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The Centre de cooperation internationale en recherche agronomique pour le developpement (CIRAD) is 
a French research organization that specializes in agriculture in the tropics and subtropics. It is a state-owned body 
and it was established in 1984 following the consolidation of French agricultural, veterinary, forestry, and 
food technology research organizations for the tropics and subtropics. 

CIRAD's mission is to contribute to the economic development of these regions through research, experiments, 
training, and dissemination of scientific and technical information. 

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

CIRAD is made up of seven departments: Cl RAD-CA (annual crops), CIRAD-CP (tree crops), CIRAD-FLHOR 
(fruit and horticultural crops), CIRAD-EMVT (livestock production and veterinary medicine), Cl RAD-Foret (forestry), 
Cl RAD-SAR (food technology and rural systems), and CIRAD-GERDAT (management, common services and 
laboratories, documentation). CIRAD operates through its own research centres, national agricultural research 
systems, or development projects. 
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The President's Message 

In 1994, CIRAO took several initiatives to reinforce its involvement in European 
structures for research and development. As such, CIRAD is participating more fully in 
the construction of Europe's scientific community and will strengthen European research 
in order to support countries of the South in their development. 

CIRAD is a member of Natura, a European network of universities and agricultural 
scientific complexes working with tropical and subtropical countries. It is also a member 
of £CART, the European Consortium for Agricultural Research in the Tropics, 
in association with British, Dutch and Portuguese institutions. Two German organizations 
joined £CART this year and others are expected to follow. We exchange researchers, 
rationalize our diverse activities and draw up projects in common with these European 
partners and with others throughout the world. CIRAO welcomes partner research teams 
to use its facilities in French overseas departments and territories, while in the South 
it contributes to the promotion of European policies in support of regional programmes. 

CIRAD is backed in its efforts by the European Commission. The Fourth Framework 
Programme for research, technological development and training has just been 
adopted. It has been endowed with a budget that ranks third among all programmes of 
the Commission. It is in this same spirit that European research and development 
ministers are defining a strategy of cooperation with countries of the South. Research 
in agronomy and medicine will play a key role in the progress which is expected in 
the coming years. 

CIRAD is at the heart of these activities. Our staff understands the necessity for closer 
cooperation between the North and the South if they are to help bring about the second 
green revolution. I am convinced that the cooperation programmes we set up and 
the financial backing we receive from French and European authorities augur well for 
success. They will enable us to prolong and enhance our contribution to world research 
for the economic and social development of tropical countries. 

-
Guy Paillotin 
CIRAD President 
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A Shared Adventure 

TOWARDS WORLD 

COOPERATION IN 

DEVELOPMENT 

RESEARCH 
�-

For perhaps the first time in )t eir history, 
most of the institutions involvecd in agricultural 

research for development agree about 
the prospects for the future, abowt the strategies 

to adopt and about their willingness to work together. 



CONVERGENCES 

W
HEN IN 1990 CIRAD began the CIRAD Strategic Plan
Strengthening our Cooperation in a Changing World, it called 

for deliberations on nutrition and the environment with one of its 
maxims: "Increasing production while protecting the environment". 
Given new impetus through work carried out by IFPRI, this topic was 
at the heart of the discussions in 1993 and 1994 led by CIRAD's 
group on evolution and strategies, a task force on CIRAD's long-term 
orientations. The major underlying preoccupation that dominates 
the current period is that population growth and increasing food 
needs, coupled with the use of high-yielding systems stemming from 
rapidly evolving technologies, could endanger the balance needed 
for sustainable crop management. Under these conditions, will it be 
possible to ensure food security in tlie long term? Posed in 
these terms, it becomes apparent that environment and food 
production are inextricably linked. 

In the hope of resolving the crisis, the Consultative Group on 
International Agricultu ,al Research (CGIAR) asked CIRAD experts 
to join others in determiningJ;::hat challenges the developing
countries would have to face by 2025 ancl to give new direction to 
international agr,icultural research. Tfie group's report, Sustainable

Agriculture for a Food-Secure World, was published in 1994. 
It mirrors man of CIRAD's ideas and introduces a new concept, 
the doubly green ·revolution, and suggests that the international 
system should be reformed on an ecoregional basis, another new 
concept. Along the same lines, IFPRI launched "A vision for the year 
2020", a vast programme designed to create a consensus on 
questions of food, agriculture and the environment and to which 
CIRAD also contributed. 

The CGIAR, in the process of a major reform, called for a meeting 
of its donors at ministerial level in February 1995. The French 
Ministere de l'enseignement superieur et de la recherche addressed 
the meeting on scientific needs in the fields of nutrition and 
environment in developing countries and suggested, on behalf of 
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the European scientific community, that a strategy be set up 

involving all Northern and Southern partners on an international 

scale. 

Parallel assessments by the international community point toward 

the same diagnosis, which will demand collaboration in daringly 

innovative solutions. 

The diagnosis 
The first element of the diagnosis is that 700 million people do not 

have enough to eat today, at the end of the 20th century, and that 

this number will increase more or less rapidly over the next decades, 

depending on the regions of the world considered. The most 

worrying forecasts are for Asia-even though this region's 

population growth is said to be at a "transition stage"-and for 

Africa, where the present generally low population density is rising 

sharply. 

As the planet approaches demographic saturation-there will most 

likely be 8.5 billion people by the year 2025, 7 billion of whom will 

be living in developing countries-the need to produce ever more 

food will cause ever greater environmental dangers, especially to soil 

ferti I ity, water and forest resources. 

From one revolution to another 
The second green revolution is a response to the anticipated long­

term deterioration in the world's food situation and natural resources 

which might result from these trends. 

The first green revolution was based on the use of intensive 

production technologies-new high-yielding rice and wheat 

varieties, fertilizers and pesticides-and its application within 

the framework of activist economic policies enabled Asian countries 

to meet their rising demand for food. 



But at present the dynamics of that technology-based revolution are 

decelerating. For reasons which remain unclear, yields are stagnating, 

despite still largely untapped biological potentials. 

The green revolution was successful in other parts of the world, but 

some regions did not succeed with it. This is the case in Africa where 

natural environments are often hostile to production, farming systems 

differ widely, infrastructure is inadequate, new institutions are 

unstable and society's demands for technological change are quite 

different. Only the "white" revolution, that of cotton, succeeded in 

generating income and stimulating food crops. 

Both Asia and Africa need to produce more. But, to the successful 

ingredients of the first green revolution, the new agricultural 

revolution will have to add another dimension-the necessity of 

protecting natural resources so that cropped ecosystems can be 

renewed permanently. The notion of "sustainability", or viability, is 

none other than the age-old concept of fertile land being the capital 

one hands down to one's children. 

The new revolution will be "doubly green" because of this marriage 

between high productivity and ecological sustainability. It can no 

longer be based purely on technology if it is to address poverty and 

food insecurity. It must stem from the needs of poor populations, 

create jobs for those who have little or no land, help small farmers as 

well as larger ones, not only in regions of high productivity potential 

but everywhere people farm for a living. Decision-makers for 

agriculture at all levels must be involved to ensure that the support 

required is forthcoming. 

The ecoregional approach 
The second green revolution embodies the concept of an ecoregional 

approach emanating from the CGIAR's review of how to reform 

the work of the international centres. It was defined as 

a mechanism for partnership applying research to the scope of 

technical and human problems implicated in the sustainable increase 

of agricultural production in any given area. 
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CIRAD in French overseas departments and 
territories 

In 1994, after consulting its local partners concerning their 
priorities, CIRAD outlined its policy with respect to the overseas 
departments and territories (DOM-TOM) for the next decade. 
This policy revolves around three main ·axes. 

Rural development via strategic research remains the first priority. 
Research for development must respond to social demand and be 
organized in partnership with the governing authorities and with 
members of the agricultural professions. 

The second priority is the setting up of centres of excellence to 
further research CIRAD considers to be strategic to its 
interventions in the DOM-TOM. This decision is based on 
the ongoing requirements of research in these areas. Each centre 
of excellence will work in the specific context of the region's 
potentials and the local farmers will be the first beneficiaries of 
their innovations: in Guadeloupe, genetic improvement of 
the banana and tropical animal pathology; in Martinique, fruit 
trees and garden plants; in French Guiana, an observation post in 
the Amazonian forest; in Reunion, sugarcane and plant protection; 
in New Caledonia, genetic improvement of animals; in French 
Polynesia, genetic resources. These centres of excellence wi II 
have a vocation to host other researchers, especially those 
belonging to the European Union who wish to pursue work in 
tropical research. 

Third, CIRAD will contribute to the training of local staff and will 
encourage regional scientific and economic cooperation. 

CIRAD is also taking part in the negotiations under way 
concerning the new planning agreement between the government 
and the regions for the period 1994-98. CIRAD was reiristated in 
French Polynesia in 1994 within the framework of the Pacte 
-du Progres. 

Lastly, CIRAD is working together with the DOM-TOM, Spain and 
Portugal (Canary Islands, Madeira, Azores) to create a group with 
tropical expertise at the European level which may be represented 
in the European Commission's common research centre. 



French research (CIRAD, !NRA, ORSTOM) endorses the concept and 

offers its scientific experience in meeting these challenges. 

Experience has shown that if research results are to be adopted as 

new technologies for productivity growth or natural resource 

management, they must respond to the needs and strategies of 

the very people who will use them as tools of production or 

management. The diversity of regional situations must therefore be 

taken into account. 

To identify regional interests and research needs it is necessary 

to synthesize the knowledge already available and to diagnose 

the way the region functions from different standpoints: its landscape 

and natural resources, the organization of its agricultural subsectors, 

and the economic policies (prices, credit, trade, land-use rights and 

management, etc.). All those concerned contribute to the diagnosis, 

then help outline the research programme and construct its 

institutional framework. From the start, it is necessary to pursue 

a process of negotiation between society's demand for research and 

its supply. 

As research findings become available, they a�e QUt into practice. 

This interaction between researchers and users ensures that research 

is adapted rationally to real situations and clarifies the need, if any, 

for supplementary research. 

The ecoregional approach is an iterative process-grounded in 

a systemic approach-to examining an environment on different 

scales-which French institutions will encourage their partners to 

adopt for further sustainable regional growth. 

NEW FIELDS TO EXPLORE 

T
OGETHER, the thrusts of the doubly green revolution and 

the ecoregional approach open up new and fertile fields of 
exploration. CIRAD's consultations with each of its disciplinary areas 
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revealed that some have been using these methods for a long time, 
others for only a few years and in certain aspects of their work. 
As CIRAD examines its achievements, its aims and methods in this new 
light, closer analysis reveals often surprising but productive synergy and 
programme innovation. 

Think differently about development 

Any topic can be examined with a wide-angle lens. Two examples 

from quite different fields can be used to illustrate this: the theme of 

town-country relations and a research-development project of broad 

scope which is in the process of becoming an ecoregional project. 

CIRAD convened various specialists to examine town-country 

relations at a seminar entitled "Nourrir les villes" (Feeding 

the towns). The economic environment and to a large extent 

the development of rural areas is structured and conditioned by 

the towns. Farmers decide to produce more than they need only 

when they are assured of a market for their produce. Access to such 

an outlet is often not obvious. What is usually studied are the two 

ends of the chain, production and consumption (supply and 

demand). But along the chain, exchange between producer and 

consumer is organized around five functions: production, transport 

and storage, processing, redistribution, consumption. These five 

functions can be approached from the angles of geographic 

dispersion, economic efficiency and social relations. Certain 

constants emerge from analyses carried out by various Cl RAD 

departments in many countries of the rural to urban supply chains of 

rice, tubers, fruits and vegetables, animal products and firewood. 

A product's market sales are determined by its characteristics: its 

quality is related to consumer expectation based on habit, but new or 

improved products may be adopted. Research in the field of rural 

food processing assumes greater importance when set in the light of 

supplying towns regularly from nearby, since processing and 

transport are the two notable bottlenecks to achieving this aim. Intra­

or periurban produce (mainly certain vegetables and animal 



products) complement rather than compete with rural production. 

But imports, which do not always correspond to a lack of market 

supply, often present a real threat to local producers because of 

their marketing thrust and the nature of the products. The town as 

a market place appears to be the key element in improving farm 

incomes, creating jobs in rural areas and modernizing farming. For 

this reason, supplying the town should be thought of in terms of 

strategies at a scale which includes not only the national level, but 

also the scope for complementarity among neighbouring countries. 

The Garoua agricultural development project for northern Cameroon 

has produced a plethora of results, some of which have already 

borne fruit economically. There are now sound reasons for shifting 

into a higher gear and associating research teams from three 

countries-Cameroon, Central African Republic and Chad-in a truly 

ecoregional project. First of all, the central African savanna covers 

a region which is ecologically homogeneous; the climate, which is 

characterized by a single rainy season that lasts longer as it moves 

from North to South, is conducive to a range of products: rainfed 

cereals, cotton and livestock throughout the zone, roots and tubers in 

the south, vegetables and fruits in the valley bottoms and in irrigated 

areas. Next, the three countries have benefited from the presence of 

cotton development programmes. Lastly, the region is in a migratory 

flux, with heavily populated zones contrasted with low-density 

zones, and the problems this entails. A regional approach should 

organize research in relation to society's needs and the main 

development axes, i.e. food security and well-established local 

markets for food crops; competitiveness of cotton and rice, including 

quality improvements; encouraging improvements in agronomy and 

sustainable agriculture. The three countries have highly 

complementary research structures. Their cooperation, in partnership 

with all those concerned with development, should engender 

an effective synergy. 

A similar approach forms the basis of several other 

regional programmes which are at different stages of development: 

the CERAAS, Centre d'etude regional pour !'amelioration de 
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!'adaptation a la secheresse en Afrique de l'Ouest (regional drought 

resistance study centre); le programme d'etude, d'amelioration 

et de gestion de la jachere en Afrique tropicale (programme for 

the study, improvement and management of fallow lands in tropical 

Africa); le pole regional de recherche sur les systemes irrigues 

soudano-sahel iens (the regional centre for research on Sudano­

Sahel ian irrigated systems); le consortium de recherche sur les bas­

fonds de I' Afrique de l'Ouest et du Centre (Inland Valleys 

Consortium). 

Reassess technologies 
The second green revolution calls for a:1 adaptation of technologies. 

Specialists who already work in the mo::t open multidisciplinary 

context are analysing their work in the l:g of +hese new concepts. 

Even if some researchecs-notably those wo•.�ing on plant 

improvement-speak in terms of evolution ra.·he:- than revolution, 

because their contribution derives from a long and continuous 

process, they all foresee important advances in the research in 

progress. Plant improvement, crop protection ana agronomy are 

three examples. 

The field of plant improvement already globally meets the criteria of 

a second green revolution. Breeders decitled, against the main trends 

of thought in the North, to increase tropiGal crop yields. By so doing, 

they are contributing to food security and to the creation of income 

for small farmers. By producing new varieties adapted to difficult or 

marginal growing conditioos, they are making it possible to reclaim 

degraded land and extend cropping to as yet uncultivated areas. 

The viability of their achievements is manifest: in varietal stability, 

across time and space; in enduring resistance to disease, insects and 

abiotic stress, such as toxicity of the natural environment, drought, or 

cold where high-altitude crops are concerned; in the preservation of 

genetic resource diversity, to which CIRAD contributes with its inter­

nationally renowned collection of rice, maize, sorghum, millet, 

groundnut, pineapple, cotton, banana, plantain and natural rubber. 



Considerable progress has been achieved using recent technology­

plant genome mapping, marker-assisted selection, in-vitro 

multiplication, genetic transformation-and breeders are convinced 

there will be more. 

In the present context, environmental protection calls for a drastic 

decrease in the use of pesticides. The methods that are being 

advocated today stem from concepts and research proposed long 

ago. But they are only now beginning to show on-site results, 

which it is hoped will lead to their rapid adoption. For example, 

the biological control of insect pests by their natural parasites is 

increasingly successful for fresh vegetable crops, cotton and coffee. 

However, chemicals still need to be used where neither resistant 

varieties nor biological controls exist. But recommended methods 

now use fewer chemicals and target the pests in question in order 

to save money and preserve the environment, while nevertheless 

providing efficient protection. Conventional treatments of cotton, 

one of the most pest-infested crops, have given way to different 

types of control, according to the croppers' training and 

their organizations' level of technology. In the same vein, early­

warning methods are being devised so that producers on a regional 

scale will begin treatment before the damage threshold of the pest 

or disease has been reached (as in the case of black Sigatoka disease 

in banana and plantain). Many of these technologies can be 

combined in what is known as integrated pest management. 

An example of how to adapt cropping systems and technologies to 

the absolute necessity of saving the resource capital represented 

by the soil, which has been badly damaged by erosion, is to be seen 

in the vast pioneer farming zones in west Brazil. The systems devised 

in this context-based on sowing in until led land, permanent ground 

cover, successive double cropping of annuals, integrated herding­

are recommended for use in low-altitude humid and equatorial 

tropical regions in Africa and Asia. 
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Welcome diversity 
The first green revolution was successful in the context of one 

particular type of ecosystem, characterized by a main crop-rice­

a densely populated farming community applying meticulous 

techniques, with abundant water and an effective irrigation network. 

The second revolution, if it is to take place, will have to welcome 

diversity to the front of the stage. 

Instead of seeking to limit diversity, recognizing it and putting it 

to use will speed up the development of ecosystems that differ 

according to physical and human conditions. 

The concept of regional diagnosis must be based on diversity, as 

must the approach to farming systems and smallholdings. 

The Garoua project in Cameroon has underlined its importance. 

The regional homogeneity already mentioned must not mask 

the wide diversity of the natural and human environment, which is 

to be found at all levels-in small farming regions, villages, localities 

and, finally, in cultivated plots. 

Elsewhere, in Mali for example, the importance of diversity in 

smallholdings and cr0pping practices was revealed by a study of 

intensified rice cropping on the irrigated land bordering the Office 

du Niger, which is being rehabilitated. Due to the regulated 

framework which was imposed in the past, farmers were treated as 

though they were all grappling with identical problems, whereas in 

reality 12 different types of farming situations were in evidence. 

Diversity is apparent primarily in the farmers' aims and the means at 

their disposal and its recognition is considerably facilitating 

the advisers' interaction with the farmers. 

Evaluate sustainability 
Although sustainability is considered a fundamental principle, it has 

yet to be defined and evaluated theoretically; a model comparing 

the effects of various possible policies is needed. It was with this in 



mind that a preliminary bioeconomic model was constructed. 
This model can assess qualitatively and quantitatively the 
consequences of economic policies on the perenniality of natural 
resources. 

The model has already been applied to the maize-producing region 
of the Argentine Pampa, where soil is being eroded and 
impoverished due to the disappearance of cattle herds, poorly 
adapted tillage methods and sharecropping. Decision-makers can 
foresee the effects, for example, of an environment-oriented credit 
policy or the repercussions of different price policies on land 
occupancy, livestock leasing, smallholder profits and soil protection. 

In a western Burkina village where production is mainly for home 
consumption, a reduction in plant cover and, consequently, erosion 
result from the overuse of common resources (fallows and 
scrublands). The model shows the effects on erosion and farm 
household parameters of hypothetical interventions, such as limiting 
livestock access to pastures, loan allocations or price policies. 

Compile ecoregional data 
The dynamics of the ecoregional approach are determined largely in 
geographical terms. Immediate access to information is available 
through geographic information systems (GIS) comprising 
powerful software applicable to the second green revolution and 
the ecoregional approach, which provides a spatial evaluation of 
constraints, possibilities and changes on different scales. It is 
irreplaceable for drafting and managing projects and for national and 
regional planning. 

Several GIS frameworks are already operational or being compiled 
on a small regional or local scale: on natural resources in Cape 
Verde Islands; on farmer organizations and land use in the Senegal 
River valley; on the interaction between natural resources, herding 
and farming activities in southwestern Burkina. 
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Research is being carried out for the seven member countries of 

CILSS on combining a conventional GIS database with various 

technology and economic models. Analysis of the effects of factors 

shown by the models of cropping/forestry/herding systems can then 

be extended to natural resources. When it is perfected, 

this interactive tool will contribute to the reasoned choice of 

medium- or long-term agricultural policies in relation to a country's 

spatial dynamics. 

A multimedia information system is also being compiled for 

the Amazon basin. The available data which are now dispersed and 

on different scales will be collated with the two-fold aim of 

improving people's living standards in the eight countries concerned 

and of supporting a programme of biodiversity preservation. 

Create decision-making aids 

Economic policies will weigh heavily in whether or not a new green 

revolution or the ecoregional approach will sue:ceed. Governments 

may be witharawing from direct intervention in agriculture, but they 

will remain responsible insofar as their economic policies have 

decisive effects on the agricultural sector. H ow will they choose 

which policies to adopt when there are so many factors-including 

international considerations-to contend with? H ow will they assess 

the risks incurred by different economic agents? How can they 

instigate, stimulate, and sustain agricultural growth? 

Models do exist to help decision-makers analyse the macroeconomic 

context, agricultural production and marketing chann1;ls and 

situations at the level of the farm household. They are designed 

to clarify and represent the manners in which the various people 

concerned cope with environmental restrictions and opportunities, 

to assess the range of possible reactions to an economic policy 

decision and the measures' effects on specific groups, such as poor 

farmers or rural craftsmen. Since risk has always been a determining 

factor in how farmers make decisions, reducing risk would appear to 



be essential for pol icy-makers. Several situations have been anal ysed, 

notabl y in Indonesia, Benin, Burkina and Cameroon. 

These model s integrate el ements from sustainabil ity model s and 

geographic information systems in a simpl ified form. 

In a broader way, France's invol vement with d evel oping countries in 

their research on agricultural pol icies has taken on a new dimension, 

as witnessed by the number of publ ications in this fiel d, to which 

CIRAD has contributed. 

NEW PARTNERSH I P  ROLES IN 
DEVELOPMENT 

T
HE  N EW PR INC I PLES that govern agricultural devel opment and 

the research that must accom pany it entail the burgeoning of new 

processes of consultation and decision-m aking. A phenomenon now 

emerging is that of thos� ·nvol ved organizing themsel ves to become 

partners, with publ iG bodies and research teams, i n  their own 

devel opment. 

Redistributing responsibilities 

Are present institutions best � ual ified to manage renewabl e resources 

within the framework of the second green revol ution? This question 

is raised with increasing frequency and �IRAD is carrying out 

rel evant research and is appl ying its findings where possibl e. 

A case in point is that of certain forests or conservation areas 

(Guinea, Madagascar, etc. ) which are theoretical l y  protected but 

neverthel ess inhabited il l egal l y. To arrive at a l ong-term modus 

vivendi which respects both the social and natural dynamics of such 

a situation, the best approach woul d seem to be to confer 

the management of these l ands on the peopl e concerned, under 
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cl earl y defined conditions, with the forestry services assuming a new 

technol ogy advisory rol e. 

Here, sustainabil ity is seen in terms of l and-use negotiated at a l ocal 

l evel , with the government as arbiter. In such cases it is not unusual 

for institutions to undergo structural changes or decentral ize. 

The new agricul tural pol icies in Africa and Latin America wil l 

engender the birth or reinforcement of farmer organizations of many 

kinds in response to the government's withdrawal . There is l ittl e 

doubt that these organizations wil l foster modernization and 

productivity. Their aspirations are two-fol d: to be recognized as fu 1 1  

partners in the processes of defining and setting up devel opment 

programmes and in managing agricul tural pol icies; to contribute to 

technol ogy change-and for this, to be better informed, better trained 

and in cl oser contact with research. It shoul d be possibl e, by 

redistributing responsibil ities within l ocal bodies cal l ed upon to pl ay 

a more active rol e, to create the conditions necessary for a new 

approach to natural resource management, l ocal devel opment 

pl anning, infrastructure supervision. However, the government 

shoul d set up economic, l egisl ative and regul atory frameworks to 

encourage a moderate pace of transition. 

CIRAD recognizes the emergence of farmer organizations as an 

essential el ement in recent changes and is anal ysing the ways in 

which they function and the means of supporting them. This research 

is being carried out in cooperation with other institution s con cerned 

with rural devel opment, but al so with the organizations themsel ves. 

Participating in research 

On the l evel of agricul tural research as such, these organizations 

have a major rol e to pl ay in expressing their specific technical needs, 

which wil l natural l y  l ead to their participation in defining 

devel opment-research programmes. 



Before it was widely recognized that organized farmers' groups 

were an important strategic element, CIRAD had already carried out 

research in close cooperation with farmers. In many countries 

as different as  Brazil, Cote d'Ivoire and Madagascar, farmers were 

already participating in CIRAD research, testing on their lands 

the technology that scientists had conceived. Working together 

in this manner results in a concerted choice of the best solutions 

and immediate feedback of information that can change the course 

of research. It is the bedrock of true development research. 

Initiatives like these assume new dimensions with farmer 

organizations, since, as opposed to only a few enlightened 

individuals, the entire village community organization 

becomes a partner in research, i. e. a true partner, insofar as they 

participate from the beginning in defining the objectives. Farmer 

know-how and research expertise are combined to respond to 

the diverse situations encountered. One of the best examples of 

this approach can be seen a t  present in the grain research 

programme being led by the Central American countries, where 

around 3 0  farmer grour;>s are taking part. 

Major research organizations and governments are agreeing 

on a new dynamic approacn to agricultural development, and 

farmers are assuming responsibilities and their rightful place-

so the first conditions for a second green revolution are being met. 

-
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An n u a l  C ro ps 
Depa rtm e nt 



I
n 1 994, the Departement des cultures annuelles, or CIRA D-CA, 
consolidated its cooperative research programmes according to the 
two ma in objectives set out  under the terms of its 5-yea r research 

stra tegy: improving the annual  crop production sub-sector, and approa­
ching rura l development, cropping systems and farming systems from an 
ecoregional perspective. 

The annual  crop production and marketing sub-sector is facing increas­
ingly important  and often urgent challenges-dea ling with food deficits, 



26  

wh ich could reach 700 million t/annum o f  cerea ls b y  2025, addressing 
the ris ing demand of the cotton industry for fibre and meeting oil and 
sugar crop needs prompted by overwhelming consumption ra tes. 

The Depa rtment has th us decided to concen tra te on major topics tha t  
could enhance production a n d  competitiveness i n  essentia l areas o f  the 
sector. These include plant  material, cropping and input provision, crop 
harvesting and product improvement with increasing stress on economic 
and processing aspects of annual crop production .  Research programmes 
are focusing on five specific commodity sub-sectors :  rice, other cerea ls, 
protein-oil crops, cotton and sugarcane. Research on root and tuber crops 
is being conducted in collabora tion with other CIRA D depa rtments, 
ORSTOM and research and development partners. 

The ecoregional  approach to rura l development results from long­
standing con ventional  agricultura l research stra tegies . In 1 994, th is 
resea rch thrust was pa rticula rly accentua ted through in itia tives of the 
Consulta tive Group on In ternational Agricultura l Research (CC/A R) and 
the French Ministere de l 'enseignement superieur et de la recherche, on 
11ecoregiona lity11

• CIRA D-CA in tends to be constructively in volved in 
these in itia tives and will  propose new resea rch stra tegies based on its 
firsthand resea rch results . Four new resea rch programmes ha ve been 
outlined: sma llholder farming in sa vanna areas, sma llholder farm ing in 
irriga ted a reas, sma llholder fa rming in h ighla nds and newly cultiva ted 
areas, susta inability and en vironmental resources. This should enable the 
Department to clearly target operations in regions under specific predeter­
mined stra te gies for research and sustainable development. 

