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ABSTRACT 

A technique for screening seedlings of Amelanchier 

alnifolia Nutt. (saskatoon berry) for resistance to the fungal 

pathogen Gymnosporangium nelsonii Arth. was developed. The 

rust species used in the experiments, G. nelsonii, has a 

heteroecious life cycle and commonly alternates between 

Juniperus horizontalis or J. scopulorum and A. alnifolia. A 

reliable procedure for generating basidiospores, the inoculum 

infectious to saskatoons, from telia, was developed. 

Conditions allowing the expression of susceptibility in 

saskatoon seedlings were investigated. Susceptibility was 

evaluated on the basis of pycnial lesion density on leaves. 

The average density of pycnial lesions on the youngest 

three leaves was used to score disease severity. High 

correlations were observed when this scoring system was 

compared with other scoring systems (average of youngest two 

leaves, r=O. 962; average of 2nd and 3rd youngest leaves, 

r=0.760; average of youngest five leaves, r=0.943; maximum 

density on any leaf, r=0.933), showing that the use of the 

average density-of lesions on the youngest three leaves for 

describing the amount of disease of saskatoon seedlings was 

reasonable by comparison with the other scoring systems. 

Three and four week old seedlings exhibited the greatest 

disease severity when seedlings from one to seven weeks of age 

were tested. 
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As leaves aged, their susceptibility to infection 

decreased. Leaves 2-5 days old were the most susceptible and 

leaves greater than 10 days old did not show substantial 

infection. 

The minimum leaf wetness period resulting in the greatest 

disease severity was 24 hours. Shorter leaf wetness periods 

resulted in fewer lesions while periods greater than 24 hours 

did not induce a greater number of lesions. 

The relationship between inoculum concentration and 

disease severity was linear (r2=0.975) over the range of 

concentrations tested. 

The inoculum suspension naturally ran off the leaves 

easily without the use of some method to allow the it to 

adhere to the leaf surface. After testing four commercial 

adjuvants (Biostick, Postick, Forevergreen, and Tween 20), 

molasses, surface rubbing, and a control, it was shown that 

rubbing the surface of the leaves or a 1-2% solution of 

molasses were effective in sticking the suspension to the 

leaves; this resulted in a high number of infections. The use 

of an adjuvant required considerably less labour than the 

surface rubbing treatment. 
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1. INTRODUCTION 

Amelanchier alnifolia (saskatoon berry) is a potential 

commercial fruit crop for the prairies (Graham 1977, Darrow 

1975, Wright 1973, Miller and stushnoff 1971). currently, 

about 240 hectares are planted with 80 hectares in 

production (J.G.N. Davidson 1990, pers. comm.). As a new 

crop, several agronomic traits including time of flowering, 

seed size, fruit size and flavour, and pest and disease 

resistance need improvement. Among the more serious 

diseases with economic consequences, Harris (1976) 

identified saskatoon rust (Gymnosporangium spp.; also known 

as cedar apple rust and juniper rust). 

Saskatoon rust is being controlled in commercial 

plantings with fungicides, by removing the alternate host 

plant, Juniperus spp., and by avoiding planting in areas 

where junipers grow. Fungicides represent a substantial 

cost to the grower and are becoming less acceptable as 

environmental awareness increases. Removal of the 

alternate host plant is labour intensive. A grower may 

remove Juniperus from his or her own land but has little 

control over removing the plants from the surrounding area. 

Ecological consequences do not warrant the employment of a 

wide scale alternate host eradication program. 

Genetic resistance has proven to be the most effective 

and inexpensive form of disease control in many other crops 
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(G.R. Hughes 1989, pers. comm.), therefore, seeking genetic 

resistance in the saskatoon is a worthy endeavour. 

In improving the agronomic characters of saskatoons, 

many characters must be measured after the plants reach 

productive maturity. This may take up to seven years if 

they are grown from seed (Ulrich 1988). Any trait that can 

be evaluated at the seedling stage would speed breeding 

work considerably. 

The objective of this study was to develop a technique 

to screen saskatoon seedlings for resistance to 

Gymnosporangium. Before seedlings can be screened, a 

reliable technique to produce basidiospores, the spores 

infectious to saskatoons, and to infect seedlings is 

required. Conditions for maximum disease expression 

including the effects of seedling age, leaf age, leaf 

wetness period, inoculum concentration, inoculum suspension 

adjuvants, and incubation temperature on disease severity 

should be investigated. In screening plants for disease 

resistance, it is important that the plants exhibit their 

potential susceptibility (Aldwinckle 1975). By determining 

conditions that will allow potential susceptibility to be 

expressed, there can be maximum assurance that a seedling 

is resistant, should one be found in the screening process. 

With the application of these techniques, disease 

resistance can be actively sought in the laboratory. Large 

amounts of fruit could be collected from the wild, seeds 
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extracted, and seedlings grown and screened. A genotype 

resistant to Gymnosporangium could be propagated as a 

variety itself, if it possesses other desirable qualities, 

or be used in a breeding program to incorporate the 

resistance gene(s) into existing cultivars. 
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2 • LITERATURE REVIEW 

2.1 Amelanchier alnifolia Nutt. 

2.1.1 Taxonomy 

Amelanchier is a genus of shrubs and small trees 

belonging to the subfamily Maloideae of the family 

Rosaceae. American species of Amelanchier are known by the 

common names serviceberry, sarviceberry, sarvis, maycherry, 

juneberry, shadblow, shadbush, shadberry, shadblossom, 

shadflower, shadwood, sugarpear, wild pear, lancewood, 

boxwood, Canadian medlar, bilberry, snowy mespilus, and 

saskatoon. The species A. alnifolia, is known by the 

common names shadbush, service berry, and saskatoon (Jones 

1946). 

A. alnifolia and A. oblongifolia are of commercial 

interest for their fruit (Darrow 1975). The growth form of 

A. alnifolia ranges from a low and spreading shrub to a 

small tree 1-5m tall. Deciduous and unarmed, it has 

multiple stems with an open crown, and often forms vast 

thickets. If in the form of a tree, it is erect and 

usually less than 5m tall, but occasionally 10m tall 

(Anonymous 1976). 

Miller and Stushnoff (1971) reviewed the descriptions 

of Amelanchier species. Their review of A. alnifolia 
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described it as having an erect, dense raceme ranging in 

length from 1.5 to 3 em comprised of 5 to 15 flowers. 

Fruit size ranges from 8 - 11 mm in diameter. The fruit is 

usually purple, although fruit colour has been observed to 

range from dark purple to black (Anonymous 1976). An 

exception to the reports of fruit colour, the cultivar 

'Altaglow• possesses white fruit and although white fruited 

genotypes are rare, they are known to exist in nature. 

According to Nielson (1939), the leaf shape is broadly 

elliptic, sometimes nearly orbicular or quadrangular. The 

apex is rounded or truncate but rarely sub-acute while the 

base is rounded, rarely tapering or sub-cordate. The blade 

size is variable, ranging from 2-3.5 em x 2-3.5 em. The 

margins are serrate dentate above the middle with acute 

sinuses. Petioles are 1 - 2.5 em long. 

The fruit is a globose to obpyriform pome (Nielson 

1939). The fruit can potentially contain 10 seeds but 

averages about 3 (R.G. St. Pierre 1990, pers. comm.). 

While the inflorescence has been described as a raceme 

(Agriculture Canada 1979, Miller and Stushnoff 1971), 

Steeves and Steeves (1990, in press) describe the 

inflorescence as a shortened panicle. 

Taxonomic descriptions of Amelanchier have included 

cytological studies. Robinson and Partanen (1980) reported 

the basic chromosome number for Rosaceous species as n=17. 

Sax (1931) reported the genus Amelanchier as having 
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chromosome numbers 2n=34 and 2n=68. Love (1975) reported 

A. alnifolia as having n=34. 

2.1.2 Ha~itat and qeoqraphic distri~ution 

The genus Amelanchier is widely distributed in North 

America, Europe, northern Africa, and eastern Asia (Jones 

1946). According to McKay (1973), the geographic range of 

A. alnifolia stretches from the Yukon to Ontario, and 

southward to Nebraska, Colorado, and eastern Oregon. Its 

habitat includes moist hill-sides, woods or thickets, open 

slopes in canyons and on mountainsides, and it is very 

common in coulees, bluffs, and open woodlands (Agriculture 

Canada 1979). It can be found at elevations from near sea 

level to subalpine altitudes (Anonymous 1976). 

2.1.3 Genetic resources and prospects as a commercial 
crop on the prairies 

There is considerable interest in the fruit of A. 

alnifolia for the fresh fruit market and for the processing 

and freezing industries (Harris 1972). All commercially 

grown cultivars are a result of selection from wild stands 

and the use of a few common cultivars is largely due to 

availability rather than performance (J.G.N. Davidson 1989 

pers. comm.). Based on field observations, there is 

apparently great diversity of the plants in nature so it is 
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easy to imagine the benefits still to be gained by 

selecting plants from wild stands. Combining desirable 

traits of the established cultivars through breeding is 

still at a very early stage. This signifies the genetic 

potential for improving A. alnifolia. The fact that 

natural hybrids of Amelanchier exist may indicate that 

interspecific hybridization could expand the genetic 

potential of A. alnifolia as a commercial crop plant 

(Cruise 1964). 

2. 2 Gymnosporangium spp. 

2.2.1 Taxonomy 

Gymnosporangium is a rust fungus in the order 

Uredinales of the class Basidiomycetes. There are three 

unique features of rust fungi: 1) up to five 

morphologically different spore states exist in a life 

cycle of a single species; 2) many species require two 

unrelated groups of host plants to complete their life 

cycle (heteroecious life cycle), although others require a 

single host plant (autoecious life cycle); and 3) the 

species commonly have narrow and specific host ranges 

(Cummins and Hiratsuka 1983). 

