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INTERNATIONAL WORKSHOP

SURVEILLANCE AND CONTROL
OF CASSAVA DISEASES IN AFRICA

PLANT PROTECTION PLATFORM (3P CENTER)

SAINT-PIERRE - LA REUNION ISLAND

JUNE 10 - 13, 2014

Under the leadership of the Global Cassava Partnership for the 215 Century - GCP21, CIRAD
and IRD, members of Fondation Agropolis, and members of the CRP-RTB, organize an inter-
national workshop on cassava at the Plant Protection Platform (3P Center) in Saint-Pierre

(La Réunion, France) from June 10 to 13, 2014.

This workshop will gather more than 40 experts from 13 African countries, as well as repre-
sentatives from the most important centers, networks and foundations involved in food
security in Africa. The main objectives are to constitute a PanAfrican Surveillance Cassava
Network for viral and bacterial diseases, and to integrate the active participation of the 3P
Center as a technological platform dedicated to control these diseases.

Cassava, a crop most important
for global food security

Cassavais the fourth most important source
of calories in the developing world and feed
an estimated 700 millions people daily. It is
naturally resistant to drought, and it wit-
hstands high CO2 concentrations and high
temperatures, making cassava THE crop
adapted to face global climatic change.

Aworkshop part of a Global Alliance
to fight cassava diseases

In order to respond to the growing threat of
viral and bacterial cassava diseases, GCP21
organized in Bellagio, Italy, in May 2013, an
international conference on this topic and
a RoadMap, known as the Bellagio Road-
Map’ was recently published. This docu-

1. A global alliance declaring war on cassava viruses
in Africa, Food Security, 2014

ment is aligning the milestones of a global
plan to better control cassava viral diseases
and details immediate, medium and long
term actions. The International Workshop
in La Réunion, will work on the first miles-
tones of this roadmap, focusing on surveil-
lance, diagnostic and control of these di-
seases in Africa.

Expertise and contribution of
the French Team to control cassava
diseases in Africa.

A group of French scientists, belonging to
CIRAD and IRD, expert in bacteria, viruses
and their whitefly vectors, and members of
Fondation Agropolis, has decided to form
a French Team to respond to the Global Al-
liance formed gy GCP21in Bellagio.

The CIRAD team is located at the Plant Pro-
tection Platform (3P Center) in Saint-Pierre,
La Réunion, France. This center has all the



facilities, equipment, biosafety environment
and scientific expertise to perform detailed
comparative studies of cassava pests and di-
seases, has experience in cleaning and pro-
pagating plant material, and is managing
several international collections. Because of
theisolation of theisland of La Réunion, in the
Indian Ocean, but close enough to the african
continent, is offering to the global alliance,
a unique opportunity to develop an interna-
tional cassava transit site to propagate and
exchange certified pathogen-free cassava
cultivars between continents.

The IRD team is base in Montpellier, France,
as well as in Burkina Faso, where it is develo-
ping a regional laboratory (LMI) for the dia-
gnostic of crop diseases.

Deeply involved in training of young african
scientists, the French scientists restate their
willingness to participate and contribute to
the building of the next generation of cassa-
va scientists on cassava diseases. CIRAD and
IRD take this opportunity to confirm their
dedication and participation to the CRPs of
the CGIAR.

The organizers of the international
workshop

mThe Global Cassava Partnership for the
21t century (GCP21) : non-for-profit inte-
pendent organization collaborating with
several CRPs, and particularly the one de-
dicated to Roots, Tubers and Bananas (RTB),
as well as with all the national and interna-
tionalresearch and development organiza-
tions working on cassava in the world.
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mThe Agricultural Research Centre for In-
ternational Development (CIRAD) and the
Research Development Institute (IRD),
members of the Agropolis Foundation
(Montpellier).

The major objectives of
the international workshop

m Make known to the Global Alliance, the
scientific and technical expertise of the
CIRAD and IRD team in cassava pests
and diseases to control them more ef-
ficiently.

m Make known to the cassava community the
potential of the Plant Protection Platform
(3P Center) in La Réunion, offering a real
opportunity to use an existing, well equip-
ped and performing platform, to the ser-
vice and benefit of the international com-
munity to fight cassava diseases.

The specific objectives of
the international workshop

m Establish a panAfrican Surveillance Cas-
sava Network to limit and control the
spread of cassava pests and diseases.

m Coordinate diversity studies on bacteria,
viruses and their insect vectors in Africa.

m Establish at the Plant Protection Plat-
form (3P Center) an international cassa-
va transit site to exchange certified pa-
thogen-free cassava material between
continents.

m Coordinate and increase the training of
young cassava scientists.
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ATELIER INTERNATIONAL

SURVEILLANCE ET CONTROLE DES
MALADIES DU MANIOC EN AFRIQUE

POLE DE PROTECTION DES PLANTES (3P)

ST PIERRE - LA REUNION
DU 10 AU 13 JUIN 2014

Sous 'égide du Partenariat Global Manioc pour le 21¢™¢siécle (Global Cassava Partnership for
the 21 Century - GCP21), le CIRAD et I'IRD, membres de la Fondation Agropolis et du CRP-
RTB, organisent un atelier international sur le manioc au Pdle de Protection des Plantes (3P)
a St-Pierre (La Réunion, France) du 10 au 13 juin 2014.

Cet atelier, réunira des experts de 13 pays africains et des principales institutions, réseaux
et fondations internationales impliqués dans la sécurité alimentaire. Cet atelier a pour ob-
jectif d’établir un réseau de surveillance panafricain des maladies virales et bactériennes sur
le manioc, et d'intégrer le POle de Protection des Plantes de La Réunion comme plateforme
technologique au service de la lutte contre ces maladies.

Le manioc, une culture majeure pourla
sécurité alimentaire mondiale

Le manioc représente la quatriéme source
de calories dans les pays tropicaux ou plus
de 700 millions de personnes en dépendent
pour leur sécurité alimentaire. Il est natu-
rellement résistant a la sécheresse, répond
bien a 'augmentation des teneurs en gaz
carbonique atmosphérique, ainsi qu’aux
températures élevées, ce qui en fait une des
cultures les plus adaptées au changement
climatique a venir.

Un atelier international qui s’insére
dans la mise en ceuvre d’'un plan
d’action mondial

Pour répondre a la menace sans cesse crois-
sante des maladies virales et bactériennes
du manioc, le Global Cassava Partnership
pour le 21¢me siecle (GCP21) a organisé une
réunion d’experts a Bellagio, en Italie, en
mai 2013. Cette rencontre a abouti a la pu-
blication de la feuille de route de la Confé-

rence de Bellagio’. Ce document pose les
bases d'un plan de lutte stratégique mondial
contre les maladies du manioc et détaille un
certain nombre de mesures a court, moyen
et long terme. L'atelier a pour but de concré-
tiser ces mesures par le lancement des pre-
miéres étapes de mise en ceuvre du plan en
ce qui concerne la surveillance et le diaghos-
tic des maladies du manioc.

Expertise et engagements
des équipes francaises dans la lutte
contre les maladies du manioc

Ungroupede chercheursdu CIRAD etde 'IRD
membres de la Fondation Agropolis, spécia-
listes mondiaux des bactéries, des virus du
manioc et de leurs insectes vecteurs, a déci-
dé de former une équipe, répondant a l'appel
international du GCP21.

1. A global alliance declaring war on cassava viruses
in Africa, Food Security, 2014



L'équipe CIRAD est basée au Péle de Protec-
tion des Plantes (3P) de Saint-Pierre de la
Réunion. Ce laboratoire a les équipements
et l'expertise pour réaliser en toute sécurité
des études comparatives approfondies, l'as-
sainissement et la multiplication de matériel
végétal ainsi que la mise en place de collec-
tions. La Réunion, en raison de sa situation
sanitaire et son insularité, mais également
de sa proximité de grands pays producteurs
de manioc offre un contexte favorable a l'al-
liance mondiale pour la création au 3P d'un
site international de transit pour 'assainis-
sement et la diffusion de variétés de manioc
garanties sans maladies.

L'équipe IRD est basée a Montpellier, France, et
au Burkina Faso, en Afrique de I'Ouest, ou elle a
établi un Laboratoire Mixte International (LMI)
pour le diagnostic des maladies des plantes.

Largement impliqués dans la formation
de jeunes chercheurs des pays du Sud, les
scientifiques francais réitérent aujourd’hui
leur volonté de former un plus grand nombre
de chercheurs de ces pays sur la connais-
sance des maladies du manioc. Le CIRAD et
U'IRD ont par ailleurs récemment confirmé
leur engagement dans les programmes de
recherche (CRPs) du CGIAR.