�

RICE 
i l!i ' 

Th ': r ice r;>rogramme i s  cu rrent ly. , , 
deve l o p i n g  new var iet ies, i nc l u d i n g  
an u p l and  r i ce var i ety i n  C h i na,  
i n sert i n g  agronom ica l l y  va l u ab le  
genes i nto i m p roved var iet ies ,  
character iz i n g  and quant i fy i n g  
i nd u str i a l  and cook ing  q u a l i ty 
cr i te r i a  fo r d ifferent var iet ies  of r ice .  

An n u a l  C rops  -

Transgen ic  Rice Plant 
Propagation 
More than 250 transge n i c  r ice 
p l ants have been regenerated from 
protop l asts of embryoge n i c  ce l l  
suspens ions  u s i n g  genotypes of 
com mon Med iterranean var iet ies 
(M ia ra, Ar iete and Tha i bon n et) . 

Molecu l a r  ana lys i s  of these p l a nts 
and some of the progeny conf i rmed 
the i ntegrat ion  and transm i ss i b i l i ty 
of the i n serted gene (a herb ic ide-
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res i stance gene aga i n st 
phosp h i noth r i c i n )  used to se lect 
transfo rmed i n -v i tro cu ltu red 
ce l l s .  The h i gh abnorma l i ty 
rates noted i n  some p lants, 
e .g .  a l b i n i sm  and  u n usua l l y  h i gh  
p lo idy, shou l d  be red uced in  the 
futu re . 

It i s  q u i te l i ke l y  that th i s  gene 
transfer system wou ld  be 
effective with trop ica l  u p land  
r ice va r iet ies .  I n  add it ion ,  i t  w i l l  
fac i I i tate i n se rt ion  of 
agronom i ca l l y  benefi c i a l  genes 
i nto e l i te var i et ies and 
the fu nct iona l  ana lys i s  of some 
promoters that reg u l ate gene 
express ion . 

The transfer of herb ic ide  res i stance 
in r ice i_s of con s iderab le  i nterest 
fo r weed contro l ,  but 
the red r i ce phenomenon 
shou ld be contro l l ed .  C I RAD 
and the l n st i tut  fran<;a i s  de 
recherche  sc ient i f i que  pou r 
le  deve loppement en cooperat ion  
(ORSTOM) a re therefo re 
conduct i ng a co l l aborative study 
on the or i g i n s  of  these wi ld  r i ces 
that tend to overru n cu lt i vated r ice  
fi e l d s .  

Moreover, pest res i stant var iet ies 
cou ld  be deve loped by 
transferr i ng, from other  p l ants, 
endotox i n  genes aga i n st Bacillus 
thuringiensis and protease 
i n h i b i to r genes aga i n st borers .  
Promoters that contro l the 
express ion  of i n sect res i stance 
genes a re cu rrent ly  be i ng 

-
2 7  

assessed i n  co l l aborat ion 
w ith the U n ivers i te de  Perp ignan  
and the  Consejo Su per ior  de 
l nvest igac iones  C ient if i cas (CS IC) ,  
i n  Spa i n .  

A New Rice Variety for 
Mediterranean France 

I nca, a r ice stra i n  i ntrod uced 
from the Centro I nternac iona l  
de Agr icu ltu ra Trop ica l  (C IAT) 
i n  Co lom b i a, has j u st been 
access ioned in the F rench 
co l l ect i o n .  Th i s  extreme ly  ha rdy 
stra i n  can adapt to  a b road 
range of so i l s and pudd l i ng  
cond i t ions  and p rod uce h igh and  
susta i ned y i e l d s .  Mo reover, i t  i s  
a s l ender  l ong-gra i n  r ice wh i ch  
shou ld  appea l  to  consu mers 
cons ide r i ng  cu rrent market trends .  

I nca be longs to  the  japonica 
subspec ies .  C IAT obta i ned th i s  
l i ne b y  b reed i ng D i a mante w i th 
p rogeny of the Lemont x 
Qu i l l a  66-304 c ross .  Lemont i s  a 
North Amer ican var i ety with 
wel l estab l i shed c rop p i ng and 
process i ng q u a l i t ies, wh i l e the 
others are of C h i lean or i g i n .  

I n  add i t ion to its h i gh  p rod uct iv i ty, 
I nca adapts remarkab ly  we l l  to 
var ious  c l i m at ic  and c ropp i ng  
stresses, i . e .  ve ry good emergence 
performance u nder  anaerob i c  
cond i t ions, exce l l ent recovery 
after cu l t ivat ion  acc idents at the 
onset of growth,  a su i tab le  
growth cyc l e  fo r Med iterranean 

An n u a l  C rops -
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F rench  cond i t ions ,  and good 
res i stance aga i n st the m a i n  pests 
and d i seases of th i s  reg ion . It i s  
t h u s  a b l e  to p rod uce h igh ,  stab le  
y i e l d s .  F rom a p rocess i n g  
v i ewpo i nt, I nca m i l l i ng y i e l d s  a re 
h i gh  and  steady, with exce l l ent 
steam i n g  performance, res u l t i ng  i n  
a very h igh  q u a l i ty coo k i n g  r i ce .  

Eating and Cooking Qual ities 
of Rice 
M i l l i n g  and  who le  w h i te g ra i n  
y i e l d s  mark  the proces s i ng  
potent i a l  o f  r i ce .  I n  t he  l i ght  o f  the 
d i ve rs i fy i n g  Eu ropean market, i t  i s  
a l so essent i a l  to assess coo k i n g  
q u a l ity and  take consu mer  taste 
p references i nto accou nt .  The 
Centre franc;a i s  d u  r iz ,  as wel l as  
b reeders and  manufactu rers from 
trop ica l  and  su btrop ica l  cou ntr ies ,  
h ave ca l l ed u pon the C I RA D  
Laborato i re de techno log i e  des 
cerea l es to cond uct re l evant tests . 
An o r i g i n a l  1 99 3-94 j o i nt 
C l  RAD/I N RA study of " n atu ra l "  
indica l ong-gra i n  A a n d  B var iet ies, 
steamed o r  parbo i led steamed ,  
res u l ted i n  a taste p rofi l e  of the i r  
cooked textu res . T h e  Laborato i re 
de  tec h n o l og i e  des cerea les  car r ied 
out  the tec h no log ica l  and  tab l e  
q u a l i ty ana l yses, wh i l e ! N RA 
cond u cted the taste tests w ith 
a pane l  of 25 tasters .  
A stat i st i ca l  ana l y s i s  revea led that 
the 1 9  assessment cite r i a  i n i t i a l l y  
u sed b y  t h e  pane l  cou l d  b e  
represented b y  s i x  descr i ptors .  

A n n u a l  C rops  -

PRODUCTS FOR D EVELOPMENT 

An Upland Rice Variety Official ly Released in China 
/RAT 1 04, an upland rice variety developed by CIRAD has just been 
certified for release by the Chinese authorities, which means it can 
now be grown by Chinese farmers. 
French rice varieties were tested a t  a site in southern Yunnan, and in a 
multi location network throughout the province, as part of ongoing col­
labora tive activities between CIRAD and institutions in Yunnan that  
started in  1 988. In  1 99 1 , /RAT 1 04 was the most productive variety in 
Simao district, with 40% higher yields than Censan, the Chinese 
control variety. In 1 992, it was still the top-producing rice variety in 
Simao and in seven representative districts in the upland rice cropping 
a rea of Yunnan.  /RAT 1 04 yields have been steady and a lways more 
tha n  2 1 .5% higher tha n  the most productive Chinese variety. In 1 993 
and 1 994, tests carried out in farmers ' fields confirmed the superior 
performance of !RAT 1 04, particularly with respect to its blast disease 
resistance and drought tolerance. /RAT 1 04 was obta ined by crossing 
/RAT 1 3  with Moroberekan, a standard rice variety of Cote d'Ivoire 
where the rice breeding programme was conducted in collaboration 
with the lnstitut des sa vanes (IOESSA). 
The outcome of a ll of these years of testing was the acceptance of 
!RAT 1 04 by the Yunnan certification commission, recommending that  
it be grown a t  eleva tions lower than 1 ,300 m-which corresponds 
to most of the upland rice cropping area of Yunnan pro vince. These 
promising results prompted a Chinese-French collaborative project 
tha t  is currently being set up to improve upland rice cropping in 
China .  The objective is to obta in h igh-quality gra in by susta inable 
cropping techniques.  

Moreover, the q u ant i tat i ve 
tech n i q ues u sed by the l aboratory 
effi c i ent ly  cha racter ize a l l  of 
the taste desc r i ptors : a u n i ve rsa l 
textu rometer measu res f i rm ness 
and st i c k i ness of the f i n a l  cooked 
p rod u ct; e l ast i c i ty is assessed by 
e l ast i c  recovery on 
a v i scoe l astograph ;  and  
the p roport ion  of  i ncom p l ete l y  
ge l at i n ized gra i n s  i n d i cates 
the "gran u l a r i ty" of the p rod u ct .  

Corre l at ions  between the 
i n stru ment and taste measu rements 
were fou nd to be non l i near. Hence, 
about 30 add it iona l  r ice sam p l es 
w i l l  be ana lysed i n  1 99 5 ,  and  
the effects of  cook i ng  cond i t ions  
w i l l  a l so be i nvesti gated . 

I n  add i t ion ,  fl avou r  tests were 
deve loped to eva l uate aromat ic 
r i ces;  fl avo u r  d i str i but ions  i n  
a romat i c  x nonaromat i c  r i ce 
hybr ids  were th us  stud i ed .  
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OTHER CEREALS 

T h i fbro�"ram me i s  ma i n l y  
cond u ct i ng  resea rch o n  
ma ize a n d  sorg h u m ,  but i s  a l so 
deal i ng with root and  tu ber 
c rops-w h i c h  cou l d  eventu a l l y  be 
hand led in a separate p rogramme 
i n  t he  futu re. I n  1 994,  t he  most 
str i k i n g  resu Its i nc l uded the 
c reat ion  of f ive ma ize var iet ies  
res i stant to ma ize streak v i rus ,  
and deve lopment of a fie l d  
test t o  assess v i ruses .  

Maize Varieties Resistant to 

Maize Streak Vi rus 

In  ma ize c rop p i n g  systems,  the 
o n l y  effective response to 
ma ize  streak v i rus  (MSV), a 
ser ious  d i sease known to 
devastate ent i re ma ize c rops i n  
Afr ica  a n d  the Mascarene 
i s l ands ,  i s  to  c u l t ivate h igh l y  
MSV- res i stant var iet ies .  

C I RA D  was ab le  to transfer MSV 
res i stance from ! RAT 2 9 7, an 
exce l l ent q u a l ity sou rce from 
Reu n ion ,  to other  sens i t ive but  
h i gh-y ie l d i ng maize var iet ies .  
Th i s  i nvo lved an i n i t i a l  c ross 
with a res i sta nt donor  ( ! RAT 2 9 7) ,  
two backcrosses with the 
recu rrent parent, fo l l owed by 
th ree self i ng cyc les .  These new 
res i stant var iet ies were u l t i m ate l y  
obta i ned b y  c ross i ng the most 

PUBL ICATION 

African Yams 

Les i gnames au Camero u n ,  pub­
lished by CIRAD, partia lly pre­
sents the results of the project 
"Diffusion des plantes culti­
vees au Cameroun ", which the 
Cameroonia n  Ministere de l'en­
seignement superieur et de la 
recherche scien tifique entrusted 
to ORSTOM. 

In Cameroon, 23 yam species 
have been in ventoried, 1 6  wild 
and 7 cultivated species. The 
most commonly grown yams in 
th is country (and throughout 
western Africa) belong to the 
D i oscorea cayenens i s- rotu ndata 
complex. Most forms of th is 
cultiva ted complex in western 
Africa have an annual cycle. 
In Cameroon, forms cultivated 
in the north of the Adamaoua 
region are annuals, but those 
grown in the centra l and 
southern regions are more or 
less perennials. These annua l  
a n d  perennial  yams ha ve differ­
ent morphologica l and enzy­
matic tra its .  

Gene pools for marketable 
yam species are becoming 
impoverished beca use of the 
low diversity due to a lack of 
traditional vanet,es. Urgent 
measures must therefore be 
taken to evaluate, collect and 
preserve yam genetic resources 
in Cameroon, Chana, Guinea 
and Nigeria . 

res i stant S3  l i nes .  Maize p l ants 
were a rt ifi c i a l l y  i nfested 
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at each res i sta nce transfer ste p 
th rough a l eaf hopper vector, 
Cicadulina mbila, w h i c h  was 
mass- reared and 1 00% i nfect ious .  

F ive out of  about  1 5  ye l low and 
wh ite gra i n  var iet ies that 
were b red i n  th i s  way a re 
now com p l eted ,  i . e .  
C I RAD 3 8 5 ,  386 ,  3 8 7,  
388 and 3 8 9 .  They showed 
exce l l ent res i stance i n  
tests carr ied o u t  i n  
Reu n io n  a n d  Afr ica  w ith i n  the 
framework of the ma ize 
network of the Confe rence 
des responsab les de  la  rec herc h e  
agronom ique  afr ica i n s  
(CORAF),  i n  assoc i at ion with 
the Centro I nte rnac iona l  
de Mejoram iento de  Mafz y 
Tr i go (C IMMYT) . Res i stant 
fo rms of other  var iet ies 
shou ld  be deve loped between 
1 9 96  and 1 99 8 .  

Add it iona l l y, a gen i e  system of 
tota l MSV- res i stance was 
fi xed in an homozygou s  l i ne 
der ived from C I RA D  3 8 7 .  
Th i s  new res i sta nce sou rce, 
w h i c h  is su per ior  to ! RAT 297 ,  
wi l l  be  used fo r transfe rs to 
open po l l i n at ion  var iet ies . I t  
wi l l  a l so be tra nsfe rred to 
hybr id  parents a long  with 
(or  without) ot her  res i stances to 
ma ize mosa ic  v i rus  or ma ize 
str i pe v i ru s .  

A n n u a l  C rops 
-
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Field Test to Assess Maize 
Vi ruses 
The m a ize streak v i rus ,  m a ize 
mosa i c  v i ru s  and maize 
str i pe v i ru s  can now be 
sero l og ica l l y  assessed in the 
fi e l d .  Th i s  test is a mod i fied 
vers i on  of standard l aborato ry 
i m m u noenzyme assays and 
shou l d  be u sefu l i n  
determ i n i ng the geograph i ca l  
d i st r ibut ion  o f  var ious  v i ruses .  

The tec h n i que  i nvo lves depos i t i ng 
extracts of the p lants to be 
ana lysed o nto n i troce l l u lose 
mem branes .  Depend i ng on  the 
t ime ava i l ab l e, the v i ru ses can 
e i ther  be assessed on-s i te by 
deve lop i ng  the membranes and 
com par i n g  them with 
pos i t ive and  negat ive reference 
membranes,  o r  they can be d r i ed 
and stored u nt i l deve lopment  
at  a l ater t ime  i n  the l aborato ry. 

[e,RQTEI N-01 L 
CROPS 
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D ro)ight 'i s  the m a i n  l i m i t i ng  
factor fo r groundnut c ropp i ng i n  
sava n n a  a reas . Th i s  programme 
a i m s  a t  avo id i ng d rought 
stress by deve lop i ng  
tec h n i q ues for adapt i ng 
i r r i gat ion  to c rop needs and 
breed i ng short-season var iet i es .  

A n n u a l  C rops -

An I nnovative I rrigation 
Technique 
I t  i s  now poss i b l e  to  regu l ate 
i rr i gat ion  accord i ng  to the 
mo i stu re status of the c rop .  Th i s  
nove l tec h n i q ue, governed by 
a p l ant  phys io log ica l  i n d i cator, 
i s  the outcome of a E u ropean 
Com m i ss ion-fu nded resea rch 
project on  i rr i gated grou n d n ut 
cropp i ng,  conducted i n  the Senega l 
r iver va l l ey i n  co l l aborat ion  w i th 
the l n st i tut senega l a i s  
de recherches agr i co les ( I S RA) . 

The p r i n c i p l e  i s  based on  the 
re l at ion  between the 
p l ant cover temperatu re and 
p l ant transp i rat ion ,  th u s  o n  the 
p l ant's ab i l i ty to absorb ava i l ab l e  
water. The p l ant c loses its 
stomata to red uce water re l ease 
when there is l i tt l e  so i l  mo i stu re 
ava i l ab l e, wh i ch  i nc reases leaf 
tem peratu res . Tem peratu re 
d ifferences between the a i r  
and the p l ant  cover to b e  i r r i gated 
are measu red with a portab l e  
d i rect- read i ng i nstru ment .  
A stress i n d i cator i s  th us  
ca lcu l ated i n  l i near re l at ion  to  the  
l eaf mo i stu re potent i a l . 
The stress i nd i cator i s  0 . 3  when 
the stom ata c lose .  Th i s  i s  u sed as  
the warn i ng th resho ld  to  start 
i r r i gat i on  s i nce photosynthes i s  i s  
marked ly  affected a t  h i gher  
stress l eve l s .  
Test i ng  t h e  system i n  th ree i rr i gated 
v i l l age fi e l d s  revea led su bstant ia l  
sav i ngs as compared wi th i r r i gat ion 

reg u l ated accord i ng  to m ax i m u m  
evapotransp i ration .  Fu  rt her  
expe r iments on a l a rger sca l e  a re 
u nder  way to confi rm these resu lts .  

Short-Season G roundnut 
Varieties for Dry Areas 
G rou n d n ut var iet ies that had 
been bred for d rought to le rance 
were eva l u ated th rough th ree 
consecut ive c rop seasons .  
The tests were carr ied out  i n  
var ious  pa rts o f  western Afr i ca 
and Lati n Amer ica w ith l ow 
prec i p itat ion  l eve l s .  Ea r ly  var iet i es, 
se l ected in co l l aborat ion  with 
I S RA of Senega l ,  the l n st i tut 
d ' Etudes et de Recherches 
Agr i co l es ( I N E RA) of 
B u rk i n a  and the U n ive rs i ty of 
Ceara of B raz i l ,  prod uced 
eq u iva lent  or  h i gher y i e l d s  w i th 
respect to the contro l  var i et ies .  

I n  B u rk i na ,  the hybr ids  ICGS 2 6, 
ICGS 3 1  and AH K 85 - 1 9 a re as 
p rod u ct ive as the loca l  genotype, 
but they can be harvested 
1 0-1 5 days ear l ie r. I n  Senega l ,  
CC 8 - 3 5  a n d  CC 8 - 1  3 h ave 
two advantages over the contro l 
var i ety, i . e .  3 0% h igher  y i e l d s  and 
a grow i n g  season that i s  1 0  d ays 
shorter. I n  B raz i l ,  the ear ly  
genotypes CC 8635,  ICGS 5 5  and 
ICGS 31  were found  to 
have 5-1 4% h igher  y i e l d s  w i th 
better q u a l i ty grou n d n ut seeds as 
compared with the loca l  var i ety. 
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SUGARCANE 
' t 

The'.�ugarcane genome i s  
be i n g  mapped and ce l l b io logy 
tec h n i q ues perfected to e n h ance 
b reed i n g  strateg ies .  In  the 
C I RA D  sugarcane research 
p rogram me, there was marked 
progress in deve l o p i n g  genet ic  
mapp i ng, i n -s i tu hybr id izat ion  
tec h n i q u es, and m i c ropropagat ion  
tech n iq ues i n  1 994 .  

G enome Mapping 
Genet ic  i m p rovement of 
sugarcane is a pa i n stak i ng task 
because of the com p l ex genet ic 
structu re of cu l t iva rs-resu l t i ng 
from i nterspec if ic  5accharum 

officinarum x 5. spontaneum 

crosses .  C I RA D  has been 
work i n g  with mo lecu la r  markers 

' s i nce 1 9 8 7  to obta i n  deta i l ed 
i nfo rmat ion on the genet ic  
stru ctu re of  sugarcane .  

The genome mapp i n g  study i s  
be i ng carr ied o u t  w i t h  mate r i a l  
from the se l fed p rogeny of  var iety 
R 5 70 from the Centre d 'essa i ,  
de  recherche  e t  de format ion  of 
Reu n io n .  I n  th i s  p rocess, 
428 markers h ave a l ready been 
pos i t ioned ,  and the port ion  of the 
ch romosome set i n her i ted from 
5. spontaneum i s  the best-marked 
area on  the genome.  

PRODUCTS FOR 
DEVELOPMENT 

Phytosan itary Control for 
Sugarcane Cuttings 

New sugarcane varieties ha ve to 
be introduced and assessed to 

mainta in high productivity. In 

addition, this crop is disease­
prone since it is propagated 
from cuttings; it is a semiperen­
n ia l  crop and monocropped 
over extensive areas. Hence, 
sugarcane growers run a rela­

tively h igh risk when exchang­

ing plant  materia l. 

CIRAD has been developing 
a quarantine centre in Montpel-
1 ier over the past 20 years 
to obta in certified healthy 
cuttings. 

Clones preselected in Guade­
loupe and Barbados as well · 
as interna tional commercia l 
varieties are a va ilable. The cut­
tings produced are distributed, 
by contract with CIRAD, on 

a yearly basis to sugarcane­
growing areas in western and 
centra l Africa . In 1 994, 1 0  sugar 
companies from 8 different 
countries thus obta ined cuttings 
from 1 23 clones. 

In addition to sealed green­

houses and thermal trea tments, 
CIRAD is continuously upgrad­
ing the security of th is quaran­
tine through the development 
of indexing tests and disease 
assessment techniques. 

Recomb i nat ion  between the two 
bas ic  genomes seems to occ u r. 

3 1  

F ie l d  and green house ana lyses of 
some R 5 70 progeny i nd i cated that 
the pre l i m i na ry study probab ly  
u n covered a major  ru st- res i stance 
gene. Moreover, genes respon s i b l e  
fo r m a n y  var iat ions  i n  severa l 
agronom i c  tra i ts were a l so 
p i n po i nted on the genet ic  map .  

I n -Situ Hybrid ization 
l ntrogress ion  of genes from w i l d  
spec ies i s  an i m portant aspect i n  
sugarcane b reed i ng .  C I RAD has 
j u st demonstrated that it  is  
poss i b l e  to use i n -s i tu hybr id izat ion 
to d i ffe rent i ate ch romosomes of 
5accharum officinarum from 
those of the m a i n  sugarcane 
spec ies u sed in  standard 
i ntrogress ion  p rogram mes 
(5. spontaneum and Erianthus 
arundinaceus) . 

The i nfl uence of 5. spontaneum 

on com mon l y-grown sugarcane 
var iet ies can be c l ear ly  observed . 
Its c h romosomes were 
d i fferent i a l l y  l abel led for the e l ite 
Reu n ion sugarcane var iety 
R 5 70 ;  who le  ch romosomes 
der ived from 5. spontaneum and 
reco m b i nant 5.  spontaneum/ 
5. officinarum ch romosomes 
were th u s  i dent if ied . T h i s  study i s  
t h e  fi rst t o  h ig h l ight  that, contrary 
to common op i n ion ,  the 
ch romosomes der ived from 
i nte rspec if ic  reco m b i n at ion  are 
re l at ive ly  com mon . 

A n n u a l  Crops -
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Micropropagated Plants to 
Reclaim Sugarcane Plantations 
Prod u ct ion  i s  ma i nta i ned i n  
sugarcane c ropp i ng a reas by 
rep l a nt i ng  hea l thy cutt i ngs 
every 5-6 years . I n  G u ade loupe, 
hea l thy m ic ropropagated s hoot 
t ips  a re now p l anted i n  
n u rser ies ;  th i s  i s  a n  effective 
means of contro l l i n g  bacte r i a l  
d i seases . 

Fo l l ow i ng a q uarant i ne  per iod,  
i n -v i tro c lona l  p ropagat ion  i s  
car r ied out  in  Montpe l I i e r, 
remote from the sugarcane 
c ropp i n g  a rea, th us  ensu r i n g  the  
phytosan i tary status of  the  
mate r i a l .  The shoot t ips  a re 
cu ltu red u nder  ster i l e  
cond it ions  i n  l i q u i d  med i u m  
without g rowth st i m u l ators o r  
ant i b i ot ics-wh ich  l i m its the 
r i sk of somac lona l  var iat ion-and 
show a m u l t i p l i cat ion  rate of  th ree 
to five per month . 

Enough cutt i ngs to p l ant 
3 ,000 h a  in  a com merc i a l  
p l antat ion  can b e  prod u ced 
wi th i n  24  months,  wh i ch  
i n c l u des severa l propagat ion  
cyc les  i n  a n u rsery and 
tests to check p l ant 
true-to-typeness and qua I i ty. 

Regu l a r  i n spect ions  of these 
p l ants revea led an i nc rease i n  
t i l l e r  n u m bers of u p  to 50%,  
with a decrease in  stem d i ameters, 
as compared with the o r i g i na l  
p l ant  m ate r i a l .  Th i s  behav i o u r  i s  
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I NTERNATIONAL MEETI NG 

F i rst World Conference on 
Cotton Research 

The First World Conference 
on Cotton Research was held 
a t  Brisbane (Austra lia) under 
the aegis of the International 
Cotton Advisory Committee. 
This conference, organized 
in collaboration with the 
Austra lian Cotton Research 
and Development Corpora tion 
and FAO, was attended by 
500 delegates from 40 different 
countries. 
The main papers presented 
dealt with genetic engineering, 
cotton hybrids, soil-plant 
interactions, cotton plant  nutri­
tion, multiple resistance to 
adverse factors, growth regula­
tors, pests (ecologYt population 
dynamics models, crop damage 
and pesticide resistance) and 
integrated pest management. 
CIRA D presented its cotton 
breeding programme and re­
search output on cotton plant 
physiologYt ecologica l aspects 
of major cotton pests and infes­
ta tion control. 

of i nterest because it boosts the 
propagat ion  rate and grad u a l l y  
d i sappears b y  the e n d  o f  the 
propagat ion  cyc le .  A study of tens  
of  thousands  of p l ants revea led 
pers i stence of th i s  mod if icat ion  
after a long  per iod of  recu rrent  
ca l l u s  fo rmat ion ,  but th i s  was noted 
i n  a few exceptiona l  cases o n l y. 
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COTTON 
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The' fo u r  m a i n  research foc i  of , ,  
the cotton program me a re :  p l ant  
p rod u ct iv i ty, match i ng f i b re 
qua l i ty w ith market demand ,  
ana lys i s  of  cotton prod u ct ion  and 
market i ng  secto rs, and 
env i ronmental concerns .  

Analys is  of the Cotton 
Sector in  Mal i 
I n  recent years, there h ave 
been m arked var iat ions  i n  cotton 
p rod u ct ion  and use, a long  
w i th  f l u ctuat ions  i n  wor ld  cotton 
p r i ces .  
C I RAD a ims to  ident i fy and  
ana lyse the prob lems on  
a cotton-secto r bas i s  so that 
ta i l o red so l ut ions  can be 
p roposed to cotton-prod u c i ng 
cou ntr ies . I n  th i s  approach ,  the 
Department takes each fu nct ion 
i nto cons iderat ion from 
the p rod u ct ion stage u nt i l the 
cotton p rod uct i s  marketed ; the 
strateg ies  of a l  I secto ral operato rs 
a re assessed to po i nt out 
econom i c  mechan i sms  i nvo lved . 