Roman numerals have been assigned to the five spore 

states of the rust fungi (Cummins and Hiratsuka 1983). The 
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spore states and the structures that bear them (in 

brackets) include: 

o Spermatia (spermagonium) - gametes 

I Aeciospores (aecium) - non-repeating spores produced as 
a result of dikaryotization 

II Urediniospores (uredinium) - repeating vegetative 
spores produced on a dikaryotic mycelium 

III Teliospores (telium) - basidium-producing spores 

IV Basidiospores (basidium) - monokaryotic spores produced 
on the basidium 

Gymnosporangium is unique in that, with the exception 

of only a few known species, its life cycle lacks the 

uredinial state. Species lacking one or more of the spore 

states are called demicyclic. The genus Gymnosporangium is 

largely heteroecious. 

Kern (1911) provided the following taxonomic 

description of the genus Gymnosporangium: "Sub-epidermal 

spermagonia; aecia sub-epidermal in origin, erumpent, with 

peridium; uredinia sub-epidermal in origin, erumpent, 

lacking in most species; spores borne singly on pedicels, 

verrucose, pores scattered. Telia sub-epidermal in origin, 

erumpent as cushions, crests, or horns, gelatinizing when 

moist, mostly perennial in the host, often inducing 

swelling or fasciations; spores one to several celled but 

mostly 2-celled by horizontal septum, borne singly on 

gelatinizing pedicels (with perhaps rare exceptions), germ 

pores 1 to several but most often 2 per cell, variously 
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placed, spore wall mostly pigmented and smooth; germination 

occurs without dormancy; basidium external." 

2.2.2 Species and common names 

The best known species of Gymnosporangium is G. 

juniperi-virginianae, the classic cedar apple rust. It is 

a serious parasite of apples in the eastern and north 

central areas of the United States (Anderson 1956). Barnes 

(1968) stated that while cedar apple rust is an appropriate 

name for a disease caused by a fungus that attacks both the 

cedar1 and the apple, it is also fitting that the reddish 

galls produced on the cedar are called cedar apples. J.A. 

Parmelee (1989 pers. comm.) believed that the name was 

coined due to its heteroecious life cycle. 

There are other rust diseases caused by 

Gymnosporangium spp. Two common ones are hawthorn rust (G. 

globosum) and quince rust of pears (G. clavipes). Species 

of Gymnosporangium differ mainly due to morphological 

characteristics of,the spores and the species of Rosaceae 

and gymnosperms they parasitize. 

Parmelee (1970) identified several species of 

Gymnosporangium parasitizing A. alnifolia and Brown (1956) 

listed species parasitizing A. alnifolia that were in 

accordance with the species Parmelee described. According 

Ginns (1985), the species of Gymnosporangium occurring on 
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A. alnifolia in Western canada are listed in Table 2.1. 

Table 2.1. Species of Gymnosporangium that parasitize 
A. alnifolia. 

Species Alternate hosts 

G. inconspicuum Kern 

G. nidus-avis Thaxt. 
synonym G. juvenescens Kern 

G. nelsonii Arth. 
synonym G. corniculans Kern 

G. clavariiforme Pers. 

G. clavipes Cke. & Pk. 

Juniperus scopulorum 

J. horizontalis 
J. scopulorum 

J. horizontalis 
J. scopulorum 

J. communis var. depressa 

J. communis var. depressa 

Within the prairie provinces, the two predominant 

species parasitizing A. alnifolia are G. nelsonii and G. 

nidus-avis. Although G. clavipes does occur on the 

prairies, it is less common (Parmelee 1970). 

G. nelsonii, G. nidus-avis, and G. clavipes are 

commonly known as cedar apple rust on the prairies. The 

name is fitting if it is assumed that the origin of the 

name traces back to the telia on Juniperus spp. being 

referred to as cedar apples. 

1eastern red cedar, the common name of the alternate 
host of G. juniperi-virginianae, is actually a 
juniper whose latin name is Juniperus virginianae. 

If a common name is to be used to distinguish G. 
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nelsonii, G. nidus-avis, and G. clavipes from G. juniperi

virginianae, then perhaps saskatoon rust would be 

appropriate (J.G.N. Davidson 1990, pers. comm.). This 

would cause the many species of Gymnosporangium on 

saskatoons to lose their identity by being grouped together 

under one common name. However, if the term saskatoon rust 

was restricted to A. alnifolia within the prairie 

provinces, it would be specific enough to imply one of 

three species of Gymnosporangium. Juniper rust has also 

been used as a common name but is obviously deficient in 

that it implies every species of Gymnosporangium that 

parasitizes Juniperus spp. 

2.2.3 Physiologic races 

Differences in pathogenicity among populations of G. 

juniperi-virginianae were first reported by McNew (1938), 

Crowell (1935), and Bliss (1933). Aldwinckle (1975) 

conducted an investigation on the interaction between 

fourteen apple cultivars and ten populations of the fungus 

and confirmed the existence of five rust races on the basis 

of aecial development on apple leaves. Karban et al. 

(1987) reported five physiologic races as well, although 

they noted differences in pathogenicity when compared with 

those of Aldwinckle (1975). They explained that a change 

in pathogenicity had occurred over time and that this was 
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not surprising because Gymnosporangium is a sexual 

organism, and therefore genetically diverse. Race 

formation in western Canadian species of Gymnosporangium 

has not been investigated. 

2.2.4 Disease cycle 

Figure 2.1 illustrates the disease cycle of 

Gymnosporangium. According to Ziller (1974) and Barnes 

(1968), with the exception of G. gaeumannii and G. 

nootkatense, Gymnosporangium spp. overwinter as binucleate 

mycelia in woody galls composed of fungal and host tissue 

(I). In the spring (May, in the Canadian prairies) telia, 

or telial horns, emerge from the galls on Juniperus spp. 

(A). The telia contain rows of two celled teliospores (B). 

During substantial rain, the telia elongate and become 

gelatinous and the nuclei of the binucleate teliospores 

undergo fusion and meiosis and the teliospores germinate to 

produce four haploid basidiospores (D). The basidiospores 

are forcibly discharged (Prince 1943) beyond the leaf'~ 

boundary layer and are carried by the wind to susceptible 

host tissues (young leaves and flower receptacles). After 

the basidiospores land on susceptible host tissue, a period 

of leaf wetness is necessary for germination and successful 

infection (Aldwinckle et al. 1980). Infection by 
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Figure 2.1. The disease cycle of Gymnosporangium 
(Ziller 1974). 
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basidiospores takes place on flower receptacles and on the 

upper surface of the leaves. Penetration of the host cells 

is direct (Nusbaum 1935) and mycelia invade the tissue and 

eventually differentiate into pycnia which appear as orange 

coloured lesions (F). From the pycnia, compatible 

pycniospores fertilize receptive hyphae to form a 

dikaryotic mycelium; this constitutes the sexual stage of 

the fungus. The dikaryotic mycelium grows through the host 

tissue and a cushion of hypertrophied tissue begins to form 

on young fruit and the underside of leaves (F). Soon 

after, aecia are formed and appear as horn-like 

protrusions. On fruit, pycnia and aecia are formed in the 

same area. In many cases, especially when inoculum density 

is high, infection takes place on petioles and twigs of the 

current season's growth. From the aecia, aeciospores are 

released in mid-to late- summer (July to August on the 

prairies) and are wind blown to infect leaf axils of 

Juniperus spp. (G,H). The following year, a woody gall is 

formed by late summer and the disease cycle is complete 

(I) • 

2.2.5 The production of basidiospores 

The effects of rainfall and temperature on 

basidiospore production have been extensively studied for 

G. juniperi-virginianae (Aldwinckle et al. 1980, Pearson et 
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al. 1980, Pearson et al. 1977, Pady and Kramer 1971). 

Knowledge of the basidiospore discharge periods allows 

apple growers to make the most efficient use of fungicides. 

The information has also been useful for maximizing 

basidiospore production for inoculation experiments. 

Differences in the period of basidiospore discharge 

have been found among species of Gymnosporangium (Pady and 

Kramer 1971). In G. juniperi-virginianae and G. globosum, 

under alternating conditions of light and dark, discharge 

was periodic, with maximum discharge occurring in the dark. 

Continuous dark resulted in a single peak after 6 hours. 

Under continuous light, the pattern was similar but the 

peak discharge occurred after 20 hours. In G. globosum, 

under alternating light and dark periods, discharge peaked 

in the first 12 hours. In both species, discharge began 

within three hours and maximum discharge periods on the 

second and third days were always in the dark. 

Pearson et al. (1980) investigated the effect of 

rainfall and relative humidity on the duration of spore 

discharge in G. juniperi-virginianae and found a high 

correlation (r = 0.935) between duration of spore release 

and hours of relative humidity greater than or equal to 85% 

after a rainfall. Under field conditions, the discharge 

period was within a few hours of the start of rainfall. It 

continued through the rain period and ceased when rainfall 

ended and the leaves dried. 
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An investigation into the effect of teliospore 

germination and basidiospore formation in G. juniperi

virginianae was conducted in vitro by Pearson et al. 

(1977). They found that teliospores germinated at 

temperatures ranging from 8-30 °C and that germination was 

first observed after 2 hours at 12 to 28 °C but longer time 

periods were required at lower temperatures. Promycelia 

formed basidiospores within 4 hours at 12 to 24 °C but not 

until 7 hours at 8 °C. Abortive germination of teliospores 

occurred at temperatures ranging from 26 to 30 °C, and no 

germination was observed at 2 to 6 °C. 

