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Abstract 

Thirty-seven scab-resistant apple cultivars and selections were evaluated in the field for level of suscepti 

bility to cedar apple rust (CAR), Gymnosporangium juniperi-virginianae Schw., quince rust (QR), G 

clavipes Cke. and Pk., and frogeye leaf spot (FLS), Botryosphaeria obtusa (Schw.) Shoemaker. Between 

1994 and 1996, fruit infection from CAR varied from 0 to 40% for the various cultivars and selections. The 

selections originating from the Geneva, N.Y. breeding program were resistant to CAR or had low levels of 

fruit infection (0-3%). They also had low leaf rust ratings (0 to 0.3) except for NY 74828-12 which had leaf 

rust ratings of 0.2 to 1.3 (1-25 lesions per leaf) over the three years. The Quebec apple selections (QAS) from 

Agriculture and Agri-Food Canada, St. Jean, Quebec also had low levels of fruit infection from CAR (0 to 

3%). However, several selections did have leaf rust lesions. Other cultivars and selections with field resis 

tance to CAR included 'Moira,' 'Novamac,' 'Redfree,' 'William's Pride,' Co-op 26, 0-637 and 547-25-52. 

QR infection varied from 0 to 31% with 'Moira,' CBR4T29, Co-op 24, QAS-04, QAS-11 and 0-661 being 

most susceptible with fruit infection of 10% or higher. FLS occurred on all cultivars. Those with 5 or fewer 

lesions per leaf over the three years included 'Dayton,' 'Jonafree,' 'Novaspy,' CBR4T29, Co-op 12, Co-op 

15, Co-op 19, Co-op 20, Co-op 24, QAS-01, QAS-03, NY 75414-1 and 0-661. In this trial, QAS-01 and NY 

75414-1 had combined resistance to all three diseases. 

Introduction 

The breeding of apples, Malus X do-

mestica Borkh., resistant to scab, Venturia 

inaequalis (Cke.) Wint, has resulted in 

the release of 48 scab-resistant cultivars 

worldwide between 1970 and 1992 (1). 

Breeding for multiple disease resistance 

is now an objective of several breeding 

programs in North America (2, 4, 5). The 

field susceptibility of scab-resistant apple 

cultivars and selections to CAR, haw 

thorn rust (HR), G. globosum Farl, and 

QR was reported in 1990 (12) and for 

FLS in 1991 (13). Since then, additional 

cultivars and breeding selections have 

been evaluated in the field for susceptibil 

ity to the diseases. 

This paper reports the field susceptibil 

ity to CAR, QR and FLS of scab-resistant 

apple cultivars and selections during the 

three year period from 1994 to 1996. Cul 

tivars which were previously shown to be 

susceptible to the diseases were included 

for comparison. 

Materials and Methods 

A planting of scab-resistant apple culti 

vars and selections was established in the 

spring of 1989 at the Smithfield Research 

Farm (SRF), Trenton, Ontario. The plant 

ing consisted of three trees of each culti-

var and selection on each of M.26 and Ot 

tawa 3 rootstocks. Trees were spaced at 

2.5 x 4 m without randomization. 'Mcln-

tosh' and 'Delicious,' both scab/suscepti 

ble, were planted as guard trees along the 

periphery of the orchard. Cultivars and 

selections previously tested for suscepti 

bility to CAR, QR and FLS were mixed 

within the experimental area (12, 13). Se 

lections derived from the Agriculture and 

Agri-Food Canada breeding programs at 

St. Jean, Quebec (QAS series); Kentville, 

N.S. (S series); the former breeding pro 

gram at Ottawa, Ontario (O series); the 

cooperative breeding program at the uni 

versities of Purdue, Rutgers and Illinois 

(Co-op series and CBR4T29); and Gene 

va, N.Y. (NY series) were evaluated. 

Agriculture and Agri-Food Canada, Research Branch, Greenhouse and Processing Crops Research Centre, 
Harrow, Ontario Canada NOR 1G0. 
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Table 1. Susceptibility of scab-resistant apple cultivars and selections to 
cedar apple rust, Gymnosporangium juniperi-virginianae at the Smith-

field Research Farm, Trenton, Ontario, 1994,1995 and 1996. 

w0 = no lesions, 1 = 1 to 5, 2 = 6 to 25, 3 = 26 to 50 rust lesions per leaf. 
xBased on 10 lesions per cultivar or selection. 
*A = aecia, P = pycnia, N = nonsporulating. 
ZCAR = cedar apple rust, U = undetermined. 
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No fungicides were applied in this or 

chard. A seasonal insecticide spray pro 

gram was applied annually, consisting of 

four to five sprays of azinphos-methyl or 

phosmet and acaracides for mite control. 