Th i s  ana lyt ica l  approach was 
u sed in 1 994 to i nvesti gate the 
dynam ics  of the cotton p rod u ct ion  
and m arketi ng sector i n  Ma l i .  
A n  ana lys i s  of a centu ry of 
cotton p rod uct ion h ig h l i ghted 
the i nfl uence of a strategy 



to i ncrease sma l l ho lder cotton 
productiv i ty wh i l e securi ng 
the market. The cotton sector has 
evo lved with a series of 
i nteract ions between sectora l 
operators with confl i ct i ng  
i nterests. 
Ana lys i s  of data perta i n i ng to 
French-speak i ng  Afr ican 
cou ntries h ig h l i ghted a 
concomi tant i ncrease i n  
cotton a n d  food crop product ion.  
Th i s  phenomenon cou ld  be 
exp l a i ned by the fact that 
cropp i ng eq u i pment 
i ntrod uced for cotton can be 
used for other crops, and by 
an i n crease in sma l l ho lder 
know-how resu l t i ng from 
cotton growi ng. I n  the framework 
of a contract assoc i at ing  the 
state, cotton compan ies and cotton 
producers, seed-cotton has 
part ly been paid ex-post s i nce 
1 990. Th i s  study he l ped ident ify 
perverse effects and proposed 
more effi c i ent a l ternative 
modal i t ies. 

l nternationai Status of the 
Cotton Technology Laboratory 
The C I RAD cotton techno logy 
l aboratory is becom ing  
renowned wor ldwide. 
It represents, i n  co l l aborat ion  with 
the Faseri n st itut of Bremen 
(Germany), the I nternationa l  
Texti l e  Manufacturers' Federat ion 
( ITMF) on the I nternationa l  
Cotton Ca l i brat ion Standards 

N ETWORKS 

Breeding Projects in the 
Cotton Network 

A meeting of breeders of the 
CORAF Cotton Network was 
held a t  Caroua (Cameroon) in 
1 994. CIRAD scientists and 
those from nine western and 
central African countries pre­
sented their research results to 
development agents, traders and 
textile industry representa tives. 

At this meeting, cotton breeders 
decided to undertake joint proj­
ects to unify and improve the 
efficiency of this CORAF net­
work. These projects include 
publication of a cata logue of , 
cotton varieties, seed exchanges 
between network members, and 
an international  breeding exper­
iment using common control 
plants.  

Board. Laboratories be long ing  to 
th i s  Board characterize standard 
cottons  used to ca l i brate 
convent iona l  measuri ng 
i n stru ments by l aboratories 
throughout the world. 
C l  RAD has become an active 
member of a l l  ITMF work i ng  
groups on the  bas i s  of 
its fi bre tech no logy sk i l l s w ith 
h i gh-vo l u me i n stru ments (HV l s), 
st i ck iness detect ion and 
ana lys i s, and fi bre maturity 
measurement. These groups are 
respons ib l e  for standard i z i ng  text i l e  
manufacturi ng  techn iques. 

• 
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The thermodetector deve loped by 
the l aboratory to detect 
honeydew contam i n at ion of 
cotton became a standard 
device i n  1 994. There are 
now 80 of these devi ces be i ng  
used i n  l aboratories throughout the 
world. Moreover, a h igh-speed 
sti ck i ness detector prototype, 
wh ich  can be fi tted to HVls  for 
grad i ng  cotton, i s  current ly 
be i ng test-checked at Cotton 
I ncorporated ( USA). 
C I RAD is constant ly contri but i ng  
on top i cs of  i ncreas i ng 
i mportance i n  the world, e.g. 
low cotton fi bre res i stance to 
breakage and the presence of 
seed-coat fragments i n  the 
fi bres-wh ich  reduces sp i n n i ng 
performance and text i le  
qua l i ty. The l aboratory has 
deve loped an image ana lyser 
to mon itor seed-coat 
fragments and is creat ing  a model  
to s i m u l ate cotton behav iour 
duri ng sp i n n i ng. 
C I RAD's i nvolvement i n  
standard ization  boards  
(Assoc i at ion fran c;a i se 
de norma l i sation  [AFNOR] ,  
European Comm ittee for 
Standard izat ion, ITMF and FAO) 
he lps research centres and 
cotton compan ies obta i n  
i nformat ion about the 
evo l ut ion of techn iq ues and of 
trad i ng qua l i ty standards. 
Th i s  i nformation  is of part icu l ar 
i mportance i n  cotton breed i ng. 

An nual Crops -
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A New Parasitoid for 
I ntegrated Control 
Spodophagus lepidopterae 
(Hymenoptera : Pteroma l  i dae) i s  
a paras i to i d  that was ra i sed for the 
fi rst t ime from Spodoptera 
littoralis c h rysa l i des gathered i n  
Madagascar. Ana lyses i n d i cate that 
it wou l d  be a su itab le  cand i date 
for i ntegrated pest management.  
Th i s  l a rva l -nympha l  
endoparas i to id  i s  h i gh l y  p ro l i fi c ;  
a s  many as 500 paras i to id s  can be 
produ ced from one ch rysa l i s 
paras it ized by two i n i t i a l  
paras i to id s .  Moreover, the 
fi rst host, 5podoptera littora lis, i s  
easy to ra i se, and Helicoverpa 
armigera, wh ich  provides it with 
she l ter, can be stored in the 
ch rysa l i s  stage in d i apause .  
When a fema le  Spodophagus 
lepidopterae encou nters its 
host, a fi na l - i n star 5podoptera 
littoralis caterp i  I l a r, it fo l l ows the 
caterp i l l a r  in the so i l  to paras ite it .  
The who le  paras ito id  l a rva l 
cyc l e  occu rs with i n  the host. 
The paras ito id  shou l d  not then be 
destroyed by i nsecti c ide  sprays 
du r i ng  th i s  u nderground  phase.  
S i nce the ad u l ts mate i ns i de  the 
ch rysa l i s  host, it i s  qu i te l i ke l y  that 
these paras ito id s  cou l d  su rvive and 
th r ive after i n sert ion i n  new 
b iotopes . 
I n  add it ion  to i ts fi rst host, 
5podophagus lepidopterae 
paras i t izes 5podoptera frugiperda, 
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5. exigua, 5. sunia and 
H. armigera . I n  Reu n ion,  i t  was 
recent ly fou nd in 5. mauritia 
ch rysa l i des at 600 m e levat ion . 
Th i s  new parasito id  i s  a l so ab le  
to  occu py a broad range of 
d ifferent hab i tats, wh ich  means 
that i t  shou l d  have no d i ffi cu l ty i n  
adapt i ng  to d ifferent trop ica l  and 
subtrop ica l  reg ions .  

Encycloped ic Cotton 
Protection Software 
Coton Doc is an encyc loped i c  
software program ava i l ab l e  on  
CD-ROM.  I t  i s  a cotton 
pest contro l  management too l for 
Afr ican reg ions  south of the 
Sahara .  I t  was des igned and 
created by C I RAD entomo log i sts, 
and deve loped i n  co l l aboration  
wi th  the  "Assoc iat ion 
des u n ivers ites part ie l lement 
ou ent ierement de langue 
franc;a i se ;  u n ivers ite 
des reseaux  d 'express ion  
franc;a i se" (AU PELF-U REF ) .  
There are fou r  themat ic  mod u les :  
the p l ant, pests, contro l 
proced u res and the 
1 4  cou ntr ies covered by the 
program .  Coton Doc conta i n s 
1 , 500 pages of text, about 
500 co lou r photographs, a 
b i b l iography, stat i st ics and a 
g l ossary. 
Th i s  ed ucationa l  software too l 
shou l d  appea l to a wide 
aud ience owi ng to i ts s i m p l i c ity, 

and the abu ndant i nformat ion it  
provides shou ld  meet the req uests 
of cotton spec ia l i sts . 
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ECOREGIONS 
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The, �cbreg iona l  research 
approach favou rs i ntervent ions  of 
the Department that seek to 
ach ieve susta i nab le 
deve lopment i n  reg iona l  a reas 
wh i l e fu l fi l l i n g  reg iona l  
i n hab itants'  needs .  Projects are 
carr ied out i n  several  types of 
ecosystems :  savanna areas i n  
western and centra l Afr ica, 
newly  cu lt ivated areas i n  
B raz i l  a n d  Vietnam, 
h ig h l ands  in Madagasca r and 
lowlands  i n  western Afr ica .  
They a l so focus on natu ra l 
resou rce assessment and 
fo l l ow-up  i n  reg ions  where 
there i s  a h igh r i sk  of resou rce 
dep l et ion (Cape Verde, Senega l ) ,  
and on agro- i nd ustr i a l  waste and 
effl uent management-to tap 
agr icu ltu ra l  b iomass energy wh i l e 
protect i ng  the envi ron ment .  

Assessment of 
Cultivated Savanna Areas 
Stat ist ics on cotton crop land  i n  
the Sudan ian  zone of 
Afr i ca are often based on 
growers' dec la rat ions and 



PROD UCTS FOR 
D EVELOPMENT 

A Large Waste Treatment 
Un it in Mal i 

In Man the largest Transpaille 
unit to process agricultura l  
organic wastes by methane fer­
mentation was built by CIRAD 
in collaboration with a loca l 
NGO named AEOR. 
This large-scale project was 
developed to produce compost 
and energy for irrigation. 
It is a 50-m3 capacity unit ca­
pable of processing more than 
500 kg/day of strawy manure; 
the biogas produced provides 
enough energy to power a 70 hp 
motor pump with a pumping 
output of 3,500 m3/day. This 
Transpaille unit produces more 
than 50 t/annum of compost for 
use as fertilizer and a nursery 
plant substra te. 

su rveys .  However, it i s  
d i ff i cu l t  to  obta i n  re l i ab l e  data by  
e i ther o f  these methods 
before the end of the c rop season ,  
and  imposs i b l e  to  ga i n  access to 
i nformat ion on the spati a l  
d i str i but ion  o f  cotton c rops .  

In  an attem pt to overcome these 
prob lems ,  remote sen s i ng was 
tested as a comp lementa ry 
stat i st i ca l  data sou rce, comb i ned 
with a spati a l  representat ion of the 
c ropped area .  

The study, cofu nded by 
the F rench M i n i stere 
de la cooperat ion ,  was carr ied out 

i n  B u rk i na  in  co l l aborat ion 

wi th  I N E RA .  H i gh- reso l ut ion 

Spot sate I I  i te data had to be 

used because of the sma l  I s ize of 

the c rop fi e l d s  eva l u ated . 

Two permanent s i tes, representat ive 

of most of the agroeco log ica l  

s i tuat ions  i n  the western 

part of the cou ntry, were 

i nvest igated : So l enzo (80,000 ha)  

and Safane ( 220,000 ha) .  

A l though i t  has not yet been 

poss i b l e  to i dent i fy a l l  the 

types of c rops p resent, the a reas 

covered by cotton and 

food c rops can be 

ca lcu l ated wi th a stat i s t ica l  

p rec i s ion  of 90%.  

The two maps  d rawn up  

( 1 /50,000 and 1 /75 ,000 sca l e) 

show the spat i a l  d i str i but ion of 

c rop land and a l so prov ide a 

prec ise update on  the s ituation  

concern i n g  access routes and  

permanent sett lements . 

These i nventory data cou ld  be 

used for resou rce management, 

as part of a geograph ica l  

i nfo rmati on  system (G I S) ,  i f  

assoc i ated w ith other  spec i f ic  

themat ic  data, e .g .  phys iograph i c  

u n its, data on  eth n i c  g roups, 

soc ioeconom ic  data . 

An i n i t i a l  app l i cation  i n  1 994 

obta i ned an  honou rab le  

ment ion  at  the i nternat iona l  show 

on Spot and G I S  app l i cat ions  

organ ized by the Env i ronmenta l  
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Systems Resea rch I n st itute and the 
Spot Image company. 

Moistu re Uptake in  Maize 
Crops at Medium Altitudes 
Maize c ropp i ng  systems are v i ta l 

i n  Mex i co s i nce ma ize i s  a stap l e  
food i n  th i s  cou ntry. Stud ies 
carr ied out in co l l aborat ion w ith 
C IMMYT and the l n st ituto 

Nac iona l  de l nvest i gac iones 
Fo resta les  y Agropecuar ias ( I N  I FAP) 
were a i med at conso l i dati ng  
up l and ma ize p roduct ion 

in  p l ateau a reas of J a l i sco state 
where prec i p itat ion is i r reg u l a r. 
A new ma ize-sow i ng  techn i q ue  
i nvo l v i ng  d i rect d r i l l i ng on 
c rop-res i due  mu l ch  was th us  
i ntroduced . 

A reg iona l  agr i cu ltu ra l  su rvey and 

exper iments conducted in  
contro l l ed cond i t ions  revea led 
that th i s  tec h n i que  i mproves 
mo i stu re conservat ion in so i l  and 
uptake by the c rop ;  th i s  i n  tu rn 
imp roves y i e l d s  i f  other c r i t i ca l  
facto rs a re contro l l ed .  H igh­

y ie l d i ng C IMMYT ma ize var i et ies 
are to be i ntroduced in 1 995  as 
a resu l t  of these imp roved so i l  
c l i mate cond i t ions .  

Natural Resource I nventory in  
an Ar id  I s land Envi ronment 
A geograph i ca l  database 

( 1 /2 5 ,000 sca l e) was deve loped 
to fac i l i tate l and-use p l an n i ng on  

Sao  Tiago i s l and (Cape Verde) . 

Annua l  Crops -
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N ETWORKS 

Drought Resistance 

In 1 994, one of the main priori­
ties of the Drought Resistance 
Research Network (R3S) of 
CORAF and the Inter-State 
Committee on Drought Control 
in the Sahe/ (CILSS), in which 
CIRAD research scientists are 
involved, was to publish 
research results on this topic. A 
newsletter and cata logue of net­
work scientists ' publications 
was published and widely 
circula ted by the network. The 
proceedings of an international 
seminar on improved manage­
ment of ra infa ll data through 
a multidisciplinary water-soi/­
plant approach, held in Bamako 
(Mali) in 1 99 1, were a lso pub­
lished. 
In addition, network members 
decided to set up a new 
research project, entitled "Risk 
and Intensification", in Mali and 
Burkina to be presented to the 
European Commission . 

Th i s  project, fu nded by 
the Eu ropean Com m iss ion ,  
was  deve loped i n  co l l aboration  
w i th  researc h  i n st itutes of  Cape 
Verde and Portuga l ,  the 
l n st ituto Nac iona l  l nvest i gac;ao e 
Desenvo l v i mento Agrar io  ( I N I DA) 
and the l n st i tuto de l nvesti gac;ao 
C ientffi ca Trop ica l  ( I I CT) . 

Th i s  database, managed by 
a geograph ic i nformat ion system 
(G I S) ,  deve lops the eng i neer i ng  
potent i a l  req u i red to  des ign  and 
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fo l l ow u p  l and-use p l an n i ng 
projects that com b i n e  c rop 
prod uct iv i ty and natu ra l  resou rce 
conservat io n .  Th i s  data p rocess i n g  
u n it, i nvo l v i n g  severa l  I N I DA 
profess iona l  staff who h ave been 
tra i ned to u se ana lyt ica l  software i n  
the Arc I nfo env i ronment, i s  
fu l l y operat iona l  i n  Cape Verde .  

The  database i s  des igned a ro u n d  
th ree mod u l es-morphometr ic ,  
themat ic  and c l i mati c .  The 
morphometr ic  data, req u i red fo r 
the th ree-d i mens iona l  topo l og ica l  
v iews, a re poo led i nto fi l es that 
are u sefu l for des ign i n g  l and-use 
p l ans .  They are managed by 
a d i g i ta l fi e l d  model generated by 
dua l  Spot sate l l i te images with 
1 0  x 1 0  m ground  reso l ut ion . 

The themat ic data prov ide  
essent i a l  i nformat ion for resou rce 
conservat io n .  These var i ab les a re 
obta i ned by d i g it izat ion  of 
ex i st i ng  or  c reated documents ; 
they are u pd ated regu la r l y  
th rough fi e l d  appra i sa l s .  The  
overa l l  env i ron menta l desc r i pt ion  
i s  com p l eted w i th  c l i mat ic  
i nformat ion  der ived by 
i nterpo l at i n g  se lected data 
obta i ned with a meas u r i n g  dev ice .  

An at las  i s  cu rrent ly be i ng 
pub l i s hed .  Research i s  u nder  way, 
i n  col l aborat ion  with I N I DA, 
I ICT and the U n ivers i ty of Evora 
(Portuga l ) ,  towards a thes i s  
to assess potent i a l  app l i cat ions  of 
the tec h n i q u e  for forecast i ng c rop 
y ie ld s .  

Precipitation Resource 
Management in the 
Sudano-Sahel ian Zone 
The ut i l izat ion  of prec i p itat ion  
data has to  be i ntegrated wi th 
effi c ient so i I fe rt i I i ty 
management  to ensu re 
susta i nab le  farm i n g  systems .  

Two s i tes h ave been set u p  i n  
the  Sudano-Sahe l ian  zone 
on the bas i s  of research stud i es, 
one in Senegal  in co l l aborat ion  
w i th  ! S RA and ORSTOM, and 
one in  Cameroon with 
the l n st i tut de l a  recherche  
agronom i q u e  ( I RA) . I n  both cases, 
water management on cu l t ivated 
s l opes was i m p roved by tak i n g  
a broad range o f  parameters i nto 
accou nt .  

In Senega l ,  the i n hab itants of 
S i ne-Sa l o u m  v i l l age have 
u pgraded a s l ope that was 
ser iou s l y  e roded by runoff. 
The c rop fi e l d s  were 
stab i l ized by part i t ion i ng the a rea 
with mes h i ng, wh ich  i m p roved 
mo i stu re retent i o n .  They a l so 
mod if ied the i r  c ropp i n g  
seq uences and u ndertook 
graz i ng l and  renovat ion ,  th u s  
fu rthe r  e n h a n c i n g  water 
i nfi l t ration . Agr i cu ltu ra l  
eng i nee r i n g  sk i l l s  were u sed i n  
resto r i ng  access routes and 
conserv i n g  i nfrastructu res . 
T h i s  deve l opment project and 
the resu lts a re fu l l y i l l u strated i n  
a C I RA D  v ideocassette . 



THESES COMPLETED I N  1 994 

C I RAD Sc ient i sts 
Genese du ruissel lement sur les sols cultives 

du sud du Saloum (Senegal) ; du diagnostic a 
l 'amenagement de parce l le  [ I mpact of runoff 
on c rop land so i l s  south of Sa loum (Senega l ) ;  
from assessment t o  crop land development] by 
Pascal Perez; Ecole nat iona le super ieure agro­
nomique de Montpe l l ier. 

Le semis d irect avec pai l l i s  de residus dans la 
region de V. Carranza au Mexique ; interet de 
cette technique pour ameliorer l'alimentation 

hydrique du ma"is p luvial  en zones a pluvio­
metrie irregul iere [D i rect d r i l l i ng  on crop-res i ­
due m u l c h  in the V. Carranza reg i on  of 
Mex ico; benefits of th i s  techn ique for improv­
i ng  moisture uptake of up land maize crops i n  
a reas w i t h  i r reg u l a r  p rec i p itat ion ]  by E r i c  
Scope l ;  l n stitut nationa l  agronomique de Par is­
G rignon .  

Model isation mecan i ste et fonct ionne l le  du  
b i lan hyd rique des cultures ; l e  cas des  so l s  

volcaniques du N i caragua [Mech an i ca l  and  
fu nct ional model l i ng o f  crop moistu re reg imes 
as app l ied to vo lcan i c  so i l s  in N icaragua] by 
F lorent Maraux;  l n st itut nat iona l  agronom ique  
de Paris-G rignon .  

Cycle evolutif d e  Helicoverpa armigera 
( H ubner, 1 808) ( Lepidoptera, Noctuidae) 
dans l'ouest du Burkina ; biologie, ecologie et 

variabi l ite geographique des populations [ L ife 
cycle of Helicoverpa armigera (HObner, 1 808) 
(Lep idoptera : Noctu idae) in weste rn B u rk i na ;  
b io l ogy, ecology and geograph i ca l  var i ab i l ity 
of the spec ies ]  by Samue l  N i bouche ;  Eco le  
nat iona le  super ie u re agronom ique  de Mont­
pe l l ier. 

C I RAD Tra i nees 
Analyse et model isation du developpement du 
geranium rosat (Pelargonium sp. )  [Ana l y s i s  
and model l i ng o f  rose geran i um  (Pelargonium 
sp . )  deve lopment] by G rego i re Vi ncent  
( F rance); U n iversite C laude Bernard ,  Lyon .  

Uti l i sation des donnees NOAA-AVHRR pour 
modeliser la production primaire du mi l  dans 
l 'ecosysteme sahelien (N iger) [Use of NOAA­
AVH RR data fo r mode l l i ng  p r imary m i l l et 
production i n  Sahe l i an  ecosystems (N i ger)] by 
Hassan Oua id rar i  (Morocco) ; U n ivers ite Par i s  
VI I .  

Contribution a l 'etude des phanerogames 
parasites du  Bu rkina et du Mal i  ; quelques 
aspects de leur  ecologie ,  b io logie et tech­
niques de l utte [Contr i bu t ion  to the study of 
phanerogam paras i tes in  B u rk i n a  and Ma l i ;  
some aspects o f  t he i r  eco l ogy, b i o logy and  
contro l  tec h n i q ues ]  by Ge ra rd H offmann  
(F rance) ; Un i versite Aix-Marse i l l e  I l l .  

Etude genetique des interactions hote-patho­
gene dans le  cas du pathosysteme Oryza 
sativa-Magnaporthe grisea [Genet ic ana l ys i s  
of host-parasite re la t ions  i n  t he  Oryza sa tiva­
Magnaporthe grisea pathogen i c  system]  by 
D i d ier Tha rreau ( F rance) ;  U n ivers ite Par i s  X I ,  
Centre d 'Orsay. 

Contribution a I' etude des heteropteres asso­
cies a la  rotat ion cultu rale ma·is-cotonn ier­
n iebe au Togo [Contr i bu t ion  to the study  of 
Heteroptera assoc i ated with ma i ze-cotton­
cowpea c rop rotat i on s  i n  Togo] by Wiyao 
Poutou l i  (Togo) ; U n ivers ite Par i s  V I .  

Defense du cotonn ier  contre les insectes 
ravageu rs ; etude d'une strategie basee sur  
! 'expression conjoi nte d ' inh ib iteurs de 
proteases et de toxines de Bacillus thuringien­
sis dans la p lante [ I n sect pest protect ion  of 
cotton ;  study of a contro l  strategy based on the 
j o i nt express ion  of p rotease i n h i b i tors and  
Bacillus thuringiensis tox i n s  by  the p l ant] by  
Veron ique Le  Tan-Dumano is  ( F rance); U n iver­
s ite Par is XI, Centre d 'Orsay. 

Prevention de la resistance aux pyrethre­
no"ides chez Helicoverpa armigera (Hubner, 
1 808) (Lepidoptera, Noctuidae) en Cote 
d' Ivoire [Prevent ion of pyrethroid res istance i n  
Helicoverpa armigera ( H O bner, 1 808)  ( Lep i ­
doptera : N octu i d ae) i n  Cote d ' I vo i re] by  
Th ie rry A laux ( F rance) ;  l n st itut nat iona l  po ly­
techn ique, Tou louse .  

Diversite genetique de Beauveria brongniartii 
et detection par ampl ificat ion gen ique de 
souches pathogenes du ver blanc Hoplochelus 
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marginalis [Genet i c  d i vers i ty i n  Beauveria 
brongniartii and  detect i on  of pathoge n i c  
stra i n s  o f  t h e  wh ite grub Hop/oche/us margi­
nal  is by gene amp l i f icat i on  tec hn iq ues ]  by 
Cec i l e  Neuvegl ise ( F rance); U n iversite C laude 
Bernard, Lyon .  

Annual Crops -





T 
he prices for ma n y  tropica l agricultura l products rose in 1 994.  
Coffee holds the record, its price more than doubling, on a verage, 
between 1 993 and 1 994 . Palm oil prices rose 40%, those of copra 

oil  35%, and na tura l rubber prices leapt 70 % between Jan ua ry and 
December. Cocoa prices lag behind, but  nevertheless rose by  20% over 
the year. Th is s itua tion reversal reflects a new or increased shortage of 
a ll these products in markets where, until recen tlYt they were in over­
production .  
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These shortages are in part due to the economic upswing which creates 
hea vier demand for raw materia ls . But it is a lso the result of a levelling 
off, and indeed in some cases a decrease in production of coffee, cocoa, 
even la tex, as in Malaysia .  Severa l  consecutive years of extremely low 
prices led many producers to slow down on investment or stop planting. 
Today it seems likely tha t  production will have to be encouraged, with the 
knowledge, however, tha t  any promotional policy must take account of 
the following constra ints :  there will continue to be fierce competition on 
the world markets, enta iling steep price fluctua tions over the next few 
years, especia lly for oils; other agricultural raw materials or even synthetic 
products could take the place of tropica l products; the consumer is 
demanding tha t  a ll these products, except rubber, be of increasingly 
h igher quality, with no guaran tee tha t  he would pay more; na tura l  
resources, especia lly forests, will become rarer, and  therefore more 
protected. 
Agronomic research can find ways of dealing with these constra ints. 

By J u ly 1 994, fo l l owi ng  reports of 
frosts i n  B raz i l ,  coffee p r i ces had 
treb l ed s i n ce the beg i n n i ng of 
the year ;  they fe l l  l ater, to stab i l ize 
at the end  of December at d o u b l e  
those o f  J a n u a ry. 

Th i s  pr ice  i nc rease refl ects 
an expected p rod uct ion shortfa l l  
w h i c h  i s  l i ke l y  to l ast u nt i l 1 99 7 .  
T h e  fi n a n c i a l  resou rces that th i s  
engenders w i  1 1  encou rage a retu rn 
to more s u sta i nab le  agr icu l tu ra l  
methods and ,  part i cu l a r l y, 
to i m p roved c rop protect io n .  

T h e  m a i n  coffee pests a re e i ther  
so i l  pests such as nematodes and 
sca l e  i n sects, o r  a i rbo rne pests . 

Tree C rops  -

Some of these, such  as the berry 
borer and  the var i egated coffee 
bug,  attac k  the fru i t  wh i l e  othe rs,  
such as the l eaf m i ner  o r  the l eaf 
caterp i l l a r, destroy the l eaves . 

Stud ies  h ave been u ndertaken 
by C I RA D  with PROM ECA F E  
i n  Amer ica  and with I SA B U  
i n  B u ru n d i  to deve lop an  i ntegrated 
pest contro l strategy. 

Nematode Control 
Severe damage is caused to Coffea 
arabica by Meloidogyne and  
Pratylenchus. 
Con s i derab l e  progress has been 
made in cha racter iz i n g  
these nematodes .  By com b i n i ng 
enzymol ogy and morphometry 
i t  was poss i b l e  to ident i fy certa i n  
Meloidogyne popu l at ions  as 
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be long i ng  to known spec ies 
(M. exigua, M. incognita, 
M. arenaria, M.  javanica) and 
to revea l the ex i stence of  h i therto 
un known spec ies .  
Stud ies were u ndertaken of 
nematode pop u l at ion spat ia l  and 
seasona l  d i st r ibut ion i n  Centra l 
America, wh i ch  showed that they 
congregate on a p lot of l and ,  and 
a representat ive samp l i ng method 
cou ld therefore be devi sed . 
A study of pop u l at ion dynam i cs 
at an a l t i tude of 450 and 1 , 1 00 m 
revea led two annua l  peaks 
con nected to root g rowth . 
Pratylenchus can cause up  to 60% 
tree loss with i n  3 years of p l ant i ng .  
On-s i te chem ica l  contro l  i s  
i neffective.  B ut res i stant rootstock 
can i ncrease p roduct iv ity five-fo l d .  