Les organisateurs de l'Atelier
International

mLe Global Cassava Partnership pour le
21me sjecle (GCP21) : organisation a but non
lucratif indépendante qui collabore avec
plusieurs CRPs dont celui pour l'améliora-
tiondes plantes aracines, tubercules et des
bananes (RTB) ainsi qu’avec de nombreuses
organisations de recherche et de dévelop-
pement sur le manioc dans le monde.
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m Le Centre de coopération Internationale
en Recherche Agronomique pour le Dé-
veloppement (CIRAD) et lInstitut de Re-
cherche pour le Développement (IRD) re-
groupés au sein de la Fondation Agropolis
(Montpellier).

Les objectifs généraux de l'atelier
international

m Faire connaitre a l'alliance mondiale pour
lutter contre les maladies du manioc
l'expertise scientifique et les capacités
techniques des équipes du CIRAD et de
UIRD.

m Faire découvrir le potentiel et les atouts
du Péle de Protection des Plantes (3P)
qui offre une réelle opportunité comme
plateforme technologique internationale
au service de la lutte contre les maladies
du manioc.

Les objectifs spécifiques de l'atelier
international

m établirunréseau de surveillance panafricain
des ravageurs et maladies du manioc entre
'ensemble des acteurs impliqués.

m Coordonner des études de diversité des
bactéries, des virus et de leurs insectes
vecteurs en Afrique.

m Faire du PGle de Protection des Plantes (3P)
un site international de transit pour l'as-
sainissement et la diffusion de variétés de
manioc.

m Assurer la formation de jeunes chercheurs
africains.
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INTERNATIONAL WORKSHOP

SURVEILLANCE AND CONTROL OF CASSAVA DISEASES IN AFRICA

LIST OF PARTICIPANTS
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TUESDAY JUNE 10

Official opening session

WEDNESDAY JUNE 11

8h30 Welcoming
0h00 Bernard Reynaud
Presentation of the 3P Center| P.10
ohis Valérie Verdier
Presentation of IRD Réunion
Visit field stations and genetic resources
oh30 Claude Fauquet
GCP21and objectives of the meeting | P.11
Stephan Winter
ohs0 Bellagio RoadMap | P.12
1010 Rwomushana Ivan
Expertise and needs at ASARECA | P.12
10h30 Coffee Coffee
1h00 Sangare Abourahmane
Expertise and Need at CORAF | P.13
11h20 Emmanuel Okogbenin
Cassava needs for Africa | P.14
James Legg
11h40 Spread of viruses and whiteflies and needs in diagnostic
and surveillance | P15 Visit field stations and genetic resources
Jean-Michel Lett
12h00 3P expertise in virology | P.16
19h20 Héléne Delatte
Expertise on whitefly studies | P.17
12h40
01h00 Lunch Lunch
02h00
02h20 Visit 3P laboratories Visit 3P laboratories
02h40
03h00 Maruthi Gowda Hortense Diallo
Point of view of NRI | P.18 Network in West-Central Africa | P.22
03h20 Valerie Verdier Fidéle Tiendrébéogo
Cassava Bacterial Diseases: needs and prospects | P.18 LMI Patho-Bios - Diagnostic of pathogens | P.23
LEBILCL D Isabelle Robéne
03h40 Bacterial Blight : from Population Structures Diagnostic at 3P | P.24
to Tailored Resistance Genes | P.19 9 .
Wilmer Cuellar L el
04h00 : . . Germplasm broad range virus indexing through NGS:
Needs for diagnostic and quarantine measures | P.19 SaFePGR case study | P.24
04h30 Coffee Coffee
05h00 Peter Kulakow Henri Brouchoud
Needs of an International transit site 3P expertise in databases | P.25
Marie-France Duval Stéphane Poussier
05h20 UE-PRASAC project for sustainable cassava production phane L.
N . Training in La Réunion | P.26
in Central Africa | P.20
05h40 Michel Roux-Cuvelier Appolinaire Djikeng
Expertise in TC and virus cleaning | P.20 Training at BECA | P.27
Lava Kumar
06h0o Surveillance and example of BBTV | P.21
06h30 Drinks Drinks
07h00 Diner Diner




THURSDAY JUNE 12

FRIDAY JUNE 13

Volcano La Fournaise

Restaurant

Conservatoire Botanique National de Mascarin

Hotel

Leaving airport

8h30 Group discussions
9h00
oh1s Chairs Legg / Winter
Virus, bacterio and whitefly diagnostic
0h30 Chairs Diallo / Kumar
PanAfrican Surveillance Network
9hs50 Chairs Kulakow / Roux-Cuvelier
International Quarantine / Transit site
10h10 Chairs Poussier / Djikeng
Training & Capacity Building
10h30 Coffee
11h00
11h20
11h40 Report Group discussions
12h00
12h20
12h40 Press conference
01h00 Lunch
02h00 Group discussions
02h20 Chairs Legg / Winter
Establishing a diagnostic network
02h40 Chairs Diallo / Kumar
Establishing a pan-african surveillance network
Chairs Kulakow / Roux-Cuvelier
03h00 Establishing international quarantine measures /
transit site La Reunion
03h20 Chairs l?ou§5|er/ Djl}(gng
Establishing a training program
03h40
04h00
04h30 Coffee
05h00 Report Proposals
05h20
05h40
06h00 Closing session
06h30 Drinks
07h00 Diner
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THE 3P CENTER,

AN INTERNATIONALTECHNOLOGICAL RESEARCH
PLATFORM DEDICATED TO PLANT PROTECTION

Bernard REYNAUD

Manager Plant Protection Platform (3P) Center

& Director “Plant Communities and Biological Invaders in Tropical Environments” (PVBMT)

research platform dedicated to the protec-

tion of agro-ecosystems and tropical natural
ecosystems. The 3P center is located on the tropi-
calisland of La Réunion, a French overseas depart-
ment in the Indian Ocean. The 3P Center, launched
in 2002, offers a unique tropical dimension to re-
gional (Indian Ocean), national, and international
research communities. It provides high-quality,
secure access to tropical experimental conditions
and new opportunities for visiting international
researchers. The 3P Center hosts permanent users
(more than 100 scientists and technicians) such
as CIRAD, University of La Réunion, the French

C IRAD’s 3P Center is an original and efficient

10

CIRAD, Reunion Island

Agency for Food, Environmentaland Occupational
Health & Safety (ANSES), the plant clinic of the Or-
ganization for Plant Protection against Pests and
Diseases (FDGDON), and two start-up companies
in the fields of information and communications
technology (eKoal) and in-vitro culture (VitroRun).

The 3P Centeris divided into 11 laboratories and
comprises innovative and original components:
infrastructure for R&D activities such as phyto-
pathology, entomology, molecular biology, ge-
netics, in vitro culture and biotechnology; ser-
vices in pests and plant diseases diagnostic/
detection, genotyping, seed quality control,
and microscopy; technology and knowledge
transfer in plant protection systems, detection
tests, plant sanitation, and plant micro-pro-
pagation; and training and teaching. The Cen-
ter contains 1,500 m? of laboratories (biosafety
containment levels 2 and 3) with up-to-date
technologies (2 M€ worth of equipment). The la-
boratories are designed to receive a broad range
of plants, pests, and pathogens, including qua-
rantine virus, bacteria, and arthropods. The 3P
Center also has high performance workstations,
a specialized library resource center, private and
open spaces with internal network and web ac-
cess, and meeting rooms with videoconferen-
cing systems.



The 3P center contains 15 ha of experimental tro-
pical fields that include 1,950 m? of insect-proof
shade houses, 2,300 m? of insect-proof green-
houses (two BL2 glasshouses), 2,300 m? of in-
sect-proof tunnels, and an experimental station
in the tropical forest inside La Réunion National
Park.

The 3P Center holds three collections in the BRC
Vatel: vanilla, tropical garlic, and under-utilized
root, tuber and vegetable species.

Since its opening, the 3P Center has produced more
than 600 refereed publications, patents, softwares
and plant varieties; trained 400 students (including
300 Masters and 60 PhD). The 3P Center and the
University of La Réunion are committed to conti-
nuing education at local and regional levels. Under
the regional program of Plant Protection, more
than 150 professionals (researchers, engineers, and
technicians) from the Indian Ocean region were
trained on plant disease diagnosis, identification of
insects, use of databases, and statistics.

GCP21AND THE GLOBAL ALLIANCE DECLARING WAR
ON CASSAVA VIRUSES IN AFRICA

assava is the fourth most important
C source of calories in the developing

countries and the most important food
crop in sub-Saharan Africa. Africa, is the lar-
gest producer of cassava in the world (55%),
but it has the lowest average yield in the
world with 10t/Ha. A productivity of 10t/Ha is
below the level of poverty and does not allow
farmers to support input to improve yield. In
Africa, for more than a century, viral diseases
have had a very high impact on cassava and
new diseases are emerging. The last pande-
mic of cassava mosaic disease (CMD), started
in the early 90s in Uganda and crossed the
continent in 15 years. A new pandemic, the
cassava brown streak disease (CBSD), started
on the East African coast in 2003 and invaded
all the highlands in the East African countries
to become the most important constraint to
the crop and threatening to spread across
the continent. These diseases are both trans-
mitted by whiteflies, and a new super abun-
dant population is present on cassava in East
Africa and some countries in West Africa. In
addition, cassava bacterial disease has been
a recurrent and endemic problem in Africa
since the 70s.

