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The President’s Message

While our experience has shaped us, the future is ours to forge. CIRAD conducts research in more than

50 different countries, collaborating with many different and rapidly-evolving partner institutions on a wide
range of themes. To meet the inherent challenges of this dynamic situation, the Centre must be prepared

to deal with predictable transitions, while pursuing other changes that are deemed necessary. In this context,
a Forward and Strategic Studies Unit was established at the General Administration level in 1996.

After three terms of office as Chairman of the Scientific Advisory Committee, André Berkaloff, who | would
like to thank personally for his determination and wise advice, pointed out that the balance between forward
planning and external reviews of CIRAD departments should be enhanced to facilitate management
decision-making. The Forward and Strategic Studies Unit will explore ways to establish this balance, while
collaborating in the management restructuring process currently under way at CIRAD—as synergy between
these two parameters is essential.

The Forward and Strategic Studies Unit develops, implements, and provides methodological support

for the analysis of future requirements and related strategies, while assisting in decision-making on important
issues at the Centre. In addition, it collaborates with CIRAD research units, the Scientific Advisory Committee,
and other French and foreign partners on different themes. The challenge is to work together as a group in
assessing possible future changes.

Forward and strategic analyses will help in understanding the dynamics of economic and social progress,
along with rapid scientific and technological development, and clarify links between these factors.

How will the situation evolve concerning stakeholders in Southern countries and development-oriented
scientific research institutions? How can CIRAD, a French scientific research centre, participate in setting up
fully-qualified joint research teams with scientists from Europe and the South? What economic stakeholders
are open to collaboration with CIRAD?

What is the status of CIRAD, a development-oriented research organization, within the international scientific
community—which is characterized by constantly changing know-how and techniques, with a wide range of
ethical and ecological implications?

How can Southern countries be efficiently involved in sustainable production, processing, distribution, and
marketing of plant- and animal-based products? What options will CIRAD, as a French state-owned bodly,
choose to help answer these questions?

In its first year, the Forward and Strategic Studies Unit will assess the long-term prospects for cocoa in order
to improve CIRAD’s research priorities concerning this crop, and carry out a study of food industries for

a group of French educational and research institutions. Strategic analyses will focus on CIRAD’s relations
with private companies, which are the main instigators of economic development in Southern countries,
with the overall aim of establishing partnerships with these companies.

It is my sincere hope, beyond assisting in decision-making and research programming, that these activities
will sharpen our awareness and foresight—enabling us to successfully meet the human, economic,
and scientific challenges we will have to address in the 21 century. '

ChLua

—

Guy Paillotin
President
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Restructuring CIRAD’s management

Renewing
CIRAD's
Management
for a better
response

to partners’
needs

Discussions under way in 1996 on CIRAD’s
organization and operations highlighted

a key point—that its unique status is

not being fully tapped and its organization
is not very clear. A restructuring plan was
therefore initiated to overhaul and
modernize its management, streamline
the organization, and increase operational
flexibility, thus reflecting CIRAD’s aim

to enhance its responses to increasingly
complex development requests.

This restructuring, which is to take effect
in 1998 through several phases involving
close consultation with staff,

is within the scope of CIRAD’s scientific
strategy set out in the agreement

on objectives signed with the French
government in 1996.




IRAD WAS CREATED BY THE FRENCH

government in 1984 as a state-owned

body specializing in development-
oriented agricultural research for the tropics
and subtropics. Its main mission is to con-
tribute to the economic and social devel-
opment of these regions. The management
status and guidelines established at the
beginning were well founded, as confirmed
in a recent appraisal of the organization under-
taken by the Comité national d’évaluation
de la recherche (CNER). This review high-
lighted that CIRAD has a fully-justified unique
position on the French scientific research
scene, conducting “high-quality basic (e.g.
molecular biology) and applied scientific
research”.

As a decentralized public institution, CIRAD
is operationally flexible and dynamic, two
features that have facilitated moderniz-
ation of its research structures and enabled
it to increase collaborations with partners
worldwide.

The increasingly complex demand
for CIRAD’s services

Besides its undeniable assets, CIRAD is con-
strained by some organizational and oper-

- ational shortcomings. After more than a decade

of operation, the Centre is not yet reaping the
full benefits of its uniqueness; and its extremely
complex hierarchical structure curtails smooth
operations and impedes interaction with its
partners.

The restructuring plan is aimed at streamlining
CIRAD’s organization and implementing joint
management tools. The Centre’s overall re-
search thrusts remain valid: improving pro-
duction subsectors and tropical farm-product
processing technologies; sustainable land and
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natural-resource management; and taking
stakeholders’ behaviour relative to their eco-
nomic and administrative environments into
better consideration. Research inputs for each
of these thrusts will be useful in diagnosing
situations and ultimately coming up with
suitable responses.

This restructuring will promote multidis-
ciplinary interaction, thus enhancing the
Centre’s efficiency in meeting the increasingly
complex nature of requests.

A single-line structure will be adopted in
the management streamlining process, i.e.
CIRAD staff members will each report to a sole
director, irrespective of their occupation and
location.

There will be only three hierarchical levels in
the new organization chart, which should pro-
vide better flexibility and transparency: the
General Administration, responsible for de-
fining strategies, coordination, arbitration, and
control; the Departments, which will plan
activities and synchronize CIRAD’s supply
with partners’ demand; and the programmes,
i.e. operational units that will conduct research
and development projects in response to
specific questions.

Unifying projects

CIRAD has therefore adopted a plan to update
programme responsibilities. Discussions and
analyses that began in late 1996 should lead
to the creation of a few programmes as
early as 1997, with three main orientations:
subsectors, ecoregions, and scientific themes.

' The nature of potential partnerships will

be closely related to these three orienta-
tions: first, subsector professionals, i.e. farmers,

9



10 Renewing CIRAD’s Management

craftspeople, large-scale processors, suppli- “ecoregiona
ers, and traders; second, management and oriented economic challenges. For every
ecosystem (savanna, humid tropical, etc.),

‘ development bodies, e.g. farmers’ asso-

l//

focus addresses development-

ciations, local and national governments; and = specific requests will be formulated for the

tutions, universities, and commercial research
agencies.

third, scientists—including research insti- management of farm, forest, and rangeland |
areas, and only environment-friendly oper-
ational procedures are to be used. Through

~its “scientific themes”, CIRAD can address ‘

| The “subsector” focus covers specific areas in |~ future scientific issues: agronomic, biological,
which CIRAD has developed expertise, thus and socioeconomic conditions for a doubly-

~ giving it a comparative advantage over other green revolution, and development of the food |

' tropical agricultural research centres. The = processing sector.

When CIRAD was founded...

CIRAD was established in 1984 following the consolidation of nine tropical
research institutions of different status, e.g. associations governed

by the law of 1901, state-owned bodies, and private agencies. These former
institutions were specialized in various subsectors: food crops, citrus and
other fruit, cotton, coffee and cocoa, oil crops, rubber, forestry, livestock
production and veterinary medicine, and farm machinery. CIRAD pooled all
of these subsectors and provided France with a development-oriented
research body that could offer fully adapted responses to new requests

from countries in the South.

The scope of research conducted by some of these initial institutions
was modified with the creation of CIRAD departments, especially
Food Technology and Rural Systems, Annual Crops, and Tree Crops.

A new culture was gradually shaped by men and women on the staff of
these departments, as highlighted by the development of the strategy plan
in"T1997T.

CIRAD's operations have been decentralized since the outset, with
responsibilities delegated to operational levels (i.e. departments) for a better
response to partners’ requests.

After 12 years of operation, the unanimous conclusion is that

the consolidation process is still incomplete, and divisions between
departments remain issues to be resolved. One main obstacle to unity
within the organization is the lack of suitable tools for joint management of
both human and financial resources. The restructuring process under way
should provide CIRAD with the means necessary to launch it successfully
into the 21 century.

R W Gl DR

Setting up collaborative projects
will be facilitated under the new
organizational structure by bring- ‘
ing together experts from several
CIRAD departments. Joint manage-
ment techniques and tools are es- ‘
sential for the success of these
ventures.

Real-time activities

CIRAD’s management strategies
had to be drastically modified in
response to the decision to draw
up and implement the budget on
a per-programme basis (which is
necessary in the restructuring |
process). The discussions, begun
in 1996, were aimed at defining
the management responsibilities
of each programme director, uni-
formizing and modernizing bud-
getary and accounting procedures,
and drawing up new resource-allo-
cation regulations. All of these
objectives should be achieved in
the 1998 budget.

All top managers will ultimately
have access to management indi-



cators to facilitate real-time man-
agement of team activities.

Original professional profiles

The main resource of any research
organization is obviously its staff.
However, the scattered nature of
the current department-based staff
management organization hampers
unity and curbs mobility.

