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1.0.	  EXECUTIVE SUMMARY

Besides diseases caused by fungal pathogens, banana diseases caused by bacteria also 
have an adverse impact on food security and income especially for smallholders.  In 
recent years, there have been reports of an upsurge of bacterial diseases, mainly in 
cooking bananas. Observably, the impact of banana bacterial disease prevalence and 
seriousness differ in the different banana growing regions.  Southeast Asian countries 
such as Indonesia, Malaysia and Philippines have reported serious incidences of banana 
blood disease and MOKO which are caused bacterial Ralstonia syzygii subsp celebensis 
and Ralstonia solanacearum, respectively. Other important banana bacterial wilt and rot 
diseases are caused by Xanthomonas sp, Erwinia sp., Dickeya sp. and Klebsiella varicola 
have been reported in Africa and China.

Researchers from Australia, China, India, Indonesia, Malaysia, Uganda and the 
Philippines shared information and discussed on the impact of such diseases in an 
online workshop on bacterial diseases in banana on 29 November 2022. The workshop 
was organized by the International Tropical Fruits Network (TFNet) with partners 
Malaysian Agricultural Research and Development Institute (MARDI) and Fruit Tree 
Research Institute, Guangdong Academy of Agricultural Science (FTRI, GDAAS) 
China. 
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The main aim of the workshop was to share information among researchers and 
stakeholders on the current status of banana bacterial diseases in Asian and African 
countries and ongoing research on pathogen and disease characteristics and 
management strategies to combat the diseases. The workshop was also intended to 
discuss research priorities and possibilities of joint projects and collaborations among 
research institutions and stakeholders.

Attended by more than 300 participants from 30 countries, the session provided some 
indication of the gravity and impact of bacterial diseases of banana if not well managed 
and contained.

While bacterial diseases on banana in Australia are manageable with strict biosecurity 
regulations to prevent entry, the other countries are responding to the challenges 
with different approaches. Dr. Nandita Pantania from the Queensland Department 
of Agriculture and Fisheries reported that in Australia, there are cases of corm rot 
caused by Dickeya sp. occurring in Cavendish bananas, followed by, to a lesser extent 
fingertip rot caused by a few associated bacteria including Dickeya spp. and Klebsiella 
spp. However, both diseases are manageable through good field practices. 

Dr. Yunhao Sun, researcher at Zhongkai University of Agriculture and Engineering, 
China, highlighted the pathogen profile, comparative genomic analysis and microbial 
interaction network of Klebsiella variicola, which causes banana sheath rot, mainly on 
the Cavendish variety. Bacterial diseases in bananas are now a major concern in China. 
Investigations are currently carried out to determine the effectiveness of ethylycin and 
Bacterium subtilis R31, currently used to control Fusarium wilt, in controlling Klebsiella 
variicola.

In Indonesia, Malaysia and the Philippines, MOKO disease (Bugtok in the Philippines) 
and BBD (banana blood disease) caused by Ralstonia solanacearum and Ralstonia syzygii 
respectively are serious diseases affecting cooking banana varieties. Disease control 
is mostly by field management practices. Dr. Lorna Herradurra from the Philippines 
Bureau of Plant Industries shared her experience in disease control through field 
sanitation and control of insects such as wasps, bees and thrips that visit the male 
inflorescence. Bagging the inflorescence and debudding it after 14 to 15 days are 
normally practiced to reduce infection. Dr. Catur Hermanto from the National 
Research and innovation Agency, Indonesia also discussed inflorescence bagging and 
debudding to control insect transmission, plus other field practices that include use 
of disease-free planting materials and field sanitation practices. Dr. Rozeita Labuh 
from the Malaysian Agricultural Research and Development Institute cited that even 
though incidences of BBD have decreased in the last few years due to better field 
management practices, studies on the use of induced systemic resistance (ISR) using 
microorganisms and the use of bacteriophage have potential in curbing disease spread. 
In diagnostics the development of a banana blood disease detector using LAMP (loop 
mediated isothermal amplification) bridged with carbon particles flocculants will be a 
useful tool for early disease detection.
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Dr. Murugan Loganathan from National Research Centre for Banana, ICAR, India 
related his experience with rhizome rot/soft rot caused by Pectobacterium caratovorum 
as a serious disease affecting mostly Cavendish cultivars in Southern India. Besides 
the use of antibiotics, chemicals, clean planting materials and growing short-term 
intercrops, bioformulations (plant growth-promoting rhizobacteria) are also included 
as control measures. 

Alliance of Bioversity International and CIAT researcher, Dr. Guy Blomme, who is 
based in Central Africa, illustrated the effectiveness of the innovative SDSR (Single 
diseased stem removal) technique to control Xanthomonas wilt in cooking bananas, 
besides other field practices such as male bud removal and sterilization of farm tools. 
Dr. Bloome also mentioned about the development of transgenics as an effective way 
to combat the disease.

Generally, the workshop sent a signal of concern that the global impact of bacterial 
diseases on bananas, especially on cooking bananas can be far-reaching. Research 
priorities to mitigate disease impact need to be streamlined by conducting surveys and 
identifying the causal pathogens, studying dynamics of disease spread, incorporating 
appropriate technologies and field practices, and using molecular approaches in the 
breeding of resistant varieties. 

The workshop indicated that, with current breeding work to produce resistant cultivars 
using molecular techniques, such as CRISPR Cas-9 still in progress, the immediate and 
most pragmatic approach is to fine tune, strengthen and integrate current best field 
management practices, use of clean planting materials and proven bioformulations. 
Integrating and combining all control and management techniques are therefore 
imperative.

Regional collaboration among researchers and stakeholders in the industry is also key 
to resolve challenges posed by bacterial diseases in banana.

2.0.	  WORKSHOP INTRODUCTION
The workshop was introduced by Ms. Dorothy Chandrabalan, Acting CEO of TFNet 
who welcomed all participants. She gave a brief background on challenges faced by 
farmers in managing their banana crops against bacterial diseases since less focus has 
been given to the threat of these diseases especially on cooking varieties and plantain 
compared to popular dessert varieties, which involves mainly smallholders and can 
impact on food security and income. She added that one objective of workshop was 
to gauge the current status, management practices and research priorities to control 
banana bacterial diseases in Asia and Africa, with the overall aim of obtaining inputs 
for collaborative research.
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2.0.	  PRESENTATIONS

The first two presentations were chaired by Dr. Li Chunyu, Vice Director of the Fruit 
Tree Research Institute, Guangdong Academy of Agricultural Sciences, China. 

