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Tropical Agricultural Research:
A Crucial Need Today,
an Ambitious Plan for the Future

Most tropical and subtropical countries, particularly in Africa,
are essentially agricultural economies with slow industrial
growth. Population explosion has led to rapid urbanization.
The only solution for economic development is to boost agri-
cultural production without jeopardizing the future through
wasteful exploitation of precious natural resources.

Without a real agricultural revolution, it will be difficult for
the countries to achieve food self-sufficiency, to stabilize the
rural population, and to establish or develop income-earning
export crops.

Such development should be based on certain priorities with
the general consensus of decision makers. They include:
formulation of agriculture-oriented policies, organization and
expansion of agribusinesses, establishment of realistic devel-
opment projects supported by dynamic and productive re-
search. Farmers are the main agents of this transformation;
they need to be motivated so that they can confidently as-
sume their responsibilities. Assistance provided through
North-South cooperation should be aligned to these priorities.

In difficult economic situations short-term considerations
often take precedence. Although research is a prime mover it
tends to be neglected, largely because its results cannot be
perceived immediately. Research is not a luxury, but a crucial
necessity. Its importance for agricultural development is being
increasingly recognized by those concerned with the future of
the southern countries. The World Bank, for example, has
based its economic recovery program for Africa on a com-
plete reorganization of the national and regional agricultural
research systems.

Science has no frontiers, nevertheless the knowledge gap
between North and South continues to widen. There is a
pressing need to bridge it by using the know-how and re-
sources of the North to address the problems of the South.
Such research involves high costs, a long-term commitment,
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and efficient management. Only a new spirit of cooperation
can provide these. Discoveries, innovations, and know-how
should be optimized at application stage. Research can no
longer be isolated from development. Many instances
demonstrate that northern countries can alsc benefit from
research results obtained in the South. Research is an ideal
school for discipline and rigor.

These are sound reasons for establishing cooperative net-
works in key areas of agricultural research. They link national
organizations, international centers, and a large number of
laboratories and research stations worldwide, particularly in
the EEC countries.

CIRAD has adopted this cooperation policy, particularly with
its African partners. Its well-conceived and assiduous efforts
have enabled it to acquire a valuable knowledge base in a
large number of work areas.

CIRAD is strongly determined to intensify these efforts through
new collaborations and resources, to achieve greater progress.

9/

Jacques Poly
Chairman
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V a
The Centre de coopération internationale en
recherche agronomique pour le développement,
CIRAD, is a scientific organization with a

mandate for international cooperation in

development-oriented tropical and subtropical

agricultural research. It is sponsored by the
French Ministry of Research and Technology and Ministry of
Cooperation and Development.
CIRAD is a state-owned industrial and commercial body
(EPIC). It was created in 1984 following the consolidation of
agricultural, veterinary, forestry, and food technology research
institutes that specialize on tropical and subtropical zones.

Mission. CIRAD has a mission to contribute to the develop-
ment of the tropical and subtropical regions through research,
experiments, training, and information.

Staff. In 1989, staff strength was 2000 persons, including
1025 senior scientists and administrators, who work in about
50 countries. In addition, more than 1000 French and foreign
scientists are involved in its research programs.

Finance. In 1989, the budget amounted to Fr 850 million,
61% of which is subsidized by the French government. This
figure does not include specific project funds for activities
entrusted to CIRAD by its partners through program contracts.

Physical infrastructure. In France, CIRAD has its own
research centers at the following locations: Paris (headquarters),
Maisons-Alfort, Nogent-sur-Marne, and Montpellier (main
research center).

CIRAD's research centers in the French overseas departments
and territories are located in: French Guiana, Guadeloupe,
Martinique, New Caledonia, and Réunion.
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In other countries, CIRAD teams operate within national agri-
cultural research centers in host countries, or work on site for
development operations.

Organizational structure. Most of CIRAD’s 11 departments
were formed from the institutes that were consolidated to cre-
ate the Center. They have retained the acronyms of the former
institutes.

Eight departments conduct commodity-based research:

* IRAT, Institut de recherches agronomiques tropicales et des
cultures vivriéres, for food crops;

e IRFA, Institut de recherches sur les fruits et agrumes, for fruit;
¢ IRHO, Institut de recherches pour les huiles et oléagineux,
for oil crops;

¢ IRCC, Institut de recherches du café, du cacao et autres
plantes stimulantes, for stimulant crops;

¢ IRCT, Institut de recherches du coton et des textiles
exotiques, for fiber crops;

¢ IRCA, Institut de recherches sur le caoutchouc, for rubber
crops;

e CTFT, Centre technique forestier tropical, for wood and
forestry;

e [EMVT, Institut d’élevage et de médecine vétérinaire des pays
tropicaux, for livestock production and veterinary medicine.

Two departments conduct theme-based research:

e DSA, Département systemes agraires, for agrarian and
farming systems;

* CEEMAT, Centre d’études et d’expérimentation en mécanisa-
tion agricole et technologie alimentaire, for agricultural
engineering and food technology.

