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 Fusarium wilt is considered one of the most 
damaging plant pathogens in history

 Caused by the soilborne fungus Fusarium 
oxysporum f. sp. cubense (Foc)

 Accurate information on the impact of Foc
TR4 is limited:
• ‘Foc TR4 risk of spread scale’: Foc TR4 

could affect 1.65 million ha by 2040 
(value over US$ 10 billion)

• In Mozambique weekly losses of 15 000 
plants translated to USD 236 000 
per week and ultimately ruined an 80 
million US$ investment 

• If cooking bananas in Africa are 
susceptible to Foc TR4, the fungus could 
threaten a staple food valued at $ 4.3 
billion, affecting the livelihoods of 
approximately 100 million people

Fusarium wilt importance and impact
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Fusarium wilt in Africa

Race 1 Gros Michel, Silk, Pome, 
Pisang Awak

‘Bluggoe’ (ABB)

Cavendish, most other 
bananas susceptible to 
races 1 and 2

Race 2

Race 4

“sub-tropical” 
“tropical”

TR4
R1 & R2
STR4
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 Foc is part of the FOSC 

 Foc can only affect banana not other hosts

 It is an asexual fungus 

 Importantly it displays three different spore 
morphologies

Microconidia and macroconidia which are formed 
during the infection process (Both can be infective)

 Chlamydospores which it produces to survive in 
the soil for decades

Causal agent of Fusarium wilt
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 Disease is initiated when root exudates 
stimulates the fungus to grow towards the roots

 It can either enter through wounds or lateral 
roots 

 In plant that is susceptible it will enter the 
vascular system: 
• The host will produce gums and tyloses to 

try and occlude the pathogen
• The pathogen will produce millions of 

spores as well as fusaric acid as a precursor 
molecule

 These two events will cause blockages of water 
and nutrients in the vascular system

 Resultant vascular discoloration and 
deterioration and progressing leaf yellowing 
and necrosis from the older to the younger 
leaves

 When the plant dies millions of spores go back 
into the soil ready to infect another plant

Fusarium wilt disease cycle

Dita et al. (2018) 
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 It can remain dormant in the remnants of decayed host 
tissue until stimulated to germinate by root exudates 
from banana, alternative hosts or pieces of fresh plant 
remains

 It is virtually impossible to eliminate from infested soil 
by crop rotation and even by bare fallowing

 It can survive for more than 40 years in abandoned 
fields 

 Chlamydospores produced by Foc in dead and dying 
banana plants are released into the soil when the plant 
material decays  

 Chlamydospores can persist for an extended period in 
plant debris in soil in the absence of a suitable host 
plant.

Survival of Foc

Pegg et al., 2019
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Survival of Foc

• Between
countries:
 Planting material

(not tissue culture)

 Shoes and clothing

 Plantation tools

 Containers?

Within countries:
Planting materials 
Shoes and vehicles 
Machinery and
tools Irrigation and
flooding Feral
animals
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Methods of spread: Planting material



Africa Phytosanitary Programme · 23–27 June 2025

Foc TR4 can infect the peduncle
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Methods of spread: Water

 Can survive in water containing soil and 
organic material for longer than 3 months

 Foc spore viability was reduced in stagnant 
water, probably due to anaerobic conditions 
when spores settled at the bottom

 Irrigation sources including rivers and dams

 Flooding events

 Lack of proper drainage
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Methods of spread: Humans
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Conditions promoting Foc TR4 severity

 Temperatures between 21-28 is optimal for 
Foc growth 

 Fertile soils with good physical structure, 
and balanced fertilization will prolong the 
life of an infested plantation including high 
levels of organic matter, zinc, calcium, 
potassium and magnesium

 Nitrate (NO3
−) reduces, whereas 

ammonium (NH4
+) increases severity

 Silicon applications slightly reduced Foc 
under greenhouse conditions
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Conditions promoting Foc TR4 severity