2.3 Disease resistance 

2.3.1 Defininq resistance 

Disease resistance is a relative trait in plants 

rather than an absolute quality (Shaner 1980). With the 

exception of total resistance (i.e. immunity), which is the 

complete absence of disease, resistance is always described 

on a scale relative to diseased plants that are arbitrarily 

labelled susceptible (Simmonds 1984). Kuc' (1965) 

differentiated between resistance and susceptibility by 

stating that resistance is the extent to which a plant can 

withstand, oppose, lessen, or overcome the attack of 

resistance while susceptibility is the extent to which it 
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cannot. An illustrative example is the interaction between 

apple cultivars and the cedar apple rust fungus G. 

juniperi-virginianae. This fungus exhibits two visually 

distinct life cycle stages on apple leaves, pycnia and 

aecia, on the upper and lower leaf surfaces, respectively. 

A variety of scales have been used to categorize resistance 

to this disease. One of the scales regards a plant 

exhibiting pycnia but no aecia as possessing some 

resistance mechanism. Niederhauser and Whetzel (1940), 

defined resistance as the absence of aecia, and 

susceptibility as the presence of aecia. The validity of 

this assessment as a practical scale is subject to 

criticism. For instance, these same lesions occur on the 

fruit. If the fruit exhibits a fully developed pycnial 

lesion, it isn't fair to assess the fruit as resistant 

because a resistant plant would still bear unmarketable 

fruit. 

The scale has evolved considerably since Niederhauser 

and Whetzel (1940). Mowry (1964) and Aldwinckle (1975) 

designated any plant with pycnial lesions as susceptible. 

Aldwinckle (1975) used both lesion size and number to 

assess the level of susceptibility on any plant. 

Resistance was a term reserved for plants not exhibiting 

any life cycle stage of the fungus. It is apparent that 

the definition of resistance can be arbitrary. 
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2.3.2 A brief account of the mechanisms of resistance 

Several possible mechanisms of resistance exist. 

Numerous authors (Aist 1983, Stoessl 1983, Agrios 1978, 

Deverall 1977, Wheeler 1975, Akai 1959, Allen 1959, Muller 

1959) have recognized fundamental categories with respect 

to the defense response of the host plant. 

Dickinson and Lucas (1982) summarized the resistance 

mechanisms in green plants and stated that the mechanisms 

can be regarded as passive (preformed) or active 

(inducible). Within these two categories, mechanisms are 

structural or chemical. Passive structural mechanisms 

include wax, cuticle, cell walls, stomatajlenticels, and 

endodermis; passive chemical mechanisms include nutrients, 

pH, toxic compounds, and enzyme inactivators. Structural 

mechanisms that are induced by the invasion of the pathogen 

include callose deposition, lignification, the formation of 

abscission layers and wound barriers, and the formation of 

tyloses, while the inducible chemical responses include 

phytoalexin synthesis and various detoxification 

mechanisms. 

Dickinson and Lucas (1982) indicated that all of these 

mechanisms are not necessarily operating on every pathogen. 

For example, a pathogen that parasitizes its host by 

invading stomata will not be restricted by a thick cuticle 

(Martin 1964). 
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Nusbaum (1935) conducted a cytological study of the 

resistant reaction of four apple cultivars to G. juniperi

virginianae. He found that the primary hyphae of 

basidiospores (referred to as sporidia in the study) 

penetrated the host cells directly and established 

themselves intracellularly before spreading between cells. 

Because this phenomenon occurred in both resistant and 

susceptible cultivars, he concluded that resistance was not 

due to mechanical inhibition at the cuticle level in the 

cultivars under investigation. In resistant reactions, 

penetration of the epidermis did occur, but very seldom did 

the hyphae reach the lower epidermis and the end result was 

death and collapse of the host cells and the parasite. 

Macroscopically, a necrotic fleck was apparent. This 

resistant reaction has been described as a hypersensitive 

reaction. 

Deverall (1977) and others have used the term 

'compatible' to describe the process where a pathogen 

successfully parasitizes its host and 'incompatible' to 

describe interactions which cause deleterious changes in 

cells of host and/or parasite. The incompatible or 

resistant reaction has been described in detail by Muller 

(1959). Essentially, rapid chemical, morphological, and 

structural changes take place in the invaded host cell that 

are inhibitory to the fungus. This is accompanied by 

necrosis of host tissue in the vicinity of the invading 
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fungus. A traditional misconception of hypersensitivity 

has been that the plant commits •cellular suicide' and the 

fungus is 'starved'. on the contrary, it seems that the 

process of parasitization and host cell death happens so 

quickly that the fungus is killed before it can advance to 

new cells (R.A.A. Morrall 1989, pers. comm.). Agrios 

{1978) referred to plants that actively combat the advance 

of a pathogen by the production of structural and chemical 

barriers in response to pathogen invasion as being •truly 

resistant•. 

2.3.3 Screening plants for disease resistance 

2.3.3.1 Characterization of germplasm and the quantitative 
assessment of disease severity in apple 

The first rust resistant cultivars of apple were found 

by chance observation in field nurseries (S.S. Korban 1989, 

pers. comm.). Aldwinckle (1974) published an account of 

the field susceptibility of 41 apple cultivars. His method 

of determination included a questionnaire sent out to 

disease specialists in North America requesting that 

recipients return their opinions of disease susceptibility. 

Observational assessments of this type have been conducted 

on other occasions (Niederhauser and Whetzel 1940, crowell 

1935). The first attempt to characterize the genetic 

control of resistance to G. juniperi-virginianae in apple 
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was made by Reed and Crabhill (1915). Mowry (1964) 

investigated the inheritance of susceptibility. Chen and 

Karban (1987) and Aldwinckle et al. (1977) re-inves~tigated 

the genetic control of resistance using 58 apple cultivars 

and selections. In all cases, resistance had to be 

reliably evaluated in the parent stock. Aldwinckle~ (1975) 

developed a reliable infection rating for apple cultivars. 

Within a cultivar, he measured the pycnial lesion size and 

number on the seven youngest leaves. He found good 

correlation between the highest number of lesions on any 

leaf and the mean number of lesions on the seven youngest 

leaves, and between the mean lesion diameter on the leaf 

with the largest lesions and the mean lesion diameter of 

the seven youngest leaves. He stated that nd2 (where n is 

the number of lesions and d is diameter, using the highest 

observed values for nand d), of different cultivar;s 

inoculated with the same inoculum, would produce a 

comparative rating for susceptibility, taking into account 

differences in lesion size and frequency. Furthermore, he 

found that the m9re manageable term log10 (10nd2 ) was 

positively correlated with the results from his field 

susceptibility survey of 41 apple cultivars (Aldwinckle 

1974). The same method of rating infection was used by 

Chen and Karban (1987) in their resistance inheritance 

study. 

New screening techniques have been developed for 
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assessing resistance in somaclonal variants. Saad (1965) 

inoculated apple callus with a spore suspension of Venturia 

inequalis (Cke.) and found that callus growth was 

inhibited. Wanstreet (1982) developed a technique for 

inoculating crabapples with Erwinia amylovora and observed 

a high correlation between susceptibility of plants in the 

orchard and in vitro shoot tip cultures. Joung et al. 

(1987) developed a technique for screening shoot cultures 

of apple for resistance to G. juniperi-virginianae. 

2.3.3.2 Factors affectinq disease severity induced by 
G. juniperi-virginianae on apple 

The most thorough investigations into the host

pathogen interaction between a Gymnosporangium species and 

its rosaceous host have been with apple and G. juniperi

virginianae. One area of study has been in factors that 

affect disease severity. The results were used for 

assessing the susceptibility of apple genotypes and the 

pathogenicity of collections of Gymnosporangium spp. by 

artificial inoculation. The factors affecting disease 

severity that have been investigated under strictly 

controlled conditions include leaf age and inoculum 

concentration (Aldwinckle 1975), duration of leaf wetness 

period and air temperature (Aldwinckle et al. 1980), and 

race pathogenicity (Karban et al. 1987 and Aldwinckle 

1975). The latter was discussed in section 2.2.3. 

22 



Aldwinckle (1975) found that the greatest number of lesions 

occurred on 6 and 8 day old leaves, while the largest 

lesions occurred on 2 and 4 day old leaves (leaf ages were 

recorded in two day intervals). It was concluded that 

potential susceptibility of apple genotypes could only be 

fully expressed when 2 to 8 day old leaves are present. 

A positive correlation was found between the number of 

lesions and the concentration of basidiospores in the 

inoculum suspension up to a certain spore concentration 

(Aldwinckle 1975). Because the rate of increase of the 

number of lesions decreased with inoculum spore 

concentration at very high concentrations, he concluded 

there was some indication of germination self-inhibition. 

Aldwinckle (1975) concluded that relative susceptibility 

could only be based on lesion numbers if the inoculum 

concentration was kept constant. Low concentrations of 

basidiospores failed to induce aecia on cultivars which 

normally bear aecia. Aldwinckle (1975) explained this by 

stating that it was possible that there were too few pycnia 

for spermatization to occur. Furthermore, it was concluded 

that whether a cultivar develops pycnia or hypersensitive 

flecks is independent of inoculum concentration; this was 

determined by inoculating resistant (HR) cultivars with a 

range of concentrations of spores. 

Aldwinckle et al. (1980) found that the optimum 

temperature range for infection of apple leaves is 10 to 24 
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°C, and within this range, low levels of infection occurred 

after a 2 to 5 hour leaf wetne~s period and severe 

infections after a 4 to 6 hour period. Infection could 

occur from 3 to 24 °C but at the low end of the range, 

progressively longer leaf wetness periods were required. 

