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The Centre de coopération internationale
en recherche agronomique pour
le développement (CIRAD) is a French
scientific organization specializing
in agricultural research
for development for the tropics
and subtropics. It is a State-owned
body, which was established in 1984
following the consolidation
of French agricultural, veterinary,
forestry, and food technology
research organizations
for the tropics and subtropics.

CIRAD’s mission is to contribute
to the economic development

of these regions through research,
experiments, training,

and dissemination of scientific
and technical information.

The Centre employs 1800 people,
including 900 senior staff, who
work in more than 50 countries.
Its budget amounts
to approximately French francs
1 billion (euros 152 million), more
than half of which is derived from
public funds.

CIRAD is organized into seven
departments: CIRAD-CA (annual
crops), CIRAD-CP (tree crops),
CIRAD-FLHOR (fruit and
horticultural crops), CIRAD-EMVT
(animal production and veterinary
medicine), CIRAD-FORET (forestry),
CIRAD-TERA (territories, environment
and people), and CIRAD-AMIS
(advanced methods for innovation
in science). CIRAD operates through
its own research centres, national
agricultural research systems,
or development projects.
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Message from the President

CIRAD’s strategic project was adopted by the Board of Trustees in March
2002. | would like to underline the quality and importance of this document,
which defines CIRAD’s major objectives and which reflects our ambition
to develop new impetus and to open our doors to the outside world.

This project is the culmination of many months of internal preparation,
including an in-depth review of the areas of excellence that CIRAD
should seek to develop and the lines of action it should follow.
It takes account of the views expressed by the Scientific Advisory
Committee, and the Scientific Visiting Committee, consulted
in April 2001. It also provides a synthesis of the numerous excellent
discussions on CIRAD’s strategic options held over the last two years
by the Board of Trustees.

The strategic project points the ways towards a new form

of development-oriented research, focusing on joint knowledge
building and sharing in the quest for sustainable development,
notably through partnership centres of excellence. This is a key
challenge to be addressed. Development-oriented research
has a critical role to play in a world where globalization is affecting
not only international trade, but also the exchange of knowledge
and ideas.

The strategic project also affirms CIRAD’s ambition to establish
stronger roots in the French system of research and higher
education and to play an active role in the European Research
Area. CIRAD is engaged in a process of scientific modernization.
The recognized role of our research teams—the basic units
of scientific endeavour—the implementation of an assessment
policy on four levels—the organization, the department
and its programmes, the team and the individual—coordination
through horizontal thematic projects, scientific information
monitoring and strategic planning will all contribute to progress
in this area. Last but not least, an ethics committee will be set up
to illuminate our choices from a different angle, notably those made
in partnership with the private sector and with developing countries.

The strategic project must now be brought to life. It offers a broad
and ambitious framework enabling all staff members, at both individual
and collective levels, to see clearly where their actions are leading.
It also provides CIRAD’s partners, both public and private, in North
and South, with a structure upon which to build future synergies.

Daniel Nahon
President, CIRAD Board of Trustees
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CIRAD'’s strategic project

Our world is changing fast. Globalization and the liberalization of trade,
progress in biology and computing, new information and communication
technologies are sweeping away our traditional customs and practices.
The planet is now a global village that we must learn to manage together.
As we enter the third millennium, the fight against poverty and malnutrition,
progress in food safety and quality, the reduction of inequalities and environmental
protection are the key challenges facing countries of both North and South.
A scientific organization dedicated to agricultural research for development,
CIRAD is closely involved in these international issues and a key player in the changes
now transforming our planet.
How should we adapt to this changing environment? How should we orient our research
priorities to contribute to a more equitable world? On what foundations should we build
our future? To answer these questions, in the autumn of 1999, CIRAD began an in-depth
review of its strategy for the coming ten years.

Sustainable development as a driving force for progress

In developing countries today, agricultural products are not always available
in sufficient quantities, malnutrition is an ongoing problem, and rural
societies struggle to achieve the living standards to which they aspire.
Farming productivity in these countries must be increased rapidly, through
higher yields and lower production costs, while decreasing pressure on land
and protecting the environment. CIRAD will be an active player in this
doubly green revolution, working with its partners to develop sustainable
agriculture, not only on the scale of individual cropping, livestock breeding
or forestry systems, but also at national and regional levels.

In response to this immense challenge, CIRAD has adopted an ecological
and environmental approach to agriculture. Sustainable development in the
South is the driving force that powers its actions. The environmental
dimension is built into all its research projects, giving them new shape and
direction.

In line with this strategy, it will contribute more decisively to the objectives
expressed in major international agreements, such as those on biodiversity,
the fight against desertification and on climate change. This means that
CIRAD will need to act quickly to strengthen its research capacities in the
fields of water, erosion, pollution, emerging diseases, forests and carbon
sequestration—to mention just a few examples. It will also focus on food
quality and the nutritional, and cultural, impact of changes in dietary habits
in developing countries.

Over the coming years, alongside its traditional know-how in biology and
agriculture, and in its quest to further the cause of sustainable development,
CIRAD will harness expertise in wide-ranging complementary disciplines:
ecology, epidemiology, engineering, social and legal sciences, management
and information, and applied mathematics.
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Joint knowledge building and sharing

Access to knowledge and information is a key factor in economic develop-
ment and developing countries are now fully aware of this fact. As part of its
role in training and information dissemination, CIRAD shares its knowledge
with its partners. It provides research facilities and guidance to guest students
and interns, it publishes and disseminates research results, and it offers doc-
umentary support to research scientists.

The strategic project affirms CIRAD’s vital role in this area and gives it a new
dimension. CIRAD will make use of new information and communication
technologies to simplify information access and to work jointly with its part-
ners in knowledge building and sharing. The new research facilities now
being set up—common research units, partnership centres of excellence,
European and international research networks—will serve as a framework for
students and researchers seeking to acquire and share knowledge. These
structures will also offer innovative systems for information retrieval, publi-
cation and dissemination.

At the heart of the European Research Area

One of CIRAD’s roles is to contribute to French policy making in its specific
areas of expertise. Today, in an international context marked by globalization
and market liberalization, this role is taking on a new dimension. Indeed, the
very purpose of public policies is to regulate the markets, to combat inequal-
ities and to preserve the environment. With its in-depth knowledge of tropi-
cal societies and ecosystems, CIRAD, in association with other leading
French organizations in this area, can help decision makers to devise and
implement effective policies in the fields of development, agriculture and the
environment.

In agreement with its supervisory ministries, CIRAD is now seeking to deploy
its expertise at European level by contributing actively to European research
and development policy. In more general terms, it intends to work at the very
heart of the European Research Area. Its specific knowledge and experience
will offer valuable input to the “development-oriented research” activity of
this area, notably through research conducted in the French overseas depart-
ments and territories, on the outer fringes of Europe.

Foundations for the future

Over the years, CIRAD has developed solid foundations upon which to build
its future.

Through its strong tradition of cooperation, CIRAD is now familiar with a
mode of partnership based on common interests and shared experience. In
some 50 countries of Africa, Asia, Latin America and the Pacific, and in the
French overseas departments and territories, CIRAD has built ties with play-
ers in wide-ranging areas of endeavour: research, universities, agriculture,
industry, associations, and so on. The centres of excellence that it has found-
ed in partnership with developing countries are a key component of this sys-
tem, providing a means for CIRAD and its partners to establish the scientific
and technical bases for sustainable agriculture

In France, CIRAD has always worked closely with the world of university
research and teaching. Its expertise in key fields such as biology, biotech-
nologies, agronomy, food technology, economics, socio-economics and
computing is now widely recognized. CIRAD will strengthen its ties with the
French scientific community by taking part in combined research units and
in the joint research institutes that are now emerging. It is through such ties
that CIRAD will maintain its standards of excellence.
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CIRAD is a targeted research organization with a multi-disciplinary
approach. From the gene to the variety, from the plant or animal to the final
product, from analysis to decision, from the plot to the region, it organizes its
skills on the basis of methodological continuums, a principle that it under-
stands and promotes.

Alongside its research activities, CIRAD contributes actively to the practical
dissemination and application of research results, provides consulting
services and works on development projects, all of which favour knowledge
integration. CIRAD is one of the few institutions in the world capable of
applying an integrated approach to the research questions of international
importance raised by the farming and food systems of developing countries.
It intends to reinforce its capacities in this area.

New management methods

CIRAD wiill introduce new management methods to implement its strategy.
The research team, now recognized as the basic structure of all scientific
endeavour, will play a more decisive role. The assessment system, reinforced
to attain global scope and consistency, will cover four levels: the organiza-
tion, the department and its programmes, the team, and the individual.
CIRAD wiill place particular emphasis on scientific information monitoring,
strategic planning and impact analysis. It will implement a quality assurance
system applicable to all research, training, information and management
processes. It will define criteria for collaboration with the private sector
while reserving the right to transfer the knowledge thus acquired to develop-
ing countries. Lastly, against a background of cultural diversity and econom-
ic disparity between North and South, it will pay closer attention to ethical
issues in its collaborative research activities.




their financial and human resources and rethinking their traditional modes

of cooperation. Likewise, a wind of change is sweeping through the national
and international scientific community. Faced with the threats of exclusion and growing
inequality, CIRAD is opening new areas of cooperation for scientists involved in research
for development. It is working closely with its partners to build and coordinate new
modes of organization for collaborative scientific research.

Since 1999, CIRAD has focused its efforts on the construction of a balanced,
durable system, underpinned by the continuous presence
of research teams in tropical and subtropical regions.
It has also set up facilities in the French overseas
departments and territories, in collaboration with other
research centres. Outside France, CIRAD research
teams are working in an ever wider range
of national and international research structures.
The creation of new partnership centres
of excellence is an example of this changing
= environment. CIRAD is also building closer ties
CO I I abo ratl O n with universities and other higher education
institutions through its involvement in joint
research units and is implementing its project

an d SC i e ntifi C for an international research platform

in Montpellier.

To address the global challenges now facing mankind, institutions are pooling

With a new structure based around centres
exce I I e n Ce of excellence, the French scientific community
now has a more coordinated framework for
its activities. CIRAD is enhancing its potential
for cooperation with European, North American
and developing-country systems. lts close relations
with the world of higher education and the creation
of parthership centres of excellence outside France will offer
numerous benefits to developing-country researchers, provided
that appropriate hosting and training facilities are made available.
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Closer integration
with French research

In France, CIRAD has established closer ties with
its main partners—INRA, IRD and universities—
each working in a complementary area of
research. A national system of agricultural
research for development is progressively taking
shape in the form of jointly run projects,
research units and laboratories.

Joint research units to harness new
synergies

The joint research units bring together research
centres, universities and institutes of higher edu-
cation. Through these alliances, CIRAD will
enhance its research potential by working with
high-level teams to define new concepts, tools and
methods that address development issues and
serve the entire research community. They also
enable CIRAD to play a more active role in French
higher education.

By taking part in joint research units, one of
CIRAD’s key objectives is to open the French
research and higher education system to scientific
cooperation with developing countries. There are
two ways to achieve this goal. The first is to mobi-
lize research teams around problems specific to
tropical and subtropical regions and to encour-
age research organizations to focus on questions
of planetary importance. The second is to provide
more research and study opportunities for devel-
oping-country students and scientists, giving
them easier access to training and qualification.
The joint research units provide a means to pool
financial and human resources on a contractual
basis for an initial period of four years. The aim
is to harness new synergies by bringing together
teams of researchers from different backgrounds
to work together on a single theme. Joint
research units are created on the initiative of
groups of scientists who submit their projects
for examination and approval by the partner
institutes. At the end of four years, each joint

© C. Poisson

» New forms of partnership

A series of major initiatives have been launched in recent years to enhance
the organization of research, be it for the production, transfer or practical
application of knowledge. Whatever their origin or their scale, these initiatives
all converge towards the creation of centres of excellence based around major
themes, such as the link between research and training, or the organization

of international cooperation.

It was against this changing background
that CIRAD decided to rethink

the organization of its research activities.
In France, it is contributing actively

to the creation of a national development-
oriented research system. More generally,
it is helping to develop new cooperation
opportunities for scientists from North

and South working in development-oriented
research and is closely involved

in the creation and coordination of new
forms of partnership. At the same time,
CIRAD is seeking to refocus its activities
and to build new alliances to develop

a research infrastructure that is evenly
balanced in both scientific

and geographical terms.

Developing
universally useful

tools and methods [ -
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Joint research units of which CIRAD is a member

= Agrarian systems, sustainable management of resources and of tropical and
Mediterranean zones. Signatories: CIRAD, CNEARC, ENGREF. Director: Philippe
Jouve (CNEARC)

= Agropolymer engineering and emerging technologies. Signatories: Agro
Montpellier, CIRAD, ENSIA, INRA, University of Montpellier Il. Director: Stéphane
Guilbert (university)

= Biology and plant-parasite interaction genetics for integrated production.
Signatories: Agro Montpellier, CIRAD, INRA. Director: Jean-Loup Notteghem (Agro
Montpellier)

= Biology of the development of perennial cultivated plants. Signatories: Agro
Montpellier, CIRAD, INRA, IRD. Director: Frangoise Dosba (Agro Montpellier)

= Botany and bioinformatics of plant architecture. Signatories: CIRAD, CNRS,
INRA, IRD, University of Montpellier Il. Director: Francois Houllier (INRA)

= Centre for biology and population management. Signatories: Agro Montpellier,
CIRAD, INRA, IRD. Director: Yves Gillon (IRD)

= Diversity and genome of cultivated plants. Signatories: Agro Montpellier, CIRAD,
INRA, IRD. Director: Serge Hamon (IRD)

= Forest ecology in French Guiana. Signatories: CIRAD, ENGREF, INRA. Director:
Meriem Fournier (INRA)

= Functional and evolutionary ecology centre. Signatories: Agro Montpellier,

CIRAD, CNRS, IRD, Universities of Montpellier I, Montpellier 1, Montpellier Il1.
Director: Bernard Delay (CNRS)

= Genomics applied to agronomic traits. Signatories: Agro Montpellier, CIRAD,
INRA. Director: Jean-Christophe Glaszmann (CIRAD)

= Innovation, technical change, learning and coordination in agriculture and
agribusiness. Signatories: Agro Montpellier, CIRAD, CNEARC, IAM, INRA.
Director: Fabrice Dreyfus (Agro Montpellier)

= Laboratory of Mediterranean and tropical symbioses. Signatories: Agro
Montpellier, CIRAD, INRA, IRD. Director: Bernard Dreyfus (IRD)

= Operation and management of tropical and Mediterranean cropping systems.
Signatories: Agro Montpellier, CIRAD, INRA. Director: Jacques Wéry (Agro
Montpellier)

= Plant populations and biological stressors in the tropical environment.
Signatories: CIRAD, University of Reunion. Director: Jacques Figier (university)

= Process engineering, bio-product manufacturing. Signatories: CIRAD, ENSIA,
Universities of Montpellier | and Montpellier Il. Director: Alain Grasmick
(CLIVEISIY)

= Ruminant production in tropical and subtropical regions. Signatories: Agro
Montpellier, CIRAD, INRA. Director: Francois Bocquier (Agro Montpellier)

= Wood rheology laboratory. Signatories: CIRAD, CNRS, INRA, University of
Bordeaux. Director: Patrick Castera (INRA)

already a member of 17 joint research units.

research unit is assessed by the partner members
and, if justified, its existence may be prolonged.
CIRAD’s main partners are INRA, Agro Montpel-
lier and the universities of Montpellier, along
with IRD, CNRS, CNEARC and IAM. CIRAD is

© Sra Inra-Cirad

A reference centre
for citrus fruits
in Corsica

Reference centres

Other forms of collaboration are being developed
to provide backup to existing structures or to cre-
ate new ones. Joint units, federated research insti-
tutes and scientific interest groups provide a
framework for coordination and information
exchange between research networks, thereby
serving as reference centres.

For example, an interdisciplinary unit run jointly
by INRA and CIRAD has been set up at the San
Giuliano station in Corsica to study citrus and
Mediterranean fruit species and is now an inter-
national reference centre on citrus genetic
resources. Bringing together scientists from both
organizations, the unit’s role is to define scientific
and technical methods for creating new varieties,
monitoring food safety, improving quality and
optimizing production costs.

CIRAD scientists are working with university
researchers and with teams from CEDIMES,
CIRED (a CNRS and EHESS joint research unit),
IEDES (University of Paris 1), Solagral and INRA
at the Jardin Tropical de Paris. Their aim is to
become an international reference centre on glob-
alization and the economics of sustainable
development, open to researchers from develop-
ing countries.

CIRAD also hosts and manages the Institut du
Développement Durable et des Relations Inter-
nationales, a scientific interest group that brings
together ADEME, CIRAD, CNRS, IFEN, INRA
and IRD. It was set up to develop information
exchange and consultation between scientists,
decision makers, the private sector and NGOs
with a view to identifying and analysing the chal-
lenges of sustainable development and defining
the corresponding research priorities.



The Amazonian
rainforest,

a subject studied
by Silvolab

Collaboration and scientific excellence

Last but not least, I’'Institut francais de la Biodi-
versité, set up on the initiative of the public author-
ities and research organizations, is a scientific
interest group with 17 members. Its role is to coor-
dinate research and disseminate research findings
in the field of biodiversity, in response to the needs
of scientists, managers and society as a whole.

Overseas research hubs
with a regional vocation

The French overseas departments are a key com-
ponent of the French agricultural research system
while forming part of a broader regional system.
They are also the most outlying regions of the
European Union. The research teams based
there are attentive to the needs of local decision
makers and farmers’ groups and their functions are
defined jointly with the local communities that
support their work. The challenge is now to give
these facilities a more direct role to play at Euro-
pean level and hence to favour their integration
into the global system.

CIRAD also aims to enhance the quality of the
facilities already present in the French overseas
departments and territories, in order to bring them
up to international standards. This will be
achieved by building closer ties with other
research and higher education centres present
locally—INRA, CEMAGREF, IRD, ENGREF, uni-
versities—but also through substantial investments
and a change in the status of these facilities to
encourage exchanges between research teams.
Over the longer term, these bases will form a
network of well-equipped scientific platforms
conducting work of international significance and
providing access to know-how of both local and
regional interest. Their influence will extend from
Réunion towards southern Africa, Madagascar and
Mozambique, from French Guiana towards
Amazonia and the Guyana plateau, from Mar-
tinique and Guadeloupe towards the West
Indies, South and Central America.

Research programming follows a theme-based
approach. New studies focusing on production

© P. Grimaud

© A. Ferment

Study of rusa
deer rearing
in Réunion

and cropping systems and on industrial crop diver-
sification provide a complement to long-standing
research projects on industrial commodity sub-
sectors, such as banana and sugarcane, and on
animal production. Their objective is to obtain
healthy products in a healthy environment. In Réu-
nion for example, six research centres have been
created—sustainable agriculture, environment
and forests; livestock production; sugarcane; fruit,
vegetables and aromatic plants; plant protection;
agribusiness—with the support of local authori-
ties and the European Union, and in collabora-
tion with farmers’ associations. In Guadeloupe, a
centre on the theme of biodiversity is being set
up to group the expertise of I'université des
Antilles et de la Guyane (French West Indies and
French Guiana), INRA and several CIRAD
departments. In Martinique, an agricultural
research centre is being formed under a multi-
institutional partnership with INRA, IRD and
CEMAGREF. In French Guiana, the research cen-
tre on the tropical rainforest ecosystem brings
together CIRAD and several French scientific enti-
ties via the Silvolab scientific interest group. This
centre, which includes a joint research unit
(ENGREF, CIRAD, INRA) studying forest ecology
in French Guiana, has created new ties with the
universities of the French West Indies and
French Guiana, Montpellier I, Nancy I, with the
union of Amazonian universities and with uni-
versities in Germany, Belgium and Scotland.

In New Caledonia, CIRAD and I’Institut agro-
nomique néo-calédonien, the agricultural institute
of New Caledonia, have signed a framework
agreement in line with the Matignon and
Nouméa agreements. CIRAD provides organiza-
tional and scientific back-up to the research con-
ducted by IAC, notably in the fields of animal pro-
duction, fruit and vegetables, forests and rural
development in the northern province.

In French Polynesia, CIRAD is actively involved
in research conducted at the vanilla virology
laboratory at Raiatea, while in Mayotte CIRAD is
providing support for the institutional changes
now under way. CIRAD is involved in collabo-
rative research with farmers and is setting up a
resources centre in association with the Coconi
agricultural school.
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Poultry farming,
= = the core activity
at a centre
in Vietnam

Rethinking our partnership
with the South

Partnership centres of excellence are the corner-
stone of CIRAD’s new policy of cooperation with
Southern countries. Offering all the facilities
required for high-level scientific research, they
place emphasis on joint research and training.
They address development issues identified with
local partners and cover one or more related sci-
entific themes. The partnership centres of excel-
lence work together with research institutes, local
organizations—farmers’ associations, NGOs—
and universities, enabling scientists to work in
multidisciplinary teams on a single site, outside
France. The research conducted in these centres
must have a tangible impact on the living condi-
tions of Southern populations, by improving agri-
cultural product supply and raising farmer
incomes.

The activities of the partnership centres of excel-
lence will be managed by a team representing
different scientific disciplines and different
organizations, established on a contractual basis
and with a long-term remit. Results will be
assessed at regular intervals to see whether the
partners are successfully consolidating their
scientific expertise and disseminating the prod-
ucts of research among rural communities and in
the agricultural and food sectors concerned. Their
economic, social and ecological impact will also
be taken into account.

Eight partnership centres of excellence have been
set up or are currently undergoing validation. In
2003, centres focusing on tree crops, agroforestry
and ecosystem management will be set up in
wet tropical regions. These centres will enable
CIRAD and its partners to understand and
analyse the environmental, economic and

© A.-V. Bernus

Partnership centres of excellence created
or undergoing validation in 2001-2002

= Consumption economics and urban food supply. In
Vietnam, a centre is being set up to group together
the research and training activities initiated by CIRAD
(CIRAD-FLHOR, CIRAD-EMVT, CIRAD-AMIS) with its
partners (IOS, RIFAV, VASI) on the question of urban
food supply.

= Physiological and genetic mechanisms for drought
adaptation. Based in Senegal, this centre brings
together ISRA, ENSA in Thies, UCAD, the university
of Paris-Créteil, the university of Hohenheim in
Germany, the university of Greenwich in the UK and
CIRAD (CIRAD-CA, CIRAD-AMIS).

= Research centre on intensive livestock production.
This centre was created in Vietham in 2002. It brings
together CIRAD (CIRAD-EMVT) and Vietnamese
partners (NIAH).

= Sustainable cropping and rice growing systems.
Based in Madagascar, this centre will focus on the
problem of ecologically, economically and socially
sustainable management of small-scale rice growing
systems. It brings together FOFIFA, the university of
Antananarivo (Essa) and CIRAD (CIRAD-CA, CIRAD-
TERA).

= Sustainable forest management and biodiversity
protection. Based in Madagascar, this centre will
bring together FOFIFA, the university of Antananarivo
(ESSA and law faculty), CNRE and CIRAD (CIRAD-
FORET, CIRAD-TERA).

= Sustainable management of savannah ecosystems
in Western Africa. Based in Mali, this centre brings
together IER, the Institut polytechnique of Kati-
bougou, the university of Bamako and CIRAD
(CIRAD-CA, CIRAD-EMVT, CIRAD-FORET, CIRAD-
TERA).

= The fight against desertification and agrosylvo-
pastoralism. Based in Senegal, the agrosylopastoral
centre for Western African arid zones brings together
ISRA, the universities of Dakar and Saint-Louis and
CIRAD (CIRAD-EMVT, CIRAD-FORET, CIRAD-TERA).

= Tropical plant genomics and agribusiness. In Brazil,
a centre is being created under framework agreem-
ents signed by CIRAD with Unicamp and USP, two
universities of the state of Sdo Paulo.

social challenges facing tropical and subtropical
regions.

The complete transformation of our existing
collaborative research infrastructure will take
several years. Each centre must be set up in
association with local partners and will call for
progressive redeployment of our human and finan-
cial resources.
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. training: major targets §
for partnerships

These new modes of cooperation provide a com-
plement to the wide range of research infra-
structures working with stakeholders at local and
regional levels and which bring together
national institutes, international centres and
Northern research teams. CIRAD is a member of
research groups which do not, as yet, have the sta-
tus of partnership centres of excellence, but which
are based on the same principles of scientific pro-
duction and partnership. For example, CIRAD is
associated with PRASAC, a regional centre for
applied research in the development of the
savannas of Central Africa, based in Chad, and
CIRDES, an international research and develop-
ment centre for animal production in subhumid
zones, based in Burkina Faso. In the forestry area,
CIRAD is associated with a research unit on indus-
trial plantation productivity in the Republic of
Congo. It also works with CATIE, a regional
research and teaching centre on tropical agron-
omy in Costa Rica, and with the Franco-Chinese
laboratory for applied computing and mathematics
in China.

Towards a global research platform

CIRAD has now achieved its aim of making the
Montpellier research centre into a world platform
of agricultural research for development.