2.1. ‘Status of bacterial diseases and their impact on the Australian 
banana industry’ by Dr. Nandita Pathania, Queensland Department of 
Agriculture and Fishereies, Australia.

The session began with Dr. Nandita Pathania, Senior Plant Pathologist from the 
Queensland Department of Agriculture and Fisheries, Australia who emphasized that 
while the banana industry with Cavendish variety is the largest horticulture industry 
in Australia, biosecurity and pests and disease management are the key priority areas 
of research and development. The 2 bacterial diseases reported in Australia are the 
endemic corm rot caused by Dickeya sp. and to a lesser extent the fingertip rot caused 
by a few associated bacteria including Dickeya spp. and Klebsiella spp. Corm rot occurs 
mainly during warm and humid conditions in poorly drained areas, and transmitted by 
asymptomatic planting materials, contaminated equipment and machinery, prolonged 
survival in soil and plant debris, nematodes and weevils and a wide host range. 
Causal pathogens are associated bacteria of Dickeya sp. and Pectobacteriium sp. Typical 
symptoms of bacterial corm rot include yellowing and browning of lower leaves, 
black discoloration and rotting within the corm and roots with 40 percent of infected 
plants tipping over at ground level.    However, both diseases can be managed through 
disease free planting materials and good field practices such as disinfecting tools, 
improve drainage, removal of diseased plants, manage weevil borer and nematode 
and applying preventive sprays. 

The fingertip rot disease whose symptoms are not always obvious is a postharvest 
malady which affects fruits in packing sheds and the supply chain thereafter. Current 
disease management involves removal of abnormally shaped fingers during packing 
and improving insect pest management.

Future research approaches include awareness of endemic, exotic and emerging 
pathogens, surveillance, extensive molecular screening, validating diagnostic methods 
on pathogenic strain diversity, disease epidemiology and management. and increased 
collaboration.

In response to a question on the seriousness of bacterial wilt on the Cavendish cultivars, 
Dr Nandita said that it is weather related, with incidences occurring more during the 
wet weather and higher temperatures.

To a question on why the bacterial disease occurred 25 to 40 percent more in tissue 
cultured plants, Dr. Nandita replied that this was due to more and smaller suckers on 
the plants that needed to be removed. More desuckering plus the presence of calluses 
resulted in more disease infection. In addition, preventive sprays of copper fungicides 
like Mancozeb were used to control fungal diseases, which might provide entry to 
bacterial. No consortium of bioformulation mix were used.  
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2.2. ‘Status of banana bacterial diseases in Malaysia’ by Dr. Rozeita 
Labuh, Deputy Director of Pest and Disease Management, Malaysian 
Agricultural Research and Development Institute 

Dr. Rozeita Labuh confirmed that banana blood disease or BBWD (Banana blood 
wilt disease) caused by Ralstonia syzygii remains one of the major bacterial diseases 
of banana in Malaysia. Even though incidences of BBWD have decreased the last 
few years due to better overall strategy in field management practices including 
restriction to movement of planting materials, farm sanitation, destroying infected 
plants, surveillance, disease free planting materials, intercrops, capacity building and 
diagnostics and identification, many cooking varieties are still affected such as the 
popular pisang nipah. The research and development strategy for BBWD management 
include screening banana germplasms for disease resistance, incorporation of induced 
systemic resistance (ISR), biological control using lytic bacteriophage, identification of 
virulent genes causing pathogenicity, DNA fingerprinting for banana accessions and 
development of a DNA based identification kit for quick diagnostics.

Studies also include selection trials on 128 banana accessions, where 10 accessions 
were found to be highly tolerant, while 13 accessions were tolerant. The ISR approach 
also showed promise with lower infection in treated seedlings and plants exhibiting 
better growth as a result of bacteria suppression in infected areas. The use of lytic 
bacteriophage as biological control also showed promise, while the genome of locally 
isolated BDB has be fully sequenced to understand its virulence and pathogenicity. 
Furthermore, varietal assessions of bananas have been identified through SSR markers.

In diagnostics the development of a banana blood disease detector using LAMP (loop 
mediated isothermal amplification) bridged with carbon particles flocculants will be a 
useful tool for early disease detection.

The way forward according to the speaker entails the strengthening of breeding 
programs to develop resistant cultivars, field evaluation of lab tests and upscaling 
before commercialization, utilization of molecular information developed, sharing and 
collaboration among local and foreign researchers, confirmation of the effectiveness of 
bacteriophage cocktails and ISR technology in controlling banana blood wilt disease.

In response to a question on banana cultivars that are resistant to bacterial diseases 
in Malaysia, Dr. Rozeita replied that there are none. On the prospects of the use of 
bacteriophage for disease control, Dr. Rozeita responded that that further studies are 
still being conducted in the glasshouse and it needs to be confirmed in field tests to 
determine the mode of delivery. Commercialization of the product is anticipated next 
year (2023). She added that antibiotics are not used in Malaysia, and there is no chemical 
control of banana blood disease. Dr. Li Chunyu added that in China antibiotics and 
copper fungicides are used to reduce infection.

The following session was chaired by Dr. Rozeita Labuh of the Malaysian Agricultural 
Research and Development Institute.
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2.3. ‘Pathogen profile of Klebsiella variicola, the causative agent of banana 
sheath rot’ by Dr. Yunhao Sun, Researcher at Zhongkai University of 
Agriculture and Engineering, China

Dr. Yunhao highlighted that the banana sheath rot caused by Klebsiella variicola, is 
a serious problem on Cavendish banana in southern China. Through identification 
and isolation, he listed the many strains of the bacteria, leading to pathogenicity tests 
conducted using the different strains. The pathogen profile, comparative genomic 
analysis and microbial interaction network of Klebsiella variicola, which causes banana 
sheath rot, were also studied, which showed that 146 potential virulence factor in K. 
variicola of which 22 were carried by 12 pathogenic isolates. The studies also showed 
that 22,247 potential secreted proteins as potential effector with 12 present in the 
pathogenic isolates as core genes. He also illustrated the microbial diversity in diseased 
and healthy plants and the microbial interaction network of the genus Klebsiella in 
banana plants. Bacterial diseases in bananas are now a major concern in China. Dr. 
Yunhao also mentioned that studies are at present being conducted to elucidate the 
effectiveness of ethylycin and Bacterium subtilis R31, currently used to control Fusarium 
wilt, in controlling banana sheath rot.

In response to a question onthe interactions of Klebsiella variicola with the other 
microorganisms in the soil microbiome, Dr. Yunhao said that this is still under 
investigation.

