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There are many compelling reasons for
using fungicides to control diseases on
apples (Malus domestica Borkh.). No
other disease control approach has been
so thoroughly researched and evaluated
in the field. Chemical control is an effec-
tive component of an overall manage-
ment program and is often the only
dependable method available. Chemicals
provide flexibility in disease control pro-
grams with reasonable assurance of suc-
cess. Nonchemical alternatives do not
exist for the diseases of greatest economic
importance.

Apples are a highly visible commodity
to American consumers and have been
the focus of recent pesticide issues. The
daminozide (Alar) issue, concerns about
the Environmental Protection Agency’s
(EPA) enforcement of the Delaney Clause,
and the National Academy of Science’s
report on “Pesticides in the Diets of
Infants and Children” have focused
public attention on pesticide residues in
apples and other fruits. The Clinton
administration responded to these issues
by submitting pesticide and food safety
reform legislation to Congress and
announcing the goal of having 75% of
all farm acres using integrated pest man-
agement (IPM) practices within 7 yr. An
IPM plan is needed for apples that will
profitably cope with food safety and the
environment in addition to traditional
pest management (37).

Recently the EPA, the United States
Department of Agriculture, and the
United States Food and Drug Admin-
istration formed a partnership with a
number of commodity groups, including
the International Apple Institute, to pro-
mote environmental stewardship in pesti-
cide use in the United States. This part-
nership represents the beginning of a new
interaction between regulatory agencies,
industry groups, and university re-
searchers and extension staff. In this new
paradigm, the regulatory agencies are
prodding the industry and university
staff to provide a proactive perspective
on how pesticide issues can be managed
in the future.
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This paper outlines approaches to
voluntary reductions in fungicide and
antibiotic use for the Michigan apple
industry. It provides background infor-
mation on disease problems, progress in
reducing the use of fungicides, the
feasibility of management strategies that
require less use of fungicides, and
priorities for research in disease-control
alternatives. It is part of a comprehensive
plan developed by a task force of uni-
versity and industry representatives asso-
ciated with the Michigan apple industry
and represents a benchmark for future
EPA-industry-university cooperation.

Apple Diseases of Significance
in Michigan

Over 200 pathogens have been re-
ported on apple (2), but only 10-15 of
these have the potential to seriously dam-
age the Michigan apple industry (Table 1).
Weather conditions, such as high humid-
ity, rainfall, and moderate temperatures,
favor the development of many of these
diseases; these conditions frequently
occur together in Michigan from April
through September. Fortunately, con-
trols for most major diseases exist. The
diseases are described elsewhere (20,24).

Among the currently important dis-
eases, control of scab is essential if sub-
stantial disruption in apple production
in Michigan is to be avoided. Although
alternative methods of control, such as
scab-resistant cultivars, might reduce
dependence on chemical fungicides for
scab control in the future, elimination
of fungicide use is unlikely since sooty
blotch and fly speck will increase in
severity as fungicide use is reduced
(31,38). Powdery mildew and fire blight
are problems on a few susceptible culti-
vars. Disease management strategies for
apple scab, sooty blotch, and fly speck
are outlined below to illustrate the pro-
gress Michigan apple growers have made
and are continuing to make to reduce

the overall use of fungicides.

Apple scab, caused by Venturia
inaequalis (Cooke) G. Wint., is a con-
sistently important disease that can cause
total crop loss. An illustration of the
persistent threat of loss from scab is the
annual occurrence for over 40 yr of
98-100% fruit infection on unsprayed
trees in fungicide spray trials conducted

in orchards at Michigan State University
(MSU). Infections on fruit cause prema-
ture fruit drop and reduce fruit size and
quality. Early defoliation from infections
on leaves reduces fruit size and inhibits
the formation of flower buds for the next
year’s crop.

Most of the fungicide used on apples
in Michigan is applied for scab control.
Treatments are initiated at the green-tip
stage of bud development and are main-
tained on a 7-day schedule until mid-
June, when they are applied about every
14 days until harvest. Generally, there
are eight to 10 applications annually.
Applications may be discontinued after
about second cover if primary scab has
been well controlled (98-100% control)
and other fungal pathogens are not
important. If primary scab has not been
well controlled, fungicide applications
are continued until harvest.