Berry Borer Control 
The Afr ican coffee berry borer, 
Hypothenemus hampei, found  its 
way to Amer ica,  but the paras i tb id s  
wh ich  contro l  i t  d i d  not. I t  shou l d  
be  poss i b l e  to contro l  the pest 
b io log ica l l y  by i ntrod uc i ng  and 
breed i ng  one of the parasito id s, 
Cephalonomia stephanoderis, and 
mass-re leas i ng  i t .  If enough 
C.  stephanoderis are rel eased, 
the number of fru its i nfested i n  
the su bseq uent c rop cou ld  be 
red uced by ha lf .  
Th i s  b io log ica l  contro l  method is 
u nden iab ly  advantageous on 
severa l cou nts :  the l abou r costs 

PRODUCTS FOR 
DEVELdPMENT 

I n-vitro Plantlet Production in 
Uganda 

At the end of 7 993, the Euro­
pean Commission requested a 
technology transfer to set up 
a labora tory for the microprop­
agation of coffee plantlets on a 
commercial sca le in Uganda .  
CIRAD answered the invita tion 
to tender. 
CIRAD was to be responsible 

/for supplying a laboratory entire­
ly equipped for in-vitro culture 
and for tra ining Ugandan tech­
nicians and researchers in the 
techniques of in-vitro coffee 
propagation. 
The objective is in-vitro multi­
plication by microcutting of six 
Coffea robusta clones selected 
for their resistance to leaf 
rust. Before the end of 7 995, 
250,000 coffee plants are ex­
pected to be produced using 
CIRAD's technique of in-vitro 
propagation by temporary im­
mersion in liquid medium. 

represent 7% of the coffee 
prod uction p r i ce, wh ich  i s  
comparab le  to  t he  cost o f  chem ica l  
contro l ;  C. stephanoderis can be 
bred by the p roducers themse lves, 
whatever the s ize of 
the i r  p l antat ions .  A l though sti l l  
l ess effect ive than we l l -conducted 
chem ica l  contro l  campaigns ,  
th i s  b io log ica l  contro l method 
cou l d  be i m p roved by repeated 
mass-re leases . 
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Leaf Miner Control 
Perileucoptera spp . ,  or l eaf 
m i ners, bore ho les i n  coffee 
tree l eaves, cau s i ng  them to fa l l .  
Cons iderab le  damage i s  done 
by these pests in  East  Afr i ca, 

4 1  

Lat i n Amer ica and I nd i a .  CrylA(c) 
and Cry l B tox i n s  of Bacillus 
thuringiensis act effective ly  aga i n st 
P. coffee/la . The cry!A(c) and 
cry/B genes cod i ng for these tox i n s  
cou l d  therefore b e  u sed i n  
a genet ic  transformat ion 
programme of the coffee tree 
to make it res i stant to l eaf m i ners .  
C I RAD and F RANCE RECO 
(Nest le's b iotechno logy research  
centre, Tou rs, F rance) are 
cooperat i ng  on the i ntrod uction  of 
these two genes i nto the coffee 
genome.  Somat ic  embryos and 
p lant lets have been regenerated 
from transfo rmed ce l l s  and 
the genes have been i so lated . 
Agrobacterium tumefaciens wi l l  be 
used as a vector to i ntroduce 
the genes i nto the coffee genome.  

Wor ld  cocoa prod uct ion has 
rema i ned l ower than consumpt ion 
for the 4th consecut ive year. 
Widespread p l anti ng i n  As i a, 
espec ia l l y  i n  I ndones ia, ra i sed 
product ion in 1 99 3 ,  but it s lowed 
in 1 994 .  At the same t i me, 

Tree Crops -
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con s u m pt ion  reached a new record 
l eve l of 2 . 5  m i l l i on  t .  Stocks 
are be i ng wh itt led away and 
cu rrent ly  acco u nt for l ess than 50% 
of gross a n n u a l  p rod uct io n .  I n  
th i s  econom ic  context p rob lems  
re l ated to  q u a l i ty rem a i n  the m a i n  
preoccu pat ion for i n d u str i a l i sts 
and consu mers a l i ke .  

Genetic Map of 
the Cocoa Tree 

A genet ic  map of the cocoa tree 
was com p i l ed from the p rogen ies 
of 1 00 i n d i v i d u a l s  res u l t i n g  from 
a c ross between two heterozygou s  
parents . The m a p  conta i n s  
1 9 3 markers located on 1 0  l i n kage 
grou ps,  w h i c h  shou ld  correspond 
to cocoa's 1 0 gamet ic  
c h romosomes . The map seems 
to be com p l ete, as the average 
d i stance between two markers i s  
3 . 9 cent i morgan s .  

I t  shou l d  now be poss i b l e  t o  l ocate 
c h romosomal  zones i nvo lved i n  
prec i se  characte r va r iat io n s .  
T h e  markers that tag these zones 
wi l l  be u sed fo r ear ly  breed i ng 
schemes and to mon itor  i nterest i ng  
characters, a s  we l l  a s  to  shorten 
success ive b reed i n g  cyc le s .  

The  work a l ready conducted has 
enab led researchers to spec ify 
reg ions  i nvo l ved i n  the express ion  
of  characters such  as  the n u mber  of 
ovu les  per ovary, bean s ize  and 
res i stance to Phytophthora 
palmivora .  These pre l i m i na ry 

Tree C ro p s  -

N ETWORKS 

Genetic Improvement of Cocoa 

At the Xlth international  conference on cocoa research held in 
Yamoussoukro in July 1 993, a proposal was made to create a perma­
nent international group of researchers interested in genetic improve­
ment of cocoa. CIRA D contacted various international organizations 
and a first "International  Workshop on Cocoa Breeding Strategies" 
was held in Kuala L umpur in October 1 994. Forty-two researchers 
presented 22 papers. 
The International Group for Genetic Improvement of Cocoa (IN­
GENIC) was formed and its objectives defined at this workshop. 
INGENIC, whose first cha irman is a CIRA D geneticist, will encourage 
the exchange of scientific information and international  research 
coopera tion, organize an international  seminar every 2 years with 
publication of its proceedings, and issue an information sheet every 
6 months. 
Interest in the project has been expressed by many international  orga­
nizations, such as APPC and ICCO, as well as by representa tives from 
the processing industries. To enable INGENIC to remain independent, 
it was decided that  it should function on an unofficia l basis until the 
next workshop, planned to coincide with the Xllth international 
conference on cocoa research to be held in Bahia, Brazil, in 1 996.  
The theme of that  workshop will be Cocoa Breeding for Disease Resis­
tance. 

stud ies w i l l  cont i nue  on more and 
d i fferent  p rogen ies and w i l l  be  
expanded to i nc l ude mark i n g  of 
the reg ions  i nvo lved i n  res i stance 
to P. megakarya and i n sects, 
certa i n  agronom ic  characters and 
cocoa q u a l i ty. 

Aroma Precursors and 
Cocoa Aroma 
Cocoa q u a l i ty is determ i ned by 
genotype, g row ing  env i ron m ent, 
c rop p i n g  p ract i ces, postharvest 
process i ng (fermentat ion  and 
d ry i ng)  and  p rod uct process i ng, 
espec i a l l y  roast i ng .  

The  chem i ca l  react ions  that take 
p l ace d u r i ng fermentat ion  and 
d ry i n g  a l ter the b iochem ica l  
com pos i t ion of  the beans  and 
resu l t  i n  thermal  aroma p recu rso rs 
and "fermentati on"  vo l at i l es, 
com p r i s i n g  compounds  of 
m i c rob io log ica l ,  b iochem ica l  and 
thermal  o r ig i n .  

D u r i n g  the roast i ng  process, 
the a roma p recu rsors are b roken 
down and form an add it i ona l  
therma l  aroma; if nonfermented 
cocoa is roasted, i t  wi l l  not deve lop 
a choco l ate aroma.  

F i na l  cocoa a roma i s  a m i xtu re of 
the "fermentat ion"  aroma and 



the aroma deve l oped d u r i ng 
roast ing  and i s  determ i ned by 
the qua l i ty of the "fermentat ion"  
aroma.  

It shou ld  be poss i b l e  to  d raw up 
tec h n i ca l  opt ions  fo r each cocoa 
genotype in order to i m prove its 
aroma q u a l i ty, based on fi nd i ngs 
from var ious  stu d ies :  genotypes 
processed in the same way; 
fermentat ion  k i net ics fo r d ifferent 
cc;>coas; roast i n g  parameters and 
the i r  i nfl uence;  thermal aroma 
deve lopment model l i ng .  

Mastering Qual ity : Control led 
Fermentor and Dryer 

Posth arvest p rocess i n g  of 
cocoa seeds compr i ses two m a i n  
operat ions  on w h i c h  the q u a l i ty 
of the prod uct depends : 
fermentat ion  and  d ry i ng .  C I RAD 
i s  seek ing  to  obta i n  rep rod u c i b l e  
qua l i ty that meets processo r 
req u i rements .  

Two mac h i nes,  a fermentor a n d  
a d ryer, h ave been des igned to 
th i s  end,  with the cooperat ion of 
the Gauth ie r  company and 
fi nanc ia l  bac k i n g  from ANVAR, 
the F rench  M i n i stere 
de l 'ense ignement  super ieu r 
et de l a  recherche  and the Hera u l t  
Conse i l  genera l .  

The fermentor enab les contro l l ed 
and automat ic  fermentat ion ;  
the  q u a  I i ty of  the end prod uct 
conforms to consumer  tastes and  
red uces automat ion workl oad . 

The p r i n c i p l e  of the contro l led 
fermentat ion  can be used i n  
ex i st i ng  i n sta l l at ions ;  the mach i ne 
i s  v iab le  fo r p l antat ions  of 50  to 
1 00 ha .  

Art if i c i a l  d ry i n g  m u st be  carefu l l y 
contro l l ed so that the fermented 
prod uct does not become ac id i c .  
Stud ies were car r ied o u t  a s  t o  how 
to obta i n  nonac i d i c  cocoa and 
red uce energy costs at  the  same 
t ime .  C I RA D  devi sed a d ryer 
that shou ld  do both,  th anks to 
two nove l t ies : d ry i n g  takes p l ace 
by con d u ct ion  and in a c losed 
atmosphere.  I t  is hoped that 
the process w i l l  save u p  to 2 5 %  on  
energy costs . Exper i ments with 
the prototype d ryer wi l l  be carr ied 
out i n  Mex i co in  1 99 5 .  

The com b i n ed fermentor-d ryer w i l l  
p rod uce q u a l i ty p rod ucts . 

Ri lrn 1;i i l  p r i ces h ave r i sen 
cons iderab l y  s i nce 1 99 3 ,  due to 
the moderate p rod uction i n c rease 
from 1 99 3  to 1 994, a t ime 
of  i nc reased demand i n  As ian  
markets, espec i a l l y  C h i n a .  
A l though t h e  futu re o f  t h e  o i l  pa l m  
sector genera l l y  seems safe, 
there are, o r  w i l l  be, reg iona l  
prob lems : i n  Afr ica and Lati n 
Amer i ca, p l antat ions  wi l l  have 
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to i m p rove the i r  market 
com petit iveness ;  i n  Ma lays i a, 
it wi l l  be necessary to compen sate 
for a l ack of ava i l ab l e  l abou r  by 
enhanc i n g  the va l ue of prod u cts, 
co-prod u cts and by-prod ucts ; 
su sta i nab le  env i ron ment-fr iend l y  
c ropp i n g  m u st b e  deve loped . 
C I RAD's o i l  pa l m  p rogramme 
hopes to p l ay an  act ive ro l e  
i n  f ind i n g  so l u t ions  t o  these 
prob lems .  

Africa's Palm 
Oi l  Needs 

The ma i n Afr ican  pa l m  o i l  
p rod u c i n g  cou ntr ies are on 
the western s ide of the conti nent :  
N iger ia, Cote d ' Ivo i re, G hana and  
Cameroon w h i ch ,  a long  with 
Ben i n ,  Congo, the Central  Afr ican  
Repu b l ic ,  Gabon,  G u i nea and 
Zai re, supp ly  1 . 54  m i l l i on  t per  
a n n u m, i .e .  82% of Afr ica's a n n u a l  
prod uct ion . 

Over the l ast 1 0 yea rs, an average 
of 1 4, 3 00 ha of o i l  pa l m have been 
p lanted each yea r. B ut i t  wi l l  be 
necessary to renew and extend o i l  
pa l m p l antat ions  at an  acce l erated 
rate i n  order to keep up with 
the pop u l at ion  exp los ion  expected 
i n  these n i ne cou ntr ies between 
now and 2020-from today's 
1 5 6 m i l l i on  to 3 2 0-3 60 m i l l i on  
i n h ab itants by  2020 .  

Accord i ng to  a study carr ied ou t  
jo i nt ly by C F O  and C I RAD,  
3 0,000 to  40 ,000 h a  of  o i l  pa l m  

Tree C rops  -
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I NTERNATIONAL COOPERATION 

Oil Palm Bud Rot in Latin America 
Oil palm bud rot, the cause of which is unknown, can appear a year 
after planting. 
In Ecuador, Colombia, Brazil and Surinam, serious damage is being 
caused by this disease, which has been observed on the American 
continent for 30 years. The pathogen and possible vector have not yet 
been found, despite numerous research projects, such as those 
conducted by CIRAD, and considerable financial backing, mostly from 
private companies (Palmeras de/ Ecuador, Palmoriente, Denpasa). 
All the E l ae i s  o l e ifera x E l ae i s  g u i neens i s  interspecific hybrids planted 
in the zones invaded by bud rot ha ve shown good tolerance of the 
disease, but in the best of cases produce 30 to 40% less oil than the 
selected E .  gu i neen s i s .  The genetic improvement programme will a im 
to transfer the tolerance of E .  o le i fera to E .  gu i neens i s  through back­
crossing. 
Severa l research organizations will ha ve to pool their efforts to discov­
er the cause of this disease. As soon as the causal agent is found, early 
inoculation tests can be set up hence sa ving time in the genetic im­
provement programme. A project has been submitted for approval to 
the Common Fund for Commodities via the FAO and under which 
CENIPALMA (Colombia) would focus its research on fungi or physiol­
ogica l disorders as the possible causes, while CIRAD and EMBRAPA 
(Brazil) would concentrate on virus particles, other fungi and the long­
term improvement programme. Help from private estates in Brazil, Co­
lombia and Ecuador will be essential if the programme is to succeed. 

per year shou l d  be p l anted start i n g  
now, i f  s upp ly  i s  t o  keep u p  with 
demand in 2 0 1 0-202 0 .  

T h i s  target can b e  reached 
tec h n i ca l l y  without major  
prob lems, but  wi l l  req u i re coherent  
and we l l  o rgan ized reg iona l  
p l an n i ng to  overcome cu r rent  
structu ra l  obstac l es, the re l ocat ion  
of  p l antat ions  where they wou l d  
benefit from opti m u m  agroc l i mat ic 
cond i t ions  and u pstream su pport 
for app l ied research act iv i t ies  such  
as  se l ected seed prod u ct i o n .  

Tree C rops  -

Relocating African Oi l  Palm 

Plantations 

The C F O  and C I RAD report on 
the p rod u ct iv i ty of 3 0-year-o l d  
West Afr ican  o i l  pal m p l antat ions  
confi rms that, i n  genera l ,  resu lts 
have been we l l  be low the fo recasts 
made i n  the feas i b i l i ty stu d ies .  
The c l i mate wou l d  appear 
to be one of the m a i n  causes 
as water defi c i ts have been 
i rreg u l a r  and, on average, fa r more 
severe than  those deduced from 
ra i nfa l l d ata, wh ich  seemed 

encou rag i n g  at the t ime  but  
had been col l ected over o n l y  
a few years .  At some s i tes,  s u n s h i ne 
l eve l s ,  at others, low tem peratu res 
d u e  to a l t i tude, seem to be 
the factors l i m it i ng  prod u ct i o n .  

T h e  p rod uct ion a n d  c l i mati c data 
co l l ected made i t  poss i b l e  
to m a p  extens ive areas o f  Afr ica  
accord i ng to  the i r  potent i a l  
( o n  a 1 /1 2 ,000,000 sca le ) . 
Dec i s i o n s  as to whethe r  to rep lant 
the same s i tes with o i l  pa l m or  
to  convert them to  other  c rops can  
be  taken on the bas i s  of 
these maps,  and new p l ant i ngs  
that w i l l  be essenti a l  to keep up 
with the cont i nent's demand for 
pa l m  o i l  can be set u p  i n  
the zones known to h ave the best 
potent ia l  on  the bas i s  of ca refu l 
eva l u at io n .  

Feas i b i l i ty stud ies wi l l  
i ntegrate such  deta i l s  as e'x i st i ng  
m i c roc l i mates and so i l  
com pos it io n .  

The Oi l  Palm and 

Drought 

O i l  pa l m  p rod uct ion is very 
sen s it ive to water defi c i t, w h i c h  
h a s  worsened i n  t h e  West Afr ican  
trop ica l  zone s i nce 1 9 70 .  
Prod uct ion potent ia l  can a l so 
decrease to a po i nt of no  retu rn 
due  to tree l osses i n  abnorm a l l y  
severe d ry seasons .  

Phys i o l og ica l  stud ies of 
o i l  pa l m  and  coconut  d u r i n g  



d rought, i n  conj u n ct ion with 
the Pobe Researc h  Stat ion (Ben i n ) ,  
t he  Sen io r  I n st i tute of  Agronomy 
(Portuga l ) ,  E M B RAPA ( B raz i l ) ,  
t he  U n ive rs i ty of  Pa r i s  VI I and  
C I RAD, fu nded by  the Eu ropean 
Comm iss ion ,  h ave opened up new 
research poss i b i  I i t ies .  

Oi l  pal m can adapt to d ry 
cond i t ions  by c l o s i n g  its stomata, 
but th i s  is detr imenta l to 
the p lant's photosynthet ic  act iv i ty, 
and therefore to y ie ld s  and sto rage 
of reserves . P re l i m i nary stud ies 
have shown that, as in  a n n u a l s , 
there i s  a pos i t ive re l at ion  
between membrane sens i t iv i ty, 
tota l l eaf I i p i d  content and 
po lyunsatu rated fatty ac id  content .  
I t  m ight soon be poss i b l e  
to breed pa l m s  that are both 
more d rought  res i stant and h igh­
y ie l d i ng .  

P l anters benefited g reat ly  from 
i n c reased copra and copra o i l  
p r i ces i n  1 994,  but  i n  many 
cou ntr ies demand outstr i pped 
supp ly  because of l ow prod uct iv i ty. 
Y ie lds  cou l d  be i m p roved 
i nexpens ive ly, however, s i m p l y  
b y  app l y i n g  a l ready p roven 
research resu I ts .  

Coconut-Based Farming 
Systems 
In Southeast As ia  and the Pac if ic ,  
50  to 60% of coco n ut sma l l ho lde rs 
pract ice i nterc ropp i ng .  
Th i s  c ropp i n g  of  peren n ia l s  o r  
annua l s  with cocon ut resu l ts 
i n  compet i t ion for l i ght at c rown 
l eve l and for water o r  m i nera l s  
a t  root l eve l .  

C I RAD recent ly u ndertook research  
based on  the model l i ng of  d ifferent 
aspects of th i s  compet i t ion ,  
i n  conj u nct ion  wi th N R I ( U n ited 
K i ngdom),  PCA ( Ph i l i pp i n es ) ,  
NCDP (Tanza n i a) ,  VARTC 
(Vanuatu)  and PT M u l t iagro 
( I ndones ia) .  

P rec ise re l at ions  were fou n d  
between coconut  pa l m  dens i ty, 
the degree of i n c ident  rad i at ion  
transm i s s ion ,  and y ie lds  from 
i nterc rops such  as ma ize, sweet 
potato or bean s  i n  the fi rst 
i nterc ropp i n g  t r i a l s  conducted 
i n  the Ph i l i pp i nes .  Of the negative 
re l at ions  observed , two were 
chosen to be fo l l owed up in fi e l d  
and l aborato ry tr i a l s :  red ucti on of 
I ight  penetrat ion  and root system 
com pet i t ion . 

As mode l s  a re c reated for d i fferent 
s i tuat ions ,  i t  shou l d  be poss i b l e  
to s i m u l ate t h e  effect o f  coco n ut 
i nterc ropp i n g  methods on c rop 
y ie lds, a long  wi th the econom i c  
conseq uences .  

Hartrot Disease 
Coco n ut ha rtrot d i sease i s  
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a trypanosome d i sease wh ich  
resem b l es o i l  pa l m marchitez. 
These i ntraph loem trypanosome 
d i seases are known o n l y  in South 
and Centra l  Amer ica .  C I RAD 
p ioneered researc h on  p l ant 
trypanosomes (Phytomonas spp . )  
and set u p  an  i nternationa l  
l aboratory n etwork wh ich  has  
obta i ned i nte rest i n g  resu l ts .  

Fo l low i n g  i n -v i tro cu ltu re of 
Phytomonas i so lated from the sap 
of cocon ut and o i l  pa l ms i nfected 
with hartrot and marchitez 
respect ive ly, i soenzyme 
e l ectrophores i s  revea led 
cons iderab l e  var iab i l i ty of cocon ut 
i ntrap h l oem trypanosomes with no 
re l at ion to geography  or  to  host 
p l ant spec ies .  Based on these 
resu lts, coconut  trypanosomes can 
be c l ass i f ied i nto two m a i n  grou ps, 
one of w h i c h  can be subd iv ided 
i nto two s u bgrou ps .  

I n  add it ion ,  a Phytomonas was 
fou nd in a rh izome p l ant, Alpinia 
purpurata (Z i n g i beraceae), i n  
G renada w h i c h  i s  ident ica l  to those 
fou n d  in o i l pa l m  and  cocon ut .  
T h i s  showed that other  p l ants can 
p l ay host  to Phytomonas. I t  cou l d  
b e  that cocon ut ha rtrot, o i l  pa l m 
marchitez and Alpinia purpurata 
wi lt  are not th ree d ifferent d i seases 
but one and the same, whose 
sym ptoms a re governed by the host 
p l ant and c l i mat ic  cond i t ions .  

Tree C rops  -
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Last ly, an i n sect vector o f  these 
trypanosomes, a L incus-type 
pentato m i d  bug, was fou n d  on 
Heliconia, a p l ant with the same 
morpho logy and growth hab it as 
Alpinia .  Th i s  d i scovery wi l l  c reate 
new opportu n it ies for 
ep idem i o l og i ca l  research i nto 
these d i seases . 

Protein and Probiotic 
Enrichment of Copra Presscake 

Copra cake is a read i l y  ava i l ab l e  
a n d  abu ndant by-prod u ct o f  t h e  o i l 
i n d ustry, but  i ts l ow prote i n ,  
h i gh po lysacchar ide content 
renders i t  u nsati sfacto ry as feed fo r 
monogastr i c  a n i ma l s .  

C I RA D  has  deve loped a way 
of i m prov i n g  the n utr i t i ona l  q u a l ity 
of cake by add i ng two stra i n s  of 
fi l amentous  fu ng i ,  thereby 
i n c reas i ng prote i n  content, 
ba l a n c i n g  the am i no ac id s  and  
red u c i n g  fi b re .  The res u l t i n g  
prod u ct i s  r i ch  i n  prob iot ics  a n d  
i n c reases a n i ma l  feed n o u r i s h ment .  
In  add it ion ,  enzymes can be 
recovered from the press j u i ces .  
E n r i c hed copra cake conta i n s  
3 4 %  p rote i n  com pared with  20% 
in  u ntreated cake and i ts am i no 
ac i d  com pos i t ion i s  more ba lanced 
than that of soybean cake, its m a i n  
com pet i to r. 

C I RA D  d i rected th i s  research ,  
wh ich  was  carr ied out i n  
conj u nct ion  w i th  O RSTOM, 
! N RA and  UAM (Autonomous

N ETWORKS 

The Risks Involved in 
Plant Material Exchanges 

An A C/AR (Austra lia) workshop 
on coconut was held in Ta veuni 
(Fiji) in November 1 993 to 
assess the research carried out 
by the A ustra lians on coconut 
in the Pacific and in Southeast 
Asia from 1 988 to 1 993. One of 
the topics discussed · was plant 
material exchanges and the risks 
of transmitting viroids or viroid­
like molecules from one country 
to another. 
Since these exchanges can play 
a major role in  disease transmis­
sion, !PGRI asked CIRAD to 
take part in a network pro­
gramme with AC/AR in 1 994. 
The network is to dra w up an 
in ventory of the possible haz­
ards involved in the transfer of 
coconut plant  material conta in­
ing these viroid-like molecules 
and researchers from CIRAD, 
A C/AR and PCA (Philippines) 
will be working together to 
set up a risk-free method for 
excha nging coconut plant  ma­
teria l. 

U n ivers i ty of Mexico) and  
fi nanced by the  M i n i stere 
de I' ense ignement super ie u r  
et de l a  recherche .  E n r i c h ment  of 
copra cake by fe rmentat ion  o n  
sol i d  med i u m  wou l d  b e  a m ajo r  
step forward fo r a n i ma l  feed i n  
trop ica l  zones .  

Tree  Crops -

!fhe n a  'u ra l  ru bber sector 
has been affected by r i s i n g  p r i ces 
and a n  ongo i n g  d i spute between 
prod u cers and consumers 
concern i ng the renegot iat io n  of 
the I nternat iona l  N atu ra l  Ru bber 
Agreement .  N atu ra l rubber 
w i l l  rema i n  com pet i t ive i f  research  
can e l u c idate the  com p l ex 
mec h a n i s m  of Hevea prod u ct ion  
and can transfo rm i ts resu I ts 
i nto effi c ient  methods of 
deve l opment.  A new step toward 
u nderstand i n g  a part of 
the tree w h i c h  has h itherto been 
negl ected i s  the study of 
the morphogenes i s  of the root 
system,  w h i l st better knowledge 
of the phys i o l og ica l  fu n ct io n s  of 
Hevea has been acq u i red th rough 
genome mappi ng, the study of  
membrane exchanges/transfe rs i n  
the l atex vesse l s  o r  the ana ly s i s  of 
the mo lecu l a r  we ight  of n atu ra l  
rubber. 

Mapping the Hevea

Genome 
C I RAD and  the l nst itut des fo rets 
i n  Cote d ' Ivo i re are work i n g  
on  mapp i ng  Hevea geneti ca l l y i n  
order to deve lop marker-ass i sted 
se lectio n .  The fi rst part i a l  genome 
map of the spec ies was d rawn up 
fo l l owi n g  the study of  a popu l at ion  



compri s i ng  73  progen ies obta i ned 
by self i ng a h i gh-y ie l d i ng c lone .  
Genet ic l i n kage was  ana lysed 
for 1 23 mo lecu la r  markers, 
1 08 of wh ich  were a l l ocated to 
24 groups .  The a i m  is to const itute 
a map of 1 8  l i n ked marker 
groups correspond i ng to 
the 1 8  bas i c  Hevea ch romosomes.  
The popu l at ion  cha racters stud ied 
were l atex prod uct ion and 
growth rate . 
Around about 40 markers were 
stud ied i n  another popu l at ion 
obta i ned by c ross i ng the same 
h igh-yie l d i n g  c l one with a w i l d  
c lone chosen fo r its res i stance 
to Microcyc/us ulei, a fu ngus that 
causes South Amer ican l eaf b l i ght. 
D i sease to l erance tests are be i ng 
carr ied out on th i s  progeny at 
the C I RAD phytopatho logy stat ion  
i n  F rench G u iana  as part of 
the Hevea i mprovement 
programme for Lat i n  Amer i ca, 
a zone where Hevea cropp i ng  
i s  l i m ited by  th i s  endem ic  d i sease. 