©F. Besse

© M. Raunet

Moreover, by building up its Agropolis platform,
CIRAD and its partners—including some twenty
research and education institutions, local
authorities and private companies—have devel-
oped the international status of the scientific com-
munity in the field of tropical agronomy. Joint pro-
grammes have been implemented with the
centres of the Consultative Group on International
Agricultural Research and scientists from these
centres are now working in Montpellier. An agree-
ment has been signed with Embrapa, the Brazil-
ian Agricultural Research Corporation, and an
Embrapa laboratory, called Labex, has been set
up in Montpellier. Negotiations are in progress to
open Agropolis to other Southern partners,
notably ICAR in India and consortiums of Thai and
South African universities.

Thanks to these new tools, to the extension of the
Agropolis platform, the coordination of research
through joint research units and the creation of
partnership centres of excellence, CIRAD is pur-
suing its missions of development-oriented
research and training provision to Southern
scientific communities. Today, almost one-third
of CIRAD researchers are working in these new
structures.

A centre for
sustainable rice
growing

in Madagascar
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Sugarcane

Crop modelling

CIRAD developed a dynamic and functional
sugarcane growth model (MOSICAS) in Réunion.
It is currently valid for cv. R570 ratoons with
12-14 month growth cycles under limiting water
and nonlimiting nitrogen supply conditions. It can
simulate all biomass and water status components.
It should soon be possible, on the basis of the
results of experiments under way in Réunion
and Guadeloupe since 2000, to supplement
the model with data on plant cane and six other
commercial varieties, while also adding specific
functions such as water balance on vertisols.
The model already has many decision-support
applications: estimating production for entire
sugarcane-growing areas, optimizing water
resource use, and adjusting crop cycles for
Guadeloupe and the higher altitude regions in
Réunion.

The model could also help sugarcane breeders in
characterizing target environments, analysing
multilocation test results, and deciding on suitable
varieties for given environments. Geographical
information systems (GIS)—CASSIS (georefer-
enced database for the sugarcane growing area
in  Guadeloupe), MAPIRRIC (georeferenced
display of field parameters concerning water man-
agement) and MAPCANNE (mapped cane poten-
tials)—can be linked with the growth model
to generate information on cane potential and
crop field management.

Environmental protection

Intensive mechanized banana monocultures in the
Capesterre region of Guadeloupe are responsible
for serious physicochemical soil degradation
(plough pan, compaction, anoxia) and the pro-
liferation of soilborne pests (nematodes, weevils),
leading to declines in banana yield and limiting
the lifespan of banana plantations. Pressure from
environmentalists, however, has forced growers
to reduce their standard pesticide treatments. The
banana industry in Guadeloupe has been weak-

© P. Todoroff

The sugarcane programme is focusing its research on increasing yields
while reducing production costs. In-depth studies on sugarcane breeding,
cost-effective crop management and sustainable water resource use

were undertaken. Collaborations were strengthened with foreign partners
through new initiatives: accompanying sugar producers in West and Central

Africa, improving the productivity

of small sugarcane farms in South Africa,
using new genotyping tools in Brazil,

and assessing the impact of soilborne pests
in Louisiana.

Soil
shrinkage
probes in

"o avertisol

ened by this turn of events, within a competitive
environment that is not very conducive to
investment.

Sugarcane was introduced into this banana
cropping system in the hope that it would be
an agroeconomically interesting way to offset
this problem in Guadeloupe. Sugarcane-banana
crop rotations are being tested in almost 200 ha
of banana plantations, and the initial results are
promising.
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Banana-sugarcane
crop rotation

It has already been found that a short sugarcane
cycle enables growers to reduce hazardous
polluting pesticide treatments by about 25%,
while also clearing the soil of soilborne pests. It
has not yet been determined whether this rotation
scheme improves the soil structure. This practice
should be more economically viable than systems
with grass fallows because the climatic conditions
are suitable for cane production to supply dis-
tilleries, the sugar industry and even for high
quality cuttings.

Genome mapping

CIRAD began collaborating with the University
of Campinas, Brazil, in a sugarcane gene
sequencing project (SUCEST) with the aim of find-
ing new genotyping tools. Around 250 000 par-
tial sequences of sugarcane genes culled from
databases have been obtained. This is one of the
largest sequencing projects ever undertaken on
any plant species. Research is also under way
on sequence polymorphism since sugarcane is
polyploid and highly heterozygotic.

A preliminary study was conducted on two multi-
genic families, ie 6-phosphogluconate dehydro-
genases and alcohol dehydrogenases. This led to
a detailed analysis of sequence polymorphism in
five genes from these families. The results high-
lighted many variations, ranging from simple base
substitutions to the deletion of fragments of up to
20 bases long. These analyses documented high
sequence polymorphism in elite sugarcane vari-
eties and indicated that the SUCEST database
should prove to be an efficient tool for detecting
this phenomenon.

© C. Poser
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Organizing supplies to sugar factories

The main concern of sugar manufacturers is to
reduce production costs by centralizing milling
units, continuing to use some sugarcane recep-
tion sites or factories, and modernizing their indus-
trial equipment. This includes reorienting cane
flows and resizing existing equipment.

A project focused on the structural and functional
reorganization of a whole supply system was car-
ried out in collaboration with INRA, the French
agricultural research institute, the Mauritius
Sugar Producers’ Association, and three sugar
industry groups in Mauritius. Two software mod-
els were developed to determine efficient ways
of reorganizing sugarcane deliveries to sugar fac-
tories, including a global model that generates
simulations for whole sugarcane-growing areas
supplying one or several sugar factories, and a
logistic model that is designed to assess the impact
of different scenarios in terms of resizing agro-
industrial equipment.

The mid-term objective is to determine the
impact of different proposed scenarios, from both
logistic and strategic standpoints. New delivery
quota allocation strategies could be assessed in
terms of the sucrose content of cane and also
relative to agroindustrial equipment use.

Delivering cane
to a sugar factory
in Mauritius

Yellow leaf syndrome

A study was undertaken to determine the impact
of yellow leaf syndrome, caused by sugarcane
yellow leaf virus, on the main sugarcane varieties
grown in Réunion and to assess the dynamics of
this disease throughout the island. The results
showed that virus infection reduced sugarcane
yield volumes by 23% and sucrose contents by
11% in cv R577, while having no impact on cvs
R570 and R579.
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An epidemiological survey revealed that: there are
differences between cultivars in disease resistance;
sugarcane stubble does not recover from the dis-
ease after harvest; and the virus is mainly, but not
exclusively, disseminated by planting contami-
nated cuttings, not via insect vectors. All but two

Cotton

Modelling cotton bollworm damage

Pesticides are generally applied according to a
preset treatment schedule within the framework
of current cotton bollworm management pro-
grammes. Sustainable integrated control strategies
should be adopted whereby pesticides are only
used when pest outbreaks represent a real eco-
nomic risk for the crop. By this approach, an eco-
nomic tolerance threshold is set, beyond which
the pest population would cause greater economic
damage than the cost of the pesticide treatment.
Cotton plants have an indeterminate growth pat-
tern and are able to offset the loss of fruiting
organs, which makes it hard to determine an eco-
nomic tolerance threshold for this crop. A given
pest insect population can, for instance, cause var-
ious degrees of yield loss depending on whether
or not the plants are able to compensate for the
damage incurred. Tolerance thresholds are now
being viewed under a new light as a result of
recent progress in the modelling of cotton
growth and development via the COTONS®
model, combined with modelling of insect pop-
ulation development.

In this perspective, the SIMBAD model was devel-
oped in collaboration with IRAD, the Came-
roonian agricultural research institute, within the
framework of PRASAC, a regional research ini-
tiative for savanna development in Central
Africa. SIMBAD simulates the population
dynamics and feeding behaviour of the four main
African cotton bollworm species: Helicoverpa
armigera, Diparopsis watersi, Earias spp. and
Spodoptera littoralis.

© J.-P. Deguine

of the sugarcane yellow leaf virus isolates from
Réunion were found to differ from isolates of other
origins, suggesting that the virus was introduced
from another country and a unique genotype sub-
sequently developed that became endemic on the
island. m

The cotton programme initiated scientific projects to address current
challenges in the cotton subsector and to fulfil other research priorities.

The first project, a new cotton cropping strategy, is aimed at developing new
crop management sequences dealing with major constraints that have been
identified in several cotton-growing areas. Two workshops were held in 2001,

with the participation of scientists, extension
agents and cotton growers. Three networks
to promote joint development of cotton crop
management sequences were launched

on the basis of these workshops: a global
network, a regional network in West Africa,
and a local network in Cameroon.

The second project is devoted to transgenic
cotton, with the aim of gaining experience
on assessing the environmental impact

of this new plant material and developing
effective sustainable management strategies.
The third project deals with cotton quality
geared to tapping the full potential of cotton
products and by-products.

Counting
bollworms on
cotton crops
in Cameroon
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By combining the COTONS® and SIMBAD mod-
els, cotton production losses caused by a boll-
worm population can be assessed according to
certain parameters, such as the population size,
its faunistic composition, the date of infestation,
the crop yield potential, etc. The ultimate goal is
to draw up guidelines to help growers decide
when to initiate pesticide treatments according to
the targeted yield, to the production potential, or
to climatic conditions. These decision-making
guidelines should then be validated in the field.

Pesticide resistance

The worsening of the pest situation in cotton-
growing areas of West Africa, due especially to
the development of pesticide resistance in some
polyphagous insects, such as the cot-
ton bollworm Helicoverpa armigera,
is a serious blow to this booming
sector. In 1994, laboratory monit-
oring tests began to show a marked
reduction in pest susceptibility to
pyrethroids, a trend that was subse-
quently confirmed by the failure of
pesticide sprays conducted in cotton
fields in Benin and Burkina Faso in
1996.

Cotton-producing companies and
national agricultural research serv-
ices acted very quickly by setting up
a regional project designed to pre-
vent the spread of this phenomenon.
The three main thrusts of this project
are to reduce selection pressure by
excluding pyrethroid sprays associ-
ated with organophosphates at the
beginning of the crop season, later
reusing these compounds in binary blends, and
with weekly monitoring of bollworm populations.
Pest infestation levels were very low during the
last two crop seasons, suggesting that the meas-
ures taken had an immediate impact on bollworm
populations. The proportion of resistant bollworms
did not, however, decline. In addition, studies
were carried out (in Benin and Céte d’lvoire) to
determine the mechanisms of resistance
involved. The results indicated that the active
ingredient could be metabolized by oxidases, thus
giving rise to resistance.

A similar trend is suspected in aphid Aphis
gossypii and whitefly Bemisia tabaci populations,
and CIRAD has initiated research to assess this sit-
uation. Perhaps the most significant finding so far
is the discovery that some Cameroonian aphid
strains are resistant to dimethoate.

GERICO is another project that was launched in
late 2001 and is funded by the French Ministry
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of Foreign Affairs. It aims to document gene flows
between pest insect populations, especially
those linked with pesticide resistance, and to
determine how this resistance spreads in West
Africa. The essence of this project is both scien-
tific and pedagogical—to characterize pest pop-
ulations and investigate resistance mechanisms,
while training scientists from developing countries
on biochemical and biomolecular techniques
required to conduct this research.

Research in Benin

The cotton component of PARAB, the Benin agri-
cultural research support project, terminated in
2000. A cotton-breeding programme was initiated,
with the joint involvement of CIRAD and
INRAB, the Benin agricultural research institute,
to enhance ginning yields and the technological
quality of cotton fibre. A breeding team was
formed and has already developed hundreds of
lines of new promising genetic material, and
set up a participatory breeding initiative in
partnership with cotton growers’ organizations
in Benin.

The new PARCOB project (2002-2005) will
underpin the PARAB project results. It will
enable scientists to adapt to the institutional and
technical changes under way and find ways to
boost the Beninese cotton industry’s competitive
edge on world markets, while enhancing the
sustainability of cotton-based cropping systems.
A cotton subsector observatory was set up to
assess the strategies of a broad spectrum of
farmers and different stakeholders under evolving
environmental conditions so as be able to deal
with them more effectively in a research context.

Waiting to
weigh cotton
at a market
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Based on current diagnostic criteria, several fac-
tors could account for decreases in cotton yield
recorded in the field: low yields of some imported
varieties, a drop in the efficacy of some pesticide
active ingredients, late sowing, and delayed fer-
tilizer application and weeding. These factors will
be the main focus of a participatory research ini-
tiative to ensure that the resulting innovations will
be applied in sustainable cropping systems.

Food crops

Dried Aklui

Aklui is a traditional porridge based on fermented
maize flour. It is very popular among urban con-
sumers in Benin. It is generally prepared daily on
a small scale, sold fresh and eaten on the seller’s
premises. As this product has no shelf life, CERNA,
the Beninese regional centre for nutrition and
food, with the support of CIRAD, developed an
instant breakfast porridge in the form of dried,
ready-to-cook granules, which has a long shelf
life.

A semi-industrial unit to manufacture dried aklui
was set up at CERNA. This new product, which
is more expensive than the traditional porridge,
is now being marketed to meet the current urban
consumer demand. The manufacturing conditions
were recently improved and standardized with the
financial support of the French Ministry of Foreign
Affairs.

Maize flour is now produced mechanically
using a germ separator and fermentation tanks
that are available locally. This has substantially
facilitated the operation. The dried aklui product
is then packaged in pouches. Consumers have
clearly accepted this product, which they read-
ily buy despite its high price.

This semi-industrial production unit has been
manufacturing and marketing dried aklui in
Cotonou for six years. It is already generating
profits. Meanwhile, six competing units have been
set up to fulfil the needs of this new market—some
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Research programmes must strive to create an envi-
ronment that will induce stakeholders to benefit
from its innovations. Hence, the team scientists
should be involved in the quality control of prod-
ucts, training of supervisory staff and especially
farming community representatives, in stake-
holder awareness campaigns, and in setting up
experimental structures and decision support
tools within farmers’ organizations. m

The food crops programme undertakes research on smallholder crops and
technical food processing innovations for small-scale applications with

the aim of developing local commodity systems geared to supplying nearby,
as well as international, markets and meeting rural food security needs.

A further thrust of the programme is to improve the competitiveness and

sustainability of rice production subsectors
that are world market oriented and based
on industrial-scale mechanized farming

or on smallholdings within the same region.
Research is therefore carried out on plant
biology, and on interactions with

the cropping environment, plant breeding,
and developing efficient crop management
sequences.

Bags of
dried aklui

of them received technical support on the man-
ufacturing process from the team running the pilot
unit.
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Rice blast

CIRAD has assembled the most important Magna-
porthe grisea collection in the world. It currently
hosts more than 2 000 strains from 55 countries. Fer-
tile strains of this fungus, which is the causal agent
of rice blast disease, were identified, and the genetic
basis of the host-pathogen interaction studied.

In collaboration with CNRS, the French scientific
research institute, three avirulence genes of this
fungus were mapped and one of them (ACE1) was
cloned and sequenced. It is a very large gene and
differs markedly from all other avirulence genes
cloned to date. A genetic analysis revealed very
early and targeted expression for this gene.

The rice resistance gene Pi33 corresponding to
ACE1 was mapped on chromosome 8. Markers
flanking this gene were also obtained. Locus Pi33
was physically mapped in Nipponbare, a cultivar
whose genome sequence is known but which does
not possess the allele of the Pi33 gene that con-
fers resistance. Physical mapping is under way in
a variety that has the resistance gene and, if the
results are favourable, it will then be cloned.
These studies should help to understand problems
of resistance durability in the hosts and evolutionary
trends in the pathogen
populations. The results
could also be applied
in marker-assisted selec-
tion schemes. The Pi33
gene occurs in several
varieties grown on large
surface  areas, and,
when combined with
another resistance gene
(Pi1), it could confer
efficient durable resist-
ance to a broad range
of M. grisea strains.
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Genetic diversity in taro

Colocasia esculenta is cultivated on an area of
about 2 million ha throughout the humid tropics.
No international research centres are focusing
seriously on preserving or improving local taro
cultivars, despite the importance of this crop for
many of the poorest farmers in the world.
CIRAD, with EU funding, thus participated in
setting up the Taro Network for Southeast Asia and
Oceania (TANSAO), which involves scientists
from Indonesia, Malaysia, Papua New Guinea,
the Philippines, Thailand and Vietnam.

From 1998 to 2001, this network collected and
characterized nearly 2 300 local taro varieties and
screened more than 2 000 of them with six enzym-
atic systems to assess the genetic diversity within
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A taro plot
within a rice
field in North
Vietnam

this broad spectrum of plant material. Moreover,
170 elite cultivars were placed under in-vitro
conditions and released to research institutions in
participating countries for subsequent propagation.
A study was undertaken with amplified fragment
length polymorphism (AFLP) markers to analyse
235 accessions and the findings confirmed the
presence of two distinct gene pools in Southeast
Asia and in the Pacific region, corresponding to
separate domestication areas. Taro cultivars
have a very narrow genetic base within each
country.

In the light of these results, and considering the
high genetic variability of the main pathogen of
taro, ie Phytophthora colocasiae, parent plants for
breeding should be exchanged through a transit
centre in order to broaden the genetic base for
breeding purposes. The high variability in terms
of dry matter and starch content also highlights
the importance of choosing the right varieties for
breeding.

Edible groundnut

Senegal should revitalize edible groundnut pro-
duction for export by guaranteeing the physical
and sanitary quality of the products, especially
by ensuring that they are free of aflatoxins, which
are detrimental to human health. A joint French-
Senegalese project is developing an integrated
strategy to improve quality at each production
stage from the field to the consumer.
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Irrigation management tools were developed and
a study on the impact of farmers’ practices and
leaf diseases on edible groundnut quality was car-
ried out during the first year of the project.

In 2001, the initial results were applied in the field
and the irrigation management tool was validated
with new varieties under various irrigation
schemes. A study on the impact of postharvest
activities on edible groundnut quality was con-
ducted in order to optimize tools and practices.
Government discussions are under way on
amending the regulations applied to edible
groundnut in Senegal.

Qualitative constraints associated with each edi-
ble groundnut production and processing stage
have now been pinpointed and quantified with
respect to potential risks of quality degradation.
Preventive and corrective measures were proposed

Agrosystems

Soil biology laboratory

Soil macrofauna, especially earthworms, ants
and termites, have an impact on the soil ecology.
The roles of these organisms in pedological
processes—such as the regulation of biomass
dynamics, the release of bioavailable nutrients
required by plants, the maintenance of the phys-
ical structure of the soil and the genesis of some
soils—have been widely discussed and illustrated.
It is now known that this macrofauna is involved
in regulating microbial activity in the soil, and can
also alter the abundance and structure of other
invertebrate populations. A direct correlation
between earthworm activity and plant growth was
recently documented. Moreover, earthworms
affect plant pest and parasite population levels
positively.

CIRAD, with the financial support of the European
Union and the Regional Council of Réunion,
decided to create a tropical soil biology labora-
tory in Réunion to assess the impact of soil macro-
fauna.
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and a pilot groundnut production programme will
implement all of these recommendations to
assess the technical and economic feasibility of
producing edible groundnut for export. m

A groundnut field
% in the Senegal
RUCIAVEU Y

The agrosystems programme integrates explanatory research in genetics,
environmental physiology and geochemistry, in addition to geography,
sociology, economics and process engineering.

The team that develops no-till cropping systems with permanent mulch
cover trained four recently recruited agronomists, held a training workshop

in Madagascar and initiated projects

in Cameroon and Tunisia. The team

that deals with waste processing adopted

an observatory-oriented strategy, based

in Réunion, and two biogeochemists were
recruited. A preliminary assessment

of the potential of flooded cropping systems
stressed that research is needed to develop
agricultural innovations for irrigated farming
systems.

This laboratory conducts quantitative studies on
the activity of fauna and effects on soil function
in agrosystems. It also aims to gain a thorough
understanding of the yet unclear mechanisms
involved and to train students at all academic
levels. Scientists from surrounding countries
(Comoros, Madagascar, Mayotte, South Africa,
Zimbabwe) can be hosted by the laboratory in a
regional cooperation context.
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Home page of the website
http://agroecologie.cirad.fr

Agroecology website

CIRAD developed a website to showcase the
activities of its agroecology network, which is
accessible via: http://agroecologie.cirad.fr

The agroecology network is devoted to sustain-
able agricultural technigues based on direct seed-
ing on live, dead, or mixed mulch cover. It fos-
ters the exchange of information on CIRAD’s
agroecological activities. Moreover, it is the driv-
ing force behind a multipartner and multilocation
development project, the agroecology action plan.
This initiative pools the expertise and operational
resources of the main French development aid
stakeholders. The aim is to develop means to
transfer and develop agroecological techniques
in five countries within a priority solidarity zone

encompassing a broad range of agroclimatic con-
ditions (Cameroon, Laos, Madagascar, Mali and
Tunisia). There are links to other agroecology-
oriented sites worldwide, eg networks, NGOs,
thematic sites, etc.

A bibliographical list, of works on cropping tech-
niques involving direct seeding on mulch cover
and on the ecology of the soil profile and the
air-plant-soil continuum, is provided.

Through a free public discussion forum, users can
discuss technical aspects of agroecology, share
their know-how, exchange contacts and biblio-
graphical references and receive news about the
agroecology situation throughout the world.

Conservation agriculture

In March 2001, CIRAD organized an international
workshop in Madagascar concerning cropping
systems on mulch cover. Some 50 scientists and
other agents involved with cropping systems on
mulch cover, and from a variety of backgrounds,
were trained. The workshop led to interdiscipli-
nary scientific discussions and paved the way for
potential network-based cooperations.

Participants exchanged their experiences, which
were multiple and wide ranging, since they came
from countries and regions as different as Benin,
Brazil, Cameroon, Ethiopia, France, Indonesia,
Laos, Mali, Mayotte, Mexico, Mozambique,
Réunion, South Africa, Tunisia, Vietnam, and of
course Madagascar. A range of topics was dis-
cussed, such as crop farming-livestock production
associations and plant resource management and

Training on direct seeding
equipment under draught
cultivation conditions

in Madagascar

© D. Rollin
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allocation. Farmers and technicians worked
together in the field, and this experience high-
lighted the need to hold further in-depth work-
shops on this topic.

CIRAD was highly involved in the first World Con-
gress on Conservation Agriculture that was held
in Madrid in October 2001, with 12 scientific con-
tributions regarding DMC (direct-seeding,
mulch-based conservation tillage). There were
some 800 participants from 50 different developed
and developing countries. The sheer number of
participants and their geographical and institu-
tional diversity was evidence of a shared belief
that productivity, sustainability and environmen-
tal protection should be considered as one con-
cern, and not separately. This congress helped to
boost public awareness on the importance of con-
servation agriculture.

Carbon sequestration

The agroecology action
plan is a series of develop-
ment projects jointly imple-
mented by AFD, the French
development agency, the
French Ministry of Foreign
Affairs, FFEM, the French
fund for the world envi-
ronment, and CIRAD. The
FFEM  project research
council and the main scien-
tific stakeholders (CIRAD,
INRA, and IRD, the French
development-oriented
research institute) met in Montpellier in 2001.
Working sessions were geared to assessing
methods for comparing greenhouse gas emission
and sequestration in no-till cropping systems
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with mulch cover, and in conventional cropping
systems.

Four target areas for funded experimental research
were identified—Laos, Mali and Madagascar,
countries designated to host pilot projects for the
agroecology action plan, and Brazil, the most
advanced tropical country in terms of DMC—and
their future experimental activities were discussed.
Papers were presented on the scientific and eco-
nomic aspects of carbon sequestration that
could have an impact in the different experimental
zones. Project participants defined a common
methodological strategy for setting up controlled
agricultural tests, soil sampling and analysis tech-
niques. It was stressed that problems on sampling
and measuring soil carbon reserves have to be
clearly identified in terms of the different inves-
tigated conditions.

Regional agronomic diagnosis

A thesis entitled “Crop modelling and regional
agronomic diagnosis—Development of a method
and its application to maize crops on smallhold-
ings in central Brazil” presented a novel diagnos-
tic method based on a field survey and the use of
a crop simulation model. This approach facilitates
the detection of constraints and classifies them
objectively. It can also verify—for a series of crop
seasons representative of local climatic condi-
tions—the diagnostic procedure developed for the
survey.

In this case study, the STICS model was modified
to improve water balance simulations and to intro-
duce the effects of aluminium toxicity, waterlog-
ging and crop-weed competition for light, water
and nitrogen. The diagnostic results highlighted
problems faced by farmers* associations concern-
ing tractor and seeder management. m
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Cocoa

In addition to obtaining major scientific results through working with
researchers and cocoa sector professionals in France and producing countries,
the Cocoa Programme’s year was marked by the launch of two major
multi-year projects on the sustainability of cocoa farming systems in West
Africa. The first, on the rehabilitation and replanting of older, deteriorated cocoa
plantations, headed by CIRAD and CNRA, the national agricultural research centre

in Cote d’lvoire, is supported by funding from the French Ministry of Foreign Affairs,

QTL mapping

Cocoa genetic improvement programmes set out
to combine alleles favouring productivity and
quality within a given genotype. The first
genome map was obtained by CIRAD, and has
been followed by several mapping studies that
have identified quantitative trait loci (QTL)
linked to yield components, resistance to Phy-
tophthora, and to bean characteristics. These QTL
are spread over cocoa‘s ten chromosomes,
although concentrated on chromosome 4.