A minimum of 100 fruits per cultivar 

and selection were assessed for CAR and 

QR infection in late July or early August 

of 1994 to 1996. Some cultivars produced 

less than 100 fruits and therefore all fruits 

on the six trees were evaluated. 

The two most severely infected leaves 

on each of ten shoots per cultivar and se 

lection were rated for rust and FLS infec 

tion in late July or early August of 1994 to 

1996. The number of rust or FLS lesions 

per leaf was estimated using a scale of 0 to 

3 (0 = no lesions, 1 = 1 to 5, 2 = 6 to 25, 

3 = 26 to 50 lesions per leaf) and the mean 

rating for each cultivar and selection was 

determined. For each cultivar and selec 

tion, the diameter of 10 rust lesions was 

measured and median lesion diameter was 

determined. In late August (1996) or mid-

September (1994 and 1995), leaf rust le 

sions were examined for pycnial or aecial 

development and for the most advanced 

stage of development. Where possible, 

CAR was identified based on the size of 

the lesion and number and location of the 

peridium (6, 11). Where aecia were not 

present or poorly developed on the leaves, 

no identification of rust species was made. 

Rust infection occurred from naturally 

occurring sources. Trees of eastern red 

cedar, Juniperus virginiana L., the alter 

nate host for CAR, HR and QR (7, 11) 

were growing along fence rows and in 

wooded areas within 800 to 1000 m to the 

west of the test orchard and within 500 m 

to the south, north and northeast of the test 

orchard. The prevailing winds were from 

the west. 

Results and Discussion 

Of 37 cultivars and selections tested, 14 

were rated as susceptible to CAR (Table 

1). The highest leaf rust rating obtained 

over the three year period from 1994 to 

1996 was 3 (26-50 rust lesions per leaf). 

'Jonafree,' Co-op 12, Co-op 15 and O-

661, identified as susceptible to CAR in 

1990 (12), were included in this study for 

comparison. NY selections were screened 

for resistance to CAR before release (4) 

and had low leaf rust ratings (0 to 0.3) ex 

cept for NY 74828-12 which had a rating 

of 0.2 to 1.3, depending on year. Median 

lesion diameter for CAR on leaves varied 

from 2 to 7 mm and only in one case (Co 

op 19) was 1 mm. 

For other cultivars and selections, it 

was difficult to identify the rust species 

causing leaf symptoms due to absence or 

poor development of aecia. A median le 

sion diameter of 1 to 2 mm and absence or 

very little fruit infection suggests HR in 

fection. 'Moira,' 'Novamac' and 0-637 

were previously reported as susceptible to 

HR with 1 to 2 mm diameter lesions (12) 

similar to the lesion size of 1 mm in the 

present study. Since HR does not attack 

the apple fruits (6, 11) and leaf lesions 

tend to be fewer in number and smaller in 

diameter than CAR (12), the commercial 

fruit grower has little reason to be con 

cerned about HR infection. 

CAR fruit infection was more prevalent 

in 1995 and 1996 than in 1994. The most 

susceptible cultivars with over 10% fruit 

infection were 'Jonafree,' 'Novaspy,' Co 

op 9, Co-op 12, Co-op 15, Co-op 16, Co 

op 24, O-661 and 834-22-29 (Table 2). 

Other cultivars susceptible to CAR leaf 

infection but with less than 10% fruit in 

fection were 'Dayton,' CBR4T29, Co-op 

19, Co-op 20 and QAS-03. 'Williams 

Pride,' considered field immune to CAR 

(1), had only 1% fruit infection in 1996. 

NY 73334-35 had 3% fruit infection and a 

leaf rust rating of 0.1 in 1996. NY 74828-

12 and QAS-01 with 1 and 3% CAR fruit 

infection, respectively, had leaf rust rat 

ings of 0.2 to 1.3 and 1.0 to 1.9, respec 

tively, depending on year. 

The results for susceptibility of Co-op 

selections to CAR agrees with ratings 

reported by Crosby et al. (1) except that 

they reported Co-op 19 as highly resis 

tant to CAR. Co-op 19 was susceptible 

to both leaf and fruit infection in the pre 

sent study. 

Fruit infection from G. clavipes was 

greater in 1996 compared to the two pre-
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Table 2. Susceptibility of apple fruits to cedar apple rust, Gymnospo-
rangium juniper-virginianae, and quince rust, G. clavipes, at the Smith-
field Research Farm, Trenton, Ontario, 1994,1995 and 1996. 

* Less than 100 fruits examined. 

- No fruit. 

vious years (Table 2). Fruit infection var 

ied from 0 to 31 % which was less than the 

5 to 79% level of infection which oc 

curred in 1986 (12). 'Jonafree,' 'Redfree' 

and Co-op 15 had lower levels of fruit in 

fection compared to 'Mclntosh' in the 

1990 study (12) and had 0, 2 and 3% QR 

fruit infection, respectively, in the present 



Field Susceptibility of Scab-Resistant Apple Cultivars 255 

study. The NY selections and several of 

the QAS which were resistant to CAR had 

varying levels of QR infection to the fruit 

(Table 2). 