Claude M. FAUQUET
Director GCP21, CIAT, Colombia

GCP21 - The Global Cassava Partnership for the
21t Century - a global organization working on
the improvement of yield and products of cas-
sava, is promoting the convening of workshop in
La Reunion on establishing a panAfrican Cassava
Surveillance Network and an International Cassa-
va Transit Site.

In May 2013, GCP21 conducted a meeting to bet-
ter address the viral problems of cassava and a
RoadMap was published with the participants.
The first item of the roadmap is to create a pa-
nAfrican network of surveillance and diagnos-
tic of these diseases to survey and limit their
spread of CBSD. In addition, there is a risk that
CMD and CBSD, through their whitefly vector,
could spread in the world, which would be a di-
saster as all cassava cultivars are susceptible to
these diseases, therefore international transit
sites for cassava with proper control measures
are required. The French team (CIRAD and IRD),
working on all these diseases, has the scientific
and technical capacity to contribute to these
actions in partnership with NARs and CG centers
and could host an international cassava transit
site in La Reunion. The meeting in St Pierre de La
Reunion will focus on these issues.

M
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THE BELLAGIO ROAD MAP

ting cassava and to mitigate the impact
from the diseases has formulated a number
of coordinated actions;

1) to prevent spread and subsequently establish-
ment of Cassava brown streak viruses into cassa-
va growing regions of Sub Sahara Africa;

2) to reduce the incidence of viruses causing CMD
and to prevent the global dissemination of these
and other cassava diseases. A major task is;

3) to alleviate impact of the diseases through pre-
vention and control of viruses and their whitefly
vectors, improved seeds systems and enhanced
breeding efforts. All activities will have to be ac-
companied with;

The Global Alliance to combat viruses infec-

Stephan WINTER
Head, DSMZ Plant Virus Department, Germany

4) training and capacity building programmes on
allactor’s levels and an enhanced communication
and exchange with stakeholders to raise aware-
ness of farmers and the private sector and to re-
ceive appropriate support from policy makers.

A number of short, mid and long term actions
are defined and prioritized to; contain CBSD and
prevent its further spread throughout cassava
growing regions of Africa; prevent global spread
of viruses and their whitefly vectors and; mitigate
impact of the diseases. The elements of the Road
Map will be presented highlighting the actions to
be taken and the complexity of the tasks.

EXPERTISE AND NEEDS AT ASARECA

“food of the poor”, has become a multipurpose

crop that responds to the priorities of Eastern
and Central Africa (ECA), due to recent trends in the
global economy and climate change. Grown almost
exclusively by low-income, smallholder farmers, it
is one of the few staples that is produced efficiently
on a small scale, without need for mechanization or
purchased inputs, and in marginal areas with poor
soils and unpredictable rainfall.

Cassava, a 271t century crop often regarded the

ASARECA recognizes strategic importance of this
crop and thus between 1994 and 2006, cassava
R&D in ECA was implemented through the Eastern
and Central Africa Root Crops Research Network
(EARRNET). EARRNET sought to transform cassa-
va into a broad-based commercial commodity for

12

Ivan RWOMUSHANA
Manager, Staple Crops Programme,
ASARECA, Uganda

income to contribute to socio-economic growth
and development, through development, transfer
and promotion of market-oriented technologies
in collaboration with major sub-sector stakehol-
ders. From 2008, the activities of EARRNET were
integrated into the Staple Crops Programme,
which until 2011 was involved in cassava R&D va-
lue chain activities mainly focused on breeding for
CMD and CBSD resistance, capacity building and
information and awareness of cassava diseases.
Implementing this mission required establishing
strategic partnerships with key stakeholders in
the cassava subsector. From 2011, the cassava
activities in Uganda, Kenya, Tanzania and Ethio-
pia were incorporated into the Cassava Regional
Centre of Excellence (CRCoE), one of the 4 Centre’s
of the Eastern Africa Agricultural Productivity
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Programme (EAAPP). ASARECA has continued to
play a convening role for the CRCoE, and technical
back-stopping particularly in identifying regio-
nal priorities, development of regional projects,
technical reviews, M&E, communication and ICT,
gender mainstreaming and policy harmonization.
ASARECA also continues to mobilize resources for
cassava work in other member countries to access
varieties and technologies from the CRCoE.

ASARECA will continue its coordination role for
collective action and collaboration of cassa-
va value chain actors to solve common regio-
nal problems. This would include R&D, support
to incubation centres, building public-private
partnerships, facilitating the development and
brokering for supportive policies on cassava and
seek to become the Knowledge and Information
Hub for cassava in ECA.

BUILDING SYNERGIES TO CONTROL CASSAVA
DISEASES IN WEST AND CENTRAL AFRICA

bohydrates for human food in the world and

Africaisitslargest centerof production. More
than half of the 242 million tons of the world pro-
duction of cassava is produced in Africa, where the
production is entirely consumed locally. Its star-
chy roots are rich in calcium (50 mg/100 g), phos-
phorus (40 mg/100 g) and vitamin C (25 mg/100 g).
The cassava leaves which are also consumed are
a good source of protein and minerals. It is a very
basic food crop capable of producing its tuberous
roots in almost all the cultivable soils of the conti-
nent and it needs little attention as compared to
other staple crops such as yam, plantain and ce-
reals. Cassava is therefore a very strategic food
crop for food security on the continent.

Cassava is the fourth largest source of car-

Through its Commissioned Projects Mechanism,
CORAF/WECARD has implemented, from 2007 to
2012, two major initiatives on Cassava: the DFID
funded DONATA initiative and the USAID funded
project on the Control of the Cassava viral di-
seases. The very successful outcomes of these
projects have triggered the development of a new
and broader initiative for the diffusion of inte-
grated management approaches to control Cassa-
va diseases (DALIMA initiative) in CORAF/WECARD
area. The main objectives of that initiative are to:

Abdourahamane SANGARE
Program Manager,
CORAF/WECARD, Ivory Coast

1) Identify and share the relevant cassava ger-
mplasm available in countries and international
centers,

2) Identify and diffuse appropriate disease ma-
nagement methods through an integrated ap-
proach,

3) develop capacities of countries to sanitize and
multiply relevant germplasm for diffusion to far-
mers though innovation platforms,

4) develop capacities of Regional Centers of Spe-
cialization to detect cassava diseases and deve-
lop action plans for intervention,

5) Put in place an early warning system.

This initiative will build on existing projects and
will be initially supported by the West African
Agricultural Productivity Program (WAAPP). It
has the ambition to create at the regional level,
a technical and decision making platform in the
West and Central African Region, for an effec-
tive control of the cassava diseases. The possible
partnerships with the international initiatives
such as GCP21 and the CRPs of the CG Centers as
well as with region focused projects will be dis-
cussed; and cooperation mechanisms involving
the WAAPP Center of Specialization for Root and
Tubers will be proposed.

13



I CASSAVA NEEDS FORAFRICA

ics, and is strategic to food security in Africa.
Africa has the vision to use cassava to spur
economic growth and rural development.

Cassava is @ major source of food in the trop-

Two viral diseases, the cassava mosaic disease
(CMD) and the cassava brown streak disease CBSD),
remain as looming threats to this vision causing
severeyield losses in high susceptible varieties.

Initiatives in the last few decades have uncovered
dominant gene and quantitative sources of CMD
resistance while limited resistance sources exist
for CBSD. The dominant gene (CMD2) for CMD is
widely and effectively used in conventional breed-
ing, but the necessity to build durable and stable
CMD resistance requires efficient strategies to
combine it with quantitative resistance.

Molecular breeding strategies offer the best op-
tion to track multiple resistance loci in breeding.
The development of technical capacity and requi-
site facilities in NARS breeding programs, are crit-
ical. Genotyping and diagnostic labs are needed
to analyze and characterize parent materials used
as sources of resistance. Majority of improved va-
rieties deployed in Africa, are based on CMD2 re-
sistance which, with the high risk of evolutionary
pressures on viruses, could lead to possible resis-
tance break down.

14

Emmanuel OKOGBENIN
Director, Technical Operations,
AATF, Kenya

Identifying and combining different sources of re-
sistance therefore remains a high priority for Africa.
A good proportion of farmers still grow susceptible
landraces for unique desired traits. Access to rele-
vant technologies to facilitate trait introgression of
CMD resistance into such farmer-preferred genetic
background are highly desired to reduce the contin-
ued cultivation of susceptible cultivars. Transgenic
approach is rapidly facilitating this; however, Africa
needs to create the regulatory environment to pro-
mote access and investment in such technologies.
A re-orientation of extension services to promote
adoption of improved resistant varieties and good
cultural practices to reduce whitefly population, as
well as planting of virus-free material, are needed
to mitigate disease impact. Improved seed and mul-
tiplication systems to rapidly generate and enhance
farmer-access to virus-free stems are needed.
NARS quest for improved germplasm for cassava
genetic improvement demands for an internation-
ally coordinated germplasm exchange to control
disease risk. International surveillance platforms to
monitor disease and vector are crucial in devising
containment strategies to limit damage and acti-
vate response plans.