2.4. ‘Management of bacterial diseases of local Philippine banana 
cultivars’ by Dr. Lorna Herradurra, Agriculture Center Chief IV from 
the Philippines Bureau of Plant Industries.

Dr. Lorna began by mentioning that the 2 important bacterial diseases on banana in the 
Philippines are ‘Bugtok’ and Dry Rot. The causal pathogen for ‘Bugtok’ which means 
‘discolored and hard’ is Ralstonia solanacearum similar to the banana blood disease. The 
disease is usually observed to infect BBB cooking cultivars Cardaba/Saba, Mundo and 
other BBB and ABB genomes. It has also been reported on AAB dessert bananas such 
as Latundan or pisang rastali (Malaysia). The mode of disease transmission is mainly 
via insects such as bees, wasps and thrips visiting the inflorescence. Generally, main 
symptoms of bugtok disease include bacterial ooze, pronounced reddish brown or 
black discoloration form core to whole fruit pulp and rusty brown to black discoloration 
on vascular tissues, fruit, peduncle, pseudostems and corm. Similarly on the latundan, 
there is brown to black discoloration of the fruit pulp. Main field control is bagging the 
mail bud at bending stage and debudding it 14 – 15 days after all fruit have set.

Dry rot disease which affects the Cardaba variety is quite similar to bugtok with 
symptoms of shrunken and distorted fingers with hollow chambers and rotted tissue. 
Immature fruits also stop filling, become necrotic and dry out. 

Dr. Lorna summarised that, further studies on identification of insect species associated 
with bugtok or dry rot and on disease transmission and epidemiology of ‘Bugtok’ 
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disease in cooking banana cultivars, need to be prioritized as the way forward to 
manage banana bacterial diseases in the Philippines.

During the Q and A session, Dr. Lorna confirmed that typical ‘Bugtok’ dry rot 
symptoms are hard and dry  tissues. There is no need to discard infected plants outside 
the planted area for fearing of disease spread. To a question whether the plants can be 
affected before male buds appear, Dr. Lorna said that disease spread is only through 
insects visits after male inflorescence open.

2.5. ‘Current status of banana blood disease in Indonesia and possible 
approaches for management strategies’ by Dr. Catur Hermanto, Senior 
Researcher from the National Research and innovation Agency, 
Indonesia.

Dr. Catur showed in a recent survey that the kepuk variety, also known as saba and 
pisang nipah (ABB) was the main variety infected with varying incidences which 
caused confusion regarding the causal agent, whether fungal or bacterial. However, 
symptoms resembling BBD (Banana Blood Disease) such as wilting of young leaves, 
corm color discoloration, rotten fruit pulp and discoloration of peduncle, and 
shrivelling and necrotic darkening of male inflorescence were recorded. He also traced 
the spread and geographical distribution of the blood disease from 1990 to 2010 from 
North Sulawesi, to West Java, Sumatra, Kalimantan, Malaysia and West Papua. Disease 
spread is suspected through long distance transportation, infected planting materials, 
contaminated farm tools and insect and other carriers. The mode of transmission most 
likely if from male flower infection or infection through suckers.

Recommendations to control BBD includes disease free planting materials, bagging 
and debudding of inflorescence, eradication of infected plants, alternative cooking 
banana varieties that attract less insects , cultivate budless banana varieties, good field 
practices and enhanced biosecurity measures.

Research priorities suggested are breeding for resistance varieties, pathogen infectious 
period in infected area, physical, chemical and biological eradication of pathogen, 
isolation distance, rapid detection tools and regular surveillance and mapping to 
contain disease spread.

To a question on the decline of disease incidences after 2010, Dr. Catur responded that 
not much studies were done to determine disease status after that year, but the disease 
is still prevalent in Indonesia.

To a comment from the session chair, Dr. Catur said that it is possible for germplasm 
sharing of the budless pisang kapok and pisang awak species, however the mechanism 
of sharing has to be discussed.

The last 2 presentations were chaired by Mr. Yacob Ahmad, Advisor of the International 
Tropical Fruits Network (TFNet)
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2.6. ‘Bacterial diseases of banana in India: Overview on status, 
characterization of pathogen and management practices’ by Dr. Murugan, 
Principal Scientist Loganathan from National Research Centre for 
Banana, ICAR, India.

Presenting the current status on banana bacterial diseases in bananas in India, Dr. 
Murugan said that MOKO, Blood disease and Xanthomonas wilt have not been 
recorded. However, Rhizome rot/soft rot caused by Pectobacterium carotovorum has 
been identified in the banana growing areas of Tamil Nadu, affecting Cavendish type 
Grand Naine and AB genome cultivars such as Neypoovan, where it is characterized 
by  the presence of bacterial ooze and wet rot from infected pseudostem rhizome.

The disease has been reported in other states including Andhra Pradesh, Karnataka 
and West Bengal, besides more incidences (20 – 30%) in tissue cultured Grand Naine  
cultivars, mostly in Madhya Pradesh, Maharastra, Gujarat, Uttar Pradesh and Bihar. 
The incidences were noticeable during early stages of planting (2 – months). The disease 
was also noticed on Naypoovan, Nendran and Grand naine sucker plants. Incidences 
were also higher in Fusarium wilt infected field. 

In subsequent tests, it was determined that rhizome rot disease affects commercial 
varieties such as Grand Naine and Thellcakkrakeli, (both AAAs) and Poovan and 
Karpurachakeli, (AAB) and Neypoovan (AB). Disease spread is through infected 
planting materials, wet weather, poor drainage and prior Fusarium wilt infection. 
Control measures include combination of the use of healthy or tissue cultured planting 
materials, drenching with selected combinations of bleaching powder, streptocycline 
and Trichoderma viride plus cowpea/sunhemp intercrops. Others are the use of copper 
hydroxide and biocontrol agents.

The way forward to reduce disease impact is through thorough analysis and 
characterization of pathogen, development and commercialization of bioformulation, 
strengthening awareness through social media, and the use of relevant diagnostic 
applications that utilizes the internet of things.

The presenter  was asked whether the experiments were confined only to cavendish 
varieties. Dr. Murugan replied that this was so because the Cavendish is a popular 
banana variety in South India, where he is based.

2.7. Xanthomonas wilt of banana in east and central Africa - Effective 
management practices by Dr. Guy Blomme, Researcher at Alliance of 
Bioversity International and CIAT, Central Africa.

Dr. Bloome began by illustrating that while banana bacterial diseases such as MOKO 
and banana blood disease (BBD) caused by Ralstonia sp are common in South East 
Asia and Central America, Xanthomonas wilt disease is more common in Central Africa.