Based on CNER recommenda-
tions, CIRAD thus decided to create
a Human Resource Management
Office within its General Admin-
istration. This new office, set up
in 1997, will develop general

Renewing CIRAD’s Management 11

CIRAD’s agreement
on objectives with the French government

. The agreement on objectives signed by CIRAD and the French government

is in line with increased environment-friendly agricultural and forest
production in host countries. Three priority research orientations were

set out for CIRAD in this agreement: improvement of production subsectors
and product-processing techniques; sustainable and economic land and
natural-resource management; and taking stakeholders’ strategies

into account in drawing up agricultural development policies.

@ Partnership guidelines were also defined in the agreement: renewal
_of cooperation with Southern countries, especially with respect

to diversifying conditions for CIRAD’s field research; promoting increased
integration of French tropical research within the Northern scientific
community; setting up projects to pool expertise from several CIRAD

policies on employment, assess-
ment, and training. The challenge
will be to synchronize required
skills with CIRAD’s present exper-
tise. The office will also be committed to
enhancing staff members’ professional careers
through position-rotation plans, while moni-
toring future changes in professional profiles
at CIRAD, and promoting mobility.

The Human Resource Management Office
will be responsible for drawing up joint
management regulations and procedures with

- the aim of coordinating CIRAD management.

It will also create a directory of CIRAD pro-
' tre’s management restructuring and pro-

fessions based on staff experience, to maintain
and promote the unique and specific nature
of these personnel profiles.

The first phase of the homogenization pro-

cess began in 1996, with a hierarchical staff |

appraisal through standardized individual
interviews. The procedure will be modified
on the basis of the results of this pilot test,
conducted with the agreement of labour-

relations partners, before it is permanently
adopted. Professional appraisals carried out
by ad-hoc committees will be introduced
later.

Partnerships

Setting up partnerships is crucial for the
identity of all research organizations, es-
pecially at CIRAD where most research
involves collaboration. The partnership di-
mension is therefore a keystone of the Cen-

gramming plan.

A worldwide agricultural research sys-
tem is currently being formed, bringing to-

gether national institutions of Southern
countries (national agricultural research

- systems [NARSs]), industrialized countries

(advanced research institutions [ARIs]), and
international centres (international agricul-

. departments, developing budgeting and accounting management tools,
and staff appraisal procedures to improve the efficiency in dealing
with problems encountered in research missions.
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Streamlining cooperation
in the French overseas departments and territories

The situation in Réunion 9

Local governments are CIRAD’s main partners in the French overseas
departments and territories (DOM-TOM), with departmental, regional,
provincial, and district agencies being the main donors for local
development projects and research studies conducted by CIRAD.

CIRAD and these partners are striving to simplify cooperation procedures.
In 1996, Réunion therefore set up new joint research-definition
mechanisms. The related reference document is now available and
supplements the memorandum of agreement signed with the Conseil
général and Conseil régional of Réunion for the 1996-98 period.

Research in each area is scheduled on the basis of fully-defined projects
involving several operations. Each project is aimed at solving a major
problem that has been identified through analyses in several research areas
and confirmed by joint agreement. The project coordinator is responsible
for activities of the research team, keeping to schedule, drawing up
research reports, and communicating results to the scientific community
and extension agents.

Research is scheduled to meet the needs of professional agricultural and
extension staff in Réunion, while remaining in line with CIRAD’s overall
research priorities. Two collaborative bodies were created to verify

that these aims are fulfilled: upstream—scientific committees, which help
in designing projects, control the quality of research work and
communicate the results to the scientific community; downstream—
technical commissions, which check that the adopted strategies are valid,
and promote dialogues with professional organizations. Once CIRAD’s
research activities in Réunion are formalized, it should be easier to assess
whether they fully address real development needs, analyse the results,
and promote regional cooperation.

The organization has also been restructured in Réunion, with the role of k

CIRAD's representative strengthened on the basis of its aim to emphasize
its unique status with the decentralization of responsibilities.

e

tural research centres [IARCs]). The
balance between these three poles
will have to be maintained if this
new system is to be universally
recognized and efficient.

Only NARSs and IARCs currently
have coordinating bodies repres-
enting them at higher levels:
e.g. African NARSs are under the
umbrella of the Conférence des res-
ponsables de recherche agrono-
mique en Afrique de I'Ouest et du
Centre (CORAF), the Association
for Strengthening Agricultural Re-
search in Eastern and Central Africa
(ASARECA), and the Southern Afri-
can Centre for Co-operation in
Agricultural Research (SACCAR),
which are federated within the
recently created Forum for Agri-
cultural Research in Africa (FARA),
and the Consultative Group on
International Agricultural Research
(CGIAR), which is the parent body
for IARCs. ARIs are scattered wid-
ely, especially in Europe.

The first step will be to formal-
ize the French tropical agricul-
ture research system, comprising
several experienced institutions.
CIRAD will contribute to this pro-
cess, on the incentive of relevant
French government Ministries, i.e.
Research, Cooperation, Foreign
Affairs, and Agriculture.

CIRAD is actively involved in set-
ting up a European forum on agri-
cultural research, which could be
created at the European research



institution meeting to be held in Montpellier
(France) in September 1997. The European
Initiative for Agricultural Research and De-
velopment (EIARD) will then liaise between
European Union research institutions and
policy-makers.

This forum will also be part of an agricul-

- tural research network linking institutions

from industrialized countries, including those
from North America, Japan, and Australia.

Interactions with the private sector

CIRAD’s experience in collaborating bilater-
ally with Southern partners (the scientific
community, political decision-makers, and
the private sector), and its strategy of
interaction with donors are comparative
advantages offered to the worldwide agri-
cultural research system.

' CIRAD's partners are constantly evolving, e.g.

the private sector is currently undergoing a
complete transformation. In Africa, extension
agents are being privatized at a rapid pace,
while farmers and herders are setting up
professional associations.

CIRAD will have to modify its modes of
cooperation and partnership policies in order
to remain as close as possible to partners’
concerns, and meet their immediate and

future demand with an appropriate supply of |

expertise. New types of partnerships should
also be invented, especially with the private

' sector.

It is important to first tighten links between
cooperation strategies and research strategies.
External Relations staff will be responsible
for ensuring that CIRAD's partners’ needs are

' fully taken into account in the definition
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of research programmes. The Centre’s regional
representatives, who liaise with partners
worldwide, will be given a more important
role in pinpointing potential demand and
forecasting potential areas of cooperation.

13

The next step will be to promote CIRAD’s |

expertise with partners worldwide, while
planning and coordinating interactions with
donors. A Coordinator responsible for relations
with donors has thus been appointed within
the External Relations service.

Finally, once ties are established with private
companies, CIRAD will have to develop
administrative and legal structures to deal
with potential risks involved in conducting
joint projects. Here again, new specialists
have been appointed within the External
Relations service who are responsible for
developing partnership strategies based on
analyses of partners’ needs and experience
offered by other public research agencies.

In terms of its scope, and through adjust-
ments in the activities of everyone involved,
CIRAD's restructuring plan is designed to have
a lasting impact. It will be implemented
in 1998, and the first fruits of this opera-
tion should be reaped the following year.
As the success of this transition will
closely depend on pertinent staff contribu-
tions, the General Administration has set up
forums for individual or collective exchanges
aimed at promoting staff participation.

' CIRAD’s partners abroad are also being

consulted, especially on cooperation strate-
gies and implementing joint projects. This
restructuring project reflects CIRAD’s aim
to become an increasingly effective agent
for economic and social development in
Southern countries.



On the basis of its experience and expertise

in tropical research, especially on food crops and
annual cash crops, CIRAD-CA is in a pivotal
position with respect to discussions on the global
development-oriented agricultural research
system. Regionalization of research programmes
is a priority concern. In 1996, after its
involvement in setting up the Pole régional

de recherche sur les systémes irrigués
soudano-sahéliens (PSl), the Department, along
with the relevant national agencies and under
the aegis of the Conférence des responsables

de recherche agronomique en Afrique de I"Ouest
et du Centre (CORAF), helped create the Pble
régional de recherches appliquées

au développement des savanes d’Afrique centrale
(PRASAC), and the Pble régional de recherche
appliquée au développement des savanes
d’Afrique de I"'Ouest (PRASAO).

An analysis of the Department’s current status

with respect to agronomy and related sciences
highlighted potential areas for its involvement

in an agricultural production research programme,
in terms of cropping sequences, and environment-
friendly productive cropping systems. In the light
of its progress in plant improvement and integrated
crop protection, the Department is also in

a position to contribute to research on biological
aspects of crop productivity.

