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Overview of activities, outputs & outcomes
ACTIVITY OUTPUTS/MILESTONES COMMENT

Activity 3.1: Conduct training and capacity 

building of plant protection institutes in key 

diagnostic tools, sampling design, and data 

management platforms

A standard and basic surveillance protocol (BSP) in major cassava 

growing region in SEA 

Training material developed for use within the region in 2019

Regional Team: BSP 

validated in the field in 

2019-2020.

Activity 3.2: Design, implement and communicate 

regional surveillance activities for CMD and 

CWBD in Vietnam, Cambodia, Laos, Myanmar 

and Thailand, with results shared in a common 

platform

Protocols for uploading and accessing data – Report Dec 2019 

Updated maps with “confirmed/suspected/non-infected” data. 

Sampling data in Sep-Nov 

Yr 2,3,4 Regional team: 

Completed for years 

2020, 2021, 2022Activity 3.3: Understand the distribution and 

diversity of whitefly populations throughout the 

cassava production regions of Vietnam, 

Cambodia, Lao PDR, Myanmar and Thailand

A first regional indexed collection of cassava whiteflies 

Sequence diversity of whitefly populations in SEA identified and 

characterized for 2020 and 2022 

Online access to SEA Whitefly Distribution maps via PestDisPlace

Activity 3.4: Evaluate new technologies for rapid 

field diagnostics with particular applications in 

seed systems

A LAMP protocol for rapid detection of SLCMV evaluated in field and 

under minimal laboratory conditions 

A novel and robust PCR test for CWBD is available and validated under 

laboratory conditions 

Jimmy Botella

Ana M. Leiva, 

Alejandra Gil

Activity 3.5: Develop and validate protocols for 

screening and biological characterisation of 

cassava diseases, particularly CWBD

grafting of CWB on cassava rootstocks did not work. Vascular necrosis 

induced by CWBD kills the small grafts impeding transmission of the 

pathogen. 

Successful transmission of CWBD by a modified side-grafting protocol 

under high humidity conditions 

Koch’s postulates

Juan Manuel Pardo

Warren Arinaitwe
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Cassava Crop Protection Team

Team Colombia: Ronald Montes, Jenyfer Jimenez, Alejandra Gil-Ordoñez, Viviana Dominguez, Sara 
Caicedo, Juan Manuel Pardo, Rafael Rodriguez, Ana Maria Leiva

Team Laos: Warren Arinaitwe, Khamla Xaiyavong, Chanpheng Xaymany, Latsamy Dethanonglack



Strengthening regional surveillance/dx networks

PPRI (Vietnam), NAFRI, PPC (Lao PDR), GDA (Cambodia), KU (Thailand)

COVID times



How many plants per field?
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56,131 observations

930 fields

https://pestdisplace.org/
https://pestdisplace.org/


Baseline comparative incidences



12 species of viruses causing  CMD



How can we detect all related 
begomoviruses in SEA at once



A generic method targeting all circular viral DNA

Nanopore

DNA-A

Genome analysis

DNA-B

Only one begomovirus species found in SEA so far

Rolling Circle 

Amplification using 

Phi29 using  Random 

hexamer primers



Genomic surveillance of SLCMV in SEA



Thailand  

Cambodia 

Laos

Vietnam

Thailand

Sri Lankan cassava mosaic virus

Two versions of the rep gene
India 

Sri Lanka



CMD in SEA emerged after a ‘first wave’ of CWBD

• 2010: CWBD incidence ~80% in Yen Bai, Quang 
Ngai and Dong Nai (north, central and south 
Vietnam)

• 2012: CWBD incidences of 30-40% in 
Cambodia in the provinces of Kampong Cham, 
Kratie and Prey Veng.

• 2012: field surveys in Chachoengsao and 
Rayong in southern Thailand, report similar 
“high incidences” of CWBD.

• 2014: average incidence of CWBD in SEA 32% 
(highest in Cambodia, 46%)



Global distribution of CWBD (Symptoms) reports

Dolores et al., 2023



Symptoms can be transmitted by grafting

A

B



Phytoplasma is not associated with CWBD

Phenotype PCR (-) PCR (+) Total

Healthy 427 17 444

Classic witches' 
broom symptoms 12 22 34

Total 439 39 478

Sensitivity XX%

Specificity XX%

No phytoplasma
sequence detected



CWBD incidence is increasing in LAO, VTN and KHM



Fusarium spp.

Phytophthora spp. 

Neoscytalidium spp.

Symptoms in vitro Microscopy Indicator Control

Fungi isolated from symptomatic 
roots producing no symptoms in the 

indicator plant

MCOL1505

3/3

3/3

3/3

3/3

Root rot



Can we have a generic look at the microbial 
content of CWBD?



First metagenomic analysis of CWBD

Healthy Diseased



Summary of sequencing results

Sample 

code* 
Total Reads

% Reads 

mapped to 

cassava

# Reads 

unmapped

No. of 

assigned 

contigs

Avg size 

(bp)

N50 

(bp)

Ceratobasidium

contigs

Healthy 1 196,515,051 97.95% 4,514,055 1,401 679 726 0

Healthy 2 250,533,683 98.48% 4,184,629 1,839 650 689 0

Healthy 3 243,291,842 97.93% 5,506,137 3,596 613 635 0

CWBD 4 214,214,660 98.20% 4,232,419 26,668 674 761 16712

CWBD 5 218,249,943 98.51% 3,581,978 9,427 567 587 5528

CWBD 6 211,118,163 93.25% 15,730,655 35,765 992 3,754 19734



D

Right-angle branching

F

Ceratobasidium sp. in plants with CWBD

Bi-nucleate



CWBD

Phenotype No of samples PCR (-) PCR (+)

Healthy 123 122 1

Diseased 41 1 40

Other symptoms 3 0 0

Unclear symptoms 4 0 0

Total 171

Sensitivity 97.6%

Specificity 99.2%

Developing a reliable molecular diagnostic test for CWBD

Reference
Laos 2
Laos 3

Ceratobasidium

genome assembly



Ceratobasidium sp in CWBD plants (preliminary)

Thailand  

Cambodia 

Laos

Vietnam

Thailand



Outcomes

The research outcomes continue during the reporting period with 
several activities reaching publication and new knowledge shared 
with stakeholders. These include: 

• Multiyear regional surveillance maps (CMD, CWBD, WF)

• Diagnostics tools: generic, specific, low-cost

• Identification of only SLCMV and low abundance of B. tabaci

• Identification and isolation of the causal agent of CWBD for 
screening studies

• 5 scientific publications (open access) reporting these findings



Thanks!