Symptoms of banana Xanthomonas wilt include pseudostem ooze, whole leaf wilting, 
single leaf yellowing/wilting, fruit pulp discoloration and premature bunch ripening.
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Similar to the mode of transmission for the banana blood disease, Xanthomonas wilt is 
also spread by farm tools and equipment, insect vectors, infected planting materials, 
large flying birds and bats and occasionally by cattle and other ruminants.

Control methods for banana bacterial diseases are early removal of male buds to prevent 
insect vector transmission, sterilisation of farm tools, use of cleaning planting materials, 
complete uprooting of diseased mats and SDSR (single disease stem removal).

Dr. Bloome illustrated the effectiveness of the innovative SDSR (Single diseased stem 
removal) technique to control Xanthomonas wilt in cooking bananas. 

Dr. Bloome, said that while cultural methods can be used to minimize spread, research 
on transgenics is ongoing, through sourcing of highly tolerant varieties and techniques 
such as CRISPR Cas 9 being undertaken. He mentioned Dr. Leena Tripathi, Principal 
Scientist at International Institute of Tropical Agriculture (IITA), Kenya as a key 
researcher working on genetic engineering technologies to develop disease resistance 
banana cultivars.

Capacity building and training of extension agents and farmers and through the media 
and publications have also been carried to create awareness among stakeholders in 
Central and West Africa.

During the Q and A session, Dr. Mohammad T. Hussein from Bangladesh Agriculture 
Research Institute commented that while field management practices can reduce 
spread, the use of transgenic cultivars would be a better alternative. He inquired 
whether transgenics for banana bacterial diseases are already available for distribution. 
Dr. Bloome responded that transgenic cultivars have been developed by Dr. Leena 
Tripathi and advised Dr. Mohammad to contact her.

On another question by Dr. Catur, Dr. Bloome said that in Central Africa, bananas 
are more for domestic consumption and as a source on income, and largely grown 
as a mixed crop. While the SDSR technique is being recommended to reduce disease 
spread.

3.0. PANEL DISCUSSION
The panel discussion was moderated by Mr. Yacob Ahmad.

In Indonesia, Malaysia and the Philippines, MOKO disease (Bugtok in the Philippines) 
and BBD (banana blood disease) caused by Ralstonia solanacearum and Ralstonia syzygii 
respectively are serious diseases affecting   mainly cooking bananas varieties. Disease 
control is mostly by field management practices. 

The moderator invited all speakers to respond to a question on two research priority 
areas that can be collaborated among researchers to manage bacterial diseases in 
banana more effectively.
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Dr. Nandita mentioned that research work on management strategies, including cultural 
techniques should be directly application to the field. This includes biocontrol, using 
tissue cultured materials and field adaptation of cultivars. The other that requires focus 
is in diagnostics and diagnostics techniques to ensure accuracy in control strategies.

Dr. Rozeita referred to MARDI’s continued studies with Induced Systemic Resistance 
(ISR) techniques that needs to be commercialised. Other areas include studies in the 
use of bacteriophages and the breeding of resistant varieties.

Dr. Yunhao reiterated the potential of ethylycin and  Bacillus subtilis for the control of 
the spread of Klebsiella sp and diseases and he emphasized on the importance of proper 
sampling procedures.

Dr. Lorna related to the situation in Philippines where more in-depth studies should 
be conducted on bugtok, moko diseases especially on bacterial dry rot. Dr. Lorna also 
suggested other control strategies besides the current ones which are related to cultural 
practices.

Dr. Catur suggested that since Malaysia, Indonesia and Philippines are affected by 
similar bacterial diseases, there should be a concerted research program involving all 
three countries. Another area that needs to be studied is the coexistence of the different 
disease-causing bacteria, for example Ralstonia sp., Xanthomonas sp., and Klebsiella sp.

Dr. Loganathan related to the experience in India in combatting corm rot caused 
by Rhizoctonia sp, using clean tissue cultured planting materials. The demand for 
such materials have also increased dramatically due to its effectiveness in reducing 
disease incidences. Dr. Loganathan also emphasized the importance of in-depth 
surveys to gauge disease occurrences. Besides this, research related to climatic factors, 
microbioassays and genomic studies are very much needed.

Dr. Bloome referred to the Xanthomonas wilt situation in West Congo and emphasized 
the need for surveys to monitor disease spread. The screening of wild musa relatives 
for breeding work is another research area to look into. Dr. Bloome further stated 
that a study on MOKO or blood disease should be done to look at the movement of 
the pathogens in the stem and plant mat. This will indicate whether SDSR or single 
diseased stem removal can be effective in controlling MOKO or blood disease There 
is already a lot of knowledge and upscaling done in East and Central Africa, and Dr. 
Bloome also stressed the importance of knowledge transfer and scaling up of effective 
practices to reduce bacterial diseases of banana. There are also indications that the 
disease front in the Congo basin might spread to impact plantain production in West 
Africa.

The moderator summarize the panel discussion with three main research focus that 
can be developed in collaborative initiatives. These are in areas of disease distribution 
studies, use of molecular breeding techniques such development of transgenics and 
biological and cultural control, of banana bacterial diseases. 

The moderator closed the workshop by thanking all speakers and all participants for 
their excellent presentations and participation.
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4. APPENDICES

4.1. Program

Date: 29 September 2022 (Thursday). 

Time: 2.00 PM (Kuala Lumpur, Guangzhou, Manila), 7.00 AM (Rome), 9.00 AM 
(Kampala) 11.30 AM (Delhi,) 1.00 PM (Ho Chi Minh City, Jakarta), 4.00 PM 
(Brisbane), 6.00 PM (Suva)

Time Content
2.00 – 2.10 pm Introduction 

Dorothy Chandrabalan (TFNet)
2.10 – 4.45 pm	 Presentations

Chair: Dr. Li Chunyu, GDAAS, China
Dr. Nandita Pathania
Queensland Department of Agriculture and 
Fisheries, Australia

‘Status of bacterial diseases and their impact 
on the Australian banana industry’

Dr. Rozeita Laboh
Horticulture Research Centre
Malaysian Agricultural Research and Development 
Institute (MARDI), Malaysia

‘Status of banana bacterial diseases in 
Malaysia’

Dr. Sun Yunhao
Zhongkai University of Agriculture and 
Engineering, PR China

‘Pathogen profile of Klebsiella variicola, the 
causative agent of banana sheath rot’

Dr. Lorna Herradura,
Bureau of Plant Industries,
Department of Agriculture, Philippines

‘Management of bacterial diseases of local 
Philippine banana cultivars’

