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Description

Panama disease, caused by the soil-borne fungus Fusarium
oxysporum f. sp. cubense (Foc), is one of the most devastating
diseases affecting banana plants globally. The disease, particularly its
Tropical Race 4 (TR4) strain, poses a significant threat to the banana
industry, especially to the widely cultivated cavendish variety. The
persistence and severity of panama disease have prompted the
development of advanced management practices and the breeding of
resistant banana varieties to combat its spread and impact. This
discuss the latest advances in resistant varieties and management
practices aimed at controlling panama disease.

The most sustainable solution to panama disease lies in the
development and deployment of resistant banana varieties. Given that
Cavendish bananas, which dominate global exports, are highly
susceptible to TR4, the search for resistant alternatives has intensified.
Traditional breeding programs have focused on crossing resistant wild
banana species with susceptible commercial varieties. This approach,
while effective, is challenging due to the complex genetics of bananas,
particularly the triploid nature of most cultivated varieties, which
complicates breeding. Nonetheless, significant progress has been
made in developing hybrids that combine disease resistance with
desirable agronomic traits. For example, the "Gros Michel" banana,
once the dominant export variety before being decimated by panama
disease, has seen resistant variants developed through breeding,
although they have yet to fully replace Cavendish in global markets.

Advances in genetic engineering have opened new avenues for
developing resistant banana varieties. Researchers have successfully
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introduced resistance genes from wild banana species or other plants
into susceptible varieties. For instance, a recent breakthrough involved
the insertion of a gene from a wild banana species into the cavendish
variety, conferring resistance to TR4. These Genetically Modified
Bananas (GMOs) have shown promising results in field trials, offering
a potential long-term solution to panama disease. However, the
commercial adoption of GMOs faces regulatory, consumer acceptance
and trade-related challenges. The use of CRISPR-Cas9 gene-editing
technology has emerged as a powerful tool in banana breeding. This
technology allows for precise modifications of the banana genome to
enhance resistance to panama disease. By targeting specific genes
associated with susceptibility, scientists can develop resistant varieties
more quickly and accurately than with conventional breeding
methods. CRISPR-Cas9 is still in the research phase for bananas, but
its potential for creating durable resistance is significant.

Marker-Assisted Selection (MAS) is a breeding technique that uses
molecular markers linked to disease resistance genes to accelerate the
development of resistant varieties. MAS allows breeders to screen
large populations of plants for desirable traits, such as resistance to
TR4, without the need for time-consuming and expensive field trials.
This method has been instrumental in identifying and propagating
resistant banana lines more efficiently. The widespread adoption of
resistant banana varieties is hindered by several factors, including the
time required to develop and propagate these varieties, the costs
associated with ftransitioning to new varieties and consumer
preferences for certain types of bananas, such as Cavendish. Efforts to
promote the adoption of resistant varieties must consider these
economic and cultural factors. Combatting panama disease requires
coordinated efforts at the global level. This includes sharing research
findings, best practices and resistant germplasm across countries and
regions. International policy support is also needed to facilitate the
development and distribution of resistant varieties, particularly in
developing countries where bananas are a staple food and a key source
of income.

Combatting panama disease in bananas requires a multifaceted
approach that combines the development of resistant varieties with
improved management practices. Advances in banana breeding,
including conventional breeding, genetic engineering and CRISPR-
Cas9 technology, offer promising solutions for developing resistant
varieties. At the same time, effective soil and water management,
sanitation, biosecurity and integrated pest management practices are
essential for controlling the spread of the disease in banana
plantations. Overcoming the challenges associated with panama
disease will require continued research, global coordination and
support for farmers in adopting new technologies and practices. With
these efforts, the global banana industry can be better equipped to
manage panama disease and ensure the sustainability of banana
production for future generations.
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