Of the progenies studied, the three planted at
CNRA in Cote d’lvoire have now been analysed
over a period of about ten years. QTL have been
identified in two groups of cocoa trees: Trinitario
and Upper Amazon Forastero. Some genotypes,
belonging to the same group or to both groups,
share colocations of QTL linked to a given set
of characters, such as those involved in bean
size. Colocations of QTL for different characters
have also been identified in the same region
of the genome, for instance that revealed in
chromosome 4, involving QTL linked to pod
weight, vigour and resistance to Phytophthora.
These results pave the way for breeding strate-
gies using molecular markers (Marker Assisted
Selection).

Ochratoxin A in beans

Ochratoxin triggering and development are
being studied in conjunction with the European
Association of Chocolate Manufacturers (Cao-
bisco), with a view to identifying the critical
factors favouring mould development and ochra-
toxin A (OTA) production.

The results obtained in the first year showed that
appropriate postharvest practices—rapid pod
opening, box fermentation, solar or artificial
drying with frequent turnings—ensure beans
with little or no OTA, but such techniques are not
widely used by small-scale producers. They also
demonstrated that OTA content increases
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and has led to the secondment of a CIRAD
farming systems specialist.

The second, which is regional
—Cameroon, Coéte d’Ivoire, Ghana and
Nigeria—and funded by the French Ministry
of Foreign Affairs, set out to identify
competitive and sustainable cocoa farming
systems for Africa. An agronomist based

in Ghana is in charge of scientific
coordination. Both projects are contributing
to the global cocoa programme currently
being established under the Global Forum
for Agricultural Research (GFAR).

Cocoa
fermentation
boxes

towards the end of the main crop, in February-
March.

The programme’s objective for its second year is
to understand the links between OTA formation
and smallholder postharvest practices on the one
hand, and the behaviour of buyers on the other.
After analysing the results, recommendations will
be drawn up concerning postharvest techniques.
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. Criollo cocoa
on concrete

Venezuelan Criollo cocoa

Venezuela produces fine cocoas, particularly the
Criollo type, with strongly marked aromatic
properties. However, the farmers who produce
such cocoas use a wide range of postharvest
processing techniques that are not always
appropriate.

CIRAD and CONICIT, the Venezuelan national
scientific and technological research council, are
conducting a four-year research programme
involving four doctoral students. The first aim is
to recommend Criollo cocoa postharvest pro-
cessing techniques that producers will accept, and
which will guarantee good commercial cocoa
quality, and to determine how the flavour of this
type of cocoa develops. The second is to iden-
tify the genetic structures that most favour the
expression of certain quality characteristics. To
this end, a systematic study has been undertaken
on the effect of fermentation conditions—pod
opening time, fermentation times and turning fre-
guency—on flavour quality, which is measured
by organoleptic and chemical analyses of the
flavour-related compounds, especially volatile
compounds.

The factors studied have a significant effect on
cocoa organoleptic characteristics. The interac-
tions between these factors were also seen to
affect acidity and flavour intensity. However,
cocoas fermented for three or four days were con-
sistently more aromatic, irrespective of other pro-
cessing conditions.
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Black pod disease epidemiology

Of the Phytophthora species that affect cocoa,
P. megakarya is considered the most dangerous
in the field. Potential yield losses can reach 80%
in Cameroon. The main way of controlling the
disease to date has been to breed varieties with
at least partial resistance to the disease. However,
genetic improvement programmes have been hin-
dered at the planting material evaluation stage
by a lack of knowledge of the genetic structure
and degree of aggressiveness of the various
P. megakarya strains.

Work has been done in Cameroon on the
genetic diversity and varying aggressiveness
of different strains, in conjunction with IRAD,
the development-oriented agricultural research
organization of Cameroon, to pinpoint the
effects of the different strains during such evalu-
ations. The aim is to evaluate the efficacy of
a strategy based on cocoa tree resistance to
P. megakarya and to predict the sustainability of
such resistance depending on the diversity and
adaptability of the pathogen.

The spatio-temporal, genetic and pathogenic
diversity of strains from an experimental plot have
been studied so as to gain a clearer understand-
ing of how the different development factors—
mutation, recombination, genetic drift, migration
and selection by the host—act. The novelty of
the study lies in the fact that it combines epidemi-
ological analyses with research on pathogen
population structure. m

Epidemiological
assessment

of cocoa trees
in Cameroon




Cirad 2001 @ Tree crops

Coffee

Coffee ochratoxins

CIRAD has embarked upon a project aimed at pre-
venting the development of the moulds that cause
ochratoxins. In 2001, it demonstrated the omni-
presence of fungi of the genus Aspergillus in cof-
fee. An in-vitro study of the toxigenicity of different
strains revealed substantial variations in ochra-
toxin production. The correlation between the
ochratoxin content of coffee batches and the
toxigenicity of the sampled strains has yet to be
determined.

The origin of contamination by moulds caused by
Aspergillus between harvesting and postharvest
processing remains to be studied. Preliminary
observations suggest that drying coffee on spe-
cially prepared surfaces should limit mould con-
tamination, and that toxin content is generally
high in poorly dried coffees. The prevailing con-
ditions during the several weeks spent in storage
also apparently have a significant impact on
ochratoxin production.

An analysis of national commodity chains has
shown that traders and buyers are among the weak
links: the coffee they buy is sometimes not suffi-
ciently dry and they do not take the precaution
of drying it quickly before storing and processing
it. Paying a bonus for well-dried coffee should
help to reduce contamination rates, particularly
when prices are very low.

Somatic embryogenesis

Coffee varietal improvement is now shifting
towards the selection of vigorous, high-yielding
hybrids that produce quality coffee and are resist-
ant to the main pests and diseases. To propagate
these hybrids on a large scale, CIRAD has devel-
oped an efficient and novel in-vitro propagation
procedure using somatic embryogenesis. The
method consists of mass-producing embryos in
bioreactors and then planting them directly. It
combines automatic embryo production in the

© P. Snoeck

The coffee quality concept refers to a set of physical, biochemical,
organoleptic and sanitary characteristics governed by genetic, ecological,
cultural and technological factors such as postharvest processing, roasting
and beverage preparation. For some considerable time, researchers studied
these factors without truly realizing how interdependent they were.

As a result of the current global coffee price slump, many coffee growers can
no longer cover their production costs. Moving into the luxury coffee market

by promoting specific geographic origins
therefore looks like a promising way forward
for producing countries. However, the only
way to satisfy the increasing number

of producing countries wanting to develop
such operations is to adopt

a multidisciplinary approach to quality,
taking account of the whole range

of different factors.

Drying
Arabica coffee
on tables

in Burundi

laboratory with the simplicity of conducting the
entire plant regeneration stage in the nursery.
About 100 000 plants have already been put in
place in Central America and Tanzania to assess
the agronomic performance and genetic con-
formity of material regenerated using this tech-
nique. The low production costs and the initial
agronomic data are very promising, and suggest
that it should now be possible to move up to
industrial-scale production.
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In order to satisfy the demand for new varieties
and promote this technique in producing coun-
tries, CIRAD has linked up with Vitropic, a pri-
vate laboratory specializing in the propagation of
in-vitro banana plantlets, in order to adapt the
technique on an industrial scale. Transfer of the
technology to Vitropic is now almost complete,
and propagation of varieties selected by CIRAD
is under way.

-
oy

Mass production
of coffee
somatic embryos
in bioreactors

Ecophysiology

Since 1999, CIRAD, CATIE, a tropical agricultural
studies and training centre, and the coffee
research institute in Costa Rica have been study-
ing the physiological responses—photosynthesis
and transpiration—of coffee leaves in various pro-
duction systems and under different microclimatic
conditions. Moreover, sap flow and light inter-
ception measurements have enabled more accu-
rate characterization of water and light parti-
tioning between coffee trees and shade trees.
These measurements have confirmed the impor-
tance of branch position on the tree, cherry load,
water status of the coffee tree, and shading
intensity for coffee productivity and physical,
biochemical and organoleptic quality.

In 2001, a preliminary version of a model of car-
bon allocation within a coffee tree branch was
developed in conjunction with INRA, the French
agricultural research institute. The model simu-
lates the effects of shading, cherry load and cof-
fee tree water status on the production of assim-
ilates and on their distribution among coffee
cherries and the vegetative part of the growing
branch. This ecophysiological work is due to be
stepped up over the next four years, through a
European project launched at the end of 2001.

© H. Etienne
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Quality in Laos

On the Bolovens Plateau in southern Laos, strad-
dling the provinces of Champassak and Saravane,
30 000 hectares of good volcanic soils between 800
and 1 200 m above sea level have been planted
with Robusta, Arabica and Excelsa coffee, prima-
rily by smallholders. Favourable agronomic con-
ditions on the Bolovens Plateau enable high qual-
ity Arabica production, and for this reason a
research and development operation has been
launched to prove that growers can work together
to produce coffee with a high added value. This
operation fits in with the move to develop com-
modity chains that combine the concepts of fair
trade and quality, bringing together stakeholders
and researchers, whose role is to come up with the
necessary methods in terms of genetics, ecology,
technology and organizational support.

The project, which was launched in 1999 with
funds from AFD, the French development body,
enabled smallholders to work with an exporter to
prepare 9 200 kilos of parchment coffee beans
(before the dry skin has been removed mechani-
cally) that were subsequently exported to
Malaysia as green coffee beans. In 2000, samples
were shown to a French buyer with access to a
specialized market. Numerous growers have
expressed an interest in the operation and the
opportunities it offers.

In 2001, 16 200 kilos of green coffee were
purchased at a farm-gate price of 12 000 Kips
(US$1.90) per kilo. If smallholders keep up their
hard work, Laotian Arabica coffee should soon
be able to rebuild its lost reputation. m

Removing coffee
pulp in Laos
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Coconut

Carbon sequestration

Carbon sequestration in coconut plantations is cur-
rently being studied in Vanuatu under a project
involving CIRAD, VARTC, INRA, the French
development-oriented research organization IRD,
the French scientific research centre CNRS, and the
University of Franche-Comté. Total energy, water
and carbon flows in plantations are being meas-
ured continuously using the turbulent flows
method. The total annual carbon flow has been
compared with variations in reserves for various age
categories. The initial results have revealed very
rapid growth and high photosynthesis, but also high
ecosystem respiration. Daily carbon sequestration
is therefore moderate. On an annual scale, it could
nevertheless reach the exceptional figure of seven
tonnes of carbon per hectare per year, if climatic
conditions are relatively stable, water stress is lim-
ited and given the fact that coconut palm growth
is continuous.

Assuming a figure of US$10 per tonne of carbon,
an average yield of one tonne of copra per hectare
per year, and a farm-gate price of US$ 171 per
tonne of copra, the income from carbon seques-
tration could thus provide an additional 40% in
income compared to that obtained from copra pro-
duction alone, although the figure would be lower
if only the real certifiable share of carbon seques-
tration were taken into account. Coconut oil can
also be used as a biofuel, to replace diesel: it takes
about five hectares of coconut to produce enough
oil to run a car for 20 000 kilometres a year.

Coconut micropropagation

CIRAD is working with IRD on coconut in-vitro
micropropagation techniques, since cloning
should enable the distribution of high-yielding
genotypes resistant to the main diseases. However,
despite the progress made, further work needs to
be done on somatic embryo germination and in-
vitro plantlet vigour before the technique can be
applied on a large scale.

© O. Roupsard

The main partners in the coconut sector are preparing to launch a global,
development-oriented, coconut research programme. Five main research
topics have been chosen: genetic resources management and varieties
improvement; pest and disease control; coconut-based farming system
productivity and sustainability; end-products and processing; and socio-
economic issues. From the outset, CIRAD has played an active part in this
initiative, which fits in with the approach of the Global Forum on Agricultural

Research (GFAR). It has contributed its long-
term view of the sector, in-depth knowledge
of the people and places involved,

and high-level scientific and technical
expertise. CIRAD has also made a substantial
contribution in several fields, including
carbon balance in the farming system,
integrated pest and disease control,

and coconut in-vitro culture.

A groundbreaking global research
programme on coconut lethal yellowing,
which is likely to be supported by

the Common Fund for Commodities (CFC),
has been announced.

Carbon and water

flow measurement

tower in an adult

coconut plantation
¢ in Vanuatu

In an attempt to overcome these difficulties,
CIRAD is working with recently acquired data on
model plants. Genes known to control cell divi-
sion and cauline meristem establishment, and
functioning in Arabidopsis, have been isolated in
coconut, and how they express themselves in
varying culture conditions is currently being stud-
ied. In 2001, work was done in the programme
in collaboration with CICY, the Mexican scientific
research centre; this included the hosting of a post-
doctoral student and a researcher.
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Cryopreservation of genetic resources

Coconut is primarily conserved in regional field
collections, which means there is a high risk of
genetic erosion. This conservation method makes
germplasm exchanges between producing countries
extremely complicated. The joint IRD-CIRAD
team is currently working with CNRA in Cote
d’Ivoire on cryopreservation techniques, in the hope
of overcoming these difficulties. The work aims to
optimize the embryo plumule encapsulation and
drying procedure. In view of the growing threat of
eradication of regional collections such as the one
in Cote d’lvoire, studies will be carried out on the
risks of transmission, via embryos, of the phytoplasm
responsible for lethal yellowing. The French
Genetic Resources Bureau (BRG) has provided
funding for the programme. =

Water and carbon functioning

The plant components of rubber-based farming
systems store and recycle carbon, water and min-
erals. A global ecophysiological approach needs
to be taken to optimize resource use, prevent
competition and increase farming system prof-
itability.

To successfully market wood from rubber trees
necessitates developing crop management
sequences that ensure a better balance between
tree growth and latex production, since tapping
rubber trees creates a new metabolic sink and
results in competition for hydrocarbon assimilates
and water, thus slowing growth.

The first stage of the research launched in Thai-
land in 1999, in conjunction with INRA, RRIT and
Kasetsart University, and with the support of the
French Ministry of Foreign Affairs, set out to quan-
tify carbon and water flows within rubber trees,
with a view to developing an explanatory model

© B. Malaurie
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Coconut plumule
germination after
cryopreservation

Against the backdrop of the current rubber crisis, CIRAD organized

a seminar during the International Rubber Research and Development Board
(IRRDB) annual meeting on what biotechnologies have to offer the crop.
Eighty people from ten producing countries participated. The 23 papers
presented gave an overview of global research on biotechnologies applied

to rubber. Significant progress has been made on developing somatic
embryogenesis and genome study tools. Several possibilities for collaboration were

discussed, particularly with Malaysia.

A biotechnology group has now been

set up under IRRDB, to be coordinated

by CIRAD.The Rubber Programme

has stepped up its operations in Thailand

by seconding a third physiology

and biochemistry researcher to Kasetsart
University, to work with the Rubber Research
Institute of Thailand (RRIT) on rubber quality
variability.

of how tapped rubber trees function. The water
supply to young potted rubber plants was con-
trolled, to determine the effect of water stress
on carbon assimilation and to estimate the
consequences for growth during the non-tapped
juvenile phase, using two clones with different
structures.
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To understand the relationship between tapping
and overall functioning, carbon consumption
through respiration at trunk level on adult trees
is being measured using scientific apparatus
developed by INRA. In
addition, metabolic activity
and sucrose mobilization
in the latex vessels, and
starch storage and reserve
mobilization in the wood
as a function of varying
degrees of tapping intensity
are being monitored at an
RRIT station. The initial
results suggest that su-
crose accumulates outside
the area directly drained by
tapping, and that the latex
tissue metabolism is acti-
vated over a large area of
the trunk.

These data should enable
an analysis of production
variations depending on
tapping panel manage-
ment. Removal of entire

. £ trees, aimed at quantifying
Measuring . total biomass increase
respiration and o . ) '
TlEevETEeTE at different points of the
i clemEEr o tree, showed that the

usual methods underesti-
mate the biomass of the
most commonly grown
clone in Thailand, and
that the clonal types most suitable for wood pro-
duction are not necessarily those that produce the
most biomass.

Specific promoters

A start has been made on cloning the promoters
specific to latex tissue or that may be induced by
biotic and abiotic stress, with a view to optimiz-
ing the expression of the genes due to be intro-
duced into rubber by genetic modification.
Selecting the right specific promoters for the
intended application helps to control the spatio-
temporal expression of transgenes more effectively
than constitutive promoters, which are often crit-
icized. Two types of promoters have now been
cloned from genes expressed in the latex cells of
producing trees: glutamine synthetase genes,
which are induced prematurely by ethylene, and
hevein genes, which are potentially specific to
latex cells and are over-expressed as a result of
opening of cuts and ethylene. A promoter specific
to latex cells would optimize transgene expres-
sion in latex without disrupting the plant as a

whole. Promoters induced by ethylene are use-
ful in optimizing transgene expression under
intense tapping conditions, since latex production
is often stimulated using ethylene treatments.
The promoters isolated and cloned upstream of
the GUS reporter gene are to be analysed in rub-
ber, initially using transgenic callus lines until
modified plantlets can be regenerated. They are
currently being analysed in model plants: rice and
Arabidopsis. The initial results have confirmed that
the promoters are functional in rice, which could
make it possible to extend their application to
plants other than rubber.

Modified callus lines

A Hevea brasiliensis genetic modification tech-
nique is currently being developed to provide a
way of studying latex cell functioning by modi-
fying the expression of genes involved in latex pro-
duction. This work will help to identify target
genes for improving commercial clones by
genetic modification.

The genetic modification procedure consists of an
initial stage leading to the establishment of mod-
ified friable callus lines, followed by transgenic
plant regeneration through the somatic embryo-
genesis technique. The work done in conjunction
with Kasetsart University and RRIT in Thailand
identified the neces-
sary conditions for
obtaining friable callus
lines modified by
Agrobacterium tume-
faciens. The technique
is currently being
tested at CIRAD, with
the aim of regularly
obtaining lines to be
used to regenerate
transgenic plants. Also
being used are new
transformation vec-
tors, which include
worthwhile promoters
enabling either spe-
cific expression at
latex tissue level, or
expression that can be
induced by ethylene.
Furthermore, main-
tained callus lines mo-
dified wusing various
candidate genes are being created with a view to
an early study of the regulation of gene expres-
sion and the metabolic impact of these modifi-
cations. This will make it easier to identify target
genes for improving rubber productivity. m

Inoculating
calli with
Agrobacterium
tumefaciens

© P. Montoro
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Oil palm

Commodity chain liberalization

The oil palm sector in Céte d’lvoire was privatized
in 1997 after 30 years of State management. The
operation culminated in a buyout of the State-run
management company by three private groups, and
in a clearly expressed wish on the part of the gov-
ernment to promote professional growers’ organi-
zations.

This overhaul of how the different players are coor-
dinated, combined with the world price slump, has
resulted in conflict between growers and millers,
particularly over the oil palm bunch price-fixing
mechanism and the transfer to growers of services
for which agro-industrialists are still responsible for
the time being. It is now essential to clarify the new
commodity chain management rules and set up
new negotiating forums, in order to reach new
compromises.

CIRAD and the University of Bouaké are working
to organize the commaodity chain following priva-
tization, with a view to investigating research top-
ics such as: the consequences of the new types of
contract-based operations for smallholder pro-
duction management; the interface between local
markets and processing industries; stepping up
cooperative operations; and economic and socio-
logical analyses of the mechanisms for negotiating
and establishing rules and regulating the sector.

Oryctes rhinoceros trapping

Oryctes rhinoceros is the most seri-
ous pest in oil palm and coconut
plantations. Adults mine galleries
at the base of the central leaves,
resulting in slower growth and
sometimes even Kkilling young
palms. Research has recently
been conducted under a European
project to attempt to reduce pest
population levels by mass olfactory
trapping using a pheromone and
plant odours.

©J.-P. Morin

The Oil Palm Programme is now working to establish contract-based links
with public- and private-sector partners throughout the commaodity chain.
Such a move has increased awareness of the programme’s activities outside
CIRAD and has stabilized its partnerships by placing them within

a 20- to 30-year time frame. Research operations thus now have access

to large-scale experimental networks with long-term guarantees.

These renewed partnerships are based on contractual tools that are crucial in ensuring

competitive commercial activities. As regards
seed production and sales, such agreements
class CIRAD as co-breeder of the plant
material, a status warranted by its substantial
intellectual and financial investment.

They also clearly define how income is

to be shared fairly between partners, through
a system of royalties due to the co-breeders
and of sharing the profits from improved
planting material sales.

Affected palms are colonized in isolation, by
either male or female pests. Studies of old wood
and rotting plant debris confirmed that the
insects arrive on this plant matter and then group
together to mate and lay eggs. The pheromone
released by the males encourages colonization.
These observations were used to improve pest
trapping by combining the pheromone with rot-
ting empty bunches from palm oil mills. The
resulting synergy doubled or even trebled captures
compared to the pheromone alone. Pending the
development of an entirely synthetic attractant,
which is currently being researched, this result has
boosted the usefulness of mass trapping. Spatio-
temporal studies are to be conducted with a view
to understanding the effect of attractants on plot
colonization and assessing the efficacy of trapping
in reducing attacks on young palms.

Ganoderma resistance

Oil palm basal stem rot, which is caused by Gan-
oderma sp., results in increasingly severe yield
losses over successive crop cycles in Southeast
Asia. The field results obtained suggest that there
are significant differences in performance from
one genetic origin to another. Deli material is
generally susceptible, while the La Mé and
Yangambi origins have a degree of resistance.
Elaeis oleifera x E. guineensis interspecific
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Oil palm

. with basal

stem rot

hybrids show few symp-
toms, even in highly con-
taminated zones. These
results are due to be used
to rule out sources of high
susceptibility, establish a
breeding strategy and
supply the range of refer-
ence crosses required to
develop an early suscepti-
bility test.

CIRAD has embarked upon
a joint research programme
with two private planting
companies in Sumatra.
One, Pt Socfindo, is now
beginning its fourth crop
cycle, and is facing phy-
tosanitary problems that
foreshadow those likely to
be seen through Southeast
Asian palm plantations in
the next ten to twenty
years. The Pt London Suma-
tra planting company is
already heavily involved
with research on Ganoderma, through Bah Lias
Research Station.

© H. de Franqueville

Clone conformity

The scaling-up of micropropagation by somatic
embryogenesis is currently hindered by the
occurrence during in-vitro culture of a
somaclonal variation known as the mantled
abnormality. Such plants have an abnormal
floral architecture that can result in reduced oil
yields. As the mantled character is reversible and
is passed on in a non-Mendelian way, molecular
studies have been conducted of genome expres-
sion in cells produced in vitro, with a view to
identifying markers of true-to-type and abnormal
tissues.

Under a project co-funded by the Malaysian Palm
Oil Board (MPOB), the RT-PCR differential display
technique has been used to identify several genes
whose expression is modified in relation to clone
conformity status. One of these genes, EGAD1,
codes for a protein from the plant defensin fam-
ily. Excess accumulation of transcribed RNA of
gene EGADL1 has been observed in variant in-vitro

cultures at the callus stage, compared to true-to- :

type cultures. CIRAD and MPOB recently took out
a patent on these promising results, which are due
to be used to develop an early clone conformity
test, so as to eliminate variant plants before field
planting, and to perfect the micropropagation
procedure.

©).-P. Caliman

Byproduct composting

Milling oil palm bunches results in large quanti-
ties of byproducts, including one tonne of empty
bunches and three tonnes of effluent per tonne of
oil. CIRAD has been working for several years
now, in conjunction with PT SMART in Indone-
sia, on using these mineral-rich organic byprod-
ucts in plantations to ensure more efficient, envi-
ronment-friendly, oil palm growing operations.
Composting is an attractive alternative if growing
conditions prevent direct use of fresh products in
the field. It reduces empty bunch volume by 80%
and their initial weight by 55%, which makes for
easier transport and handling.

Experiments conducted on various scales have
helped to identify the optimum conditions for
composting: initial inoculation with ripe compost
and regular watering with effluent to maintain a
60% moisture content. These two compounds also
provide nitrogen-rich matter that stimulates the
microorganisms responsible for composting.
Application doses and frequencies have been
determined for every stage of the procedure.
Watering reinforces the effect of regular turning
to control windrow temperature.

Compost is an excellent substitute for the inor-
ganic fertilizers generally used at every stage of
oil palm cultivation. Depending on how long the
plant matter is left to compost, the end product
can be used for various purposes: very ripe com-
post in the nursery for rapid uptake and less rot-
ted compost in the field, where a slower, more sus-
tained effect is required. m

Small-scale
compost




priority areas to meet changing market demand and consumers’ needs, while
it addresses environmental issues and adjusts its programme to the ever-evolving
fruit and vegetable sector in both the North and the South.

N ew or strengthened strategies have been adopted by the department in several

Portraying the nutritive value, sensory and aromatic properties of fruit and vegetables,

and preserving the gquality of this produce by conservation and transformation processes
is also a top priority.

The aim is to respond effectively to the rising concern of consumers in developed
and developing countries to benefit from a healthy balanced diet. Macronutrients are
essential for human health, and nutrition specialists are how, to an increasing extent,
stressing the importance of micronutrients. Fruit and vegetables that contain these vital
elements, however, still do not sufficiently fulfil food security needs
in the developing world.

