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Field Susceptibility of 68 Apple Cultivars to
Cedar Apple Rust, Quince Rust and Hawthorn Rust

J. WARNER!

Abstract

Apple cultivars were evaluated in a field for
susceptibility to cedar apple rust (CAR), quince
rust (QR) and hawthorn rust (HR). HR lesions
on apple leaves were relatively small and few in
number compared to CAR lesions. Between
1986 and 1990, percentage fruit infection varied
from 0 to 64 for CAR and from 0 to 42 for QR.
‘Mutsu’ was the most susceptible culitvar to
both CAR and QR. Other cultivars highly sus-
ceptible to both CAR and QR included ‘Bur-
gundy, ‘Gloster 69; ‘Smoothee Golden Delicious,
‘Julyred’ and ‘Summerred’ Susceptibility of the
cultivars to rust infection varied from year to
year with 1986 having the highest level of
infection.

Introduction

Information on the resistance or sus-
ceptibility of apple (Malus domestica
Borkh.) cultivars to diseases is impor-
tant to minimize pesticide use for eco-
nomic and environmental reasons as
well as reduce the rate of tolerance
development of target organisms to
pesticides (1). The application of fungi-
cides could be targeted to susceptible
cultivars and control sprays could be
avoided on resistant cultivars.

Three rust diseases of apple have
been identified in eastern North Amer-
ica (11, 13, 15). Cedar apple rust (CAR)
caused by Gymnosporangium juniperi-
virginianae Schw. occurs on both leaves
and fruit of apple, hawthorn rust (HR)
caused by G. globosum Farl. occurs
only on leaves, and quince rust (QR)
caused by G. clavipes Cke. and Pk.
occurs on fruit and appears on leaves
as non-discrete spots (14). These dis-
eases are prevalent in areas where the
alternate host, eastern red cedar, Juni-
perus virginiana L., is present (9, 13, 15).

The susceptibility of scab-resistant
apple cultivars to rust diseases was
reported recently (17, 18), but for
other cultivars the most recent com-
prehensive list of cultivar susceptibility
was published in 1974 for CAR and
QR (2) and in 1981 for QR (7). Since
then, many new cultivars have been
introduced.

This paper reports the field suscepti-
bility to CAR, QR and HR of 68 apple
cultivars. Forty-five cultivars reported
here were not included in the previ-
ously published lists. In addition, this
report shows the relative susceptibility
to rust diseases over the five year
period from 1986 to 1990.

Materials and Methods

A planting of apple cultivars was
established in the spring of 1972 consist-
ing of two trees of each cultivar, one
on each of Malus robusta Rehd. 5 and
Ottawa 3 rootstocks. Some trees were
added to the planting in later years.
Trees were spaced at 4.6 x 7.6 m
without randomization. Apple scab
(Venturia inaequalis Cke. Wint.) was
controlled by using a single application
of captafol at 14 kg ai per ha at the 1
cm green tissue stage of bud develop-
ment in 1986 and 1987. In 1988, 1989
and 1990, apple scab was controlled
by following a protective program
using 9 to 11 sprays annually of captan
at 2.0 to 3.0 kg ai/ha. Insecticide and
miticide sprays were applied as neces-
sary to control insects and mites.

A minimum of 100 fruits per cultivar
were assessed for CAR ans QR infec-
tion in late July or early August 1986,
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1988, 1989 and 1990. Some cultivars
produced less than 100 fruits and in
those cases all fruits on the two trees
were evaluated. In 1987, rust infection
was very low and therefore was not
assessed.

The two most severely infected
leaves on each of ten terminal shoots
per cultivar were rated for rust infec-
tion in late July or early August of
1986, 1988, 1989 and 1990. The number
of rust lesions per leaf was estimated
using a scale OF 0 to 4 (0 = no lesions;
1=1t05;2=61t025;3=26to50;4=51
to 100 lesions per leaf) and tr (less
than 5 rust lesions per terminal shoot
after all leaves on the shoot were
examined), and the mean rating for
each cultivar was recorded. For each
cultivar, the diameter of 10 rust lesions
was measured and median lesion di-
ameter was determined. In late August
or early September of each year, leaf
rust lesions were examined for pycnial
or aecial development and the most
advanced stage of development was
recorded. Based on size of the lesion,
number and location of aecia, and
shape of the peridium (11, 15), leaf
infection was determined to be either
CAR or HR. Where aecia were not
present or were poorly developed on
leaves, no differentiation was made
between CAR or HR.

Rust infection occurred from natu-
rally occurring sources. Trees of eastern
red cedar, J. virginiana, the alternate
host for CAR, HR and QR (13, 15)
were growing within 500 to 1000 m of
the test orchard.

