
 
 

UNDERSTANDING THE WAVE PROGRAM 

 

1. What is the WAVE program?  
 
The Central and West African Virus Epidemiology (WAVE) program is a common and 
technical platform supported by a network of national scientific and biotechnological research 
institutions. 

Phase 1 of the WAVE program was implemented in seven countries, namely Benin, Burkina 
Faso, Côte d’Ivoire, Democratic Republic of Congo, Ghana, Nigeria and Togo. Under Phase 2, 
the program’s activities will be extended to three new countries: Cameroon, Gabon and Sierra 
Leone. Targeted activities will also be implemented in two other countries: Central African 
Republic and Republic of Congo (Figure 1). The WAVE network, therefore, comprises 10 
countries and 13 institutions. 

 
 

 
Figure 1: WAVE Program Member Countries 

 
 

 

WAVE network member countries under Phase 1 
Countries to join the WAVE network under Phase 2 
Countries in which exploratory studies will be carried out under Phase 2 
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Program objective 

The main objective of the WAVE program, which is part of a sub-regional approach, is to 
increase the production of root and tuber crops (RTCs) in Africa in a sustainable manner by 
developing methods to control and effectively manage the viral diseases affecting these crops. 

This program represents a significant support for national root and tuber programs. WAVE will 
make it possible for member countries to set up operational analysis entities, revitalized 
research centers, legal and regulatory instruments, training, awareness-raising, monitoring and 
technology transfer mechanisms necessary for securing the production of root and tuber plants. 
 
 
Cassava, the Flagship Crop of WAVE - Phase 2 

Cassava, sweet potato and yam are reproduced through vegetative propagation and face similar 
biotic and abiotic constraints. For this reason and due to growing threats to cassava, activities 
implemented under Phase 2 will mainly focus on cassava and the outcomes adapted to sweet 
potato and yam. 
 

A. Origin 

Cassava whose scientific name is Manihot esculenta is a shrub native to Central America, the 
Caribbean and northern Brazil. It was introduced into West Africa by the Portuguese in the 16th 
century and into East Africa in the 18th century. It was propagated throughout Africa and South 
Asia by European explorers from the 18th to the 19th centuries (Figure 2). Its rusticity and the 
fact that it constitutes a permanent food reserve have promoted its rapid expansion. 
 

 
 

Figure 2: Main Channels of Distribution of Cassava from South America in Africa and Asia (Fauquet and 
Fargette, 1990) 
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B. Importance of Cassava to the Populations of West and Central Africa 

Cassava is a staple food for an estimated 800 million people worldwide, about 500 million of 
them Africans. Thus, 63% of the world’s cassava production is consumed in Africa. In West 
and Central Africa, tuberous roots and cassava leaves are used primarily for human 
consumption. From a nutritional viewpoint, the tuberous root of cassava is an essentially 
energetic food which is rich in starch and very well endowed with ascorbic acid (Vitamin C). 
Cassava is low in protein but rich in calories. The leaves are rich in protein, minerals and 
vitamins. They contain few raw fibers and relatively large amounts of calcium and phosphorus. 
Their use in infant and child feeding could be encouraged to prevent certain diseases. Tuberous 
roots and cassava leaves are consumed in various ways in Africa. The most common cassava-
based food products in West and Central Africa are listed in Table 1 below. 
 
 
Table 1: Cassava-based Food Products in West and Central Africa (WCA) 

African Region Country Cassava-based Food Products 
Centre  Cameron Leaves, Bôbôlô, Miondo, Mintumba 

Gabon Iporo, kongondé, Sakasaka 
Democratic Republic of  
Congo 

Leaves, bobolo, Chikwanga, Foufou, 
Pondu (Saka-saka) 

West  Benin Gari (dossi, pinon), Gari foto 
Burkina Faso Tô (cassava), Con’godê, Gari 
Côte d’Ivoire Attiéké, Placali, Kongondé, Leaves 
Ghana Banku, Fufu, Gari 
Guinea Kouti, Gelen, Too (cassava) 
Liberia Fufu, Gari 
Nigeria Amala, Gari, Fufu (cassava) 
Sierra Leone Fufu, Gari 
Togo Tapioca, Kounkountè, Gari 

 
 
Cassava is also used as animal feed and in many industrial sectors, particularly in the form of 
starch to produce ethanol and biofuels. 

As a result, cassava is now a strategic food security and poverty reduction crop. This confirms 
the statement made by Elisabeth Atangana, President of the Regional Platform of Farmers’ 
Organizations in Central Africa (PROPAC), that “cassava is a gold mine that can significantly 
contribute to reducing poverty in sub-Saharan Africa, securing jobs for women and youths and 
reducing excessive dependence on agricultural imports”. 
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C. Cassava production in Africa  

According to FAO statistics (2018), world cassava production stood at about 270 million tonnes 
in 2017 and Africa’s contribution to it has increased from 50 to 57% over the last 20 years. 
Nigeria remains the world’s largest cassava producer with 55 million tonnes. 
 