Structural and functional genomics research is another
key priority of the department, focusing specifically
on disease resistance, enhancing fruit quality,
and understanding the pathogenic mechanisms
: of viruses in the banana genome.
F ru It an The department’s teams have established
a world reputation in this research field.
h t- It I Many field teams are also striving to promote
Or I Cu u ra sustainable agriculture in order to strike
a balance between agri-environmental
congerns and market requirements in terms
C rO pS of product quality and competitiveness.
Users should be able to benefit directly
from the research innovations by adopting,
sustainably integrating and using these research
products in their traditional systems. This is
the thrust of meetings that are organized regularly
with stakeholders of the different subsectors.
For instance, the September 2001 professional
meeting provided an opportunity to present the
department’s research results to its agricultural processing

industry partners, and to promote interaction between
its scientists and those who use the innovations.
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Dissemination of hybrid pineapples

Hybrid pineapples—several ornamental vari-
eties and one fruit variety—are now being dis-
tributed to private growers. This hybrid bears
attractive firm-fleshed fruit that ripens uniformly
and is very sweet, with a pleasant taste and a high
vitamin C content. The first harvests of these
pineapples should be marketed in 2003. The
ornamental varieties are cherished for their
beautiful flowers, and are already being marketed,
chiefly in northern Europe.

Pineapple production
and food security

Recent crises that upset various agricultural
sectors prompted high consumer demand for safe
foods and, at the same time, the adoption of strict
European Union (EU) regulations limiting pesti-
cide residue levels in foods. Most residue levels
for several tropical food products were hastily
set at the detection threshold due to a lack of
available scientific data.

This decision will limit the export potential
for many fruit and vegetable products. The pine-
apple subsector is seriously affected by this situ-
ation because of the widespread application of
etephon treatments to enhance fruit colour. A
research project, funded by the Central Pineap-
ple and Banana Producers and Exporters Organ-
isation (OCAB) in Cdte d’lvoire, has been set up
to assess this issue. The experimental results high-
lighted the complexity of this problem. It is impor-
tant to offset treatment efficacy—climatic condi-
tions, input application techniques, manuring, and
individual fruit weight are crucial factors that
determine treatment success—with taste quality
and minimal chemical residue concerns. The
studies revealed major problems that the EU
legislation overlooks, especially with respect to
the validity of treatment dosages, individual
variability, and analysis methods.

The results will help to draw up a code of good
agricultural practice and new EU standards

© C. Teisson

Banana, plantain and pineapple

Bananas, plantains and pineapples are chiefly produced by smallholders
for domestic and regional markets and home consumption, with only
around 10% cropped intensively for export. In the West Indies and Africa,
the banana, plantain and pineapple programme is developing environment-
friendly cropping systems that will enable export-oriented stakeholders to meet

the market demand for healthy top quality
produce.

In West and Central Africa, the programme
has a partnership with CARBAP, the regional
African centre for research on bananas

and plantains based in Cameroon, to meet
the needs of a growing local urban
population and to help boost the income

of small-scale growers. The programme

is also involved in cooperative projects

with some countries in East Africa, the Indian
Ocean region, Latin America and the West
Indies.

Luciana
pineapple

that should address the interests of both pineap-
ple growers and consumers. The experience
gained on this specific topic could ultimately be
applied to other produce.
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Pineapple germplasm

CIRAD’s pineapple germplasm collection has been
based in Martinique since 1985 and currently
hosts more than 600 accessions. There is a sub-
stantial quantity of collected data that have been
underused because they are recorded in a vari-
ety of forms. CIRAD compiled a pineapple gen-
etic resource database to counterbalance this
situation, and an evaluation version of the data-
base was released in late 2001.

Each accession in the database can be identified
by its passport (origin, collection location), a
unique number, its name and botanical classifi-
cation. Highly heritable qualitative traits, which
are easy to observe and relatively unsusceptible
to environmental conditions, are recorded
individually. Quantitative yield traits and bio-
chemical characteristics of fruit can be altered
by environmental conditions. A series of points
are thus recorded during each measurement cycle.
An observation reliability indicator is tagged
to each trait and can serve as a search filter.
Database users have various display options: a
condensed or extended inventory, per-accession
description files, and photographs. These can
be selected according to the field of interest, eg
genetics, breeding, development and training. The
software also offers a wide range of search options.
In addition, the International Plant Genetic
Resources Institute (IPGRI) is building a database
with information derived from all pineapple
germplasm collections worldwide. It will be
possible to exchange standardized information
on pineapple accessions between databases.

Dissemination of badnavirus-free
banana varieties

Symptoms induced by the banana streak virus, the
badnavirus responsible for banana streak virus
disease, can ultimately lead to complete plant
dieback. The Planoccocus scale insect is the
natural vector of this badnavirus. Several
research teams, including two virology teams
from CIRAD (CIRAD-AMIS and CIRAD-FLHOR),
recently discovered that badnavirus sequences are
contained within the genome of banana varieties
with Musa balbisiana chromosomes. These vari-
eties can develop the disease simply when
stressed, without coming into direct contact with
the virus.

CIRAD decided to avoid the risk of widely dis-
seminating the disease by halting the release of
Musa acuminata x Musa balbisiana hybrids with
integrated sequences of the virus. A multidisci-
plinary research programme was also set up with
the aim of investigating genetic and molecular

©T. Lescot

BEGEGENEE
with banana
streak virus

factors controlling the activation of these inte-
grated sequences and assessing the risks associ-
ated with releasing plants containing virus
sequences.

In addition, new hybridization schemes using only
diploid M. acuminata parents that do not contain
virus sequences are being investigated. CIRAD
should benefit from the results of this programme,
thus enabling it to release certified disease-free
hybrids that have shown resistance to leaf streak
diseases, considerable agricultural potential,
and high postharvest fruit quality.

This was a highly commendable CIRAD research
operation: baseline upstream research was under-
taken to address the need for disseminating new
hybrids.

Banana quality

A molecular physiology study on banana was
initiated in Guadeloupe in early 2000 to gain a
thorough understanding of the molecular mech-
anisms involved in fruit ripening in association
with quality.

CDNA proteins are implicated in key ripening
processes. They can be detected and character-
ized through analyses of gene expression and
complexity. They are then validated as candidates
to screen for molecular markers of fruit quality.
These more targeted markers will supplement the
existing set of random markers.

Current research is geared to assessing aspects
of the biosynthesis and transduction of the signal
for ethylene, ie the hormone that initiates and
controls certain banana ripening and quality
buildup mechanisms. CDNAs encoding two
key enzymes involved in ethylene biosynthesis,
and two new cDNAs encoding ethylene receptors
were isolated and registered with the numbers
AF445195 and AF445196 in the genebank. m
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Environment-friendly
banana production

A major goal of commercial banana industry
stakeholders is to address their economic and
environmental challenges as effectively as possi-
ble. Scientists and growers are working hand-
in-hand to come up with technical solutions
adapted to specific environmental conditions.
Studies are under way on reducing tillage to con-
trol erosion, on the use of yield and pollution indi-
cators to optimize fertilizer applications and pest
control treatments, on water resource manage-
ment, and on promoting an early warning system
to control fungal diseases of banana leaves in sup-
port of banana growers. Pineapple-banana and
sugarcane-banana rotations are being evaluated,
especially with respect to their capacity to
cleanse soil of banana nematodes and to their
impact on restoring organic soil fertility.
Chemical control can be adjusted to pest infection
levels in banana plantations by monitoring num-
bers of weevil pests caught in pheromone traps.
New biological control strategies are being
assessed that combine trapping and application
of nematodes and entomopathogenic fungi.
Projects have been set up with the aim of exe-
cuting agri-environmental measures via sustain-
able practices: development and monitoring of
contrats territoriaux d’exploitation for mountain
bananas in Guadeloupe, technical specifications
for organic agriculture, fostering a quality assur-
ance label for fair-trade bananas, etc. All stake-
holders in this subsector are promoting these new
practices and striving to make efficient commer-
cial use of the innovations.

© M. Dorel

© M. Dorel

+ Erosion caused
by intensive
cropping techniques
in banana plantations
in Guadeloupe

Tillage

In Guadeloupe, soils in banana plantations are
being destructured as a result of intensive culti-
vation practices. The programme assessed the
impact of mechanized practices on the physical
characteristics of recent volcanic soils. The soil
profile was characterized by highly contrasting
horizons: compact structures with low macrop-
orosity and hydraulic conductance, next to
loose fragmented structures with high conduc-
tance.

For nonmechanized tree cropping, the soil pro-
file seems to be favourable for lateral rooting with-
out any sharp structural discontinuities. Running
machinery through the rows during cultivation
will compact the interrow soil, thus hampering lat-
eral root growth. Soil compactness was measured
under controlled conditions and the results indi-
cated a marked reduction in banana plant bio-
mass, root density and the length of primary roots.
Also studied were banana rooting patterns and soil
water use at two tillage depths. Based on exper-
imental data, a simulation model was used to
assess the effect of the physical soil status on
banana crop functioning.

Technical guidelines were drawn up that take into
consideration differences in soil-climate condi-
tions in banana plantations throughout Guade-
loupe. They recommend limiting or even halting
tillage in banana plantations, especially for
highland andosols. The guidelines seek to opti-
mize banana root system functioning while
sustainably preserving soil fertility. m
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Fruit trees

Citrus greening in Vietnam

Citrus greening (Huanglongbing) is a highly
destructive bacterial disease of citrus that is spread
by grafting or via psyllid insect vectors. In Asia,
the lifespan of citrus trees is sharply reduced to
just 6-8 years by this disease, which means they
only bear harvestable fruit twice or thrice at most.
Citrus greening management is complex. Some
preventive techniques are recommended: isolat-
ing sites where citrus orchards are planted or being
rehabilitated, and destroying infected trees as early
as possible. Moreover, growers should only
plant healthy citrus trees, while efficiently con-
trolling the psyllid vectors.

Citrus greening is a serious problem in Vietnam.
The Vietnam Agricultural Science Institute
(VASI) and the National Institute of Plant Protec-
tion (NIPP) are thus collaborating directly with
CIRAD in a citrus greening research project, with
the involvement of the Australian Centre for Inter-
national Agricultural Research (ACIAR).

Three main citrus greening management strategies
have been developed. Currently, the most
important one is to crop citrus in regions where
conditions are unsuitable for the disease. Man-
agement strategies rely chiefly on preventing
spread of the disease into uninfected areas, espe-
cially by supplying growers with healthy plant
material while implementing preventive control
measures throughout the crop cycle. Research is
also under way to determine efficient ways of con-
trolling the psyllid insect vector and focusing cit-
rus breeding programmes on obtaining greening-
resistant varieties.

Research in Brazil

Consumers worldwide are seeking safer foods. In
Brazil, various aspects of this problem are being
investigated: improving fruit processing tech-
nologies, ensuring the sensory and nutritional
quality of fruit products, and assessing the
effects of current processing techniques on end-
product quality. A large-scale project is under
way with the collaboration of several Brazilian

©P. Cao Van

Fruit is an essential source of nutrients for consumers in both developed and
developing countries. The fruit trees programme conducts research on citrus
fruit, mango and fruit diversification based on a thorough understanding of
cropping systems, market trends and consumer preferences. Citrus and mango
account for 80% of all fruit produced in hot regions, so they are major

components in the fresh and processed fruit
subsectors.

Research on fruit diversification is geared
to the replacement of major cash crops
and to tapping the full potential of new
products. The programme’s research

is organized around hubs of expertise

and networks, while focusing on

the integrated development of fruit
subsectors, matching supply and demand,
and developing innovative end products
that can be readily adopted by industrial
stakeholders.

Training

in Huanglongbing
symptoms

in Vietham

R&D institutions (EMBRAPA, FRUTHOTEC, IEM,
UNICAMP), as well as CIRAD, the Technical Cen-
tre for Agricultural and Rural Cooperation (CTA),
CNRS, the French scientific research institute,
Brazilian and French universities, and private
stakeholders.
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In 2001, a research project was initiated in
Nordeste state, in collaboration with EMBRAPA,
the Brazilian agricultural research institution, to
find effective ways of preserving mango quality.
Postharvest mango physiology is being investi-
gated, especially in conjunction with modified
atmosphere studies.

Another study, which brings together several
Brazilian institutions (EMBRAPA, CENARGEN,
CPAAF, INPA, FUNAI) and universities, IPGRI and
CIRAD, is under way to enhance the environment-
friendly use of fruit germplasm of the Amazon
Basin, while also promoting sustainable family
farming systems. The initial work involves draw-
ing up an inventory of fruit species and how they
are consumed by local people. The species will
then be collected and their morphological and
molecular diversity analyzed. They will also be
assessed in terms of their agricultural and tech-
nical performance, their in-situ preservation and
their potential development for local consump-
tion as fresh and processed products.

Citrus canker, caused by Xanthomonas axono-
podis pv. citri, is a bacterial disease that occurs
in most citrus-growing regions throughout the
world. CIRAD has been investigating this prob-
lem in collaboration with FUNDECITRUS, a
private Brazilian research centre, since 2000.
Xanthomonas strains present in Sdo Paulo state
have already been characterized. These results
will be used to develop tools for early diagnosis
of this disease and to adapt control techniques.

Cashew production

Cashew is the top export product of Mozambique.
It constituted 22% of export revenues in 1996 and
16% in 1998, and accounts for 4-5% of the gross
domestic product. However, national cashew pro-
duction has dropped from 216 000 tin 1971-1972
to below 50 000 t annually. The stakeholders of
this subsector include more than 400 000 grow-
ers, 2 000 traders and 8 000 craftspeople.
Mozambican authorities are striving to double
cashew export volumes by stimulating production
of this crop through a large-scale project set up by
INIA, the Mozambican agricultural research
institute, and funded by AFD, the French devel-
opment agency. CIRAD was asked to conduct
downstream research over the next 4 years, within
the framework of this project, to enhance cashew
productivity and quality. Promising results are soon
expected in a cashew breeding programme and in
a project devoted to developing cashew cropping
systems that preserve soil fertility within mixed-
crop family farms. Discussions are now focusing
on updating the regulatory system that controls the
cashew industry in Mozambique.

© C. Didier

Grafted
cashew plants

Flash vacuum-expansion of fruit

As an alternative to traditional blanching-grind-
ing processes, the vacuum flash-détente® (flash
vacuum-expansion) process involves steam-
heating the plant material (fruit, vegetables) at
60-90°C, and then rapidly placing it into a
vessel under high vacuum (30-50 mb). During
vacuum expansion, sudden evaporation of a frac-
tion of the constituent water (about 10%) disin-
tegrates the plant tissues and intercellular
microchannels are formed. After a refining step,
juices and pastes produced from purple passion
fruit, mango and lemon by this novel strategy have
unique features as compared to products
obtained by traditional processes. They have a
much better consistency and viscosity.

The cell wall content of the end products is higher
because part of the outer rind of the fruit is
included. The products have a paler or more
intense colour because whitish tissues (albedo) or
colour molecules (anthocyanic pigments) from the
fruit rind are preserved. Lemon pastes produced
by this technique are more bitter than those
obtained by conventional processes.

The flash-détente® process has also been
applied to extract essential oils from citrus peel
(lemon, sweet orange, mandarin and grapefruit).
Essential oil yields were comparable to those
obtained by conventional processes. Oils
extracted by the flash-détente® process were found
to be enriched in terpene hydrocarbons and
impoverished in oxygenated compounds as
compared to cold-pressed oils. This promising
novel process is now being tested in partnership
with stakeholders in the food processing indus-
try to further assess its potential and improve
active molecule extraction. m
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Vegetable quality in Asia

Vegetable quality is an increasing concern of
urban consumers in Southeast Asia. Leafy veg-
etables, choysum (Brassica rapa cv. Choysum) and
Indian mustard (Brassica juncea), for example, are
very popular among consumers in Vietnam. This
produce has a short shelf life, so they are grown
throughout the year close to urban areas. Fertil-
izers and pesticides are required to reduce the
length of the cropping cycles. Consumers, on the
other hand, want to be guaranteed that the prod-
ucts are fresh and safe. How can pollution risks
be reduced? Agronomists from the Vietnamese
Research Institute on Fruits and Vegetables
(RIFAV), in collaboration with scientists from
CIRAD and the Asian Vegetable Research and
Development Center (AVRDC), were delegated to
address this complex question. The analyses of
cropping practices are focused on nitrogen fer-
tilizer application and pesticide treatments.
Experiments will be conducted at the research sta-
tion and in farmers’ fields with the aim of draw-
ing up technical guidelines that account for sea-
sonal variations in pest populations and former
cropping conditions (traditional techniques, soil
status, etc.). To study nitrogen fertilizer manage-
ment in tropical vegetable cropping systems,
CIRAD has developed a partnership with INRA,
the French agricultural research institute, and with
the Strategic Initiative on Urban and Peri-urban
Agriculture (SIUPA). The latter, a group of several
institutions under the umbrella of the International
Potato Center (CIP), is involved in all of the
research under way in this field.

Somatic embryogenesis in garlic

As part of an EU project entitled Garlic and
Health, CIRAD is focusing on developing new
techniques for rapid large-scale propagation of
healthy garlic plants. A procedure involving
somatic embryogenesis, germination of mature
embryos, and conversion into plantlets has been
developed.

Horticultural crops
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The horticultural crops programme conducts research on a broad spectrum
of crops, market garden produce, flower and aromatic plants—areas with

a considerable economic potential. In developing countries, these products
account for a major share of supplies to domestic urban and regional markets.
Research currently under way on vegetables is multidisciplinary, which reflects

the complexity of food security and farm
sustainability problems that are being
addressed. Hence, in humid tropical areas,
studies are focused on soil nitrogen

and biomass management, and on integrated
control of bacterial, fungal and viral
pathogens, and on commodity marketing
channels and innovation technology transfer.
The programme is also involved in research
on sustainable diversified cropping systems
in the French overseas departments

and territories, and on the development

of horticultural crop production for export.

Thong Khan
market
in Vientiane

Four garlic cultivars that are representative of the
diverse physiological groups of garlic grown in
Europe and the tropics have been tested.
Somatic embryos of each of these cultivars were
regenerated from embryogenic calli on agar
medium, with a rate of conversion into plantlets
of 40%.
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Bacterial wilt
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Improvements have been made for each phase of
the procedure. The improved method involves
establishing suspended cell cultures for each
cultivar using embryogenic nodular calli or friable
calli. The behaviour of the resulting embryos, when
observed on an agar embryo regeneration medium,
resembles that of embryos derived from calli.
Moreover, the plantlet conversion rate from
nodular or friable calli was found to be higher than
that obtained with embryogenic calli.
Histological studies also highlighted the unicellular
origin of somatic embryos. The true-to-typeness of
regenerated plants was assessed in comparison
with plants propagated conventionally from
garlic cloves. Flow cytometry analyses demon-
strated that 265 plantlets derived from embryos
propagated by this new procedure were diploid,
like the four in-situ propagated controls.

This method is highly reliable in terms of gener-
ating true-to-type plants. INRA is also conducting
field tests to assess this new material.

Bacterial wilt

Bacterial wilt, caused by
Rastolnia solanacearum,
is detrimental to many
different crops, especially
vegetables (Solanaceae),
in the tropics and sub-
tropics. A thorough under-
standing of the host
plant-bacteria complex is
necessary to be able to
develop efficient inte-
grated control methods.
The department used
molecular tools to assess
the genetic diversity of
R. solanacearum by probing different regions of
the genome. The species was divided into two
subspecies, ie R. s. asiaticum and R. s. ameri-
canum, on the basis of the geographical origin of
the strains, and this new classification was con-
firmed. However, recent studies carried out in Réu-
nion, and in collaboration with Australian spe-
cialists, revealed that African and Indonesian
strains differ from the subspecies noted above.
Classifications into five races and six biovars
remain in force, but only partially match the clas-
sification into large groups. The situation is unique
in Réunion since three populations are present
that belong to two major races and to three major
biovars.

An efficient tool was developed to detect the
bacteria in different media (water, soil, plants)
and identify genetic variants (biovars 1, 2, 3 from
Réunion). This tool should facilitate studies
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aimed at improving preventive control and
breeding resistant varieties.

Bacterial populations were monitored two at a
time to assess their interactions. At incubation
temperatures above 25°C, biovars 1 and 2 did
not compete with biovar 3, whereas at cooler
temperatures biovar 2 seemed more efficient.
Behaviour tests carried out with Solanum
tuberosum hybrids and the wild-type S. steno-
tonum, obtained by protoplast electrofusion, accli-
matized and installed under a shelter, confirmed
the resistance of hybrids to the race 1 strain. They
were, however, found to be relatively susceptible
to the race 3 strain, like the wild parent.

Processing vanilla

Vanillin is quantitatively and qualitatively the main
component of vanilla flavouring. When vanilla
pods are harvested, vanillin generally occurs as
glucovanillin, its glycosylated precursor. Gluco-
vanillin has no olfactory features and must be
enzymatically hydrolyzed by an endogenic b-glu-
cosidase to give rise to vanillin. Vanillin yields
obtained via conventional glucovanillin hydrol-
ysis processes are relatively low, ie around 40%
of the green pod potential.

CIRAD, in partnership with a French private
vanilla flavouring manufacturer, initiated studies
on vanillin biosynthesis with the aim of increas-
ing the yield of this process. A two-year labora-
tory study on the vanillin precursor and on the
associated enzymatic system highlighted a sub-
stantial potential for increasing vanillin yields from
pods during hydrolysis. In 2001, several vanilla
processing techniques were tested at a pilot site
in Madagascar. m

7 Freshly
harvested
vanilla pods



This generally involves the intensification of livestock production while

Q nimal production must be increased in response to growing consumer needs.
dovetailing these objectives with other farming concerns.

Potential detrimental impacts on the environment and marginalization of small livestock
farmers are serious risks that have to be considered in any intensification initiative,
within the context of increasing consumer demand for top quality safe food products.

In 2001, a livestock production intensification project was initiated in Vietnam, as part

of a new research thrust, and CIRAD's dairy production research group boosted its field
interventions.

The animal health programme continued to focus on priority research themes
in collaboration with the Food and Agriculture Organization of the United Nations,
I’Office International des Epizooties (the world organization for animal health),
and on others for which CIRAD is an internationally recognized
reference centre. These include: trypanosomiasis, tick-borne
diseases, transboundary epizootic diseases,
and epidemiology.

The department invested considerably in a study
on health-environment interactions, especially
A . I with respect to emerging vector-borne diseases,
n I ma with joint involvement of the programmes
of rangeland and wildlife management
& and animal health. This included
prOd UCtI On investigations on epidemiological cycles

of these diseases and risks of their expansion

and Veteri nary wot?fg\?v%ee\./eloping and developed countries

Research on the management of pastoral
d & natural resources and animal biodiversity has
me eCI ne progressed substantially. Wildlife conservation,
management and productive use are the focal
points of different regional programmes,
and have led to the formation of several hubs of

research and expertise in Senegal and Burkina Faso,
while others are in the budding stage in Southeast Asia.

The department's ongoing training initiatives included
setting up new modules, within the framework of many different

partnerships with, for instance, the University of Montpellier and French
national veterinary schools.
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Ecosystem protection
and enhancement

The Long Term Ecological Monitoring Observato-
ries Network (ROSELT), which aims to contribute
to the implementation of the Convention to Com-
bat Desertification (1995), has been fully opera-
tional for two years. It is run by a consortium
involving CIRAD, IRD, the French institute of
development-oriented research, and the Sahel
Institute (INSAH).

North, West and East African countries have set
up observatories for scientific monitoring of the
environment and analysis of desertification mech-
anisms, with the ultimate aim of developing spe-
cific biophysical and socioeconomic indicators.
CIRAD's involvement chiefly encompasses the
fields of pastoralism, wildlife monitoring, and cor-
relations between ecosystem changes and social
dynamics, while actively participating in rejuve-
nating some observatories in the East Africa coun-
tries of Kenya, Ethiopia and Djibouti so as to
strengthen the African network.

In fragile ecosystems, livestock production is often
hastily blamed for being a major cause of natural
resource degradation. The Livestock, Environment
and Development Initiative (LEAD) is striving to
protect and enhance natural resources affected by
livestock production while alleviating poverty. In
2001, LEAD created a virtual research and devel-
opment centre (http://www.virtualcentre.org). Its
mandate is to promote multidisciplinary research
activities and increase awareness among key
stakeholders of the complex interactions between
human needs, animal production and global natu-
ral resource sustainability objectives. The website
is managed by FAO for the English version, CIRAD
for the French, and CATIE, the Costa Rican agri-
cultural research centre, for the Spanish.

PPZS, a regional research pole on pastoralism in
arid zones, was founded in Senegal with ISRA,
Senegal's national agricultural research institute,
the Ecology Monitoring Centre, Cheikh Anta Diop
University in Dakar, and CIRAD. It is analysing the
function of ecosystems and their use by pastoral

© B. Toutain

Rangeland and wildlife management

Complex long-term interventions involving many stakeholders are essential
for sustainable environmental conservation, land management and resource
use. Similarly, research strategies that mesh observations, measurements

and continuous multidisciplinary monitoring over long periods are required
to understand interactions involving wild and domesticated animal populations.

Interventions of the rangeland and wildlife
management programme in 2001 were

thus concentrated on multi-year international
projects undertaken jointly with other
scientific partners.

societies in arid and semiarid regions with the aim
of developing tailored interventions that could
enhance these systems. The natural and pastoral
ecosystems programme is coordinating this initia-
tive. Intervention strategies have already been
developed, information systems proposed and
decision-support methods tested.