Dr. Catur Hermanto
Research Center for Horticulture and Estate Crop,
National Research and Innovation Agency
Jakarta, Indonesia

‘Current status of banana blood disease 
in Indonesia and possible approaches for 
management strategies’

Chair: Yacob Ahmad, (TFNet)
Dr. Loganathan M.,
ICAR-NRCB,
Trichy, India

‘Bacterial diseases of banana in India: Over 
view on status, characterization of pathogen 
and management practices’

Dr. Guy Blomme.,
Alliance of Bioversity-CIAT, Uganda

‘Xanthomonas wilt of banana in east and 
central Africa – Effective management 
practices’

4.45 – 5.00 pm	 Panel discussion / Closing
Moderator: Yacob Ahmad (TFNet)
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4.2. Photos

Dr. Nandita Pathania, Queensland Department of Agriculture and Fisheries, Australia

Dr. Rozeita Laboh, Horticulture Research Centre, Malaysian Agricultural Research and 
Development Institute (MARDI), Malaysia

 



13

Dr. Sun Yunhao, Zhongkai University of Agriculture and Engineering, PR China
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Dr. Lorna Herradura, Bureau of Plant Industries, Department of Agriculture, Philippines
 

Dr. Catur Hermanto, Research Center for Horticulture and Estate Crop, National Research and 
Innovation Agency, Jakarta, Indonesia 
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Dr. Loganathan M., ICAR-NRCB, Trichy, India

Dr. Guy Blomme., Alliance of Bioversity-CIAT, Uganda
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Panel Discussion
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4.3. Powerpoint Presentations
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Learnings…….

• Disease free planting material (TC)
• Avoid water stress 
• Disinfect de-suckering tools
• Improve drainage
• Improve soil health (organic matter/ground cover)
• Remove (burn) infected plant material
• Manage weevil borer and nematode
• Apply preventative sprays 

https://www.mybmp.com.au/
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2.1 Symptoms-Mokillo/Fingertip rot
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• 1-2 fingers per hand

2.2 Koch’s Postulates
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THE STATUS OF BACTERIAL 
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▪ Current population is estimated of over 32 million
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▪ Separated by South China Sea into 2 regions- P.Malaysia 

and East Malaysia (Sabah & Sarawak – in Borneo 
Island).

▪ Bahasa Malaysia is country’s national language and English as
second language.

▪ Agriculture remains an important sector in Malaysia’s
economy.

▪ Presently agriculture sector contributes 7.4% to the GDP
and provide10.5% of total employment in Malaysia (2020).

▪ In Malaysian agriculture sector,banana (Musa spp.) is one of 
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market.

▪ It is ranked the 3rd most important fruit crops cultivated 
in Malaysia in terms of total production and the 3rd 
ranked in the fruit export revenue among the other  
major fruit crops.

Industry scenario
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▪ Banana contributes around 21% of the total fresh tropical  
fruit production and 14% of the total fruit areas 
covering more than 26,000 ha of land with an estimated  
production volume of more than 330,000 tonnes (mt).

▪ There was a slight increment in the banana total production 
and hectares from the previous year which is in line with the 
Malaysian government initiatives in NAP 2.0 (National 
Agrofood Policy 2.0) targeting to increase the fruit sub 
sector production for the next 10 year (2020-2030).

▪ As compared to other short-term fruits, banana is the 
priority crop in terms of agricultural land use and this 
cash crop remains in the top 3 of the highest per capita 
consumption (9.3 kg/year) or 25.4g daily for 32 million 
Malaysians.

▪ Banana is cultivated as backyard crop and in
small,medium and large-scale cultivation.

▪ Pisang Berangan and Cavendish are the most 
popular for commercial market whereas other 
local popular varieties P.Mas/Rastali/P. Nangka /Raja
/Tanduk/Abu/Awak to cater local market demand.

▪ Johor,Pahang and Sabah served as major states  
producing banana and contributed nearly 70% of  
the total banana production in Malaysia (2021).

▪ The banana production was valued at around  
USD128 million per year with an export value  
around USD10 million per year (2021).

▪ The potential market for Malaysian banana is in the  
Asian region (mainly Singapore,Brunei,  
Vietnam and Indonesia) and the USA with an  
estimated amount of 32,085 tonnes (2021).

Industry scenario

▪ Malaysia also imported banana from Vietnam,Philippines,  
Thailand,Indonesia, India,Ecuador,C hina and Jordan  
with an estimated amount of 23,701 tonnes and valued at  
USD12 million (2021).

PROBLEM STATEMENT

▪ In general, for the past 5 years, the trend of banana planted areas in Malaysiahas shown to decline from 34,894 (2017) to
26,213 ha (2021) (Table 1). Similarly, the trend of banana production from 350,493 (2017) to 330,253 tonnes (Table 2)

▪ Despite the downward trend, there was a slight increased in both banana plantation areas and production in 2021.
▪ One of the contributing factors to the deterioration of this production is the major disease infection.
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THE STATUS OF BBWD IN MALAYSIA

▪ Banana bacterial wilt disease (BBWD) is one of the major 
diseases caused by the bacterium Ralstoniasyzygiisubsp. 
celebesensis (commonly known as Blood D isease) and  
Ralstonia solanacearumRace 2 Biovar 1 (commonly known as 
Moko).

▪ This BBWD was first detected in 2007 in Johor and resulted 
in remarkable yield loss and an increment in banana 
importation from the value of USD 1.7 million (2007) to 
USD 36 million (2012).

▪ BBWD is considered the most damaging disease of 
banana and has been listed as one of the top 10 invasive 
alien species (IAS) in Malaysia.

▪ The disease is easily spread by contamination of planting 
materials, farm tools,water and the pathogen could survive in 
the soil for more than 2 years.

▪ The infection could be up to 100% when its outbreak.Until 
today,no agrichemical effectively controls this notorious 
disease.

• BBWD disease incidence  
surveys were conducted by  
DOA in Malaysia (2011).

• Almost all local banana  
cultivars were infected with  
BBWD especially the cooking  
cultivars Pisang N ipah,Pisang  
Raja,PisangAwak,Pisang  
Rastali and PisangAbu.

• During that survey,only Pisang  
Boyan was free from BBWD  
infection.

• Unfortunately, soon after that
none of banana cultivars were
found free from BBWD.

DISEASE MANAGEMENT STRATEGY

• Recent surveys done by  
DOA in 2022 found that  
out of 316 ha only 14 ha  
(4%) of disease  
infections are caused by  
BBWD.

• This is a very good  
indication that the  
BBWD infection and  
spreading have gradually  
decreased.

