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Scab-Resistant Apples for the Northeastern United States:
New Prospects and Old Problems
Fruit growers and the p t d u c e industry have been under intense public scrutiny during the past decade. Apples
(Malus X domesrica) have been especially controversial, cited by some as the

epitome of healthy eating and by others
as a prime example of pesticide-contaminated food. Commercial orchards in
mosF fruit-growing regions require f r e
quent treatments with a costly array of
insecticides, miticides, herbicides, and
fungicides. Pesticides compose about
13% of the costs of apple production,
or %750/hain the northeastern United
Slates (7). Seasonal applications of pesticides in apple orchards can include
more than 20 different chemicals, in
12- 18 separate treatments, in quantities
approaching SO kg/ha annually (8). A p
ple scab, caused by Venruria inuequaEis
(Cooke) G. Wint., is the most widespread
disease and accounts for much of the
pesticide usage on apples. Uncontrolled
apple scab can have catastrophic consequences-total crop loss, defoliated trees,
increased susceptibility to winter cold injury, and decreased bloom or crop in
subsequent years (2).
Management programs for apple scab
have evolved rapidly in recent years in
response to technological, regulatory,
and economic developments, and ptsticide usage has been substantially reduced where integrated pest management
(IPM) tactics have been implemented, In
this articte, we review the various options
and IPM strategies for scab control,
describe recent progress in the breeding
and evaluation of scabresistant apple
cultivars (SRCs),and evaluate the potential of SRCs to reduce the need Sot
fungicides in apple production. Determining the commercial potential of
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selected SRCs is the focus of a comprchensive, multidisciplinary project involving researchers and extensian specialists
at Cornell University, the Rodale Institute Research Center at Kutztown, Pennsylvania, the University of Massachusetts, and the University of Vermont.
Mom than 3,500 scab-resistant apple
trees are being evaluated at 50 orchards
across five states in this ongoing project,
which was initiated in 1988 and is supported in part by the USDA Sustainable Agriculture Research and Education (SARE, formerly LISA) program.
The major objectives of the project are
to: 1) develop more sustainable apple
prdaction systems for the northeastern
United States by use of SRCs and IPM
techniques, 2) provide economic and environmental impact analyses comparing
conventional and alternative apple production systems, and 3) expedite transfer of research information and adoption
of more sustainable systems by commercial fruit growers.

Hlstorlcal Background
Scab has plagued apple growers for
many centuries; symptoms of the disease
are evident on fruit in still-lift paintings
dating back t o the 14th century. The
depiction of scab by artists of past eras
implies that its fruit symptoms were once
considered acceptable and that consumers of the past must have bem less
squeamish about eating blemished fruit.
Also, most of the apples produced in past
centuries were destined for cider or preserves, and fruit with lesions and cracks
were still usable. Until the late 1800s,
there were no effective chemical controls
for apple scab. A few "antique" cultivars-russet types such as Roxbury
Russet and Golden Russet, the Russian
cultivar Antonovka, and others-were
somewhat less susceptible to the disease
but were also Iess productive or marketable than the more susceptible cultivars
such as McIntosh and Delicious, which
became dominant following the advent
of fungicides.

Apple Scab Fungicides
The copper or sulfur-based fungicides
of the early 1900s provided only preinfection protection and caused substantial
injury to tree foliage. The development
of effective. nonphytotoxicchemical protectants and eradicants for scab and
other fruit diseases has been considered
one of the success stories in modern
agriculture (19). By the late 1970s there
were at least 17 different fungicides in
some 30 brand-name formulations available for controtling apple scab. With the
recent availability ofsterol biosynthesis
inhibiting (S1) fungicides (fenarimol, myclobutanil, and flusilazol), growers are
afforded unprecedented postinfection
control of apple scab, cedar apple and
quince tusts caused by Gymnosporangium spp., and powdery mildew caused
by Podosphaera leucotricha (Ellis &
Everh.) E.S. Salmon with fewer appIications of fungicides (12,27). The narrow-spectrum S1 fungicides are usually
combined with broad-spectrum protectant fungicides to increase efficacy and
minimize the selection of resistant scab
biotypes, However, registrations for
most of the key broad-spectrum protectant fungicides-the ethy lene-bis-dithiocarbamates (EBDG), captan, and the
benzimidazoles-are now jeopardized
because of the zero-risk standard imposed by the Delaney Amendment (22).
Further prohibition of the use of broadspectrum fungicides may severely limit
chemical options for scab control and
cause the apple industry to resort increasingly to cultivars resistant to scab.
Other factors are also changing management strategies for the apple disease
complex. Fewer than one-hdf of the
fungicides available a dceade age are still
registered and effective against scab
(Table 1). Dodine and the benzimidazoles bcnomyl and thiophanate-methyl
arc still available but are no longer effective in many orchards because-of resistant strains of Y,inaequalis and P.leucorricha. Resistance to the SI fungicides
has also been reported in several loca-

