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ABSTRACT
Five single-tree replicates of 20 new apple cultivars and numbered selec-

tions were planted in Highland, New York, in 1999 as part of the NE-183 
Multi-State Project. During 2001 and 2002, fungicide sprays were omitted to 
determine relative susceptibility of these cultivars and selections to cedar 
apple rust (CAR), hawthorn rust (HR), and quince rust (QR). Inoculum came 
from  cedar  trees  growing  adjacent  to  the  planting.  Most  cultivars  were 
highly susceptible to either CAR or HR, but not to both diseases. Ambrosia, 
BC  8S-26-50,  Chinook,  Coop  39,  CQR  10T17,  CQR  12T50,  Golden 
Delicious, Mutsu, NJ 109, and Scarlet O'Hara were susceptible to CAR with 
more than 75% of rust-infected leaves showing aecia of CAR in August of 
2002. The same group was relatively resistant to HR with 10% or less of the 
rust-infected leaves showing HR aecia. Cortland, Delblush, Hampshire, NJ 
90, NY 65707-19, NY 79507-49, NY 79507-72, Runkel, and Zestar were 
relatively  resistant  to  CAR  with  less  than  15%  of  rust-infected  leaves 
producing CAR aecia whereas 18 to 71% of leaves from this group had HR 
aecia. Pinova, Jubilee Fuji,  and Sundance had 30 to 70% of rust-infected 
leaves  with  CAR aecia.  All  cultivars  were  susceptible  to  QR and would 
therefore need fungicide protection if grown where QR inoculum is present.

BACKGROUND 
Apple  rust  diseases  in  eastern  United  States  include  cedar  apple  rust 

(CAR)  caused  by  Gymnosporangium  juniperi-virginianae,  hawthorn  rust 
(HR) caused by G. globosum, and quince rust (QR) caused by G. clavipes. 
CAR appears on both leaves and fruit of susceptible cultivars (Fig. 1) where-
as HR occurs only on leaves and QR occurs only on fruit (Fig. 2). Apple 
cultivars differ  in susceptibility to these rust  diseases (Aldwinckle,  1974; 
Warner, 1990), but relative susceptibility of newer apple cultivars had not 
been established prior to this study.

The NE-183 multi-state project, “Multidisciplinary Evaluation of New 
Apple Cultivars,” was established in 1994 to allow simultaneous evaluations 
of horticultural characteristics and pest susceptibilities at multiple locations 
across North America (Greene et al.,  2004).  The data reported here were 
derived from the 1999 NE-183 planting at the Hudson Valley Lab.

No fungicides were applied to the test orchard, but the orchard received 
insecticide,  miticide,  and  herbicide  applications  typical  of  commercial 
orchards  in  the  region.  The  planting  was  surrounded  by  woodlots  and 
research plots that harbored cedar trees. Thus, this test site was exposed to 
abundant inoculum for rust diseases. 

Rust incidence was evaluated on 5 terminals per tree during July and on 
all  available  fruit  per  tree  (range 5 to  100;  means of  31 [2001]  and 34 
[2002] per tree). Presence/absence of rust lesions was recorded for each leaf 
on each terminal. Leaves were considered infected if any evidence of an 
orange lesion was evident on the upper surface regardless of lesion size. 
Incidence of necrotic leaf spot was also recorded for each leaf because rust 
infections  can  initiate  leaf  spotting  on  some  rust-resistant  cultivars 
(Rosenberger et al., 1994; Fig. 3.). 

DISCUSSION
All of the apple cultivars tested will need fungicide protection against rust 

diseases if they are planted close to cedar trees. Commercial growers can 
sometimes reduce rust inoculum by removing cedars growing adjacent to 
apple orchards, but home owners and hobby farmers in eastern United States 
must often contend with high inoculum levels emanating from neighboring 
properties.

The apparent susceptibility of cultivars to fruit infections for both cedar 
apple and quince rust may be affected by differences in cultivar phenology 
at the time when critical wetting periods (infection periods) occur. Fruit may 
be  more  susceptible  to  infection  just  before  or  just  after  flowers  open 
because the open flowers may interfere with spore deposition on the flower 
hypanthium that later turns into the fruit. Thus, variations among cultivars in 
timing of full bloom can affect disease incidence on fruit if some cultivars 
have fully open flowers during infection periods and other cultivars have 
either unopened flowers or fallen petals.

The  NY selections  (NY65707-19,  NY79507-49,  NY79507-72)  were  all 
selected for resistance to cedar apple rust. However, they remain susceptible 
to rust-induced leaf spotting, hawthorn rust, and quince rust. The same is 
true for other scab-resistant cultivars such as Liberty and Freedom. The ideal 
disease-resistant apple should have resistance to all three rust diseases and 
also to rust-induced leaf spot.

RESULTS
Mean  incidence  of  rust  and/or  necrotic  leaf  spot  during  the  two-year 

observation  period  ranged  from  40  to  60%  for  most  cultivars,  although 
NY79507-72, NJ90 and Runkel were less severely affected (Fig. 5). The 10 
cultivars with the least foliar rust generally had more necrotic leaf spot than 
the 10 cultivars with the most rust. Evaluation of aecia formation showed 
that the cultivars with greatest susceptibility to cedar apple rust generally 
had a  low incidence of  hawthorn rust  (Fig.  6).  Mean incidence of  cedar 
apple rust on fruit over two years was less than 6% for 11 of the cultivars 
and  exceeded  25%  for  only  three  cultivars  (Fig.  7).  All  cultivars  were 
relatively susceptible to quince rust (Fig. 8).
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Fig. 1. Cedar apple rust lesions on leaves and fruit. 

Fig. 2. Quince rust on maturing fruit (left) and on fruitlets 
seven days after petal fall in May 2005 (right). 

METHODS
The  test  planting  included  five  single-tree  replicates  for  each  of  23 

cultivars or numbered selections. Trees were planted in three long rows in a 
randomized block design and were spaced 2.6 m apart within rows and 4 m 
between rows. All trees were on M.9 rootstocks, trickle-irrigated, trained to 
the vertical axe system, and supported with conduit posts. 

Foliar  symptoms of  cedar  apple  rust  and quince rust  cannot  be  easily 
differentiated  until  late  summer  when  aecia  form  on  the  underside  of 
infected  leaves  (Fig.  4).  Therefore,  July  evaluations  of  foliar  infections 
revealed only susceptibility to the combination of these two rust diseases. 
Speciation  of  foliar  infections  was  completed  during  Aug.  2002  by 
observing aecia on 20 leaves per tree.  

Data  was  analyzed  using  SuperANOVA software  (Abacus  Concepts, 
Berkeley, CA). 

Fig. 3. Rust-    
induced leaf 
spotting on 
Cortland 
(near right) 
and on 
NY79507-72 
(far right). 

Fig. 4. Aecia of G. 
juniperi-virginia-
nae (left) and G. 
globosum (right) 
on the abaxial 
surface of 
‘Run-kel’ 
leaves in 
August. 

Fig. 5. Incidence (2 yr means) of 
rust lesions and necrotic leaf 
spotting on terminal leaves. 

Fig. 6. Rust lesions with no aecia 
or with aecia of CAR or HR in 
August 2002. 

Fig.7. Incidence of cedar 
apple rust on fruit. 

Fig.8.  Incidence of quince  
rust on fruit. 
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