The effect of leaf age on the susceptibility of open

pollinated Rome Beauty apple seedlings was similar to that 

for clonal Rome Beauty apple p~ants. The disease severity 

values on leaves of York Imper_al seedlings agreed with 

observations of natural infections of York Imperial apple 

leaves of different ages (Aldwinckle et al. 1980). This 

indicated that susceptibility ~f leaves of different ages 

on seedlings was similar to th_t of mature plants. Another 

important point made in Aldwin~kle's study was that the 

results related to infections on leaves and should be 

extrapolated with caution to infection of fruit. Limited 

information (Pearson and Meyer 1975, Hamilton 1937) 

indicates that fruit, like leaves, rapidly become less 

susceptible as they mature. s.s. Karban (1990, pers. 

comm.) cautioned that a few cases have been observed where 

leaves have not shown infection under artificial 

inoculation while the fruit did, although this has not been 

observed in cases where the re..:;istant leaves showed 

hypersensitivity. 

Very limited information 9Xists on the correlation 

between disease susceptibility differences between 
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seedlings and mature plants of woody species. Seedlings of 

Pinus radiata were found to have much greater degrees of 

infection with Dothistroma pini compared to stecklings 

(mature rooted cuttings) (Power and Dodd 1984). 

Significant differences in disease susceptibility have been 

observed between seedlings and adult plants of herbaceous 

species in many cases (e.g. Stewart et al. 1983, Rose

Fricker et al. 1986). 
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3. MATERIALS AND METHODS 

3.1 General 

3.1.1 Collection of telial qalls and the production of 
basidiospores 

Telial galls of G. nelsonii were collected on May 30, 

1988 and on May 11 and May 23, 1989 from Juniperus 

horizontalis growing on a grassy riverbank above the South 

Saskatchewan River, about 40 kilometres southwest of 

Saskatoon, Saskatchewan. Galls were difficult to find if 

the telia were dry (Figure 3.1a), especially when the telia 

had recently emerged and had not previously been exposed to 

rain. However, on May 23, 1989 the galls were collected in 

the rain at which time the telia were heavily gelatinized 

making them very conspicuous and easy to find (Figure 

3.1b). Galls collected in the gelatinized form were taken 

indoors and dried for 24 hours at room temperature. All 

galls were subsequently placed in plastic bags and stored 

dry in a freezer at -15°C. The galls were removed from the 

freezer and allowed to thaw for about 45 minutes at room 

temperature prior to use. They were then placed in a 

beaker and soaked in distilled water for 4 hours. The 

soaked galls were rinsed twice with distilled water to 

remove old non-viable basidiospores and spread over a 

double layer of cheesecloth that was stretched tightly over 
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a plastic 40cm x 25cm basin ( 'igure 3. 2a). Another basin 

covered the galls. It was iro)ortant that the cover basin 

was offset by about 1 em to a_low evaporation of free water 

from the galls (Figure 3.2b). The whole unit was placed in 

a growth chamber at 15 °C for 24 hours (12 hr light, 12 hr 

dark). 

After 24 hours, yellow-orange stains on the 

cheesecloth and the bottom of the basin indicated that 

basidiospores had been produc2d. The basidiospores were 

rinsed from the galls by spraying them with high pressure, 

low volume distilled water fr':Jm a chromatography sprayer 

attached to an air line (Figu~e 3.3). Spores were also 

rinsed from the stains on the cheesecloth. The use of the 

50 ml chromatography sprayer allowed collection of the 

basidiospores with minimal water. The suspension was 

collected from the bottom of the basin which was also 

rinsed with the sprayer apparatus. The basidiospore 

suspension was poured into a beaker and adjusted to the 

desired concentration, determined with a haemocytometer. 

About 60 galls would yield ap?roximately 200 ml of a 

500,000 sporefml suspension. 

In using this technique ~or basidiospore production 

and collection, the followin<~ factors were important: i) 

the cheesecloth and basin hac to be dry, otherwise the 

basidiospores discharged from the telia would germinate 
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Figure 3.1a. Telial gall previously unexposed to 
rain. 

Figure 3.1b. Telial gall showing bright orange 
gelatinized telia after exposure to 
rain. 

28 



prematurely in free water; and ii) when the basin was being 

rinsed of basidiospores it was important to hold the nozzle 

about 3 em from the spores so that the high pressure water 

separated the basidiospores into individual spores, 

otherwise they remained in . clumps in the suspension. 

Figure 3.2a. Telia galls suspended on cheesecloth 
over a plastic basin. 
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Figure 3.2b. Cover basin is slightly offset to 
provide the proper level of humidity. 

Figure 3.3. Basidiospores being rinsed from telial 
galls with high pressure water from a 
chromatography sprayer. 
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3.1.2 Inoculation technique 

In all experiments the following inoculation procedure 

was used: a basidiospore suspension of the desired 

concentration was obtained by the procedure described 

above. The final suspension was poured into a 50 ml 

Erlenmeyer-type chromatography sprayer attached by a rubber 

hose to a 392 ml, 483 kp container of compressed air for 

application of the suspension (Figure 3.4). 

Figure 3.4. The apparatus used for applying the 
inoculum suspension. 
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Leaves of the saskatoon seedlings were previously 

rubbed gently with the finger. This allowed the spray 

droplets to adhere to the leaves, otherwise droplets of 

spray would run off the leaves. The chromatography sprayer 

was held about 12 em from the leaves and the suspension was 

applied to the point where small droplets ranging from 1-2 

mm in diameter were uniformly distributed on the upper 

surface of the leaves (Figure 3.5). 

Figure 3.5. Small uniform droplets of inoculum 
suspension on leaves. 
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The formation of small uniform droplets on the leaves 

was desirable because it resulted in the greatest number of 

infection spots. If a large droplet of the inoculum 

suspension covered the same area as several small droplets, 

more infections would form on leaves sprayed with smaller 

droplets. The chromatography sprayer was used because it 

propelled mist composed of small droplets. 

3.1.3 Collection and germination of saskatoon seeds 

Ripe saskatoon fruit were collected in July 1988 from 

the same location as the telial galls. The fruit was 

divided into two lots. The seeds were extracted from fresh 

fruit in one lot and the fruit from the second lot was 

stored at -20 °C until needed. 

The following procedure for seed extraction was used. 

Approximately 250 ml of fruit were placed in a dull-bladed 

Waring blender with about 2 1 of water. The blender was 

pulsed at low speed to separate the seeds from the pulp 

without damaging the seeds. Once the fruit were 

sufficiently macerated, the water/fruit mixture was stirred 

to suspend the pulp and seeds. The seeds settled much 

faster than the pulp, allowing much of the pulp to be 

decanted. This was repeated until it was difficult to 

separate any more pulp from the seeds. The seedfpulpfwater 

mixture was strained through cheesecloth and the remaining 
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seedjpulp mixture was mixed thoroughly in dry, fine grade 

silica sand. This procedure was performed to discourage 

seeds sticking to pulp. The seedjpulpjsand mixture was 

spread on a pan and allowed to dry for about 1/2 hour, 

after which, it was strained through a series of soil 

screens: 3.9878 mm mesh (#5), 2.00 mm (#10), 1.70 mm (#12), 

and 0.60 mm (#28). The largest screen trapped pulp but no 

seeds, the second largest screen caught large seeds and 

pulp, the third largest screen trapped small seeds and only 

some pulp, the smallest screen trapped some sand and small 

debris and the basin caught the remaining sand. For this 

procedure to work, the sand had to be sufficiently dry to 

pass easily through the screens. The seeds trapped by the 

second largest screen were easily separated from the pulp 

with a spatula. 

Once clean seeds were obtained, they were planted 

about Smm deep in cell trays (1.5 cm2 cells) filled with a 

moist 1 part peat:l part perlite:! part vermiculite medium 

and covered with this same medium. The trays were misted 

with a hand sprayer containing 0.44 g/1 of the fungicide 

Benlate, covered with polyethylene, and placed on shelves 

in a dark cooler at 5°C. The medium was kept moist and the 

fungicide treatment was repeated every three weeks. After 

about 90 days, seedlings were beginning to emerge so the 

grow lights were turned on. Within two weeks of the first 

seedlings emerging, 80-90% of the seedlings had emerged. 
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The seedlings were transplanted to 3 inch pots containing 

the same medium as used previously and were grown in a 

greenhouse at 18 - 28°C, with 18 hour days. 

3.1.4 Data collection 

With the exception of the leaf age experiment, the 

recorded variables included the number of pycnial lesions 

per leaf on the youngest five leaves, and the dimensions of 

the youngest five leaves in centimetres. The data were 

converted into number of lesions per square centimetre. 

Frequently, lesions coalesced, so the mean size of the 

lesions on that leaf was visually estimated and used to 

estimate the number of lesions in the coalesced area. 

In addition to the above variables, lesion size was 

measured for the leaf age experiment. 

3.1.5 Conditions required to induce infection 

A plexiglass chamber was constructed to house the 

plants during the infection period (Figure 3.6) and an 

ultrasonic humidifier was used to provide leaf wetness. 

The humidifier was modified so that it could be set outside 

of the chamber while water vapour was pumped into the 

chamber through 1.9 em polyvinyl chloride tubing. The 

humidifier was placed outside of the chamber so that it 
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could provide continuous humidity; if it were placed inside 

the chamber , it would shut off when humidity reached a 

certain leve l and the leaves would dry prematurely. The 

entire structure was placed inside a growth chamber which 

was calibrated so that the temperature in the humidity 

chamber was l6°C . Daylength was 18 hours. 

The flow of water vapour from the humidifier was 

adjusted to a rate that was not high enough to cause 

condensation on the leaves and wash off the basidiospores, 

nor low enough to cause the leaves to dry before infection 

had taken place. 

Figure 3.6. Humidity chamber used to sustain leaf 
wetness in the experiments. 

36 



With the exception of the leaf wetness period 

experiment , plants were exposed to humidity for 24 hours. 

The plants were left in the growth chamber for an 

additional 24 hours after which their leaves had dried. 

They were then placed in the greenhouse. Twelve days 

following inoculation , pycnial lesions were well developed 

on the plants (Figure 3.7). 