Combatting cassavaviruses in Africawillbe bestim-
plemented under integrated pest and disease man-
agement system that involves combining whitefly
and viral disease resistance in improved varieties.
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SPREAD OF VIRUSES AND WHITEFLIES AND
NEEDS IN DIAGNOSTICS AND SURVEILLANCE

recognized from Africa for more than a cen-

tury, but the recent spread of the pandemics
of severe CMD and CBSD has raised theirimportance
toamuch higherlevel. Losses associated with these
diseases now exceed US$ 1 million every year.

Diseases caused by cassava viruses have been

James P. LEGG
Scientist,
lITA, Tanzania

The contrasting biological characteristics of the
viruses causing these two diseases mean that the
cassava mosaic disease (CMD) and cassava brown
streak disease (CBSD) pandemics have spread dif-
ferently, but the common factor driving both is
the occurrence of super-abundant populations of
the whitefly vector, Bemisia tabaci. Both biologi-
cal and genetic evidence suggest that these pop-
ulations of insects have changed in a way that has
enhanced their adaptation to cassava.

There has been great progress in the development
of diagnostics for both viruses and whitefly vec-
tors over the last two decades, with the most rap-
id progress seen in the development of diagnostic
tests for cassava brown streak viruses (CBSVs). For
whiteflies, cassava mosaic geminiviruses (CMGs)
and CBSVs, it is essential to have robust, reason-
ably priced and sensitive diagnostic methods in
order to facilitate the monitoring of virus/vector
presence and spread. Surveillance activities are an
essential element of any cassava virus mitigation
programme. For CBSD in particular, the cryptic, lo-
calized and seasonally ephemeral nature of symp-
tom expression is such that accurate diagnostic
testing is an important requirement for schemes
that aim to produce planting material with certi-
fied levels of quality.

The history of surveillance of cassava virus diseas-
es and theirvectors in Africa is relatively short, but
the scale and geographic coverage of this work has
increased greatly in recent years. Most of this work
has beenin East Africa, and implemented by Anglo-
phone research networks. As the scale of the pan-
demics continues to increase, the need for broad-
er continental coverage and integration between
both Anglophone and Francophone networks is
stronger than ever. The Reunion meeting provides
an excellent opportunity to initiate this process,
with the long-term goal of enhancing sustainable
productivity of cassava in Africa.

15
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MOLECULAR EPIDEMIOLOGY, GENETIC DIVERSITY
AND DISSEMINATION ROUTES OF CMGs

IN SUB-SAHARAN AFRICA AND THE SOUTH-WEST
INDIAN OCEAN (SWIO) ISLANDS

Jean-Michel LETT
Research scientist in Plant Virology

CIRAD - UMR PVBMT - Plant Protection Center, Reunion Island

range of diseases that seriously undermine

the food and economic security in African
countries. The most notable of these is CMD,
caused by a complex of cassava mosaic gemini-
viruses (CMGs; Geminiviridae, Begomovirus).

C assava cultivation is associated with a wide

To better understand the epidemiology of CMD
as a major constraint of cassava production, we
investigated a large-scale plant epidemiological
survey in Central African Republic (CAR) and Ma-
dagascar, as part of two PhDs with a CAR student,
Innocent Zinga (2010-2012), and a Malagasy stu-
dent, Mireille Harimalala (2010-2012).

CMD was shown to be the most serious constraint
to cassava in both countries (Harimalala et
al., 2014; Zinga et al., 2013). CMD is distributed
throughout the two countries, with an average
incidence of 85% in CAR. Importantly, 94% and
95% of diseased plants collected in CAR and Ma-
dagascar, respectively, had cutting-derived CMD
infection, suggesting that farmers mostly use
virus-infected cuttings for planting.

Molecular diagnosis revealed that the causal
agents of CMD in CAR, Chad (Zinga et al., 2012),
and Burkina Faso (Tiendrébéogo et al., 2009) are
ACMV and/or EACMV-UG. We also demonstrated
that 58% of CMD samples of CAR present mixed in-
fections (ACMV and EACMV-UG) and that the seve-
rity of symptoms was significantly higher in these
samples (Zinga et al.,2013). Molecular diagnosis of
CMGs in Madagascar revealed an unprecedented
diversity of six species: ACM, EACMC, EACMK,
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EACMV, SACMV, and CMMGV (Harimalala et al.,
2014; Harimalala et al., 2012). Distinct geographi-
cal distributions were observed for the six species
in Madagascar.

While ACMV was more prevalent in the central
highlands, EACMV and EACMKV were prevalent in
lowlands and coastal regions. Molecular diagnosis
revealed that mixed infection (up to four co-in-
fected viruses) occurred in 21% of the samples
and was associated with higher symptom severity
scores.

All our results suggest that mixed infection and
synergism between CMGs could be an impor-
tant feature in the low yields of cassava plants
in these countries, similar to the severe CMD epi-
demics reported in East Africa. Given the sam-
pling locations, sampling dates, and full genome
sequences of hundreds of CMG isolates sampled
during 1996-2009, we statistically retraced
the historical migration routes of these viruses
across sub-Saharan Africa and the SWIO islands
(De Bruyn et al., 2012).

Phylogeographic analyses suggest that presence
of CMGs on these islands is likely the result of
their being introduced at least four times inde-
pendently from mainland Africa between 1988
and 20009.

Ourresults suggest that anthropic factors may play
a major role in the spread of CMGs, as the princi-
pal axes of viral migration correspond with major
routes of human movement and commercial trade.
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A POPULATION GENETIC APPROACH ON WHITEFLIES
VECTORS OF CMGs AND CBSVs

whitefly Bemisia tabaci Gennadius (Homop-

tera: Aleyrodidae). B. tabaci is a complex of
cryptic species comprising genetically variable but
morphologically indistinguishable populations.
These cryptic populations vary in host range, fe-
cundity, insecticide resistance, and virus transmis-
sion competency (among others). Within this spe-
cies complex, several species are associated with
cassava. Some might be better vectors or the most
prevalent vectors of these viruses. Virus transmis-
sion was shown to be relatively efficient, indicating
that even a small number of whiteflies is enough to
transmit the virus and cause disease outbreaks.

CMGS that cause CMD are transmitted by the

In Africa, B. tabaci-colonizing cassava have been
shown to be different from non-cassava-colo-
nizing species. Those cassava-associated geno-
types were raised at species rank and recently
renamed as sub-Saharan Africa high-level ge-
netic group (non-silverleafing). During the past
decades, outbreaks of B. tabaci in many parts of
sub-Saharan Africa have become more and more

Héléne DELATTE
Entomologist, population geneticist
Cirad, Reunion Island

frequent. This whitefly is not only the vector of
CMGs. It has also been conclusively proven as the
vector of CBSVs. At present, B. tabaci is driving
the dual pandemic of CMD and CBSD in several
East and Central African countries and causing
tremendous yield loss every year. Whitefly spe-
cies diversity on cassava thus still needs more
attention as few populations were studied from
few African countries.

To fill this knowledge gap, two PhD students
(Lensa Sefera Tajebe and Brice Kette Tocko-Mar-
abena) have made recent studies in Tanzania and
countries around CAR. Those studies focus on
determining whitefly species on cassava plants,
together with their associated endosymbionts,
and more specific studies on some of those spe-
cies at a population level. Our knowledge of bi-
ology, population genetic, and endosymbionts
studies on B. tabaciin the Indian Ocean area will
contribute to an understanding of the overall
scheme of these whitefly upsurges observed to-
gether with CMD/CBSD pandemics.

17
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POINT OF VIEW OF NRI

a major constraint for cassava production in

eastern and central parts of Africa during the
last decade. The disease causes necrotic rotting of
infected tubers and up to 100% yield loss in sus-
ceptible varieties thus affecting the food security
of millions of poor in the region. For providing ef-
fective control, NRI has been involved in research
on many aspects of the disease from field epide-
miology to the next generation sequencing. Re-
search on disease epidemiology provided the first
evidence of the naturalspread of the virus by anin-
sect vector. The whitefly, Bemisia tabaci, was sub-
sequently confirmed to be the vector of cassava
brown streak viruses which transmits the viruses
in a semi-persistent manner. For detecting viruses,
highly efficient and cost-effective RT-PCR and re-
al-time PCR diagnostic methods were developed
which have been useful for tracking the spread of

C assava brown streak disease (CBSD) has been

Maruthi M. N. GOWDA
Scientist,
NRI, United Kingdom

viruses in the region. In order to provide effective
control measures, two complementary approach-
es are developed; cleaning elite cassava from virus
infections by tissue culture and identifying cas-
sava varieties naturally resistant to the disease.
Combination of thermo- and chemotherapies and
tissue culture methodologies were developed
which has proved highly successful for cleaning
tolerant cassava lines from virus infections while
the cleaned varieties are being re-introduced into
Africa. Methodologies were developed for iden-
tifying resistance sources by virus inoculation by
grafting and subsequently by RNA-Seq to identify
genes contributing to virus resistance. RNA-Seq
has identified over 600 differentially expressed
genes which are currently validated for develop-
ing molecular markers. Results of the above many
studies and their contribution to controlling CBSD
will be discussed.