Sooty blotch and fly speck are diseases
caused by different fungi: Gloeodes
pomigena (Schwein.) Colby causes sooty
blotch, and Zygophiala jamaicensis E.
Mason causes fly speck. The environ-
mental conditions that favor their devel-
opment are very similar, and both dis-
eases are often found together on apple
fruit. Their presence on the fruit’s surface
lowers quality and subsequent market
value. In orchards where these diseases
occur, fungicides are applied on a 10-
to 14-day schedule from first cover to
harvest to protect fruit from infection.
Sooty blotch and fly speck have in-
creased in importance as sterol demethyl-
ation inhibitors (DMIs) have replaced
captan and the ethylene-bisdithio-
carbamate fungicides for apple scab
control (21,52).

Resistance— A Major Problem
Confronting Chemical Control
Unquestionably, resistance of plant
pathogens to fungicides has become a
serious threat to the stability and success
of control strategies for several impor-
tant diseases of apple. The development
of fungicide resistance in populations of
V. inaequalis has limited the number of
fungicides that can be used effectively for
scab control. Resistance to the benzi-
midazole fungicides benomyl and thio-
phanate-methyl was first identified in
North America in Michigan in 1975, only
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3 yr after benomyl was introduced for
scab control (19,25). Because popula-
tions of resistant strains are distributed
widely and are stable, benzimidazole
fungicides are no longer recommended
for the control of scab in Michigan
orchards. The development of resistance
to benomyl had great practical signifi-
cance because no other fungicide has
provided the level of scab control or
flexibility in timing.

Dodine-resistant strains of V. in-
aequalis were detected in Michigan after
their identification in New York State
in 1969 (46). The research in New York
was the first documented case of field
resistance to a modern fungicide. Resis-
tance developed where dodine was used
exclusively for 10 or more years. In
Michigan, strains of V. inaequalis resis-
tant to both benomyl and dodine were
detected where the fungicides were used
in combination after many years of
exclusive dodine use (25). In 1992, the
continued presence of dodine-resistant
V. inaequalis in Michigan apple orchards

was confirmed (W. Koller and A. L.
Jones, unpublished data). Although
dodine is still registered for scab control,
it is no longer efficacious against the scab
pathogen in most Michigan apple
orchards.

With the introduction of the DMI
fungicides fenarimol (Rubigan) in 1987
and myclobutanil (Nova) in 1989, Mich-
igan growers began to use a new class
of fungicides for scab control. However,
V. inaequalis resistance to DMIs has
occurred after several years of intensive
use in experimental and commercial
orchards in other regions (5,17,40).
Resistance is expected to develop even-
tually in orchards in the United States,
and considerable research has been done
already to establish the baseline sensi-
tivity of scab populations to various
DMI fungicides (27,39). Mixtures of
DMIs with conventional protectant
fungicides are used by many growers as
a way of delaying resistance to DMI
fungicides. Also, mixtures control fruit
scab and certain other diseases better

Table 1. The relative importance of apple diseases in Michigan

Disease
Scientific name

Loss without fungicide
or antibiotics

Type of damage

Apple scab Severe®
Venturia inaequalis
Fire blight
Erwinia amylovora
Quince rust
Gymnosporangium clavipes
Cedar apple rust
G. juniperi-virginianae
Hawthorn rust
G. globosum
Powdery mildew
Podosphaera leucotricha

Severe

Minor

Moderate

Black rot Minor to moderate
Botryosphaeria obtusa

White rot Minor
B. dothidea

Sooty blotch Moderate to severe
Gloeodes pomigena

Fly speck
Zygophiala jamaicensis

Bitter rot Minor
Glomerella cingulata

Blister spot Minor to moderate
Pseudomonas syringae pv.

papulans

Brooks fruit spot Minor
Mycosphaerella pomi

Cayx-end rot Minor
Sclerotinia sclerotiorum

Moldy core and core rot Minor
Alternaria spp.

Nectria twig blight Minor

Nectria cinnabarina
Bull’s-eye rot
Pezicula malicorticis

Minor to moderate

Spots on leaves and fruit, leaf and
fruit drop, weakening of trees®

Killing of fruit spurs, shoots,
branches, and trees®

Spots on leaves and fruit, deformed
fruit, weakening of trees®

Distorted leaves, russeting of fruit,
reduced shoot growth®

Fruit decay, leaf spotting, cankers
on wood

Fruit decay, cankers on wood

Blemishes on fruit. Worst on late-
season yellow and green skin
cultivars®

Fruit decay

Spotting of fruit of Mutsu, Fuji,
Cortland*

Small sunken spots on fruit®
Decay on blossom-end of fruit'

Rot of core, premature ripening,
visible mold®

Death of spurs, cankers. Severity
cultivar dependent”

Decay of fruit after harvest'

#Could eliminate industry.