Analysis of Natural 
Rubber by Gel  Permeation 
Chromatography 
Natural  rubber  is endowed with 
u n ique  propert ies whose or i g i n  i s  
a s  yet unc lear and  wh ich  
man ufactu rers cannot fi nd 
i n  synthet ic  rubbers .  A study of 
these propert ies cou l d  l ead to more 
rat iona l  use of n �tura l  rubber. 

The e l ast ic ity of ru bber i s  rel ated 
to the average length of its 
po ly i soprene cha i n s  wh ich  have 
been stud ied by C I RAD u s i ng 
a techn ique ca l led gel permeat ion 
ch romatography (G PC) . 
Cyc lohexane was chosen as 
the mob i l e phase . Th i s  solvent, 
u n l i ke tetrahyd rofu ran wh ich  had 
been used p revious ly, i s  not very 
hygroscop ic  or perox id i c .  
An u l trav io let detector can  be 
used in the absence of perox ides, 
thereby i nc reas i ng detect ion 
sens it ivity and ensu r i ng  better 
repeatab i  I i ty. 
The G PC study of var ious 
processed natura l  rubber  samp les, 
of stab le  vi scos ity o r  not, as we l l  as 
"cu p l ump" samp les, has confi rmed 
the i nfl uence of c lona l  or i g i n ,  
u l trav io let rays and process i ng 
methods, espec i a l l y  d ry i ng, on  
the mo lecu l a r  we ight. The G PC­
ana lysed sam p les we ighed about 
1 00 mg, wh i ch  widens the scope 
for fu rther i nvest igat ions and for 
ear ly d i agnos i s  on  you ng trees .  

Latex System Membrane 
Transfers 
When a tree i s  tapped, Hevea

l at ic iferous t i ssue expe l s  the l i q u i d  
i t  conta i n s :  l atex . F l ow i s  stopped 
due to coagu l at ion of rubber 
part ic les in the wou nd .  Latex is 
regenerated i n-s itu pr ior to 
the next tapp i ng .  To do th i s, 
the l atex vesse l s  must absorb 
m i nera l  and o rgan i c  compounds  
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which  a re necessary fo r 
b iosynthes i s .  The transfer of 
these e lements from outs ide to 
i n s ide the ce l l  i nvo lves comp lex 
b iophys ica l  and b iochemica l  
mechan i sms .  
E l ectrophys io log ica l  techn i ques 
have revea led vesse l s  th rough 
which potass i u m, a ma i n  
component o f  osmos i s  potenti a l ,  
flows i n  a n d  o u t  o f  the cel l 
th rough the ce l l  membrane 
(the p l asma lemma) to regu l ate 
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the water supp ly  to the l ati c i ferous  
t i ssue .  Some of  the  character i st i cs 
of these vesse l s  have been stud ied .  
I n  add i t ion ,  1 4C- labe l l i ng of 
the sugars essenti a l  for 
the metabo l i sm of po ly i soprene 
provided an exp lanat ion of 
p l asma lemma saccharose and 
g l ucose absorpt ion : a sugar 
mo lecu l e  and a proton are carr ied 
together by a spec if ic  prote i n  
constituent o f  the mem brane 
(membrane transporter) . 
These stud ies were carr ied out i n  
cooperat ion with the U n ivers i ty of 
Par i s  VI  and were fi nanced by 
the M i n i stere de l ' ense ignement 
su per ieu r et de l a  recherche .  
They confi rmed that l atex ce l l  
homeostas i s  ( regu l at ion of 
b iochem ica l  compos i t ion,  pH ,  
ox idored uctase, etc . )  and 
membrane system contro l ( ions and 
var ious e lements) are c lose ly  
re l ated and are very i mportant for 
i n -s itu l atex regenerat ion . 

Tree Crops -
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PRO D U CTS FOR 
D EVELOPM E N T  

Smal lholder Rubber Growing 
The future of rubber worldwide 
largely hinges on its develop­
ment in the smallholder sector. 
This is a lso true in Cote d'Ivoire, 
which looks set to become the 
foremost African rubber produc­
ing country in the not too dis­
tant  future, and where rubber 
research has been supporting 
the sector since the very first 
smallholder pilot project in the 
country in the 7 960s. In 7 986, 
the lvorian financia l and poli­
tical authorities acknowledged 
tha t  research is an essential part 
of any smallholder project. 
APPH, an lvorian professional 
body currently responsible for 
smallholder supervision in Cote 
d'Ivoire, has called in the lnsti­
tut des Forets and CIRAD to set 
up a technical services structure 
in support of the develop­
ment recovery prompted by the 
devaluation of the CFA franc 
and rising international rubber 
prices. 
This support, funded by the 
Caisse fran<;aise de developpe­
ment, will take the form of 
training for 60-80 supervisors, 
using a technica l frame of refe­
rence tha t  will successively be 
tested in a network of field 
demonstration plots, adapted in 
the light of the problems en­
countered and expressed in 
terms tha t  can be taken on 
board by the different grower 
ca tegories. 

Tree C rops  -

Root System Model l ing 
Hevea growth and l atex 
prod u ct ion depend on the re l at ion  
between i t s  root and aer i a l  systems .  

A pre l i m i na ry study was 
u ndertaken with ! N RA of 
the d i fferent stages of root system 
morphogenes i s  i n  o rder  to 
u nderstand the tree's phys i o logy. 

Ana lys i s  of the morphogenet ic  
character i st ics  of  the  d ifferent axes 
of the root system res u l ted i n  
a typo l ogy of root morpho l ogy and 
anatomy, as we l l  as in  a spat i a l ­
tem pora l  character izat ion  of 
the i r  appearance.  A th ree­
d i mens iona l  model was c reated 
accord i n g  to the ru les wh i c h  
govern t h e  pos it ion i n g  o f  axes with 
typ ica l  morphogenet ic  behav iou r. 
T h i s  s i m u l at ion was compared 
with fie l d  observat ions  and p roved 
to com p l y  with rea l i ty. 
T h i s  knowledge of root 
morphogenes i s  can be put to 
p ract ica l  use, e .g .  i n  opti m iz i n g  
p l ant i n g  tec h n iq ues .  

TH ESES  COMPLET E D  I N  1 994

C I RAD Sc ient i st 
Les proprietes emulsifiantes d'un ol igosaccha­
ride [ E m u l s ify i ng properties of an o l i gosaccha­
r ide] by Serge Lau rent, U n ivers ite des sc iences 
et tec h n iq ues du Languedoc, Montpe l l ie r  I I .  

C I RAD Tra i nees 
Dynamique des populations du scolyte des
fruits du cafeier, Hypothenemus hampei
(Coleoptera : Scolytidae) et lutte bio logique
avec le  parasito"ide Cephalonomia (Hyme­
noptera : Bethylidae), au Chiapas, Mexique
[ Pop u l at ion  dynam ics of the coffee fru i t  borer, 
Hypothenemus hampei (Co l eoptera : Sco lyt i ­
d ae) and b io logica l  contro l with the parasitoid 
Cepha/onomia ( H ymenoptera : Bethy l i dae), i n
C h i apas ,  Mex i co]  b y  J u a n  F ra n c i sco B a rrera 
G aytan (Mexico), U n i vers ite Tou louse I l l .  

I dentification d e  genes de resistance a 
Perileucoptera coffee/la en vue de !'ameliora­
tion de Coffea arabica [ Ident if icat ion of genes
resi stant to Perileucoptera coffee/la to improve
Coffea arabica] by O l i ve i ra G u er re i ro F i l ho 
( B raz i l ) ,  Eco l e  n at i o n a l e  s u p e r i e u re agrono­
m ique  de Montpe l l ier. 

Studies on genetic transformation of coffee by
us ing electroporation and the b io l i st ic
method by Jos van Boxtel (Nether lands) ,  Land­
bouwu n i versiteit te Wage n i ngen .  

Embryogenese somatique et regeneration de
plantes de cacaoyer a parti r de pieces florales
[ Somat ic  e m b ryogenes i s  a n d  cocoa p l a n t  
regen e rat ion  from f lower fragm e n ts ]  b y  
O r l a n d o  Lopez Baez (Mex ico), Eco le  nationa le  
super ieure agronomique de Rennes .  

Fecondation et developpement des fru its  et
des graines chez le cacaoyer ( Theobroma
cacao L.) ; influence de !' i rradiation du pollen
et de l ' intensite de la pol l in isation [ Fecu nda­
t ion  and fru i t  and seed deve lopment  i n  cocoa 
( Theobroma cacao L . ) ;  i nfl u e n c e  of po l l en
spread and  pol l i nat ion i nten s i ty] by Matth ieu  
F a l q u e  ( F ra n ce) ,  Eco le  n at i o n a l e  s u pe r i e u re 
agronomique  de Tou louse.  

Analyse du genome du cocoa swollen shoot
virus et mise au point d'une methode d'infec,
tion du cacaoyer [Ana lys i s  of the cocoa swo l­
len s h oot v i ru s  genome a n d  deve l o pment  of 
a n  i nfect ion  method in cocoa]  by Lynda  
H agen ( F rance), U n ivers ite Pa r i s  VI I .  

Cryoconservat ion des mass ifs d'embryons
somatiques de palmier a l 'hu i le  ( Elaeis gui­
neensis Jacq. )  par deshydratat ion-vitrifica­
tion ; etude du role du saccharose pendant le
p retraitement [Cryop reservat i o n  of o i l  pa l m



somat ic  e m b ryo c l u sters ( Elaeis guineensis 
J acq . ]  by dehyd rat ion-v i t r i f icat ion ;  the ro le  of 
sugar  d u r i n g  p retreatment ) ,  by Dom i n i q u e  
Dumet (France),  U n iversite Par is V I .  

Caracterisat ion molecu la i re e t  etude de la  
d iversite des Fusarium oxysporum forme 
speciale elaeidis, responsables de la fusariose 
vascu la ire du pa lmier  a hu i le  [Mo lecu l a r  
cha racter izat i o n  a n d  study  o f  t h e  d i vers i ty of 
Fusarium oxysporum f. s p .  elaeidis, cause  of 
o i l  p a l m  vasc u l a r  w i l t  d i sease]  by I s a be l l e
Mouyna (F rance),  U n ivers ite Par is  VI I .

Deven ir  d u  cuivre dans les tourbes d e  Suma­
tra cultivees en cocoteraies : consequences
agronom iques [ Deve lopment  of copper  i n  
Sumatran peat cocon u t  g roves : agro n o m i c  
conseq uences] b y  Sud rajat ( I ndones ia ) ,  Eco l e  
nationa le  super ieure agronomique de Rennes .  

I nfluence du defic i t  hydrique sur  la  physio­
logie des palmes de diverses varietes de coco­
tiers (Cocos nucifera L.) ; evolution des para­
metres hydriques, des echanges gazeux et de 
la composition l i p idique des membranes [ I n ­
f luence o f  water defic i t  on  p a l m  phys io logy i n  
several  coco n u t  var iet ies  ( Cocos nucifera L . ) ;  
evol ut ion i n  m o i stu re-ava i l a b i l ity parameters, 
gaseous  exch anges and membrane l i p i ds ]  by 
Anne Repel l i n  ( F rance), U n ivers ite Paris V I I .  

Extraction de l 'hui le d e  noix d e  coco assistee 
par les enzymes [ E n zyme-ass i sted extract i o n  
o f  coco n u t  o i l ]  by Fred e r i q u e  B e rt ra n d
(France), U n ivers i te d '  A ix-Marse i l l e  I l l .

I nfluence des contrai ntes edaphiques s u r  l a  
nutrition, l e  developpement et l a  production 
du cocotier dans les sols sulfates acides sales 
ou non sales du delta du Mekong : effet ame­
l iorant d'un apport de phosphate naturel 
[ I nfl uence of edap h i c  constrai nts on the n utr i­
t ion, deve lopment  and prod uct ion of coco n ut 
i n  the acid s u l p h ate so i l s, sa l i n ized and nonsa­
l i n ized, of the Mekong de l ta :  benefi c i a l  effect 
of natural phosphate i n put] by D iep My H a n h  
(Vietnam), U n i vers ite Par is  X I I .  

Optimisation du rajeun issement de c lones 
d' Hevea brasiliensis en vue de leur  microbou­
tu rage in vitro ; mise en reuvre de criteres
morphogenetiques et biochimiques [Opt i m i ­
zation of Hevea brasiliensis c lone rej uvenat ion  
for i n -v itro m i c rocutt ing ;  use of  morphogenetic 

and b iochem i c a l  c r i te r i a ]  by Yo l a n d e  Pe r r i n  
( F rance), U n ivers ite d e s  sc iences e t  tec h n iques 
du Languedoc, Montpe l l ier  I I .  

Mise e n  place de ! 'arch itectu re rac ina i re 
d' Hevea brasiliensis ; etude comparee du
semis et de la  microbouture (Structu r i n g  
Hevea brasiliensis root arch itectu re : compara­
t ive study of seed i ng a n d  m i c rocutt i ng ]  by 
Yan n i c k  Le Roux  ( F ra n ce) ,  U n i vers i te d ' A i x­
Marse i l l e  I l l .  

Canaux K+ et symports H+-sucre : impl ication
dans la regeneration du latex chez les lacti­
feres d' Hevea brasiliensis ( K+ and symports 
H +- sugar  c h a n n e l s :  i nvo lvement  in l atex re­
generat i o n  in Hevea brasiliensis l act i fe ro u s  
t i ssue]  by F ran�o i s  Bouteau ( F rance) ,  U n iver­
s i te Par is  VI I .  
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Tree Crops -
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F
ruits and vegetables balance diets and provide food security, but  
production in  in tertropica l regions is  genera lly fa r  below loca l 
needs.  The prime objectives a re thus to boost production and 

improve marketing outlets to supply domestic markets with this produce. 
In contrast, the export market for tropica l fruit is currently booming and 
highly competitive; product quality and originality are critica l factors. 

For this industry, it is essential to fully define and analyse the mechanisms 
and interactions between those in volved in the sector, between food crops 
and export production, and between fresh and processed products .  
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Research should th us focus on pro viding recommenda tions tha t  will 
enhance the market competitiveness of the industry. 

The development of susta inable en vironment-fr-iendly crop production 
systems for food crops (e.g. planta in) and industrial crops is an important  
goa l for the coming yea rs .  CIRA D-FL HOR will meet th is cha llenge by 
focusing much of its research on : stabilizing subsistence planta in crop­
ping to sta ll forest depletion, better land-use planning and development 
by mixing forest and fruit trees, and organ izing fruit and vegetable crop 
production in urban and periurban areas. 

Efficient use of genetic resources is another major thrust of the Depart­
ment. This involves optimally utilizing the existing plant  diversity in varie­
tal improvement programmes to create new plants that  are better adapted 
to the en vironment and more resistant  to diseases and pests, and to meet 
consumer requirements. There will be specia l emphasis on creating h igh­
quality products, an important fruit and vegetable promotional fea ture for 
the beginning of the next millenium. 

To ensure the success of a ll of these projects, the main and associa ted 
research sta tions in Cors ica and the French o verseas departments a n d  
territories (DOM- TOM) ha ve been strengthened, n e w  areas o f  cooperation 
ha ve been opened in the Mediterranean basin and Asia, with increased 
in volvement in regiona l  and in ternationa l  research cen tres such as the 
Centre regiona l  bananiers et planta ins (CRBP) in Cameroon, the Cen tro 
Agron6mico Tropical de lnvestigaci6n y Ensenanza (CAT/£) in Costa Rica 
and the Asian Vegetable Research and Development Center (A VRDC) in 
Asia . Moreover, network activities a re being considerably expanded, 
especially with the International  Network for Improvement of Banana and 
Planta in (INIBAP) on an in ternational basis, and with the Conference des 
responsables de la recherche agronomique africa ins (CORA F) in western 
A frica, Redafruthex, Tropigen and Reda rfit in L a tin America, a n d  
UTFANET a n d  CL VNET i n  Asia . 

CtJRUS AND 
ORGIHARD FRUIT 
" 

if e n-kg of.c i t rus fru it/person per 
a n n u m  are req u i red for a 
v i tam i n-ba lanced d i et .  I n  
deve loped cou ntr i es, a n n u a l  fresh 

F r u i t  and H o rt i c u l t u ra l  Crops -

c itru s fru i t  con s u m pt ion  can be 
as m u c h  as 40 kg/person and  
twofo l d  h igher  w i th  j u i ce 
con s u m ption . A l though c it rus  
i s  the most com mon l y  consu med 
type of fru i t  in  deve l o p i n g  
cou ntr i es,  and very i nexpens ive, 
less  tha n  5 kg/person/a n n u m  
a re con s u m ed .  

FRUIT AND 
HORTICULTURAL CROPS

DEPARTMENT

CIRAD-FLHOR
D i rector 

Jean-Louis Rastoin 
Deputy D i rector 

Jean-Pierre Gaillard 
Sc ient if ic D i rector 

Jacky Canry 
Ad m i n i strative and 

F i scal  D i rector 
Catherine Pacherie-Simeral 

Externa l  Relat ions Representative 
Jean-Paul Meyer 
Development and 

I n dustr ia l  L ia i son Represen tative 
Christian Picasso 

Research Programmes 

C itrus and o rchard fru it  
Bernard Aubert 

P i neapple and fru i t  d i vers if icat ion 
Eric Malezieux 

Banana  and p lanta i n  
Hugues Tezenas d u  Montee/ 

Hort icu l tura l  p roducts 
Hubert de Bon 

Research U n its 

Genet ic resou rces and  
p lant  i m p rovement 

Patrick 0//itrault 
Parasite and 

pest b io logy, d i sease control 
Xavier Mourichon 
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farm i ng systems 

Jean-Joseph Lacoeui/he 
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Jean-Louis Rastoin 
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There a re th ree m a i n  research 
obj ectives of the p rogramme :  
red u c i ng d i sease- and i n sect­
i nd u ced losses for loca l l y  
consu med var iet ies ;  i m p rov i n g  the 
qua I i ty of fru i t  g rown for export 
markets ; seek i ng  new types of 
c i tru s fru i t  and  p romot i ng  other  
fru i ts .  

Developing New Citrus 
Fruit Varieties 
Sexu a l l y  i ncom pati b l e  spec ies and 
genera can be com b i ned by 
p rotop l ast e l ectrofu s i o n .  
Th i s  tec h n i que  h as been jo i nt ly 
deve loped by C I RAD and the 
l n st i tut n at iona l  de l a  recherche  
agronom ique  ( I N RA) w i th 
two m a i n  a i m s :  c reat i ng  c it rus 
rootstocks with genes that a re 
res i stant to o r  to le rant  of b i ot ic  and  
ab iot i c  facto rs, i rrespective of  the  
degree of  parenta l  heterozygos i s ;  
and  c reat i ng  new types of  fru i t  by  
i ntra- o r  i nte rgener i c  hybr id i zatio n .  

T h e  f i rst successfu l fu s ions  were 
obta i ned wi th Citrus reticulata 
(mandar i n )  as embryoge n i c  ca l l u s  
p rotop l asts and  Fortune/la japonica 
(ku m q u at) as l eaf p rotop l asts . 
About 1 00 p l a nts were successfu l l y 
m i c ropropagated . F l ow cytometry 
was u sed to assess tetrap lo idy  and  
the i r  hybr id  status was  determ i ned 
by i soenzyme ana lys i s .  With 
tetrap lo id  hybr ids ,  i t  shou l d  be 
poss i b l e  to p rod u ce mandar i n 
c u l t i vars with certa i n  kumquat 
q u a l i t ies ,  e .g .  a roma,  ed i b l e  sk i n ,  

• 
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PRODUCTS FOR DEVELOPMENT 

Borojo, a New Fruit for the Agro-industrial Sector 
In Colombia, there has been a sharp rise in the consumption of borojo 
(Borojoa pat i n o i ), a fruit of the Rubiaceae family. This crop is currently 
grown on about 3, 000 ha in this country. 
The University of Cali and CIRAD are collaborating in a study, funded 
by the European Commission, on borojo and its potentia l use in the 
food industry. 
Analyses revealed the exceptiona l  nutritional qualities of this fruit; it is 
a h igh source of energy, and rich in proteins, essential amino acids, 
phosphorus (more than 1 50 mg/1 00 g pulp) and B vitamins. 
Borojo had not been used previously in the food industry because of 
the very h igh pulp viscosity. This drawback was largely o vercome 
through a liquefaction process with exogeneous enzymes, which sub­
stantia lly reduced the viscosity so tha t  it could be added to many 
dairy products .  Tests on experimenta l  materia l were successful and a 
factory managed by a cooperative group has just started operations, 
with an output potential of 500 t/annum of borojo yogourt. 

l onger c ropp i n g  season and co ld­
res i stance .  These tetrap lo id  hybr ids  
w i l l  a l so be c rossed with d i p l o i d  
mandar i n s  t o  obta i n  seed less 
tr i p l o i d  cu l t ivars .  
S ix other  e l ectrofu s ions  a re 
cu r rent ly  be i ng p ropagated from 
mandar i n :  orange, pomelo ,  l emon ,  
c i tron ,  Poncirus trifolia ta and  
Severinia buxifolia . 

The l atter c ross ( C. reticulata x 
Severinia buxifolia) shou ld  p rod uce 
rootstoc k  with tra i ts of part i cu l a r  
i nterest fo r Med i terranean growers, 
i . e .  t r i steza- res i stance, sa l t- and 
h i gh  p H -to l erance .  
These new types of c i t rus fru i t  and 
rootstock  w i l l  mark the begi n n i ng 
of the th i rd m i l l en i u m .  They w i l l  
soon be tested i n  a m u l t i locat ion  
resea rch network for the i r  
performance potent i a l  u nder  

Med iter ranean and trop ica l  
cond i t ions .  

Promoting Cors ican 
Clementines 
Cors i can c l ement i nes have, u nt i l 
now, been eas i l y  ident i f ied on 
Eu ropean markets by the stem and 
l eaf that a re l eft on the fru i t  after 
p i ck i ng,  but  th i s  featu re i s  
no longer  u n ique .  C l ement i ne 
g rowers a re therefo re hop i ng to 
c reate a new i m age for the i r  
p rod uct .  To ass i st them i n  
ach iev i ng th i s  goa l ,  a study o f  th i s  
fru i t's "qua l i ty"-broad ly  defi ned 
as meet i ng  the needs of a l l  of those 
i nvo lved in th i s  i nd ustry-was 
begu n in 1 994 in co l l aborat ion  
w i th the Department of  Agr i cu ltu re 
of Haute-Corse, the Departmenta l  
Agr i cu ltu ra l D i recto rate, I N RA, and 

F ru i t  and H o rt i c u l tu ra l C rops -
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Litchi Conservation 
Only red litchis are appealing to 
consumers. A process in volving 
thermal shock and a natura l  
antioxidant  has just been 
perfected which enables the 
fruit to mainta in its character­
istic colour for severa l weeks. 
This new process could be 
substituted for current sulphur 
trea tments that  lea ve traces of 
chemical in the fruit. 

Fruit Ju ice Conservation 
Small-scale units, designed by 
CIRA D in partnership with a 
French manufacturer, for pro­
cessing and packaging fruit 
juices for local markets are now 
set up in .severa l  A frican 
countries. In 1 994, a Chanaian 
fresh pineapple producer­
exporter ordered a un it to pro­
cess fruit that  could not be 
exported. CIRAD thus devel­
oped a thermal treatment and 
packaging process for long 
conservation of fruit juices 
in a ttractive and inexpensive 
triplex a luminium bags. 

the Centre nat iona l  du mac h i n i sme 
agr ico le ,  d u  gen ie  ru ra l ,  des eaux  
et  des forets (C EMAG REF ) .  

The resu l ts o f  an  ecophys io l og ica l  
study of  p rocesses that l ead to 
h igh-qua l i ty fru it  shou ld  p i n po i nt 
i n d i cators that wi l l  he l p  g rowers i n  
mak i ng  dec i s i on s  o n  when to 
beg i n  i r r igat i ng,  etc . 

F ru i t  a n d  H o rt icu ltu ra l  C rops -

An ana lys i s  of cu ltu ra l p racti ces 
and the i r  effects on qua l ity 
revea led w ide  d ifferences i n  
growers' strateg ies .  For i n stance, 
an orcha rd can be harvested once, 
or in severa l steps, depend i n g  
on the p r ior i t ies, i .e .  costs o r  
homogeneous r i peness (q u a l i ty) . 
D u r i n g  the 1 994 harvest season ,  
representat ive sam p les were 
obta i ned from 500 Cors ican  c i t rus 
farms so that recommendat ions  
cou l d  be ta i l o red to  the i r  d ive rse 
object ives . 

A su rvey com m i ss ioned by 
marketi ng  agents and con sumers 
was conducted i n  two F rench  
reg ions  where c l ement i nes a re 
popu l a r, P rovence-Al pes-Cote 
d 'Az u r  and  I l e-de-F rance .  S ma l l  
Cors i can c l ement i nes were fou nd 
to be more apprec iated i n  southern 
F rance where they were 
recogn ized by two-th i rd s  of a l l 
consumers,  than i n  the Par i s  reg ion  
where on ly  one-seventh of 
consumers identif ied th i s  spec if ic  
p rod uct .  

Cors i can  p rod ucers cou ld  u se the 
resu l ts of these stud ies to spec ify 
the i ntr i n s i c  qua l i t ies of these 
c l ement i nes (taste, sweetness, 
co lou r, etc . )  and determ i ne 
cu lt i vati on  tec h n iq ues req u i red to 
atta i n  them . These e lements cou l d  
then b e  u sed a s  an  i n cent ive i n  
negot iat ions  w ith d i str i buto rs a n d  
state author i t ies towards c reat i ng  a 
l abel of o r ig i n o r  obta i n i ng a 

cert i f icate of qua  I ity for th i s  
p rod u ct .  

Natural Aromatic Mango 
Concentrates 
Mango ha rvest s u rp l u ses a re 
often l ost d u e  to a lack of su itab le  
sma l l -sca l e  p rocess i ng  tec h n i q ues 
to stab i l i ze th i s  fru it .  S i nce 1 994, 
the E u ropean Com m i ss ion  has 
been fu n d i ng a p roject to promote 
the u se of mangoes and the 
creat ion  of l oca l  p rocess i n g  u n its i n  
deve lop i ng cou ntr ies .  There a re 
s i x  partners i nvo lved : CFTRI  ( I n d i a) ,  
I F RPD and the U n ivers ity of C h iang  
Mai  (Tha i l and) ,  the  U n ivers i ty of 
Nott i ngham ( U K), I N RA and 
C I RA D  (p roject coord i n ator) . 
Aromat ic  m ango concentrates 
are th u s  be i ng deve loped that w i l l  
be l abe l l ed a s  hav i ng " n atu ra l  
fl avo u r" .  

A novel tec h n ique  i s  be i n g  used,  
i nvo l v i n g  enzymat ic l i q uefact ion  of 
mango p u l p .  Enzymes were 
fo rm u l ated ,  accord i ng  to the res u l ts 
of ce l l  wal l com pos it ion ana lyses, 
wh i ch  a re more su itab le  for 
break i ng  down mango cel l wa l l s  
than commerc i a l l y-ava i l ab l e  
enzymes . I n  some cond i t ions ,  80% 
l iq u efact ion  can be obta i ned,  as 
com pared w ith 50% with standard 
enzymes . 

