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> It is one of the most destructive diseases in 
modern times. Even considered one of the
most important epidemics in the history of 
agronomy. 

> The disease was discovered in Australia but is
believed to have originated in Southeast Asia. 

>

FUSARIUM WILT IN BANANAS 
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> The disease was discovered by Dr. 
Joseph Bancroft in 1874 in Australia

> Shortly thereafter outbreaks of the 
disease were reported in Central 
America (Costa Rica and Panama 
(Col) 1890)

> Due to its discovery in Panama and 
its effect on plantations the disease 
became known as Panama Disease 

> At that time the causative agent was 
not known.

A BIT OF HISTORY



> The causative agent of the disease was
isolated in 1920 by Dr. Erwin Smith thanks
to samples obtained in Cuba. 

5 100 years later we still use the same concepts



6

> Several decades passed until it was 
recognized as a variant of Fusarium 
oxysporum. It would later be classified 
as Fusarium oxysporum f.sp. cubense

> For many years this has remained the name 
assigned to the pathogen responsible for 
Fusarium Wilting or Panama Disease. More 
recent DNA-based studies have helped to 
understand a little better the nature of the 
fungus and have led to the proposal of a 
new taxonomy for some of the isolates 
associated with this disease. 
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The disease spread thanks to the 
introduction of propagating material 
(contaminated 
rhizomes/corms/suckers) which 
"almost" always looks asymptomatic. 

It reached its greatest dispersion in 
Latin America during the Gros Michel 
Era, cultivating implemented for the 
export business. 

Fotos cortesía: Prof. Randy Ploetz



THE GROS 
MICHEL ERA 

~ 1926
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CAVENDISH SAVES THE 
BANANA INDUSTRY

…~1950
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> Clones belonging to the 
Cavendish group displaying 
symptoms associated with 
Panama Disease in subtropical 
areas since the 20's in places 
such as the Canary Islands, 
South Africa, Australia and 
Taiwan.

>
Meteoblue.com

ALERT, CAVENDISH SICK!
SUBTROPICAL RACE 4 

> By the late 90s a new strain had been discovered attacking Cavendish not only 
in subtropical areas but also in tropical areas. It is called R4T. 

>
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1990 …2022

© FA García, Filipinas

Panama Disease version 2.0

Tropical Race 4

Cavendish = Susceptible

2013 (5 countries) – 2022 (>20 countries)

FUSARIUM TROPICAL RACE 4 FROM A LOCAL PROBLEM TO 
A PANDEMIC. 



The Pathogen



> Genus Fusarium spp. (100 species)

> Fusarium oxysporum complex

> Endophytes, saprophytes and 
pathogens

> Causing wilting and root diseases in a 
wide range of hosts.

> Produce mycotoxins in cereals

> formae speciales (f.sp)

> Physiological races

FUSARIUM



THE FUSARIUM OF BANANAS

> Fusarium wilt or Panama Disease

> Fusarium oxysporum f.sp. cubense 

(revised taxonomy Mariany et al., 2018)

> Four races described and more than 20 

VCGs

> Contaminates soils for decades

> There is no control 

> Spreads easily (Contaminated soil, 

infected plant parts, contaminated

water)

>



15
Ordoñez et al., 2015
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GENETIC 
UNIFORMITY

Photography: Eva Meijer ®, 2014

Ordoñez et al., 2015
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Fusarium odoratissimum = 
Raza 4 Tropical

Fusarium purpurascens

Fusarium phialophorum

Fusarium duoseptatum

Fusarium tardichlamydosprorum

Fusarium cugenagense

Fusarium grosmichelii

Fusarium hexaseptatum
Fusarium tardicrescens

Fusarium kalimantanense

Maryani et al., 2018



Salacinas et al., 2019

Disease cycle

ⓒEyeOfScience & FA García



ⓒEyeOfScience & FA García



EXTERNAL SYMPTOMS
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Foc R1- Banano Manzano AAB Foc R2-plátano popocho ABB