SURVEILLANCE OF BACTERIAL DISEASES IN AFRICA

Valérie VERDIER
Director of Research,

Institut de Recherche pour le Développement, France

important task in fighting against yield losses

and will support our goals to reduce poverty
and hunger. Given the severity and extent of bac-
terial epidemics in recent years, achieving stable
resistance against diseases is an important goal for
breeding programs. Cassava bacterial blight (CBB)
caused by Xanthomonas manihotis pv. manihotis is
a disease of quarantine significance that persists in

Research on bacterial diseases of cassava is an

18

planting material causing devastating crop lossesin
Africa. With the intensification of cassava crop pro-
duction this disease can become more destructive.
Its negative impact on yield calls for the develop-
ment of a concerted approach in Africa. Our group is
identifying strategies to control CBB. Another goal
is to develop diagnostic and molecular tools for
CBB that will be useful for surveillance activities of
cassava fields in Africa.
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BACTERIAL BLIGHT: FROM POPULATION STRUCTURES
TO TAILORED RESISTANCE GENES

Ralf KOEBNIK
Director of Research,

Institut de Recherche pour le Développement, France

thogen Laboratory at the Institut de Re-
cherche pour le Développement in France.
His research interests include genomics and trans-
criptomics of bacterial plant pathogens, bacterial
protein secretion, and molecular typing of bacte-

Dr. Ralf Koebnik heads the Bacterial Plant Pa-

ria. Recent work of the lab has focused on xantho-
monads infecting rice, barley, cassava, cotton and
banana. Combining molecular plant pathology, po-
pulation genetics and plant genome engineering,
he aims to develop durable resistant crops to the
benefit of smallholder farmers.

NEEDS FOR DIAGNOSTIC AND QUARANTINE MEASURES

combination of new and classic virus dia-
Agnostic methods have confirmed the pre-

ence of mixed virus infections in cassava
grown in Colombia including new virus species
not previously reported associated with disease
symptoms. Current virus surveys have revealed
the widespread presence of these mixed virus in-
fections in Central and South America. At the same
time it has been shown that most single virus in-
fections hardly show any symptoms in cassava
indicator plants. This stresses the importance of
improving methods for seed certification and the
updating of local quarantine pathogen lists. For
example, for cassava viruses reported in the 1980s
such as CsSLV, CsCaMV, CsCSLV and CsALV there are
no sequences or antisera available and thus iden-
tification by indexing is impractical since it would
require time-consuming and expensive virus pu-
rification and electron microscopy, and in some
cases would not be possible at all. Moreover, some

WilmerJ. CUELLAR
Virologist,
CIAT, Colombia

of these viruses could be related to (and possibly
even the same as) those novelvirus species recently
identified. It is therefore suggested that their per-
manence in quarantine lists should be removed to
facilitate the movement of cassava germplasm. On
the other hand, for those viruses that can be iden-
tified more attention should be given to study their
potential presence and distribution in Africa and
Asia as it is predicted that they would most likely
only contribute negatively to the disease already
occurring in these continents. In this context we
should invest in basic research to determine the
ecology of well characterized cassava viruses and
their potential new plant hosts and insect vectors.
At the same time we should agree on the best pro-
tocol (efficient, sensitive and cost saving) for virus
indexing and the early detection of new pathogenic
virus species. Altogether the aim is to develop and
constantly improve early detection methods and
host-virus pathogenicity prediction tools.
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CASSAVA GENETIC DIVERSITY IN CENTRAL AFRICA:
ASURVEY CONDUCTED WITHIN A UE-PRASAC
PROJECT FOR SUSTAINABLE CASSAVA PRODUCTION

IN THE CEMAC REGION

Amazonia, cassava was introduced into Africa

by Portuguese in the 16" century at the Congo
Estuary and quickly adopted and spread by African
populations. Cassava is now a major staple crop for
the Central African region. However its productivity
is low and farmers face major constraints including
recent devastating pandemics of viral diseases.

Originally domesticated in the southern rim of

Faced with this difficult situation, PRASAC and Ins-
titutes from the six CEMAC countries developed a
regional project funded by EU for sustainable cassa-
va production adapted to local markets (2011-2015).
One of the project goalsis to improve the knowledge
of local genetic resources. For this purpose 753 ac-

Marie-France DUVAL
CIRAD UMR AGAP, France

cessions were collected among five countries: Ca-
meroon, Central African Republic, Congo, Gabon and
Tchad. The sampled accessions were analyzed using
SSR markers together with 38 American varieties se-
lected for their geographical diversity.

Despite their considerably lower representation the
American accessions displayed a higher number of
specific alleles. Nevertheless and despite the bott-
le-neck following their introduction, the African
accessions reached high levels of genetic diversity.
Although African farmers generally report a strict-
ly vegetative propagation, it is highly probable that
sexual reproduction played a major role in the di-
versification of cassava in Central Africa.

CASSAVA INTERNATIONAL TRANSIT SITE

ON LA REUNION

relatively isolated. Sanitary conditions are ex-

ceptional for growing and studying cassava
because no known cassava virus diseases (especial-
ly CMD and CBSD) are present and the incidence of
other diseases such as CBB caused by Xanthomonas
axonopodis pv. manihotis remains very low. These
favorable factors, together with the presence of the
Plant Protection Center’s infrastructure and human
skills, make La Réunion ideal for developing an inter-

I ocated in the Indian Ocean, Réunion Island is
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Michel ROUX-CUVELIER
Researcher,
CIRAD, France

national transit site of healthy plant material and so
facilitate internationalexchange of disease-free cas-
sava material in the near future. CIRAD’s Bassin Plat
and Ligne Paradis experimental stations have more
than 10 ha of experimental fields and 4,600 m? of in-
sect-proof tunnels or greenhouses. The Ligne Para-
dis station hosts the Plant Protection Center (Fig. 2A,
G), where research in plant pathology and plant ge-
netics is carried out. The 3P Center contains an in-vi-
tro culture laboratory and a staff qualified to carry
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out plant sanitation programs. Previous similar work
was conducted on local varieties of garlic for which
two potyviruses, Onion yellow dwarf virus (OYDV)
and Leak yellow streak virus (LYSV), were eliminated
by in-vitro meristem-tip culture. Two varieties have
been cleaned and recorded in the French official ca-
talog of varieties and a production of certified seed
has been implemented. Similarly, a local variety of
passion fruit contaminated by a potyvirus (Cowpea
aphid-borne mosaic virus; CABMV) was successful-
ly sanitized using a technique of in-vivo shoot-tip
grafting. In recent years, CIRAD has acquired signif-
icant experience in the management of plant genet-
ic resources. In 2008, a Biological Resources Centre
(BRC) was established within the Plant Protection

Center. The BRC is committed to a quality standard
according to the French standard AFNOR NF S 96-
900. The BRC holds three collections:

1) Vanilla, unique in the world, with about one third
of the global diversity

2) Short-day tropical garlic of local and regional
interest.

3) “Under-utilized vegetables” of local and regio-
nal interest, including a sub-cassava collection
consisting of 13 landraces and seven hybrids.

On Mayotte, a French island in the Mozambican
channel, CIRAD also manages a collection of 17 cas-
sava landraces, representative of the local diversity.

‘ALLIANCE APPROACH' FOR PREVENTION AND
MANAGEMENT OF DISEASE EPIDEMICS AND

PANDEMICS IN AFRICA

from emerging and re-emerging diseases in

sub-Saharan Africa. A few notable examples
are cassava brown streak, banana bacterial wilt,
banana bunchy top, maize lethal necrosis and
wheat rust. Both natural and manmade drivers are
expanding disease outbreaks into epidemics and
pandemics in Africa. Despite significant advances
during the past two decades in disease diagnosis
and control, unequal national capacities and frag-
mented implementation have limited the effec-
tiveness of these interventions in Africa.

Staples crops are under perpetual threat

Learning from these experiences, regional al-
liances adopting a common framework for disease
prevention and management have been unveiled
as an effective approach to tackle transbounda-
ry diseases on the continent. The ‘War on Cassava
Viruses in Africa’ and ‘the Alliance for the Control
of Banana Bunchy Top Disease in Africa' are re-
cent initiatives to tackle important diseases of

P. Lava KUMAR
Head, Germplasm Health Unit/Virologist,
[ITA, Nigeria

cassava and banana. Active surveillance for di-
sease outbreaks, early detection, and strategies
and resources for emergency response are critical
components of these frameworks. Research and
development efforts are also being mobilized for
better understanding of the disease biology, de-
velopment of rapid diagnostic tools, finding novel
solutions for disease management and even eradi-
cation of diseases.