® Affects all commercially accepted cultivars.
“Severity depends on cultivar.

4Problem increasing.

“Problem in poorly sprayed orchards.

'No effective control.

EProblem on strains of Delicious.

f'No chemical control.

' Controlled with preharvest sprays.
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than DMIs alone. The withdrawal of
several conventional fungicides from the
marketplace due to reregistration costs
or outright bans would hasten the
development of resistance to DMI fungi-
cides in V. inaequalis.

As fungicides lost their effectiveness
for scab control due to the development
of resistance, they were replaced in spray
programs with new fungicides. It may
not be possible to replace DMIs when
resistance develops because very few
fungicides with new modes of action are
being developed for apple scab control.

The lack of alternative control mea-
sures, either chemical or nonchemical, is
currently the situation with streptomycin
and fire blight control in three areas of
Michigan (30). Resistance to strepto-
mycin in Erwinia amylovora (Burrill)
Winslow et al was identified in 1990 after
it had been used for nearly 40 yr for fire
blight control in Michigan apple orchards
(7). Where resistance to streptomycin has
developed, growers are left with no effec-
tive chemical to control this serious
disease.

Progress in Reducing the Need
for Fungicides and Antibiotics

Fruit growers in Michigan and
throughout the Eastern United States
have made significant progress in re-
ducing the amount of fungicides used in
apple production. Fungicide reductions
have been achieved by improving the
effectiveness of application equipment,
eliminating unneeded sprays at the begin-
ning of the season, improving the timing
for applications later in the season, and
using cultural practices wherever possible.

Application techniques. New and im-
proved techniques for fungicide applica-
tions have played an important role in
the development of apple disease man-
agement programs. Prior to the late
1940s and early 1950s, high-pressure
sprayers and handguns were used to
spray orchards. With the development
and improvement of airblast sprayers
during the 1950s, disease control im-
proved with a parallel decrease in labor.
By the 1960s, most major pathogens were
under control and only maintenance pro-
grams were needed for orchards where
inoculum levels were kept low.

The development of concentrate
spraying enabled growers to reduce over-
all fungicide use even more. With the old
standard of 400 gal of water per acre
(3,740 L/ha) for trees 20-22 ft (6-7 m)
tall planted in rows 35 ft (10 m) apart
(28), there was excessive loss of fungicide
into the environment through runoff
from sprayed trees. With concentrate or
low-volume spraying at 30-100 gal of
water per acre (280-935 L/ha), compa-
rable pesticide residues were obtained,
with a 20-25% reduction in the amount
of fungicide used and less runoff from
sprayed trees. Today concentrate sprays
are commonly used in apple disease man-




agement programs.

Further reductions in fungicide use
resulted from the development of the
alternate middle technique of spraying
in the 1960s (28,29). Alternate middle
spraying refers to the spraying of alter-
nate sides of the tree at shorter spray
intervals. The technique was based on
findings that good spray coverage can
be obtained with large airblast sprayers
by spraying one side of the tree and that
the effectiveness of fungicides with short
residual activity can be increased by more
frequent application (5-10 days) at low
rates. The development and use of the
tree-row-volume concept (6), coupled
with an adjustment for canopy density
(44,45), provided a satisfactory guide for
determining the rate of fungicide needed
in orchards with trees of various sizes
and canopies of various densities.

These improvements in application
technology, fungicide chemistry, and
control strategies made it possible to
adequately control diseases in many
commercial orchards with less fungicide.
As part of the reregistration process,
whereby the EPA scrutinized the risks
and benefits of pesticides, dose rates
recommended on fungicide labels were
reduced by 25% for several fungicides
introduced when inoculum levels in
orchards were high and dilute spraying
was common. Thus, as a result of the
reregistration process, growers were re-
quired through labeling to reduce fun-
gicide use, shown to be possible by uni-
versity and industry scientists.