• That is also given an  
indication that the
Malaysian Government’s
initiatives/strategy to  
contain the spreading of  
the BBWD is almost  
succeed.

GOVERNMENT STRATEGY

R&D STRATEGY FOR BBWD MANAGEMENT

Sivanaswari, et al., 2021 Ganisan K. and Salehudin M.R, 2020  
Ganisan et al., 2021

Nur Sulastri et al., 2021

Norliza et al., 2021 Norliza et al., 2021 Norliza et al., 2021

Highly tolerant accessions to BBWD in 
MARDI banana germplasm

▪ 128 accessions were evaluated for  
Ralstoniasyzygii subsp.celebesensis at 
MARDI BBWD ‘hotspot’ field.

▪ 10 accessions were highly tolerant, 
which include Pisang Masam,THU GIA  
KUL 609, Jari Buaya IMTP3, Putar,C V  
Rose,GCTGV-215,Pisang Hijau, FHIA  
01,Balbisiana KUL and Peninjau.

▪ Tolerant accessions to BBWD in  
MARDI banana germplasm

▪ 13 accessions were tolerant, these
include BURO-CEMSA, 
Malaysia, KRA 7730, KRA
FHIA 17, Berlin IMTP3,

Lilin 
7732,
Oter

Sarawak, Kapal Bentong, pindek,
Ceylan IMTP3, Pisang keladi, Pisang
Serindik dan BDI UM.

▪ These accessions could be used for
breeding improvement of banana in the
future.
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1) Isolation of bacilli in vitro
▪ 54 bacilli were isolated from banana grown soil using selectivemedia from

3 varieties of banana (Berangan,Rastali x Embun and unknown).

2) Screening of bacilli on banana 
seedlings in the glasshouse
▪ 23 out of 54 bacilli have shown  

different disease severity against  
BBWD.

▪ From that,only 5 bacilli showed  
systemic resistance with below  
25% disease severity against  
BBWD.

▪ From 5,3 bacilli gave total  
suppression against BBW D.

Screening of ISR banana seedlings in the field
▪ The banana plants growth performance (height)were further 

evaluated in the field at 14,60,120 and 180 days after field 
transferred.

▪ From the graph,all bananaplant treated with ISR showed 
taller than the control. The tallest banana plants with bigger  
leaves were treated with IB 43,followed by BIB 35 and IB 58.
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▪
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▪
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▪
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▪

▪

▪

–

▪ Transcriptomic approach were appliedusing dual  
RNA Seq technology to screen and identify  
important virulence and defencegenes in both 
pathogenand host (plant).

▪ This study will help to revealvirulence mechanism 
of BDB pathogen which promised a new prospect  
to understand the molecular function of this 
pathogenand host (plant).

No. Bananagenes
Prot

ein  
ID.

Gene Function

1. XP_009
39  0511.1

Pathogenesis 
related
protein  1-
(PR1)

antimicrobial
protein,  as
part of SAR

2. XP_009
410  
754.1

Hypersensitive 
induce 
response 
protein 1-
(HIR1)

hypersensitive 
response in
plant  
defense
mechanism

3. XP_009
39  
5389.1

Lipid
Transfer  
Protein
(LTP)

defense
proteins that  
are
components of  
plant innate
immunity

4. XP_009
414  
066.1

Thaumatin associated
with host  
defense,
classifiedas  
the PR-5  
(Pathogenesis-
Related-5)

5. XP_00940
5345.1

Disease 
Resista
nce  
RGA2

triggers a
defense  
systemwhich  
restricts the
pathogen  growth

▪ 6 defense related genes from the banana plant 
(host) were selected to further analysis.

▪ All expression of defensegenes were reduced 
towards48 hours except for disease resistance 
gene RGA2 - it shows that bananas susceptible to 
BDB.

▪ More than 250 banana accessions have been identified by MARDI from local and 
neighbouring countries.The banana accessions vary in ploidy level (i.e.AA, BB).

▪ Molecular markers have been used to investigate the genetic variability between
closely related banana accessions.

▪ 14 SSR markers developed were able to differentiate banana 
accessions into three clusters (i.e. Group A, Group B, and 
Group C).

▪ These SSR markers are essential for varietal identification,
detection of somaclonal variation and breeding in banana.

▪ Early detection is the ideal method to control disease outbreaks before it 
spreads to neighbouring fields.

▪ Hence, there is a tangible need to develop anew cost effective, sensitive and 
reproducible banana disease diagnostic methods that can be applied in the field 
without the need to access sophisticated laboratory equipment and highly trained 
personnel.

▪ Newly developed method: a novel diagnostic method using LAMP (loop-
mediated isothermal amplification) incorporated with bridging flocculation 
of carbon particles for binary (Yes/No) detection of BDB pathogen.

POTENTIAL USER
• Government agency eg  

Agriculture Department
• Monitoring agency
• Entry point import
• Researcher
• Farm owner

• Battery 
performance:

- Last for 20 hrs at  
65°C

• Results of LAMP  
amplification using  
thermal cycler and  
mini incubator were  
comparable.

Step 1 Step 2 Step 3

Step 2:Isothermal Amplification (LAMP) 
(20 min)

•Constant temperature•Sensitive
•Specific

Step 3:FlocculationAssay (1  
min)

•Reliable •Low-cost •Simple
•No equipment

3 Steps in 1 Kit

26 mins

CONCLUSION AND WAY FORWARD

1

2

3

4

Strengthen the Breeding Program to develop resistance/tolerant banana 
cultivars against BBWD

Strongly support the evaluation of developed R&D technologies from 
laboratory to the field and upscaling beforecommercialization

Utilize all the molecular information developed to help improve the 
effectivenessof identifying new ways to combat BBWD.

Empowering the R&D andTechnologyTransfer in future
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CONCLUSION AND WAY FORWARD

5

7

6
The bacteriophage cocktail (isolates X9105+X513) is one of the potentials
biological control for BBWD that will be formulated and further test in the
‘BBWD hotspot’ area.

ISR technology is the promised and will the first available efficient technique in 
the world to control BBWD after successful in controlling papaya dieback 
disease (PDD).

Sharing information and experiences on related issues and problems 
from local and foreign experts should expedite solution for the disease 
control.

‘Fostering
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专注三农与大健康行业的平面设计、品牌咨询、会务服务、活动策划；
中国农耕文化品牌传播综合服务商

INNOVATIVE INSTITUTE FOR PLANT HEALTH

Pathogen Profile of Klebsiella variicola, the 
Causative Agent of Banana Sheath Rot

Banana Sheath Rot

INNOVATIVE INSTITUTE FOR PLANT 
HEALTH

Shengtang County (112°36′E, 22°29′N), Enping City, Guangdong Province, China.