 

Table 2: Cassava Production in Central and West African Virus Epidemiology (WAVE) Member Countries 
from 2015 to 2017 

 

D. Production Constraints 

Though Africa is the world’s largest cassava producer (57%), paradoxically, the average yield 
which is 10 t/ha is the lowest compared with Asia which had a yield of 21.34 t/ha in 2016 
(FAOSTAT, 2017). Yet Africa has highly productive varieties with a potential of more than 40 
t/ha. These low yields are attributable to several factors including the lack of high-quality 
planting materials (cuttings), poor mastery and the non-application of farming techniques, 
especially poor viral disease management. 
 
Cassava production faces various constraints the main ones of which are two viral diseases, 
namely African Cassava Mosaic Disease (CMD) and Brown Cassava Streak Disease (CBSD). 
These two major viral diseases are transmitted by insect vectors such as whiteflies (Bemiscia 
tabaci). Despite the presence of whiteflies in farms, human activities remain the main factor of 
the spread of these diseases in West and Central Africa. Humans are vectors of viruses which 
cause CMD and CBSD through the use of contaminated cassava cuttings from an old infected 
farm to set up new plantations. 
 
 
 

Country Production in tonnes 
(2015) 

Production in tonnes 
(2016) 

Production in tonnes 
(2017) 

Nigeria 50 950 292 57 855 000 55 000 000  
Ghana 17 213 000 17 798 000 19 139 000 
DCR 15 300 000 15 200 000   14 550 000 
Côte d’Ivoire  5 087 164 4 547 000     5 367 000 
Sierra Leone 4 783 156 4 778 393  -  
Benin 3 420 655 4 096 000      4 150 000 
Guinea 1 426 625  1 501 755 -  
Cameroon  5 198 348 5 501 749      5 345 000 
Togo 1 039 135 1 027 476  - 
Liberia 525 092  529 201 - 
Gabon 310 431  313 738 -  
Burkina Faso 4 765 4 757 -  
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CMD, caused by geminiviruses (African Cassava Mosaic Virus – ACMV and East African 
Cassava Mosaic Virus – EACMV) is the most common viral disease in Africa. The symptoms 
of this pathology vary according to the intensity of the disease. They can range from simple 
leaf discoloration (chlorosis) forming “mosaic” patterns to the deformation, stunting and death 
of plants in the most severe cases (Figure 3). Almost all traditional cassava cultivars circulating 
on the African continent are prone to this disease. Yield losses due to attacks by this type of 
virus can range from 40 to 70%. This can result in an economic loss of USD 2 to USD 3 billion 
per year for sub-Saharan Africa. 
 
 

 

 Figure 3: Symptoms of the African Cassava Mosaic Disease (Photo, Ndunguru) 

 
Box 1 

In the 1990s, the cassava mosaic epidemic in East Africa highlighted the impact of viral diseases 
on the livelihoods of root and tuber crops farmers. This epidemic, which began in northern 
Uganda in 1990, spread rapidly southwards, devastating cassava farms, causing food shortages 
and famine in some districts where cassava was the staple food (Otim-Nape et al., 1997). 

Studies by Pita et al (2001) revealed that the emergence of a new strain of the EACMV known 
as the East African Cassava Mosaic Virus - Uganda (EACMV-Ug) was one of the main vectors 
of this epidemic. The latter affected no less than nine countries in East and Central Africa, 
resulting in an estimated annual economic loss of USD 1.9 billion and causing famine which 
claimed the lives of thousands of people (Legg et al., 2006). 
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In addition, the current CBSD disease in East and Central Africa is causing production losses 
of up to 90% or even 100%. This disease which is caused by a potyvirus, Cassava Brown Streak 
Virus (CBSV), causes dry necrotic rot in cassava roots, resulting in a significant reduction or 
complete deterioration in root quality (Figure 4). In most cases, small producers abandon their 
farms affected by the CBSD because of the total loss of crops. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Symptoms of Cassava Brown Streak Disease (CBSD) in tuberous cassava roots (Photo, Ndunguru)  

Formerly, the CBSD was active only in Tanzania, on the East African coast. Since 2004, 
however, it has spread to Uganda (Alicai et al., 2007) and other East African countries. At 
present, it continues to spread in the Democratic Republic of Congo (Mulimbi et al., 2012) and 
in Central Africa (Figure 5). This disease is therefore at the doorsteps of West Africa and poses 
another serious threat to cassava production, coupled with the already devastating action of the 
CMD. 
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Figure 5: The Spread of CBSD from East Africa to Central Africa 
www.fao.org/emergencies 
 
 

2. Main Achievements of WAVE – Phase 1  
 
The WAVE program launched its activities with cassava because of (1) the rapid development 
of this food crop in West and Central Africa; (2) its contribution to food security; and in 
particular (3) the threat posed by the CBSD. The main achievements include: 
 

A. Monitoring and mapping of hotspots and virus-free areas      

• National geo-referenced epidemiological surveys were carried out in the seven 
WAVE member countries. These comprised assessments of the health status of 
cassava fields using tablets equipped with a software application according to a 
harmonized protocol to ensure data quality. 