© J. Vargas, Urabá© J. Vargas, Urabá © FA Garcia, Filipinas

TR4-Cavendish AAA





SÍNTOMAS INTERNOS

© FA Garcia, Colombia

https://youtu.be/XnK03qXvJfs



Control

Management 
strategies

Quarantine 
and 

exclusion

Biological

control 

Chemical

control 

Cultural 

control

Genetic

control

DIAGNOSTICS CRUCIAL FOR DISEASE MANAGEMENT
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INDIRECT DIAGNOSTIC 

24

Evaluation of 

commercial products 

(active ingredients)



2014 2016 2018 2019

Jordania
Líbano 

Pakistán

Vietnam

Laos

Myanmar

Colombia

"Official" reports of the disease
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TECHNIQUES FOR THE DIAGNOSIS OF FUSARIUM RACE 4 
TROPICAL FROM MONTHS TO MINUTES.
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Field 

(eye)

VCGs

PCR

qPCR
LAMP

FIRST DIAGNOSTIC (PRE-DIAGNOSTIC)
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DIAGNOSTICS TROPICAL RACE 4 

• Jordan

• Lebano

• Pakistan

• Indonesia

• Philippines

• China

• Australia
• Colombia
• México
• Surinam
• Costa Rica
• Tailandia (suelo)
• Perú
• Ecuador

DIAGNOSTICS TROPICAL RACE 4

• Positive TR4



Taller de 

nivelación de 

capacidades 

en 

diagnóstico 

de R4T.

2020

Andean Guide For the Diagnosis of Fusarium 
Tropical Race 4



29 https://bit.ly/3hnDywY
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DIAGNOSTIC – KOCH’S POSTULATES

Robert Koch (1843 - 1910)
1 – 3 meses

1- The agent must be present in each case of the disease and absent in the 
healthy.
2- The agent should not appear in other diseases.
3- The agent must be isolated in a pure culture from the lesions of the 
disease.
4- The agent must cause the disease in an organism susceptible to be 
inoculated.
5- The agent has to be isolated again in experimentation.



PLANT/SOIL/WATER SAMPLING



DNA ISOLATION AND TRIALS

Sample Processing Isolation Technique/EquipmentQuantification



DIAGNOSTIC TECHNIQUES (FIRST DIAGNOSIS)

• PCR

• FocR4T (Dita et al., et al 2010. Wageningen)

• SIX genes (Carvalhais., et al 2019, Australia)

• W2987 (Li et al., 2013. China)

• PCR Real Time

• Kit ClearDetections

• qPCR (Aguayo., 2017)

• LAMP

• Wageningen University 2019
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• PCR

• qPCR

• LAMP

• VCGs* 

• Genome Sequencing (not fragments)

• Pathogenicity Tests

• PCR

• qPCR

• LAMP"The proper use of these methodologies depends on the

skill and accuracy of the individuals making the diagnosis,

which is critical to preventing false positives or worse,

false negatives."

• PCR

• FocR4T (Dita et al., et al 2010. 

Wageningen)

• SIX genes (Carvalhais., et al 2019, 

Australia)

• W2987 (Li et al., 2013. China)

• PCR Tiempo real

• Kit Comercial ClearDetections

• qPCR (Aguayo., 2017)

• LAMP

• Wageningen University 2019

DIAGNOSTIC TECHNIQUES (FIRST INCURSIONS)



TR4 DIAGNOSTIC SCHEME

Reception

Plant Tissue

Soil

Fungus

PCR, qPCR or

LAMP

DNA Ext. Re-isolation

DNA Ext.

1 ! 2 !

Consider repeating

test 

(if positive for Foc)

N P

N P

Secuenciación 

o VCGs

Pathogenicity

tests

P

3 !

PCR, qPCR or 

LAMP 
N P

*For samples from Cavendish



FINAL REMARKS

> The current pandemic is caused by a single 
clone know as Tropical Race 4 (VCG1213/16) 

> Diagnostics are crucial at every stage in 
disease management.

> The effectiveness of control measures is still 
weak. Fusarium will continue its spread.

> A combination of oligos/techniques is essential 
for accurate diagnostics and the prevention of 
false negatives & positives

> Everyone with the proper equipment and 
training can do diagnostics.
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