Isolation and identification of pathogenic bacteria

INNOVATIVE INSTITUTE FOR PLANT 
HEALTH

Strain Sampling sites Sampling time Host cultivars

KV1 SihuiCity, Guangdong, China(112°73′ 
E, 23°33′ N) 2020.09.11 Fenza No. 1

KV2 YunfuCity, Guangdong, China(112°01′ 
E, 22°56′ N) 2020.09.14 Jinfen No. 1

KV3 TaishanCity, Guangdong, 
China(112°79′ E, 22°25′ N) 2020.09.15 Fenza No. 1

KV4 YangchunCity, Guangdong, 
China(111°79′ E, 22°17′ N) 2020.09.14 Fenza No. 1

KV5 EnpingCity, Guangdong, 
China(112°31′ E, 22°18′ N) 2020.09.13 Fenza No. 1

KV6 EnpingCity, Guangdong, 
China(112°31′ E, 22°18′ N) 2020.09.13 Fenza No. 1

KV7 FoshanCity, Guangdong, 
China(112°90′ E, 23°16′ N) 2020.07.28 Fenza No. 1

KV8 FoshanCity, Guangdong, 
China(112°90′ E, 23°16′ N) 2019.12.07 Fenza No. 1

KV9 DongguanCity, Guangdong, 
China(113°75′ E, 23°02′ N) 2020.01.02 Jinfen No. 1

KV10 DongguanCity, Guangdong, 
China(113°75′ E, 23°02′ N) 2020.01.02 Fendajiao

KV11 DongguanCity, Guangdong, 
China(113°75′ E, 23°02′ N) 2020.01.13 Fendajiao

KV12 GuigangCity, Guangxi, China(109°57′ 
E, 23°11′ N) 2021.05.21 Baodaojiao

INNOVATIVE INSTITUTE FOR PLANT 
HEALTH

Strain
KV1 KV2 KV3 KV4 KV5 KV6 KV7 KV8 KV9 KV10 KV11 KV12

Sucrose + + + + + + + + + + + +

Sorbitol + + + - + + - + - + + +
Rhamnose - - - - - - - - - - - -

Inositol - - - - - - - - - - - -
Esculin + + + + + + + + + + + +

Malonate + + + + + + + + + - - +
Raffinose + + + + + + + + + + + +

Gelatin - - - - - - - - - - - -
Mannose + + + + + + + + + + + +
Amylum + - - - + + - - - - - -

Isolation and identification of pathogenic bacteria

Pathogenicity tests

INNOVATIVE INSTITUTE FOR PLANT 
HEALTH

Klebsiella variicola

INNOVATIVE INSTITUTE FOR PLANT 
HEALTH

(Pinto-Tomás et al., 2009)
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Comparative genomic analysis INNOVATIVE INSTITUTE FOR PLANT 
HEALTH

Strain_name ST_type Allele_1

KV7 new leuS(23)

KV12 365 leuS(9)

KV1 new leuS(1)

KV10 unknown leuS(-)

KV11 183 leuS(1)

KV2 114 leuS(1)

KV3 210 leuS(22)

KV4 25 leuS(9)

KV5 61 leuS(1)

KV6 new leuS(16)

KV8 unknown leuS(-)

KV9 new leuS(13)

Comparative genomic analysis INNOVATIVE INSTITUTE FOR PLANT 
HEALTH

Potential virulence factors
146 potential VFs in K. variicola, 
22 of which were carried by the 12 

pathogenic isolates

Potential effector
2,247 potential secreted proteins
12 were present in the pathogenic 

isolates as core genes

Microbial diversity in diseased and healthy plants

INNOVATIVE INSTITUTE FOR PLANT 
HEALTH

BHT, tissue from healthy ‘Brazil’ banana plants; BST, 
healthy tissue from diseased ‘Brazil’ banana plants; 
FHT, tissue from healthy ‘Fenza No. 1’ banana plants; 
FST, healthy tissue from diseased ‘Fenza No. 1’ banana 
plants; FHS, rhizosphere soil from healthy ‘Fenza No. 1’ 
banana plants; FSS, rhizosphere soil from diseased 
‘Fenza No. 1’ banana plants.

Microbial interaction network of the genus Klebsiella in banana plants

INNOVATIVE INSTITUTE FOR PLANT 
HEALTH

INNOVATIVE INSTITUTE FOR PLANT 
HEALTH

Microbial interaction network of the genus Klebsiella in banana plants Rapid detection of disease agent

INNOVATIVE INSTITUTE FOR PLANT 
HEALTH
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Screening of agents for disease treatment

INNOVATIVE INSTITUTE FOR PLANT 
HEALTH

Ethylicin Bacillus subtilis R31

Innovative Institute for Plant Health, Zhongkai University of Agriculture and Engineering

Email：sunyunhaoscope@163.com; Wechat: 15017518061

THANKS
2022
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MANAGEMENT OF 
BACTERIAL DISEASES 
OF LOCAL PHILIPPINE 
BANANA CULTIVARS

LORNA E. HERRADURA,Ph.D
Agricultural Center Chief IV
Bureau of Plant Industry- Davao NCRDPSC 
Bago Oshiro, Tugbok District, Davao City 
Philippines

International Workshop on “Management of 
Bacterial Diseases of Bananas”
November 29, 2022

TOPIC OUTLINE

▪ Bacterial diseases on banana

▪ Bugtok

▪ Dry Rot

▪ Management

▪ Way forward

BUGTOK DISEASE
Causal Organism- R. solanacearum

▪First observed in the Philippines 
by Roperos, et. al. 1965; Zher 
and Davide 1969; San Juan, 1977

• Local term in the southern Phil to describe
the infected fruit which are discolored and
hard

BUGTOK DISEASE IN THE PHILIPPINES

Source: Soguilon et. al. 1995

▪Usually observed with B genome
▪ Cooking cultivars
Cardaba/Saba,Mundo,etc)

Name of Cultivar: Cardaba or
Saba
Origin: Philippines
Genome: BBB (Cardaba type)
Type: Cooking
Uses: alternative staple crop, 
exported semi processed, fresh 
or chips

Synonyms
Philippines: Dippig (Ilocos Region)

Cadisnon (Northern  
Mindanao)

Southeast Asia: Pisang Chematu
(Malaysia), Pisang 

Kepok Besar 
(Indonesia),
Chuoi Mat (Vietnam) 

Cardaba (International)