• CMD and CBSD incidence and severity maps have been produced for the seven 
WAVE program member countries. These maps indicate the CMD hotspots that can 
be used to screen genetic material to identify virus-resistant cassava varieties and ensure 
their rational deployment. In addition, WAVE is currently testing elite cassava varieties 
from West Africa for resistance to CBSD in Namulonge, Uganda, a CBSD and CMD 
hotspot. 
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• Virus-free localities have been identified for the multiplication of plant materials. 
This work will ensure the availability of virus-free plant materials to cassava growers. 

• AgShare.Today has developed the advanced multidimensional Cube-data 
technology for the management of the WAVE program data with funding by the 
Bill & Melinda Gates Foundation (BMGF). Data derived from field surveys and 
detailed laboratory work has been input in this online database (Cube-data). This will 
make it possible for the program to use its data in an innovative and more efficient 
manner and is one of the first examples of the use of this technology with agricultural 
data in Africa. 

 
 

B. Better Understanding of Vectors and Hosts        

• The prevalence of whitefly populations in cassava farms in the seven WAVE 
member countries is known. 

• Cassava leaf samples were analyzed using harmonized laboratory protocols. The 
data collected helps to compare all WAVE member countries. The data has already 
confirmed that in West Africa, CMD is spread mainly by infected cuttings, although 
transmission by whiteflies persists. This implies that the sensitization of farmers on the 
use of healthy planting material could lead to significant improvements. 

 

C.  Improvement of Early Detection and Diagnosis       

• Diagnostic tools have been improved in all WAVE network member institutions. 
The use of harmonized protocols allows for monitoring and modeling at the regional 
level to build epidemiological models of disease progression. These can be used to 
inform current and emerging cassava virus surveillance and management strategies. 

• Biotechnological laboratories have been built or rehabilitated and equipped and 
are available in all institutions hosting the WAVE program in all the countries 
concerned. For example, the WAVE Center in Côte d'Ivoire was established and 
inaugurated in 2016. This center which comprises two state-of-the-art laboratories 
(Molecular Biology/Virology Laboratory and Biotechnology/Tissue Culture 
Laboratory), an auditorium and offices is an important milestone in efforts to strengthen 
the region’s capacity in identifying and monitoring root and tuber plant diseases. 

• The production and distribution of healthy plants has been improved and WAVE’s 
current facilities in Côte d’Ivoire and Benin allow for the mass production of virus-free 
vitroplants. 

• CMD virus-resistant cultivars have been identified and can now be used to develop 
new varieties for producers. 

• Surveillance is being carried out to study the spread of CBSD in Central Africa. 
The CBSD has not yet been detected in West Africa. However, surveys carried out by 
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WAVE have confirmed the disease is present in Eastern DRC, indicating a clear spread 
of the disease to West Africa. This makes the work carried out by WAVE to detect and 
identify viruses and launch initiatives to control their spread more important than ever. 
These initiatives include the production of healthy planting materials and the 
commitment of producers. 

 

D. Sharing of Knowledge and Protocols       

• Sensitization and training were carried out in the seven WAVE member countries. 
WAVE organized workshops, farmer field days and media campaigns in all program 
member countries to further sensitize producers on the threat posed by the CBSD and 
to train producers to recognize the disease symptoms and select healthy planting 
materials for new farms. 

• Key information was shared with breeder geneticists. Protocols on the use, 
production and identification of healthy planting materials, as well as information on 
hotspots and virus-free localities were shared with breeders and multipliers. 

• Strong relationships were established with the governments of member countries. 
The level of adherence by governments has been exceptional. WAVE has developed 
national cassava viral disease response plans. These various plans have been approved 
and signed by the ministers of agriculture or scientific research of the seven West and 
Central African countries that are members of the WAVE program. After recognizing 
the importance of such a plan, Cameroon, Sierra Leone and Gabon also joined the 
WAVE initiative by developing and signing their respective national response plans. 
Thus, a total of 10 national cassava viral disease response plans have been developed 
under the WAVE program. 