After CIRAD’s restructuring, the Department’s
scientists will concentrate their activities in
three subsector-based programmes, i.e. cotton,
sugarcane, and annual food crops,

and in programmes focusing on tropical
ecoregions: the semihumid savanna,

the dry tropics, and the humid tropics. B
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Crops
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Annual Crops Department
CIRAD-CA

Director, Hubert Manichon

Deputy Director, Cooperation and Partnerships,
Rolland Guis

Deputy Director, Scientific Coordination,

Hervé Saint Macary

Administrative and Fiscal Director, Léandre Mas

Research Programmes

Smallholder farming in savanna areas, Guy Faure
Smallholder farming in irrigated areas,
Jean-Claude Legoupil

Smallholder farming in highlands and

newly cultivated areas, Alain Leplaideur

Sustainability and environmental resources,
Francis Forest

Rice, Christian Poisson

Other cereals, Jean-Leu Marchand
Cotton, Eric Hequet

Protein-oil crops, Robert Schilling
Sugarcane, Jean-Claude Boeglin

Research Units

Plant improvement, Jean-Christophe Glaszmann
Crop physiology, Marcel de Raissac

Farming systems, Michel Crétenet

Soil and land-use management, Francis Ganry
Water management, Florent Maraux

Plant pathology, weed management,
Jean-Loup Notteghem

Applied entomology, Maurice Vaissayre
Biometrics, computer services, Alain Joly
Cotton technology, Eric Hequet

Cereal technology, Jacques Faure

Commaodity economics, Claude Freud

Support Services

Technology transfer office, Jean-Luc Khalfaoui
Documentation, Marie-Thérése Allafort
Publications, Benoit Girardot

Smallholder
farming in
savanna areas

|
he aim of this programme is to promote
sustainable development of natural re- ‘
sources and land management by stake-
holders, with emphasis on analysis of land-use
patterns, and on understanding how cropping ‘
and production systems function. It is also striv-
ing to develop new sustainable and highly effi- ‘
cient cropping systems, while devising ways
to disseminate technological innovations to ‘
farmers.

Madagascar: the agricultural -
phase of the Sud-Ouest project

CIRAD implemented the agricultural phase of
the Sud-Ouest project in Madagascar, including
research and extension activities focused on en-
vironmental analyses, soil fertility, productivity
of the main crops (millet, sorghum, maize, and
cotton), and production planning. These activ-
ities are based on the results of surveys and on-
farm experiments. Moreover, the Cellule d’ana-
lyse et de localisation de I'information pour le
Sud-Ouest (CALIPSO), using a geographical in-
formation system and processing remote-sensing
data, provides information on land-use patterns
and changes (mainly on a 1/200 000 scale map), |
and statistics on the area under crops. \

Using organic soil-management techniques, ‘
cropping systems could be considerably im-
proved through research conducted within the ‘



framework of agreements signed with the Mala- |
gasy Centre national de la recherche appliquée |
au développement rural (FOFIFA), and NGOs,
etc. Direct drilling and establishing a permanent
plant cover, i.e. intercropping legumes and ‘
cereal or cotton crops, is an efficient way to
increase crop yields, protect soils, and decrease
labour time. Extension activities are focused on
agricultural equipment, on setting up input and |
' tool supply shops to be run by villagers, and on
the seed subsector. Seed farmers produced 6 t of
maize, 2 t of groundnut, and 2 t of Lima beans ‘
for seed in 1996.

Extension of new cropping |
systems in Chad

In the Sudanian zone of Chad, the Terroir- |
Exploitation-Parcelle (TEP) project is under way |
at Bebedjia, in the cotton-growing region. TEP
staff and the Office national de développement
rural (ONDR), together with local farmers, are
developing innovations adapted to a wide range
of farming conditions.

Promising results have been obtained in
site-specific, farm, and field experiments carried
out by volunteer farmers; e.g. wood yields of
3 t/ha/year can be obtained by alley cropping
Cassia siamea. Associating cereal crops and
nitrogen-fixing legumes does not have a direct
impact on cereal yields, but this strategy side-
steps the need for weeding, and fodder yields of
3 t/ha can thus be obtained. In addition, plant-
ing legumes such as Mucuna pruriens and fod-
der cowpeas can lead to a 25-35% increase in
cereal yields the following year, depending on
the location. The results of this research have
been widely disseminated by ONDR. Cropland
in this region is also the focus of development
projects, i.e. about 100 000 Faidherbia albida
trees have been planted. \
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Farm management group

counselling |
In the cotton-growing zone of Burkina, CIRAD |
and the Institut de I’environnement et des re-
cherches agricoles (INERA) are developing a
farm management group counselling system.
This consultancy, as compared with current
extension practices, is aimed at analysing pro- |
blems from an economic angle, while proposing
improvements adapted to a wide range of farm-
ing situations. Literate farmers are involved ‘
in this system—they meet regularly, analyse |
their farming situations, and then choose tech-
nological innovations that best meet their |
needs. This method, which has been tested by |

500 farmers with the
support of various ex-
tension agencies, mark-
edly enhances food se-
curity through more
efficient management of
crops and income. A
large area of cropland is
also managed, i.e. with
quick- growing hedges.
Combining livestock
production and crop-
ping is on the rise, with
a concomitant increase
in the storage of crop
residues, areas under
fodder crops, manure
sheds, etc. Farm man-
agement group coun-
selling could be extend-
ed to a larger proportion
of farms in the zone
by focusing on critical
cultivation  transition
phases and delegating
some farmers as media-
tors for illiterate farmers.

The Garoua workshop:

promoting regional cooperation

A workshop on farming in savanna areas
of northern Cameroon was held in
Garoua in November 1996. There were
about 200 participants from Africa and
Europe: research scientists, donors and
representatives of international
organizations, extension companies, and
NGOs. The Garoua project was reviewed
after 8 years of collaboration between
Cameroonian research institutions, i.e.
the Institut de la recherche agronomique
(IRA) and the Institut de recherches
zootechniques et vétérinaires (IRZV), the
Institut francais de recherche scientifique
pour le développement en coopération
(ORSTOM), and CIRAD. Discussions
highlighted the full commitment of IRA
and IRZV, along with the major
achievements: support for the economic
stakeholders, assistance for the
development of agricultural production,
and research encompassing a broader
geographical area. The workshop
conclusions stressed the importance of
setting up collaborative projects

(e.g. PRASAC) with research and
development agencies from several
countries.
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Smallholder
farming in
irrigated areas

|

esearch undertaken in this programme is
‘ R aimed at improving the development and
sustainability of water management pro-
jects. Conditions in the region and the irrigated
area, and the ultimate use of irrigated fields are
key considerations in planning complete (Senegal
| and Niger river valleys) and partial (lowlands in
southern Mali) water management projects.

‘ Over the last decade, about 450 small-scale
inland valley water management projects have
been completed in southern Mali. These projects

‘ are coordinated by the Compagnie malienne
pour le développement des textiles (CMDT),
with private agencies conducting most of the

The Sépi-g software program

Sépi-g is a software aid for designing,
planning, and assessing furrow irrigation
systems. This program, developed jointly
with the Institut national de recherches
agronomiques du Niger (INRAN),
includes a model for assessing hydraulic
performance in irrigation systems, in
addition to a water balance model. Sépi-g
takes the diversity of the physical
environment and irrigation practices into
account via an original in-situ method for
calibrating the hydraulic model
parameters. It also includes

the management of meteorological data.
The program calculates, by frequency
analysis of the model’s output variables,
risks associated with a set of irrigation
practices for a given situation. It is
currently being used in irrigated areas in
several African countries.

feasibility studies and
implementing the work.
The fact that they have
not been very success-
ful, along with the high
demand for these pro-
jects by smallholders’
associations, prompted
the Institut d’économie
rurale (IER), CIRAD, and
CMDT to collaborate in
a follow-up research
programme. The re-
search results were pre-
sented at a workshop,
held in Sikasso (Mali) in
October 1996, on low-
land management and
development. One in-

teresting product of this research is a pre-man-
agement diagnostic tool that was created to im-
prove the efficiency of feasibility studies.This
diagnostic tool can measure and evaluate phys-
ical, agronomic, and socioeconomic indicators,
while analysing combinations of different value
classes of these indicators. It can also be used to
assess the technical and socioeconomic use-
fulness of potential water management projects.
If they are found to be worthwhile, it determines
the most suitable type and size of project, and
proposes agronomic and organizational follow-
up activities, according to the technical profi-
ciency of the concerned farmers and the local
socioeconomic and institutional context. It in-
cludes data collection and analysis, and potential
collaborative scenarios for lowland development
in projects aimed at efficient management of
village hinterlands.

Smallholder
farming in
highlands and
newly cultivated
areas

umid tropical areas are characterized

H

high outmigration. The overall aim of

by sudden agricultural changes and |

this programme is to predict change processes



| before they occur so as to avoid irreversibly

| upsetting ecological, economic, and social
balances. Farmers have to be able to quickly
adapt to economic changes under complex |
environmental conditions.

The proposed solutions address these vary-
ing constraints,
able resource management, e.g. innovations
introduced in cotton field-cropping situations
in Brazil.