The ECOPAS programme was created for the con-
servation and development of the W regional park
and neighbouring areas of Niger, Benin and Burk-
ina Faso. It was funded by the European Union
(EV) in 2001. CIRAD was asked to coordinate the
research. It will focus on: management of pastoral
activities; biodiversity resource inventory and
mapping; assessing ecological dynamics in pro-
tected areas, especially wildlife; natural resource
use; and impact of communities inhabiting areas
within the immediate vicinity of the park. The
project will host students from both developing
and developed countries.

Nigerian herd

on seasonal move
to new pastures
in Burkina
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Safeguarding biodiversity

An exceptionally diverse range of wild and domes-
ticated animals occur in mountainous regions of
Vietham. Two projects, funded by the French
Ministry of Foreign Affairs and FFEM, the French
fund for the world environment, and jointly coordi-
nated by CIRAD and Vietnamese and French part-
ners, were launched to preserve and make efficient
use of these genetic resources. Pilot initiatives are
under way in the poverty-stricken high plateau and
Annamitic cordillera regions, in conjunction with
authorities of four provinces, to synchronize zoo-
genetic resource management with sustainable use
of these resources. CIRAD's role is to supply scien-
tific expertise. The Ea So reserve, on the high
plateaus in Dak Lak province, has one of the last
patches of open woodland forest harbouring relic
populations of wild large Bovidae species, includ-
ing the gaur, Bos gaurus, and the banteng, Bos
javanicus. Their genetic features and variability will
be analysed with the aim of developing conserva-
tion policies for these species that could be applied
throughout Vietnam, thus stalling further dwindling
of their populations, fragmentation of their habitats,
isolation and genetic drift.

In New Caledonia, rusa deer, an introduced herbi-
vore, can in some situations prevent forest regener-
ation. Since 2000, CIRAD has been coordinating a
project, funded by the French Ministry of Land and
Environment Management, to assess the impact of
these feral deer populations on flora biodiversity.
Experiments were conducted at two sites that are
distinguished by the presence of a broad range of
different indigenous forest species. Mixed results
were obtained in the forest dominated by sclero-
phyllous species, ie there was very little or no
regeneration of most woody species, while some
endemic species showed remarkably high resist-
ance to deer browsing. On the other site, consisting
of patches of rain forest and savanna, the deer had
a greater impact on the savanna patches than on the
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forest. In the rain forest stands, only a few endemic
plants seemed to be eaten, mainly vines and ferns.
Further analyses are under way on rumen contents
and faeces, and new sites are being surveyed to
validate bioindicators that are being developed.

In Latin America, often uncontrolled hunting is
endangering populations of peccary, a pig-like ani-
mal of the Americas that is cherished for its meat
and leather. Very little is known about how this ani-
mal would perform in a production setting—in the
natural environment, or under extensive or inten-
sive rearing conditions. An EU-funded project on
peccaries, coordinated by CIRAD, was launched in
2001. Testing is under way on novel peccary rear-
ing systems that were developed by drawing on the
experience and skills of different Brazilian, English,
French, Peruvian and Spanish partners. The aim is
to come up with more productive sustainable sys-
tems that will not be damaging to the natural envi-
ronment and biodiversity.

Managing disease outbreaks

In 2000, CIRAD was asked to participate in a work-
ing group formed to control an outbreak of West
Nile fever in the Camargue (France) and bluetongue
disease in sheep in Corsica. On the basis of this
experience, the depart-
ment decided to form a
multi-disciplinary, multi-
institutional research team,
involving IRD, the Pasteur
Institute and AFSSA, the
French agency for food
security, with the aim of
developing reliable and
efficient tools for moni-
toring disease outbreaks
in both developing and
developed countries.

Accurate information on
the epidemiology of the
infectious agent and its
natural reservoirs in the monitored area is essential
for assessing outbreak risk. Data from a range of
fields and sources—molecular genetics, popula-
tion dynamics, remote sensing, geographical infor-
mation systems (GIS)—are required to determine
which specific environmental factors could trigger
or boost the pathogenic process. Data conceptual
models, along with statistical, spatial and temporal
data analyses, will be applied to pinpoint outbreak
risk indicators. An efficient monitoring network is
necessary for effective field management of dis-
ease outbreaks—warning, follow-up, control inter-
ventions and monitoring. All governmental and
private stakeholders should have access to the
specially adapted tools developed by the team. =

Ringed
bluethroat,

a potential
West Nile
virus reservoir
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Environment-friendly local
pork production

Since 1999, CIRAD has been supporting develop-
ment of the pork production subsector in Mar-
tinique. One of the main goals is to promote effi-
cient production of creole pigs, which are very
hardy and thrive under local climatic conditions.
In initial trials, pigs were fed banana cullage,
which resulted in the production of very high qual-
ity pork that is produced more cost-effectively than
that obtained by conventional feeding techniques.
A new pork product labelled “cochon banane”
(“banana pork”) will soon be marketed.

Sludge effluents generated by pig production units
were studied to find ways of controlling this pollu-
tion. An anaerobic sludge decontamination process
using a biodigester was thus tested. However,
many constraints hamper blanket adoption of this
technique: moderate quantities of water for hog-
house cleanup, the slatted floors necessary in hog
houses, a limited number of animals can be reared
in this manner, and sufficient land must be avail-
able to construct the biodigester.

In Vietham, a CIRAD scientist has been collabo-
rating with the Vietnamese National Institute for
Animal Husbandry (NIAH) since 2001. Three
research themes were selected on the basis of an
initial assessment of the pig production subsector:
weanling quantity and quality, quality of raw
materials and by-products used in pig feed, and
intensification of peri-urban pig production.

Aquaculture in Asia

The successful artificial propagation of the two
main catfish species has revolutionized Vietnam’s
Mekong aquaculture: fry rearing is efficient, fish
rearing cages are proliferating and fresh-fish pro-
cessing units are on the increase. Producers are
now seeking to capture new external markets,
especially in the United States, but this means
meeting restrictive quality and traceability stan-
dards. CIRAD's team is collaborating closely with
Vietnamese aquaculturists to help them address

Animal production
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A food revolution is currently under way in developing countries, prompted
by higher consumption of meat and dairy products by an increasingly
urbanized population. Animal production has an important role to play

in addressing this development challenge over the next 20 years. Key areas
being examined include how animal production can be combined with crop

farming, and how animal production can
be intensified without degrading
the environment and food product quality.

in Martinique

this challenge. A sanitary assessment was under-
taken in 2001. The analyses focused on causes of
mortality in fish-rearing cages, risk factors, and
losses due to flesh deterioration during processing.
The efficiency of pharmaceutical treatments car-
ried out in the cages was also evaluated. A collab-
orative project with Agifish, a provincial fisheries
company, is under way to enhance propagation
performance and larval rearing.

In the Philippines, a tilapia-breeding project is
being carried out in collaboration with the Philip-
pine Bureau of Fisheries and Aquatic Resources
with the aim of obtaining a hybrid that could be
bred in salt water. Initial tests revealed that one
tilapia hybrid had higher tolerance of salinity than
the freshwater parent species. CIRAD is conducting
research in the Pampanga region, where freshwater
and brackish water fish farms are both present, to
determine key factors that need to be focused on in
order to succeed with this innovation.
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aditional dairy
product sales

in Kazakhstan

Laitrop

CIRAD scientists from various fields and pro-
grammes formed the Laitrop working group to
address the booming demand for dairy products in
developing countries. The group intends to assess
current subsectors, boost production, improve
product quality, tailor technologies to local condi-
tions, and model the economic performances of
farms and the entire subsector.

il

In Réunion, CIRAD has developed a modelling
tool with the following input variables: herd
dynamics, pastures, and correlations between dif-
ferent farm elements and the many components
that dairy farmers take into consideration in their
decision-making processes. This model can be
used in aid-granting processes to evaluate the
effects of technical innovations and changes on
the sustainability of farming systems. It forecasts
possible scenarios in terms of employment, dairy-
farming self-sufficiency, resource preservation, and
income on a regional basis.

In addition, CIRAD has been involved in the
development of dairy production in the Mbarara
basin of Uganda, in collaboration with local vet-
erinary services. Livestock rearing and dairy pro-
duction management were modelled on the basis
of the results of an analysis of farming systems and
zootechnical, sanitary, dietary and socioeconomic
monitoring. Decision-support tools have been
developed for the entire subsector.

Since 1997, CIRAD has been looking for ways to
improve the quality of traditional dairy products in
Kazakhstan, eg fermented milk from mares and
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camels. The main enzymes involved in the fer-
mentation process were identified in collaboration
with researchers from the University of Almaty,
and a new lactic acid bacteria strain was also
recently isolated.

Food product quality

In Senegal, the local veterinary services, ISRA and
CIRAD are collaborating with the poultry industry
to improve the sanitary quality of broiler chickens.
The aim is to identify and classify low sanitary
quality factors. The initial results highlighted a
correlation between chicken rearing and slaugh-
tering techniques and chicken meat contami-
nation by Salmonella and Campylobacter—
pathogens that are killed if the meat is cooked at
high heat. Stakeholders at all levels of this subsec-
tor (hatchers, poultry producers, slaughterers)
responded effectively to this situation, as shown
by the improvement in microbiological and antibi-
otic residue analysis results. This is also evidence
that their training experience is paying off.
Short-term application of EU sanitary standards in
Réunion induced milk producers to monitor the
quality of the milk they produce. CIRAD measured
butterfat content and somatic cell concentrations
in milk in 14 dairy cattle production farms. Poor
milking hygiene was found to be responsible for
high somatic cell concentrations in tank milk.
These concentrations increased during the rainy
season because cows' teats were often soiled.
Also, at the onset of the lactation phase, butterfat
contents were higher after cattle had grazed in
kikuyu grass pastures or sugarcane fields as com-
pared to temperate grass pastures. However, but-
terfat content could be reduced in the milk from
cows that graze on kikuyu grass if they have not
received a sufficient nutrient supplement.

In  September 2001, scientists from CIRAD,
ENSAR, the French national college of agricultural
engineering, and from various developing coun-
tries attended a workshop in Rennes (France) to
discuss the quality of animal production subsec-
tors in the tropics. Quality assurance methods
were developed on the basis of French examples.
A subsequent workshop was held in Thailand,
along with assessment missions and the co-
supervision of a doctoral thesis in Brazil.

Body reserves of dromedaries

Marked variations were noted in the volume and
weight of the hump of the dromedary, which is a
visible and measurable appendage that contains
most of this animal’s essential adipose reserves.
Cellular and tape: weight measurements of the
hump—average size and adipocyte size profile—
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were matched against total adipose reserves of
the animal. The results of the analysis revealed that
the hump is not a reliable indicator for assessing
the fleshing status of the herd due to high genetic
variability between individual animals. Stock
farmers are now given a checklist that includes
other anatomical criteria. This management sup-
port tool enables them to evaluate the body
reserve status of their dromedary herds. =

Animal health

Sequencing the Cowdria
ruminantium genome

The successful sequencing of the genome of Cow-
dria ruminantium (Gardel strain), the causal agent
of heartwater, a fatal disease of ruminants, is an
outstanding animal health achievement. It is the
upshot of a fruitful collaboration between CIRAD's
teams in Guadeloupe and Montpellier, and the
Human Genome Institute in Montpellier. With
access to this sequence, scientists should now be
able to identify genes of interest for developing a
vaccine against this disease, along with an efficient
diagnostic procedure. This is the first pathogen
genome that has been fully sequenced so far, out of
some ten causal agents currently studied by the
department. Other Cowdria strains and pathogens
will also soon be sequenced.

A recombinant capripox vaccine

The capripox virus vaccine strain was used in the
department’s laboratories to develop a recombi-
nant vaccine that could provide immunity to
capripox and peste des petits ruminants (PPR). Ani-
mals test-vaccinated with the first recombinant
vaccine strain showed high immunity to these two
diseases.

Another gene that is dependent on different pro-
moters was inserted into the capripox genome. The
effects of these promoters on the in-vitro expression
of this gene and on immunity levels in vaccinated
goats will now be assessed. A recombinant vaccine
against heartwater and capripox was also devel-
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Breeding
dromedary in
the United Arab
Emirates

The animal health programme initiated five European Union projects in 2001.
Four development projects began on heartwater, contagious bovine
pleuropneumonia, trypanosomiasis and peste des petits ruminants. A containment
laboratory (P3) was set up in preparation for the fifth project, on African swine
fever, which was launched within the framework of the EU “Quiality of Life”

programme. CIRAD also strengthened its
support for epidemiological survey networks.

oped using the capripox vector. This recombinant
vaccine, which contains a gene encoding the
Cowdria MAP-1 antigen, will soon be evaluated
in immunization trials.

Congopain expression

Congopain, a cysteine protease of Trypanosoma
congolense, is the main target of research to
develop a vaccine against trypanosomiasis. The
difficulty of inducing cysteine protease expression
was a major hurdle to overcome, and it took sev-
eral years of experiments to obtain a suitable
recombinant antigen. A high congopain expres-
sion was finally obtained in the yeast Pichia pas-
toris, a recently discovered eucaryotic expression
system, and subsequently a recombinant antigen

Bull with
trypanosomiasis
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was developed that possessed all the required
traits. It is inexpensive to produce and the produc-
tion rate is at least ten times higher than that
of cysteine proteases in a eucaryotic system.
Immunization experiments could therefore be
relaunched under much better conditions.

Contagious bovine pleuropneumonia

Three projects are focused on developing vaccines
against contagious bovine pleuropneumonia
(CBPP). The thrust of the first EU project is to fur-
ther analyse the immune response of CBPP-resist-
ant cattle and identify antigens of this mycoplasma
that could induce an immune response in the host.
The second project, which is coordinated by the
Organization of African Unity (OAU) with EU
funding, is geared towards validating existing
attenuated vaccines, developing new vaccines and
especially new CBPP diagnosis tools. In this latter
project, CIRAD is developing tools for genetic
transformation of the causal agent, with the aim of
gaining insight into the function of specific genes,
especially those responsible for the virulence of
these pathogens. All of these projects are managed
by the department, thus confirming its world repu-
tation as an FAO reference centre for this disease,
and fostering collaboration with stakeholders in
many countries (Cameroon, France, Kenya, Mali,
Portugal, South Africa, Switzerland and United
Kingdom) and with the International Livestock
Research Institute (ILRI).

African swine fever

This EU project was initi-
ated to improve epidemi-
ological tools and meth-
ods concerning African
swine fever. The results
of studies under way
on virus-host interactions
could give rise to the
development of a vaccine
against this disease. The
research was launched
after agreement  was
reached on containment
laboratory 3 (P3). Work
to set up the laboratory
began in 2001 and was
completed in early Janu-
ary 2002. CIRAD scientists taking the necessary
containment precautions will now be able to
safely conduct research on the African swine fever
virus in this new 180 m2 facility. The laboratory is
also in compliance with EU regulations on han-
dling of the foot-and-mouth disease virus.
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Regional epidemiological
survey networks

CIRAD is providing strengthened epidemiological
survey support in five priority intervention areas.
This support is methodological—organizing veteri-
nary services and providing performance indica-
tors—and also practical—developing or adapting
diagnostic tools, databases, and new information
technologies.

Four CIRAD epidemiologists are involved in the
Pan-African Programme for the Control of Epi-
zootics (PACE) in Africa. West and Central African
countries are seeking recognition as rinderpest-
free zones, whereas rinderpest outbreak areas in
Sudan and Somalia still represent a threat for East
African countries. A workshop was held in Mont-
pellier, with participants from Algeria, France,
Morocco and Tunisia, with the aim of regiona-
lizing surveys of serious diseases such as foot-and-
mouth disease, sheep pox and bluetongue disease
that could endanger the Mediterranean region.
Elsewhere, in the Indian Ocean region a regional
epidemiological survey support system is planned.
In the West Indies, a regional network of laborato-
ries was formed, with the accompanying creation
of an information exchange platform and a web-
site that CIRAD designed and is managing.
Disease upsurges occur regularly throughout the
world. It is thus essential to remain mobilized by
conducting tropical animal disease surveys where
there is a genuine risk of outbreaks, not just within
the borders of Europe.

Bovine dermatophilosis

Bovine dermatophilosis is a severe skin disease
that affects ruminants in the tropics. No efficient
vaccine is currently available. In cattle, however,
there is clear evidence that it is a genetically deter-
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mined disorder. Genetic marker-assisted selection
for resistance to bovine dermatophilosis shows
promise as an integrated control strategy. A set of
alleles of a major histocompatibility complex
gene, ie BoLA-DRB3 class I, was found to be a
good marker of disease susceptibility. Very con-
vincing results were obtained that confirmed the
validity of this marker in several completely sepa-
rate cattle populations.

In Martinique, a breeding strategy, involving early
elimination of animals bearing the susceptibility
marker, reduced disease prevalence from 75% to
zero within five years. A crossing programme was

Training

In 2001, CIRAD-EMVT
consolidated its activities and
skills in the fields of higher
education, professional training
and educational engineering.

The department organized 900 h of diploma train-
ing and hosted more than 150 trainees. The first
graduates of a DESS (1-year postgraduate diploma
course in an applied subject) on animal production
in hot regions, offered in partnership with the Uni-
versity of Montpellier Il, obtained their degrees.
Twenty-one students were recruited for the 2001-
2002 session on the basis of their personal qualifi-
cation records. ISTOM, the French professional
institute of international agroeconomics, and the
Nantes Veterinary School included some training
modules of this DESS in their curriculum, so some
30 students from these establishments also
received training at CIRAD. The first session of a
postgraduate diploma course in animal epidemiol-
ogy, jointly organized by the Maisons-Alfort Veteri-
nary School and CIRAD, was offered this year and
11 students participated. A postgraduate veterinary
science diploma course on animal pathologies in
hot regions and epidemiological surveys was
organized in collaboration with the Toulouse Vet-
erinary School. Fourteen students attended nine
weeks of courses given by CIRAD, which also
hosted 74 students for applied training.

Quialification training was also offered, through
individual training tailored to specific professional
needs, or through collective training modules
organized by the department. These activities ben-
efited 88 trainees, mostly from developing coun-
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set up
to compare
phenotypic
and genotypic
transmission of
the markers. Based
on the results of a
biology study, a 3-D
model of the BoOLA-DRB3
molecule was developed and
several biological hypotheses
were put forward re the molecular mechanisms
of bovine dermatophilosis susceptibility. m
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in Namibia

tries. An educational CD-ROM entitled “An intro-
duction to GIS and epidemiological applications”
was published in partnership with CIRDES, the
international livestock production research and
development centre (Burkina Faso), to supplement
the epidemiological survey data processing and
management module.

Educational engineering training was proposed to
meet partner institutions’ demand for different
training plans and programmes. In September
2000, CIRAD signed an agreement with the Live-
stock Production Directorate of Senegal, as part of
PSAOP, the Senegalese agricultural services and
farmers’ organizations programme, funded by the
World Bank. Thirteen participants were trained in
2001. PACE also asked CIRAD to train its senior
staff. Six training modules were developed, four
were assigned to CIRAD, one to EISMV, an inter-
state science and veterinary medicine school in
Dakar, and the last one to the International Trypan-
otolerance Center (ITC) in Banjul (Gambia). =
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Forest taxation

A training course in forest taxation and economic
instruments was organized in 2001 in Madagascar,
in conjunction with the CIRAD-TERA Land and
Resources Programme. The main aim of the ten-
day course was to support implementation of the
new Madagascan forestry policy. It was attended
by national and regional representatives of the
Forestry Ministry, heads of local authorities in the
region, and researchers from FOFIFA, the develop-
ment-oriented research centre, and CFSIGE, the
national training centre. Among the topics covered
were: What are the issues involved in reforming
forest taxation and what are the available choices?
How can the effects, risks and advantages of the
different development options be assessed? How
can administrative procedures be implemented
successfully?

The approach taken for the training course was tai-
lored to meet needs, and was thus deliberately
practical: questions-and-answers, role-playing
followed by discussions, field visits, case studies
and the lessons to be
drawn from them. Two
tutors from ESSA, the
Agricultural  Sciences
College of the University
of Antananarivo, were
also involved in the
course, since transfer-
ring the initiative for this
type of seminar to ESSA
was another aim of the
course.

© P. Montagne

Forest inventory in Indonesia

At the request of the Indonesian Forestry Ministry,
IFRIS, an information system on forest resources,
that is intended to provide support for forestry
management operations, has been designed and
installed under a project funded by the European
Union. The IFRIS system was designed for forestry
managers and landscapers. It compiles, classifies

© P. Birnbaum

To understand how one of the most complex ecosystems on the planet
functions, particularly as a result of human intervention, is a double challenge.
It is crucial to preserve biodiversity in forest areas, but also to guarantee

the long-term future of the products and services such areas provide to local
communities. The Natural Forests Programme favours an integrated approach

aimed at finding a compromise between
rational logging practices and biodiversity
conservation, and thus ensuring sustainable
tropical forest management.

Riparian humid
underwood
environment

in Sumatra

and manages a set of precise, constantly updated
data intended to ensure that the development of
forest areas, a major national resource, is based on
consistent, reliable criteria. The many modes of
accessing information, which are tailored to users’
needs, reflect the multiplicity of factors to be taken
into account when planning development: satellite
data processed and used to generate thematic
maps; forest inventories; reports on plant cover,
soil and biodiversity status; socio-economic stud-
ies; and photographs of the local flora and fauna.
The available data currently cover around a dozen
districts of eight provinces in Sumatra, Sulawesi
and Sumba.
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Botanical studies in French Guiana

The botanical trail at the Paracou experimental
station in French Guiana offers both scientists and
the general public a selection of more than 1 000
recorded trees. IRD and CIRAD, the French devel-
opment-oriented research organizations, have
worked together within the Silvolab group on
every aspect of the operation, from collecting sam-
ples for a herbarium to identifying them, and man-
agement of the station’s collections. For each tree
recorded there is a precise description of its vege-
tative characteristics, plus a set of digital photo-
graphs illustrating the spe-
cific characteristics of the
species. This information
has been input into the
Kimboto database, which is
dedicated to the trees at the
station, and which contains
an illustrated plant guide
and a compilation of the
available data, including
observations per family, or
taxonomic group, per group
of individuals or per site.
This trail, which has about
259 different species, is a
showcase for biodiversity in
French Guiana.

© P. Pétronelli

Guide to trees in the Sahel

Trees and bushes play many crucial roles in the
daily life of the Sahel. The handbook, Arbres,
arbustes et lianes des zones seches d’Afrique de
I’Ouest (Trees, bushes and creepers in dry areas
of West Africa), which is the fruit of 15 years
of field work, fills a gap by recording more than
360 species. The individual descriptions include
an updated inventory of common uses of different
parts of each plant, along with their tra-
ditional uses for pharmaceutical and
dietary purposes, for both humans and
animals. The 1 300 colour photo-
graphs and keys to identification,
based on the flowers, leaves, fruits
and prickles or thorns, make this
work a field handbook that com-
bines the accuracy of a plant guide
with the simplicity of a catalogue.
Forestry, agricultural and animal
production specialists, teachers
and students, researchers, institu-
tional decision-makers, and inter-

ested amateurs now have a valu-
able reference work on the bushes and forest
species of the region.
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Stratagenes

Many people involved in development—mayors
of rural communities, traditional doctors, industri-
alists, crop exporters, foresters, scientists, or heads
of nongovernmental organizations—sometimes
have to collaborate on drawing up local plant
genetic resourse management agreements, taking
account of biological, economic and legal aspects.
Stratagénes, a computer-assisted role-playing
game, puts players in this situation. Through dif-
ferent scenarios, players find out about legal
devices such as patents and certificates of variety
protection, and discover and test management
and negotiating tools—forest management plans,
logging permits, collection systems, etc. They
share their knowledge and are made aware of the
consequences of the decisions taken.

The simplified, structured image of the real world
makes for easy learning and provides a forum
for discussion between a range of players with
varying skills and interests. There is a Malagasy
version for direct use in the field, with local
participants, or during training courses for envi-
ronmental mediators or administrative staff; it
teaches how to negotiate local management
of genetic resources under agreements that
transfer management responsibility to local com-
munities.

Stratagénes was developed with the help of a
team from CIRAD-TERA and in conjunction
with Madagascan partners—FOFIFA, the Uni-
versity of Antananarivo and the Madagascan
patents office—and with the support of the French
genetic resources bureau, the Ministry of Foreign
Affairs and the legal anthropology laboratory in
Paris. Stratagénes is jointly owned by CIRAD and
FOFIFA.
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Forest management in Gabon

By adopting a new forestry code, Gabon has opted
for a logging policy that takes account of every
role—social, ecological or economic—played by
dense forests. SBL, a logging company in
Lastourville, east-central Gabon, has embarked on
a forestry management plan, the first step on the
road to certification of its timber. The concession
in question, which covers 300 000 hectares, is
within the zone of influence of the trans-Gabon
railway.