 

E. Gender-sensitive Capacity Building       

Under Phase 1, the capacity of some 40 students was significantly strengthened in the 
characterization of root and tuber plant (cassava and sweet potato) viruses. Thus, 6 
undergraduate students, one of them female, 16 masters-level students, 9 of them female, and 
14 doctoral-level students, 7 of them female, were or are being trained in various WAVE 
program laboratories. 
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3.  PHASE 2: PRESENTATION AND PROSPECTS       
 

In view of the positive outcomes of Phase 1, the financial partners, BMGF and DFID, have 
renewed their support to the WAVE program for the implementation of a second phase. The 
achievements of WAVE – Phase 1 have opened many prospects for cassava disease 
management, including the possibility of developing an innovative and collaborative model for 
plant disease management involving the scientific community, governments, kings and 
traditional leaders, small producers and other strategic actors. This interdisciplinary model 
could be extended to other root and tuber crops (yam and sweet potato). 

 

OBJECTIVES OF PHASE 2 

The general objective of Phase 2 is to control the main viral diseases of root and tuber crops in 
order to protect and improve the productivity of these crops in 10 countries in Central and West 
Africa. 

Specifically, the aim will be: 

 

A. Expansion of the WAVE program 

To broaden the regional impact of the project, WAVE has extended its monitoring activities to 
three other countries in West and Central Africa where cassava is also the main staple food, 
namely Sierra Leone in West Africa and Cameroon and Gabon in Central Africa. In addition, 
targeted activities will also be carried out in two other countries: Central African Republic and 
Republic of Congo. 
 
B. Updating epidemiological data on viral diseases of root and tuber crops 

WAVE will collect and/or update key epidemiological data on viral threats to cassava, sweet 
potato and yam by conducting geo-referenced field surveys in the ten implementing countries 
using harmonized and updated sampling and analytical protocols.  
 

C. Reducing the current incidence and threat of viral diseases on root and tuber crops in 
10 countries in West and Central Africa to minimize crop losses 

The following new activities will also be included: (1) screening of West African cassava 
germplasm in DRC for CBSD-like disease resistance for which the causal agent has not yet 
been identified and which exists and is a concern in DRC; (2) screening of Central African 
cassava germplasm in DRC to determine its resistance to CBSD-like disease and CBSD; (3) 
characterization of whiteflies in West and Central Africa; (4) development of infectious clones 
of cassava viruses; (5) genotyping of cassava varieties planted in West and Central Africa; (6) 
mapping the distribution of cassava genotypes planted in West and Central Africa; and (7) 
initiation of research on plant transformation. 
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 Contribution to strengthening national and regional regulations and improving the 
management of viral root and tuber crop diseases in 10 countries in West and Central 
Africa   

Over the next four years, WAVE will conduct enhanced surveillance surveys on cassava viral 
diseases using a participatory approach, involving cassava producers, extension agents and key 
stakeholders. This will be achieved through a user-friendly telephone application for diagnosing 
cassava diseases, supported by experts and molecular diagnosis. Extension agents will serve as 
relays for the dissemination of information to and from small producers. Equipped with the 
above-mentioned diagnostic telephone application, they will transmit visual evidence of any 
suspicious symptoms to a WAVE database for real-time assessment by a virologist expert and 
rapid follow-up. 

WAVE will, in partnership with all relevant stakeholders, organize country-level meetings to 
review the national response plans that have been developed and clarify roles/responsibilities. 
Subsequently, simulation exercises will be conducted to test the effectiveness of the plans and, 
where necessary, appropriate adjustments will be made. WAVE will also liaise with the relevant 
ministries in each country to ensure that national plans remain relevant. 

 

D. Increased participation of women in scientific, monitoring and leadership activities to 
improve surveillance of viral diseases in root and tuber crops in 10 countries in West 
and Central Africa 

WAVE will promote gender-sensitive human capacity building to ensure the availability of 
local expertise with the skills required to ensure the achievement of its mission by providing 
both long-term practical training at the graduate level (master's and doctoral levels) and short-
term training in multidisciplinary research and scientific skills. In addition, WAVE will 
continue to address major gender disparities in agronomy in partnership with the African 
Women in Agricultural Research and Development (AWARD) through an adapted mentoring 
scholarship program and the targeted recruitment of students and scientists for the project. 

  

E. Strengthening the delivery of extension services and viral disease management 
methods by governments and the private sector (where applicable) in 10 countries in 
West and Central Africa 

To achieve its mission, WAVE should communicate effectively with key stakeholders to raise 
awareness on viral diseases in root and tuber crops, increase the visibility of the project and 
create synergies. Thus, WAVE has developed a communication strategy that will be used in all 
implementing countries. The strategy will be fine-tuned as necessary during the implementation 
of Phase 2. 
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