One department is responsible for horizontal programs and
general services:

e GERDAT, Gestion, recherche, documentation et appui
technique, for management, research, documentation and
technical support.
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Board of Trustees (1989)’

Chairman
Jacques Poly

Government Representatives

Jean Forestier, representing the
Minister for Research and
Technology

Pierre Bobillo, representing the
Minister for Cooperation and
Development

Rémi Bouchez, representing the
Minister for Economic Affairs,
Finance, and Budget

Daniel Dumont, representing the
Minister for Agriculture

Gérard Plouchard, representing the
Secretary of State for Overseas
Departments and Territories

President of the Institut
national de la recherche
agronomique (INRA)

Pierre Douzou

External Personalities Selected
for their Expertise

Jean-Paul Bastian, Agriculturalist and
Member of the Steering Committee
of the Fédération nationale des
syndicats d’exploitants agricoles

Menotti Bottazzi, Coordinator,
Consortium européen de
développement

Jacques de Chateauvieux, President
and Chairman of the Board,
Industrielle sucriére de Bourbon

Roger Chaufournier, Former
Vice-President of the World Bank

Michel Levallois, Chairman, Institut
frangais de recherche scientifique
pour le développement en
coopération (ORSTOM)

Elected Staff Representatives
Jean-Pierre Gaillard

André Garrigues

René Kaiser

Jean-Claude Monnet

Jean Pichot

Alix Rassaby

In 1989, the Board of Trustees met on 29 June, 17 November, and 12
December (final meeting before end of term).

CIRAD's first Board of Trustees was appointed in 1984 for a 5-year term which
ended in 1989. The outgoing Board successfully supervised the consol-idation
of the tropical research institutes into a single state-owned industrial and com-
mercial body (EPIC), with common staff regulations, budget, and

general policy.

1. Membership on T December 1989.
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Organizational Structure of CIRAD in 1989

BOARD OF TRUSTEES
CHAIRMAN
Jacques Poly

|

SECRETARY GENERAL
Jean-Marie Sifferlen

DIRECTOR GENERAL w
Hervé Bichat

SCIENTIFIC ADVISORY COMMITTEE
CHAIRMAN
André Berkaloff

DEPUTY DIRECTOR GENERAL 1
in charge of Research
Henri Carsalade

STEERING COMMITTEE }

DEPARTMENTS ]

[

IEMVT

|
(@]

Bernard Francis Jacques  Jean-Marie  Georges Claude Jean Michel  Jean-Marie José
Chéze Cailliez Lefort Sifferlen Tacher Charreau  Campaignolle Braud  Charpentier  Eleury
\
ADMINISTRATION AND EXTERNAL SCIENTIFIC
FINANCE RELATIONS COORDINATORS

ADMINISTRATIVE
AND LEGAL AFFAIRS
Hervé de Font-Réaulx

PERSONNEL
Danielle Bonneau

BUDGET AND FINANCE
Béatrice Reder

ACCOUNTS
Antoine Bourgeois

RHYSICAL PLANT-AND PURCHASE

Jacques Paré

COMPUTER SERVICES
Joél Sor

LATIN AMERICA, SOUTH PACIFIC,
FRENCH OVERSEAS DEPARTMENTS
AND TERRITORIES
Jean Laboucheix

RESOURCE MANAGEMENT (MICAM)
Christian Pieri

PLANT IMPROVEMENT (MICAP)
Jacques Meunier

AFRICA
Bernard Bachelier PLANT PROTECTION (MIDEC)
Roland Guis Pierre Baudin
ASIA TECHNOLOGY (MITECH)

Dany Griffon (until T Nov 1989)

Bernard Simon Frangois Challot (from 1 Nov 1989)

INTERNATIONAL ORGANIZATIONS
Pierre Dubreuil

ECONOMICS AND SOCIOLOGY (MESRU)
Michel Griffon

SCIENTIFIC AND TECHNICAL
INFORMATION, DOCUMENTATION
Jean-Francois Giovannetti

DEVELOPMENT
AND INDUSTRIAL LIAISON
Francois Challot

TRAINING
Jacques Dubernard

PUBLIC RELATIONS
Anne Hébert
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Directors, Overseas Representatives and

Correspondents (1989)

Overseas
Representatives
and
Correspondents

Benin
Christian Gaborel

Brazil
Jean-Claude Leprun

Burkina Faso
Robert Nicou

Cameroon
Jean-Louis Messager

Central African Republic
Louis Richard

Chad
Yves Maurice

Congo
Jean-Claude Delwaulle

Costa Rica
Philippe Cujo

Céte d’lvoire
Francois Pointereau

Ethiopia
Maurice Vigier

Gabon
Jean Meunier

Indonesia
Francois Rognon

Madagascar
Jean-Louis Reboul

Mali
Huu Hai Vuong

Mauritania
Renaud Lancelot

Morocco
Francois Bertin

Niger

Claude Lenormand
Philippines

Michel Arraudeau

Senegal
Guy Pocthier

Thailand
Guy Machet

Vanuatu
Claude Calvez
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Guadeloupe