In 1996, the Brazilian states of Sao Paulo
and Goias produced 25% of all cotton
harvested in the country. Cotton yields are
irregular in this highly mechanized cropping
system, i.e. around 1.7 t/ha of seed cotton on
average. Monocropping, cultivating with disc
ploughs, and burning harvest residues cause
substantial soil degradation, disease, and weed
infestation.

The Maeda group, the main private cotton
producer and manufacturer (producing 7% of
all cotton in Brazil, on 33 000 ha of land),
asked CIRAD experts to improve soil man-
agement.

This collaboration began in 1994, and the
first results are already being used by Maeda,
i.e. grinding up harvest residues, deep tillage
at the end of the crop cycle, and land
preparation with tine harrows. Yields have been
increased to 2.4 t/ha, while production costs
have dropped by 20%.

CIRAD and Maeda also test mixed crop
rotations with cotton, maize, and soybean,
direct drilling under straw mulch from millet
or sorghum crops sown at the end of the rainy
season, and rational herbicide treatments.
With these improvements, seed cotton yields
are higher than 3 t/ha, and production costs
are reduced, e.g. 33% savings on motor fuel.

while permitting sustain- |
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Sustainability and
environmental
resources

ased on the know-how and techniques
B developed by research scientists in this

programme, the overall aim is to help in
developing tools and technologies that address
the needs of decision-makers, farmers, and farm-
product processors concerned about making
optimum use of local natural resources.

hnﬂUng(jnnaUcrmks

in Brazd

Brazilian farmers generally plant their rainfed
crops when climatic risks are minimal. These
farmers are given recommendations by the
Centro de Pesquisa para Agricultura do Cerrado
(CPAC), based on research conducted jointly
with CIRAD on the cropping potential and
agroclimatic risks associated with the main crops,
i.e. rice, maize, soybean, and beans.

This procedure, which is now bound by a
federal decree, involves indexing insurance
payments on the basis of farmers’ compliance
with the recommended planting dates—banks
and insurance companies have access to
technical data on agricultural production, soils,
and climate. The first operational crop season
(1996-97) mainly concerns the cerrados region,
i.e. more than 10 million ha of cropland.
Applying these recommendations should reduce
production costs and prompt farmers to use
environment-friendly cultivation practices.
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In addition, the Sarra water balance model
was successfully tested and validated with
rainfed maize crops. It was previously validated
for simulating the effects of water availability on
the growth of food crops in Sudano-Sahelian

regions of Africa.

Direct drilling under

crop-residue mulch

- Rainfed maize is the main crop in Mexico
' (7 million ha). The Instituto Nacional de Inves-
tigaciones Forestales y Agropecuarias (INIFAP),
the Centro Internacional de Mejoramiento de

Multimedia software packages

Ento Doc and Adventrop Doc,

two multimedia software packages
available on CD-ROM, were designed
and produced by CIRAD research
scientists.

Ento Doc is a bilingual (English-French)
multimedia information program on
sugarcane and food-crop pests in
Africa. The user has access to a wide
range of information, in the form of
texts and photographs, on these pests
and their natural enemies.

Adventrop Doc is an original tool

for the identification and
understanding of annual crop weeds in
Sudano-Sahelian Africa. Weeds are
identified by graphically developing

a profile of the plant, mainly based on
vegetative traits.

Ento Doc and Adventrop Doc are
user-friendly, and therefore accessible
for a wide audience, e.g. extension
staff, students, and research scientists,
while still meeting the needs

of specialists through

the comprehensive range of
information provided.

Maiz y Trigo (CIMMYT),
and CIRAD have jointly
developed cropping
systems involving direct
drilling under crop-
residue mulch.

High maize vyields
were obtained with
this technique in Jalisco
state: with light mulch-
ing (1.5 t/ha), yields are
50% higher than those
obtained with tillage.
Moreover, runoff is
reduced, while preci-
pitation storage and
availability are improv-
ed. A model based on
physical environmental
data can be used to
pinpoint zones where
this technique could be
beneficial. Direct drill-
ing under mulch also
enhances crop mineral

nutrition and biological

activity in the soil.

Local associations, which consider that the
technology is of considerable interest, organize
field meetings to discuss the results. Farmers, |
however, have to decide on the ultimate use of
their crop residues, i.e. for soil protection or dry-
season livestock feed. A model is currently being
developed that incorporates biophysical and |
socioeconomic data—and should thus be a
useful decision-making aid for farmers.

Rice

trategies adopted in this programme were
S developed on the basis of economic im-

peratives in the rice subsector. The overall
aim is to meet the food demand while adapting
production to market requirements. For the trop-
ics, it is focused on maintaining the diversity of
rainfed, paddy, and irrigated rice cropping sys-
tems, and on genetic improvement. For Medi-
terranean regions, high-yielding varieties with
features that meet market expectations are being
developed.

Paddy rice varieties resistant

to rice yellow mottle virus

Rice yellow mottle virus (RYMV) is found
throughout Africa, where it causes serious crop

damage, i.e. 25-100% harvest losses in RYMV-
infected paddy rice fields.

In western Africa, almost all indica rices
imported from Asia are high-yielding varieties,
fully adapted to paddy rice cropping conditions,

' but they are susceptible to RYMV, e.g. the




- widely-cropped BG 90-2 variety. In Mali, IER |

and CIRAD have found that Metica 1 (Sik 131),
- an indica variety of South American origin, is
tolerant of this disease, and it is productive.

In field experiments, 20 days post-emergence,
RYMV infection was found to cause an
85% vyield loss with susceptible cv BG 90-2,
and a 40% reduction for Metica 1. Immuno-
enzymatic analyses revealed that the virus
propagates at a slower rate in Metica 1 than
in BG 90-2. Unfortunately, Metica 1 does not
have the resistance gene against bacterial blight,
which is a considerable constraint in the
Sahel—but these beneficial genes have been
isolated and could be inserted in the genome
of Metica 1.

Characterization of aromatic
rice varieties

Analytical procedures have been developed
over the last 15 years to control the aromatic
quality and conformity of fragrant rice varieties.
Acetylpyrroline is essential for the olfactory and
quantitative characterization of fragrant rices,
but it does not distinguish between these
varieties.

One of CIRAD’s research objectives in this
programme is to develop analytical techniques
to check the trueness-to-type of commercial
batches of rice. With improvements in extraction
procedures and chromatographic analyses,
aromatic profiles and quantitative results
can now be obtained. Around 100 volatile
- compounds have thus been isolated from
aromatic cv Azucena, and 20 of these were
reproducibly quantified. Using discriminant
factor analyses, three aromatic rices, i.e. basmati,
Thai, and Azucena, can be differentiated by five
of these compounds.

There is also a phe-
notype-genotype cor-
relation for the aro-
matic character—two
markers were identified
on chromosome 8 that
are linked with genes
involved in acetyl-
pyrroline synthesis.
These markers were
identified by process-
ing two types of in-
formation using a soft-
ware program. Aro-
matic analysis data
for doubled haploid
lines derived from the
F, hybrid between
IR 64 (non-aromatic)
and Azucena (aroma-
tic) were matched with
gene mapping data
(obtained using mo-
lecular markers) pro-
vided by the Inter-
national Rice Research
Institute (IRRI).
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Seminars on upland rice and cotton

A seminar on upland rice, held in
Madagascar in March 1996, reviewed
European Commission-funded research
under way since 1984 that is aimed at
optimizing rice cropping procedures
and growing this crop at increasingly
higher elevations. Improved upland
rice varieties can now be grown

as high as 1 600 m above sea level
with adapted cropping systems.

These new varieties are also of
considerable interest for Nepal, China,
and Colombia.

In October 1996, the third meeting
of the Interregional Cooperative
Research Network on Cotton took
place in Montpellier (France), under
the patronage of Agropolis, the Food
and Agriculture Organization of

the United Nations (FAO), and

the International Cotton Advisory
Committee (ICAC). New working
groups were set up, thus confirming
the vitality of the Network. Several
groups were coordinated by CIRAD
experts—production modelling,
economics, and technology.

| Other cereals

n this programme, research is currently
being conducted on maize and sorghum,
focusing on grain quality and plant
resistance to stress. Root and tuber crops are
also being investigated, especially for pro-
cessing purposes, as exemplified by a study
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| under way on sour cassava starch, which is

used in making snack foods, crunchy risen
biscuits, and brioche breads.

A study on cassava starch processing tech-
niques, jointly being carried out with the Centro
Internacional de Agricultura Tropical (CIAT) in

- Colombia and the Brazilian Centro de Raizes
Tropicais (CERAT), is aimed at optimizing small-

~and large-scale starch production. Starch is

' transformed into sour starch by natural lactic
fermentation, and then sun-dried. The present

 study demonstrated that sun-drying partially
breaks down the starch, which is an important
factor—otherwise food products cannot rise
properly during baking. This degraded starch
is more soluble, i.e. the solubilized amylopectin
fraction is doubled after sun-drying, which
could enable gas retention.