The presence of nematodes and weevils that can cause wounds for infection can increase 
severity of disease but its not vectors of the disease
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Before starting surveillance

 Obtain permission from the 
Ministry of Agriculture and 
owners to survey their properties

 Provide the background and 
process of the surveillance to 
property owners

 Obtain information on the history 
and production practices of 
bananas

 It is an offence to obstruct an 
inspector or any other authorised 
person to conduct surveillance on 
properties planted to bananas
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Surveillance equipment

 Boots and protective clothing to prevent the spread 
of the fungus

 Gloves

 Spray bottles 

 Water, disinfectants and 70% alcohol/spiritus

 Machetes and cutting knives 

 Scalpels and tweezers

 Envelopes and paper bags for the collection of 
samples

 Sterile paper towels  

 Notebooks and pens

 Spray paint, marker pens, flagging tape and masking 
tape

 Electronics to take GPS coordinates and a camera

 Digital or paper based surveillance questionnaire



Africa Phytosanitary Programme · 23–27 June 2025

Finding a suspect plant

 Look for plants with yellow or wilted leaves 
and/or stem splitting 

 Sampling must be conducted on all suspect 
plants

 Suspect Cavendish banana plants should be 
marked with flagging tape or spray paint,   as 
well as the end of the row or block 
 Plants should only be cut down if superficial internal 

symptoms in the pseudostem cannot be observed
 Felled plants should be burned if symptomatic to destroy 

inoculum
 Felling plants could prevent further investigations if 

laboratory tests are inconclusive
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Fusarium wilt symptoms: External symptoms

Leaves wilt and progressively buckle at the petiole resulting in a skirt of dead leaves draped around the 
plant. This is followed by a wilt and buckling of the leaves at the petiole base resulting in a skirt of dead 
leaves draped around the plant. 

Courtesy of Altus Viljoen
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Fusarium wilt symptoms: Advanced external symptoms

Courtesy of Altus Viljoen
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Fusarium wilt symptoms: Pseudostem splitting

Courtesy of Altus Viljoen



Africa Phytosanitary Programme · 23–27 June 2025

Fusarium wilt symptoms: Rhizome discoloration 

Courtesy of Altus Viljoen



Africa Phytosanitary Programme · 23–27 June 2025

Fusarium wilt symptoms: Internal symptoms

Courtesy of Altus Viljoen

The most characteristic symptom may be seen by cutting through the pseudostem of an infected plant. 
Dark-brown to black discoloration of the water conducting tissues is evident.
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Fusarium wilt symptoms: Expression on different varieties

Courtesy of Altus Viljoen

Cavendish Pisang Awak Gros Michel
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Fusarium wilt “like” symptoms

Courtesy of Altus Viljoen

Banana bacterial wilt Calcium deficiencyBanana weevil
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Bacterial wilt symptoms

Courtesy of Altus Viljoen
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Armillaria corm rot 

Courtesy of Altus Viljoen
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Challenge of surveillance

Courtesy of Altus Viljoen
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Challenge of surveillance

Courtesy of Altus Viljoen
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Fusarium wilt sample collection

Courtesy of Altus Viljoen

A

Collect vascular strands from banana pseudostems with typical Fusarium wilt symptoms 
(A). This can be achieved in a non-destructive way by slicing open the pseudostem on the 
side of yellow leaves (B), and by dissecting out discoloured xylem tissue (C).