IEMVT
IRAT
IRFA

Martinique
CEEMAT

IRAT
IRFA

A NA
¢ \

French

Guiana
CTFT
IEMVT
IRAT
IRCA

IRCC
IRFA
IRHO

Directors of CIRAD
centers in the French
overseas departments

and territories

French Guiana
Olivier Hamel

French Polynesia’
Jacques Larcher

Guadeloupe
Philippe Melin

Martinique
Patrick Daly

New Caledonia
Pierre Bourdin

Réunion
Jean Servant

1. Center closed on 1 July 1989.

Réunion

CEEMAT
CTFT
IEMVT
IRAT
IRFA
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CEEMAT
CTFT
IEMVT
IRAT
IRCC
IRFA
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AGRICULTURAL
RESEARCH

Resea rCh CIRAD's policy in 1989 reflected a desire for continuity

in its activities and a determination to evolve with its en-
[ . . . I

vironment. In a rapidly changing world, it is vital for the

O I ‘ Center to anticipate future scenarios and adapt itself to
them. In keeping with this intention, CIRAD has decid-

ed to accelerate the process of scientific and geographic

consolidation of its efforts and to strengthen its links with major

French and European research organizations. CIRAD has stream-

lined its operations by focusing on selected priorities, rigorously
programming its research activities, initiating and supporting
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innovative work, and establishing common criteria for evaluat-
ing its research programs.

Future Strategy

At the request of the French Ministry of Research and Technology,
CIRAD started a process of consultation to plan its strategy for the
future. For this it mainly drew on the conclusions of the workshop
on “Changing Imbalances in the World” organized by the Center
for Long-term Forecasting and Evaluation of the Ministry of
Research and Technology, Groupe de recherche et d’échanges
technologiques (GRET), Institut francais de recherche scientifique
pour le développement en coopération (ORSTOM), and CIRAD.
A working group was formed in mid-1989 to prepare a draft,
which will soon be put before the Center’s staff.

CIRAD 1989
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The Scientific
Advisory Committee

The Scientific Advisory Com-
mittee provides guidance on the
orientation, scope, and procedure
for the research programs. It also
organizes periodic external re-
views. The Committee is made up
of ten scientists (at least eight
are external experts nominated
by the relevant ministries) and
five elected staff representatives.
It is supported by an internal
Scientific Programming and Co-
ordinating Committee (CPCS).

The working group first analyzed CIRAD’s environment and its
future: changes in the sciences themselves and fluctuations in the
scientific employment market; function of national, regional, and
international agricultural research systems; status of the food and
agroindustrial sectors; cooperation strategies; economic, social,
and political situation in the developing countries. It then focused
on CIRAD's role, to identify its financial, administrative, and
scientific strengths and limitations.

A thorough appraisal within the Center and discussions with its
partners will enable CIRAD to establish—by late 1990—its strate-
gy and internal organization to meet the challenges of the decade.

Evaluation and Planning of
Research Programs

Soon after its formation, CIRAD developed the framework and
procedure for evaluating and planning its research programs.

The first Scientific Advisory Committee completed its term in
December 1988. During its 3 years in office, it endeavored to or-
ganize the research structure of the Center, and to develop a
common scientific culture. It prepared the guidelines for external
reviews of the departments, which were accepted by all the de-
partments, by determining the main themes for future work and
by endorsing the scientific value of CIRAD’s work in France and
in other countries.

The second Scientific Advisory Committee is being constituted.
The five staff representatives who were elected on 14 September
1989 are: Michel Benoit-Cattin, Vincent Dollé, Jacky Ganry,
Philippe de Reffye, and Marcel Tissot. Nomination of the other
members of the Committee is under way.

Several external reviews of the departments were conducted in
1989. IRAT, IRFA, CTFT, and IEMVT have submitted their 5-year
plans followed by CEEMAT and DSA. The IRCC review is almost
completed and drafting of the 5-year plan has begun; the IRHO
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review is under way. The IRCT and IRCA reviews are scheduled

The review process combines for 1990 and preparations have begun.

an external appraisal, discussions

with the main CIRAD partners, As a follow-up of the reviews, 32 research programs were re-
S e el izl T tained or created, 5 are being considered, and 2 have still to be
Such external reviews are useful | d

for assessing achievements, ex- evaluated.

G G The methods and results of the first series of external reviews are
programs to priorities set by the . . . ]

Center apd ifsipariiers, and inte- also being examined. The analysis should help improve the sys-
grating its work in the interna- | tem for the second series that is planned for 1991.

tional context. . o . . . .
Five Scientific Coordinators were appointed in 1985 to stimulate

exchange between scientists from different programs. They

Status of external reviews of departments on 31 December 1989.

