shown by <—). The same protein was not affected in the

resistant isolates and the controls (shown by i) (fig. 21-24).
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B D

Figure 14. X-Ray film was exposed to SDS-PAGE contains labeled

total soluble protein ( isolated immediately after the addition of

[^^S]-methionine and iprodione (5|Lig/ml). A-B Botrytis cinerea

isolates, BC2, BC3, BC4 and BC5 respectively.
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Figure 15. [^^S]labeled total soluble proteins of Botrytis cinerea isolates. (A)

total soluble proteins were extracted 30 min after the addition of [^^S]-

methionine (iprodione free medium). (B) total soluble protein were extracted

30 min after the addition of [^^S] and iprodione (5|Xg/ml). (M) positions of

protein standards.
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Figure 16. Densitometeric recording of protein gels shown in figure 15.





63

BC2 BC3 BC4 BC5 %M

175,000

83,000

62,000

47,500

7.t> non

Figure 17. [^^S] labeled total soluble proteins of Botrytis cinerea

isolates. Proteins were extracted Ihr after the addition of [^^S] and

iprodione (5|J,g/ml). (M) positions of protein standards.
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Figure 18. Densitometeric recording of the protein gel shown in figure 17.
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Figure 19. [^^S] methionine labeled total soluble proteins of

Botrytis cinerea isolates. Proteins were extracted 2hr after the

addition of [^^S] and iprodione (5|ig/ml). (M) positions of the

protein standards.
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Figure 20. Densitometeric recording of the protein gel shown in figure 19.
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Figure 21. [^^S] labeled total soluble proteins of Botrytis cinerea.

Proteins were extracted 4hr after the addition of [^^S] and iprodione

(5|Xg/ml). The arrows refer to the absence of the protein band in the

sensitive isolates.





68

Top -• Bottom

Figure 22. Densitometeric recording of the protein gel shown in figure 21

.
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Figure 23. [^^S] methionine labeled total soluble proteins of Botrytis

cinerea isolates. Proteins were extracted 6hr after treatment. The sign (+)

indicates the presence of iprodione in the medium. The white arrows refer to

the absence of the protein band whereas, the black ones refer to the presence

of this protein band.
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Figure 24. Densitometeric recording of the protein gels shown in figure 23.
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Discussion

According to the literature (Northover, 1983), our iprodione

resistant isolates (BC4 and BC5) are considered as low level

iprodione resistant. Their growth on PDA and in liquid media was as

good as those of the sensitive ones. Furthermore, resistant isolate

BC4 showed a growth rate even higher than the growth of the

sensitive isolates on both media. This was not the case in the

observations made by Leroux et al. (1977), Davis and Dennis (1981)

and Katan (1982) that the sensitive isolates have higher radial growth

than that of the resistant isolates.

Conidial germination and mycelial growth of the sensitive

isolates (BC2 and BC3) were inhibited at iprodione concentrations of

10 and 5 |ig/ml, respectively. However, resistant isolates exhibited

normal conidial germination at 10 and a considerable mycelial

growth at 5 |ig/ml iprodione concentrations. Mycelial growth

inhibition in these two isolates was only detectable at iprodione

concentrations exceeding 5 |ig/ml and 25 )ag/ml for conidial

germination, respectively. These findings are in full agreement with

those reported by Davis and Dennis (1981) and Northover and

Matteoni (1986).

In this work, in the absence of iprodione the sensitive isolates

produced no sclerotia; whereas, the resistant isolates produced a

large number of these structures. Contrary results from previous

studies (Beever and Byrde, 1982; Ponmier and Lorenz, 1982)

revealed that mycelial growth, sporulation and sclerotia production

of dicarboximide-resistant strains of B. cinerea are usually lower

than those of the sensitive isolates on fungicide-free media.
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Sclerotial production of the resistant isolates (BC4 and BC5) was

reduced by iprodione. A similar observation was made by Gullino

and Garibaldi (1981) who reported an inhibitory effect of iprodione

on sclerotial development.

On the basis of laboratory studies carried out in different

countries, it was difficult to conclude whether the resistance to

iprodione (or dicarboximides in general) is linked to a decrease in

the fitness of the resistant isolates (Garibaldi et al, 1983). Some

authors observed that isolates with high resistance have generally

lower saprophytic and pathogenic capacities, compared to the

sensitive ones (Hishada and Kawase 1977; Maraite et al., 1980;

Beever and Garibaldi, 1983). However, a few resistant isolates

showed growth, sporulation and infection capacities similar to those

of the sensitive isolates (GuUino and Garbaldi 1981). The results

reported in this study show that the resistant isolates behave

similarily to the sensitive ones. Their aggressive capacities were

similar to that of the sensitive isolates. Our findings here resemble

that of earher studies (Miller and Fletcher, 1974; Geeson, 1976;

Leroux et al, 1977) in which no differences in aggressiveness were

reported between resistant and sensitive isolates of B. cinerea on

cucumber and strawberry. Some other studies on pathogenicity of fi.

cinerea isolates on grape also revealed no differences in virulence

between resistant and sensitive isolates (Faretra et al., 1991; Maraite

et al, 1980; Davis and Dennis 1981; Northover, 1983). However,

Gullino and Garibaldi (1979) claimed that laboratory-produced

resistant strains oiB. cinerea were much less pathogenic to grape

berries than the sensitive ones. They also reported that these
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laboratory-produced resistant strains were highly resistant and

showed high osmotic sensitivity. This may explain their low

virulence on mature grapes with a high sugar concentration. The

same study reported that low and moderately iprodione resistant B.

cinerea strains were as virulent as the sensitive ones.