An analysis of photochemical mechanisms

' involved in starch breakdown will also be

- undertaken to determine how starch could be

dried artificially, thus avoiding sun-drying—a

| cumbrous operation under large-scale pro-
cessing conditions.

Cotton

his programme is following up changes
T in cotton subsectors under a wide range
of environmental conditions, with many
different systems involved in producing cotton
for increasingly varied uses. Research on
variability in Bemisia tabaci, the cotton insect
~ pest, and the development of new products
from cottonseed flour are but a few of the many

- projects under way.

. 3 |
Molecular characterization of

Bemisia tabaci bibtypes

Bemisia tabaci is a serious pest that causes
direct damage to cotton plants (punctured leaf
blades), as well as being a virus vector, and
producing honeydew that is responsible for
stickiness in cotton fibres. Problems due to this
insect have worsened in the last 10 years with
the appearance of a more aggressive biotype
that is morphologically identical to the initial
strain.

The random amplified polymorphic DNA-
polymerase chain reaction (RAPD-PCR) tech-
nique, which randomly amplifies parts of
the genome, was used to accurately char-
acterize B. tabaci populations. Analysis of
results obtained with samples from Cameroon,
Benin, Cote d’lvoire, and Nicaragua confirmed
the high genetic variability in this species—
depending on their geographical origins and
host plants.

Insects from other geographical origins should
now be investigated in order to map the
distribution patterns of B. tabaci biotypes, and

| determine the extent of cotton crop damage

that each type could potentially cause.

Biodegradable materials made
from cottonseed flour
A process to produce biodegradable films

from raw cottonseed flours was jointly
developed by CIRAD and the Ecole nationale

supérieure agronomique (ENSA) and Univer- |

sité Montpellier Il (France). These films
have functionally interesting features, e.g.
high puncture strength and flexibility, and low
water solubility. For agricultural purposes, they



could be used for packaging, mulching, or
coating seeds.

These films could compete with various
films already being marketed that are made
with different ingredients. High quantities of
cottonseed flour are produced worldwide
(about 37 million t/year), and they are cheaper
- than flours made from other protein-oil crops.
Studies are under way to improve the film
manufacturing process and the functional
properties of the final products in order to
facilitate industrial-scale production.

Protein-oil
Crops

esearch carried out on annual protein-
R oil crops, especially groundnut and

soybean, has been aimed at increasing
productivity, with a specific emphasis on yield
components. Studies currently under way are
mainly focused on plant-health, gustatory,
nutritional, and technological factors that
are critical for making decisions on varieties,
. cropping techniques, and postharvest treatment
products. A study undertaken in Indonesia
on tahu or tofu (soybean curd) is an example of
this research trend.

The increased demand for soybean products
in Indonesia, due to increased consumption, is
still being fulfilled by small-scale processing
units using locally-grown crops. However, this
situation could be upset with the opening
of the international market and changes in

the food industry. A
study was undertaken
with the University of
Bogor to assess the
situation in terms of
soybean varieties that
are being cropped,
supply means, manu-
facturing processes,

and distribution chan-
" nels—with the aim of

increasing the compet-
itivity of small-scale
production of tahu, i.e.
the form in which 50%
of all soybeans are
consumed.

Correlations between
soybean properties (de-
termined relative to 7S
and 11S protein levels)
and tahu quality (ex-
pressed in terms of its
solidity and texture)
were less obvious for
samples collected in
the production unit
than for products made

in the laboratory. Manufacturers adjust their
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Licences, patents, contracts,
and sales

In 1996, royalties were collected
from seed-producing companies

for four licensed cotton and rice
varieties.

Two international patents were
registered: one for an identification
system (Adventrop), and another
for a process to produce cottonseed
flour-based films.

A licence to manufacture a cotton
stickiness detector was handed
over to a private company.

Thirty-two other apparatuses,
including cotton technology equipment
and a Rhizobium fermentor,

which were initially developed by
CIRAD, have already been sold
worldwide.

Thirty contracts have been signed
with private companies,

and 13 of these concern experiments
on crop varieties bred by CIRAD.

Almost 100 consultancy missions
have been undertaken at the request
of government ministries,
international donors, and private
companies.

production processes (e.g. quantities of water
and calcium sulphate, cooking and pressing
times) according to the raw materials used. ‘
Imported soybean varieties, selected for their
high oil content, could thus be suitable.

Moreover, tahu has only a 24-h shelf-life

and its quality can vary markedly depending
on the distribution channel involved, i.e. home
delivery or market sales. The extent of tahu ‘
availability is an important factor for consumers.
Hence, it would be of interest for manufacturers

to modernize their equipment only if there was
‘ refrigeration in the distribution channel.
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I n 1996, significant results were obtained in

Sugarcane

this programme, including successful |

selection of variety B 80-689 in Guadeloupe,
creation of a cane residue-sawing cultivator,
development of a sugarcane growth model ‘
(Mosicas), and publication of the English version
of the D-cas software package for sugarcane
disease identification.

Cane residue-sawing cultivator

The increased mechanization of
sugarcane cultivation in Guadeloupe
is having a negative impact on soils.
Mechanical harvesting of sugarcane
without preliminary cane-burning

is now common practice, and a thick
layer of harvest residue is left behind.
This practice reduces the efficacy

of nitrogen fertilizers.

No farming tools have been marketed
to date that would facilitate cultivation
operations on soils covered with piles
of sugarcane residue. A new cane
residue-sawing cultivator has been
designed that can, in a single
operation, cut through layers of
harvest residue and break up the soil,
thus enabling fertilizers to reach

the root system.

This invention was designed and
developed by a company in
Guadeloupe in collaboration with
CIRAD. It was awarded a silver medal
at the recent Salon international

de la machine agricole de Paris.

An improved sugarcane

variety for Cuédeloupe

The sugar industry in
Guadeloupe has just
approved the sugar-
cane variety B 80-689,
which was selected by
CIRAD from an initial
cross achieved in Bar-
bados.

This hardy clone
grows uniformly, adapts
well to heavy soils
(Vertisols), and showed
good tolerance of the
drought conditions that
prevailed in 1994. It is
also resistant to major
sugarcane diseases, es-
pecially rust and smut.
This variety is well
adapted for mechanical
harvesting, i.e. an up-
right habit, resistance
to lodging at harvest,
and natural stripping
of leaves. Sugarcane

yields with this variety are higher or equal to
those obtained with the best control varieties in
this zone (R 570 and B 80-08). In tests conducted
in Grande-Terre, mean sugar yields were more
than 20% higher than those of the control
varieties through four successive harvests.

Sugarcane variety B 80-689 is being pro-
pagated in nurseries to meet growers’ high
demand. The Roujol micropropagation labo-
ratory is intensively propagating this new variety,
which means that cuttings can be obtained
relatively quickly.

Modelling sugarcane
growth

A sugarcane growth model should be useful
for all stakeholders in the subsector by
forecasting yields, and should also help research
scientists in understanding how sugarcane plants
function.

This project was based in Réunion and Gua-
deloupe. In Réunion, plant cover functioning
was investigated under the wide range of
different climatic conditions that prevail on this
island, and the data were entered in Mosicas, the
sugarcane growth model.

In 1996, Mosicas was validated through
experiments carried out at both locations, and
data on sugarcane varieties grown in Gua-
deloupe were entered at this time. Mosicas
simulates growth of plant cover according to
solar-radiation levels. This pilot model is now
being used on sugarcane plantations. A more
comprehensive version of the model will be
able to calculate yield potentials of the main
varieties for the largest sugarcane-producing
regions, thus serving as a diagnostic tool for
agronomists.




Mosicas will become a useful decision-making
and training aid once growth-limiting factors—
water supplies, fertilization, pests, and diseases
—are incorporated.

Theses Completed in 1996

CIRAD Scientists

Riz local et riz importé en Afrique : les déterminants
de la compétitivité. Les filieres riz du Sénégal et de
la Guinée face aux exportations de la Thailande et
des Etats-Unis [Local vs imported rice in Africa: key
competitivity factors. Impact of rice imports from
Thailand and USA on rice subsectors in Senegal and
Guinea] by Hélene Benz; Ecole des hautes études en
sciences sociales, Paris.

Contribution a la connaissance du fonctionne-
ment d’un peuplement d’arachide (Arachis hypo-
gaeal.) : proposition d’un schéma d’élaboration du
rendement [Contribution to the understanding of the
functioning of a groundnut (Arachis hypogaea L.)
population: proposed model representing the crop
yield build-up process] by Philippe Cattan; Institut
national agronomique Paris-Grignon.

Contribution a I’étude du collage du coton au moyen
de méthodes mécaniques et thermomécaniques [Con-
tribution to the analysis of cotton stickiness using mech-
anical and thermomechanical techniques| by Richard
Frydrych; Université de Haute-Alsace, Mulhouse.