Approval Approval

Submission Observations by Scientific ~ Submission by Scientific ~ Examination

of review by Advisory of medium- Advisory by Board
Department report department Committee term plan Committee of Trustees
IRAT
IRFA
CTFT
IEMVT
CEEMAT April 1990 mid-1990
DSA'! April 1990 mid-1990 g
IRCC April 1990 end 1990
IRHO April 1990 mid-1990 end 1990
IRCT end 1990
IRCA end 1990

Completed by 31.12.1989 Planned for 1990
1. As DSA was created recently, it has not undergone a review.
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CIRAD's 39 research programs.

IRAT IEMVT

Food crops Animal production

* Rice ¢ Feed resources

* Maize ¢ Animal resources

e Sorghum e Livestock production systems
¢ Market crops Animal health

e Sugarcane e Infectious diseases

e Other crops e Animal pests

Natural resources ¢ Ecopathology

e Physical environment studies

DSA
Lo . e Agricultural systems in arid zones |
e Banana and plantain (el |
; C.ltrus e Agricultural systems in savanna zones
¢ Pineapple

(Savane)
e Agricultural systems in forest and high-altitude
zones (Silvit)

e Fruits for diversification

IRHO :
¢ Annual oil crops CEEMAT
¢ Oil palm
. COCEnut ® Mechanization and crop production
¢ Food technology and engineering
e Technological research, energy
IRCC
 Coffee e e
e Cocoa GERDAT
¢ Operational ecology and locust and grasshopper
| IRCT studies (PRIFAS)
I « Cotton and fiber crops e Plant architecture modeling (AMAP)

-— e Tropical species genome analysis (AGETROP)
e Agricultural policies and long-term
IRCA forecasting

e Latex-bearing crops

CTFT

¢ Environment and land-use management Status on 31 December 1989

e Forest conservation, management, establishment, . )
M s Programs established or being

. ) established after review
¢ Genetic improvement, physiology,

biotechnology
¢ Wood technology
¢ Aquaculture and fishing Programs not yet examined by review

Programs under consideration

CIRAD 1989
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Study and modeling of light energy
circulation in a palm grove is a
typical ATP project.

initiate and coordinate the scientific activities of the departments
in the following research work areas:

(1 Resource management (MICAM),
QA Plant improvement (MICAP),

A Plant protection (MIDEC),

1 Economics and sociology (MESRU),
Q Technology (MITECH).

CIRAD’s concern for high standards in its research work has led the
management to strengthen the role of the Scientific Coordinators.
They were urged to intensify their support to field work in their
respective work areas. Thematic research activities are also pro-
moted. The Coordinators were given a further incentive through a
grant of Fr 5 million for innovative operations in which scientists
from several departments work on a common project that is rele-

vant to CIRAD’s objectives. The projects
also provide an opportunity to strengthen
links with major French research organi-
zations, mainly the Centre national de la
recherche scientifique (CNRS), Institut
national de la recherche agronomique
(INRA), ORSTOM, and training and educa-
tion institutions. Such interorganization
thematic research projects, or ATPs as they
are called, are similar to the US CRSP pro-
grams. In 1989 the number was reduced
from 53 to 26 to concentrate support from
the Scientific Coordinators and resources
on a selected number of ATPs. Thematic
priorities were also modified to focus on
high-tech areas such as biotechnology, food
technology, expert systems, and data banks.
This provides an opportunity to strengthen
the capacities of CIRAD’s scientific services
in these high-potential areas. Priority was
also given to agricultural economics and

sociology studies and to overviews of agricultural research achieve-
ments in each agroecological zone in the tropics.

CIRAD 1989
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The 26 interorganization thematic research projects (ATP) financed in 1989.

Work area Activities Number Partners
Agronomy
Water-soil-plant - Growth of and water uptake by roots in INRA, Hohenheim Univ. (FRG),

Remote sensing

Modeling

Soil fertility

degenerated soils
— Hevea physiology and latex production
- Survey of plant covers and analysis of
surface states

— Modeling radiative transfers in palm groves

— Improving fertility of depleted soils through
introduction of Acacia mangium in food
crop rotation systems

GERDAT, IRAT, IRHO

Paris VII Univ., USTL, IRCA
SOCFINDO, Marihat station
(Indonesia), INERA (Burkina Faso),
CTFT, DSA, IRAT, IRCA, IRCT, IRHO

Orsay Univ., La Mé station
(Cote d'lvoire), GERDAT, IRHO

CTFT-Céte d'lvoire, CTFT, BSSFT

Physiology

Genetics

Somatic
embryogenesis

Data banks

Crop improvement

— Agroclimatology and in vitro
culture (banana, Hevea)

— Study of genetic diversity of tropical
species and their parasites, using
enzyme markers and RFLP

— Somatic embryogenesis (cocoa,
oil palm, Hevea)

— Germplasm data bank

INRA, ENSA-Toulouse, CNRS, Clermont-
Ferrand Univ., GERDAT, IRCA, IRFA \

ENGREF-Nancy, INRA, CNRS, Limagrain,
GERDAT, IRAT, IRCA, IRCC, IRFA

CNRS, ORSTOM, Paris VI Univ., La Mé
station (Cote d'Ivoire), GERDAT, IRCA,
IRCC, IRHO