Despite growing optimism, several challenges exist
to translate ‘alliances’ into an effective force in
sub-Saharan Africa. This presentation shares the
experiences of alliance approach to contain banana
bunchy top disease and piloting of a modelinitiative
‘BBTD containment and recovery: building capacity
and piloting field recovery approaches through a
learning alliance’ to eradicate infected plants and
recover banana production across nine pilot sites
in Benin, Nigeria, Cameroon, Gabon, Congo Brazza-
ville, DR Congo, Burundi and Malawi.
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NETWORKIN WEST-CENTRAL AFRICA AND CASSAVA
PESTS AND DISEASE PROJECTS COORDINATED BY
THE UNIVERSITY NANGUI ABROGOUA

set-up by 7 research teams: LVBV-INE-

RA (Burkina Faso), LSA-URAD (Gabon), GEC
and SMART (IRD-CIRAD, France), 3P (La Reunion,
France), LASBAD (Central Africa) and the coordi-
nating team GRCM (Cote d'lvoire). PROVEG aims
mainly at facilitating research and training colla-
boration and partnership between team members
of the network. The LASBAD team worked on pro-
jects that aim to improve the production cassava
in Central Africa. It has received the support of the
international NGOs (MercyCorps and CRS) and FAO
for the dissemination of improved varieties of cas-
sava to the rural population. The team is involved
in a regional project entitled: Sustainable Cassava
Production and market integration.

The Plant Protection Network PROVEG was

The West Africa Agricultural Productivity Program
(WAAPP) was initiated by the Economic Commu-
nity of West African States (ECOWAS) and is funded
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Hortense ATTA DIALLO
Director, Plant Production Research Pole,
University Nangui Abrogoua, Cote d’lvoire

by the World Bank. In Cote d'lvoire, the Plant Pa-
thology Unit of the UNA is coordinating the imple-
mentation of a WAAPP project. The main project
objective is to generate and/or adapt technologies
to reduce the incidence of diseases and pests on
cassava. The specific objectives are to:

1) make an inventory and to identify pests and di-
seases of cassava in Cote d'lvoire;

2) establish maps of the main cassava pests and
diseases;

3) know the control methods used against these
diseases and pests;

4) provide producers with the necessary tools,
data sheets illustrating the symptoms and da-
mage caused by pests and diseases and appro-
priate control methods. This four-year project in-
volves collaboration with the following partners:
UJLG, ANADER, CNRA, IITA and DSMZ.

Another initiative on cassava is the project untit-
led Production of clean cassava through tissue
culture and the establishment of a certification
system (PROVACIS). This project was submitted
recently in response to a call for proposal made
by PReSeD-CI “Projet de Partenariat rénové pour
la Recherche au Service du Développement de la
Coéte d'lvoire”. The objective of the project is to
contribute to food security in Céte d’'lvoire by im-
proving cassava production. The associated teams
are: the Biosciences Research and Training Unit
(RTU)-UFHB, the Agronomy RTU-Univ. of Parakou,
CIRAD-La Reunion, and IRD-Montpellier.

Several initiatives in West and Central Africa are
implemented with partners from the North. The
meeting in La Reunion will be an opportunity
to better coordinate our activities and create
linkages for the well being of cassava producers.
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DIAGNOSTIC OF BEGOMOVIRUSES
AND SWEET POTATO VIRUSES IN BURKINA FASO

constraint for cassava and sweet potato produc-

tion. It is known that Cassava is affected by two
main viral diseases groups: cassava mosaic disease
(CMD) and cassava brown streak disease (CBSD) and
also by a bacterial disease called cassava bacterial
blight (CBB). CMD is caused by cassava mosaic ge-
miniviruses (CMGs) (Family Geminiviridae: genus
Begomovirus) which are currently the most impor-
tant constraint to the production of cassava in Afri-
ca. CMGs are transmitted by the whitefly vector,
Bemisia tabaci (Gennadius) and through cuttings
from infected materials. Seven species of CMGs
with two genomic components (bipartite) have
been associated with CMD in Africa. Several strains
of the East African cassava mosaic virus (EACMV)
species are also described throughout the conti-
nent. Among these species, African cassava mosaic
virus (ACMV) and East African cassava mosaic Vi-
rus-Uganda (EACMV-UG) are described in Burkina
Faso with negative impact on cassava productionin
the country. Recently, one new species of CMGs has
been characterized in Burkina Faso, African cassava
mosaic Burkina Faso virus (ACMBFV).

In Burkina Faso, diseases represent the main

Fidéle TIENDREBEOGO
Virologist,
INERA, Burkina Faso

Sweet potato production in Burkina Faso was
limited in 1984 with 15,066 t and has rapidly in-
creased to 61,916t in 2007 and to 140,061t in
2011, but the yields remain low, under 10 t/ha.
Key constraints have been identified that af-
fect the productivity of sweet potato on small
farms in Burkina Faso. These include viral inva-
sion, lack of processing technology, poor avai-
lability of quality planting materials and lack of
improved cultivars with high and stable yield. A
recent survey showed that the following viruses
are widespread in Burkina Faso: Sweet potato
feathery mottle virus (SPFMV) (Genus: Potyvi-
rus, Family: Potyviridae), Sweet potato chlorot-
ic stunt virus (SPCSV) (Genus: Crinivirus, Family:
Closteroviridae) and Sweet potato leaf curlvirus
(SPLCV) (Genus: Begomovirus, Family: Geminivi-
ridae) and Alphasatellites.

Our activities were focused on analysis and dia-
ghostic development.
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DIAGNOSTIC TOOLS AT THE 3P CENTER

tic molecular tools for quarantine bacte-

rial and viral plant diseases. The work relies
on the abundant and various data obtained from
taxonomy, diversity, epidemiology, and genomic
studies of the different pathogens, generated by
the 3P Center team and collaborators.

ﬂ team at the 3P Centeris developing diagnos-

Several sensitive and specific PCR-based proto-
cols have been developed to detect bacterial and
viral pathogens (e.g detection of Xanthomonas
axonopodis pv. dieffenbachiae in Anthurium tis-
sues by nested PCR, (Robéne-Soustrade et al,,
2006. AEM 72. 1072-1078), detection of X. axo-
nopodis pv. allii in onion seeds by duplex-nested
PCR (Robéne-Soustrade et al., 2010. AEM 76: 2697~
2703), detection and quantification of a wide
range of begomoviruses by five duplex real-time
quantitative PCRs (Péréfarres et al., 2011. VirolJ 8:
389). These methods are useful diagnostic tools
for indexing propagative plant material and for
international sanitary surveillance of plant mate-
rial exchanges. These protocols are intended to be
referenced as French official methods and EPPO
standards (e.g. X. axonopodis pv. dieffenbachiae).

Isabelle ROBENE
Researcher,
CIRAD, France

The team has an expertise in comparing and vali-
dating different molecular tools (Delcourt et al.,
2013. Plant Dis 97: 373-378) and collaborates with
the French agency for food, environmental and
occupational health safety (ANSES) to validate the
different protocols through both intra laborato-
ries and ring tests involving different European
laboratories (Chabirand et al., 2014. Plant Pathol
63: 20-30). We are also innovating into new DNA-
based diagnostic technologies by developing an
efficient and portable microarray technology to
detect and identify different pathogenic and/or
genetic groups of Ralstonia solanacearum.

The team’s competencies span development, as-
sessment, and validation of diagnostic tools as
well as management of collaborative studies. We
can rapidly adapt to new challenges such as the
evaluation and improvement of the sanitary si-
tuation of cassava in Africa. We propose to assess
different existing diagnostic tests and to innovate
into new DNA-based diagnostic technologies if
necessary, in order to optimize the diagnostic of
the main viral and bacterial pathogens of cassava
in Africa.

BROAD RANGE VIRUS INDEXING THROUGH NGS:
THE SAFE-PGR CASE STUDY.

and distribute plant germplasm for re-
search and development purposes. As such,
they play a strategic role by providing breeding
programs with genitors that are critical for crop
adaptation to ongoing environmental and socie-

B iological Resources Centers (BRCs) conserve
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Michel GRISONI

Researcher,
CIRAD, France

tal changes. BRCs must guarantee the sanitary
status of the resources they distribute, in order
to prevent the spread of diseases, particularly
for vegetative propagated that do not benefit
from the virus sanitation occurring through a
seed cycle.
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The Safe-PGR project (Towards Safer Plant Genet-
ic Resources through improved viral diagnostics)
was initiated in 2012 to improve the knowledge of
the viruses infecting the crops addressed by four
partner’s BRCs in Guadeloupe, Madeira, Azores and
Reunion, and develop classical or new diagnos-
tic techniques for the species they deal with: ba-
nana, garlic, sugarcane, sweet potato, vanilla and
yam. The project is funded by the French National
Agency for Research and the governing bodies of
Azores, Madeira, Guadeloupe and Reunion. The re-
search consortium involves teams from INRA (BFP,
ASTRO), CIRAD (BGPI, AGAP, PVBMT), CBA Azores
and ISOPLEXIS Madeira.