The main product is logs from the okoume tree
(Gabonese mahogany), and a primary processing
plant capable of handling various types of wood
has been built in Lastourville. SBL, a French-
backed family-owned company, has linked up
with Thébault, the second largest plywood manu-
facturer in France, to build an okoume veneer fac-
tory in the industrial suburbs of Libreville. CIRAD
is providing the company’s forestry development
service with technical backup. With a view to
finding a compromise between the different inter-
ests at stake, it is also working to develop a wood
resource inventory and technical, socio-economic
and biological study methods, to support compa-
nies up to the final drafting of development plans.
To optimize logging techniques and define a suit-
able industrial tool, a user-friendly software has

Climate change

An agreement was reached at the climate talks
held in Bonn in July 2001, on the means of apply-
ing the Kyoto protocol. The agreement, which was
subsequently adjusted in Marrakech the following
November, sets out the future of the CDM (clean
development mechanism). The mechanism, which
involves developing countries through industrial,
energy or forestry projects, is a potential source of
funding. In the forestry sector, it is now widely
accepted that only planting or reforestation proj-
ects that respect biodiversity and the concept of
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been coupled with a geographic information
system to facilitate the queries and simulations
required to establish medium- and long-term man-
agement strategies. Forests can thus be stratified by
direct analysis of satellite images and geomorpho-
logical landscapes. Precise inventories of logging
activities are also useful in helping to introduce
low-impact techniques. This partnership, which is
due to run until 2003, has enabled the rational
consideration of biodiversity in a tropical forest
environment. m

g8 Okoume
L === in the Mondah
Forest, Gabon

Trees and plantations

Forest plantations, trees integrated into rural landscapes, and agroforestry
initiatives can all play various roles and generate a wide range of products,
from wood, fodder and gum arabica production to carbon sequestration and
soil fertility restoration. One of the main challenges for the Trees and Plantations
Programme is to take account of this versatility while reconciling the interests

of the players involved, all the way

from farmers to paper manufacturers,

not forgetting the State and its administrative
authorities.

sustainable development will be eligible for such
funding. Forest conservation or management proj-
ects are currently excluded from consideration as
elements in the fight against climate change, but
fuelwood projects will be considered. However,
the only “additional” projects that will be chosen
will be those that would not have happened with-
out the CDM.
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Several elements of the programme have raised
questions linked to the methods of application of
the CDM, in order to ensure that it really does con-
tribute to sustainable development in developing
countries. These issues are addressed through
local studies, such as those on eucalyptus planta-
tions in Congo, forest management in Chile, agro-
forestry practices in Costa Rica, or regional opera-
tions, such as the plan to provide training and
institutional support in Central America.

Trees in savannas

The characteristics of the tree resource in the
smallholder areas of northern Cameroon are
changing, as a result of clearing for agri-
culture and felling for firewood, some-
times on a regional scale. On the one
hand, the few remaining brushwood areas
are shrinking, modifying animal produc-
tion patterns and wood-gathering prac-
tices and, on the other, it is taking some
time for trees to become a sustainable part
of the agrarian landscape. How can
rational exploitation of savannas to which
access is totally uncontrolled be organ-
ized and, in parallel, how can trees be
integrated into the agrarian landscape
more effectively?

CIRAD has been working with IRAD, the
Cameroonian development-oriented agri-
cultural research organization, on adap-
tive studies and operations in PRASAC,
the regional centre for development-oriented
research on the savannas of Central Africa. Their
diagnoses, which were based on surveys, invento-
ries and maps, identified the main management
issues and triggered local discussions on the future
of the country’s tree resource. The operations
decided on during these exchanges were imple-
mented in conjunction with the Cameroonian
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Ministry for the Environment and Forestry, as
regards community forest aspects, and with the
smallholder development and land management
project funded by AFD, the French development
body. These operations, coupled with joint studies
of rural forestry, have led to the definition of new
lines of work centring on the issues surrounding
usage rights of trees.

Calliandra in the humid tropics

The Mimosaceae Calliandra calothyrsus can serve
many purposes, from fodder production to fire-
wood, to shading and preventing erosion. A team
of scientists from both industrialized and develop-
ing countries—Cameroon, Finland, France, Kenya,
New Caledonia, and the United Kingdom—fund-
ed by the European Union, has studied the pro-
ductivity of this legume crop, which originated in
Central America and Mexico. Through symbiosis
with a rhizobium found in the soil, C. calothyrsus
forms nodules that fix atmospheric nitrogen, and
phosphorus nutrition to the legume is improved by
a mycorrhizal fungus.

How can fodder production in small farms in the
humid tropics be improved? To identify the most
effective mixed rhizobium-endomycorrhiza inocu-
lum, a collection of strains was initially built up
from nodule and soil samples. Nursery and green-
house experiments were then conducted in Kenya,
New Caledonia and Senegal. Following the proj-
ect, a small production unit was created in
Cameroon and pure cultures were deployed in
Cameroon, Costa Rica and Kenya with a view to
producing inoculums containing the two sym-
bionts. Under a new project, intercropping trials of
woody legumes and food crops are currently being
carried out on smallholdings in Kenya and
Zimbabwe.
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Organic matter and planting

The effects of replanting savanna soil with euca-
lyptus trees intended for paper pulp production
have been studied on the Congolese coast. The
aim was to maintain more effectively the supply of
minerals and production of trees in these plant-
ings. Despite the impoverished soils, hybrid euca-
lyptus trees bred in Congo by a genetic improve-
ment programme are producing large quantities of
biomass as a result of intense nutrient recycling.
However, nutrient biogeochemical cycles within
the ecosystem have been significantly modified by
reforestation of the savanna. The nitrogen cycle,
which has been most severely affected, since
burning is no longer practised and there is no
longer symbiotic fixation, is the main factor limit-
ing plantation growth.

Studies of mineral inputs and outputs have shown
that the high biomass production of the eucalyptus
trees is achieved at the expense of the savanna’s
inherited nitrogen resource. The amounts of fertil-
izer required to maintain production have been
determined. The results of this study and others
by UR2PI, a research unit working on productivity
in commercial plantings, were presented to
researchers from nine tropical countries at a work-

~ Forest products

Sector competitiveness

Three complementary approaches have been pro-
posed to improve the competitiveness of wood-
based industries. The first is the development of
decision support tools for logging and rational tim-
ber processing in managed forests. A thesis cen-
tring on a method for adding value to timber in a
particular forest has been written. It recommends
that the technical, economic and strategic aspects
be taken into account for primary wood process-
ing and be incorporated in five retroactive stages,
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shop organized by the Centre for International
Forestry Research (CIFOR). They confirmed that it
is crucial to conserve organic matter stocks in
order to guarantee the organic and mineral status
of soils and sustainable production in tropical for-
est plantings. m

lyptus
plot in Congo

In 2001, the Forest Products Programme stepped up its operations aimed
at promoting the optimum, biodiversity-friendly use of wood from natural
forests and at improving wood production in line with market demand.
It also looked in detail at the life span of wood-based products, at more
environmentally friendly techniques and procedures, and at possible uses

for the waste and byproducts generated

by the sector. The economic aspects

of the different production chains, market
dynamics and the relative positioning

of wood-based products have also been
studied. These operations are contributing

to the drive to promote effective use of forest
and woody resources, under a range

of international agreements.
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before identifying the priorities. A case study of a
forest in Cameroon is verifying the appropriate-
ness, advantages and disadvantages of this
approach.

The second approach is countrywide, consisting in
analysing the priorities for different products
depending on the world market and checking the
technical, economic and social strengths and
weaknesses of the national processing and market-
ing sector. This approach can also be applied to
individual forests, provided they are sufficiently
large. As an example, the marketing of wood prod-
ucts manufactured in Brazil, in the heart of the
Amazonian rainforest, has already been studied
through a support mission.

The third approach consists in supplying compa-
nies with diagnoses and recommendations. It
involves looking at whether the products manu-
factured satisfy market demand in terms of the type
of wood, quality and quantities, or internal organi-
zational aspects, or production factors such as
what equipment, skills and training are required,
and economic conditions in terms of production
capacity, product quality and production costs.
Several appraisal and technical training missions
have already taken place at a sawmill in
Mozambique.

Biofuels

Converting organic waste into energy and produc-
ing electricity in small decentralized units is of
interest to both developed and developing coun-
tries. CIRAD has coordinated the development of
a system that produces gas from straw, pine bark
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and rice chaff. The pilot-scale laboratory unit, with
a biomass capacity of 50 kilos per hour, has been
patented.

To ensure good yields, gas production means
working at high temperatures (around 1 000°C).
However, during the conversion reaction, the
straw produces a large amount of ash, which fuses
and clogs the apparatus.

The innovative procedure developed by CIRAD
and its partners breaks the operation down into
three stages. The biomass is first converted into
charcoal in a pyrolyzer, and the charcoal then
converted into gas at moderate temperature in a
reduction chamber. The residues—charcoal dust,
smoke, ash—are recovered and treated in a com-
bustion chamber at a much higher temperature
(1 500 °C). This vitrifies the ash, and the gases
produced (CO,, H,0) provide sufficient energy for
the gasification reaction to generate gas
(CO and H,) with a high heating capacity. Once
the gases have been washed, they are used in tur-
bines or motors to produce electricity.

The project was conducted jointly with the
Technological University of Compiégne, ITC, the
French pipe and boiler manufacturer, and several
Danish companies. It was funded by the European
Union, the Danish Energy Agency, EDF, the French
electricity company, and ADEME, the French envi-
ronment and energy agency. In view of the prom-
ising results obtained, work is continuing under
another European project.

Pyrolysis
reactor

Natural insecticides for termites

Using insecticides manufactured from wood pro-
cessing byproducts can avoid the need to apply
wood preservation products that are environmen-
tally harmful. The wood preservation laboratory
team has been applying its extensive experience of
natural wood durability mechanisms to a study of
two Lauraceae species from French Guiana that
are naturally resistant to termite attacks: rosewood,
Aniba rosaedora, and determa, Ocotea rubra.
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Laboratory trials have proved that products
extracted from the two species are effective against
termites. The potential uses of these two extracts
are such that research is continuing to assess their
efficacy thresholds. This will eventually result in a
wood protection product containing these active
ingredients. The studies are being conducted joint-
ly with the neurobiology laboratory of CNRS, the
French national scientific research centre, in Tours,
and a manufacturer, with funding from the ADEME
wood commodity project. A patent has already
been taken out on the use of wood waste or wood
extracts as insecticides.

Cooperation between France
and Australia

A research project on heat treatment of wood,
involving the French national forestry college
(ENGREF) forest products laboratory and CIRAD,
now has Australian partners.

Heat treatment of wood has existed and been stud-
ied for some two decades, and ensures better
dimensional stability and durability, albeit some-
times at the expense of mechanical properties
such as shock resistance. However, the techno-
logical gap between optimum operating condi-
tions and the industrial procedure has often not
been grasped suffi-
ciently. Fundamental
studies are therefore
still required to define
the appropriate treat-
ments clearly, parti-
cularly in terms of
temperature and dura-
tion. This is the reason
why the existing links
with  Australian re-
search organizations
have been strength-
ened and contact has

[ Bk

Window frame
of poplar wood
treated at 230°C

© D. Fouquet

© P. Rousset

Soldier
termite

been established with specialist laboratories. To
benefit from the progress made in digital simula-
tion, a technical partnership has been established
with the Queensland University of Technology,
which specializes in modelling heat and mass
transfers in porous media. The improvements
made to the Transpore wood drying simulation
software should make it possible to predict wood
performance in extreme temperature conditions
and overcome the difficulties of ensuring uniform
treatment of a whole load of wood.

This cooperation agreement between France and
Australia was sealed by the secondment of a
French doctoral student to Australia for a year. An
initial exchange of researchers between the
Queensland Forest Research Institute and CIRAD
is scheduled for 2002, with financial support from
the French Embassy and the Australian Academy
of Science. These exchanges of knowledge will be
backed up by a range of new links with Australian
industrial partners. m
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Family agriculture

Family agriculture in Brazil

The seminar “Family agriculture, comparison of
the dynamics in Brazil and France” was organized
in Recife, Brazil in November. The aim was to
compare the agricultural trajectories in the two
countries so that lessons could be drawn in order
to define public policies. It was organized jointly
by the Brazilian Ministry of Agrarian Develop-
ment, INRA and CIRAD and brought together
60 people from Brazilian and French institutions.
Despite the obvious differences in the processes
involved in the evolution of family agriculture in
the two countries, the participants underlined the
similarities, particularly in terms of the problems
of development and public action. The research
on public intervention methods was confirmed
as being legitimate. The value of research into
techniques adapted to family agriculture—in order
to add value to farm products and improve their
quality—was also recognized. Other topics were
identified: market organization, the recognition of
agriculture’s multiple functions, and regional
development. Further investment in training
human resources was also recommended.
CIRAD has published a book, Paysans du sertdo
that, contrary to widespread belief, shows the
great diversity of family agriculture in the Nord-
este region of Brazil and the importance of the
corresponding technical, economic and social
changes.

Appraisal of agriculture in Mayotte

In Mayotte, the research team for livelihood sys-
tems, organizations and local development started
with an assessment and appraisal of local devel-
opment in partnership with the Department of
Agriculture and Forests and under the supervision
of the prefecture. Five hundred farming house-
holds and 60 organizations were surveyed, the
agricultural produce markets were studied and the
agricultural dynamics were zoned.

Mayotte’s agriculture is now experiencing tre-
mendous problems and is poorly organized. It is

©1.-C. Legoupil

Family agriculture has to deal with the consequences of economic
liberalization and the emergence of new concerns about sustainable resource
development and the quality of food products. It has to adapt to this situation
despite the frequently inadequate economic and institutional environment,

the lack of training available to farmers and the difficulties faced by rural

organizations. Based on the analysis

of the diversity of local situations, the family
agriculture programme is investing

to promote support mechanisms and
strengthen the capacities of stakeholders
and their organizations.

irrigated
farm in
Brazil

supported by technical services that have difficulty
meeting the needs of rural people. Yet, the major-
ity of households on the island are involved in
agriculture. They are developing complex systems
of activities with multiple objectives: food,
income, preservation of a fragile natural envi-
ronment and maintenance of an interdependent
network. There is a very strong collective dynamic
organized around neighbourhoods, villages or the
region. This contrasts with the dysfunction of the
agricultural organizations, which are boosted by
the administration but only affect a minority of
households.
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With this assessment, it is possible to refocus the
agricultural debate and propose a shift from a sec-
torial perspective to one of local development by
recognizing that agriculture does have multiple
functions.

Farmer and rural organizations

The World Bank—which is reviewing its rural
development strategy in order to combat poverty
more effectively—commissioned CIRAD and the
Overseas Development Institute (ODI) in the
United Kingdom to publish a reference text on the
role of farmer and rural organizations in the con-
text of globalization. Propositions were presented
and discussed in Washington at an annual meet-
ing of teams from the World Bank working in rural
development (Rural Week). This report is being
published by the World Bank.

The study underlines the central role that farmer
organizations have to play in drawing up any rural
development strategies, and the importance of dis-
cussion and negotiation. CIRAD proposes that
these organizations be included in discussions and
associated at the different stages of the projects,
from identification to evaluation, so that they can
be involved in the World Bank’s action pro-
grammes. This presupposes that farmer organi-
zations have access to new funds for training so
that they can improve their skills and better under-
stand the changes affecting family agriculture in
order to strengthen their strategic positioning.
CIRAD proposes creating a resource centre
within the World Bank that would provide
support to project supervisors and World Bank
representatives in the countries where it operates.

in forest
Guinea
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Farmer
in Mayotte

The African Farmer University

The African Farmer University is an international
training course for leaders of farmer and profes-
sional organizations. It is partly organized around
the participants’ professional activities in order to
strengthen their skills and their influence when
negotiating. It was set up by a small-scale agri-
culture and modernization network that is based
in Cameroon. It is supported by the Charles
Léopold Meyer Foundation and receives funding
from the French Ministry of Foreign Affairs. CIRAD
and the Centre International pour I’Education Per-
manente et I’Aménagement Concerté (CIEPAC)
were involved in designing the project and defin-
ing the course content.

The training course consists of six modules and
runs for two years. Participants are invited to
reconstruct their experience and that of their
organization in a historical context. The first
module was in Senegal, in February, and focused
on the evolution of local societies in national
and international contexts. Twenty-five leaders
of farmer and professional organizations in
12 countries took part. The second module, on
the new economic environment of agriculture,
took place in Cameroon in May. The third, on
institutional reorganization, took place in Benin

. in September. The last three modules, which will

take place in 2002, will look at the role of organ-
izations in a world of change, the objectives of
and approaches to strategic planning, programme
planning, and negotiation. =
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Multi-agent systems

Following courses organized in Thailand (1999
and 2001) and in the Philippines (2000), several
Thai universities and CIRAD are jointly organiz-
ing a new training course on multi-agent systems
for integrated natural resource management and
social sciences. The project is funded by the Euro-
pean Union. It started in August and should con-
tinue until the end of 2003.

Researchers and teachers from CIRAD, CEMA-
GREF, IRRI, French and European universities
(Paris VI and Aix-Marseille in France, Manches-
ter and Surrey in the UK, Amsterdam and
Wageningen in the Netherlands, and Neuchétel
in Switzerland), provide courses in computing,
social sciences and natural resource management.
These courses alternate between three Thai uni-
versities: Chulalongkorn (Bangkok), Chiang Mai
and Khon Kaen. The objective is to create a core
of researchers and post-graduate students who
attend the entire course and who make up a net-
work that will develop different applications for
natural and renewable resource management.

Irrigation schemes in South Africa

The irrigation schemes in the former Bantustan
homelands of South Africa are now experiencing
serious problems: deteriorating infrastructure; low
yields; poor institutional framework; lack of sup-
port and access to services. The government
would like to rehabilitate these areas and trans-
fer their management to their users.

In order to help the decision-makers organize
these operations, a team from CIRAD and Preto-
ria University are proposing an action-research
approach that aims to model the different elements
that affect the economic viability of the transferred
areas. Scenarios are then evaluated with techni-
cal stakeholders and local politicians.

The approach was first tested in two irrigation
schemes in the northern province. A model called
“Smile” was developed which takes into account
the costs, land distribution, cropping systems,

~ Land and resources

The land and resources programme analyses the management of rural areas
and the stakeholder strategies that affect the production, the mobilization
of resources and the organization of these areas. It represents and models
obtained knowledge and information and develops approaches to support
decision-making for rural development managers.

farmer strategies and possible options for fixing
a scale of water rates.

Scenarios were tested and they show that: the cur-
rent situation is unviable; costs are difficult to
reduce; the main problem is the large number of
inactive occupants who are reluctant to pay water
rates; and low productivity limits the farmers’
capacity to pay. The scenarios demonstrate that
it is possible to improve the situation by clarify-
ing the issue of land rights in order to reduce the
number of inactive occupants or by training farm-
ers to develop their cropping systems. The
approach will be included in the national Depart-
ment of Agriculture’s recommendations to the
provincial departments. A software package is
now being developed.

Training
for rural development

Nineteen researchers
and engineers from
Mali, Madagascar,
Senegal, Cameroon,
Benin and Vietnam
took part in a training
course on information
systems, particularly
geographic informa-
tion systems, for rural
development. The
course was organized
with the forestry department and took place in
November in Montpellier. The trainees learned the
methodological and operational basics required
for building and implementing an information
system linked to existing databases.

The objective of the course is to provide the
knowledge and practices to describe, represent
and analyse the thematic and geographic dimen-
sions of development processes. The course falls
within the scope of the department’s cooperation
projects: sorghum biodiversity, improving culti-
vation systems in cotton-growing areas, and infor-
mation systems at the Office du Niger in Mali. As

Training
in information
systems

© M. Passouant
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a result, the links between CIRAD and the insti-
tutions that participated have been strengthened.
Eighteen trainees from Brazil, France, Madagas-
car, Portugal and Vietnam participated in a work-
shop on natural resource and environmental eco-
nomics that was held in Montpellier in December.
The participants learned about the concepts and
theoretical foundations of environmental eco-
nomics and were shown negotiation and decision-
making support tools—modelling and evaluation
methods—for environmental and resource man-
agement policies. A role-playing exercise, case
studies and practical work were used to demon-
strate to the participants how to apply the theo-
ries and methods to real situations.

Information systems

Information management is essential for the
administration of irrigation schemes and for help-
ing managers consider the strategic implications
and define new methods of organization as well
as new relationships with the users.

Since 1998, CIRAD has been working with the
Office du Niger in Mali to set up an information
system for monitoring the maintenance of
hydraulic networks. A software package named
“Simon”, for computerized programme planning
and monitoring, was developed with the users’
participation. After a development and testing

Collective irrigation schemes

Since 1999, the joint programme for irrigated sys-
tems has been conducting research into agricul-
tural water with CEMAGREF, CIRAD and IRD. In
January, it organized a seminar in Montpellier on
“The management of irrigation schemes at the
dawn of the 21st century: issues, problems,
approaches”, which was attended by 130 partic-
ipants. Research conducted in Brazil, Ecuador,

© E. Daou

du Niger zone,
\VEL

phase, the software application was set up. A
considerable amount of effort went into training
software managers and users.

The Office du Niger’s decentralized services have
been using the software since October 2000. The
Office now has computerized data for almost its
entire network of primary and secondary chan-
nels. In Mali’s N’'Débougou zone, all the soft-
ware’s functions have been used, and a provi-
sional maintenance programme set up and
reconciled with the work actually achieved. After
a cartographic reference collection was compiled,
a geographic information system was combined
with the data base to represent not only the irri-
gation network but also the maintenance that was
planned and actually carried out. =

Savannas and irrigated systems

The savannas and irrigated systems programme implements
multi-disciplinary approaches at different levels—regions, villages, irrigated
areas and farms—to further understanding of how these complex areas
function. It develops decision and negotiation support tools for management
and decision-making bodies, encourages stakeholder discussion forums

and the drafting of development plans
on different scales.

France, Mali, Morocco, Senegal, Sri Lanka and
Tunisia was presented. The debates underlined the
complexity and diversity of irrigated systems and
the value of using approaches that encourage
farmer participation and process modelling.

The results of research conducted in the frame-
work of this programme were presented in
December at a seminar in Brazil organized by the



Cotton market
in Cameroon
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Sdo Francisco valley development company,
CODEVASF, EMBRAPA and CIRAD, and 150 peo-
ple attended.

Although the management of irrigation schemes
was transferred to farmer organizations more than
10 years ago, questions about the real participa-
tion of these organizations and the State’s role, in
terms of infrastructure and agricultural policy,
remain unanswered. The importance of produc-
ing and sharing information was underlined: at the
farm level to improve results; at district level to
manage water distribution, maintenance, the
water rates policy and to support technical assis-
tance; at the level of CODEVASF’s administrative
units in order to monitor and evaluate the per-
formance of publicly owned irrigation schemes.

Monitoring cotton sectors

A network for monitoring the cotton sectors in
Africa, RESOCOT, was set up in order to deter-
mine the performance of the different methods of
organization, to help operators redefine their role
in the sector and to help decision-makers find a
balance between competition and regulation. The
network covers six countries: Benin, Burkina,
Cameroon, Cote d’lvoire, Ghana and Mali. It
involves researchers in these countries, the Impe-
rial College of Wye in the United Kingdom and
the Centre for Development Research in Denmark.
It is funded by the French and Dutch Ministries
of Cooperation and is coordinated by CIRAD’s
programmes on savannas and irrigated systems,
and on cotton.

The 18-month pilot phase began in February. A
common methodological framework was adopted
to describe the organization of the cotton sector
and to determine performance, in terms of
poverty reduction, environmental sustainability
and international competitiveness. This was
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Irrigation
scheme
in Nigeria

helped by indicators taken from the neo-institu-
tional economic theory. Launching workshops
were organized in all six countries to inform sec-
tor stakeholders of the approach and the need for
their participation.

Information obtained was organized into a data
base designed to facilitate the use of information
and the drafting of reports. Workshops will take
place in each country to release results locally.
A similar mechanism links four English-speaking
countries thanks to funding from British donors.

Management advice for farmers

In Benin, in November, 45 practitioners attended
a workshop on management advice for family
farmers. They included leaders from farmer
organizations, development workers, management
advisors, researchers, and experts. The workshop
was jointly organized by CIRAD, IRAM, Inter-
Réseaux, a forum for discussion that stems from
the merging of several thematic rural development
networks, and the Ambra consulting firm. Twelve
teams from the field presented their experiences
in Benin, Burkina, Cameroon, Céte d’lvoire, Chad
and Mali.

The conclusions reached included options for
improving the current mechanisms and for
launching innovative methods. Primarily, it was
recommended that counselling tools and meth-
ods should be adapted to socio-economic con-
ditions and should meet farmers’ expectations,
particularly those who are illiterate and who
manage small farms. It was suggested that these
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mechanisms will only continue if farmers’ organ-
izations and inter-professional structures are
involved in managing them, and that there
should be more collaboration with other agri-
cultural support services. A final recommendation
was that if support services, particularly farmer
counselling, are to develop, then certain issues
need to be addressed, eg agricultural policies, the
State’s role in training farmers and financing
support mechanisms, as well as the impact that
these mechanisms have on social disparity.