Improved timing. Through accurate
timing of fungicide applications, ade-
quate disease control can be maintained
while the total amount of fungicide used
per season is reduced in all but excep-
tionally wet years. Timing involves the
application of a fungicide 1 or 2 days
before the onset of infection or the appli-
cation of special kinds of fungicides after
predicted infection periods. Most fungi-
cides exhibit maximum protectant effec-
tiveness when applied just prior to infec-
tion periods. Therefore, most Michigan
apple growers try to utilize this approach
in timing sprays to control apple scab,
but the effectiveness of this strategy for
reducing fungicide treatments depends
on having accurate weather forecasts.
Inaccurate weather forecasts contribute
to unnecessary applications when pre-
dicted rains fail to develop or to missed
applications when rains are unpredicted
or arrive ahead of time.

Infections that occur before fungicides
are applied may be controlled by after-
infection fungicides applied 24-96 h after
the beginning of a rain favorable for
infection. Some fungicides must be
reapplied 7 days later to ensure that the
infections are eliminated (35). Temper-
ature and wetness duration combinations
necessary for infection to occur were
defined by D. W. Mills in the mid-1940s
(32,33). Although Mills’ predictive

system has been modified slightly by
other researchers, the criteria established
continue to form the basis for predicting
scab infection periods and timing after-
infection treatment. Widespread use of
the Mills program was made possible by
the development of airblast sprayers for
spraying orchards quickly and thoroughly
and by the development of fungicides
with after-infection or presymptom cura-
tive control properties.

Through the use of microprocessor
technology, researchers at MSU devel-
oped a battery-operated instrument that
monitored environmental factors in an
orchard and predicted apple scab infec-
tion periods (23). After predicted infec-
tion, it displayed a tailor-made list of
fungicide options for growers to select
from. An average of 3.3 fungicide sprays
were saved per season in field tests
conducted for 5 yr in Michigan and 3
yr in New York when spray programs
based on after-infection fungicides were
substituted for programs based on pro-
tectant fungicides (22). Independent
studies conducted in Ohio demonstrated
the economic benefits of this technology
and confirmed the potential to reduce
fungicide use through more precise
scheduling of fungicide application
(11,12).

A commercial version of the instru-
ment developed and marketed by Reuter-
Stokes, Inc., Cleveland (22), was not a
commercial success. Virtually all growers
in Michigan were influenced by predic-
tions from these instruments because
district extension horticultural agents
collected and disseminated information
from a few units located in each region.
The networking approach was cost effec-
tive for growers, but because it limited
instrument sales, adequate profits were
not returned to the manufacturer.

In addition to identifying scab infec-
tion periods based on weather, it is im-
portant for growers to know when the
primary inoculum is available for infec-
tion and when it is actually discharged.
Fungicide sprays are often unnecessary
if no ascospores are mature or if the
supply of ascospores is exhausted. Con-
trol of the primary stage of apple scab
markedly reduces or eliminates the need
for control measures for secondary scab,
particularly where the fruit are being
grown for the processing market. In
Michigan, several extension agents
monitor one or two orchards in their
district for ascospores with Rotorod
samplers and make information on spore
discharge available to growers via self-
answering telephones (Code-A-Phone
systems), fax networks, and radio. One
advantage of using spore samplers is that
the variable effects of weather (light,
temperature, amount and intensity of
rain, and prior drought periods) on dis-
charge are reflected in the monitoring
data. These techniques were evaluated
and refined in the early 1970s (43) and

continue to be used by extension per-
sonnel and IPM consultants in Michigan.

Integrated, reduced-spray (IRS) pro-
gram. Beginning in the 1990s, a new
strategy for reducing the number of
fungicide sprays for scab control was
introduced for use in orchards where
inoculum levels are low due to excellent
scab control the previous year (50).
Reduction is achieved by eliminating
unneeded sprays at the beginning of the
season and by capitalizing on the postin-
fection control activity of back-to-back
sprays with DMI fungicides. Four sprays
timed to coincide with the phenologic
tree stages of tight cluster, pink, petal
fall, and first cover are used in the IRS
program compared to six to seven sprays
in a traditional protectant program.
DMI fungicides must be used, preferably
in combination with a protectant fun-
gicide, and effectiveness requires good
spray coverage. This program also con-
trols powdery mildew until second cover.

The four-spray IRS program was the
culmination of research on the quantifi-
cation of ascospore dose in well-sprayed
commercial blocks compared to un-
sprayed or poorly sprayed blocks and on
the mode of action of the DMI fungi-
cides. Although the scab fungus develops
similarly in sprayed and unsprayed
orchards, ascospore populations are not
“critical” until tight cluster to pink in
sprayed orchards compared to green tip
in unsprayed orchards (13,14). Secondly,
the DMI fungicides have excellent
presymptom control activity when
applied in back-to-back sprays (26,35).
The extended presymptom activity of
repeat applications provides the flexibil-
ity needed to coordinate early season dis-
ease, insect, and mite control applications.