Methods: The project aims at exploring the molecu-
lar diversity of the viral families affecting the tar-
geted crops, optimize classical diagnostic methods
taking into consideration data generated through
this analysis of viral diversity and develop new mul-
ti-pathogen diagnostic methods based on metage-

nomics and deep-sequencing technologies (Roche
454). Eight nucleic acids extraction methods for
metagenomics studies have been tested and com-
pared. Two complementary methods based on the
extraction of double-strand RNA and viral particles
have been selected. Bioinformatics tools have been
successfully developed for analyzing the metage-
nomics data. These methods are currently used for
the screening of 1500 plants from the CRB germ-
plasm collections.

Virus discovery : The preliminary bioinformatics
analyses of plant EST databases and of the first
deep sequencing results generated, allowed the
tentative identification of a total of 25 new viruses
in Garlic, Sugarcane, Yam and Vanilla for which new
and efficient detection assays have been deve-
loped and implemented. Further characterization
of a new Allexivirus of garlic and new Potexvirus
of vanilla will be presented.

IT CAPACITIES IN LA REUNION ISLAND

form Center (3P Center) is CIRAD’s largest
laboratory and hosts and manages most of
the technical IT resources for the entire island.

I a Réunion island The Plant Protection Plat-

Henri BROUCHOUD
IT Manager,
Cirad, France

The IT infrastructure includes all that is neces-
sary for high level science activities : virtualized
datacenter, high bandwidth networks, high per-
formance workstations...

Since 2003 the 3P Center has been involved in se-
veral regional programs and projects in which it
has taken the lead in IT activities, especially the
creation and development of a Web portal for bio-
diversity and sustainable agricultural production.
The 3P Center has also helped to develop a da-
tabase of regional pests and diseases that contains
a visual inventory of plant pests and diseases in
the Indian Ocean area.

Another project involves innovative applications
for smartphones that can automatically reco-
gnize plants from pictures, or observation state-
ments and visual diagnosis of plant diseases on
the spot.
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TRAINING AND HIGHER EDUCATION IN LA REUNION

are closely involved in the supervision of PhD

students. Many of them come from priority
countries for French cooperation, CIRAD, and the
University of La Réunion (e.g., Madagascar, Como-
ros, Mauritius, CAR, Burkina Faso, Ivory Coast, Viet-
nam, India). The 3P Center is helping to build capa-
city of southern universities where most of the joint
PhDs provide the necessary support for lecturers
that will allow them to supervise research. The 3P
Center and the University of La Réunion spearheads
the development of the network of excellence for
research and higher education in plant health in
Africa (http:/proveg.org/).

The 3P Center and the University of La Réunion

26

Stéphane POUSSIER
Professor,
University of La Réunion, France

The 3P center is co-holder of the Master’s “Bio-
diversity and Tropical Ecosystems (BEST)" at the
University of La Réunion. This master’s program
allows students to specialize in the field of tropical
ecology and agronomy with skills in biology and
epidemiology of plant pathogens (viruses, bacte-
ria, fungi) and insects, plant breeding, quantitative
genetics, and multi-species interactions and their
applications to integrated pest management and
agro-ecology. It is a very attractive program (~50
students /year) locally and beyond La Réunion. The
3P Center provides more than half of the courses
and hosts approximately 40% of the student in-
ternships every year. After 2017, master’s students
will be directly hosted at the 3P Center.

At the regional level, we provide lessons at the
University of Cape Town in South Africa. In Europe,
we contribute to master’s courses at French and
Belgian (Liége, Louvain) universities. We are also
involved in the European Master course “Plant
health in sustainable cropping systems” (Erasmus+
callfor proposals 2014). Typically every year we re-
ceive numerous internship students from univer-
sities and schools for engineers from France, Bel-
gium and our regional and African partners.

Under the regional program of Plant Protection
(http:/www.agriculture-biodiversite-oi.org/),
more than 150 professionals (researchers, en-
gineers and technicians) from the Indian Ocean
region were trained on plant disease diagnosis,
identification of insects, use of databases, and sta-
tistics. Developed under the project “BioPhyto,” a
firsttraining in agro-ecologicalcrop protection for
professionals was coordinated in 2013. Currently,
avirtual module “Invasive insects and agro-ecolo-
gical management: the case of vegetables flies in
La Réunion”, is being developed based on a strong
collaboration between the National Museum of
Natural History (MNHN, Paris), the University of
La Réunion, and the 3P Center. This virtual mo-
dule will be hosted on the platform (http:/plate-
forme-depf.mnhn.fr).
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THE BECA-ILRI HUB: ENHANCING AGRICULTURAL
RESEARCH AND TECHNOLOGY CAPACITY IN AFRICA

Appolinaire Djikeng

Director, Biosciences eastern and central Africa-

International Livestock Research (BecA-ILRI) Hub, Kenya

sing Africa’'s key agricultural productivity

(i.e. emerging devastating crop diseases),
food security and income generation issues is the
low number s of skilled researchers available on
the continent.

O ne of the major challenges posed to addres-

There are various reasons for this including lack of
adequate training and capacity building opportu-
nities and the lack of facilities in which high-end
research can be conducted.

The BecA-ILRI Hub is a unique program born out
of a partnership between AU/NEPAD and ILRI to
begin to address this gap. By offering access to a
first class, shared research platform in Africa the
BecA-ILRI Hub is empowering African researchers
and institutions to harness biosciences innova-
tions for regional impact. The BecA-ILRI Hub is a
centre of excellence in agricultural biosciences,
which enables research, capacity building and pro-
duct incubation, conducted by scientists in Africa
and for Africa.

Through the BecA-ILRI Hub, a range of bios-
ciences competencies are available for agricultu-
ral research including Genomics/Metagenomics;
Bioinformatics; Genetic engineering; Diagnostics;
Molecular breeding; Vaccine technology/Immu-
nology; and Mycotoxins diagnostics. The Hub also
offers access to aninternational network of scien-
tists through its various partnerships and has trai-
ning and capacity building programs designed to
enhance the agricultural research capacity in Afri-
ca. Since its operations from 2007, the BecA-ILRI
Hub has demonstrated successes of the innova-
tion approach to capacity building and research
designed to align with key agricultural producti-
vity priorities.

The presentation will give an overview of the Be-
CcA-ILRI Hub; the facilities, expertise and compe-
tencies available for research; and the training
programs that have been developed to stren-
gthen the capacity of research in agriculture in
particular, research on managing emerging crop
diseases.
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ATTA DIALLO Hortense

hortensediallo@live.fr

Director, Plant Production Research Pole,
University Nangui Abrogoua,

Abidjan, Cote d’Ivoire

Nationality: Ivorian

Education: Ph.D. in Plant Sciences

Specialty: Plant pathology - Plant Virology

Current work: Control of cassava and yam pests and diseases

BEACH Larry

biotllarry@gmail.com

Principal, Technology for Sustainable Agriculture,
USA

Nationality: USA

Education: PhD

Specialty: Biotechnology

Current work: Consultant/Advisor

BROUCHOUD Henri

henri.brouchoud@cirad.fr

IT Manager, Cirad,
La Réunion island - France

Nationality: French
Education: Engineer
Specialty: Information Systems
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BRUGIDOU Christophe

christophe.brugidou@ird.fr

Director, IRD,
France and Burkina Faso

Nationality: French

Education: PhD Biochemistry and Physiology
Specialty: Rice and Viruses

Current work: Silencing and Resistance

CUELLAR Wilmer J.

w.cuellar@cgiar.org

Virologist, CIAT,
Colombia

Nationality: Peruvian

Education: Ph.D. Plant Pathology

Specialty: Virology

Current work: Cassava virology in the Americas

DELATTE Héléne
delatte@cirad.fr

Entomologist, population geneticist,
La Réunion island - France

Nationality: French

Education: PhD Virology-Entomology

Specialty/current work: Ecology, population genetics on whitefly
(Bemisi tabaci species complex), honey bee (Apis mellifera spp.),

fruit fly (Tephritidae)

DJIKENG Appolinaire

a.djikeng@cgiar.org

Director, Biosciences eastern and central Africa-International Lives-
tock Research (BecA-ILRI) Hub, Kenya

Country of Birth: Cameroon

Education: PhD (Biochemistry, Molecular Parasitology)
Specialty/current work: Genomics and Metagenomics application
for agricultural development and food security.
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DUVAL Marie-France

marie-france.duval@cirad.fr

CIRAD UMR AGAP,
Montpellier, France

Nationality: French

Education: PhD Science

Specialty: Genetic diversity

Current work: Head of the Vegetatively Propagated Plant
Breeding Team

ETHEL Makila

e.makila@cgiar.org

Communications Officer, Biosciences eastern and central Africa-Inter-
national Livestock Research (BecA-ILRI) Hub, Kenya