Name of Cultivar: Mundo 
Origin: Philippines 
Genome: BBB
Type: Cooking

▪Usually observed with B genome

▪ Other cultivars infected observed at the Banana
Genebank at BPI

• Mundo, Turangkog, Paa Dalaga, Biguihan, 
Inabaniko and Java (ABB/BBB genome), 
Gubao, Katsila, Pelipita, Madurangga (ABB) 
and Giant Kalapua (ABBB)
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Name of Cultivar: Latundan 
Origin: Philippines 
Genome: AAB
Type: Dessert
Uses: consumed in the domestic market as
dessert, exported in niche markets

Synonyms

Philippines: Tundan (Cebu, Davao,Negros Or., 
Turdan (Tagalog Regions,
Cantong Suring (Ilocos and Cordillera
Regions)

Southeast Asia: Pisang Rastali (Malaysia)
Pisang Raja Sereh (Indonesia)
Kluai Nam (Thailand), 
Chuoi Goong (Vietnam)
Silk, Manzana (International)

Dessert type (Latundan)

▪ Phylogenetic analysis of 
endoglucanase gene sequence 
data from the Moko and Bugtok 
disease causing strains from the 
Philippines shows that these 
strains cluster with sequevar 3 
(MLG24) strains (Figure 1 & 2) 
(https://www.planthealthaustralia
.com.au)

BUGTOK DISEASE
Causal Organism- R. solanacearum

MODE OF 
TRANSMISSION

▪ Transmitted by insects (bees, 
wasps and thrips) through 
the inflorescence

SIGNS ON INFECTED PLANTS
• Bacterial Ooze coming from

infected plant parts

SYMPTOMS

▪ Bracts covering the male bud 
are dry, slightly rolled up, and 
loosely attached

▪ Differentiates healthy from 
infected plants

SYMPTOMS ON 
CARDABA

▪ Pronounced reddish-
brown or black 
discoloration starting 
from the core and 
progressing towards 
the whole pulp of the 
fruit
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SYMPTOMS ON 
CARDABA

▪ Rusty brown to almost black
discoloration of the

-vascular tissues
- fruit
- peduncle
- central portion of

the pseudostem
- corms (in advanced cases)

SYMPTOMS ON 
LATUNDAN

▪Rusty brown to almost 
black

discoloration of the fruit 
pulp

CONTROL
▪ Bagging male bud at bending stage

▪Bagging materials:
• Plastic (PE) bags, muslin cloth, 

jute sacks

❑ HOW?

▪ Using improvised fruit bagger

▪Bag the still closed male bud 
using improvised fruit bagger 
(3meters height) with bagging 
material (perforated plastic bag 
with open bottom) for 14-15 
days.

CONTROL

▪Manual bagging

• Manual bagging of closed male bud
(puso) using bagging material

CONTROL

▪Debudding

• Cut the male bud immediately after removing the
bagging material after 14- 15 days or all fruits
have set.

CONTROL

▪Early 
Debudding
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CONTROL

• Field Sanitation

• Deleafing
of dried leaves

DRY ROT DISEASE

▪ First observed in the cooking 
banana cultivar “Cardaba” in 
backyard farms in Davao City, 
Philippines in 1994

DRY ROT DISEASE

▪ The disease is similar in many 
respects to “Bugtok” caused by 
the bacterium Ralstonia
solanacearum (Soguilon, 1995) and
blood disease (Eden-Green, 1994)

DRY ROT DISEASE

▪ Initial studies indicate that when 
DNA from the bacterium is used as 
template in the polymerase chain 
reaction with oligonucleotide primer 
pairs OLI1/Y2 or T3A/T5, similar 
amplification products are produced 
when R. solanacearum DNA is used 
as template (Herradura et. al 2000)

SYMPTOMS ON 
CARDABA

▪ Cutting open the still green but
shrunken and distorted fingers
reveals hollow chambers where the flesh has
rotted.

▪ Immature fruits are observed to stop
filling and become distorted and then
turn necrotic and dry out.

WAY FORWARD:
RESEARCH NEEDS

▪ Further study on the 
identification of insect species 
associated with bugtok and dry 
rot disease

▪ Further study on the 
transmission and epidemiology 
of the “Bugtok” disease on 
banana cultivars with B 
genome
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RESEARCH NEEDS

▪ Survey on banana bacterial 
diseases in the present millenium THANK YOU VERY 

MUCH!
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To be presented on international workshop on the Management of bacterial diseases of bananas
Kuala lumpur, 29 November 2022

the genome assembly was 3,568,564 bp, with 92× genome coverage for the chromosome and 1,614,128
bp, with 102× genome coverage for the plasmid (Prakoso et al., 2022). The disease was reported initially
from Selayar Island – South Sulawesi in 1921, then appear in West Java in the late 80’s, and was found in
Moluccas in 1996, from where the disease move westward to Sumatera, eastward to eastern part of Java,
and northward to Kalimantan. A massive survey conducted in 2006 – 2008 under two ACIAR’s project
found the disease in Aceh, North Sumatera, West Sumatera, Lampung, East, Central and West Java, South
and Central Kalimantan, Southeast and North Sulawesi, and Irian Jaya. Human was believed as the main
actor in distributing and transmitting the disease in long and short distance through the contaminated
cloths, vehicle, agriculture tools, and infected plant materials. The next important transmitting agents are
flower-visiting insects that were contaminated by infected plants. The other possible transmission was
happened through banana pests such as weevil borers and nematodes. Disease management should be
addressed comprehensively at macro level by implementation of quarantine procedures and disease
incursion, farmer education in handling diseased plants, and micro level of disease-free planting material,
banana best practices, and bunchmanagement.

• –

• Respondent’s profession: researcher, extension worker, agriculturist, farmer, and others 
•
•

Don’t know

.
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– Henuk et al. (2020)
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• ABB Kepok (Saba type) is the most 
infected variety

• Artificial inoculation found that there 
was no resistant banana varieties to 
blood disease (Gäumann, Eden-
Green, 1994; Baharuddin, 1994, 
Ray et al., 2021)
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tittle

Name

Xanthomonas wilt of banana in east 
and central Africa - Effective 
management practices.

•
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–

We also needed to identify good entry points for intervening in these landscapes

o

o

o

www.cgiar.org
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www.cgiar.org www.cgiar.org

-The Alliance of Bioversity and CIAT, together with partner organisations from
east DR Congo, India, Indonesia,…

-Focus only on banana, currently covers 5 banana diseases and 1 pest.

www.cgiar.org

BXW 
Pseudostem ooze
Whole plant leaf wilting 
Single leaf yellowing/wilting
Fruit pulp discoloration
Premature bunch ripening
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