Contribution a la méthodologie de I'identification des
plantes assistée par ordinateur. Application aux
mauvaises herbes de la rotation cotonniére [Contribution
to a computer-assisted plant identification method.
Application for the identification of weeds in cotton crop
rotations] by Pierre Grard; Université Montpellier II.

Alcalinisation des sols dans la vallée du fleuve Niger
(Niger). Modélisation des processus physico-chimiques
et évolution des sols sous irrigation [Alkalization of soils
in the Niger river valley (Niger). Modelling of phys-
icochemical processes and soil changes induced by
irrigation] by Serge Marlet; Ecole nationale supérieure
agronomique de Montpellier.
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Mise au point et étude de films biodégradables réalisés |
avec des farines de graines de cotonniers [Development
and studies of biodegradable films made from cottonseed
flours] by Catherine Marquié; Université Montpellier II.

CIRAD Trainees

Les sols gris de bas de versant sur granito-gneiss
en région centrale de la Cote d’lvoire : organisation
toposéquentielle et spatiale, fonctionnement hydro-
logique ; conséquences pour la riziculture [Grey subsoils
on granitic gneiss bedrock in central Céote d’lvoire: the
impact of their toposequence, distribution, and moisture-
retention capacity on rice growing| by Sitapha Diatta
(Senegal); Université Henri Poincaré, Nancy.

Cartographie moléculaire du génome du sorgho
(Sorghum bicolor [L.] Moench) : application en sélection
variétale ; cartographie comparée chez les andro-
pogonées [Gene mapping of sorghum (Sorghum bicolor
[L.] Moench): applications for varietal selection;
comparative mapping of Andropogoneae grasses|] by
Philippe Dufour (France); Université Paris XI, Centre
d’'Orsay.

Analyse du comportement hydrique de cultures : |
diagnostic et modélisation en vue de la gestion des
irrigations. Cas des cultures de mais et tomate sur sols
alluviaux et sols andiques au Guatemala [Analysis of
moisture-related crop performance: analysis and
modelling for irrigation management purposes. Case
study of maize and tomato crops grown on alluvial and
Andean soils in Guatemala] by Bertrand Lionel Muller
(France); Institut national agronomique Paris-Grignon.



Over the last 30 years, tropical tree crop
production has been developed using largely
monocultivation systems. These crops

are either grown in a mosaic of

small plantations or cover extensive
homogenous areas.

As well as monocultivation systems that

are under state or private management and
linked with centralized marketing, there are
cropping systems in which trees are
intercropped with other crops.

These intercropping systems, which are better
adapted to smallholder production than
monocultivation systems, make good overall
use of the land. They contribute to local and
regional food security, make more profitable
use of the land, and generate regular income.

To improve these intercropping systems,

the CIRAD-CP Department is studying their
agrophysiological parameters in order

to understand the way that these temporary or
permanent associations function and to be able
to identify the components of production.

The Department is also carrying out research
on genetic improvement in order to develop
plants that have clearly defined quality
characteristics, are more productive, and
have proven resistance to pests and diseases.

Through its basic research and fieldwork in

the tropics, the Department is developing
strategies for the integrated management

of major pests. It has also worked this year with
its Southern and Northern partners to develop
new extraction methods for product processing.

In 1996, the Department was able

to consolidate its position with international
agreements and memoranda, and recognition
of the quality of its research and long-standing
scientific policies. B
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Tree Crops Department
CIRAD-CP

Director, Patrice de Vernou
Deputy Director, Denis Despréaux
Administrative and Fiscal Director, Michel Aubry

Research Programmes
Coffee, Daniel Duris
Cocoa, Denis Despréaux
Oil palm, Bertrand Tailliez
Coconut, Francois Rognon
Rubber, Yves Banchi

Research Units

Agronomy, Jean-Louis Jacob

Breeding, Dominique Nicolas

Crop protection, Dominique Mariau
Chemistry/technology, Francois Challot
Economics, Claude Freud

Biometrics, Frangois Bonnot

Support Services
Information and communication,
Christine Nouaille

Coffee

I n Africa, the Burundi coffee programme has

been progressively closed down, after

6 years of collaboration with the Institut des
sciences agronomiques du Burundi (ISABU),
because of the recent tragic events that have
affected the country. With the improvements
made in postharvest processing, Burundian
coffee is now sold on the world market at prices
equivalent to Kenyan coffee, which are among
the highest in the world. The agronomy research
unit has demonstrated the value of intercropping
legumes with coffee. However, it was not pos-
sible to complete the work on chemical control
of the Antestia bug.

In Asia, a 3-year contract for technical assis-
tance has been signed with a private group
in Indonesia. Contact has also been made
with another group in Indonesia which is
carrying out an ambitious 3-year programme
on 4 000 ha of plantations. These two groups
aim to produce high-quality coffee for the
"gourmet” coffee market. In Central America,
significant progress made with in-vitro multi-
plication indicates the potential for these
techniques in the commercial development of
new varieties in the medium term.

Integrated control of
arabica coffee rust

Coffee leaf rust, or coffee rust, now exists in
all the arabica coffee-producing countries in
Africa, Asia, and America. Coffee rust causes
defoliation which reduces productivity and
weakens the branches. Genetic and chemical
methods were the first methods employed for
controlling this fungal disease.




Genetic resistance to the disease has been
identified in arabica and in arabica-canephora
and arabica-liberica hybrids. Populations of the
resistant hybrid lines crossed with commercial
arabica varieties are now being grown com-
mercially. However, the effectiveness of this
type of resistance can decrease over time and
less specific, more long-term resistance is being
researched. Chemical control is based on
copper-based products and the use of systemic
fungicides which are metabolized by the coffee
plant.

Research studies have been carried out in
Honduras as part of the regional programme
for the protection and modernization of coffee
production (Promecafé) and in Laos, with the
Ministry of Agriculture, as part of the Laos
Uplands Agricultural Development Project
(LUADP). These show that the development of
the disease is closely linked to agronomic
factors such as planting density, shading,
fertilizer use, and pruning, and to environmental
factors such as soil chemical content, rainfall,
and altitude. Taking these factors into account
should help in the development of strategies
for integrated control.

Improving arabica

coffee

Traditional breeding methods for such
perennial crops as coffee take 25-30 years to
obtain stable improved varieties. The genetic
improvement programme for arabica coffee
conducted by CIRAD and the Institut francais
de recherche scientifique pour le dévelop-
pement en coopération (ORSTOM) is based on
the creation of F, hybrids betwen Catimor, a
rust-resistant variety, and varieties of Ethiopian
coffee. Vegetative propagation is the only way
of identically reproducing individual plants that
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have been selected from the hybrid population
for their vegetative characteristics, productivity,
and vigour.

Somatic embryogenesis, with temporary
immersion in a liquid medium, is the most
effective method of propagation. The arabica
coffee improvement programme and mass
propagation using somatic embryogenesis are
being developed at the Centro Agroné-
mico Tropical de Investigacién y Ensefianza
(CATIE), Costa Rica, as part of Promecafé.
CIRAD and its partners have produced several
thousand embryos over several months,
developed expertise in nursery management,
and have shown that it will soon be possible
to apply these new techniques on a commercial
scale. Field trials will be set up in different
Central American countries to complete the
selection process.

Cocoa

cocoa market, CIRAD’s cocoa programme

has focused its research on plant im-
provement and pest and disease control. Work
undertaken by the Institut des foréts (IDEFOR)
and CIRAD in Céte d’lvoire has led to the
distribution of plants that are characterized
by their vigour, their resistance to pests and
diseases, and the technological quality of
the beans. In Ghana, particular attention has
been given to controlling swollen shoot.
The 12th International Conference on Cocoa
Research, which took place in Brazil, high-
lighted the importance of CIRAD’s role in this
field.

I n the context of instability in the world
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New varieties in

Cote d’lvoire |

In Céte d’lvoire, CIRAD is working with
IDEFOR on a cocoa improvement programme |
based on the selection of hybrids from crosses
between clones of Upper Amazon Foras-
. tero, the female parent, and Lower Amazon
Forastero or Trinitario, the male parent. In
1996, seven hybrids were selected accord-
ing to different criteria: production, vigour,

Use of cocoa germplasm

The project for the use and
conservation of cocoa germplasm,
accepted by the Common Fund for

Commodities (CFC) in October 1996,
will last 5 years. An international
network for the improvement of cocoa
varieties will be established.

Priority will be given to disease
resistance and to the recurrent
selection of populations.

The project will be carried out in

10 producer countries, at

Reading University (United Kingdom)
and at CIRAD, in Montpellier.