Cultural practices. Apple growers use
a number of standard cultural practices
to improve fruit quality and disease con-
trol. For example, dormant and summer
pruning to open up the tree canopy and
thinning to separate fruit clusters help
prevent sooty blotch and fly speck by
facilitating drying of fruit after rain or
dew (10,42). These practices also favor
better spray coverage (9). Removing
alternate hosts, such as brambles, from
the orchard and surrounding hedgerows
also helps to reduce the influx of fly speck
inoculum (42). However, cultural prac-
tices are not adequate by themselves for
disease control.

Prospects for Reductions in Use
of Fungicides and Antibiotics

The potential for reduced use of
fungicides on apples in the United States
depends to a large extent on the disease
complex to be controlled in various
regions. There would be severe disrup-
tion in apple production if growers in
the eastern United States were expected
to reduce use of fungicides to levels
employed in the West where disease
problems are minor. Fungicide reduction
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is less likely in the East where apple scab
and summer diseases are major problems.

Breeding for disease resistance. Devel-
opment and planting of cultivars with
multiple disease resistance could result
in significant reductions in the use of
chemical fungicides on apples in the
future. The first crosses to incorporate
apple scab resistance into a commercial
cultivar were begun in Illinois over 55
yr ago when Rome Beauty was crossed
with M. floribunda. Although more than
30 scab-resistant cultivars have been
released from breeding programs in the
United States, Canada, and Europe, they
are not being widely planted nor have
they been accepted in volume in the
marketplace. A few Michigan growers
are evaluating small plantings of these
cultivars, but the new releases are largely
unfamiliar to most growers and con-
sumers, and most are inferior to the
present commercial cultivars, especially
for the fresh market.

Although apple cultivars with genetic
resistance to scab will become more im-
portant if options for chemical control
of diseases become limiting, it is unlikely
that resistant cultivars will substantially
or quickly replace chemical fungicides.
Some scab-resistant releases also have
resistance to powdery mildew, fire blight,
and cedar apple rust, but most are
susceptible to at least one of these dis-
eases and to such diseases as sooty
blotch, fly speck, black rot, and white
rot. Failure to control sooty blotch and
fly speck on the disease-resistant cultivar
Liberty resulted in a significant reduction
in economic returns for the fruit (38).

Due to physiologic variation in the
scab pathogen, antiresistance strategies
need to be developed to increase the
durability of scab-resistant cultivars.
Recently, a new race (race 6) of the apple
scab fungus infected some scab-resistant
cultivars in Europe (36). This breakdown
in resistance emphasizes the need to
reexamine the breeding strategies for this
disease. Because of the limited evalua-
tions made within breeding programs for
susceptibility to other pathogens, resis-
tance to a particular pathogen in one
region may not provide resistance to that
pathogen in another region. For exam-
ple, Liberty was considered resistant to
powdery mildew when released but is
now considered highly susceptible to
mildew (8). Widespread use of scab resis-
tant apple cultivars is not expected for
many year, and the substantial replace-
ment of well-established susceptible
cultivars by resistant ones is highly
unlikely.

Genetic engineering of resistant culti-
vars. Although several apple cultivars
with disease resistance have been devel-
oped by traditional breeding methods,
creating new cultivars with the desired
genetic characteristics is a time-con-
suming, laborious process. Sources of
genetic resistance may not be available
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for the range of important diseases in
each apple-growing region. Because of
the development of an ever increasing
array of molecular methods, scientists
are no longer restricted to working with
genes identified in apple. Beneficial genes
from other crop plants or even from
outside the plant Kingdom also can be
incorporated into apple. Plants can now
be manipulated to deliver the same
mechanism of control as microorgan-
isms, and microorganisms are now being
viewed as potential sources of genes for
disease resistance. A major advantage of
this strategy is that existing commercial
cultivars could be altered by introducing
desirable characteristics, such as disease
resistance. This is expected to be much
quicker than breeding entirely new culti-
vars that are both resistant and of
acceptable quality.