INRA, INA-PG, ISIM, ORSTOM,
GERDAT, IRAT, IRHO

Pathology

Entomology

Expert systems

Crop protection

— Disease diagnosis tools

— Study of host-parasite relations based
on sexual reproduction of fungi

— Study of vectors that transmit tropical
crop diseases

— Expert system for disease diagnosis
and decision making

INRA, GERDAT, IRAT, IRCC, IRHO, IRFA
INRA, IRAT, IRFA

INRA, ORSTOM, GERDAT, IRAT,
IRCC, IRFA, IRHO

INRA, GERDAT, IRCT
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Work area

Activities

Number

Partners

Animal biology

Aquaculture

Livestock
production

— Genetics of Tilapia populations

— Increasing forage production on village
lands

Economics and sociology

Micro-
economics

Macro-
economics

— Socioeconomic analysis of village
plantations in Africa and Asia

— Methodological analysis for increased
productivity models

— Establishment of a rice economics
monitoring system

INRA, IDESSA (Cote d'lvoire), CTFT

ORSTOM, IDESSA (Céte d'Ivoire),
DSA, IEMVT, IRAT

EHSS, INA-PG, CIRES, SATMACI

(Céte d'lvoire), Palmindustrie, MARDI
(Malaysia), Prince of Songkhla Univ.
(Thailand), DSA, IRAT, IRCA, IRCC, IRHO

INRA, CNRS, ISRA (Senegal), INERA
(Burkina Faso), DSA, IRAT, IRCT

ONIC, CCCE, INRA, IFPRI, Osiriz, IRAT

| Technology

Commodity
chains

Processes

— Innovative technologies for food
production (short-cycle chains)

— Osmosis-based drying process

CIRAD 1989
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ENSIAA, ORSTOM, Lyon Il Univ. ,
Paris X Univ., ENSIAAC (Cameroon),
CADEF, ISRA, ENEA (Senegal),
CIEPAC-Senegal, CEEMAT, DSA, IRAT

INRA, ENGREF, CEMAGREF, USTL,
CEEMAT




CIRAD 1989 presents
ResearCh highlights of the Center’s
activities. It reports selectively
° ®_. 0 on some of the achievements
A t t of the Center during 1989, and
C IVI I eS which give an idea of the
° diversity of its activities. The
PY results are presented by work
I n 1 9 8 9 ° area. A detailed report of the
research programs of
o the different departments
Mal n is presented in another
publication, Les départements
du CIRAD, rapport d’activité

Resu ItS 1989-1990, which will appear
in French by mid-1991.

Agronomy and Resource
Management for
Sustainable Agricultural
Development Studies

Research priorities for this work area are: to evaluate soil and
water resources in tropical and subtropical rural areas, to develop
cropping techniques that improve the productivity of soil-plant-
climate systems, and to sustain the production potential of physi-
cal environments within farming systems that minimize economic
and environmental risks and protect the environment. The
Scientific Coordinator for this work area is responsible for the
Mission agronomie, connaissance et amélioration du milieu
(MICAM). The Coordinator has the task to promote research that
aims to identify the scientific and technical basis for a sustainable
use of natural resources in fixed agriculture.

CIRAD 1989
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From Soil and
Climate Studies to
Recommendations

CIRAD is examining ways of converting its knowledge on soils and
climate into recommendations for agriculture. It draws on the dis-
cussions at the first Franco-African workshop on tropical soil sci-
ence organized in 1989 by ORSTOM and the University of Benin,
on the topic “Improving soil use through better knowledge.”

Studies on the physical environment provide accurate informa-
tion on its organization and mechanisms, particularly on water
dynamics, soil particle distribution, mineral and organic matter
balances. However, this basic information needs to be combined
with other data for developing and disseminating valid technical
recommendations. These data are obtained from an analysis of
land-use management by farmers, trials of innovative farming sys-
tems, and climatic data series. Environment studies are useful for
evaluating crop suitability as they can reveal major constraints
and other problems; but they need to be supplemented by an
analysis of the effect of plant growth on the environment.

For example, an important factor is the variation in the rhizo-
sphere pH according to the crop or nutrient cation-anion balance
for a given crop. Only applied research with an integrated
approach to the mechanisms of soil-plant-climate systems can
propose scientifically sound recommendations.

Biological factors (microorganisms, soil meso- and macrofauna)
offer ways to reduce the use of commercial inputs. The impor-
tance of these factors was stressed in IRAT’s and IRCT’s work
within the drought resistance research network, R3S, and that of
IRFA in the banana plantations of more humid zones. IRAT, IRCA,
IRCT, and IRHO are also conducting research on the role of plant
covers and mulches for controlling weeds, and improving the
physical properties of soils (porosity and strength) and their
chemical characteristics (solubilization of nutrients that are not
easily assimilated in their natural state).