Nationality: Kenyan

Education: BA Design

Specialty: Communication strategy and engagements
Current work: Communicating research

FAUQUET Claude M.

c.fauguet@cgiar.org

Director GCP21, CIAT,
Colombia

Nationality: French

Education: PhD Biochemistry
Specialty: cassava and viruses

Current work: improvement of cassava

GOWDA Maruthi M. N.

m.n.maruthi@gre.ac.uk

Reader Molecular Plant Pathology
NRI, University of Greenwich, United Kingdom

Nationality: British and Overseas Citizen of India
Education: PhD Plant Virology & Vector Entomology
Specialty: Plant virus vector interactions

Current work: Cassava, CBSD, CMD and whiteflies
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GRISONI Michel

michel.grisoni@cirad.fr

Researcher, CIRAD,
La Réunion island - France

Nationality: French

Education: PhD

Specialty: Phytopathology - plant genetic resources
Current work: Genetics and pathology of vanilla

HELSEN Jan

jan.helsen@fao.org

Crop Production Officer, FAO
Southern Africa

Nationality: Belgian

Education: Ir. Tropical Agriculture

Specialty: Program Support

Current work: Crop Production and Protection

JOUEN Emmanuel

emmanuel.jouen@cirad.fr

Technical Manager Plant Protection Platform (3P) Center, Cirad
La Réunion island - France

Nationality: French
Education: Master in Biodiversity Management
Specialty: diagnostic, molecular markers

KOEBNIK Ralf
ralf.Koebnik@ird.fr

Directeur de Recherche, IRD
Montpellier, France

Nationality: German

Education: PhD Microbiology

Specialty: Genomics: bacterial virulence & diagnostics
Current work: Plant-pathogenic xanthomonads
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KOITA Ousmane

okoita@icermali.org

Director of the Laboratory of Applied Molecular Biology (LBMA),
University of Science, Techniques and Technologies of Bamako, Mali

Nationality: Malian

Education: PharmD, PhD in Molecular Parasitology

Specialty: Molecular Parasitology, Pathogen genetic diversity
Current work: Genetic diversity of pathogens associated with human,
animals and plants, plant biotechnology, plant transformation.

KONE Daouda

daoudakone2013@gmail.com

Université Félix HOUPHOUET-BOIGNY,
Abidjan, Céte d’lvoire

Nationality: Ivorian

Education: PhD in Plant Pathology

Specialty: banana, mango, vegetables and cassava diseases
causes by fungi, bacteria and viruses

Current work: Epidemiology and field survey of cassava diseases
in Cote d'lvoire

KOUASSI Nazaire Koffi

kouassinazaire@gmail.com

Head of the Molecular Virology Unit,
Director of the Central Biotechnology Laboratory at CNRA,
Ivory Coast

Nationality: Ivorian

Specialty: Plant Pathology, Genetic engineering

Education: PhD in Molecular Biology

Current work: Incidence, distribution, molecular characterization and
genetic control of plant viruses as well as biosafety measures.

KUMAR P. Lava

L.kumar@cgiar.org
Head, Germplasm Health Unit/Virologist, IITA, Nigeria

Nationality: Indian

Education: PhD Virology

Specialty: Virology and diagnostics

Current work: Plant disease diagnosis and control
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LEGG James

j.legg@cagiar.org
IITA, Tanzania

Nationality: UK

Education: PhD

Specialty: Entomologist and Plant Virologist
Current work: CMD and CBSD epidemiology

LETT Jean-Michel
lett@cirad.fr

Research scientist in Plant Virology
CIRAD - UMR PVBMT - Plant Protection Center,
La Réunion island - France

Nationality: French

Education: PhD in Plant Virology

Research program: Molecular epidemiology and genetic diversity
of geminiviruses in sub-Saharan Africa and the south-west Indian
Oceanislands

OKOGBENIN Emmanuel

e.okogbenin@aatf-africa.org
Director, Technical Operations, AATF, Kenya

Nationality: Nigeria

Education: PhD Plant breeding & Molecular genetics

Specialty: Cassava Molecular Mreeding

Current work: Technology access and value chain development

ONYEKA Joseph

jonyeka@yahoo.com

Coordinator, Farming Systems Research Programme
National Root Crops Research Institute (NRCRI), Umudike, Nigeria

Nationality: Nigeria

Education: PhD Plant Pathology

Specialty: root and tuber crop diseases

Current work: West African Network for Root Crop Viruses

33



INTERNATIONAL WORKSHOP | SURVEILLANCE AND CONTROL OF CASSAVA DISEASES IN AFRICA | CONTACTS

34

POUSSIER Stéphane

stephane.poussier@univ-reunion.fr
Professor, University of La Réunion, La Réunion island - France

Nationality: French

Education: PhD Biology

Specialty: Bacteriology & plant pathology

Current work: Training & higher education in plant health - diversity
and epidemiology of plant pathogenic bacteria

QUAIN Marian D.

marianquain@hotmail.com

Head of Biotechnology Seed and Food Science Division CSIR Crops
Research Institute Kumasi, Ghana

Nationality: Ghana

Education: PhD Botany Plant Physiology

Specialty: Biotechnology

Current work: Leader Biotechnology Research Team CSIR-CRI

RAKOTOARISOA Jacqueline
ds.fofifa@blueline.mg, ds@fofifa.mg
Scientific Director, FOFIFA, Madagascar

Nationality: Malagasy
Education: PhD Plant physiology
Specialty: Rice based cropping system

REYNAUD Bernard

bernard.reynaud@cirad.fr

Manager Plant Protection Platform (3P) Center

& Director “Plant Communities and Biological Invaders

in Tropical Environments” (PVBMT) joint research unit, Cirad,
La Réunion island - France

Nationality: French
Education: PhD in Biological Sciences,
Specialty: entomology and virology
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ROBENE Isabelle

isabelle.robene@cirad.fr
Researcher, CIRAD, France

Nationality: French

Education: PhD Phytopathology

Specialty: plant bacterial and viral diseases

Current work: development of molecular diagnostic tools

ROUX-CUVELIER Michel

michel.roux-cuvelier@cirad.fr
Researcher, CIRAD, La Réunion island - France

Nationality: French

Education: M.Sc. Agronomy - Plant Protection
Specialty: PGR management, tissue culture
Current work: “Germination” project coordination

RWOMUSHANA lvan

i.rwomushana@asareca.org
Manager, Staple Crops Programme, ASARECA

Nationality: Ugandan

Education: PhD Entomology

Specialty: Staple Crops R&D

Current work: Coordination of Agricultural R&D in ECA

SAGNIA Sankung B.

Sankung.Sagnia@fao.org

Plant Production & Protection Officer
FAO Sub-regional Office for Central Africa, Libreville, Gabon

Nationality: Gambian

Education: M.Sc in Crop Protection (University of California at
Riverside, USA)

Specialty: Entomology

Current work: Crop Production and Protection
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SANGARE Abdourahamane

abou.sangare@coraf.org
Program Manager, CORAF/WECARD

Nationality: Ivory Coast

Education: MSC/Genetics PhD Molecular Biology

Specialty: Biotechnology/Biosafety

Current work: ECOWAS Action Plan on Biotechnology and Biosafety

TIENDREBEOGO Fidéle

fidelet@gmail.com
Virologist, INERA, Burkina Faso

Nationality: Burkinabé

Education: PhD Microbiology (Virology)

Specialty: Begomoviruses

Current work: Diagnostic of cassava, sweet potato and vegetables
viruses

VERDIER Valérie

valerie.verdier@ird.fr

Director of Research, Institut de Recherche pour le Développement,
UMR RPB, Montpellier, France

Nationality: French

Education: PhD Plant Biology-Phytopathology

Specialty: Cassava and bacterial diseases

Current work: Developing strategies to fight against bacterial
diseases

VERNIER Philippe

philippe.vernier@cirad.fr

Senior Adviser for International Organizations, CIRAD,
La Réunion island - France

Nationality: French

Education: DAA in Agronomy (Ing Agronome INA-PG)
Specialty: Root & Tuber crops and cropping systems
Current work: International cooperation
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VERNIERE Christian

christian.verniere@cirad.fr

Plant Pathologist
CIRAD, La Réunion island - France

Nationality: French
Specialty area: Plant Pathology, Microbiology
Education: PhD in Plant Pathology

WINTER Stephan

stephan.winter@jki.bund.de
Head, DSMZ Plant Virus Department, Germany

Nationality: German

Education: Ph.D. Agriculture

Specialty: viruses of RT&B, vectors, diagnostics
Current work: Department Head, Chief Virologist

ZINGA Innocent

zinga.innocent37@googlemail.com

Professor Researcher, University of Bangui,
Central African Republic

Nationality: Central African

Education: PhD Plant Virology

Specialty: Cassava mosaic disease

Current work: surveillance and control cassava disease
in Central African Republic
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