This approach is currently being used
by Norelli et al (34) to introduce resis-
tance to fire blight into apple. A gene
from the giant silk moth (Hyalophora
cecropia) was introduced into M.26
apple rootstocks. Transgenic M.26 that
contained and expressed the gene had
increased resistance to infection by E.
amylovora when compared with the
parent M.26. Such genetic alteration of
the rootstock should not affect the
quality of the fruit produced by the scion
cultivar. In the future, plants may be
genetically engineered to repel pathogens
only when they are under attack. Al-
though genetic engineering combined
with breeding could substantially reduce
use of chemical pesticides or result in
control measures for diseases that are
currently uncontrolled, progress in this
area will be very slow because resistance
to multiple diseases will be needed before
fungicide load can be significantly re-
duced in many apple-growing regions.

Microbial pesticides. The growing
interest in using microorganisms (bacte-
ria, fungi, yeast, and viruses) for biolog-
ical control of pathogens of apple is an
outgrowth of public concern over chem-
ical pesticides, including fungicides. No
fungicide registered for disease control
on apple has been replaced by a microbial
pesticide. Without an unanticipated
breakthrough in research, development
of microbial fungicides for managing
foliage and fruit diseases of apples is still
decades away. Most microorganisms
currently under study are not self-sus-
taining after they are introduced, or
natural populations must be augmented
to reach levels sufficient to combat path-
ogens. Therefore, they must be applied
again and again to be effective. Applying

them repeatedly involves formulations

and application equipment identical to
that used for chemical fungicides. The
mechanism of biological control for
many organisms currently being evalu-
ated as microbial pesticides involves
antibiotic production. In reality, micro-
organisms are delivering chemicals. Al-

though the level of antibiotic involved
is normally far less than the level of a
chemical fungicide applied to control a
particular disease, the public may still
have considerable apprehension about
consuming apples sprayed with biolog-
ical control agents. Unlike chemical
fungicides, microbial fungicides rarely
provide multiple disease control. Unless
microbial pesticides can be developed for
the range of diseases on apples, it will
be difficult to eliminate applications of
fungicides for those diseases that are not
controlled biologically.

Despite the problems outlined here,
there are a few areas in which microbial
pesticides may provide alternate means
for controlling apple diseases. The apple
scab pathogen overwinters in leaf litter.
Destruction of the litter by mechanical,
chemical, or biological methods, elimi-
nating the overwintering inoculum, has
been under investigation since the mid-
1930s. Andrews and co-workers (16,53)
in Wisconsin evaluated a large number
of microorganisms found in the leaf litter
and as residents on the surface of apple
leaves and fruit as potential biocontrol
agents. The fungus Athelia bombacina
Pers. has demonstrated potential as a
biological control agent for apple scab
by inhibiting overwintering of the scab
fungus in apple leaves. This biological
control strategy is attractive because the
trees and fruit are not directly treated
with microbial pesticides. This strategy
has not been evaluated in large-scale
trials in orchards nor have economic
benefits been determined. Removal of
leaf litter may allow growers to control
scab during the growing season with
fewer fungicide applications, but benefits
of this method may be limited because
the scab pathogen also overwinters in
apple buds (4).

Biological controls for fire blight have
been under development since the early
1970s (15,49,51). Two bacteria, Pseudo-
monas fluorescens strain A506 and E.
herbicola strain C9, are the most prom-
ising. Strain A506 is registered with the
EPA but is not a commercial product.
The antagonistic bacteria are applied to
blossoms and colonize the flower stigma
before the fire blight pathogen becomes
established. Although bees have been
used to deliver the bacteria to blossoms
(18,47), bee vectoring of these antago-
nistic bacteria to flowers is not efficient
enough to replace spraying of formulated
microbial pesticides. The best control has
been obtained with periodic rather than
single applications. Since antagonistic
bacteria have only provided up to 60%
control of fire blight in controlled experi-
ments, their use will need to be integrated
with antibiotics. One strategy is to apply
the biocontrols early in bloom and again
near full bloom, followed by antibiotic
sprays when the MARYBLYT model
(41) or other models indicate that
weather is conducive for fire blight. Im-



portance of biological control of fire
blight should increase as E. amylovora
develops resistance to antibiotics. How-
ever, biocontrols have not yet been
developed for the shoot blight phase of
fire blight; this phase is a serious problem
in Michigan during the summer.