The j u i ce i s  then c l a r if ied by 
tangent ia l  fl ux  m i c rofi l trat ion  
th rough a m i nera l  membrane .  An 
exper i mental  p i l ot u n i t has  been 



des igned by C I RA D  and assem b l ed 
by TIA, a F rench  manufactu rer. The 
m i c rofi l trat ion  parameters were 
opti m ized to obta i n  a top q u a l i ty 
prod uct at a h igh  output rate . Two 
research sc ient i sts from CFTR I  and 
I F RPD are be i ng tra i ned in  C I RA D  
l aborator ies  on  t h e  structu ra l a n d  
enzymat ic  b i o l ogy o f  mango pu l p .  
They wi l l  b e  i n  charge of 
mod ify i n g  the p i l ot u n i t accord i ng 
to cond i t ions  i n  the i r  respective 
cou ntr ies .  

The next step of  the project w i l l  be 
to deve lop a h igh  q u a l i ty mango 
concentrate . 

Th i s  4-year p roject-wh ich  
combi nes bas i c  b i ochem ica l  
research ,  perfect i n g  process i ng 
tec h n iques and  exchanges of 
know-how-i s  exemp l ary i n  
many ways . There a re a l so many 
affi I i ated act iv i t ies, such  as the  
deve lopment of  a mango pu l per, 
des igned by C I RA D  i n  
co l l aborat ion  with the Aur io l  
company. 

PINEAPPLE AND 
fRl�JIT 

I • 

BIYERSI FICATION 

Wo�IQ p i r;ieapp l e  p rod uct ion i s  
cu rrently above 1 2  m i l l ion t/an n u m, 
20% h igher  than  at the beg i n n i ng 

of the 1 980s .  The fresh p i neapp le  
market i s  now q u ite satu rated after 
a very fast i n i t i a l  g rowth per iod . 
I n  th i s  context, h i gh q u a l i ty 
p i neapp les,  nove l var iet ies and 
spec ia l  p rocessed p i neapp l e  
prod ucts have the best market 
prospects . The i nc reased 
deve lopment of other  trop ica l  fru its 
i s  another  reason to d i vers i fy the 
p i neapp le  supp ly  to u rban markets . 
T h i s  Programme i s  th us  spec if ica l l y  
focused on p l ant i m p rovement, 
var ieta l adaptat ions  and 
tech no log ica l  aspects of the 
p i neapp le  i nd u stry. 

Protecting Pineapple 
Genetic Diversity 
C I RAD i s  i nvo lved i n  a p roject to 
ma i nta i n  fru i t  d i vers i ty i n  Andean 
and Amazon ian  reg ions ;  i t  i s  be i n g  
carr ied o u t  i n  co l l aborat ion  with : 
the I nternat iona l  P l ant Genet ic  
Resou rces I n st i tute ( I PG R I ) ,  where a 
C I RAD expert i s  posted ; Trop igen ,  
an Amazo n i a n  genetic resou rces 
network;  Redarfit, an Andean 
genet ic  resou rces network;  and 
nat iona l  research  i n st itutes of 
Bo l iv ia, B raz i l ,  Co lomb ia, Peru and 
Venezue la .  

The l ast Eu ropean Com m i ss ion­
fu nded tr i p that was  organ ized to 
co l l ect p i n eapp l e  germ p l asm took 
p l ace in  southern ,  southeastern and 
centra l B raz i l  i n  1 994 .  The 
co l l ected mate r i a l  was 
d i ssem i n ated to two i m portant 
germ p l asm co l l ect ions  managed by 

PUBL ICATION 
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The Protection of Tropical Fruit 
after Picking 

Tropica l and subtropical fruits 
are increasingly popular on the 
market and their sales and di­
versity continue to increase. Eu­
ropean markets, in itia lly inter­
ested in citrus fruits, pineapple, 
banana, a vocado and mango, 
are now the outlet for litch is, 
papaya, passion fruit and 
cashew nuts.  But which para­
meters should · be used to 
choose these fruits from far­
away places ? How should they 
be stored and packaged for 
transport while still preserving 
their quality? 
With the title La p rotect ion  des  
fru its t rop icaux  apres reco l te 
(The protection of tropical fruit 
after picking), this book, pub­
lished by CIRAD with the sup­
port of COL EA CP, describes 
the experience gained over 
more than 20 years in the field 
of fruit preserva tion. A imed 
at  those in volved in the tropic­
al fruit industry-researchers, 
growers, exporters, importers 
and consumers-it describes 
in detail for about 40 fruit 
the phys iologica l changes and 
the fungal growths which may 
occur after picking. The book 
also describes for each fruit the 
best protective methods to be 
employed (optimal  storage tem­
perature, rela tive humidity and 
a tmosphere, and physical and 
chemical treatments) in compli­
ance with the legisla tion in 
force. 

F r u i t  a n d  H o rt i c u l tu ra l C rops-
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the Centro Nac iona l  de Pesq u i sa 
de Mand ioca e F rut i cu ltu ra 
Trop ica l  (CN PMF)  in B raz i l  and 
C I RA D  in  Mart i n ique  wh ich  now 
compr i se about 800 access ions  
eac h .  Th i s  was  a cru c i a l  operat ion  
s i nce p i neapp le  genet ic  resou rces 
are e rod i n g  as a resu l t  of h u man  
deve lopment  i n  th i s  fru i t's 
i n d igenous  areas and of genet ic 
d i vers i f icat io n .  

These co l l ect ions  are now be i n g  
assessed a n d  common descr i ptors 
have been deve loped u nder  the 
aeg i s  of I PG R I .  The goal i s  to 
obta i n  res i stance to Fusarium 
moniliforme var. subglutinens and 
b l ack  spot d i sease, caused by 
Penicillium fun iculosum. These 
genet i c  resou rces are a l so tapped 
by p l ant  b reeders seek i ng  u n i q u e  
tra i ts t o  c reate new p i n eapp l e  
var iet i es .  

New Fruit Crops in Reunion 

C I RA D- F L H O R, a t  the req u est of 
loca l  author i t ies and fu nded by 
the Eu ropean Com m i ss ion ,  has  
l au nched a p rogramme to d i vers i fy 
farm i n g  system s  i n  Reu n i o n .  It i s  
hoped that t h e  resu lts w i l l  h e l p  
farmers i n  t h e  Hauts de l ' Est a n d  
Nord-Est reg ions  o f  Reu n io n  to 
overcome the farm i n g  c r i s i s, and 
th u s  keep them from abando n i ng 
the i r  farms .  

With t h e  a i m  o f  prompt i n g  rap i d  
deve lopment, about 
20  sma l l h o lders are part i c i pati ng  i n  
a research project o n  i n novat ive 
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Candied Pineapple
Candying, a fruit preservation 
technique whe,reby the fruit is 
soaked in sugar syrup, is a good 
way to upgrade pineapple tha t  
is n o t  good enough fo r  export. 
In Colombia, CIRAD-FL HOR 
and the University of Cali have 
developed a candying proce­
dure with optimized techn ica l 
parameters, i .e .  blanching time, 
solute additives, syrup formula­
tion, soaking times in  different 
media and aromatization . One 
unique aspect of the procedure 
is tha t  a sugar solution is used 
instead of water for the blanch­
ing step, hence the standard ini­
tial candying bath at 25 °Brix is 
unnecessary. The candied pine­
apple obta ined by this tech­
nique is h ighly apprecia ted and 
has a long shelf-life. 

fru i t  crops and cost-effect ive 
farm i n g  systems .  Rare and 
i ntrod u ced spec ies are be i ng 
stud i ed i n  test p lots where p l ant i ng 
began at  d ifferent e levat ions  
i n  1 99 2 .  The very wet c l i mate of 
Reu n io n  ( u p  to 1 0  m/a n n u m  
prec i p itat ion )  i s  a determ i n i n g  
facto r i n  th i s  i nvesti gatio n .  

T h e  strawberry guava ( Psidium 
cattleyanum) is we l l  adapted 
th roughout  the reg ion ,  and 
j u d i c ious  ferti l i zat ion  cou l d  
enhance i ts g rowth . T h e  cabbage 
pal m grows we l l  at l ow to average 
e levat ions .  Pass ion  fru i t  var iet i es 

(or gra n ad i l l a, Passiflora edulis) 
have been h ig h l ighted i n  var ious  
zones . At  1 ,000 m e levat ions ,  fo r 
i n stance, the p u rp le  granad i l l a  
y ie ld s  more than 1 3 t/ha of 
exce l l ent q u a l i ty fru it .  H owever, 
co l l ar  rot i s  sti l l  a ser ious  d i sease 
prob lem w h i c h  cou l d  be overcome 
if stu d i es to  fi nd  a res i stant 
rootstoc k  a re successfu l .  

Other  types of fru it are be i n g  
assessed on  sma l l test p l ots, i . e .  
tree tom ato (Cyphomandra 
betacea) ,  Cape gooseberry 
(Physalis peruviana), mounta i n  
papaya ( Carica montana) and 
pej i baye ( Bactris gasipaes) , a q u i ck­
grow i n g  pa l m  wh ich  i s  cu l t ivated 
for its pa l m  hearts and fru i t .  

Tests a re u nder  way on storage 
tech n i q u es and strateg ies fo r 
marketi n g  these fru i ts .  For  the 
strawberry guava, opt ima l  r i peness 
and packag i n g  in fi l m-sea l ed trays 
are be i n g  stud ied .  

Promoting Export F ru it 
Production 
The Andean reg ion  has a h i gh  fru i t  
deve lopment  potenti a l . Many 
i n d igenous  fru i ts a re  consu med on  
the  farms and genera l l y  very few 
are expo rted . The low mean 
growth rate of the export m arket 
(3-4%, but  1 8% for papaya) cou ld  
be  i m p roved . There are even 
a few str i k i ng successes, s uch  as 
that of Co lomb ian  pass ion  fru i t  



concentrate wh i ch  now has a 70%
share of the wor ld market.
The Redafruthex network has j u st
been fou nded to promote export
fru it prod uct ion  th rough an
i nformation  system and 
deve lopment of spec i a l l y  adapted
postharvest tec h n i q ues .  Th i s  
network br i ngs together agr i cu l tu ra l
research i n st i tu t ions  from five
Andean cou ntr ies : Bo l i v i a, 
Co lomb ia, Ecuador, Peru and 
Venezue la .  I t  i s  s upported by the
l n sti tuto l nteramer icano de 
Cooperac i6n para l a  Agr icu ltu ra
( I I CA) and C I RAD,  wh ich  acts as
the sc ient i f ic coord i n ator.
D i rect support p rov ided for fru i t  
prod ucers in  the Cauca va l l ey of
Co lomb ia, where sugarcane i s  
genera l l y  monocropped, i s  a good
example  of successfu l c rop 
d ivers i f icat ion and promotion of
export crop p rod uct ion . C I RAD­
FLHOR i s  p rov id i ng support i n  
sett i ng  u p  a p i neapp le  i ndu stry. The
ma i n  agronom i c  a ims  are to red uce
labou r  and i n put costs . For the 
same y ie lds, ferti l i zer q uant it ies 
were red uced by 1 0%, every th i rd
app l i cat ion  was e l i m i nated, and
the ferti l i zer i s  now app l ied in  a
more pract ica l  so l i d  form . 
Moreover, recom mendat ions have
been proposed w ith respect to 
sto rage i nfrastructu res, packag i n g
cho ices a n d  fru i t  transport.
I n  Afr i ca, s i m i l a r  work on the 
boom ing  export p i neapp le  sector i n
southern G hana  i s  u nder way. Th i s

I NTERNATIONAL MEETI NG 

Caribbean Pineapple 

In the Caribbean region, crop 
diversification is required to 
stimulate the sugarcane-domi­
nated agricultural sector. Pine­
apple should be promoted to 
meet the needs of the new mar­
kets opened by tourism. Hoping 
to foster the development of 
local varieties, I/CA and CIRAD 
organ ized a seminar in March 
7 994 on pineapple production 
in the Caribbean region; it was 
a ttended by sponsors and 60
research scientists and produ­
cers from 7 0 different countries. 

crop is be i n g  promoted to d ivers i fy
natu ra l ru bber and cocoa 
monocropp i ng .  Th i s  i nvo lves 
deve lop i ng c ropp i n g  techn i ques,
tra i n i ng, demonstrat ion act iv i t ies
and tech n i ca l  i nfo rmat ion ,  w ith 
the a im  of rat iona l i z i ng  c ropp i ng 
and storage fo r the potent ia l  export
of h igh qua l i ty fru i t .

-
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are ser ious ly  affected by pests and
d i seases, research  program mes
a i med at overcom i n g  such 
prob lems are g iven pr io r ity. 
C I RAD-FLHOR is deve lop ing  
env i ronment-fr ien d l y  cropp i n g
techn i ques and p l ant b reed i ng  
systems to  obta i n  more compet i t ive
crops .  The Common Organ izat ion
of  the Market for Bananas 
regu l ates convent iona l  banana 
market f l ows in  E u rope u nder the
s logan "produce h igh qua l ity
bananas better" . Cl RAD is 
add ress i n g  th i s  object ive by 
seek ing  new d i sease- and pest­
res i stant var iet ies of bananas that
w i l l  appeal to consu mers .

Assessing "So i l  Fatigue" in  
Banana Plantations 
Banana root paras i tes are the 
cause of what banana growers 
ca l l "so i l fat igue" . It i s  now known
that th i s  paras i t i sm i s  due to both 
the nematode Radopholus similis 
and the fu ngus  Cylindrocladium 
pteridis, wh ich  a re be i ng  stud ied i n
Marti n i q ue  and G u ade loupe .
Th i s  so i l borne fu ngus  s u rv ives i n
the fo rm of m ic rosc le roti a .  The
v i ru lence of th i s  fu ngus  was 
demonstrated by i nocu l at i ng  you ng
healthy banana  p l antlets with 
i n -v itro cu ltu red m i c rosc leroti a .
Samp l i ng confi rmed the  presen ce 
of C. pteridis i n  the roots of banana
p lants grow ing  on  Ferr i so l s  ( i n  
45% o f  cases), on  ferr i s i a l i c  so i l s

F ru i t  a n d  H o rt i cu l tu ra l C rops-



5 8  

(26%) and  o n  Vert i so l s  (7%) . T h i s  
i n d i cated that so i l s  with l ow 
exchangeab le  bases a re 
more favo u rab le  for the fu ngus .  

The pathoge n i c  act iv ity of 
R. similis, C. pteridis, and the i r
respective ro l es i n  cases o f  d u a l
paras i t i sm were stu d i ed i n
contro l l ed exper iments car r ied out
with C R B P  in  Cameroo n .  I t  was
fou nd th at, fo l l owi ng  an  i n i t i a l  t r ia l
p ropagat ion  per iod d u r i ng w h i c h
very few symptoms were noted,  the
nematode caused a pro l i fe rat ion  of
necros i s  that ensheathed 40-60%
of the root su rface with i n  3 months .
At  the same t i me, t he  fu ngus
i nfested the p l ants q u ite ear ly  and
then  stead i l y  progressed (40-5 0%
of the root su rface in 3 months) ,
v i s i b l e  as th ick  l i nes and ob long
sta i n s .  Th i s  d u a l  paras i t ic
i nfestat ion  was th us  character ized
by ear ly  fu nga l  damage,
a p rogress ive i nc rease in nematode
attack  s i tes, w ith ensheath i n g
necros i s  sp read i n g  rap i d l y  over
the who le  banana root syste m .
H owever, i t  i s  not yet c l ea r  whether
th i s  i s  a case of synerget ic
paras i t i sm .

Fa l l ow i n g  and c rop rotat ion  a re 
be i ng i nvest i gated as poss i b l e  
tec h n i q ues fo r systemat ic  control  of 
R. similis i n  part icu l a r.

These E u ropean Com m i ss ion ­
fu nded stud ies  are be i n g  car r ied 
out as part of a jo i nt p roject with 
the U n ivers i te de Louva i n - l a- Neuve 
(Be lg i u m) ,  WI N BAN in Sa i nt L u c i a, 
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An Organic Banana from the
West Indies

ION 1 1 0  is a banana variety 
bred by CIRAD in Guadeloupe 
which shows good disease resis­
tance. It is being successfully 
cropped by one grower under 
certified organic farming condi­
tions. This very early cultivar, 
renamed Petit Michel, now 
yields 25 t/ha/annum, with a 
potential production capacity 
of 40 t/ha/annum. It is exported 
to metropolitan France and its 
min ia ture size, excellent taste 
and organ ic label appeal to 
consumers. Other varieties are 
now being tested with the sup­
port of the producers '  group 
Karubana.  

C R B P  in  Cameroon, the U n ivers i te 
d '  Angers ( F rance),  ! N RA and  
C I RA D .  

B lack Leaf Streak Disease:  
a Warning System for 
Smal lholders 
B l ack leaf streak d i sease, cau sed by 
Mycosphaerella fijiensis, i s  one  of 
the most ser ious  l eaf d i seases of 
banana .  A warn i n g  system 
spec i fy i n g  su i tab le  fu ng ic ide  
treatment t i mes has  been 
deve loped by C I RAD- F L H O R .  T h i s  
system,  based on b ioc l i mati c data, 
was p roven to be h ig h l y  effi c i ent i n  
a reas where bananas are grown for 
export (Guade loupe, Mart i n iq ue, 
Cote d ' Ivo i re, Cameroon and the 
Ph i l i pp i nes) . 

The method was adapted for 
p l anta i n  sma l l ho l ders i n  Costa R ica 
in  co l l aborat ion  with CATI E .  A 
b iometeoro l og ica l  warn i n g  system, 
based on  acc rued ra i nfa l l  d u ration  
for a g iven  t ime l apse and  on  
observat ions  of  the  fi rst 
deve l opment stages of the d i sease, 
was des igned after corre l at ions  
were esta b l i s hed between the 
ep idem io logy of the d i sease and 
c l i mat ic factors . 

T h i s  new, s i m p le, rap i d  and  
i nexpens ive system has a 2-week 
fo recast i n g  range, th us  enab l i ng 
g rowers to treat the d i sease at 
stages when it i s  most su scept i b l e  
t o  fu n g i c i des .  I t  h a s  been tested i n  
th ree banana-grow ing  areas i n  
co l l aborat ion  with t h e  M i n i stry of 
Agr i cu ltu re and L ivestock 
P rod u ct ion  of  Costa R ica .  
P rod ucers com pared i t  with  the i r  
convent iona l  contro l tec h n i q u e  of 
treat i n g  the p l ants on a month l y  
bas i s ,  regard less o f  t h e  extent of 
i nfectio n .  The new system 
e l i m i n ated th ree treatments per 
year in some p l antat ions .  

I n  the fou rth reg ion of  Margar i ta, 
where p l antat ions  were p rev ious ly  
treated every 1 5-2 2 days, year ly  
treatments were red u ced by two­
th i rd s .  Banana prod ucers were a l so 
advi sed that low vo l u me spray i n g  
cou l d  b e  u sed for t h e  treatments .  

I n  t h e  l i ght o f  these prom i s i ng 
res u l ts, the F rench M i n i stere des 
affa i res etrangeres, the sponsor, i s  
cons ide r i ng  extens ion  of the 



project to contro l the d i sease 
e l sewhere in Lat i n Amer ica i n  
p l anta i n  farms .  

New Banana Hybrids 
Tr i p lo idy  i s  the ideal  p lo idy  l evel 
fo r bananas because 
parthenocarp i c  (seed less) fru it  can 
be prod uced . In  a Eu ropean 
Com m i ss i on-fu nded genet ic 
i m p rovement p rogramme, C I RAD 
created, fo r t he  fi rst t i me, tr i p l o i d  
hybr ids  that can be  used to 
prod uce bananas fo r l oca l  
consumpt ion o r  export .  

In breed i n g  tests in G u ade loupe, 
cert if ied d i sease-free cu lt ivated or 
imp roved d i p l o id  banana p l ants 
were treated with co l c h i c i ne i n  
order to doub le  the c h romosome 
sets . The resu l t i ng  tetrap lo id  p l ants 
were then c rossed w ith a d i p l o i d  
var iety to obta i n  an  i m p roved 
tr i p lo id  hyb r i d .  Ch romosome 
ana lyses in 650 of these hybr ids  
perfect l y  confi rmed the theoret ica l  
ch romosome patterns .  

I RFA 909 was  one  of  the  fi rst 
tr i p lo id  sweet banana var iet ies 
created . Th i s  v i gorous hybr id has 
exce l l ent ratoon i ng, a short growth 
cyc le  (about 340 days) and n i ne 
hands ( 1 4 kg) form the bunches 
p rod uced in the fi rst cyc le .  The 
fru it  sk i n s  are th i cker than those of 
standard sweet bananas, therefo re 
they stand up we l l  d u r i n g  hand l i ng .  
The wh ite pu lp  i s  as fi rm as  that of 
cv Cavend i sh ,  with a s l ight ly 
ac i d u l ous  and very appea l i ng 

sweet taste . I RFA 909 was assessed 
by C R B P  in Cameroon for its 
res i stance to b l ack  l eaf streak 
d i sease; it w i l l  soon be tested with 
other  stra i n s  in C I RAD's 
l aborator ies in Montpe l l  i e r. I ts 
res i stance to Panama d i sease 
( Fusar i u m  w i l t) is to be i nvesti gated 
by the Queens l and  Department for 
P r imary I nd u str ies (Q DP I )  i n  
Austra l i a .  

,Veg,etab l es a re sti I I  not fu l l y 
i ntegrated i n  i nternat iona l  
marketi ng c i rcu its, i n c l u d i n g  those 
from deve lop i ng cou ntr ies . 
N everthe l ess, these are i m portant 
stap le  foods, even in parts of the 
wor ld  such  as Afr ica where 
vegetab le  con s u m pt ion i s  
supposed l y  q u ite low. I t  i s  now 
essent ia l  to i nc rease vegetab le  
p rod uct ion ,  wh i l e  regu l at i ng  
d i st r ibut ion to  markets, to  meet the  
needs of  expand i n g  u rban 
popu l at ions ;  these are the p r ime  
objectives of  the  Horti cu l tura l  
Prod ucts Programme .  Ornamental  
p l ant c ropp i ng i s  a l so of i nterest fo r 
d i vers i fy i n g  DOM-TOM export 
econom ies .  A research project i s  
u nder way i n  Mart i n i que  to support 
th i s  deve lopment .  

• 

Vegetables in  African Diets 
What are the facto rs that h i nder  
i m prov i ng  the s upp l y  of 
vegetab le  p rod uce to u rban 
Afr ican markets ? Ana lyses of the 
horti cu l tura l  sector conducted 
i n  the Congo, Centra l Afr ican 
Repu b l ic ,  Madagasca r, 
G u i nea B i ssau and Cameroon 
prov ided i m portant resu lts 
fo r or ient i ng  futu re research  
programmes .  

59  

Vegetab les, contrary to common 
op i n ion ,  are essent ia l  stap le  foods .  
They accou nt for 1 5-2 0% of 
househo l d  food budgets, and 
when the re i s  a s l u m p  i n  
pu rchas i ng power, consu mers stop 
buy ing  meat and fi sh  before 
vegetab les .  Some vegetab les are 
consu med more than fou r  t i mes 
week ly, e .g .  cherry tomatoes, 
on ions,  var ious  spec ies of l eafy
(or pot-herb) vegetab les .

Househo ld  vegetab le  req u i rements, 
a l though ve ry i m portant, a re 
far from be i ng met because of 
seasona l  market shortages .  
Desp i te the many d i fferent 
vegetab le  s upp ly  sou rces 
-i ntrau rban and per i u rban crops,
often se l f-sown and not robu st, and
crops from v i l l ages fu rther away­
the d rawbacks have not yet a l l
been overcome.

l ntrau rban vegetab le  c ropp i n g  
systems req u i re l i tt l e  start-up  
cap ital but they are l abou r­
i ntens ive and farmers must be 
tech n i ca l l y  sk i l l ed and eq u i pped . 

F r u i t  a n d  H o rt i c u l tu ra l  Crops  -
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Vegetab l e  spec ies are c hosen 
accord i n g  to farmers' cash 
potent ia l  and market r i sks .  Sho rt­
cyc l e  vegetab les prov ide  a l most 
da i l y  i ncome, wh i l e  longer-cyc l e  
vegetab l es b r i ng  i n  h i g h  reve n u es 
on a more per iod ic  bas i s .  Hence, it  
i s  a spec u l at ive operat ion  to grow 
so l anaceo u s  vegetab les d u e  to the 
c ropp i n g  r i s ks i nvo lved . 

Su pport for the hort i cu ltu ra l secto r 
shou l d  h e l p  to regu l ate vegetab le  
supp l ies  th rough i m provements i n  
transport i nfrastructu res, ass i st 
co ld-sto rage compa n i es,  and  
prov ide  who lesa ler  protect ion ,  
better sto rage cond i t ions  and  
i nfo rmat ion  access . Agrono m i ca l l y, 
th i s  support i n vo lves p l ant  
i m p rovement  fo r adaptat ion  to 
c l i mat ic  cond i t ions  a long  with pest 
and d i sease contro l  d u r i n g  the hot 
wet season .  

Parasitoids Against 
Pests 
Chem ica l  treatments to contro l  
i n sect pests o f  vegetab le  c rops can 
be l i m ited th rough the u se of 
paras i to i d s  ( i n sects that feed on  the 
pest u nt i l its death ) .  There are 
many advantages : cost­
effect iveness for the farmer, 
consumer  p rotect ion ,  espec i a l l y  fo r 
short-cyc l e  vegetab l es, and 
env i ron ment conservatio n .  Two 
stud ies  u nder  way on th i s  top i c  a re 
desc r i bed bel ow. 

I n  B raz i l ,  a study focused on  
contro l l i ng the  cabbage pest 
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Plutella xylostella i s  be i n g  j o i nt ly  
con d u cted by the Empresa 
B ras i l e i ra de Pesq u i sa 
Agropecuar ia  ( EMB RA PA) and  
C I RAD . The assoc iat ion  of  two 
types of b i o l og ica l  contro l is be i n g  
assessed . T h e  research i s  a i med at 
determ i n i n g  whether spray 
treatments with Bacillus 
thuringiensis, a b iopest i c ide  that i s  
safe fo r h u mans ,  affect the s u rv iva l  
of  Diadegma sp . ,  a paras i to i d  that
feeds o n  P. xylostella . The i n i t i a l
resu l ts h ave shown that 
b iopesti c ide  treatments car r ied out 
d u r i ng s u bstant ia l  pest outb reaks 
do not affect the natu ra l activ i ty of 
Oiadegma.  H owever, d u r i n g  m i nor  
outbreaks, treatments with a 
norma l  B. thuringiensis dosage 
cou ld  j eopard ize Diadegma 
popu l at ions .  

I n  Reu n ion ,  two leaf m i ners, 
L iriomyza trifolii and 
L. huidobrensis, cause ser ious
damage to  many vegetab le  crops .
Stud ies  on  two paras ito i d s, Opius
dissitus and Hemiptarsenus
varicornis, carr ied out i n  Cl RA D's
laborato r ies in Montpel I i e r,
revea led that they can j o i nt ly
paras i t ize L iriomyza l a rvae without
com peti ng ;  they have a l so been
proven effective in the fi e l d .
Farmers i ntend i ng to treat othe r
pests h ave th u s  been advi sed to  u se
o n l y  chem ica l  pest i c ides that w i l l
not affect these l eaf m i ne r
paras i to i d s .

I mproving Potato and 
Onion Yields 
Con s i derab le  y ie ld  d ifferences h ave 
been noted i n  fi e lds  c ropped w ith 
potato and on ion  in southern  
Reu n io n .  Fo l low-up work based on 
methods fo r study i ng c rop y i e l d  
b u i ld -up  p rocesses was carr ied out 
in co l l aborat ion with the 
agr icu l tu ra l  department. The a i m  
was to p i n po i nt d i fferent aspects of 
operat iona l  seq uences that cou l d  
be adj usted so that farmers cou ld  
i nc rease the i r  p rod uct iv i ty. 