The character more widely used in laboratory assays to evaluate

the fitness of isolates has been their sporulation (Katan, 1982). The

sensitive isolates BC2 and BC3 and the resistant isolate BC4

sporulated heavily on PDA. The other resistant isolate BC5 showed

poor sporulation on the same medium. A previous report (Davis and

Dennis, 1981) has indicated that reduced sporulation is associated

with resistance to fungicides such as triforine and fenarimol, which

are considered to interfere with sterol biosynthesis. Similarly,

Pappas and Fisher (1979) reported iprodione to reduce sterol

biosyntheis in B. cinerea. In this study , the resistant isolate (BC4)

had a sporulation capacity as good as that of the sensitive ones.

However, the resistant isolate (BC5) sporulated poorly on PDA.

Sporulation of the resistant isolates was enhanced by low

concentrations of iprodione in the medium (up to 2|ig/nil). This was

not an uncommon observation because it resembles those reported

by Maraite et al. (1980), Katan (1982) and Fraile et al (1986).

Similar results were obtained also by Polach and Molin (1975) when

they treated B. cinerea isolates with benomyl.

In the absence of a selection pressure exercised by the

fungicide, resistant isolates did not lose their resistance to iprodione

after 40 transfers on PDA in a period of four months. As pointed out

by Katan (1982), if instabiUty in relation to iprodione resistance
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reflects a heterokaryotic state, then our resistant isolates must have

undergone considerable homokaryotization in the field and in

laboratory cultures. It has been shown that heterokaryotic isolates

can adapt extremely rapidly to the presence or the absence of

dicarboximides in culture ( Summers et al. 1984), but our resistant

isolates did not behave in the same manner, and they maintained

their resistance to iprodione. These findings substantiate the

observations made by Katan (1982) who also confirmed the stability

of fungicide resistance in the B. cinerea isolates that he studied. This

was not the case in some other previous studies (Lorenz and

Eichhom, 1982; Pommer, 1982; Wang, 1986) which claim that most

resistant isolates of B. cinerea become sensitive again, if these

isolates were not exposed to dicarboximide fungicides during

subculturing.

Despite the strong inhibiting effect of iprodione on the radial

growth of sensitive isolates of B. cinerea, there was no apparent

effect on the total soluble protein concentrations produced by these

isolates after six hours of treatment with iprodione at concentration

of 5jig/ml. A similar effect was also observed in the resistant

isolates. Total soluble protein concentrations extracted from B.

cinerea isolates treated with iprodione were not different from the

controls. It is possible that the target is a single protein and, the

change in total protein concentration was not detected by this

method.
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Electrophoresis of total soluble proteins showed no obvious

differences in the protein banding pattern between the sensitive and

the resistant isolates of B. cinerea. Further differences were not

found between B. cinerea (both sensitive and resistant) isolates

treated with iprodione (0.5|Xg/ml) for 30hr and the controls.

When cultures were treated with higher iprodione concentration

of 5|a,g/ml in the presence [^^S] methionine, changes were not

observed in protein profiles up to 4hr. After 4hr of treatment one

protein band with an approximate molecular weight of 83 KDa was

missing from the protein profile of iprodione treated sensitive

isolates but not from the resistant isolates and the controls. The

inhibition of this protein was visible after 4- 6hr of treatment with

iprodione. This agrees with the results of Reilly and Lamoureux

(1981) which revealed that complete mycelial growth inhibition of

sensitive strains was observed 4hr after the addition of iprodione.

They also claimed that iprodione binds selectively to some proteins.

Luck and Gillings (1995) reported that the fungicide, benomyl binds

to p-tubulin protein in B.cinerea and some other fungi which leads to

the ihibition of mitosis. Similarly iprodione may bind to the 83 KDa

protein and degrade it or inhibit its production in the sensitive

isolates.
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Conclusions

According to our results, the resistant isolates had growth,

sporulation and pathogenic qualities similar to those of the sensitive

ones. Sporulation of resistant isolates was enhanced by low

iprodione concentrations. Resistant isolates showed stability in their

resistance to iprodione. Such qualities give resistant strains a

competetive advantage over sensitive strains. However, larger

number of samples is required to be investigated to represent the

pathogen population in southern Ontario.

Further investigations into the 83 KDa protein may provide

valuble information regarding iprodione' s mode of action and/or

iprodione-tolerance of resistant isolates. For instance, isolation of

the 83KDa and test its degradabihty in the presence of iprodione.

Investigate whether the effect on this protein is due to inhibition of

its synthesis or is due to its degradation by the fungicide. Study the

effect of the fungicide on the RNA ofB. cinerea isolates would also

shed some light on this point.
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