Figure 3.7. Pycnial lesions on seedlings 12 days 
after inoculation with basidiospores. 
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3.1.6 Evaluation of disease severity 

In all of the experiments conducted to evaluate 

disease severity, the number of lesions per square 

centimetre was recorded on the youngest five leaves. From 

these raw data, the following variables were calculated: 

mean number on the youngest 2 leaves, mean number on the 

youngest 3 leaves, mean number on the second and third 

youngest leaves, mean number on the 5 youngest leaves, and 

the maximum number from any of the 5 youngest leaves. The 

average number on the second and third youngest leaves was 

calculated because it was noticed that the number of 

lesions on the youngest leaf was highly variable. It was 

believed that by eliminating this leaf in the evaluation 

that variability in the measurements would be reduced. The 

values from the evaluation methods were combined and 

correlation analysis was performed to determine if the 

evaluation methods were interchangeable. 

3.2 Investiqation of the factors affectinq disease 
severity 

With the exception of the leaf age experiment, the 

term 'disease severity• was used to express the degree of 

infection on the plants. Disease severity of one plant was 

the mean density of pycnial lesions on the youngest three 

leaves. 
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3.2.1 seedlinq aqe

To determine the effect of seedling age on the 

expression of disease severity, 1 to 7 week old seedings in 

categories of 1 week, were inoculated with basidiospores. 

There were 8 plants per seedling age and there were two 

replications in time. 

To obtain plants of each age, seedlings were removed 

from the cooler at one week intervals and placed in the 

greenhouse. In the strictest sense it was not seedling age 

that was investigated but rather developmental stage. 

Because the seedlings were kept in the cooler, held at the 

first true leaf stage and were only allowed to grow when 

they were removed and placed in the greenhouse, it was 

assumed that categorizing the plants according to age was 

reasonable. 

One week after the last group of seedlings was 

removed, the plants were individually inoculated with a 

225,000 sporesjml basidiospore suspension, and a 240,000 

sporesjml suspension in replications 1 and 2 respectively. 

The inoculation procedure followed the method described in 

section 3.1.2. The seedlings were placed in the humidity 

chamber in a completely randomized design. After 24 hours, 

the humidifier was shut off and the leaves dried for 30 

hours. After 48 hours, the plants were moved to the 

greenhouse and arranged in a completely randomized design. 
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A test tube of the basidiospore suspension was placed in 

the chamber during each incubation period and by the use of 

a compound microscope, the proportions of germinated spores 

were estimated to be 55% and 50% for replications 1 and 2 

respectively. 

Six days following inoculation, diffuse chlorotic 

spotting was observed on the leaves of the plants. The 

following day, orange lesions, approximately 0.2mm in 

diameter, were present on some of the plants. On the ninth 

day, it was apparent that substantial infection had taken 

place with many pycnial lesions forming on most of the 

plants. 

The lesions were counted 12 days after inoculation. 

It was necessary to wait long enough before recording the 

data to allow all potential pycnial lesions to become 

conspicuous, but they had to be counted before extensive 

coalescence of the lesions occurred. The mean disease 

severity of the 8 plants/treatment*rep and the means of 

replications 1 and 2 were plotted against seedling age. An 

analysis of variance was conducted for each replication and 

for the pooled replications. 

3.2.2 Leaf age 

Twenty seedlings were remoyed from the cooler stock 

and placed in the greenhouse. As new leaves appeared, 
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their position on the stem and the date were recorded. A 

new leaf (1 day old) was categorized arbitrarily as one 

which was just beginning to unfold. Early in the growing 

stage of the seedlings, a new leaf was produced 

approximately every two days. 

The seedlings were inoculated according to the 

standard method described in section 3.1.2 with a 225,000 

basidiospore/ml suspension, placed in the humidity chamber 

and subjected to continuous vapour mist for 24 hours. 

Forty-eight hours after inoculation the plants were moved 

to the greenhouse. The proportion of basidiospores 

germinating was about 50%. 

Ten days after inoculation, the number of lesions per 

leaf and leaf areas were recorded and converted to the 

number of lesions per square centimetre. Twenty-five days 

after inoculation, lesion sizes were recorded by measuring 

the diameter of the pycnial lesions at their widest points. 

The leaf ages were grouped into two day intervals 

because of the subjectivity of determining which leaves 

were one day old. One day old leaves were not included in 

the analysis because they were at various stages of 

unfolding and it was difficult to apply a uniform 

distribution of inoculum on these leaves. 

Pycnial lesion density was recorded for the different 

aged leaves and the relationship between leaf age and 

disease susceptibility determined. 
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3.2.3 Leaf wetness period 

Fifty-six 7-8 week old seedlings were selected at 

random from the greenhouse. They were inoculated according 

to the standard method described in section 3.1.2 with a 

230,000 basidiosporejml suspension and, with the exception 

of the control, the seedlings were arranged in a completely 

random design in the humidity chamber within the growth 

chamber. The control plants were placed in a separate 

chamber without humidity within the growth chamber. The 

treatments (0, 3, 6, 12, 18, 24, 36, and 48 hour leaf 

wetness periods) were controlled by moving the plants from 

the humidity chamber to the dry chamber one hour prior to 

their designated leaf wetness period so that the leaves 

would be dry about one hour later. The proportion of 

germinated basidiospores was estimated to be 50%. 

Sixty hours after inoculation, the seedlings were 

moved to the greenhouse and lesion density was recorded 13 

days after inoculation. 

Mean disease severity of the seven plants/treatment 

was plotted against leaf wetness period and the 

relationship observed. Analysis of variance was used to 

test for differences among particular treatments. 
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3.2.4 Inoculum concentration 

Fifty-six a-week old seedlings were selected at random 

from the greenhouse and inoculated using the standard 

method described in section 3.1.2 with suspensions of 

25,000, 50,000, 100,000, 150,000, 200,000, 250,000, and 

500,000 basidiosporesfml. Eight plants per treatment were 

used. The inoculated seedlings were placed in the humidity 

chamber in a completely random design and subjected to 

vapour mist for 24 hours. Forty-eight hours after 

inoculation, the plants were moved to the greenhouse and 

arranged in a completely random design. Twelve days after 

inoculation, lesion density was recorded. 

The mean density of pycnial lesions on the 8 plants 

per treatment was plotted against inoculum concentration 

and the relationship observed. Subjective evaluation of 

the data indicated a linear relationship. Because (0,0) 

was a point measured without error, the model for linear 

regression was estimated without a constant resulting in a 

fixed y-intercept of zero. 

3.2.5 Adjuvants in the inoculum suspension 

Four commercial adjuvants were tested ('Forever 

Green•; 'Biostik', 'Postik' and 'Tween 20'), along with a 

1% solution and a 2% solution of molasses, the method of 

43 



rubbing the leaves, and a control. If a spray adjuvant 

could be used in the spore suspension while still achieving 

high levels of disease severity, this would increase the 

speed of the screening process. 

Six week old seedlings were inoculated with a 240,000 

basidiosporesfml suspension containing the recommended 

concentrations of the commercial adjuvants, the above 

stated concentrations of molasses, and a unaltered 

suspension for the surface rubbing treatment and the 

control. Observations were made on how the suspension 

adhered to the leaves for all of the treatments. Seven 

plants per treatment were arranged in a completely random 

design in the humidity chamber and subjected to vapour mist 

for 24 hours. After 48 hours, the plants were moved to the 

greenhouse and arranged in a completely random design. The 

density of lesions was recorded 7 days after inoculation. 

An analysis of variance was performed on transformed 

data (log x+1) and because the seven treatments were 

unrelated, it was followed by a Duncan's multiple range 

test to determine differences among the treatments. 

3.2.6 Incubation temperature and inoculum concentration 

Two inoculum concentrations were used: a high level 

(400,000 sporesfml), and a low level (200,000 sporesfml). 

Three growth chambers were adjusted to 10, 15, and 20 °C 
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(+/-1°C). Within each temperature treatment, seven plants 

inoculated with a 200,000 sporesfml suspension and seven 

inoculated with a 400,000 sporesfml suspension were 

arranged in a completely random design. The experiment was 

a 3 x 2 factorial. All plants were covered with glass jars 

previously sprayed on the inside with water to maintain 

leaf wetness (Figure 3.8) because humidity cabinets for 

each growth chamber were not available. After 24 hours, 

the cover jars were removed so the leaves would dry and the 

plants were moved to the greenhouse 48 hours after 

inoculation. Ten days after inoculation, the disease 

severity on the plants was recorded. 

Disease severity was plotted against incubation 

temperature for the two inoculum levels. Prior to analysis 

of variance, data transformation in the form log(x+l) was 

conducted after it was determined by a Bartlett's test that 

the group variances were heterogeneous. 
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Figure 3.8. Glass jars covering the seedlings to 
sustain leaf wetness in the incubation 
temperature x inoculum level experiment. 
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4.0 RESULTS 

4.1 Evaluation of disease severity 

Table 4.1 shows the correlation coefficients between 

all possible pairs of evaluation methods recorded for the 

seedlings. 

Table 4.1. Correlation matrix of disease severity 
evaluation methods (Pearson's correlation 
coefficients (r)). 

avq2 avq3 avq23 avqlS max 

avq2 1 

avg3 0.962 1 

avg23 0.760 0.875 1 

avq15 0.943 0.994 0.879 1 

max 0.933 0.955 0.792 0.953 1 

*n=216 plants 

*P values for all pairwise correlations are <0.001 

avg2 - mean density of lesions (no.fcm2) on the two youngest 
leaves 

avg3 - mean density of lesions on the three youngest leaves 

avg23 - mean density of lesions on second and third 
youngest leaves 

avg15 - mean density of lesions on the five youngest leaves 

max - maximum density of lesions on any leaf 
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There was good correlation among the evaluation 

methods. The best correlation was between the averages of 

the youngest three leaves and the youngest five leaves 

(r=0.994). The poorest correlation, although still 

relatively high, was between the second and third youngest 

leaves and the youngest two leaves (r=0.760). overall, 

correlations of the mean of the second and third youngest 

leaves with the rest of the evaluation methods exhibited 

the lowest r values. 