FLS is considered an important disease 

affecting scab-resistant cultivars (3, 10, 

13) because of the absence of fungicides 

normally used to control scab on scab-

susceptible cultivars which also con 

trolled FLS. In this study, a range in culti-

var susceptibility to FLS occurred over 

the 3 years (Table 3). 'Redfree' which had 

a leaf spot rating of 3 (26 to 50 lesions per 

leaf) in 1988 and a rating of 2 (6 to 25 le 

sions per leaf) in 1989 and 1990 (13) was 

equally susceptible in the present study 

with a rating of 2 to 2.1. Rosenberger (10) 

suggested that ratings with more than 5 

spots per leaf would be unacceptable in 

commercial orchards. Cultivars and selec 

tions with 5 or fewer lesions per leaf in 

cluded 'Dayton,' 'Jonafree,' 'Novaspy,' 

CBR4T29, Co-op 9, Co-op 12, Co-op 15, 

Co-op 19, Co-op 20, Co-op 24, QAS-01, 

QAS-03, NY 75414-1 and 0-661. 'Jon 

afree,' Co-op 12, Co-op 15 and 0-661 

also had low FLS ratings during the peri 

od from 1988 to 1990 (13). 

Previous results (12, 14 and unpub 

lished data) evaluating apple cultivars for 

susceptibility to rust diseases showed that 

infection occurred on susceptible cultivars 

throughout plantings at the SRF. Ba-

sidiospores are discharged from infections 

on the alternate host, J. virginiana (8, 11), 

which were located along and outside the 

perimeter of the 120 ha SRF. The spores, 

carried by wind and air currents for sever 

al miles, eventually settled on apple 

leaves and fruit (8, 9). Because the exper 

imental orchard was not located adjacent 

to the alternate host, sufficient mixing of 

basidiospores with air currents occurred 

to provide uniform inoculum distribution 

over the test area. Condia of B. obtusa, the 

causal agent of FLS, likely originated 

from dead twigs and fruit mummies from 

within the orchard (7), providing uniform 

inoculum levels. 

This report shows the relative suscepti 

bility of scab-resistant cultivars and selec 

tions to the rust diseases and FLS over a 

Table 3. Susceptibility of scab-re 

sistant apple cultivars and selec 

tions to frogeye leaf spot, Botry-

osphaeria obtusa, at the 

Smithfield Research Farm, Tren 

ton, Ontario, 1994,1995 and 1998. 

three year period. The cultivars and selec 

tions may have different levels of suscep 

tibility under different environmental con 

ditions and/or inoculum loads. The 

breeding program at Geneva, NY has 
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been successful in releasing selections 

which are field resistant to CAR. Al 

though breeding programs are not specif 

ically addressing QR and FLS, there is a 

range in cultivar susceptibility to these 

diseases. In this trial, QAS-01 and NY 

75414-1 had the best combination of re 

sistance to all three diseases with 0 to 3% 

fruit infection from CAR or QR and 

fewer than 5 FLS lesions per leaf. 
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Call for Wilder Medal Nominations 

The Wilder Medal Committee of the 

American Pomological Society (APS) in 

vites nominations for the 1998 Wilder Sil 

ver Medal Award. All active members of 

APS are eligible to submit nominations. 

The Wilder Medal was established in 

1873 by the American Pomological Soci 

ety in honor of Marshall P. Wilder, the 

founder and first President of the Society. 

The award consists of a beautifully en 

graved medal which is presented to the re 

cipient at the annual meeting of APS, held 

during the ASHS Annual Meeting. 

The Wilder Medal is conferred on in 

dividuals or organizations which have 

rendered outstanding service to horticul 

ture in the broad area of pomology. Spe 

cial consideration is given to work relat 

ing to the origination and introduction of 

meritorious varieties of fruit. Individuals 

associated with either commercial con 

cerns or professional organizations may 

be considered as long as their introduc 

tions are truly superior, and have been 

widely planted. 

Significant contributions to the science 

and practice of pomology other than fruit 

breeding will also be considered. Such 

contributions may relate to any important 

area of fruit production such as rootstock 

development and evaluation, anatomical 

and morphological studies, or unusually 

noteworthy publications in any of the 

above subject areas. 

Specific nomination guidelines can be 

obtained by contacting committee chair 

person, Dennis J. Werner, Department of 

Horticultural Science, Box 7609, North 

Carolina State University, Raleigh, NC 

27695-7609 (phone 919-515-1226, e-

mail dennis_werner@ncsu.edu). Please 

submit your nominations by May 1,1998. 

Thank you. 




