
Identifying and Measuring 
Fusarium Wilt 
in Bananas

Panama Disease, which has been affecting banana production globally over the past decades, is a
disease caused by the Fusarium Wilt fungus. This tenacious fungus prevents banana plants from
receiving nutrition and water and, without these vital substances, the banana plants wilt and eventually
die. The fungus spreads through contaminated soil, which means it is not only carried by plant material,
but also by vehicles, clothes, footwear and tools. As the fungus stays alive in the soil for decades the
disease is nearly impossible to eradicate. Because of this, prevention measures, early detection and
immediate reporting of symptoms are critical in order to contain the disease. Different strains of the
FusariumWilt fungus have been identified; the most devastating strain is the Tropical Race 4 (TR4).

Panama Disease TR4 has had a destructive impact on banana production in Asia, Australia and the
Middle East, and experts fear it could be catastrophic in Africa, where banana is grown as a staple food
and traded on local markets to generate income.

Research project to measure and detect Fusarium Wilt

TR4 was detected in July 2013 in northern
Mozambique, the first country in Africa to be
affected. Mozambique’s largest commercial banana
farm, previously known as Matanuska which
produced the Cavendish variety of banana, was
affected by TR4 has since lost 1,500 hectares of
banana and subsequently filed for insolvency in
2018. Unfortunately, the disease spread to a
second banana farm in the area in 2014 and poses
a threat to the entire Mozambican Banana Industry.

In 2018, a Banana Industry Grants facility (BIGF)
was established in Mozambique to respond to the
outbreak of the disease. The BIGF is funded by the
United States Department of Agriculture (USDA),
monitored by the Mozambican Ministry of
Agriculture (MASA) and implemented by
TechnoServe. The Facility has supported the
infected commercial farms with a value of nearly
USD $2.5 million to help implement proper
containment measures. A further USD $517,000
was granted to scientists and commercial banana
farmers to conduct research in order to find ways to
contain and combat the disease.

One of the research projects, conducted by a team of researchers at Stellenbosch University in South
Africa, aims to develop tests that can detect and measure TR4 in plants, soil and water, which could
help farmers and governments to identify the fungus early and potentially manage the disease in
infested fields. Professor Altus Viljoen, the chairperson of the Department of Plant Pathology at
Stellenbosch University, is leading the research along with Dr. Diane Mostert.
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Dr. Diane Mostert and Prof. Altus Viljoen

Prof. Viljoen has been involved in research on
Fusarium Wilt for more than 20 years. He initially
focused his research on various banana diseases in
South Africa, but for the past 12 years has been
involved in the global battle against TR4. He works
closely with scientists from Asian, African and Latin
American countries, as well as Australia, and also
trains researchers in the diagnosis and management
of TR4. His research group first identified TR4 in
northern Mozambique in 2013 and has been
working on the disease in collaboration with
Mozambican scientists ever since.

”It is an international disease. And one has to understand that if you work with
this disease you have to work in other countries, with other systems, different
scientists.” – Prof. Viljoen

Developing a test for Fusarium Wilt
Prof. Viljoen’s research team is developing tests that can be used by governments, NGOs and scientists
to identify and measure outbreaks of FusariumWilt TR4 in plant material, soil and water.

The tests use the PCR method (which copies
and amplifies specific DNA segments) to identify
TR4 and other Fusarium Wilt strains, and
quantitative PCR methods (which monitors the
amplification of the DNA in real-time) to detect
the level of infection. During PCR, millions of
copies of the target sequence are generated
and the products can either be detected with gel
electrophoresis in conventional PCR, or with
fluorescent signals in quantitative PCR.
Quantitative PCR has an advantage over
conventional PCR as it is more sensitive and
can measure the exact number of copies of the
target sequence in a sample, thereby allowing
for detection of the level of infection.Contaminated soil samples used for developing the TR4 test

Understandably, developing reliable DNA markers for the identification of strains of the Fusarium Wilt
fungus is of major importance for the banana industry in Mozambique. Once these markers are
identified they can be used to assist scientists during surveillance efforts and to rapidly respond to new
outbreaks of FusariumWilt TR4.
.
“This is a project that compliments many of the other efforts in the [BIGF] 
program, so whatever the [other scientists] are doing, they will eventually need 
our technology to actually measure the impact of what they are doing.” 
– Prof. Viljoen

Dr. Mostert started working as a post-graduate student with Prof. Viljoen on Fusarium Wilt in 2009.
During her PhD studies she focused on the diversity of the Fusarium Wilt fungus in Asia and developed
molecular methods for its diagnosis. She has worked with scientists in the USA, Europe, China, the
Philippines and Australia to conduct innovative research on TR4, and often assists Prof Altus with
training courses, student training and collaborative research with international scientists.
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Impact on commercial farmers and local population
To date, the research team have developed PCR-based tests that can be used on-farm for banana
companies that have access to PCR technologies. However, the goal is for any commercial farmers to be
able to use the tests in the field to detect the disease early, even before seeing disease symptoms.

Such a point-of-care system needs to detect TR4 rapidly and cost effectively, without the need for DNA
extraction by, for instance, taking advantage of isothermal amplification technologies. Before these tests
can be made available, however, they will require extensive optimization and testing in multiple
environments.

Early detection methods could allow containment measures to be put in place to prevent the disease
from having the same devastating effect on the local population as it had in China and northern India,
where banana production could not continue and workers had to move to cities to find other employment.
These tests are not just about protecting the bananas, but also about helping the people who depend on
them for their livelihoods, which in Mozambique includes the commercial banana farms and smallholders
alike.

Similarly, effective methods to extract and measure DNA in samples collected in banana fields (plant
material, soil, water) are also desperately needed. The development of such tests requires a great deal of
dedication from the research team to ensure that the tests are accurate and simple enough to routinely
use in the field. Moreover, DNA methods that allow researchers to measure if inoculum levels in water
and soil have decreased following treatment are urgently needed. As such, the research team will also
focus on developing this over time.

Prof. Viljoen recognizes the importance for all parties involved in combatting banana diseases, from
government to public sector to researchers to NGOs, to work together. The BIGF will provide funding to
the Mozambican banana industry in order to combat and prevent the diseases until early 2020, but there
is still much to be done to ensure that the industry remains strong and free from the devastation which
can be caused by Fusarium Wilt TR4. As Prof. Viljoen wisely remarked, “When projects end, the fungus
does not disappear.”