Savannas of Central Africa

PRASAC, the regional centre for applied research
for the development of savannas in Central Africa,
brings together agronomic research organizations
from Cameroon, the Central African Republic and
Chad (IRAD, ICRA, ITRAD and LRVZ), which are
allied with scientific partners from the North
(CIRAD, IRD and Leyde University). In 2001, the
centre concentrated on making the most of its
knowledge and experience, publishing a book,
“Changes in southern Chad: from cotton fields to
the sirens of black gold” (Le sud du Tchad en
mutation : Des champs de coton aux sirénes de
I’or noir). The publication presents a dynamic pic-
ture of Chad’s Sudanian zone and examines the
factors of change in this region including the out-
look for the privatization of the cotton sector, new
road constructions and the promise of petroleum.

The Amazon

Current land use in the Amazon region is the out-
come of a complex historical background, het-
erogeneous government strategies, and erratic
economic cycles linked successively to rubber,
ore, large development projects designed to attract
private investors, and recent strategies that aim to
integrate the region into the world economy.

© G. Faure

The book won the Albert Bernard prize from the
French Overseas Academy of Science.

In addition, an agricultural atlas of the savannas
of Central Africa was published and an interactive
electronic version is being produced in collabo-
ration with CIRAD’s agronomy programme. Fact
sheets were compiled to distribute widely research
results that relate to food technology. They cover
three main areas: marketing methods—knowing
your market, conducting a marketing test, organ-
izing farmers, exchanging know-how; product pro-
cessing—fruit juice, powdered onions, cassava
starch, yam fritters; sectors—dairy production and
dried tomatoes. Also, the cotton programme is
working on the completion of “Simbad”, a model
that simulates insect damage to cotton. =

Management
support debriefing

Humid and insular tropics

The humid and insular tropics programme is involved in the design

and promotion of inter- and multi-disciplinary research projects for regional
development. It encourages CIRAD and its partners to combine and apply
their scientific expertise to the use of ecosystems where perennial crops are
predominant and those, such as in the Amazon, where livestock production has

a privileged position. Its research is also used
by those responsible for regional planning.

Ateam of researchers from CIRAD and the Brazil-
ian Ministry of the Environment analysed the
diverse factors and social stakeholders linked to
each form of land use in the Amazon. The analy-
sis was published in a book, Diagnéstico dos for-
matos de ocupacdo do espaco amazbnico (“A
diagnosis of forms of land use in the Amazon



Territories, environment and people

region”). Four chapters discuss in detail: regional
dynamics and methods of land use; the socio-
economic and environmental problems; the
impact of State action; and conflicts provoked by
land appropriation and natural resource use.
The analysis shows that most of the problems in
the region stem from the implementation of dis-
parate sectorial policies which do not take
account of how the Amazonian environment func-
tions or of the region’s complexity. The organi-
zation of production is gradually improving but
it is still poorly structured and inadequate. It has
difficulty promoting sustainable regional devel-
opment, providing an adequate standard of liv-
ing for local populations, and is harmful to the
preservation of natural resources.

Agricultural zoning in Guinea

With scientific support from CIRAD and funding
from the French Ministry of Foreign Affairs, the
Agronomic Research Institute in Guinea has zoned
the four main natural regions in the country: mar-
itime Guinea, central Guinea, upper Guinea and
forest Guinea. The results have been distributed
in a series of technical fact sheets. A fact sheet on
each natural region includes a map of the
homogenous agro-ecological zones, their physi-
cal environment, production systems and agro-
pastoral problems. It is accompanied by thematic
cards and an explanation of the method used and
the results obtained.

“Study villages* were set up in each region based
on this zoning. They form the basis of a network
of experimental farmers on whose farms
researchers set up a participative approach to
identify needs, test innovations, evaluate the adop-
tion of techniques, and measure their impact on
farms. Farmers and the development organizations

Farmers
involved in trials
in N’Zérékoré,
Guinea
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involved in the village are working together to
plan the programme of activities and release
results. The results of this research will be used
to organize sessions with new regional research-
development committees and to improve the
programming of thematic research.

' Lentil fields
in Cilaos

Land use contracts

In Réunion, the Cilaos wine growers’ cooperative
and an association for the promotion of rural areas
have set up a project, under the auspices of the
Commission for Highland Development, that
involves the design of land use contracts in the
Cirgue de Cilaos zone. CIRAD was asked to
provide support in the form of methods and tools
for compiling a regional appraisal that brings
together all the stakeholders involved. The
appraisal focuses on the conditions necessary for
maintaining good quality agriculture, its impact
on tourism and its environmental dimension. Fore-
casting scenarios to show the evolution of com-
munal land, particularly as a result of urban devel-
opment, were simulated on the basis of an analysis
of farmer strategies, zoning according to stake-
holders and a land study.

The project coordinators and CIRAD drew up the
action plan for the land use contract and coordi-
nated the two seminars which involved 40 part-
ners, local stakeholders, technical organizations
and associations, institutional stakeholders and
elected representatives. This work made it possi-
ble to test an innovative method of organization
and appraisal prior to the establishment of a land
use contract. The approach will soon be moni-
tored and evaluated so that useful information
can be extracted for the benefit of other projects
in Réunion. m



not only continued its scientific pursuits, but also developed and disseminated
the tools, software, models and methods that are the leading elements of its mandate.

Important research themes were developed in collaboration with stakeholders

in developing countries, nurtured by ambitious scientific programming, tapping results
obtained with partners from these countries, and through training initiatives. Renewed
alliances came about as a result of fostering the development of collaborative research
poles (clusters of institutions) in Senegal, Brazil and Vietham. Excellent results were
obtained in the fifth European Union Framework for Programme of Research

and Technological Development.

The department is also forming joint research units to offer courses in several graduate
schools, especially in Montpellier (France), Réunion and Nogent-sur-Marne (France),
and distance training sessions through the e-campus of the Jardin tropical de Paris.
CIRAD scientists have been posted at INRIA, the French informatics and automation
research institute, to collaborate closely on specific projects. It is involved
in the Baillarguet crop protection initiative, with its entomology
research team working hand-in-hand with several partners
in France—including INRA, the national agricultural
research institute, IRD, the development research
institute, ENSAM, the Montpellier-based school
of higher education in agriculture—and abroad,
Ad d especially the Commonwealth Scientific Industrial
Van Ce Research Organization (CSIRO). In Réunion,
the year was highlighted by the creation
h d of a crop protection pole and an agrifood pole.
m et O S In New Caledonia, there are prospects
for collaboration to create a pilot agrifood pole
to be launched by local authorities.

for i n n Ovati O n All job positions that had been opened

- = in the wake of CIRAD’s new strategic plan were
filled. The new members of staff have enabled
I n SC I e n Ce the department to expand its field activities
in developing countries, while underpinning new
dynhamic research initiatives.

The department also continued its work to promote
guality, especially concerning project development
and management, from scheduling research initiatives
to processing the resulting data, while hosting and training
scientists from other partner institutions, and enhancing research
data reliability and follow-up.

I n 2001, CIRAD’s Department of Advanced Methods for Innovation in Science (AMIS)
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Agrifood systems

Food security management

Meeting consumer requirements is a new chal-
lenge for the agrifood sector in developing coun-
tries. First, European Union regulations are
becoming stricter with respect to the sanitary sta-
tus and origin of food products, thus seriously
restricting developing countries’ access to markets
in developed countries, further marginalizing
developing-country producers and aggravating the
socioeconomic impact in their countries. Second,
urban and rural consumers in developing coun-
tries are now more concerned about food prod-
uct quality and safety.

Studies on different topics—poultry, traditional
cheese, camel milk, cereal and yam production—
conducted by researchers in various disciplines,
highlighted that the agrifood sector has a key role
to play in controlling food quality. It was also
found that social awareness of the importance of
food quality should be boosted with the support
of various stakeholders. CIRAD has been gradu-
ally developing new food quality and security
management strategies on the basis of this mul-
tidisciplinary approach that combines socio-
economic planning, risk awareness, consumer risk
management, and quality assurance tools tailored
to local conditions.

Plant enzymes

Trials were carried out in collaboration with
CIRAD-FIhor technological specialists on the bio-
catalytic activity of some agricultural by-products,
with the aim of making more effective use of agri-
cultural raw materials. These studies focused
specifically on papain, a lipase constituent of
papaya latex, and bromelain, an enzyme from
pineapple rachis endowed with lipase and acyl-
transferase qualities.

The papain investigations clearly revealed that
dried and ground papaya latex has high acyl-
transferase activity, in addition to its well-known
proteolytic activity. This hardy catalyzer, which
is stable and inexpensive compared to commer-

© S. Assous

Global food demand is rising and consumers are increasingly concerned
about food quality. Tropical produce has to be less expensive, safer and

of better quality, with efficient rural and urban market distribution systems,

in order to enable producers to gain a competitive edge on domestic and world
markets. The agrifood systems programme is developing tools and methods

to enhance the value of agricultural produce,
perfecting processing techniques and
equipment, and improving product quality.

It grants commercial enterprises access

to its technological innovations, while
collaborating with them to develop systems
that assure quality. In addition,

the programme is focusing on food-related
socioeconomics, especially the analysis

of food consumption patterns.

Advertisement
for dairy products
in Madagascar

cial microbial enzymes, is an invaluable agent.
It also has a substantial industrial potential, as
demonstrated in studies on medium-chain tria-
cylglycerols to be used in formulating baby food.
Latex is an enzyme cocktail, so the activities of
other interesting constituent enzymes, eg beta-
glucosidases, polyphenol oxydases, etc., could
ultimately be detected.

In contrast, the bromelain preparations analysed
showed very low lipolytic activity and no synthesis
activity. Thus not all plant biomass with protease
activity can be expected to have lipase activity.
The enzymes whose activities were analysed
could now be implemented for food processing
applications. m
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Monitoring cotton
plant water status
using thermal
infrared equipment

2. Agronomy

Interactive numerical atlas

High software and equipment costs, and long
training times, can hamper the adoption of geo-
graphical information systems (GIS). The pro-
gramme has attempted to meet its partners’ needs
by developing an inexpensive user-friendly soft-
ware package. It is designed to pool data from dif-
ferent projects, including text, images, maps, data
tables, remote-sensing data, etc. It can also per-
form spatial analyses through GIS functions inte-
grated in the software.

This software package can be readily used by non-
experts to present project results in a much clearer
way than is possible in a conventional hardcopy
report or atlas. Its runtime component, or
“engine”, is designed to host various databases
with minimal modification. Its toolbox-type
interface can be reused for different project
applications, and certain functions can also be
added or modified.

Water stress determination

Plant covers require adequate water supply to
function properly. For more than 20 vyears,
ground temperature, measured at the soil surface
or via remote sensing, has been the main param-
eter used to determine soil-moisture status.
However, water stress indicators calculated on the
basis of these measurements are not very reliable
when patches of bare ground
are within the range of the
sensor.

CIRAD-Amis scientists over-
came this constraint by
measuring directional ground
temperature in a row cropped
cotton field by two methods:
in-situ experiments conducted
in Montpellier, and using the
Thermo (AMAP) 3-D energy
balance model, which takes
into account cotton plant
architecture, soil cover and

© D. Luquet

Agronomists working on sustainable, environment-friendly farming production
systems and management of their natural resource base require an advanced
scientific support structure. The agronomy programme’s task is to provide
CIRAD teams and their R&D partners with this scientific support, along with
complementary expertise and adapted research tools. The programme objectives

are: to conduct baseline research in tropical
agriculture fields requiring specially designed
or adjusted methods and tools; to develop
diagnostic tools and decision-making aids;

to provide support for partner organizations
using these tools and aids; and to train
research scientists.

physical phenomena. The model’s simulations
could help to design more reliable blanket meth-
ods for determining water stress indices. Thermo
can also perform detailed analyses on a broad
range of problems concerning plant water use, and
could also be useful for irrigation management.

Sorghum photoperiodism

Until recently, breeders have sought to improve
sorghum by overcoming its photoperiod limita-
tions. The aim is now to develop highly pho-
toperiodic varieties with a plant architecture that
will guarantee a high harvest index and yield, thus
enabling farmers to adjust their sowing dates
according to climatic conditions. What would the
structural features of such a plant be?

CIRAD, in collaboration with the International
Crops Research Institute for the Semi-Arid Trop-
ics (ICRISAT) and IER, the Malian rural economics
institute, carried out a comparative phenological
study on sorghum in the field, in Mali, and in
a phototron in Montpellier. The combined
experimental and simulation results highlighted
that, in addition to reacting to absolute daylength,
sorghum plants are also very sensitive to relative
between-day variations in daylength—even
when these variations are as small as a minute.

The study of this unexpected phenological
characteristic, which clarifies some previously
unexplained field phenomena, has just begun.
The initial observations have already raised
the question as to whether this phenomenon is
only specific to sorghum or latent in all crop
species.
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Fertilization management

A clear overall understanding of soil functioning
and crop traits is needed to ensure efficient
fertilization management, which often involves
striking a balance between sometimes contra-
dictory production, economic and environ-
mental objectives.

In southern Mali, a toposequence study on an
annual crop system (millet, sorghum and maize)
in a stand of shea-nut trees revealed that the
characteristics of the stand (eg density) and trees
(eg trunk diameter and canopy size) differed
according to their position in the toposequence.
Soil fertility was found to be higher midway up
slopes than at the bottom, where the quantity of
soil-borne nitrogen was 60 kg/ha under tree cover
and 30 kg/ha beyond the canopy.

In Cameroon and Colombia, as part of an
EU-funded project, maize varieties tolerant of
or susceptible to soil acidity were tested with dif-
ferent blends of fertilizing elements, including
chemical phosphate, organic phosphate (dung),
lime, and crop residue. Susceptible varieties only
responded to a blend of lime crop residue and
phosphates, while tolerant varieties flourished

Large-scale genomics research

CIRAD hosts two platforms of the Montpellier
Génopole. The automated systems platform was
founded in 2000 to fulfil the needs of genomics
projects. It involves five robotic systems that are
used to develop genomic libraries (clone picking,
clone rearraying, library duplication), make
high-density filters, extract genomic and plasmid
DNA, and perform polymerase chain reaction
(PCR) analyses. The gene-typing platform was
launched in 2001 and is equipped with a robotic
PCR analysis system (384 wells), thermocyclers
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Sorghum seedlings
in a phototron unit

after treatments with any of the blends. The data
gathered in these fertilization tests will help
to develop efficient fertilization management
strategies. m

Plant biotechnologies and genetic resources

CIRAD’s plant biotechnologies and genetic resources programme supports
plant breeding by developing new techniques to improve genetic resource
management, to facilitate the development and identification of improved
genotypes with high quality and tolerance to biotic and abiotic stresses,

and to accelerate the dissemination of improved varieties. The team conducts

specific projects to develop new biological
resources, and is increasingly involved
in offering biotechnology training courses.

(96 and 384 wells) and two automatic DNA
sequencers that are used solely for gene typing
(with microsatellites, amplified fragment length
polymorphism [AFLP], etc.).

All Génopole laboratory researchers have access
to these platforms, and the equipment was
funded by Génopole and through other regional,
institutional and contractual sources. Operational
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aspects are managed by CIRAD and financed by
the different laboratory users. These advanced
technological tools should promote large-scale
biological studies by state-run and private
research institutes and establish Génopole’s
reputation as a forerunner in different industrial
and biotechnology fields.

Regeneration
of T-DNA
insertion lines

Functional genomics

Functional genomics research is aimed at unrav-
elling the function of genes, how they are regu-
lated, and their interactions within the genome
and within biological systems. This research
involves rapid analysis of transcription products
and translation of millions of genes. These
analyses are performed stepwise—building
libraries of expressed sequences, comparative
analysis of the expression profiles of these
sequences under contrasting conditions (in
terms of the variety, organ, stress, growth stage,
etc.). This helps to detect differentially regulated
candidate genes and interactions between
genes, and then to confirm their function by locat-
ing their position on the genome (colocalisation
with quantitative trait loci [QTL]), by their inac-
tivation (insert mutant lines), or by their over-
expression in plants.

In addition to these stepwise analyses, systematic
studies are undertaken on interactions between
proteins or protein regulation sequences using
simple and double yeast hybrid systems to
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detect gene regulation factors and map their rela- §

tional networks.

©

CIRAD is building libraries of insertion
sequences and developing recombinant rice
lines which—with tools derived from the Géno-
plante initiative—will be used to pinpoint genes
involved in complex traits of interest, eg plant
architecture and tolerance of abiotic constraints.

Training

CIRAD has coordinated training seminars in Abid-
jan (Cdte d’lvoire) and Njombé (Cameroon)
within the framework of a biotechnological
training initiative to benefit its developing-
country partners. These sessions focused on
the use of molecular markers in plant breeding
programmes, especially for rice improvement in
Cote d’Ivoire and banana and plantain improve-
ment in Cameroon. Some 20 African scientists
and academic researchers—breeders and phy-
topathologists—participated in each seminar,
which was coordinated by a team of CIRAD
scientists and academic researchers from the host
countries.

The success of these training courses could be
explained by the fact that they addressed actual
concerns of breeders in the field and that there
was close collaboration between the teachers and
trainees. Trainees collaborated in planning the
courses in order to tailor them to their specific
needs.

Practical laboratory training in partner agricultural
research centres was a keystone of these sessions.
Trainees were supervised in hands-on tech-
niques to extract DNA from plant material col-
lected locally, and were thus able to assess the
genetic diversity detected. This experience also
demonstrated that these local laboratories, most
of which had just been built and equipped, were
fully operational for the application of these new
advanced tools. =

Trainees at
the Njombé
laboratory,
Cameroon
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European Union and ACP states

The relationship between farmers of the European
Union (EU) and of African, Caribbean, and
Pacific states (ACP) is both competitive and com-
plementary. A study was conducted to determine
areas in which these farmers have a shared inter-
est and others in which they are competing. The
aim was to highlight the challenges to coopera-
tion between these two entities and to convince
policy makers of the potential benefits of estab-
lishing partnerships within the framework of world
trade negotiations.

The results of this study were published in a doc-
ument that consists of discussion notes on the
Lomé Convention, the World Trade Organization
(WTO) and the Common Agricultural Policy
(CAP), macroeconomic context analysis con-
cerning trade between EU and ACP countries,
and 15 product fact sheets with corresponding
maps. It concludes with an overview of subre-
gional problems, highlighting the extent of com-
petition between EU and ACP farmers, and
suggests potential alliance strategies within
international bodies.

This document was presented to the French Min-
istry of Agriculture and Fisheries and the European
Commission (EC), and should become a useful
negotiation support tool. It could also be useful
for formulating "likely scenarios* for subsequent
assessment by model simulations.

Greenhouse gas

The programme participated, along with some ten
other EU research centres, in a project on strate-
gies to control greenhouse gas emission. The spe-
cific objective was to draw up climate policy
analysis scenarios. In association with RIVM,
the Dutch institute for public health and the
environment, CIRAD focused on agricultural
techniques that could reduce agricultural gas
emissions and on quantifying marginal deduction
costs. A database was built to host data compiled
in previously published studies and collected by
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Economics, politics and markets

There is a widening gap between countries with respect to their market
competitiveness and natural resource assets. Market liberalization is creating
a range of socioeconomic problems associated with economic adjustment
and policy making. In some cases, adjustment requires intervention

by government or local bodies to improve production and trade efficiency

and equity. The economics, politics

and markets programme aims to identify
these situations as a basis for developing
an economic scenario that reflects
stakeholders’ needs and aspirations.

It also aims to outline policy instruments
or market interventions adapted to

the economic needs of developing countries,
while striving to detect areas of market
dysfunction. Tools and methods have been
designed to probe and clarify specific
situations, to represent them objectively
and to assess potential impacts.

| Sorghum fields
v in Africa
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experts on a systematic basis. A simple economic
model was developed to perform climate policy
simulations on a per-country or regional scale.
This model can be used to analyse the potential
impact of carbon emission taxing on emission
levels and on technical choices in the agricultural
sector.

Training

In view of current international trade liberaliza-
tion and state divestiture trends, government
intervention priorities in the agricultural sector
need to be based on solid concepts, focused on
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market and government failure hypotheses—ie
government intervention is collectively beneficial
in areas where the government and market do not
ensure sufficient stakeholder coordination.

A discussion group was formed with 19 special-
ists from 11 western and central African countries
to find effective ways of drawing up agricultural
policies. The chief goal was to encourage mem-
bers of this African trainers’ group to strengthen
their skills in this field and to provide training
for those involved in
agricultural policy mak-
ing: senior administrative
staff, NGO coordinators,
and heads of local gov-
ernments and farmers’
associations.

The discussion focused
on steps required to for-
mulate a well-founded
agricultural policy. It in-
volved three one-week
workshops held at two-
month intervals. Partici-
pants returned to their separate countries
between each workshop to directly apply their
newly acquired skills in grassroots situations. A
training handbook was compiled after the work-
shops and given to each group member to keep
as a methodological guide. Some of these
trained people have already been asked to apply
the method in a consultative or training context.

© V. Ribier

Plant modelling

Bioinformatics

Since the early 1990s, the plant modelling pro-
gramme has been developing a sequence analy-
sis method hinged on two themes: analysis of
series of homogeneous areas in sequences,
chiefly involving hidden Markov models and espe-
cially Markov half-chains; and analysis of repeat

Multifunctional agriculture

Agriculture can be defined as multifunctional
when non-marketed goods or services are pro-
duced in addition to its primary role of produc-
ing food and fibre, eg environmental goods,
unsalaried family jobs, landscape maintenance,
etc. By this definition, government intervention
in some circumstances would be warranted to
shoulder the cost of production of these goods or
services.

There is currently heated WTO debate on
whether or not government intervention should be
sanctioned in a multifunctionality setting, and if
so on what terms. Can one country safeguard its
jobs and environment without disadvantaging its
trading partners? Can a country fully tap the mul-
tifunctionality of its agriculture under current WTO
cooperation regulations? If not, what trade coop-
eration criteria modifications could be made?
The programme addressed these questions as part
of a study conducted by the French Ministry of
Agriculture. Surprisingly, it was found that when
multifunctionality is effective, protectionism,
which is generally destructive of welfare in a stan-
dard economic setting, can boost welfare to a
higher level than is possible under free trade con-
ditions. It is thus essential to recompense those
who lose out under a protectionist umbrella by
granting them “international compensation”,
paid out of tariff revenues and out of subsidies des-
ignated for the protectionist country. m

The plant modelling programme is a joint research unit that pools researchers
from the French scientific research centres (CIRAD, CNRS, EPHE, INRA, IRD),
the French schools of higher education, and the University of Sciences

(Montpellier 11). The unit merges different disciplines—botany, ecology, applied
mathematics and computer science—to develop generic methods for measuring,

analysing and modelling architecture,
growth, physiology and productivity of plants
and stands. The methods and tools designed
by the unit are made available to scientists it
hosts and trains, and to students participating
in its training courses. Commercial software
is sometimes a profitable spinoff from this
research.
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motifs in stationary sequences, based
on seeking local regularities rather
than on overall sequence structure.
The main statistical models used are
variable Markov chains and state
clustering models, which are also
applied in DNA sequence analysis.
Sequence analysis is currently used
mainly for cognitive and applied
analysis of branching structures.

By a similar strategy, CIRAD decided
to develop a consistent hierarchically

based analysis procedure, including
exploratory analysis, statistical mod-
elling and comparison methods.
Hierarchical comparison methods
were developed in the first phase. Statistical mod-
els will now be designed to extend hidden Markov
chains to hierarchical data in order to locate
homogeneous sequence zones. This second
phase is being conducted in collaboration with
INRIA.

Greenlab project in China

The Greenlab project was launched in 1998 by
the Sino-French Joint Laboratory in Computer
Science, Control and Applied Mathematics
(LIAMA), which itself was established by INRIA
and the Institute of Automation of the Chinese
Academy of Science in Beijing. The objective is
to promote Chinese-French cooperation for the
development of mathematical models for plants
and agricultural and forestry applications. It brings
together mathematicians and computer scientists
from the Chinese Academy of Science, agrono-
mists from the Chinese University of Agriculture,
where the experiments are conducted, and sci-
entists from CIRAD, INRA and INRIA. This proj-
ect has now reached a decisive phase subsequent
to three years of operations and renewal of the
CIRAD team.

The developed model was tested on Chinese crops
such as wheat, maize, soybean, sunflower and
cotton, leading to the development of the first
software prototype. This structure-function type
of model simulates plant growth by combining
an automaton, which
accounts for plant
morphogenic patterns,
and feedbacks, which
link organogenesis,
photosynthesis and
environmental para-
meters on the basis
of a plant architecture
concept. The scien-
tific prospects have
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been considerably enhanced through this part-
nership due to the substantial research potential
of LIAMA, and to the broad range of applications
of the model for simulation of crop plants and crop
management sequences. The project also has a
substantial reputation based on the fact that it
showcases a successful international collaboration.
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Training

Training activities of the programme were esca-
lated in 2001. Three modules were created in uni-
versity graduate schools in Montpellier: integrated
modelling of plant and plant cover architecture
and physiology, in collaboration with LEPSE, the
French laboratory on the ecophysiology of
plants under environmental stress; multiple-
scale structures, formal aspects and algorithms,
in collaboration with LIRMM, the French labora-
tory of computer science, robotics and micro-
electronics; and stochastic modelling of biologi-
cal phenomena.