The project will be managed by the
International Plant Genetic Resources
Institute (IPGRI) and supervised by

the International Cocoa Organization
(ICCO). CIRAD and IPGRI

will be jointly responsible for technical
coordination. CIRAD

will be involved in work on recurrent
selection in Cote d’Ivoire and on
molecular biology and phytopathology
in Trinidad and Tobago. CIRAD will
multiply and distribute clones,
evaluate their resistance to different
strains of Phytophthora and
collaborate on statistical data analysis.

the correlation bet-
ween production and
vigour, resistance to
black pod rot and mir-
ids and the technol-
ogical quality of the
beans.

The average vyield
of these hybrids is
20% greater than
yields from the best
commercial
currently in produc-
tion. These hybrids
also produce beans
with good technol-
ogical characteristics.
Wherever possible,
mixtures of hybrids
with similar degrees of
vigour and similar-
sized beans will be
distributed in order
to reduce the heter-
ogeneity found in
plantations and in the
cocoa market. New
seed nurseries will
need to be established

hybrids |

to provide the hybrids ‘

for distribution.

Project for the control of
swollen shoot in Ghana

The cocoa swollen shoot virus disease has
spread from the east to the west of Ghana and
is now widespread. The “Monitoring of cocoa
swollen shoot virus disease control” project has

' been set up by the Ghana Cocoa Board to limit

its spread. The project is cofinanced by the
European Commission and the World Bank, and
its aim is to cut down 10 million diseased trees
over 2 years in the central and eastern regions.
This would create a disease-free band which
should stop the further spread of the disease to
the west. The felled trees are to be replaced by
young, disease-tolerant plants produced in
Ghana. CIRAD is responsible for the man-
agement of this control programme, which began
in May 1994.

After 2 years of work, 9 million trees have been |
felled, which represents 90% of the target set at |

the start of the project. However, the number of
disease hot-spots was underestimated and it will
be necessary to cut down a further 20 million
diseased trees in order to eliminate all the centres
of infection. Furthermore, the current rate of
replanting is only 15%. To compensate for being
behind schedule, the Cocoa Board has decided
to set up nurseries in every region, capable of
producing 560 000 young cocoa plants per year
for replanting in the cleared sites where the
disease has been eradicated.

CIRAD’s experience of replanting in other
western African countries has demonstrated the
importance of taking into consideration the
socioeconomic conditions and the strategy
adopted by local planters. In order to achieve
the project objectives, the grant for felling has
been increased and there are plans to improve
the administration of the project and to extend
it over a longer period of time.



Coconut

he market for copra and coconut oil
T improved in 1996, with the price for oil

exceeding US$750/t. This upturn in the
| market indicates that the situation is back to
' normal, with the rise in market price being
caused by a marked drop in supply and a
sustained level of demand. This situation has
regenerated interest in production in many parts
of the world. CIRAD's expertise in the coconut
industry allows it to respond to the different
needs of the industry.

Attractant compounds for
trapping pests |

CIRAD is working in association with the Insti-
tut national de la recherche agronomique (INRA)
on studies into chemical substances, in par-
ticular pheromones, which affect the behaviour
of certain pests. The aim of this research is to
improve methods for monitoring insect popu-
lations and to develop new control methods,
particularly for Rhynchophorus and Oryctes.

Rhynchophorus spp. larvae develop in the
living tissue of coconut trees, especially in the
| soft parts of the plant, which causes the tree to
die. With several species, such as R. palmarum,
R. phoenicis, and R. ferrugineus, the aggregation
pheromones have been identified and syn-
thesized. They are currently being used in asso-
ciation with plant material, such as sugarcane
or oil palm, for mass trapping of adult insects
in Latin American plantations. Research is
continuing into the development of a totally |
synthetic attractant so that it will be possible
to trap Rhynchophorus spp. without using any
plant material.
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Oryctes rhinoceros is the most serious pest of
coconut in Southeast Asia and the Pacific.
Methods of control have always sought to
eliminate the adult which feeds by tunnelling
in the soft tissues of the plant. The identification
and synthesis of the active compound ethyl
4-methyloctanoate, the principal constituent
of the Oryctes aggregation pheromone, creates
the possibility for using a powerful attractant for
the mass trapping of this insect.

A number of trials still need to be carried out
in order to improve the use of chemical attrac-
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tants and to determine strategies for their use. |

Chemical attractants allow for a more rational
use of insecticides, reduce the risks of pollution,
conserve beneficial fauna, and offer a more
environment-friendly method of pest man-
agement.

Simulation of intercropping
coconut trees with food crops

The architecture of the Laguna Tall coco-
nut has been studied at the Philippine Co-
conut Authority (PCA) research centre in
Davao as part of a European Commission pro-
gramme. Architectural parameters, collected
from pruned and unpruned trees of different
ages, have been used to put together three-
dimensional numerical models that represent
a range of different layouts and plantation
densities.

The rate of transmission of photosynthet-
ically active radiation as a function of these
factors has been simulated. The rate was high-
est in 5-year-old and 40-year-old coconut
groves and lowest in 20-year-old groves. The
rate decreases with increasing plant density
regardless of plantation layout. Reducing the
number of palm leaves by pruning can increase
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Integrated pest management

The publication Lutte intégrée contre
les ravageurs des cultures pérennes
tropicales (Integrated pest
management for tropical tree crops),
which was published as part of

the Repéres series, summarizes

30 years of CIRAD research. Rational
chemical control, which aims

to minimize the negative effects

of pesticides on the environment

and beneficial fauna, can be combined
with other methods of control, such as
biological control.

This combination of different control
methods is known as integrated
management and uses beneficial
insects, entomopathogenic organisms,
cultivation techniques, olfactory and
visual traps, and adapted plant
material. Beneficial insects and
entomopathogenic organisms often
play a very important role

in controlling populations of
depredatory insects. They sometimes
occur naturally in the same areas as
the pests and they should therefore
be preserved; otherwise they can be
introduced where necessary.
Improving these methods

of management requires an excellent
understanding of the ecosystems
concerned.

The specialists must also make sure
that the techniques proposed can be
used by farmers.

This book is a contribution to

the efforts being made worldwide

to improve agricultural crop protection
and make it more
environment-friendly.

the photosynthetically
active radiation from
25 to 45%.

Increased yields are
obtained from the
intercrops when the
density of the coconut
trees is reduced. How-
ever, these increased
yields depend on the
age of the coconut
trees and the intercrop
chosen. For example,
yields increase signifi-
cantly for maize but
not for mung bean
(Vigna mungo).

Simulated pruning to

reduce the number of |

leaves to 18 on co-
conut trees planted
at standard spacing
shows an increase in
the rate of transmission
of photosynthetically
active radiation and
an increase in the pro-
ductivity of the inter-
crops. If pruning was
proven to have no
long-term effect on the
productivity of coco-
nut, this inexpensive
technique could be
used to limit compe-
tition for light between
coconut and intercrops

‘ in existing plantations without having to modify

tree density. These results, which optimize the
intercropping of coconut and food crops, are
being evaluated in the field in order to confirm
'~ the relevance of the models.

Oil palm
|

again, with average prices of US$530/t

compared with US$600/t in 1995. However,
the market is still tense and prices remain unstable
following the prediction of another shortfall
in oil production for 1997. The market, which
is still very attractive for many producer countries,
favours the expansion of oil palm cultiva-
tion, particularly in Indonesia. In Africa, privatiz-
ation is well under way and in Cote d’lvoire
the privatization of Palmindustrie has been
completed. All these factors should act as a boost
to the oil palm industry. Solicited by its partners,
CIRAD will be an integral part of the development
of and changes in the industry.

I n 1996, palm oil was cheap and abundant |

Biomolecular study of
somaclonal variants

Research on cloning using somatic em-
bryogenesis is carried out on all the tree crop
species studied by CIRAD. The aim of this
technique is to identically multiply plants that are
selected on the basis of their performance.
However, variant plants, that is those with
characters that differ from the original plant, can
be observed in clones, particularly those which
are mass-produced.

Vegetative multiplication of the oil palm began
more than 15 years ago in Cote d’lvoire. The
experimental plantations now have tens of
thousands of individuals created by somatic
embryogenesis. The plants are observed individ-
ually and systematically and it is therefore possible
to monitor the degree of conformity of the
regenerated material. A variant characteristic that
affects the structure of the flower has been
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observed in all the cloned oil palm plantations. '~ for instance as a frying oil and in margarine.

This floral abnormality, which affects on average
. 6% of trees, has serious implications because it
can lead to plant sterility. It cannot be detected
until the first flowers appear, which means at
the earliest 2 years after planting out. The
development of the vegetative multiplication of
oil palm is impeded by this in-vitro induced floral
abnormality, and neither the CIRAD/ORSTOM
process nor the processes used by other research
centres in different parts of the world have been
able to overcome the problem.