Predictive models. Knowledge of
weather, levels of inoculum, and fungi-
cide efficacy are especially important
factors to consider before deciding on
a particular control strategy. Models that
relate disease occurrence to inoculum
availability, environmental conditions,
and host susceptibility have resulted in
improved disease control, particularly
for apple scab and fire blight. The incor-
poration of these models and other man-
agement strategies into disease predictors
or into expert systems (48) will provide
an avenue for the widespread imple-
mentation of these disease management
programs.

Refinement of existing models and the
development of management models for
other apple diseases is dependent on
acquisition of a large data base on the
biology and epidemiology of each disease
and pathogen and the availability of
effective chemical controls. Models
recently proposed for cedar apple rust
(1) and black rot (3) may provide the
foundation for the development of new
management programs for other dis-
eases. Although data on the biology and
epidemiology of these and other diseases
are accumulating, a sufficient data base
does not exist to construct predictive
models.

Successful implementation of disease
management models and programs also
depends on grower attitudes and their
willingness to accept new technology.
Because of the high per-acre value of the
crop, apple growers are inherently risk
averse and need to be convinced that the
risks involved in implementing new
management programs are outweighed
by their benefits. Thorough testing of new
management strategies before release to
growers is requisite to the development
of successful management programs.

The availability of effective chemicals
will continue to be critical to the develop-
ment and implementation of disease
management models. Fungicides with
good postinfection and curative activity
are necessary to take full advantage of
models such as the Mills model for apple
scab. For example, the DMI fungicides,
because of their curative activity, are
valuable for use in managing apple scab,
mildew, and cedar-apple rust. However,
there currently are no fungicides regis-
tered with postinfection activity against
diseases such as sooty blotch, fly speck,
black rot, bitter rot, and white rot. Even
if models become available for schedul-
ing sprays for these diseases, they may
not be of practical value without fungi-
cides to eliminate latent infections.

Pesticide management. In addition to

reducing the number of chemical appli-
cations by monitoring infection periods
as described above, new sprayer designs
aimed at decreasing the amount of chem-
ical applied in each application are
needed. Reliable procedures to eliminate
pesticide residues by postharvest treat-
ments would ensure the safety of apples
when growers are forced to apply chemi-
cals late in the season.

Because of current design of orchard
pesticide application equipment, the
lower parts of trees are over sprayed to
ensure adequate coverage in tops of trees.
Michigan growers are beginning to use
asprayer that applies sprays in a uniform
curtain of air that extends from the
bottom to the top of the tree. This
sprayer, developed at MSU by two agri-
cultural engineers (G. Van Ee and R.
Ledebuhr, unpublished data), improves
delivery of the spray to the target site.
Research is currently underway to estab-
lish how much chemical application rates
can be reduced without affecting the level
of disease control and how planting sys-
tems affect disease control practices with
this sprayer. Research in this area could
advance quickly with large-scale imple-
mentation within a few years.

Although reduced spray programs and
longer preharvest intervals reduced
detectable chemical residues in raw
apples at harvest and in processed apple
products, residues of some systemic
fungicides were seldom eliminated even
by processing (21). However, residues of
certain nonsystemic chemicals were
reduced and sometimes eliminated in
processed products made from peeled
apples compared to unpeeled apples (J.
Cash, M. Zabik, and A. L. Jones, unpub-
lished data). Washing fruit with warm
water at pH 11 also was very effective
in removing some chemicals but not
others. Other postharvest techniques for
lowering residues of fungicides prior to
marketing or processing of the fruit need
to be evaluated.

Summary and Conclusions

Disease management strategies and
tactics developed over the past 20-30 yr
have led to substantial reductions in the
use of fungicides on apples. Label changes
involving lowering of dosage rates re-
sulted in a 25% reduction in use for
several common fungicides, and further
reductions of 5-15% are possible using
various disease management practices,
such as eliminating early season sprays
or timing of sprays close to predicted
infection periods. Combined, these prac-
tices result in a possible 30-40% reduc-
tion in fungicide use. Strategies currently
being researched or under development
include new cultivars and rootstocks with
disease resistance, advances in sprayer
technology, development of microbial
pesticides, and new or improved models
for timing fungicide and bactericide
application. If these technologies are

developed and implemented, a 40-50%
reduction in overall pesticide use appears
possible when compared to levels used
in the early 1960s. Outbreaks of minor
or new disease problems or the devel-
opment of strains resistant to the DMI
fungicides could make it difficult to reach
this goal. Conversely, significantly higher
reductions could occur longer term by
undertaking a major research effort to
introduce multiple disease resistance into
currently accepted cultivars using genetic
engineering.
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