Workshops and training sessions for researchers
were held, with more than 80 scientists and engi-
neers from CIRAD, INRA and other institutions
attending. Workshop components were: intro-
duction to plant digitalization and to AMAPmod
software; simulation of plant development and use
of AMAPsim software; 3-D imaging; use of the
CAPSIS software platform for modelling forest
stand dynamics; and the use of different CEPHA
software packages.

In parallel, weekly seminars on plant modelling
were held in China, and graduate courses on
remote sensing, image processing and landscape
simulation were offered in Ait, Thailand. An
e-learning platform on plant architecture and
modelling, ie AMAP-e-learning, was also set up.
In 2001, it was successfully tested within the
framework of a training session given on plant
architecture measurement and analysis.
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Commercial development
of software packages

In 1991, CIRAD began developing AMAP software
for landscape design and synthetic imaging on
the basis of original plant architecture modelling
concepts. There was a promising response to
the market introduction of these products, with

Crop protection

Locust control

Madagascar was recently hard hit by a plague of
migratory locusts (Locusta migratoria capito)
along with outbreaks of red locusts (Nomadacris
septemfasciata). It took four years of costly con-
trol operations involving chemical pesticide
treatments over an area of more than 4 million ha
to stall this plague. As early as the 1970s, locust
upsurge forecasts were made on the basis of
scientific data that CIRAD scientists helped to
collect. The south-western part of the island,
where the core outbreak area is located, is the only
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more than 1 000 professional licences granted
worldwide. CIRAD handed over the industrial
and commercial development of AMAP software
to Bionatics, a specialized software publishing
company. An agreement was signed with
Bionatics, which stipulates that CIRAD will
receive royalties and a share of the software sales
profits. m

The crop protection programme conducts research on integrated control
strategies against pests and diseases of tropical and subtropical crops.

The strategies developed are based on environment-friendly and rational use
of genetically resistant plants, adapted cropping systems, pesticides

and biological antagonists. This research is currently focused on the analysis

of pathogen and pest populations,
plant-parasite interactions,
and epidemiological components.

region that has to be closely surveyed during
recession periods. Regions risking outbreaks, and
where early control treatments should be con-
ducted, can be determined simply by monitoring
rainfall patterns and locust population densities
in this source area.

The French Embassy asked CIRAD to backstop the
newly founded locust warning section of CNA, the
Malagasy locust control centre, to help restore this
plague prevention system. One of the aims was
to develop a decision support tool to monitor the
locust situation. This will involve logging mete-
orological and locust data on a 10-day time scale
into a GIS to locate outbreak-risk areas and guide
preventive treatment operations.

The first phase of the project is finished. Work has
begun on the GIS and on updating maps of migra-
tory locust outbreak biotopes. The red locust
research programme has been organized and set
up in the field, and the Malagasy technical staff
is now trained on survey procedures. CNA will
have a new early locust warning system
designed to detect budding plagues by the end of
this three-year project.

Virology

Plant viruses are often spread from host to host
by vectors. The banana streak virus, a badnavirus
that causes banana streak disease, is generally
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Moroccan BSV strain
on Cavendish banana
from New Caledonia

transmitted via this route. However, a recent study
conducted by CIRAD’s virology laboratory
revealed that this pathogen can also be genetically
propagated, the first time that such a phenome-
non has been documented in the plant kingdom.
It was found that a dormant virus motif integrated
in banana (Musa balbisiana) chromosomes is able
to overcome the complex genetic arrangement
to reconstitute a pathogenic virus particle when
triggered by a biotic or abiotic stress induced by
cross hybridization, mass micropropagation or a
temperature shift, etc. This phenomenon was
observed in interspecific hybrid plant populations
derived from healthy parents, where half of them
developed the disease even though there was no
possible external source of contamination.

The results of a detailed genomic AFLP analysis
proved the genetic origin of the disease, which
was linked with the presence of viral sequences
within the genome of the M. balbisiana parent.
Studies are under way to determine the mecha-
nisms responsible for banana streak virus
expression during cross hybridization.

It was also found that the proliferation phase
prompts this expression during in-vitro culture of
“silent” bananas that contain dormant viral
sequences. This contamination pattern could
also occur in other badnavirus host plants that,
like bananas, are vegetatively propagated, eg sug-
arcane, yam and pineapple. The features of these
interactions, which could have arisen as a result
of coevolution of the host and virus genomes,
represent a new challenge for agricultural
research.
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Systematics

Changes in farming practices and accidental
introduction of pests constantly modify phy-
tosanitary conditions of agrobiological commu-
nities in tropical regions. It is essential to accu-
rately identify all organisms present to be able
to determine the impact of these changes and
imbalances that can lead to pest outbreaks, and
also to detect beneficial organisms that could
potentially check these outbreaks. This is the goal
of the fauna systematics research unit.

New tools have been developed as a supplement
to conventional analyses of morphological traits
that help systematicians in their species identifi-
cation research. These include: biochemical
and especially molecular markers which enable
more accurate organism identifications, ie to the
subspecies level—with the possibility of identi-
fying the population from which the organism
derives. These tools can even be implemented for
analyses at early development stages. They also
include computer tools, such as software for phy-
logenic classification, identification aid systems
and, very recently, automatic shape and species
recognition systems.

The potential of these new techniques will be
tapped to the fullest by a new systematics group
that is being set up at Baillarguet, near Montpel-
lier. In addition to the CIRAD fauna unit, it will host
INRA and IRD teams and collaborate with CBGP,
the biology and population management centre,
which is already located there. The plans include
compiling a molecular database for routine
determinations, which will substantially lighten
systematicians’ workload, thus enabling them to
concentrate more fully on their research. m

Bl The cotton pest
= Dysdercus sp.
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Gérard George, SKW, Grasse

Daniel Guitard, LEPT-ENSAM, Bordeaux
Philippe Schill, Michelin

Gilles Trystram, ENSIA

Georges Vermeersch, SOFIPROTEOL, Paris

Economics and Sociology

Coordinator
Benoit Daviron

Scientific Committee

Chairman
Denis Requier-Desjardins, Université
de Versailles-Saint-Quentin-en-Yvelines

External members

Francis Akindes, Université de Bouaké, Cote d’lvoire
Jean-Marie Boisson, Université Montpellier |
Marie-Christine Cormier-Salem, IRD

Christopher Delgado, IFPRI

Afranio Garcia, EHESS

Sylvie Lambert, INRA

Bertil Sylvander, INRA

Steve Wiggins, University of Reading, UK

Regional representatives

French Overseas Departments
and Territories

French Guiana, Philippe Godon
French Polynesia, Vincent Baron
Guadeloupe, Hubert Manichon
Martinique, Jean-Jacques Baraer
Mayotte, Gilbert Vallée

New Caledonia, Thierry Mennesson
Réunion, Michel Trebel

Other Countries

Benin, Sylvie Lewicki-Dhainaut
Botswana, Jean-Claude Legoupil
Brazil, Etienne Hainzelin

Burkina Faso, Georges Subreville
Cameroon, Jean-Louis Reboul
Caribbean Islands, Hubert Manichon

Animal Production

Coordinator
Philippe Lhoste

Scientific Committee

Chairman
Bernard Hubert, INRA

External members

Francois Bocquier, Agro-Montpellier
Alain Bourbouze, IAM

Jean Chantal, ENV Toulouse

Antoine Cornet, IRD

Jean-Baptiste Coulon, INRA

Edmond Tchakérian, Institut de I’élevage

Applied Mathematics
and Informatics

Coordinator
to be appointed

Scientific Committee

Chairman
Elisabeth de Turckheim, INRA

External members

Catherine Christophe, INRA

Gérard d’Aubigny, LabSad, Grenoble
Jean-Jacques Daudin, INA-PG
Stéphane Grumbach, INRIA

Michel Habib, LIRMM, Montpellier
Claude Lobry, CIMPA, Nice
Jean-Pierre Treuil, IRD

Central America, Benoit Bertrand
China, Zheng Li

Congo, Philippe Deleporte

Cote d’lvoire, Patrice de Vernou

East Africa (Ethiopia, Kenya, Uganda),
Daniel Bourzat

Guinea, Edmond Viricelle

Indian Ocean, Michel Trebel
Indonesia, Gabriel de Taffin
Madagascar, Michel Partiot

Mali, Georges Subreville (based in Burkina Faso)
Yves Nouvellet, Deputy

Senegal, Jacques Dubernard

South Africa, Jean-Paul Loyer

South Pacific, Thierry Mennesson
Thailand, Eric Gohet

United States of America, Jill Barr
Vanuatu, Jean-Pierre Labouisse
Vietnam, Gilles Mandret
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CIRAD worldwide
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Budget and staff in 2001

|
Income and expenditure

Income
other BCRD*
income subsidy
32% 68 % Expenditure
(FF millions)
D 727,81 (110,95*%) Staff
[ = \ 51,07 (7,79 Other
22,00 (3,35*%) Investments

( ) )

1110,69 (169,32**)

* Civil research and development budget
** Equivalent in million euros

Distribution of staff by category and location

Senior staff, mainland France 595
Other staff, mainland France se2 [
Senior staff, overseas s
Other staff, overseas 29

1811

Geographical distribution of senior staff overseas

Missions Postings
(researcher years)
Africa, Indian OCean H 31 137 —
French overseas departments
and territories T 10 19
Latin America : 9 51 ﬁ
Asia, Oceania : 10 55 —

Others : 9 3 U

69 365
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Training in 2001
|

Distribution by discipline and type of training

Degree Training for
courses practising professionals
— 151 69 ﬁ Agronomy
* 90 33 H Plant improvement
ﬁ 60 19 H Crop protection
— 110 101 — Animal production
ﬁ 48 21 H Economics and sociology
#137 46 ﬁ Technology
D 10 2 D Applied mathematics
U 1 Remote sensing
H 37 61 * Informatics
E 5 12 H Scientific and technical information
H 26 7 E Administration and management
: 8 2 D Research management
683 373
Distribution of trainees by geographical origin
North Africa [ —
West Africa 148 H

Central Africa

27:

East Africa

10u

Southern Africa, Indian Ocean region 34 :

North America,

3]

Latin America, Caribbean

56:

Middle East, Asia, Oceania

-

Europe

1056
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CIRAD addresses

Headquarters

42, rue Scheffer

75116 Paris

France

Telephone: +33 (0)1 53 70 20 00
Fax: +33 (0)1 47 55 15 30

Montpellier
Research Centre

Avenue Agropolis

34398 Montpellier Cedex 5
France

Telephone: +33 (0)4 67 61 58 00
Fax: +33 (0)4 67 61 59 86

International Campus,
Jardin Tropical

45 bis, avenue de la Belle-Gabrielle
94736 Nogent-sur-Marne Cedex
France

Telephone: +33 (0)1 43 94 72 00
Fax: +33 (0)1 43 94 73 49

San Giuliano Agricultural Research

Station, Corsica

SRA INRA-CIRAD

20230 San Giuliano

France

Telephone: +33 (0)4 95 59 59 21
Fax: +33 (0)4 95 59 59 37

French Overseas Departments
and Territories

French Guiana

BP 701

97387 Kourou Cedex

Telephone: +33 (0)5 94 32 73 50
Fax: +33 (0)5 94 32 73 51

French Polynesia

BP 467

98713 Papeete
Telephone: +689 42 47 03
Fax: +689 42 46 93

Guadeloupe

Station de Neufchateau
Sainte-Marie

97130 Capesterre-Belle-Eau
Telephone: +33 (0)5 90 86 17 90
Fax: +33 (0)5 90 86 17 91

Martinique

BP 153

97202 Fort-de-France Cedex
Telephone: +33 (0)5 96 71 92 01
Fax: +33 (0)5 96 63 07 24

Mayotte

BP 1304

97600 Mamoudzou

Telephone: +33 (0)2 69 61 21 21
Fax: +33 (0)2 69 61 21 19

New Caledonia

Mr. Thierry Mennesson, Director General, IAC

BP 73, 98890 Paita

Telephone: +687 43 74 15

Fax: +687 43 74 16

Réunion

BP 20

97408 Saint-Denis Messageries Cedex 9
Telephone: +33 (0)2 62 52 80 00

Fax: +33 (0)2 62 52 80 01

Other Countries

Benin

08 BP 1077

Cotonou

Telephone: +229 38 00 34 or 38 80 86
Fax: +229 30 09 68

Botswana

c/o SACCAR

Private Bag 00108
Gaborone

Telephone: +267 328 775
Fax: +267 328 806

Brazil

SHIS-QI 15

Conjunto 3, casa 1

71 635-230 Brasilia DF

Telephone: +55 61 248 20 79 or 56 65
Fax: +55 61 248 26 19

Burkina Faso

01 BP 596

Ouagadougou 01
Telephone: +226 30 70 70
Fax: +226 30 76 17

Cameroon

BP 2572

Yaoundé

Telephone: +237 21 25 41
Fax: +237 20 29 69
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Caribbean islands

Station de Neufchateau
Sainte-Marie

97130 Capesterre-Belle-Eau
Guadeloupe - France
Telephone: +33 (0)5 90 86 17 90
Fax: +33 (0)5 90 86 17 91
Central America

c/o IICA/IPROMECAFE
Apartado postal 6742-1000
San José

Costa Rica

Telephone: +506 556 09 38
Fax: +506 556 09 38

China

INRA-CIRAD

501, Tower B of Fuhua Mansion
8, Chaoyangmen North Avenue
Dongcheng District

100027 Beijing

Telephone: +86 10 6554 1871
Fax: +86 10 6554 1872

Congo

BP 1264

Pointe-Noire

Telephone: +242 94 31 84

Fax: +242 94 47 95

Cote d’lvoire

01 BP 6483

Abidjan 01

Telephone: +225 20 22 18 69 or 20 21 16 25
Fax: +225 20 21 43 68

East Africa (Ethiopia, Kenya, Uganda)
OAU/IBAR

Maendeleo House - Loita Street

PO Box 30786, Nairobi
Telephone: +254 2 250 751 or 733 61 44 08
Fax: +254 2 227 270

Guinea

c/o SCAC

Ambassade de France

BP 570

Conakry

Telephone: +224 45 42 46

Fax: +224 45 42 46

Indian Ocean region

BP 20

97408 Saint-Denis Messageries Cedex 9
Réunion, France

Telephone: +33 (0)2 62 52 80 00

Fax: +33 (0)2 62 52 80 01

Indonesia

Plaza Bisness Kemang, 3rd floor

Jalan Kemang Raya 2

Jakarta Selatan 12730

Telephone: +62 21 719 90 67 or 21 719 46 01
Fax: +62 21 7179 33 04

Madagascar

Ampandrianomby

BP 853

Antananarivo

Telephone: +261 20 22 40 623
Fax: +261 20 22 40 821

Mali
BP 1813
Bamako

Telephone: +223 22 90 54 or 75 01 50

Fax: +223 21 87 17

Senegal

37 avenue Jean XXIII

BP 6189

Dakar-Etoile

Telephone: +221 822 44 84
Fax: +221 821 18 79

South Africa

Agribis c.c.

PO Box 70793

Bryanston 2021

Telephone: +27 11 706 77 83
Fax: +27 11 706 76 54

South Pacific

BP 73

98890 Paita

New Caledonia
Telephone: +687 43 74 15
Fax: +687 43 74 16

Thailand

CIRAD Office

Administrative Building (9th floor)
Kasetsart University,

Bangkhen Campus

10900 Bangkok

Telephone: +66 2 942 86 83

Fax: +66 2 942 86 84

United States of America
Development Research Associates
8313 Woodhaven Blvd

Bethesda

Maryland 20817

Telephone: +1 301 365 6855

Fax: +1 301 365 6855

Vanuatu

BP 231, Santo
Telephone: +678 36 320
Fax: +678 36 355

Vietnam

CIRAD Regional Representative
Fortuna Tower

12th floor unit 1206

6B Lang Ha Street, Hanoi
Telephone: +84 4 83 14 675
or 90 3 21 57 92 (mobile)

Fax: +84 4 83 14 676
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List of acronyms

AAC, Australian Academy of Science, Australia

ACIAR, Australian Centre for International Agricultural
Research, Australia

ACP, Africa, Caribbean and Pacific

ADEME, Agence de I’environnement et de la maitrise
de I'énergie, France

AFD, Agence frangaise de développement, France
AFLP, Amplified Fragment Length Polymorphism

AFSSA, Agence francaise de sécurité sanitaire des aliments,
France

Agro Montpellier, Ecole nationale supérieure agronomique
de Montpellier, France

AlIT, Asian Institute of Technology, Thailand
ANACAFE, Associacion Nacional del Café, Guatemala

AVRDC, Asian Vegetable Research and Development
Center, Taiwan

BNETD, Bureau national d’études techniques
et de développement, Cote d’Ivoire

BRG, Bureau des ressources génétiques, France

CAOBISCO, Association des industries de la chocolaterie,
de la biscuiterie et de la confiserie, Belgium

CAP, Common Agricultural Policy

CARBAP, Centre africain de recherches sur bananiers
et plantains, Cameroon

CATIE, Centro Agronémico Tropical de Investigacion
y Ensefianza, Costa Rica

CBGP, Centre de biologie et de gestion des populations,
France

CEDIMES, Centre du développement international
et des mouvements économiques et sociaux, France

CEMAGREF, Centre national du machinisme agricole,
du génie rural, des eaux et des foréts, France

CENARGEN, Centro Nacional de Pesquisa de Recursos
genéticos y biotechnologia, Brazil

CERAAS, Centre d’étude régional pour I’'amélioration
de I’'adaptation a la sécheresse, Senegal

CERNA, Centre régional de nutrition et d’alimentation
appliquées, Benin

CES, Centre de suivi écologique, Senegal
CFC, Common Fund for Commodities

CFSIGE, Centre de formation aux sciences de I'information
géographique et de I’environnement, Madagascar

CGIAR, Consultative Group on International Agricultural
Research, USA

CICY, Centro de Investigacién Cientifica de Yucatan,
Mexico

CIEPAC, Centre international pour I’éducation permanente
et I'aménagement concerté, France

CIFOR, Centre for International Forestry Research,
Indonesia

CIP, Centro Internacional de la Papa, Peru

CIRDES, Centre international de recherche-développement
sur I’élevage, Burkina Faso

CIRED, Centre international de recherche sur
I’environnement et le développement, France

CNA, Centre national antiacridien, Madagascar

CNEARC, Centre national d’études agronomiques
des régions chaudes, France

CNRA, Centre national de recherche agronomique,
Cote d’lvoire

CNRE, Centre national de recherche sur I’environnement,
Madagascar

CNRS, Centre national de la recherche scientifique, France
CNS, Centre national de séquencgage, France

CODEVASF, Companhia de Desenvolvimento do Vale
do S&o Francisco, Brazil

CONICYT, Comision Nacional de Investigacion Cientifica
y Tecnoldgica, Venezuela

CPAAF, Centro de Pesquisa Agroforestal da Amazonia,
Brazil

EHESS, Ecole des hautes études en sciences sociales,
France

EISMV, Ecole inter-Etat de sciences et médecine vétérinaire,
Dakar, Senegal

EMBRAPA, Empresa Brasileira de Pesquisa Agropecuaria,
Brazil

EMI, European Membrane Institute

ENGREF, Ecole nationale du génie rural, des eaux
et des foréts, France

ENSA, Ecole nationale supérieure agronomique, Senegal

ENSAR, Ecole nationale supérieure agronomique
de Rennes, France

ENSIA, Ecole nationale supérieure des industries
alimentaires, France

EPHE, Ecole pratique des hautes études, France

ESSA, Ecole supérieure des sciences agronomiques,
Madagascar

FAO, Food and Agriculture Organization of the United
Nations, Italy

FCR, Fonds de coopération régional, French Guiana

FFEM, Fonds frangais pour I’environnement mondial,
France

FOFIFA, Foibe Fikarohana momba ny Fampandrosoana
ny Ambanivohitra, Madagascar
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FRUTOTEC, Centro de Tecnologia de Hortifruticolas, Brazil
FUNDECITRUS, Fundo de Defesa de Citricultura, Brazil
FUNAI, Fundacdo Nacional do Indio, Brazil

GIS, Geographical Information System

GTZ, Deutsche Gesellschaft fur technische
Zusammenarbeit, Germany

IAC, Institut agronomique calédonien, New Caledonia
IAM, Institut agronomique méditerranéen, France
ICAFE, Instituto de Café, Costa Rica

ICGI, International Cotton Genome Initiative

ICRA, Institut centrafricain de recherche agronomique,
Central African Republic

ICRISAT, International Crops Research Institute for
the Semi-Arid Tropics, India

IEDES, Institut d’étude du développement économique
et social, France

IER, Institut d’économie rurale, Mali

IFEN, Institut francais de I’environnement, France

IICA, International Institute for Cooperation in Agriculture
ILRI, International Livestock Research Institute

INA-PG, Institut national agronomique Paris-Grignon,
France

INIA, Instituto Nacional de Investigacdo Agronomica,
Mozambique

INIBAP, International Network for the Improvement
of Banana and Plantain, France

INRA, Institut national de la recherche agronomique,
France

INPA, Instituto Nacional de Pesquiso do Amazonia
INRAB, Institut national de recherches agricoles, Benin

INRIA, Institut national de la recherche en informatique
et automatique, France

INSAH, Institut du Sahel, Mali
10S, Institute of Sociology, Vietnam
IPGRI, International Plant Genetic Resources Institute, Italy

IRAD, Institut de recherche agricole pour le
développement, Cameroon

IRAG, Institut de recherche agronomique de Guinée,
Guinea

IRAM, Institut de recherches et d’applications des
méthodes de développement, France

IRD, Institut de recherche pour le développement, France

IRRDB, International Rubber Research and Development
Board, Malaysia

IRRI, International Rice Research Institute, Philippines
ISRA, Institut sénégalais de recherches agricoles, Senegal

ISSCT, International Society of Sugar Cane Technologists,
USA

ISTOM, Institut supérieur d’agroéconomie international,
France

ITC, International Trypanotolerance Center, Gambia

ITRAD, Institut tchadien de recherche agronomique pour
le développement, Chad

LEAD, Livestock, Environment And Development

LEPSE, Laboratoire d’écophysiologie des plantes sous stress
environnementaux, France

LIAMA, Laboratoire franco-chinois d’informatique
et de mathématiques appliquées, China

LIRMM, Laboratoire d’informatique, de robotique
et de micro-électronique de Montpellier, CNRS, France

LRVZ, Laboratoire de recherche vétérinaire
et zootechnique, Chad

MINEF, Ministére de I’environnement et des foréts,
Cameroon

MPOB, Malaysian Palm Oil Board, Malaysia

NIAH, National Institute for Animal Husbandry, Vietham
NIPP, National Institute of Plant Protection, Vietnam
OAU, Organization of African Unity

ODI, Overseas Development Institute, UK

OIE, Office international des épizooties

PACE, Programme africain de contrdle des épizooties
PCR, Polymerase Chain Reaction

PPZS, Péle pastoral en zones séches, Senegal

PRASAC, Pble régional de recherche appliquée au
développement des savanes d’Afrique centrale, Chad

PSAOP, Programme de services agricoles et d’organisations
de producteurs, Senegal

PT SMART, PT Sinar Mas Agro Resources and Technology
Corporation, Indonesia

QFRI, Queensland Forestry Research Institute, Australia
QTL, Quantitative Trait Loci

RFLP, Restriction Fragment Length Polymorphism

RIFAV, Research Institute on Fruits and Vegetables, Vietham

RIVM, Rijksinstituut voor Volksgezondheid en Milieu,
the Netherlands

ROSELT, Long Term Ecological Monitoring Observatories
Network

RRIT, Rubber Research Institute of Thailand, Thailand
SBL, Société des bois de Lastourville, Gabon

SIUPA, Strategic Initiative on Urban and Peri-urban
Agriculture

SODECOTON, Société de développement du coton,
Cameroon

TANSAO, Taro Network for Southeast Asia and Oceania
UCAD, Université Cheikh Anta Diop, Dakar, Senegal
INICAMP, Universidade Estadual de Campinas, Brazil
USP, Universidade de S&o Péolo, Brazil

UTC, Université de technologie de Compiégne, France
VASI, Viethamese Agricultural Sciences Institute

WECARD, West and Central African Council for
Agricultural Research and Development, Senegal

WTO, World Trade Organization, Switzerland



Cover illustration
Copyright reserved

Photos

Page 9 : CIRAD, A. Ferment, A. Miquel, H. Planton;
page 10 : I. Duriez, M. Raunet, R. Pirot, A. Rival;
page 11 : P.-Y. Le Gal, D. Snoeck, G. Trébuil, G. Trébuil.

Publication, layout, illustrations and production

CIRAD Scientific and Technical Information Department
Publications and Multimedia Service

Louma productions, 34 Aniane, France

With the participation of the CIRAD Photolibrary
and the CIRAD-TERA Communication Service

English version

Translation: Helen Burford, Catriona Dutreuilh, Isis Fairclough, David Manley
Editing: Robert Huggan

Graphics
Flash Espace, 34 Montpellier, France

Printing
Basic Color, 30 Nimes, France

French dép6t légal 3nd quarter 2002
Original title, Le Cirad en 2001



Centre

de coopération
internationale
en recherche

agronomique
pour le
développement

42, rue Scheffer
75116 Paris
France
www.cirad.fr