When sufficient data are collected on the soil-plant-climate sys-
tems, they can be used to construct yield prediction models.
IRHO has built a model for lower Céte d’lvoire in which oil palm
production parameters are related to climatic factors. The model
explains how, under the same cropping conditions, yields in
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Development of
Sustainable Farming
Systems

Sustainable farming systems are
proposed to check the destructive
practice of shifting cultivation.

Malaysia exceed those in Cote d’lvoire by 35%, due to higher
global radiation. Banting in Malaysia receives approximately 30%
moreradiation energy than the La Mé station in Cote d’Ivoire.

One of the abiding concerns of CIRAD, and other French agricul-
tural research organizations, is the development of sustainable
farming systems. The significance of sustainability has been en-
dorsed by the international scientific community. The World
Commission on Environment and Development (Brundtland
Commission) has defined the concept in relation to agricultural
development: sustainable systems are those that meet current
food requirements without compromising the possibilities for fu-ture
generations to satisfy their food requirements.
MICAM has examined CIRAD’swork in sub-Saharan Africa for susta
inable agricultural development, which is likely to check the practic
e of shifting cultivation . The main conclusions of the study were
presented at the international conference on soil quality in the
semiarid tropics thatwas hel d in Canada, and at the meeting

of the working group on sustainability of the Consultative Group
on International Aricultural Research (CGIAR) that was held in
Paris. Maintenance of physical stability, chemical characteristics,
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and biological activity in the
soil all depend on a major fac-
tor—availability of a sufficient
amount of organic matter in
cultivated soils.

The departments working on
perennial crops (oil palm, co-
coa, coffee, Hevea, etc.) are
studying the effects of inter-
crops on sustained soil pro-
ductivity through experiments
established in the countries of
the Bight of Benin and cen-
tral Africa, Asia (Indonesia,
Malaysia), and Latin America
(Colombia, Peru). The studies
focus on intercrops of food
crops such as cereals and cas-
sava, and on legume crop cov-
ers. Very encouraging results
were obtained particularly in
village-level plantations.

Sustained use of soil resources
is therefore based on maintain-
ing an adequate level of organ-
ic matter in the soil. Cropping
techniques and crops should

Cumulated values of root biomass of
herbaceous plants at different soil
depths.
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Source: C. Pieri, 1989. Fertilité des terres de
savanes.

be selected according to the root residue left in the soil after
harvest. This aspect is usually overlooked as agronomists and
breeders concentrate mainly on the harvestable part of the plant.

The mineral balance situation in sub-Saharan Africa is causing se-
rious concern. Each year millions of hectares of cultivated soils
are being depleted of nutrients (N, P,O,, K,O, CaO, Mg) at the
rate of 60-100 kg/ha; the highest deficits are recorded for nitro-
gen, calcium, and magnesium. This applies to soils where erosion
has been checked; but with the decline in such operations,
organic and mineral deficits may well increase ten-fold.
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Optimization
of Local
Fertilizer
Resources

Local resources are being studied as options for satisfying the grow-
ing requirements for fertilizers in more productive and profitable
farming systems. The quality of such resources, particularly the rock
phosphate deposits in Africa and Asia, should, however, be suitable
for agricultural use. Certain highly soluble phosphates—such as
those found in Mali—can be used directly. But most rock phos-
phates need to be solubilized industrially. IRAT is working together

lation (complex)

Jinning, 30% acidulation
(sulfuric and nitric acids)

Jinning, 30% acidulation

(sulfuric acid)
Jinning, raw material (100 ppm P)

242 c Comparison of the effectiveness of
different processes for partial
solubilization of rock phosphates from
Jinning, China. Pot studies show
quantity of raygrass dry matter
(mg/pot) produced in pots.

216b
Jinning, acidu- 81a
68 a
3 79 a

Triple superphosphate
(100 ppm P)

Check

Crop on ferrallitic soil in Jinhua (clay, 32.7%; pH water, 4.1; total P, 215 ppm),
Al saturation rate, 63%.

Statistically equivalent treatments are denoted by the same letter, with 1% threshold.
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Developments in
In Vitro Culture

with industry and geological research organizations to develop
partial solubilization processes that are less cost-intensive than
conventional solubilization processes, but are just as effective.

Rock phosphates from the deposits in Kunyang and Jinning,
China, have a P,O. concentration of 26% and 20%, and formic
acid solubility of 29% and 25%, respectively. Tests under control-
led conditions confirm the validity of the proposed solubilization
processes and effectiveness of the end product.

Crop Improvement

Progress in biological and genetic knowledge and techniques over
the past decade has greatly influenced crop improvement poten-
tial and methods. At CIRAD, in vitro culture, cytology, and ge-
nome analysis laboratories were set up to enable the Center to
play a key role in tropical crop improvement developments. The
main users of these common laboratory services are the commodi-
ty research departments; their crop improvement and variety devel-
opment programs benefit greatly from these modern techniques.

Cellular biology and in vitro culture of tropical crops are priority
research topics. The GERDAT in vitro culture laboratory has two
objectives: micropropagation and genetic improvement.