CB
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Fusarium wilt sample collection

Courtesy of Altus Viljoen
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Fusarium wilt sample collection

Courtesy of Altus Viljoen
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Fusarium wilt sample collection

Courtesy of Altus Viljoen

• Collect specimen from pseudostem tissue with 
continuous vascular discoloration

• Take sample from as low in the pseudostem as 
possible but not from areas where decay is 
advanced

• The sample should be taken from as close to 
the center of the pseudostem as is possible as 
opposed to the outermost leaf bases

• If no symptoms in the pseudostem, check the 
rhizome

• Cut discoloured vascular strands out of 
pseudostem section as soon as possible after 
collection

• Take more than you need
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Fusarium wilt sample collection

Courtesy of Altus Viljoen
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Fusarium wilt sample collection

Courtesy of Altus Viljoen

 Banana tissue is very wet

 The risk of bacterial contamination of samples is 
high particularly in warm weather when 
samples can deteriorate rapidly

 The chance of recovering healthy cultures of Foc 
decreases as the sample deteriorates

 Samples should be kept in heavy paper bags or 
wrapped in paper (e.g. newspaper) until the 
strands can be excised

 Avoid using plastic bags as this causes the 
samples to sweat and promotes growth of 
bacteria
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Fusarium wilt sample collection

Courtesy of Altus Viljoen

• Sample number (one sample number per plant)

• Date

• The variety of the host plant, including local names (and uses if known)

• Genomic constitution of host if known (e.g. AA, AAB, ABB etc.)

• Whether the plants sampled are growing in a garden, commercial plantation, village or wild 
situation

• Location
• name of province or state, how far in what direction from nearest town, name of road, name of 

property if sample is from a commercial plantation etc. 
•  
• A map with sample numbers marked on it or GPS coordinates can be very useful

• Name of surveyor

• Other useful observations might include
• the source of the planting material, whether the plant is growing in water-logged soil, how many 

plants are affected, what other varieties are growing around the diseased plant and are these 
diseased or healthy?
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Fusarium wilt sample collection

Courtesy of Altus Viljoen



Africa Phytosanitary Programme · 23–27 June 2025

Decontamination of surveillance team

Courtesy of Altus Viljoen

 Please be aware that you can also spread the 
disease during the survey
 Take disinfecting solutions with to the surveillance 

sites and install a disinfection station at each new 
site
 Make sure the disinfection solution is working 

properly 
 Usually quaternary ammonium compounds is very 

effective
 Remove soil before disinfection 
 Brush or wear disposable covers
 Soil lowers the efficacy of disinfectants

 Disinfect sampling tools after each sample is 
collected
 Disinfect your hands and shoes
 Disinfect vehicle tyres when visiting an infected 

team (Or don’t drive onto known infected 
properties)
 Always visit known or suspected infected 

properties last
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Fusarium wilt diagnostic process

Courtesy of M. Matthews
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Importance of robust diagnosis



Gene sequencing

VCG testing

Pathogenicity testing

Workflow for diagnosis of Foc 

Sample DNA extraction  from 
plant material and qPCR

Isolation and 
purification

DNA extraction and PCR

Direct qPCR Purification and 
PCR

Sequencing VCG testing Pathogenicity

Time: 1-2 days 10-14 days 2-3 weeks 3-6 weeks 2-3 months

Pro’s: • Fast and sensitive
• Direct detection 

from environmental 
material

• Affordable 
and 
accessible

• DNA does not 
pose 
quarantine 
risk

• Comparison to 
public databases

• DNA does not 
pose quarantine 
risk

• Very accurate 
• Can distinguish 

different Foc 
VCGs

• Relatively cheap

• Only method 
that can reliably 
confirm 
virulence 

Con’s: • Expensive 
• Specialized skill
• Risk of detection of 

false positives
• Based on a single 

gene region
• Sampling bias that 

can be introduced

• Some PCR 
protocols 
have picked 
up false 
positives

• Based on 
single gene 
region

• Expensive
• Specialized skill
• Cannot 

distinguish 
between closely 
related Foc VCGs

• Time consuming
• Specialized skills
• Quarantine risk 

that standard 
testers strains 
pose

• Time consuming
• Access to plant 

material
• Specialiszd skill
• Quarantine risk
• Cannot 

distinguish 
between closely 
related Foc VCGs 

• Isolates of the 
same VCGs 
might show 
differences in 
virulence
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