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Description

Citrus canker, caused by the bacterium Xanthomonas citri subsp.
citri (Xcc), is one of the most devastating diseases affecting citrus
crops worldwide. The disease manifests as lesions on leaves, stems,
and fruits, leading to defoliation, twig dieback, and significant yield
losses. Traditional management approaches often rely on chemical
control methods, but these measures may have limitations such as
environmental concerns, development of resistant strains, and
potential harm to beneficial organisms. Therefore, there is growing
interest in discussing alternative strategies, particularly those that
using the innate defense mechanisms of citrus species to enhance
resistance against citrus canker.

Citrus species have evolved a sophisticated array of defense
mechanisms to combat pathogens, including physical Dbarriers,
chemical defenses, and molecular responses. Understanding these
mechanisms is essential for developing strategies to enhance citrus
canker resistance. Citrus species possess physical barriers such as
the cuticle, cell walls, and trichomes that act as the first line of
defense against pathogen invasion. The cuticle, a waxy layer covering
the leaf surface, prevents water loss and serves as a barrier to
microbial penetration. Reinforcing the cuticle through breeding
or genetic engineering may enhance citrus canker resistance.
Citrus species produce a wide range of secondary metabolites
with antimicrobial properties, including flavonoids, terpenoids, and
phenolics.

These compounds play an essential role in plant defense against
pathogens. Manipulating the expression of genes involved in secondary
metabolite biosynthesis pathways could enhance citrus canker
resistance. Upon pathogen recognition, citrus species activate a series
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of molecular responses, including the expression of defense- related
genes, production of antimicrobial peptides, and induction of
Systemic Acquired Resistance (SAR). SAR is a plant defense
mechanism that provides broad-spectrum protection against pathogens
following an initial infection. Understanding the signaling pathways
involved in SAR and harnessing them through biotechnological
approaches could enhance citrus canker resistance. Traditional
breeding approaches have been used to develop citrus varieties with
improved resistance to citrus canker.

These efforts often involve crossing resistant citrus germplasm
with commercially valuable cultivars to introgress resistance genes.
Marker-Assisted Selection (MAS) techniques enable breeders to
identify and select plants with desirable traits more efficiently.
Advances in genetic engineering techniques allow for the targeted
manipulation of citrus genomes to enhance resistance against citrus
canker. For example, researchers have identified and characterized
genes involved in citrus canker resistance and have successfully
introduced them into susceptible citrus varieties. Gene editing
technologies such as CRISPR/Cas9 offer precise and targeted
modification of citrus genomes, facilitating the development of
resistant cultivars.

Inducing resistance in citrus plants through the application
of elicitors or beneficial microorganisms is another promising
approach. Elicitors are compounds that activate plant defense
responses, while beneficial microorganisms colonize the rhizosphere
or phyllo sphere and induce systemic resistance against pathogens.
Research is ongoing to identify effective elicitors and beneficial
microbes for enhancing citrus canker resistance. Cultural practices
such as pruning, canopy management, and sanitation can also
contribute to citrus canker management. Removing infected plant
material, controlling insect vectors, and optimizing irrigation and
fertilization practices can reduce disease pressure and enhance plant
vigor, thereby improving resistance to citrus canker.

Integrating multiple approaches, including breeding for resistance,
genetic engineering, cultural practices, and biological control, into a
comprehensive management strategy can maximize efficacy and
sustainability. By using the strengths of each approach, growers can
develop resilient citrus production systems that are less reliant on
chemical inputs and more resilient to citrus canker and other
pathogens. Enhancing citrus canker resistance through plant defense
mechanisms represents a promising avenue for sustainable disease
management. By understanding and manipulating the innate defense
mechanisms of citrus species, researchers and growers can develop
effective strategies to mitigate the impact of citrus canker and ensure
the long-term health and productivity of citrus species. Continued
research and innovation in this field are essential for addressing the
ongoing challenges posed by citrus canker and other citrus diseases.
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