Microcutting and meristem proliferation techniques are already
used for large-scale operations for coffee and sugarcane and on a
commercial scale for banana and pineapple. Similar techniques
are being improved and developed for Hevea. Field experiments
were undertaken with a commercial Hevea microcutting enter-
prise, Société de microbouturage de I’hévéa (SMH), and expand-
ed to 6 ha of trials in 1989.

Significant results were obtained in the development of culture
methods. Innovative techniques using liquid media for temporary
immersion enable uniform growth of vitroplantlets. Environment
factors (gas, light) were studied to determine optimum growth
conditions. Progress in somatic embryogenesis of Hevea, cocoa,
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Cytogenetics and
Histology for
In Vitro Studies

Banana in vitro culture showing
bud proliferation.

and coffee can be attributed to
these developments.

The first whole plant of coco-
nut (Cocos nucifera) obtained
through somatic embryogenesis
was successfully transplanted
to the nursery in 1989. Condi-
tions for somatic embryogene-
sis in this species are being further studied. Techniques for
somatic embryogenesis of oil palm using liquid media were de-
veloped in collaboration with ORSTOM. The first clone obtained
with this method was produced in 1989.

Genetic improvement increasingly depends on modern biotechno-
logical techniques. Regeneration of Oryza sativa and O. longista-
minata and the first banana somatic embryos from groups of cells
in liquid media were obtained using these techniques. A genetic
transformation program for developing insect-resistant cotton was
established in collaboration with the Institut Pasteur and INRA; the
first in vitro regenerations of certain genotypes were produced.

Cytogenetic and histological studies are useful for understanding
and controlling somatic embryogenesis processes and are there-
fore indispensable for in vitro culture work.

The sequence of events in oil palm and coffee in vitro cultures
was established. Histological analysis is used to monitor the effect
of the culture procedure on banana, cocoa, and rice regenera-
tion. Conditions for producing Hevea somatic embryos were
determined. Comparative histological and biochemical analyses
of the development of coffee and Hevea zygotic and somatic
embryos should help improve somatic embryogenesis.
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Genome Analysis of
Tropical Species

Field Experiments

Priority is given to analysis of tropical species genomes because of
the large number of applications of such studies. They are useful for
variety identification, description and control of reproductive sys-
tems, germplasm evaluation, and measurement of the genetic dis-
tance between potential parents. This work is conducted by the
GERDAT genome analysis laboratory, AGETROP. In 1989, isozyme
electrophoresis was applied to various plants including Hevea, cot-
ton, sorghum, sugarcane, date palm, groundnut, rice, and Striga.

Preliminary analyses of ribosomal DNA polymorphism in cocoa,
sugarcane, and banana were undertaken using RFLP molecular
biology techniques for genome mapping and identification of
early selection markers. Substantial progress was made in sugar-
cane genome analysis. The results were presented at the annual
meeting of the International Society of Sugar Cane Technologists
(ISSCT) held in Brazil, where they generated keen interest.

Food Crops

IRAT released several upland rice varieties including IRAT 351 for
high altitudes and IRAT 216, which is also suited to shallow-
water lowland soils. Parental formulae for developing hybrid
varieties were established. Production of diplohaploid lines
continues as it helps accelerate breeding programs.

Maize research conducted in Brazil in collaboration with Rhéne-
Poulenc Agrochimie, has provided the first series of experimental
lines. Tests of recently developed cultivars (IR 30, IR 31) revealed
their potential for cultivation throughout the tropics. A catalogue
of recommended varieties was disseminated through the maize
network of the Conférence des responsables de la recherche
agronomique africains (CORAF).

In Réunion, the ancestry of scented geranium was established and
higher-yielding hybrids were produced.

Fruit Crops

The pineapple breeding program undertaken in 1978 in Cote
d’lvoire was completed. Results included the multiplication of
five particularly promising varieties. Progeny from interspecific
crosses are being evaluated in Martinique on the basis of
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Segregation of the anthocyan leaf
pigmentation character in pineapple
hybrids (lefi).

Genetic and morphological diversity
of bananas in Indonesia (right).

segregation observed during vegetative growth. Material introduced
from Venezuela is being tested in Cote d’Ivoire and Martinique.

Citrus germplasm collections were enhanced (55 entries in 1989)
following a mission in Southeast Asia. Studies on the genetic and
phenotypic organization of the genus Citrus are being carried out
in Corsica and Martinique.

The banana and plantain improvement program widened its geo-
graphic scope through its integration into the International
Network for the Improvement of Banana and Plantain (INIBAP). A
major activity of the program is the enhancement and evaluation
of germplasm collections. Another important activity is the analy-

4

sis of diploid clone fertility through studies of hybrid progeny and
an evaluation of their agronomic characters and pest and disease
resistance in Guadeloupe and Cameroon.

Passionflower collections were undertaken in French Guiana. A
program was established for developing varieties with resistance
to the Phytophthora-Fusarium-Pythium complex. Twenty samples
were retained for further studies.

More than 50 new varieties were added to the mango collection
at the Korhogo fruit research station in Cote d’lvoire.