The results indicated that any of the evaluation 

methods were reasonable indicators of disease severity. 

4.2 seedlinq aqe 

Differences in disease severity were observed among 

the different aged seedlings (Figure 4.1 and Tables 4.2 and 

4.3). Error variances in the two replications were 

homogeneous (Table 4.2) allowing the data to be pooled 

(Table 4.3). 

Seedlings four weeks of age exhibited the greatest 

disease severity and orthogonal contrasts indicated that 

disease severity on four week old seedlings was 

significantly greater than on seedlings five weeks of age 

(p=0.005) but no different from seedlings three weeks of 

age. 

48 



10 

C\1 8 
E 
~ c: 
-~ 6 
.B2 
(ij 
·c: 
(.) 4 
~ a. 
ci z 

2 

---------·time rep 1 (n=S) 

-··-··-··-··-time rep 2 (n=S) 

---average of reps 1 and 2 (n=16) 

+ s.e. 

Seedling age (weeks from first true leaves) 

Figure 4.1. The effect of seedling age on the 
expression of disease severity (no. of 
pycnial lesionsfcm2 is the mean of 
the three youngest leaves). 

Table 4.2. Analysis of variance for disease severity 
values from different aged seedlings from two 
time replications. 

a. Time rep 1 

Source ss df MS F p 
Treatments 119.544 6 19.924 3.577 0.005 
Error 261.820 47 5.571 

b. Time rep 2 

Source ss df MS F p 
Treatments 163.663 6 27.277 6.919 <0.001 
Error 189.235 47 3.942 

F = large error MS/small error MS = 1.413 (df=47,47) ns 
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Table 4.3. Analysis of variance for disease severity 
values from different aged seedlings pooled 
from two replications. 

source ss df MS F p 

212.954 6 35.492 6.876 <0.001 
25.507 1 25.507 4.942 0.028 

521.308 101 5.161 

Bartlett's test for homogeneity of treatment variances: 
computed Chi-squared= 4.774, df=6, p=0.573 (ns) 

4.3 Leaf age 

As leaves aged, the density of lesions tended to 

decrease (Table 4.4). The greatest density of lesions 

occurred on 2-3 day and 4-5 day old leaves. It is highly 

unlikely that these two groups differ significantly. In 

general, the greatest density of lesions occur on 2 to 5 

day old leaves. 

** 
* 

Table 4.4. Lesion density (number of lesionsjcm2 ) on leaves 
of increasing age. 

leaf age group (days) sample size lesion density +/- s.e. 

2-3 6 16.34 +/- 2.22 
4-5 13 15.87 +/- 1.94 
6-7 10 10.49 +/- 2.10 
8-9 11 6.10 +/- 1.56 
10-11 8 1.49 +/- 0.35 
12-13 4 0.30 +/- 0.12 
14-15 3 0.06 +/- 0.02 
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The lesion size was also recorded for the different 

leaf ages and lesion size also decreased as leaf age 

increased (Figure 4.2) 
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-numbers in brackets indicate 
number of lesions on which 
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(30) * 
10 12 

Figure 4.2. The relationship between leaf age and 
pycnial lesion size. 

Of the relationships tested (logarithmic, exponential, 

power, and linear), the logarithmic function best described 

the rate of decreasing lesion size with increasing leaf 

age. 
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4.4 Leaf wetness period 

Disease severity increased with the leaf wetness 

period to a maximum at 24 hours and then decreased (Figure 

4. 3) • An analysis of variance was conducted to test for 

differences among the 24, 36, and 48 hour treatments to 

determine if the decrease after the 24 hours was a real 

effect due to the treatments, or due to error (Table 4.5). 

According to the results of the analysis in Table 4.5, it 

appeared that disease severity increased with the leaf 

wetness period to 24 hours and then levelled off. 
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0 3 6 12 18 24 36 48 

Leaf wetness period (hours) 

Figure 4.3. The response of disease severity to 
increasing leaf wetness periods (no. of 
pycnial lesionsjcm2 is the mean of 
the three youngest leaves). 
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Table 4.5. Analysis of variance for mean disease severity 
values from the 24, 36, and 48 hour leaf 
wetness periods. 

source ss 
Treatments 13.824 
Error 38.082 

df 
2 

18 

MS 
6.912 
2.116 

F p 
3.267 0.062 (ns) 

Bartlett's test for homogeneity of treatment variances: 
computed Chi-squared= 4.779, df=2, p=0.109 (ns) 

4.5 Inoculum concentration 

Disease severity increased linearly with increasing 

inoculum concentration over the range of concentrations 

tested (Figure 4.4). 
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Figure 4.4. The relationship between inoculum 
concentration and disease severity (no. 
of pycnial lesionsfcm2 is the mean of 
the three youngest leaves). 
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4.6 Adjuvants in the inoculum suspension 

The adjuvant treatments showed three types of sticking 

qualities {Table 4.6). Some allowed small discrete 

droplets to stick uniformly to the leaves while others 

spread the inoculum suspension over the leaf surface. 

Table 4.6. Sticking qualities of spray adjuvants. 

Treatment stickinq qualities 

Tween 20 -spread inoculum suspension 
over leaf surface 

1% molasses -droplets {< O.Smm) that 
adhered to leaf surface 

2% molasses -droplets (> 1mm) that adhered 

Biostick (1:200) 

Postick {1:200) 

Forevergreen {1:100) 

surface rubbing of leaves 

Control 

to leaf surface 

-droplets (> 1mm) that adhered 
to leaf surface 

-most droplets rolled off on 
contact with the leaf surface 
(i.e. little or no sticking 
quality) 

-most droplets rolled off on 
contact with the leaf surface 
{i.e. little or no sticking 
quality) 

-droplets (>1mm) that adhered 
to leaf surface 

-most droplets rolled off on 
contact with the leaf surface 
(i.e. little or no sticking 
quality) 
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Some of the adjuvants did not allow sufficient amounts of 

the suspension to stick to the leaves. 

Differences in disease severity values among the spray 

adjuvant treatments and the rubbing treatment were observed 

(Figure 4.5). 
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Figure 4.5. Disease severity on the seedlings 
inoculated with spray adjuvants in 
the inoculum suspension (no. of 
pycnial lesionsjcm2 is the mean of 
the three youngest leaves). 
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A Bartlett's test for heterogeneity of group variances 

indicated that the treatment variances were heterogeneous 

(Chi-squared = 52.429; df = 7; p = <0.001) so logarithmic 

transformation of the data was performed (Table 4.8). 

Another Bartlett's test was conducted (Chi-squared = 

17.0403; df = 7; p = 0.022) which showed that the 

transformation had a significant effect on stabilizing the 

treatment variances. Although the p value of 0.022 

indicated that the group variances were still 

heterogeneous, no other transformation was as successful in 

stabilizing the variances. 

The analysis of variance of the transformed values 

indicated significant differences among treatments (Table 

4.7). 

Table 4.7. Analysis of variance for the transformed 
adjuvant treatment data. 

source 
Treatments 
Error 

ss 
4.589 
1.018 

df 
7 

48 

56 

MS 
0.656 
0.02 

F 
30.898 

p 
<0.001 ** 



Table 4.8. Transformed disease severity means and mean 
separation for adjuvant treatments. 

Treatment 
(log(x+l)) 

1% molasses 
surface rub 
2% molasses 
Postick 
For evergreen 
control 
Tween 20 
Bios tick 

transformed mean 

0.875 a 
0.781 a 
0.766 a 
0.455 b 
0.442 b 
0.341 b 
0.145 c 
0.021 c 

- means followed by the same letter are not significantly 
different at alpha=0.05 (Duncan's multiple range test) 

The use of 1% molasses, 2% molasses, and the surface 

rubbing treatments resulted in the greatest disease 

severity and there were no significant differences among 

them. All three of these treatment means were 

significantly different from Postick, which had the fourth 

highest mean. Tween 20, Biostick, Postick, and 

Forevergreen showed no improvement over the control (Table 

4. 8) • 

4.7 Incubation temperature and inoculum concentration 

Figure 4.6 illustrates the response of disease 

severity to incubation temperature at two inoculum 

concentrations. 
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Figure 4.6. The effect of incubation temperature and 
inoculum concentration on disease 
severity (no. of pycnial lesionsfcm2 is 
the mean of the three youngest leaves). 

Because a Bartlett's test showed the treatment 

variances to be heterogeneous, the analysis of variance was 

conducted on transformed data (log (x+1)) (Table 4.9). 

Table 4.9. Analysis of variance of the transformed disease 
severity means on plants exposed to three 
incubation temperatures using two inoculum 
concentrations. 

source ss df MS F p 

Temperature 0.199 2 0.099 2.719 0.079 ns 
Inoc. cone. 0.467 1 0.467 12.780 0.001 ** 
Temp x inoc 0.506 2 0.253 6.921 0.003 ** 
Error 1.316 36 0.037 

Bartlett's chi squared = 4.690, df=5, p=0.493 (ns) 
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The transformed treatment means are shown below. 

