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Abstract

Apple scab is one of the most destructive diseases affecting apple production worldwide. Caused
by the fungal pathogen Venturia inaequalis, the disease significantly reduces fruit quality and
yield, resulting in substantial economic losses. The pathogen infects leaves, fruits, and young
shoots, causing characteristic olive-green to black lesions. Environmental conditions, particularly
moisture and temperature, play a crucial role in disease development and spread. This review
examines the taxonomy, life cycle, symptoms, epidemiology, economic importance, and
integrated disease management strategies of apple scab. Current advances in host resistance

breeding and sustainable disease management practices are also discussed.
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Introduction

Apple (Malus domestica Borkh.) is one of the
most widely cultivated fruit crops globally.
However, its production is constrained by
several diseases, among which apple scab is
considered the  most  economically
significant. The disease is caused by the
ascomycete fungus Venturia inaequalis and
occurs in nearly all apple-growing regions
where environmental conditions favor
infection (MacHardy, 1996). Apple scab
affects leaves, flowers, fruits, and shoots,
reducing  marketability and  causing
premature leaf fall. Effective management
requires an understanding of the pathogen's
biology and the environmental factors
influencing disease development.

Taxonomy and Causal Organism

The causal agent of apple scab is Venturia
inaequalis (Cooke) G. Winter, belonging to:

« Kingdom: Fungi
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e Phylum: Ascomycota

« Class: Dothideomycetes

« Order: Venturiales

« Family: Venturiaceae

« Genus: Venturia

« Species: Venturia inaequalis

The pathogen has both sexual and asexual
reproductive stages. The sexual stage
produces ascospores in pseudothecia, while
the asexual stage produces conidia that
facilitate secondary infections during the
growing season (Bowen et al., 2011).

Symptoms of Apple Scab

Symptoms vary depending on the infected
plant part and environmental conditions.

Leaf Symptoms

Initial symptoms appear as small, olive-green
spots on young leaves. As the disease
progresses, lesions become dark brown or
black and velvety due to fungal sporulation.
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Severe infections can lead to leaf distortion
and premature defoliation.

Fruit Symptoms

Fruit lesions are circular, dark, and corky.
Early infections cause fruit cracking and
deformation, while late infections result in
superficial lesions that reduce market value.

Shoot and Blossom Symptoms

Young shoots may develop lesions, and
blossom infections can reduce fruit set and
overall productivity.

Disease Cycle and Epidemiology

The disease cycle of apple scab consists of
primary and secondary infection phases.

Overwintering Stage

The pathogen survives winter primarily in
infected fallen leaves. During autumn,
pseudothecia develop within leaf debris and
mature throughout winter.

Primary Infection

In spring, mature pseudothecia release
ascospores during wet conditions. Wind
disperses the spores to emerging leaves and
flowers, initiating primary infections
(MacHardy, 1996).

Secondary Infection

Conidia produced on primary lesions spread
through rain splash and wind, causing
repeated infections throughout the growing
season. Secondary infections are responsible
for rapid disease development during
favorable weather conditions.

Environmental Factors
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Disease development is highly dependent on:

« Relative humidity above 90%

« Leaf wetness duration

e Temperatures between 16°C and
24°C

e Frequent rainfall and prolonged
moisture periods

The relationship between leaf wetness
duration and infection severity is commonly
described by Mills' infection periods, which
remain an important forecasting tool in
disease management (Jones & Aldwinckle,
1990).

Economic Importance

Apple scab causes substantial economic
losses worldwide. Severe epidemics can
reduce yields by 70% or more in susceptible
cultivars if left unmanaged. In addition to
direct yield losses, growers incur significant
costs associated with fungicide applications
and disease monitoring. Fruit affected by
scab often fails to meet market standards,
leading to reduced profitability.

Management Strategies
Cultural Practices

Cultural methods aim to reduce primary
inoculum sources and unfavorable conditions
for pathogen development.

Sanitation

«Removal or shredding of fallen
leaves.

« Application of urea to accelerate leaf
decomposition.

« Orchard floor management to reduce
overwintering inoculum.

Canopy Management
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Proper pruning improves air circulation and
reduces leaf wetness duration, thereby
decreasing infection risk.

Chemical Control

Fungicides remain a major component of
apple scab management programs. Common
fungicides include:

« Captan

« Mancozeb

« Difenoconazole
« Myclobutanil

« Trifloxystrobin

Protectant fungicides are applied before
infection periods, while systemic fungicides
can provide post-infection activity. However,
repeated use may lead to fungicide resistance
development.

Biological Control

Several biological control agents have shown
potential in suppressing V. inaequalis.
Species of Bacillus, Pseudomonas,
and Trichoderma can  inhibit  pathogen
growth and reduce disease incidence.
Although promising, biological control is
generally most effective when integrated
with other management practices.

Host Resistance

Breeding resistant cultivars is considered one
of the most sustainable approaches to disease
management. Resistance genes such as Vf
(Rvi6) derived from Malus floribunda 821
have been widely used in breeding programs.
Resistant cultivars include:

« Liberty

« Florina

e Prima

« Enterprise
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However, emergence of pathogen races
capable of overcoming resistance genes
necessitates continuous breeding efforts.

Integrated Disease Management (IDM)

Integrated disease management combines
cultural, chemical, biological, and genetic
approaches. IDM  reduces fungicide
dependence while maintaining effective
disease control. Modern IDM programs
increasingly  incorporate  weather-based
forecasting systems and disease prediction
models to optimize fungicide timing.

Recent Advances and Future Perspectives

Advances in molecular biology and genomics
have improved understanding of host—
pathogen interactions in apple scab. Marker-
assisted selection and genomic breeding
facilitate the development of resistant
cultivars. Furthermore, precision agriculture
technologies, including remote sensing and
decision-support systems, are enhancing
disease monitoring and management.

Climate change may alter disease
epidemiology by affecting temperature and
precipitation patterns. Future research should
focus on durable resistance, environmentally
friendly disease control methods, and
improved forecasting systems.

Conclusion

Apple scab remains a major challenge for
apple production worldwide. The disease,
caused by Venturia  inaequalis, can
significantly reduce yield and fruit quality
under favorable environmental conditions.
Effective management relies on an integrated
approach combining sanitation, fungicide
applications, resistant cultivars, biological
control agents, and disease forecasting
systems. Continued research into pathogen
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biology, resistance breeding, and sustainable
management practices is essential for long-
term control of apple scab.
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