Results and Discussion

CAR was observed on the leaves of
36 of the 68 cultivars evaluated (Table
1). Fruit infection ranged from 0 to
64% for these cultivars. Apple cultivars
highly susceptible to CAR and not
included on previously published lists
(2, 8, 12) were ‘Burgundy, ‘Geneva
Early, ‘Gloster 69, ‘Kestrel, ‘Loyalist;
‘Sandel’ and ‘Vista Bella HR was ob-
served on two cultivars, ‘McIntosh’

and ‘Delicious’ Both are known to be
resistant to CAR (2, 8, 12). Leaf rust
was observed on an additional 22 cul-
tivars. However, due to the absence or
poor development of aecia, it was not
possible to identify the rust species
involved. Only three of these cultivars,
‘Chieftan, ‘Lord Lambourne’ and ‘Sinta,
had fruit infected with CAR, and the
percentage of fruit infected was low,
ranging from 1 to 3%. It is possible that
both CAR ;and HR may occur simulta-
neously on the leaves of some cultivars
(13). Aldwinckle reported a low fre-
quency of occurrence of HR in apple
orchards (2) and on J. virginiana
(Aldwinckle, personal communication)
compared to CAR. This report agrees
that CAR was more prevalent than
HR on the apple cultivars.

On eight additional cultivars, no
leaf rust lesions were observed, and
no fruit infection from CAR occurred.
These cultivars were ‘Akane, ‘Discov-
ery, ‘Granny Smith; ‘Katja, ‘Redcort,
‘Regent, ‘Shamrock, and ‘Summer
Granny!

Median lesion diameter on leaves
infected with HR was 1 mm. CAR
median lesion diameter was usually
larger, 2 to 8 mm, and only in one case
was 1 mm in diameter. Since HR does
not attack apple fruits (11, 15) and
leaf lesions are few and small in diam-
eter (18) the commercial fruit grower
has little reason to be concerned about
HR infection.

Percentage fruit infection from QR
is shown in Table 1. ‘Delicious’ is a
well known QR susceptible cultivar
(11, 14, 18). Other cultivars compar-
able in susceptibility include ‘Burgun-
dy, ‘Empire, ‘Gloster 69, ‘Smoothee
Golden Delicious, ‘Julyred, ‘Mutsu,
‘Northern Spy, ‘Paulared, ‘Sinta; ‘Spi-
gold; ‘Summerred, ‘Sungold’ and ‘Ty-
deman’s Red’

In this study, both captafol and cap-
tan were used for apple scab control.
Neither are considered effective for
control of rust diseases (16), but captan
may reduce fruit infection from
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Table 1. Susceptibility of apple cultivars to cedar apple rust, Gymnosporangium
juniperi-virginianae, Quince rust, G. clavipes, and hawthorn rust, G. globosum,
at the Smithfield Experimental Farm, 1986 to 1990.

Leaf rust Fruit infection”
—_—Rnﬁng" l:lf:zn No. of

Cultivar 1986 1988 1989 1990 (mm)Y MAS* TypeY CAR QR yr.
Akane - 0 0 o0 0 0 3
Belle de Boskoop 2 0 0 1 2 A U 0 0 3
Blair 1 0 0 O 2 P U 0 5 4
Bramley’s Seedling 4 o 1 2 4 A CAR 0 1 3
Burgundy 4 tr 1 2 5 A CAR 20 10 4
Chieftan 1 0 0 O 1 P U 1 6 4
Cortland 2 0 0 O 1 A U 0 0 3
Cox’s Orange Pippin 2 o & 1 4 A CAR 34 2 4
Criterion -1 1 2 8 A CAR 0 0 1
Delicious 2 0 0 tr 1 P HR 0 19 4
Discovery - 0 0 0

Early Cortland - 0 1 2 5 A CAR 0 0 1
Empire 2 0 0 O 1 A U 0 16 4
Fuji -1 & 1 2 A CAR 0 0 3
Gala - tr 0 1 4 A CAR 0 0 1
Geneva Early - 2 1 3 7 A CAR 14 6 2
George 2 0 tr tr 2 A U 0 4 4
Gloster 69 3 1 1 2 7 A CAR 29 18 4
Golden Del., Smoothee 3 tr 1 2 5 A CAR 37 20 4
Golden Del., Sundale - 0 1 2 4 A CAR 0 0 3
Golden Russet 3 tr 1 2 7 A CAR 9 0 4
Granny Smith - 0 0 O 0 0 1
Greensleeves -1 & 2 7 A CAR 1 5 1
Honeygold 3 o 1 1 3 A CAR 2 1 4
Idared 3 o 1 2 5 A CAR 25 1 4
Jerseymac 1 0 0 O 1 P U 0 7 4
Jonamac 2 0 0 0 1 P U 0 0 4
Jonathan 3 1 1 2 6 A CAR 43 4 4
Jonnee 3 1 1 2 6 A CAR 33 2 4
Julyred 4 1 1 2 5 A CAR 40 10 4
Katja - 0 0 O 0 0 1
Kestrel 3 tr 1 2 1 A CAR 37 9 4
Liberty (SR)? 2 0 0 ¢tr 1 P U 0 2 4
Lindel 2 0 0 1 1 P U 0 8 4
Lord Lambourne - 0 tr tr 1 P U 3 1 3
Loyalist 4 tr 1 3 3 A CAR 28 2 4
Lysgolden -1 1 1 5 A CAR 0 0 3
Macklin 2 tr 1 +tr 2 A 0] 0 0 3
Magnolia Gold -1 1 1 4 A CAR 1 6 3
Malling Kent 2 o 1 1 6 A CAR 4 4 4
MclIntosh 2 0 0 tr 1 A HR 0 1 4
Mutsu 4 1 1 3 4 A CAR 64 42 4
Northern Spy 3 tr 1 2 2 A CAR 3 22 4
Paulared 2 0 & O 1 P U 0 10 4
Primegold 3 o 1 2 5 A CAR 41 3 4
Puritan 2 0 0 O 1 P U 0 1 4
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Table 1. (Continued).