Table 4.10. Summary of transformed disease severity means 
from plants exposed to three incubation 
temperatures using two inoculum concentrations. 

tem~erature (oC) 
Inoc.conc.(sporesfml) 10 15 20 

inoc.conc.means 

200,000 0.789 0.519 0.842 0.717 
400,000 0.764 1.023 0.997 0.928 

temp. means 0.777 0.771 0.920 Grand Mean=0.822 

The results showed that the three temperatures did not 

have a significant effect on infection of the plants by the 

basidiospores. The disease severity on the plants 

inoculated with the 400,000 sporesfml suspension was 

significantly higher than the disease severity produced by 

the 200,000 sporesjml suspension. The inoculum level x 

incubation temperature interaction was highly significant 

indicating that there was a differential response in the 

success of infection of the plants between the two inoculum 

concentrations over the three temperatures. 
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5. DISCUSSION 

5.1 The production of basidiospores 

Pearson et al. (1980) indicated two conflicting 

theories about basidiospore liberation in Gymnosporangium 

spp. The first theory stipulates that the drying of the 

telial horn is necessary following soaking to initiate 

basidiospore production. The second theory states that 

basidiospores can be produced in free water and drying is 

not necessary (drying in this case refers to the removal of 

free water from the telia). They concluded that 

basidiospore production does take place in free water. 

J.A. Parmelee {1989, pers. comm.) indicated that he had 

success in producing a basidiospore suspension by soaking 

galls in distilled water until the water turned yellow

orange, indicating the presence of basidiospores. Results 

from the technique described in section 3.1.1 were 

concurrent with the first theory; slight drying of the 

telia was necessary for basidiospore production. If the 

gap on the cover basin was too large, the telia would dry 

too much and no basidiospores were produced. If the gap 

was too narrow, the telial horns would lose their 

gelatinous texture and turn soggy, resulting in little 

basidiospore production. Perhaps this is explained by the 

fact that the study conducted by Pearson et al. (1980) 
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involved galls attached to the plants in the field and 

Parmelee's involved fresh, unfrozen galls. s.s. Karban 

(1989, pers. comm.), who has conducted many studies with G. 

juniperi-virginianae, stated that he was aware of these 

conflicting reports and that often it was necessary to 

allow slight drying of the telia so that a high 

concentration of basidiospores could be obtained. 

Eighty-five percent germination of teliospores was observed 

at 20°C when teliospore germination was tested at 5°C, 10°C, 

20°C, and 30°C (Payandeh et al. 1980). This was the highest 

percent germination of teliospores recorded. A plateau was 

reached in a shorter time period at 30°C, but maximum 

germination only 40%. A similar study should be done with 

G. nelsonii. Although a reasonable amount of basidiospores 

were produced using the method described in section 3.1.1., 

temperature and time optima should be determined. 

5.2 Evaluation of disease severity 

The decision to use the mean density of lesions on the 

youngest three leaves to define disease severity was 

arbitrary. The rationale for using this method was that 

for all experiments conducted, it was found that lesions 

rarely occurred on leaves older than the youngest three and 

there seemed to be no reason to include leaves that were 

consistently uninfected in the calculation of disease 
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severity. 

The reason that the highest correlation was between 

the mean of the youngest three leaves (avg3) and the 

youngest five leaves (avg15) was probably due to zero and 

very small lesion density values on the fourth and fifth 

youngest leaves on most of the plants. To clarify this 

with a hypothetical example, if the mean of three values 

were compared with the mean of five values, three of the 

values being the same as calculated for the mean of three, 

and the other two being zero, and several means were 

calculated for each, then the correlation between the two 

series of numbers would be 1. Figure 5.1 shows that on 

the average, infections on all five of the five youngest 

leaves never occurred, so it seemed reasonable to omit 

consistently uninfected leaves in the calculation of 

disease severity. 

Aldwinckle (1974) made similar observations when he 

developed a disease susceptibility rating for apples. He 

found that the mean number of lesions on the youngest seven 

leaves closely paralleled the leaf on each plant with the 

greatest number of lesions and therefore, he used the 

greatest number of lesions on any leaf (n) and the mean 

size of lesions from the leaf with the largest lesions (d) 

for a disease susceptibility rating, nd2 • This system was 

not used in the present study because the variable of 

interest was the number of infections developing on leaves 
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as a function of the treatments they received and a 

susceptibility rating was not of interest. 

5.3 seedling age 

If susceptibility is maximally expressed at 3 to 4 

weeks, then resistant seedlings could be overlooked because 

they were susceptible only at a particular age. By 

observing a decrease in the rate of the production of new 

leaves on the seedlings beyond 4 weeks of age, it was 

reasonable to suppose that seedlings showed the greatest 

degree of infection at the 3-4 weeks stage because these 

plants had the greatest proportion of young leaves. Based 

on the relationship between leaf age and disease 

susceptibility, this was a reasonable assumtion. Although 

one and two week old seedlings had a high proportion of 

young leaves, the leaves were often small and did not allow 

the inoculum suspension to stick in small uniform droplets; 

rather the inoculum suspension coalesced into fewer large 

droplets. This may have had an effect on lesion density. 

Nusbaum (1935) reported that leaves inoculated at a very 

young age and small size ultimately had fewer infections 

because they had expanded in size considerably since the 

time of inoculation. This might also serve as an 

explanation for the disease severity observed on one and 

two week old seedlings. 
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The idea that the greatest susceptibility was 

expressed the at the 3 and 4 week stages compared to older 

seedlings because of the higher proportion of young leaves 

was tested by plotting the proportion of infected leaves 

against seedling age (Figure 5.1). 

As seedlings aged beyond 4 weeks, the proportion of 

infected leaves decreased. This represents circumstantial 

evidence for a decreasing growth rate beyond 4 weeks of age 

and it is believed that the expression of disease severity 

was greatest on three and four week old seedlings compared 

to older seedlings because of the higher proportion of 

younger leaves. The coefficient of variation was very high 

in this experiment {cv=43%). Experimental error was 

expected to be high for several reasons. Because a 

completely random experimental design was used, block 

variation could not be removed, thereby inflating the error 

mean square. Another source of experimental error came 

from the variability of the seedlings. It was noticed 

through experience in conducting all of the experiments 

that the growth rates of the seedlings varied considerably. 

Within group variability of growth rates (and hence the 

proportion of young leaves per plant) could have made a 

significant contribution to the experimental error. 
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Figure 5.1. Proportion of infected leaves on 
seedlings of increasing age. 

5.4 Leaf aqe 

Other studies have confirmed the differential 

infected leaves 

> 1 lesion 
---0---

> 3lesions 
·······0······· 

> Slesions 
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> 10 lesions 

susceptibility of apples leaves to G. juniperi-virginianae 

(Giddings and Berg 1915, Reed and Crabhill 1915, and Thomas 

and Mills 1929). Aldwinckle (1974) assessed the 

relationship between leaf age and susceptibility under 

controlled conditions. He found that in apples, the number 

of pycnial lesions increased from the youngest (2 day old) 

leaves to a maximum on 6 day old leaves and then declined 

as the age of leaves increased. He also found that the 

size of the pycnial lesions was greatest on 2 day old 
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leaves and decreased as leaf age increased. The results 

from Aldwinckle's study and the results from the effect of 

leaf age on lesion size in the present study were 

consistent with observations made by Nusbaum (1935) and 

mentioned in the preceding section. 

There was a discrepancy between Nusbaum's observations 

and the relationship between lesion density of G. nelsonii 

on A. alnifolia leaves because lesion density decreased 

with leaf age. In apples, lesion density increased to a 

maximum before decreasing. Following Nusbaum's 

observations, a possible explanation for the results is 

that 2 day old leaves of A. alnifolia were near full size 

while in apples, leaves did not approach full size until 

they were 6 days old. 

s.s Leaf wetness period 

The observed decrease in disease severity on plants 

with 36 and 48 hour leaf wetness periods did not make 

apparent biological sense because it was assumed that the 

36 hour and 48 hour treatments should have resulted in at 

least the response exhibited by the 24 hour treatment. If 

spores germinated and infected leaves after being exposed 

to 24 hours of leaf wetness, then certainly this same 

process occurred in the 36 and 48 hour treatments at 24 

hours. The treatments were considered levels of a 
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quantitative factor and the upper levels were sufficiently 

separated to allow an analysis of variance to be 

meaningful. The results from the analysis of variance 

confirmed that there were no significant differences among 

the 24, 36, and 48 hour treatments. An alternative 

approach to analysis of these data might have included 

asymptotic curve fitting. However, this was unnecessary 

because the ANOVA results indicated that the trend was 

indeed asymptotic. Aldwinckle et al. (1980) found that in 

apples, longer leaf wetness periods were required for 

severe levels of infection to occur at lower temperatures 

(3- 6°C), and shorter periods at higher temperatures (10-

24°C). At the lower temperatures, maximum disease severity 

was observed at approximately 48 hours. At higher 

temperatures (10- 24°C), leaf wetness periods greater than 

24 hours were not necessary to express maximum disease 

severity. The results from the present study with A. 

alnifolia pertain to a 16°C incubation temperature. 

Although Aldwinckle et al. (1980) were experimenting with a 

different plant and Gymnosporangium species, it is 

reasonable to compare their experiment with A. alnifolia 

and conclude that disease severity does in fact reach a 

maximum at 24 hours at 16°C. 
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5.6 Inoculum concentration 

Van der Plank (1975) reviewed the four basic 

relationships between the amount of inoculum and the amount 

of disease it produces in different plant-pathogen 

relationships. They are as follows: i) disease is 

proportional to the amount of inoculum; ii) the ratio of 

disease to the amount of inoculum decreases as the amount 

of inoculum increases (due to competition for infection 

sites); iii) with the increase of inoculum, disease 

increases to a maximum and then decreases (antagonistic 

interaction between spores); iv) as inoculum increases, it 

becomes increasingly effective (synergistic interaction 

between spores). 

The results from this experiment clearly demonstrated 

the first relationship. It should be noted that the linear 

relationship applies only to concentrations of 

basidiospores up to 500,000 sporesfml. Aldwinckle (1974) 

noted that for very high concentrations of basidiospores of 

G. juniperi-virginianae (2,430,000 sporesfml), fewer 

pycnial lesions than expected were induced. He suggested 

the possibility of germination self-inhibitors. 500,000 

sporesfml was the highest concentration that could be 

achieved in this trial and it is possible that the 

relationship would change when tested with higher 

concentrations of spores. 
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Linear regression including a constant was also 

performed in the analysis and the constant (0.653) was 

shown to not be significantly different from zero 

(p=O.lOl), thereby justifying the act of forcing the 

regression through the origin. 