Potato y ie ld s  vary between 1 0 and 
34 t/ha (mean 2 3  t) . The c l i m ate i s  
respo n s i b l e  fo r these dev i at io n s .  
Correct ive magnes i u m  fert i l i zat ion  
i s  req u i red i n  a quarter of  the f ie lds .  
The ban ked so i l  tech n iq u e  a l so has  
a marked i mpact on y ie ld s ;  the 
su rface a rea of each ban ked so i l  
sect ion  m u st be at least 5 00 c m 2 

to be ab le  to obta i n  2 3  t/ha y i e l d s .  
F i na l l y, t h e  vegetat ion i ndex (th e  
extent o f  t h e  vegetat ion  cover 
m u l t i p l ied by the coverage t i m e) i s  
d i rect ly  corre l ated with y i e l d s .  Th i s  
i n dex i s  dependent on the crop 
var iety and  effi c i ent c rop p i n g  
p ract i ces, and shou ld  b e  as h i g h  as 
poss i b l e .  

Mec h a n i zat ion  o f  o n i o n  c ropp i n g  
i s  t o  be p romoted, e . g .  d i rect 
d r i l l i ng, mechan ica l  u p rooti ng, 
vent i l ated bu l k  storage, but 
between-fi e l d  y ie ld  var i at io n s  
(9-3 8 t/h a) shou ld  b e  taken i nto 
acco u nt .  Lower y ie ld s  a re obta i ned 
with d i rect-d r i l l ed c rops (mean 



2 1 t/ha) than with those that are 
started i n  the nu rsery and 
transp lanted (mean 27 t/ha) . For the 
Reu n ion cu lt ivar Chateauv ieux, i t  i s  
cr i t ica l  to adj u st the p l anti ng 
dens it ies at the end of the 
vegetative growth cyc le  of the 
on ion .  Fu rther recommendat ions 
focus  on avo i d i n g  so i l  compact ion 
du r i ng ti l l age, ma i nta i n i ng so i l  pH  
leve l s  above 5 . 5, and  contro l l i ng 
weeds and d i seases .  

TH ESES COMPLETED I N  1 9 94 

C I RAD Sc ient ists 
Etude de la structure des populat ions, par 

RFLP, de Mycosphaerella fijiensis, agent res­

ponsable de la maladie des raies noi res des 

banan iers [RFLP ana lys i s  of popu l at ion struc­
tu res of Mycosphaerella fijiensis, the causa l  
agent o f  b l ack  l ea f  streak  d i sease i n  banana ]  
by Jean  ear l i e r ;  U n ivers ite Par i s  X I ,  Centre 
d 'Orsay. 

C IRAD Tra i n ees 
Etude de la d iversite genetique des bananiers 

Musa sp. a l 'aide de marqueurs de type RFLP 

[Ana l ys i s  of genetic d i vers i ty in Musa s p .  
bananas u s i n g  R F L P  ma rkers] by F ranc;:o i se  
Carreel ( F rance);  l n stitut nat iona l  agronom ique  
de Paris-G rignon .  

Variations indu ites pa r  la culture in vitro des 

bananiers (Musa AAA, cv G rande naine)  ; 
elements de caracterisation morphologique, 

cytologique et hormonale (GAs) [Var iat ions i n  
banana  (Musa cv G rande  N a i ne, AAA) i nd u ­
ced b y  i n-vitro cu ltu re :  morphologica l ,  cyto lo­
g i ca l  and ho rmona l  (G�\) cha racte r iza t ion  
facto rs] by Jo rge A .  Sandova l  (Costa R ica ) ;  
U n iversite Montpe l l ier  I I .  

Contribution d e s  endomycorhizes a la  pro­
duct ion de plants m icropropages d'ananas 
(Ananas comosus (L . )  Mer.)  [ Effects of endo­
mycorrh iza  on the  y i e l d  of m i c rop ropagated 
p i neapp le  (Ananas comosus ( L . )  Mer . ) ]  by 
Jean- P h i l i ppe  G u i l l em i n  ( F rance ) ;  U n ivers i te 
de Bourgogne, D i jon . 

-
6 1  

F ru i t  and H o rt icultu ra l Crops -



,L 

L i vestoc k 
P rod u ct i o n  a n d  

Vete r i n a ry 
Med i c i n e 

Depa rtm e nt 



T
he work of the L ivestock Production and Veterinary Medicine 
Departmen t (CIRA D-EM VT) was marked by two major events in 
1 994 : prepara tions for the imminent tra nsfer of the Depa rtment 

from its headquarters outside Paris to Montpellier, and its evaluation from 
a scientific standpoint by an external panel of examiners. 

Thanks to its newfound proxim ity to other CIRA D departments in 
Montpellier, the Department was able to dra w up a scientific programme 
including livestock, forestry and agronomy specia lists .  Th is m ulti­
disciplinary programme should be functiona l by the end of 1 995, at  which 
time the Department will ha ve left Ma isons-Alfort. 
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The externa l  panel bega n their enquiry in Ma rch 1 994 and presen ted 
their conclusions to the CIRA D Scien tific Advisory Comm ittee in 
December. Their enquiry became the opportun ity for researchers and 
directors to  undertake a basic reth ink of the Depa rtment's structure .  
Following their recommendations, the Department undertook to create 
trans-programme research un its and devote more resources to work on 
the African continent. The Department will develop modelling methods 
and take more account of a ll livestock-based industries, and particularly 
product processing. 

'FEED 
RESOURCES 

can; l ivestock be better 
nou r i s hed i n  trop ica l  reg ions  
without destroy i n g  the  often frag i l e  
ba lance o f  t h e  natu ra l  
env i ron ment?  T h i s  i s  a centra l  
q u est ion  fo r a l l  researchers .  
To p roceed more rationa l ly, several  
approaches need to be com b i ned 
to eva l u ate the effects of herd i ng 
on natu ra l resou rces, deve lop  
methods for study i ng he rd 
m ig rat ions  i n  deta i l  and p ropose 
management schemes w h i c h  
i ntegrate food cropp i ng, he rd i ng 
and forestry. 

Herding and the Envi ronment: 
How do they interact? 
L ivestock herd i ng is often accused 
of be i ng the sou rce of many i l l s  that 
befa l l  o u r  p l anet today:  
deforestat ion ,  desert if i cation ,  so i  I 
e ros ion ,  water po l l u t ion ,  g l oba l  
warm i ng, etc . B ut what are the 

actua l  effects of  d ifferent forms of 
l ivestock herd i ng on vegetat ion ,  
so i l ,  water and the  atmosphere? 
H ow can they be q u ant i fi ed ? 
A stud y  of the i m pact of l ivestock 
herd i ng o n  the env i ronment, 
coord i n ated by FAO, the Wor ld  
Bank  and  U SAI D, and fi nanced by 
a n u m ber  of loans, i n c l ud i ng those 
from the Eu ropean Com m iss ion  
and the F rench  M i n i stry of 
Cooperat ion ,  attempts to add ress 
these q u est ions .  The study was 
based on the res u l ts of work carr ied 
out over the l ast 25  years . 

C I RA D  was ca l led on to contr i bute 
ear ly  i n  1 994 by exp l o r i n g  two of 
the n i ne env i ron ments where th i s  
i nteract ion  i s  cons idered t o  be 
s i gn i f icant :  pastu re l ands  and  
forests . C I RAD a l so stud ied fou r  of 
the 1 0  defi ned p rod uct ion  systems : 
two i n  h u m id trop ica l  zones (free 
range he rd i ng and m i xed herd i ng­
c ropp i n g  system) ,  two in a r id  zones 
(free range herd i ng and m ixed 
herd i ng- i r r igated c ropp i n g  system) . 

About 40 q u a l itat ive or  
q u ant i tative, phys ica l ,  b i o l og ica l  o r  
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soc ioeconom ic  var iab les were 
defi ned and ran ked accord i ng  to 
the i r  spec if ic re l at ion to herd i ng 
activit ies .  However, 
methodo log ica l  p rob lems arose 
when these were app l ied to 
the fi e lds  under  study and, 
a l though sc ient i sts have too l s  fo r 
defi n i ng ecosystems and measu r i ng  
the i r  evo l ut ion, they l ack  prec i se 
cr i te r ia  fo r assess i ng the impact of 
herd i ng act iv it ies on envi ronmenta l 
change or for ran k i ng  natu ra l and 
man-made factors . 
An ana lys i s  of herd i ng systems 
was used to defi ne the i r  posit ive 
and negative effects on natu ra l  
resou rces . We l l -managed 
herd i ng, p ract i sed a long with c rop 
prod uct ion, i m proves 
the susta i nab i l ity of the cropp ing  
systems and adds  va l ue to the  p l ant 
b iomass .  Other  factors are i nvo lved 
in envi ron mental degradat ion : 
severa l consecut ive years of 
d rought i n  a sem ia r id  zone, 
excess ive deforestat ion or 
i l l -conceived land management i n  
a h u m id o r  s ubhum id  zone.  I n  
these cases, the ro l e  of herd i ng 
becomes secondary. 

Sustainable Management of 
Forage Resou rces 
Range lands  are usua l ly  
heterogeneous  and are e ither 
overgrazed or  u nderused, 
accord i ng  to the i r  l ocation, the 
p l ant l i fe or  the season .  C I RAD 
stud ied forage resou rces and  

P U B L I CATION 

Dj ibouti's Vascular Plant Flora 
Djibouti was virtually unknown 
to botanists until 1 971 ,  and 
even today the a lbeit endanger­
ed vegetation of this region of 
Africa is not well known .  La 
f lare des p l antes vasc u l a i res de 
Dj i bout i ,  published by CIRAD 
in 1 994, fills some gaps. There 
are 783 species described in 
two volumes illustrated by 
drawings or colour photo­
graphs. The first volume sets out 
vegetation in Djibouti and 
provides species determination 
keys. The second, which is 
divided into two parts, provides 
more information about the 
plants '  taxonomy, their ecology, 
their uses, and the etymology of 
plant names.  

l ivestock graz i ng in var ious  
envi ronments, i n  o rder 
to u nderstand and remedy these 
i mbal ances . The resu lts are 
i nterest i ng not on l y  because they 
are d i rect ly  app l i cab le  
to  management of  the graz i ng 
routes but a l so because of 
the methodo log ica l  knowledge 
acq u i red . 
I n  Chad, where a p rogramme was 
conducted in assoc i at ion with 
the Farcha Laboratory fi nanced by 
the Eu ropean Comm iss ion and 
the FAC, seasona l  forage was 
co l l ected over 3 years at fou r  test 
s i tes in the Sahe l .  Ava i l ab le  forage 
was measu red 4 t i mes a year. 
I n  order to assess the y ie lds  of 
1 2  woody p l ant spec ies, a l  lometry 
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of trees and s h ru bs was refi ned o r  
adapted to g ive rat ios between 
the i r  d i mens ions  and the i r  fo l i age 
b iomass d u r i ng peak vegetation  
per iods .  Leaf grow ing  cyc les were 
a l so stud ied .  Last ly, the b iomass 
percentage access i b l e  to l ivestock 
was ca lcu l ated : th i s  i s  the rat io of 
c rown vo l u me, seen as a s imp le  
geometr i c  fo rm, to branch he ight 
and "penetrab i l i ty" . The quantity of 
woody fodder at the start of 
the d ry season was th us  ca lcu l ated 
to be 40 to 480 kg/ha ;  i ts 
access i b i l i ty was 1 5  to 3 5  kg/ha .  
Th i s  i s  scanty compared with 
fodder grasses, wh ich  produce 
between 600 and 4,000 kg/ha .  
However, a study of  feed i ng  
behaviou r  i n  domest i c  rum i nants 
showed that th i s  fo l i age b iomass 
can supp ly  u p  to 85% of 
prote i n  i ntake accord i ng to 
the type of a n i ma l ,  l ocation  and 
season .  N utr it i ona l  defic ienc ies 
were assessed and supp lement 
standards  were estab l i shed on 
the bas i s  of  these stud ies .  
In  Senegal, 1 6,000 ha  of 
Sudano-G u i nean forage resou rces 
were mapped by C I RAD and 
I SRA to a sca l e  of 1 /1 2,000 . 
The map d i sti ngu i shes cropped 
zones and 1 2  vegetat ion types, 
defi ned accord i ng  to structu ra l and 
phytosoc io log ica l  c r i te r ia .  Th i s  
map was comp i l ed us i ng  
geograph ic data software and  
shows n ight stopovers, wate r i ng  
ho les and the  routes trave l l ed by 
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l i vestock between these fixed 
po i nts . Data concern i ng bov i ne  
eati ng hab its over t ime and space 
can be compared with forage 
ava i l ab i l i ty and herd i ng customs .  
I t  i s  hoped that th i s  w i l l  he l p 
exp l a i n  the d ifferences observed i n  
y ie ld  between herds bred u nder  
apparent ly ident ica l  cond i t ions .  
L ivestock feed supp lements cou l d  
b e  fo reseen a n d  l a n d  management 
schemes d rawn u p, espec i a l l y  for 
the forests, where 40% of 
pastu r i ng  takes p l ace, and wh ich  
conta i n  about 1 0  o f  t he  major  
forage spec ies .  
I n  Z i mbabwe, stud ies a re be i ng 
carr ied out by C l  RAD, the 
Eco l e  norma le  super ieu re and 
C N RS on compet i t ion between 
bov i nes and w i l d l i fe for forage 
resou rces. The study is be i ng 
conducted on a 60,000-ha ranch  
be long ing  to  the  Agr icu ltu ra l 
Deve lopment Author i ty (ADA) . 
Methods have been devi sed to 
rap i d l y  q uant ify tree fodder based 
on s imp l e  cr i te r ia  such as 
"greenness" and to study an i ma l  
feed i ng  and roam i ng  hab its .  
The resu lts w i l l  be used to manage 
the ranch in accordance w ith 
the I ivestock's needs and 
conservat ion of  the env i ronment .  

Planning of 
the I rr igated Area of Gou ere 
Construct ion of the D i ama dam on 
the Maur i tan i an  bank of  the 
Senega l R iver has changed the 

env i ronment and, conseq uent ly, 
the l iv i ng  cond i t ions  of the l oca l  
popu l at i o n .  C roppers and herders, 
who u sed to grow r i ce and herd 
l ivestock accord i ng to the flood i n g  
a n d  ebb i n g  o f  t h e  r iver, 
now d i spute access to l and  and 
water. The nat iona l  Soc i ete 
de deve loppement ru ra l  and the 
F rench deve lopment ban k 
(Ca i sse de deve loppement) have 
asked C I RAD forestry and 
c ropp i ng-herd i ng  experts to  study 
ways of  i mprov i ng  the land 
management of th i s  1 1 ,000-ha  
a rea . 
The potent i a l s  of the a rea were 
i nventor ied and mapped on  
a 1 /5 0,000 sca l e  show ing  the  a reas 
best adapted to r i ce c ropp i ng, 
vegetab le  farm i ng, tree growi ng, 
graz i n g  l and, forests and those 
to be l eft fa l l ow. 
Tech n ica l  proposa l s  g ive pr io r ity to 
eas i l y  i rr igab le  l and  to be used for 
r i ce c ropp i ng, s i nce th i s  generates 
the most revenue .  Land wh i ch  i s  
more d iffi cu l t  to  i r r i gate wou ld  be 
g iven over to graz i n g  
(forage c ropp i ng), tree or  vegetab le  
grow ing .  The bou rgout ieres 
(graz i ng of Echinoch/oa stagnina) 
wi l l  be protected and i mproved . 
These recommendat ions  a re 
accompan ied by an extens ive 
farmer tra i n i ng programme wh i ch  
i n c l udes t he  d raw i ng u p  of 
an i rr i gation  sched u l e, l earn i n g  
the tec h n i q ues o f  forage c ropp i ng, 
the regu l at ions  govern i ng  tree 
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fa rm i ng o r  the l aws concern i ng  
t he  env i ron ment .  The  a i m  i s  
to  p rov ide each fa rmer with 
the too l s  necessary to acq u i re and 
u nderstand these new pract i ces. 

[ JVESTOCK 
RES©URCES 

ifhe herd i ng of short-cyc le  
l ivestock such  as sheep, p igs, 
goats and ch i ckens is expand i ng 
i n  cou ntr ies i n  southern Afr ica 
-and part i cu l a r ly  a round  the
towns-to keep pace with new
demands fo r a n i ma l  p rote i n  and
meet the demands of consumers
whose tastes a re evo lv i ng  as the i r
l i festy le  changes . Some of  the
prod uct ion  and market i ng  channe l s
that have spru ng u p  spontaneous ly
need to be rationa l i zed and
i m p roved .

Supplying N'Djamena with 
Dairy Products 
Research  perfo rmed by C I RAD 
i n  the  context of  a reg iona l  project 
i n  Chad, N iger and Cameroon on 
sma l l ru m i nants l ed to an i nterest 
i n  cheese prod uct ion  and m i l k  
p rod uct supp l ies to N ' Dj amena .  
A l though these conta i n  very few 
pathogen i c  m i c roorga n i sms, goat 
m i l k  cheeses prod uced on-s i te 



were of i ncons i stent qua l i ty due  
to the i n stab i l i ty o f  vat depos its, 
wh ich conta i n  the m i croorgan i sms  
that g ive cheese its taste and sme l l .  
Vast amou nts of cu rd l ed m i l k  were 
l ost because of th i s  phenomenon . 
F rench expert ise i n  cheese-mak i ng, 
adapted to the cou ntry's 
cond i t ions ,  made it poss i b l e  to 
deve lop methods for conserv i ng  
the depos i ts .  The  ent i re goat's m i l k  
cheese product ion  wi l l  be so l d  i n  
N 'Djamena, contr i but i ng to the 
resou rces of the cap ital 's per i u rban 
herders .  

In add it ion ,  b iochem ica l  markers 
ana lysed i n  var ious goat breeds i n  
the Sahe l  s howed a much h igher  
proport ion of  wi ld  a l l e les i n  the 
case i n-a l pha3 locus than i n  
F rench var iet ies .  Se lect ion of the 
l atter because of h igher m i l k  y i e l d  
he l ped erad i cate certa i n  var i ants of 
case i n-a l pha3 wh ich  contr i bute 
to m i l k  coagu l at i on .  Th i s  d i scovery 
i l l u strates the i mportance of 
b iod ivers i ty stud ies in Southern 
cou ntr ies .  

Each year Chad i mports 1 , 500 t of 
powdered m i l k, equ iva lent to 
8,000 t of reconst i tuted m i l k, 
ha l f  of wh i ch  i s  consumed i n  
N 'Djamena .  A study of 
the product ion and market i ng  of 
da i ry products a round the c i ty was 
u ndertaken to ident ify weak I i n ks 
i n  the cha i n  and re i nforce them . 

Su rveys revea led that the 1 , 300 t 
of m i l k  p roducts de l ivered 
annua l l y  to N ' Dj amena are made 
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I NTERNATIONAL MEETI NG  

Camel Mi lk  Production
The second meeting of the C/RA D coordina ting unit for camel 
breeding was held in Nouakchott (Mauritania) on 24 to 26 October 
1 994. The debates centred on milk production from large camel 
breeds (dromedaries and camels), and from breeding practices to 
da iry products .  This traditional  source of protein for herders could be 
used to meet the demands of urban popula tions in arid and semiarid 
zones, as is the case in Mauritania and Saudi Arabia, where periurban 
herding is developing. The participants also requested a survey of the 
potentia l market for their milk products. 
At  this meeting, a series of reference values for camel pituitary 
hormones (luteinizing hormone, follicle-stimula ting hormone or FSH, 
growth hormone and prolactin) were presented by C/RAO after work 
it had conducted in collabora tion with !NRA. The comparison of 
hormone levels in biologica l samples with reference values will now 
provide useful  information concerning camel reproduction and 
lacta tion.  

up of 1 ,000 t of cu rd l ed m i l k, 1 00 t 
of fresh m i l k  and 200 t of butter. 
Cows' m i l k  compr i ses 90% 
of th i s  per i u rban productio n .  

M i l k  co l l ecti ng fu nct ions 
re l at ive ly  wel l ,  even though th i s  i s  
organ ized on an i nforma l  bas i s .
The  m i l k  takes 1 or  2 days to get to
the c i ty-it is co l l ected with i n
a rad i u s  of 1 00 km-wh ich
exp l a i n s  t he  preponderance of
more stab le  cu rd led m i l k .

The supp ly  cha i n  wi l l  now be 
ana lysed from the producer to 
the consumer. 

Periu rban Goat Herding 
C I RAD i s  coord i n at i ng  a 
soc ioeconom i c  study on per i u rban 
sheep herd i ng wh ich  was l a unched 
i n  J anuary 1 994 .  The programme, 
ca l l ed "Secov i l l e" ,  i s  fi nanced by 
the Eu ropean Comm iss ion and 

br i ngs together research i n st itut ions  
from f ive Afr ican countr i es­
CI RDES i n  B u rk i na ,  I RZV i n  
Cameroon ,  l nst itut des savanes 
in Cote d ' I vo i re, the M i n i stry of 
Rura l  Deve lopment in G u i nea and 
the Ben i n  U n ive rs i ty in Togo-and 
fou r  from Eu ropean countr i es­
GTZ i n  Germany, Pr i nce Leopo ld  
U n ivers i ty i n  Be l g i um ,  C I RAD i n  
F rance and Thessa lon i ka U n ive rs i ty 
i n  G reece . 

Afr ica i s  exper ienc i ng i ncreas i n g  
u rban ization  a nd  with it, at 
the heart and on the outsk i rts of 
the c i t ies, a new and uncontro l l ed 
i ncrease i n  sheep herd i ng .  Th i s  i s  
hard l y  adapted to u rban 
env i ronmenta l and san itary 
requ i rements and w i l l  be u nab le  
to  meet the grow i ng  needs of 
an expand i ng market i n  
an ima l  p rote i n s  u n less someth i ng 
i s  done qu ick l y. 

L ivestock Product ion  and  Vete r i n a ry Med ic i ne -
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The  Secovi l le programme w i l l  
defi ne  the criter ia necessary for 
change and propose a system 
enab l i ng peri urban herders to 
conti nue  to operate i n  harmony 
wi th urban l ife and to i ncrease 
their standards of l ivi ng wh i l e 
comp ly i ng  with urban 
ant i po l l ut ion measures. Consumer 
demand and its expans ion  w i l l  be 
ana lysed by econom ic  and 
soc io log ica l  surveys, wh i l e  
l ivestock-product ion research 
shou l d  se l ect h i gh-qua l i ty and 
productive an ima l s  to  keep pace 
with r i s i ng market demand. 
The environ menta l  conseq uences 
of peri urban breed i ng  wi l l  be 
stud ied to map zones where 
it can deve lop and where it shou l d  
be  curbed. 

LIVESTOCK 
P-RODUCTION
SYS1i'EMS 

In trc>p��I cou ntries the herd i ng of 
sma l l rum i nants occup ies a very 
i mportant p l ace i n  the fam i l y  
economy. Deve lopment of 
th i s  activity is h i ndered by the poor 
health of the herds. C I RAD and 
i ts Southern partners have 
u ndertaken to study sma l l ru m i nant 
produ ct ion systems in  rea l  
s ituat ions, with a spec i a l  a i m  

to ana lyse the comp lex re l at ions  
between patho logy and 
prod uct ivity. Th i s  approach to 
a n i ma l  patho logy primari l y  
provided a techn i ca l  d i agnos i s  of 
the way the systems fu nct ion. 
Research and deve lopment then 
focused on  the most re levant 
objectives : i mprovement of 
the san i tary cond i t ions i n  
Senega l a n d  Cameroon, and 
organ izat ion of  the  i ndu stry in  
Z i m babwe. 

Fol low-up of a Herd 
in  Northern Cameroon 

In northern Cameroon, 65  herders 
were fo l l owed u p  on a l ivestock­
produ ct ion and health bas i s  by 
C I RA D  and I RZV, and the ir  
a n i m a l s  g iven tri a l  supp lements 
of cottonseed cake at the end of 
the dry season. There were 
4, 500 sheep and  4,000 goats 
among some 1 2,000 an ima l s  
observed. The data col l ected were 
processed u s i n g  C I RAD's P i kbeu 
software to defi ne the ma i n  
l ivestock-prod u ct ion parameters of 
sma l l ru m i nants. 
Sheep fi rst g ive b irth at 1 8  months, 
and goats at 1 6  months. At b i rth, 
a l amb  we ighs  2.6 kg on average, 
a k id ,  1 .8 kg. The growth of 
k ids  s l ows down cons iderab ly  after 
the 4th month, wh ich  corresponds 
to wea n i ng, w hereas l ambs seem 
not to be affected. 

Livestock Production and Veter i n ary Medic i ne -
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A Manual of 
Tropical Ecopathology 

Ecopathology was developed to 
find va lid economic solutions to 
problems arising from multi­
factor pathology in intensive 
production in industria lized 
countries. 
Today it is being applied to the 
radically different context of 
extensive herding in the hot 
regions of the world. In Ecopa­
tho l og ie  an ima le, methodolog ie, 
app l i cat ions  en m i l ieu  trop ica l ,  
CIRA D and /NRA researchers 
discuss the methods in volved in 
this research then cite studies 
conducted in Brazil, India, 
Senegal, Chad and Zimbabwe 
to describe current practices 
used in ecopathological surveys 
in tropica l countries. It is co­
published by CIRAD and /NRA 
and serves as a reference guide 
and tool for epidemiologists 
who want  to undertake eco­
pathologica l research in the 
South.  

Breeders recogn ize that cottonseed 
cake as a feed supp l ement i s  
benefi c i a l  to  their herds, bu t  when, 
in 1 994, its pr ice treb led d uri ng 
a part icu l ar ly d iffi cu l t  period, i t  
became c lear that cottonseed cake 
i s  a l uxury to be fed to nurs i ng  
mothers o r  recent ly weaned you ng, 
and that other sources of feed 
supp lement, such as fodder crops, 
had to be deve loped. 
The ma i n  cause of death among 
l ambs and k ids  i s  i nfect ious 



d i sease. Pu l monary i nfect ious  
d i seases p redom i n ate, so c l i n i ca l  
and sero l og ica l  fo l l ow-u p  was 
i n it i ated in several  herd s .  I n  
50% of fata l cases, the peste 
des pet i ts ru m i nants is assoc i ated 
with sma l l pox v i ru s .  A m ixed 
vacc i ne has been deve loped and  
tested by the Laborato i re nat iona l  
vete r i n a i re i n  Cameroon and i s  
soon t o  b e  d i st r ibuted fo r fi e l d  use .  

Goat Produ ction in 
Zimbabwe 
Most herders in r u ra l  zones of 
Z i m babwe possess goats, but 
the reve n u e  from these sma l l  
ru m i nants accou nts fo r o n l y  
1 t o  2 0 %  o f  gross agr icu l tura l  
p rod uct. Desp i te the fact that the 
p rod uction  system i s  i n c reas i ng ly  
money-based, the  goat herd 
has ma i nta i ned its trad i t iona l  soc i a l  
and cu l tura l  ro l e  i n  t h e  reg ion . 

I n  th i s  l i ght, herders a re re l u ctant  
to i n vest t ime and  money i n  
i m p rov i n g  herd p rod uct iv i ty, 
p refe r r i ng  to content themse lves 
with stab i l iz i ng herd n u m bers .  
The lack  of  any o rgan ized 
market i n g  c h a i n  w h i c h  wou l d  
perm it  them t o  recoup on  
i nvestment contr i butes to  the i r  
i nd ifference .  The absence of 
p rod u cer  to consumer  and ru ra l to 
u rban out lets is exp l a i ned by 
several  factors :  i n  th i s  ru ra l  soc iety, 
exchange takes p l ace trad i t iona l l y  
with i n  t h e  extended fam i l y ;  
peop le  l ive far apart and ,  u nt i l  

recent ly, beef p rod u ced by 
l a rge commerc i a l  fi rms was 
subs id ized by the government .  