Oil Crops
Results of field trials of early oil palm clones confirm IRHO's ap-
proach to variety improvement and development. The clones
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Genetic resources are enhanced
through the development of hybrids
(left, fruit of Red Dwarf coconut)
and collection of wild material
(right, Coffea arabica collected in South Yemen).

reproduced true to type, with a higher degree of broad-sense
heritability than expected. The clones also reached the average
target values and variability was low compared with crosses.
Germplasm trials in Indonesia showed the importance of vertical
growth in competition processes.

IRHO expanded its range of coconut hybrids in 1989. Hybrids
from Dwarf X Tall, Dwarf X Dwarf, and Tall X Tall crosses pro-
duce high yields and are ready for release. The Vanuatu research
station has become the center of a major regional program, with
support from the European Development Fund (EDF). Its objective
is to evaluate material from
crosses of major ecotypes from
the Pacific region and to dis-
tribute improved material.

Stimulant Crops

The value of hybrids obtained
from crosses between Guin-
ean and Congolese material
(Coffea canephora var Robusta)
was confirmed. This justifies
the continuation of the recipro-
cal recurrent selection program
conducted by IRCC in Cote
d’lvoire. The C. arabica im-
provement program was resumed in Cameroon in collaboration
with the Institut de la recherche agronomique (IRA). Sources of
resistance to Meloidogyne sp. were identified in the C. arabica
collection in Cameroon. Twenty-two new strains of C. arabica,
obtained during a joint mission with the International Board for
Plant Genetic Resources (IBPGR) in Yemen, were added to col-
lections in Brazil, Costa Rica, and Cameroon.

Cocoa hybrids evaluated in Cote d’lvoire showed a vyield
potential of 3 t/ha. In Togo, orthotropic cutting proved to be a
reliable clone multiplication method. Germplasm was exchanged
with Cameroon, Costa Rica, Cote d’Ivoire, Togo, and Trinidad and
Tobago.
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Rubber Crops

Genetic and agronomic evaluations of available Hevea germ-
plasm clearly show the existence of two distinct populations. One
population is made up of clones developed through breeding,
with every indication of domestication. The other population in-
cludes genotypes obtained from collections and which exhibit
wild characteristics. Crosses between the two populations
indicate that one or two generations of backcrosses are required
to obtain an optimum genetic gain. In 1989, 79 new clones (IRCA
1200 to IRCA 1278) were developed, 31 of which were derived
from the PB 5.51 X IR 22 family and 22 from the PB 5.51 X
PR 228 family. Updated clone factsheets and recommendations
help planters to select appro-
priate material.

The Scientific Coordinator for crop improvement is responsible for the
Mission connaissance et amélioration des plantes (MICAP). The Coordinator’s
task is to assist the departments in orienting and coordinating their programs
and in providing information and training to scientists. The technical commit-
tees work together with specialists from INRA, ORSTOM, and cooperating
universities to review recent developments in research. CIRAD’s responsibili-
ties and priorities in biotechnology and germplasm management were exam-
ined, particularly their implications for ongoing research programs and new
cooperative and training programs. Two permanent groups were created with-
in MICAP to work on these themes. MICAP organized a crop improvement
workshop in Montpellier. The participants worked in two groups. The first
group focused on Hevea improvement and vitroplantlet physiology together
with INRA, Avignon, and the Ecole nationale supérieure d’agronomie,
Toulouse. The second group studied genetic transformation together with the
molecular biology laboratory of INRA, Versailles.

Trees

The CTFT tree improvement
program focuses on a limited
number of species. These in-
clude multipurpose nitrogen-
fixing species (Acacia albida
and A. senegal in dry zones,
A. mangium and A. auriculi-
formis in more humid zones);
timber species (Terminalia
ivorensis, T. superba, Aucou-
mea klaineana); eucalyptus;
and tropical pines. Approxi-
mately 150 new families of

eucalyptus hybrids were developed in Congo. Improvement
and interspecific hybridization of Eucalyptus urophylla and
E. camaldulensis are part of the effort to increase genetic diversi-
ty. Base populations were established for Terminalia breeding
programs in Céte d’Ivoire and Congo. A new project for improve-
ment and seed production of rattan and quality timber species
was launched in collaboration with the Sabah Foundation in
Malaysia.
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Insects: Identification
of Pests and
Parasitoids

Heliothis armigera is a polyphagous
pest of tropical crops. Photo shows
an adult on a cotton leaf.

1. A canopy raft is a 600-m2 platform that is
transported by a hot-air airship and deposited
on the tree tops. Scientific observations and
experiments on canopy biology are then
conducted from the platform, while the airship
returns to the base.

Crop Protection

Crop protection research activities are integrated within the com-
modity-based programs. Working groups were formed by the
Scientific Coordinator responsible for the Mission défense des cul-
tures (MIDEC). The working groups design horizontal programs for
the different laboratories and intercommodity thematic operations.

Improvement of control strategies is based on information on
crop-associated insects and an understanding of the ecologi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>