Given the importance of this phenomenon,
CIRAD and ORSTOM have launched a biomo-

Palm kernel oil, which is very similar to coconut
oil, is used in soaps and cosmetic products.
The Drupalm® process was developed and
patented jointly by CIRAD and Flottweg,

' a subsidiary of the Krauss Maffei group, manu-

lecular study that focuses on the degree of ploidy

in the regenerated plants, the organization of
their genomes and the identification of specific
signs in affected tissues. The long-term objective
of this work is to be able to identify molecular
markers that will enable variant plants to be
detected long before they are planted out. In
1996 the Palm Oil Research Institute of Malaysia
(PORIM) put out an international tender for
projects concerning this problem. A joint project
presented by CIRAD, ORSTOM, and the Centre
national de la recherche scientifique (CNRS) was
selected as well as six other projects from
European and American teams. This fundamental
research work will lead to a better understanding
of the mechanisms involved in micropropagation
techniques. As well as the impact of this research
on the oil palm industry, the results will also be
| useful for the other tree crops multiplied by
CIRAD.

A new oil extraction process

The fruit, or drupe, from the oil palm contains
two oils: palm oil, which is extracted from the
mesocarp, and palm kernel oil, extracted from
the kernel. These oils, traditionally extracted
separately, are different. Palm oil has many uses,

facturers of industrial equipment. With this
process, most of the oil in the palm fruit can be
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extracted in one pass. The fruit is stripped and

crushed to form a mash which is digested and
then separated in a three-phase decanter. The
oil obtained, which is approximately 95% palm
oil and 5% palm kernel oil, is then purified. This
oil is called Drupalm®, a compound of the words
drupe and palm.

The trials, which were carried out at the Société
camerounaise de palmeraies (SOCAPALM), were
partly financed by the Agence nationale de
valorisation de la recherche (ANVAR). The
Drupalm® process has technical, environmental,
and economic advantages over the traditional
extraction process. The process is very easy to
use and more oil can be extracted in a single
pass than with the traditional method. The
extraction is faster and carried out at a lower
temperature which means that the quality of the
oil is preserved and the energy requirements are
reduced by nearly 30%. From an environmental
point of view, the process produces less liquid
waste, which is also less polluting. The solid
component, once dried, provides an excellent
fuel for the boilers. From the economic point of
view, the cost of investment is substantially
reduced and the process of crushing seeds is
avoided. The labour requirements are lower. The
process is also adapted to small-scale production
and the investments can be made in stages.

Drupalm® oil, a registered trade mark, is a
new product that should find its place on
the world oils and fat market. It is already being
used in producer countries to meet local
demand.



34 Tree Crops

Rubber

he demand for rubber continues to
T increase due to growth in the market for

tyres in developing countries and there
are fears of a shortage in the medium term as
there is still no substitute for rubber. The main
aim of the rubber programme is to research ways
of increasing the production of quality rubber and
to propose profitable production systems for
the development of the rubber industry. The main
objectives of CIRAD's research are to gain a better
understanding of: rubber-based farming systems;
the competition for photoassimilates between
the tree’s latex-producing function and its other
functions; and the problem of the intrinsic vari-
ability of a biological product used for industrial
purposes.

Tree growth and latex production

The products of photosynthesis, or photo-
assimilates, of rubber are used for vegetative
growth, latex production, and for accumulating
reserves such as starch and sugars. Latex
production can be increased either by more
intensive tapping or by stimulating production
using ethylene. The most common stimulant used
is Ethrel which is painted onto the tapping cut.
Researchers have observed that there is a conflict
between vegetative growth and latex production:
increasing the yield of latex decreases the tree’s
growth rate, measured in terms of the diameter
of the trunk.

The aim of CIRAD’s research is to understand
the relationship between these two physiological
phenomena. This research has shown that
increasing stimulation using ethylene directly
increases production and decreases the available
sucrose content in the latex tissue. However, if

ethylene stimulation is too intense there can be ‘
a drop in production. For clones derived from
vegetative propagation using grafted, high-yielding
material, vigour is not related to productivity.
However, in a population of clones derived from
nongrafted material, the most vigorous trees are
the most productive. The increase in productivity
induced by stimulation using ethylene is less
marked when the clones are naturally very
productive. There is direct competition for
carbohydrate assimilates between rubber
production and vegetative growth, and this
competition varies depending on the clones.
Clones should be selected from those plants that
are naturally productive without stimulation and
that also have high concentrations of sucrose in
the latex-producing vessels.

Intercropping with rubber

On smallholder rubber plantations, which
represent 85% of the area covered by rubber
plantations worldwide, more than half of the
young plantations have food crops grown
between the rows of rubber trees. These crops,
such as rainfed rice, groundnut, cassava, and
plantain, ensure a degree of food security for the
smallholders and provide a source of income until
the rubber trees start producing.

A study of these intercropping systems is
currently being funded by the European Com-
mission. CIRAD, which is supervising the project
and coordinating the scientific research, is working
in collaboration with Hohenheim University in
Germany, the Institut national agronomique de
Paris-Grignon (INA-PG), the Institut des foréts
(IDEFOR) in Cote d’lvoire, the Centre d’appui
technique a I’hévéaculture (CATH) in Gabon, and
the Indonesian Rubber Research Institute (IRRI).
The aim of this study is to gain a better under-
standing of the agrophysiological functioning of
the temporary associations between rubber and



annual food crops in order to identify the factors
limiting the development of the intercrops. Once
these factors have been identified, it will be
possible to optimize the growth and productivity
of these crop systems. The research is particularly
concerned with quantifying and analysing com-
petition for water, light, and minerals.

Competition, at least for water and minerals, is
apparent from the second year after planting. It is
therefore important to carefully manage the rows
and the space between the rows so that the
association of rubber and intercrops optimizes

the use of available resources. The study on the |

rate of transmission of incident solar radiation,
the leaf area index, and the yield of intercrops
should make it possible to optimize the plantation
layout and limit competition.

Theses Completed in 1996

CIRAD Scientists

La production de latex par Hevea brasiliensis :
relations avec la croissance ; influence de différents
facteurs — origine clonale, stimulation hormonale,
réserves hydrocarbonées [Production of latex from
Hevea brasiliensis; relationship with growth; influence
of different factors: clonal origin, hormonal stimulation,
carbohydrate reserves] by Eric Gohet; Université
Montpellier 11.

Relations entre développement racinaire et déve-
loppement aérien : modélisation de l'influence de la
disponibilité en assimilats carbonés sur Iarchitecture
d’Hevea brasiliensis [Relations between root devel-
opment and aerial development: modelling the effect
. of the availability of carbon assimilates on the
~ architecture of Hevea brasiliensis] by Philippe Thaler;
Université Montpellier I1.

CIRAD Trainees

Le microbouturage du cacaoyer (Theobroma cacao |

L.) : identification et étude de quelques facteurs
limitants de la réactivité des explants [Micropro-
pagation of cocoa (Theobroma cacao L.): identification
and study of some of the limiting factors affecting

explant regrowth] by Maria
Elena Aguilar (Costa Rica);
Institut national polytech-
nique de Toulouse.

Etude de la qualité de
carburants dérivés des
huiles végétales : appro-
che méthodologique [Stu-
dy of the quality of fuels
derived from vegetable
oils: methodological ap-
proach] by Nathalie Chirat;
Université Montpellier II.

Etude de la diversité géné-
tique des populations de
Phytophthora pathogénes
du cacaoyer (Theobroma
cacao L.) et du cocotier
(Cocos nucifera L.) [Study

' of the genetic diversity of

populations of Phytoph-
thora pathogens of cocoa
(Theobroma cacao L.) and
coconut (Cocos nucifera
L.)] by Carlos Ortiz Garcia
(Mexico); Université Paul
Sabatier, Toulouse.

Etude d’un virus patho-
gene de Setothosea asigna
Van Eecke (Lepidoptera
Limacodidae), ravageur
du palmier a huile en
Indonésie : caractérisa-
tion, diagnostic et épi-
démiologie en plantation
[Study of a pathogenic
virus of Setothosea asigna
Van Eecke (Lepidoptera:
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Quality of African rubber

African rubber has a low rating

on the world market because of

its inconsistent quality. In order

to remedy this situation a project

to improve and control quality was
launched in 1996 in the main African
producer countries: Cameroon,

Cote d’lvoire, Gabon, Ghana, and
Nigeria. This project, which was
proposed by the International Natural
Rubber Organization (INRO), is
cofinanced by the CFC and the French
government. The African Natural
Rubber Association (ANRA)

is responsible for managing

the project and INRO is responsible
for its supervision. This project has
three parts: improving the quality

of “technically specified rubber”

and establishing a quality standard
for African producer countries;
modernizing the national laboratories
of these African countries by buying
equipment and training managers and
technicians; and finally, launching and
promoting the ANRA label. CIRAD

is responsible for providing technical
support for ANRA and the national
laboratories at every stage of

the project. CIRAD will also be

in charge of training the managers

in France and in England and for
training the technicians and factory
managers in the producer countries.
Lastly, CIRAD will ensure that
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