5.7 Adjuvants in the inoculum suspension 

In all other experiments in the present study, the 

standard method to get the inoculum suspension to stick in 

small uniform droplets on the leaves of the plants had been 

accomplished by gently rubbing the surface of leaves with 

the finger. This technique was suggested by J.A. Parmelee 

of the Biosystematics Research Institute of Agriculture 

Canada, Ottawa. It can be extremely time consuming, 

especially if the screening technique is applied to 

hundreds of seedlings. 

It was determined that the use of molasses in the 

inoculum suspension resulted in.at least the same levels of 

disease severity as the surface rubbing. Furthermore, like 

surface rubbing, molasses allowed the suspension to stick 

to the leaves in small discreet droplets. This is an 

important point, especially when the distribution of 

uniform quantities of inoculum suspension among plants is 

desired. It is tempting to suspect that in the rubbing 

process, the cuticle was being removed from the leaves, 
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thereby allowing the leaf surface to be penetrated by the 

hyphae more easily. However, Nusbaum (1935) determined 

that apple leaf cuticles of resistant and non-resistant 

cultivars were readily penetrated from appressoria of G. 

juniperi-virginianae and that the mechanical form of 

resistance (including resistance in old leaves of 

susceptible cultivars) was due to resistant epidermal cell 

walls and not the cuticle. 

With the exception of Biostick, all other commercial 

adjuvants did not perform well and two of the adjuvants did 

not even serve the purpose of sticking the inoculum 

suspension to the leaves. Although Biostick performed well 

in allowing the suspension to stick to the leaves in small 

discrete droplets, its use did not result in a significant 

improvement in inducing infection on the plants. It was 

suspected that it may have been toxic to the spores. Some 

surfactants are known to have fungistatic properties and 

have been used as fungicides (Forsyth 1964). Hoy and Ogawa 

(1984) noted the fungistatic properties of the anionic 

surfactant Nacconol to mycelia and spores of the decay 

fungi Botrytis cinerea, Geotrichum candidum, Phytophthora 

parasitica, and Rhizopus stolonifer. 

Tween 20 is used extensively in inoculating wheat 

plants with uredospores of stem rust and has been observed 

to actually increase the percent germination of the spores 

(D.R. Knott 1989, pers. comm.). Based on the results from 
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the present study, disease severity on A. alnifolia was not 

enhanced by the use of Tween 20 with basidiospores of G. 

nelsonii. Again, this adjuvant may have been toxic to the 

basidiospores. Based solely on the amount of inoculum 

suspension that adhered to the leaf surface, disease 

severity was expected to be much greater. 

It was not surprising that the control plants had few 

lesions because the inoculum did not stick to the leaves. 

This was also true for the commercial adjuvants Postick and 

Forevergreen, which did not serve the purpose of sticking 

the inoculum suspension to the leaves of the plants. 

s.a Incubation temperatura and inoculum concentration 

The results of this experiment appeared erroneous. 

There was no difference in response between the low level 

inoculum and the high level inoculum at 10°C. It would have 

been understandable if the disease severity for both 

inoculum levels at this temperature had been extremely low 

because it would have indicated the possibility that 10°C 

was too low for spore germination to occur. However, 

disease severity for both levels was about 5 lesionsjcm2 ; 

this was a substantial amount of infection. More 

confounding is the response from the low level inoculum at 

15°C. It simply does not make biological sense that an 

intermediate temperature would inhibit infection or spore 
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germination, especially at only one inoculum concentration. 

The regression equation developed in section 4.5 predicted 

a reasonable estimate of the expected disease severity 

responses observed at 20°C (Table 5.1). 

Table 5.1. Comparison of expected disease severity values 
based on the regression equation developed in 
section 4.5 and observed values from incubation 
temperature x inoculum concentration experiment 
at 20°C. 

Expected value observed value 

disease severity = 0.021(200 sporesful) 
= 4.2 5.2 

disease severity = 0.021(400 sporesful) 
= 8.4 8.4 

While the regression predicted a reasonable estimate 

of the observed values at 20°C, it is obvious from Table 5.1 

that it would not provide a reasonable estimate of the 

observed values at 10°C and 15°C. 

A possible explanation for the results in this 

experiment would be that a gross error in assigning the 

treatments was made. If the points for the low level 

inoculum at 10°C and 15°C were exchanged, parallel responses 

between the high level inoculum and low level inoculum 

would result which would not be surprising at all. A gross 

error may have been made in the act of mis-assigning 

inoculum concentrations during the set up of the 
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experiment. Another possibility may be that the treatments 

were mis-read at the time of recording the data. If two 

points within one line were mis-assigned, then the only 

conclusion to make from this experiment is that the disease 

severity induced by a 400,000 sporejml basidiospore 

suspension is significantly greater than disease severity 

produced by a 200,000 sporejml suspension. Unfortunately, 

this experiment could not be repeated as telial galls, 

which served as the source of inoculum, were accidently 

destroyed. As cited earlier, differences in disease 

severity on plants exposed to different incubation 

temperatures (Aldwinckle et al. 1980) and differences due 

to inoculum concentration (Aldwinckle 1975) have been 

observed, but no attempts have been made to determine an 

interaction between these two factors. 

5.9 Clonal variation of disease susceptibility in cultivar 
'Pembina• 

During the course of one of the experiments, inoculum 

suspension was left over and rooted cuttings of the 

cultivars 'Smoky' and 'Pembina' whose vegetative buds had 

recently broken dormancy were available. The plants were 

inoculated and subjected to vapour mist in the humidity 

chamber for 24 hours and then piaced in the greenhouse. 

After 10 days, normal pycnial lesions were observed on 

'Smoky'. On 'Pembina', normal pycnial lesions were only 
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observed on five of the seven plants. On two of the 

plants, infrequent pycnial lesions were observed (about 2 

per leaf) but the commonest lesion type was a more diffuse 

yellow-brown necrotic spot about 3 mm in diameter 10 days 

following inoculation (Figure 5.2). 

Figure 5.2. Clonal variation of disease 
susceptibility in cultivar 'Pembina' 
after inoculation with basidiospores of 
G. nelsonii 
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It is possible that this reaction was a form of the 

hypersensitive type. Necrosis in the infection spots leads 

to the speculation that the plants were actively defending 

themselves from infection. Especially peculiar was that 

the type of infection was different among clones. 

Inquiries were made about this observation and s.s. Karban 

(1989 pers. comm.) stated that clonal variability in 

disease susceptibility is occasionally observed in apples. 

Perhaps clonal variability is a worthy genetic resource to 

explore in the search for a resistant plant. 

5.10 Future research on Gymnosporangium spp. and 
Amelanchier alnifolia 

In addition to the fundamental screening of wild 

seedlings, a reliable technique for infecting saskatoons 

with Gymnosporangium spp. can be applied in other research. 

Existing cultivars should be evaluated for rust 

resistance and it should be determined whether or not races 

of northern species of Gymnosporangium exist. 

Subsequently, the performance of resistant cultivars to 

different isolates and species of Gymnosporangium can be 

examined. 

If a resistant plant is found, breeding experiments 

will be necessary to determine the nature of inheritance of 

resistance. Once the nature of inheritance is determined, 

further breeding can be employed to incorporate resistance 
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into other cultivars. 

Although differences in rust susceptibility between 

seedlings and mature plants of apple have not been found, 

it is important that this be determined for saskatoons. 

The precise basidiospore discharge periods of G. 

nelsonii as determined by environmental factors demand 

further study. This information would be of great use to 

the grower in considering the effective application of 

fungicides following their registration. Determining the 

relationship between flower development and rust 

susceptibility would also provide fundamental management 

information. 
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6. CONCLUSIONS 

A reliable method for generating basidiospores from 

telial galls of G. nelsonii and for germinating seeds of 

saskatoons was described in sections 3.1.1 and 3.1.2. 

Describing the amount of disease on plants accurately 

is important in data collection. Assessing the degree of 

infection on seedlings of saskatoons was determined to be 

arbitrary with respect to the evaluation methods tested. 

The average density of lesions on the youngest three leaves 

was regarded as the most reasonable method because it 

measured the most frequently infected leaves. 

The greatest amount of disease occurred on 3 and 4 

week old seedlings. At this age, the combination of leaf 

age and leaf size had a significant effect on the density 

of lesions on the leaves. The distribution of the inoculum 

suspension on very small leaves was in the form of few, 

large droplets and was inadequate for substantial infection 

to take place. Furthermore, the density of lesions will 

decrease as small leaves increase in area. The most 

desirable distribution of the inoculum suspension occurred 

on larger leaves, where a uniform distribution of small 

droplets resulted in discreet expression of pycnial 

infections. This was associated with a surface rubbing 

treatment which allowed the inoculum suspension to adhere 

to the leaf surface. Subsequent to investigating the 
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effect of seedling age on disease severity, it was found 

that the greatest disease severity occurred on 2-3 day old 

leaves and decreased as leaves aged. At 16°C, increasing 

the leaf wetness period following inoculation increased 

disease severity until a plateau was reached at 24 hours of 

leaf wetness. The response of disease severity to 

inoculum concentration is essentially linear up to a 

basidiospore concentration of 500,000 sporesjml. 

In order to allow the spore suspension to stick to 

leaves during application of the inoculum suspension, the 

conventional method was to rub the surface of the leaves. 

Dilute solutions (1%-2%) of molasses in the inoculum 

suspension were found to produce results no different from 

the conventional method, with a significant conservation of 

labour. 
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