Leaf rust Fruit infection"
_—__R’ﬁ“gv Ié::::n No. of
Cultivar 1986 1988 1989 1990 (mm)¥ MASX TypeY CAR QR yr.
Raritan - 0 0 tr 2 P U 0 0 2
Red Rome 2 1 1 2 7 A CAR 3 1 3
Redcort - 0 0 O 0 3 3
Regent - - 0 0 0 4 2
Rhode Island Greening 4 0 1 1 3 A CAR 5 0 4
Sandel 4 - 1 2 6 A CAR 33 2 3
Scotia 3 0 0 tr 1 A U 0 4 4
Shamrock - 0 0 O 0 2 1
Sinta 3 0 tr 1 2 A U 1 19 4
Spartan 1 0 0 O 2 A U 0 3 4
Spigold 4 tr 2 2 2 A CAR 2 11 4
Spijon 4 tr 1 2 6 A CAR 2 1 4
Stark Blushing Golden - 0 tr O 2 P U 0 4 3
Stark Pure Gold -1 1 1 5 A CAR 0 4 1
Summer Granny - 0 0 O 0 2 3
Summerred 4 1 1 2 6 A CAR 34 15 4
Sungold 2 0 & tr 2 A U 0 19 4
Supergold -1 1 2 5 A CAR 0 0 3
Tydeman’s Red tr 0 0 O 1 P U 0 19 4
Viking tr 0 0 O 1 N U 0 3 4
Vista Bella 4 1 1 3 5 A CAR 9 1 4
W. V. Red York 3 tr 1 2 4 A CAR 21 0 3

UThe figure shown represents the highest percentage fruit infection from 1986 to 1990 and the number of years evaluated for each

cultivar.

V0 = no lesions, 1 =1 t0 5, 2= 6 to 25, 3 = 26 to 50, 4 = 51 to 100 rust lesions per leaf, tr = less than 5 rust lesions per terminal shoot

and - indicates not evaluated.

WMedian lesion diameter based on 10 lesions per cultivar per year.
XMost advanced symptom: A = aecis, P = pycnia, N = nonsporulating.
YType of leaf rust: CAR = cedar apple rust, HR = hawthorn rust, U = undetermined.

2SR = scab resistant.

QR compared to unsprayed trees (19).
The same cultivars in unsprayed or-
chards may have a higher level of
infestation from rust diseases, how-
ever, this is not the usual situation in
commercial orchards.

This report indicates apple cultivars
which are susceptible to CAR and QR
under our conditions. Cultivars must
be compared over several years since
the level of infection varies consider-
ably from year to year. In this study,
the highest level of infection occurred
in 1986, probably due to a 64-hour
wetting period that occurred at the
calyx stage of bud development. Lower
levels o? infection occurred in 1988,
1989 and 1990, when shorter duration
wet periods occurred. Long wetting

periods, from the pink to the calyx
stage of bud development, has resulted
in a high incidence of fruit infection in
susceptible cultivars (5, 18). Resistance
is only indicated when rust infection
was not present or very low for several
years including one year when suscep-
tible cultivars were severely infected
(1986).

CAR and QR may cause severe
losses to susceptible cultivars in areas
where the alternate host, eastern red
cedar, occurs. The cultivars may ex-
press different levels of disease from
those reported here when grown in
different geographic areas, under dif-
ferent environmental conditions and/or
inoculum loads as well as physiological
races of the pathogen (3, 4, 6, 10). This
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report should be useful to pomologists
for rating the susceptibility to rust
diseases of many newer apple cultivars.

duction an
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Micropropagation of Cold Hardy
Dwarfing Apple Rootstocks

Micropropagation was achieved readily with P22 and O.3 with shoot pro-

rooting increasing to high levels following subculture for 6-9

months. With P2 shoot production and rooting was low in spite of subculture
for 38 months. Nevertheless some improvement in shoot production on culture
medium with phloroglucinol (PG) and increased cytokinin, and 80-90% of
shoots rooted on medium with PG. With B.9 shoot production was similar to
that with O.3 but rooting remained poor in spite of subculture for 39 months. In
a line of B.9 subcultured for 4 years, 73% rooting was achieved in vitro on
medium with PG and 96% by direct transfer of shoots to sand following a dip in
IBA.
From Webster and Jones. 1991. J. Hort. Sci. 66:1-6.