The harsh d rought  in 1 992 ,  
wh i c h  caused the death of 80% of 
the catt le  i n  some v i l l ages, 
fo l l owed by stru ctu ra l  adj u stment 
and  the withd rawa l of beef 
s u bs i d i es,  have cons iderab l y  
a l te red t h e  economy and peop le's 
behav iou r. P rod ucers and 
consu mers a l i ke a re tak i n g  
an i nte rest i n  goat meat and ways 
of o rga n i z i ng market c h a n n e l s .  
C I RA D  and l oca l  agenc ies 
have beg u n  to i nventory and  
assess p rod uct ion potent i a l . 
P rod u ct ion  and consumer  zones 
a re be i ng defi ned,  herds a re be i n g  
i nventor ied ,  herders a re be i n g  
c l ass if ied,  a n d  l a n d  management 
schemes p roposed . Ways of 
orga n i z i n g  p rod u ct ion c h a n n e l s  
a re u nder  study w i t h  t h e  c reat ion  of 
l oca l  markets, p roduct p resentat ion  
to  m arket i ng  i ntermed ia r ies, 
tec h n i c i an  tra i n i ng,  and herder  
ed ucatio n .  

Ecopathology i n  
S m a l l  Ruminants in  Senegal 
C I RA D  and  ! S RA have been 
stu d y i n g  trad i t iona l  herd i ng of 
sma l l  ru m i nants in Senegal  fo r 
more than 1 0  years . I n d iv idua l  data 
h ave been co l l ected on some 
7,000 sheep and goats be l o n g i n g  
t o  300  herders,  a long  with 
s u p p l ementary data on  herd i ng 
p ract ices .  These d ata have been 

• 

o rgan ized , va l i d ated and 
p reprocessed u s i ng C I RAD's 
Pan u rge database, wh ich  has 
s i m p l i f ied the ca lcu l at ion of 
the m a i n  l ivestock-prod uct ion 
parameters . 
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H erd prod uct iv i ty i s  cons iderab l y  
red uced b y  l u ng d i seases . 
I m p rovements i n  the trad i t iona l  
she l ters wou ld  he lp  in  contro l l i n g  
these d i seases . 

Paras ite i nfestat ion  stud ies 
conducted over 2 years with 
I LCA revea l ed a p redom i nance of 
Haemonchus and Trychostrongylus 
strongy l s  fou n d  i n  the d i gest ive 
tract. I n d iv idua l  va l ues for 
i nfestat ion  markers-the n u m ber  
of  eggs per gram of faeces, 
hematocr i t-vary g reat ly, 
with tra n s m i ss ion  from the mother  
be i n g  part i c u l a r l y  s i gn if icant at 
the end of the ra i n y  seaso n .  
T h e  study contr i buted to 
the assessment and i m p rovement of 
paras i te i nfestat ion  measu r i n g  
methods .  I N RA and C I R D ES 
wi l l  be assoc i ated i n  a fu rther  study 
on  genet ic res i stance to 
gastro i ntest i na l  strongy l s  i n  sma l l 
ru m i n ants . 

Evolution of Production 
Systems in  the Sahel 
A compar i son of the prod uct ion 
systems i n  the Sahe l  zones over 
4 years revea l ed that the q u a l ity 
of the ra i n y  season-how much  
ra i n  and where-rema in s  

L ivestock P rod uct ion  a n d  Veter i n a ry Med ic i ne -
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N ETWORKS 

Scientific and 
Methodological Exchanges on 

Herding Systems 

A European group on herding 
systems has been set up at the 
initia tive of CIRAD and !NRA . 
It a ims to promote scientific 
and methodologica l exchanges 
between research and devel­
opment on the one hand, and 
con ventional  livestock-produc­
ers and researchers studying 
herding systems on the other. 
The in terest it has aroused has 
given birth to an  interna tional 
symposium, to be held every 
2 years in association with the 
Federation europeenne de zoo­
techn ie (FEZ). It first met in 
Toulouse, France, in 1 990, then 
in Saragossa, Spain, in 1 992 
and in Aberdeen, United King­
dom, in 1 994. The herding sys­
tems group might well be given 
permanent working group sta tus 
within FEZ in the near future.  

pr imord i a l  in  th i s  system .  In  years 
of d rought, most fam i l ies  s u rv ive 
than ks to some form of expatr i ate 
revenue .  The herds ,  wh ich  are 
dec i m ated d u r i ng the years of poor 
c ropp i ng, a re reconstructed as soon 
as p l ants g row aga i n .  

A l though a c l ass if icat ion  of 
prod u ct ion  systems estab l i s hed 
u s i n g  tec h n ica l  cr i te r ia  i s  of 
cons ide rab l e  u se to deve lopment  
project d i rectors, the fam i l y's 

nonagr i cu l tura l  activ i t ies and  
agr icu ltu ra l  pol icy measu res, 
wh ich  somet i mes l ead prod u cers 
to change strateg ies, a l so need to 
be taken i nto cons ideratio n .  

9\�QUAC U LTURE AN D 
f l S�-U NG 

ifhe t i�A ia  f igu res among 
the wor ld 's m a i n  f i shfarm i ng 
species, s i nce it i s  h i g h l y  adaptab le  
to a l l b reed i n g  systems .  As C I RA D  
seeks t o  i m prove breed i n g  of 
the spec ies ,  i t  m u st rep l y  to a n  
i nc red i b l e  var iety o f  q uest ions  
tak i n g  i nto accou nt the  d i vers i ty of 
enqu i re rs '  s i tuat ions .  

Ecology of 
F ishfarming Ponds in 
Cote d' Ivo i re 
Over the past few years i n  
Cote d ' I vo i re, f i shfarm i n g  i n  
ponds  has  deve loped ma i n l y  near  
c i t ies,  in  rehab i l i tated low lands  
c l ose to  i rr i gated c ropp i n g  a reas, 
where water, i n puts and v i ab le  
markets a re to  be  fou n d .  B ut i n  
ru ra l  zones  far from u rban markets, 
pond prod u ct iv i ty rem a i n s  l ow. 
F i s hfarmers fi nd  it d iffi c u l t  to obta i n  
s u p  p i  i e s  for ferti I i z i  ng t h e  ponds  
and feed i n g  the f i sh . Prod uct ion i s  
l i m ited by troph i c  facto rs : be low 
a certa i n  leve l ,  fe rt i l i zat ion  

L i vestock  Prod u ct io n  and Vete r i n a ry Med i c i n e  -

i s  i neffective and the growth of 
the t i l ap i a, Oreochromis n iloticus, 
ceases abru pt ly  and i nexp l i cab ly  
between 200 and 250  g, w h i c h  
decreases the i r  market va l ue .  

C I RA D  and  I D ESSA dec ided to 
study the troph ic  network of 
the ponds ,  beg i n n i ng with the i r  
phys i co-chem ica l  and b i o l og ica l  
characte r i st ics ,  i n  an attem pt to 
remove these obstac les .  About 
40 samp les were taken in  the d ry 
and ra i ny seasons .  Cond u ct iv i ty of 
the water ana lysed was l ess than 
1 00 m i c ros iemens/cm,  as  
compared with 400 to 500 i n  
the we l l  fe rt i l ized per i u rban ponds, 
and it conta i ned few n utr i t ive 
e lements ( l ess  than 0 . 5  mg/L of 
phosphate and less than 1 mg/L of 
tota l m i nera l  n i troge n ) .  Some of 
the ponds were r ich  i n  i ron-u p to 
1 3 . 7  mg/L . A l though i ron  i s  not 
b iotox i c  s i nce few ferrou s  ions  a re 
present, it can f ix certa i n  n utr ients 
and i m pede rest i tut ion of those 
conta i ned in the subso i l .  H ow 
the f i s h  u se th i s  poor env i ron ment 
has yet to be u nderstood . The a i m  
i s  to deve lop  a fi s hfarm i ng system 
need i n g  few i n puts and therefo re 
adapted to the socioeconom i c  
cond i t ions  o f  these ru ra l  zones .  

Biology of the Red Ti lapia in 
Reunion 
A programme to  encou rage 
prod uct ion of the G u e u l e  rou ge, 
a t i l ap i a  hybr id ,  was l a u nc hed by 
the Assoc i at ion  reu n io n n a i se pou r  



l e  deve loppement  de  ! 'aq uacu ltu re 
(AR DA) with su pport from 
the reg ion . O n l y  the ma le  
of th i s  spec ies  i s  econo m i ca l l y  
v iab le, a n d  a majo r  obstac l e  to 
b reed i n g  is the n ecess ity 
to fi nd  a way of b reed i n g  ma les 
without hav i n g  recou rse to art i fi c i a l  
hormones, w h i c h  a re fo rb idden . 
A R DA asked C I RA D  and I N RA 
to conduct research pr io r  
to  sett i ng  u p  p r ivate operato rs i n  
t h i s  f ie l d .  The fi rst resu l ts were 
obta i ned in 1 994 .  

H o rmone i nvers i o n  was the  fi rst 
option exp lo red i n  the search fo r 
a l l -ma le  t i l ap ia s .  The natu ra l  
hormone ident i fied in the test i c l es 
of Oreochromis niloticus, 
1 1  beta-hyd roxyan rostened ione, 
i s  equ iva l ent to the art i fi c i a l  
hormone u sua l l y  ad m i n i stered, 
1 7 a l pha-methy l testosterone .  
Ad m i n i stered to G u e u l e  rouge fry 
as a 50 mg/g dose of feed over 
a per iod of 2 8  days, th i s  res u l ted 
i n  an  a l l -ma le  popu l at ion . 
The treatment  costs 4 cent i mes 
per fry, w h i c h  i s  neg l i g i b l e  
com pared w i t h  t h e  s a l e  pr ice of 
the f i sh  (4 7 francs/kg, or 1 4  francs  
for a 300-g fi s h ) .  

T h e  second study opt ion was 
to i nvesti gate the i nfl uence of 
env i ronmenta l facto rs on 
sex determ i n i s m .  Temperatu re, 
for examp le, i nf l u ences sexua l  
d ifferent i ation  of  the red t i l ap ia .  
Th i s  i s  the  fi rst t ime  such  
a mechan i s m  has  been 

I NTERNATIONAL MEETI NG 

Farming S i luroid Fish 
Almost 1 50 scientists from all 
over the world attended "Basil 
94 11

1 the first international 
workshop on the biological 
bases of siluroid fishfarming, 
held in Montpel/ier in May, 
1 994. It was organized by 
GAMET (Groupe aquaculture 
continentale mediterraneenne et 
tropicale), which brings together 
researchers from CEMAGREFF, 
CIRAD and ORSTOM, and thus 
provides an overview of knowl­
edge concerning the biology of 
the catfish, its breeding systems, 
processing and marketing. The 
250, 000 t of catfish produced 
every year represent only 3 %  
o f  world fish production. But
in Thailand the recent and
spectacular increase in catfish
production and the economic
importance of this industry in
the USA indicate that catfish
farming has a promising future,
provided that the species used
are chosen to meet consumer
demands. 

observed i n  a t i l ap i a  hybr id ,  
and opens  the way to the 
poss i b i l i ty of p rod u c i ng monosex 
ma le  pop u l at ions  without 
damage to h u man health or  
the env i ron ment .  

Genet ic  man i p u l at ion a l so a i m s  
to obta i n  p rogen itors p rod u c i n g  
a l l -ma le  p rogeny. A study of 
genetic sex d eterm i n i sm 
was a prel i m i na ry necess ity. 

11111 
7 1  

I t  has been p roved by the ana lys i s  
o f  m itochond r ia l  D N A  
polymorp h i s m  that t h e  G u e u l e  
rouge i s  a hybr id  p rod uced from 
n u merous  and success ive 
c ross i ngs of fou r  t i l a p i a  spec ies : 
Oreochromis niloticus, 
0. mossambicus, 0. hornorum
and 0. aureus. The fou r  types of
sex rat io observed i n
the 3 9  hatc h i ngs obta i ned from
c ross i n g  6 m a l es and  2 2  fema les
chosen accord i n g  to the i r  co l o u r
phenotype seem t o  show that
a l l  the sex ch romosomes of
the fou r  spec ies h ave been
reta i ned . In the two m a l e
genotypes ident if ied,  Y Z  and ZX,
the presence of Y and Z
c h romosomes suggests that genet i c
c rosses shou l d  make i t  poss i b l e  to
obta i n  YY or ZZ p roge n itors,
p rod u c i n g  a l l -ma le  p rogeny.

tl NFECTIOUS AN D 
PARASIT IC DISEASES 

i vest;fk1 d i seases, whether of 
i nfect ious  or paras i t ic  or ig i n ,  a re 
sti l l  the m a i n  obstac les  to the 
deve lopment of l ivestock herd i ng 
i n  the trop ics .  N u merous partners 
from the North and South h ave 
been asked by C I RA D  to cooperate 
whenever poss i b l e  i n  the work i t  
car r ies  out .  

L i vesto c k  P rod u ct i o n  and Veter i n a ry Med i c i ne -
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Epidemiology of 
Rinderpest and Peste 
des Petits Ruminants 
After 1 0 years of research ,  
vete r i na ry doctors now h ave at 
the i r  d i sposa l severa l vacc i nes 
and d i agnost ic  tests for r i nde rpest 
and peste des pet its ru m i nants . 
A test i s  st i l l  u nder  t r ia l  at 
the C I RA D  l aboratory of trop ica l  
an i m a l  patho logy. I t  i s  a two-step 
com pet i t ive EL I SA w h i c h  can 
detect and  d i fferenti ate between 
the ant i bod ies prod uced aga i n st 
r i nde rpest and the peste des petits 
ru m i na nts, in the same sam p l e .  
The p resence i n  catt le  o f  t h e  peste 
des petits ru m i nants v i rus  i nd u ces 
an asym ptomat ic  i m m u ne react ion 
wh ich  p rotects the catt le  from 
r i nderpest. T h i s  test wou l d  p rov ide  
a more p rec i se assessment of  the  
eff icacy of vacc i n at ion  campa igns  
aga i n st r i nde rpest. 

Now that the means of f ight i ng  
these two d i seases h ave been 
deve l oped, sc ient i sts a re study i ng  
the i r  ep idem io logy to  determ i n e  
the i r  o r i g i n s .  S u c h  a p rogram me, 
fi nanced by the E u ropean 
Com m i ss ion ,  was l a u nched i n  
1 994 . C I RAD,  a s  project 
coord i n ato r, has been j o i ned by 
f ive othe r  research i n st i tutes : i n  
the South,  the Laborato i re n at iona l  
d 'appu i au  deve loppement agr ico l e  
i n  Cote d ' I vo i re, t h e  vete r i n ary 
serv i ces of G u i nee- B i ssau ,  
the I nd ian  I n st itute of  Sc ience i n  
I nd ia ;  i n  the North,  

the P i rbr ight  l aboratory i n  
the U n ited K i ngdom and L i sbon 
U n ivers i ty in Portuga l . I t  a i m s  to 
co l l ate data on the gene sequences 
in the d ifferent stra i n s  of the 
two d i seases col l ected in the f ie l d .  
Th i s  d ata bank  wou l d  serve 
to ident i fy any v i ru s  d i scovered i n  
an ep idem i c .  Wi l d l i fe w i l l  a l so be 
stud ied to determ i n e  whethe r  
they a re host to the  peste 
des petits ru m i nants v i r u s .  

P re l i m i na ry resu lts h ave shown 
that the peste des petits ru m i nants 
v i rus  i s  not a lways the same.  
A v i rus  taken from As i a n  sam p l es 
was i so lated by C I RA D .  Ana lys i s  
by PCR (po lymerase c ha i n  
react iGn )  and gene seq ue n c i n g  of 
one  of the p rote i n s  showed that 
it was d i fferent from Afr ican  or  
Midd le  Eastern stra i n s .  

Control of  Mycoplasmoses 
A method has been deve l oped for 
se lecti ng  monoc lona l  ant i bod ies 
d i rected aga i n st mycop lasma 
ant ige n s .  T h i s  has  led to  a study of 
the spec if ic i ty of monoc l o n a l  
ant i bod ies  d i rected aga i n st 
Mycoplasma capricolum s u bsp .  
capripneumoniae (Mcc F3 8) ,  
the agent  respons ib l e  fo r 
contag ious  capr i ne  
p l e u ropneumon ia ,  former ly  known 
as Mycoplasma sp .  type F 3 8 .  

One o f  these ant i bod ies i s  u sed 
in a b lock i ng  EL I SA test, 
w h i c h  p resents many advantages 
compared with the cu rrent 
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reference test, i . e .  the com p l ement 
f ixat ion  react ion . The test i s  very 
spec if ic  as there i s  no c ross 
react ion  with ant i bod ies d i rected 
aga i n st mycop l asmas very s i m i l a r  
to  Mcc F 3 8, but wh ich  i nd u ce other  
d i seases . I t  i s  a l so more sen s i t ive .  
More p rec ise data concern i n g  
t h e  spread o f  t h e  d i sease a n d  i ts 
econom i c  repercuss ions  can now 
be co l l ected . 

Last ly, several  Mcc F 3 8  genes have 
been seq uenced and po lymerase 
cha i n  react ions  spec if ic  to th i s  
mycop lasma have been obta i ned . 
Th i s  leads the way to gene 
express ion  in  vectors and 
prod uct io n  of l a rge q u a nt i t ies  of 
the ant igen  for vacc i nes . 
The seq uenc i ng  of genes w h i c h  
apparent ly  vary from one  stra i n  to 
another  m ight be the o r i g i n  of 
mo lec u l a r ep idem io logy of 
mycop l asmas of the mycoides 
gro u p .  A l l  the spec ies i n  
th i s  g ro u p  are pathoge n i c  i n  
ru m i nants . 

Contag i o u s  bov ine  
p leu ropneu mon ia, a pu l monary 
and p leu ra l  i nfect ion ,  i s  one  of 
the most ser ious  d i seases cau sed 
by bacte r i a  in th i s  g ro u p .  
I n  October  1 994, a n e w  project, 
fi nanced by the Eu ropean 
Com m iss ion ,  was begu n 
to carry out  research on  th i s  
mycop l asmos i s .  I t  i s  p i l oted 
by CI RAD i n  co l l aborat ion  with 
nati ona l  vete r i nary laborator ies  i n  
Cameroon ,  Eth iop ia ,  
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Rapid Diagnosis of 
Mycoplasmosis 

A training course into methods 
for rapidly diagnosing myco­
plasmoses in ruminants was 
organ ized at  Maisons-A lfort 
from 1 7  to 25 November by 
Pathotrop, the tropical an imal 
pathology labora tory of CIRAD, 
with support from FAO. Eight 
researchers from Africa and the 
Middle East were introduced to 
molecular  biology techn iques: 
ONA amplification in vitro by 
polymerase cha in reaction and 
use of monoclonal antibodies. 

Kenya, N a m i b i a, Uganda, 
Portuga l ,  the u n ivers it ies of M u n ich
(Germany) ,  Ren nes ( F rance),
U ppsa l a  (Sweden) ,  and 
the Zooprophy lacti c  I n st itute of
Teramo ( I ta l y) .
One of the a i m s  of the project i s
to deve lop  a vacc i ne  to protect
bov i nes fo r l onger than today's
vacc i ne, whose efficacy wanes 
after 1 8  months .  The new vacc i ne 
wou ld  use a part of the membrane
i n stead of the who le  bacter ia .
To ass i st i n  i ts deve lopment, 
the i m m u n e  react ion in the catt le
wi l l  a l so be stud ied to determ i ne
whether th i s  i s  h u moral  
(produ c i n g  ant i bod ies wh ich  
neutra l ize the  ant igen)  or  ce l l u l a r
(d i rect ly  attack i ng  the  ant igen  v i a
the lymphocytes) . Th i s  project
wi l l  enab le  C I RAD to assess 
its d i agnost i c  techn i ques on a l a rge
scale in the fi e l d .

T rypanosomiasi s :  
a New Channel to  Explore

C I RAD i s  co l l aborati ng with 
C I RDES ( B u rk i n a) and I LR I  (Kenya)
in research on trypanosom ias i s
and i ts vectors . I n  1 994, 
researchers identif ied a proteo lyt ic
enzyme in  Trypanosoma 
congolense wh ich  m ight be 
respons i b l e  for certa i n  pathogen i c
mechan i sms .  Trypanoto l erant
Afr ican catt le  have a stronger 
i m m u ne response to th i s  enzyme 
than sens i t ive bov i nes .  Produ ct ion
of  recomb i nant  fragments of  th i s
enzyme by genet ic man i pu l at ion 
cou l d  contr i bute to the contro l of
th i s  d i sease. I t  wou ld  be 
an i nterest i ng  channe l  to exp lo re 
i n  the absence of any convent iona l
vacc i ne  aga i n st trypanosom ias i s .

THESES COMPLETED I N  1 994 

C I RAD Sc ient ists
Les pneumopath ies des petits ruminants 
au Senegal : etude sero-epidemiologique et
biogeographique [ Pneu mopatho l ogy in sma l l
ru m i nants i n  Senega l : sero-ep idem io l og i ca l
and  biogeograph ica l  study] by  Den i se Lefevre­
Desoutter, U n ivers ite Paris X I I .

La pleuropneumonie contagieuse caprine :
de !'observation cl in ique a la mise au point de
techniques de diagnostic [Contag ious capr ine
p leuropneumon ia, from c l i n i ca l  observat ion to
deve lopment  of d i agnost ic  tec h n i q ues ]  by
Fran�ois Th iaucourt, U n ivers ite Par is X I I .

• 
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C I RAD Tra i nees
La lutte contre la  peste bov ine en Cote 
d ' I voire : couts et benefices des campagnes
de prophylaxie ; problemes poses pour son
eradication [The contro l  of r inderpest i n  Cote
d' Ivo i re :  costs and benefits of the prophy lax i s
campa i g n ;  p rob l ems  encou ntered i n  i t s
erad icat ion ]  by Emman ue l  Couacy-Hymann
(Cote d ' Ivo i re), U n ivers i te Par is X I I .

Contribution a l 'etude de s  t iques (Acarina,
lxodoidea) et des hematoparasites du beta i l  
au  Senegal [Contr i but ion to  the  study of t i cks
(Acarina, lxodoidea) and  hemoparas i tes i n
Senegal ese l ivestock] b y  Arona Gueye (Sene­
gal ) ,  U n ivers ite Par is X I .

Recherche d e  polymorphisme genetique chez 
les capr ins  : appl ication a l 'etude de la
diversite des populations, au controle de fi l ia­
t ion et a la resistance genetique a la cow­
driose [Stud ies on  genet ic po lymorph i sm i n
goats : app l icat ion t o  the study o f  pop u l at ion
d ivers i f icat ion ,  b reed i n g  control  and  genet ic
res i stance to cowd r io s i s ] by Lau rent Pep i n
(F rance), U n ivers ite Par is X I .

L ivestock  Prod u ct io n  and  Veter i na ry Med i c i ne-
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I
n 7 994, fo llowing a period of in ternationa l  en vironmenta l  a wa re­
ness, h ighligh ted by the Ea rth Summit (Rio de Janeiro, 7 992) and 
crea tion of the Cen ter for In ternationa l  Forestry Research (CIFOR), 

discussions and planning focused closely on specific means of implemen­
ting the proposed guidelines. Susta inable forest management was in the 
forefront of these debates that  touched on a wide range of topics. 

A legisla tive in itia tive on forests is a lso in prepara tion following a Euro­
pean Parliament study on developing a global community stra tegy in the 
forestry sector. 
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There is a common will to move from politica l th inking to actual project 
proposa ls .  Thus certa in ideas have to be fully defined. It was suggested, 
after some Northern countries voiced their intention to boycott tropica l 
woods, that  wood sourcing from we/I-managed forests should be given an 
ecolabel. Th is was developed further by the ecocertifica tion concept, 
wh ich would be used to address the problem of the qua lity of forest 
management. New in tegra ted forestry management programmes have 
been launched in western and centra l Africa . Th is is evidence of a vita l 
movement to develop we/I-adapted management techniques for susta in­
able tropica l forest management through collabora tive involvement of 
ministries, users and research scientists. 
C/RAO-Foret is more than  ever dedica ted to conducting scien tific 
research to fuel the debate on the future of tropical forests. This objective 
was again pursued th is year through studies on na tura l forests and silvi­
culture, in dry and wet regions of Africa, Asia and America, and by 
analysing the socioeconomic conditions required for ra tional use of ra in 
forests. 
A regional project to promote the efficient application of research findings 
to forest ecosystems in humid parts of Africa was prepared in 7 994. This 
will provide an opportun ity,. in 7 995, to review the research results on 
natura l  forests and silviculture. New susta ined forest management propos­
als based on the technica l outcome of these projects will thus be possible. 
Also in 7 994, the Department's research programme on wood was moved 
to Montpel/ier, thus paving the way to new cooperative activities. 

;·� Altgpugh n atu ra l  fo rests a re v i ta l  
for the eco l og i ca l  ba lance i n  
trop ica l  cou ntr i es and over 
the ent i re g l obe the management of 
these resou rces can be effect ive 
on l y  through i nvo lvement of a l l
peop le  concerned, p rov i d i n g
for the i r  needs a n d  with the i r
part i c i patio n .

Fo restry -

Rain  Forest Management 
At the outset of the 1 9 80s, there 
were sti l l  more than 1 m i l l io n  h a  of 
dense ra i n  forests i n  southern  
G u i nea .  By the most opt i m i st i c  
est i mates, on ly  600,000 h a  were 
left by 1 98 9 .  The two l a rgest 
reserved forests of Z iama 
( 1 00,000 h a) and D iecke 
(60,000 h a) sti l l  have p r imary 
stands  w ith an except iona l  
b iod ivers i ty of  western Afr i can  
f lora and  fau n a .  
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The u rgent need to q u i ck ly  ha l t  
deforestat ion  and protect th i s  forest 
her itage prom pted the Wor ld  Bank  
and  the German Kred itansta l t  fu r 
Wiederaufbau (KfW) to j o i nt ly  fu nd  
a forestry resou rces management 
project (Progerfor) for these two 
forests . Th i s  p roject, cond ucted 
from 1 990 to 1 994, was fou nded by 
C IRAD and Deutsch Forst Consu lt  
(DFC) in  conj u nction  with the 
Gu inean forestry adm i n i strat ion . I t  
wi l l  be i m p lemented in 1 99 5  with i n  
the framework of a genera l  G u i nean 
natu ral resou rces management 
project. 

Accord i n g  to the management 
object ives, the d ifferent parts of  the 
forests were c l ass if i ed u nder  th ree 
d ifferent categor ies : tota l l y  
protected zones ( 3 6 %  o f  the 
forested area at  Z iama, 25% at 
D iecke) ; su sta i nab le  use  zones,  i .e .  
l i m ited areas ut i l ized by nearby 
vi l l ages (4 1 % at Z iama, 3 3 %  at 
D iecke) ; and i m p rovement zones 
to re-estab l i s h  the resou rce (2 3 %  at 
Z iama, 42% at D i ec ke) . F rom 1 99 1  
to 1 994, more than 1 ,000 h a  were 
reforested with severa l  d i fferent 
spec ies, i n c l ud i ng Terminalia
superba, T. ivorensis and Cedrela
odorata . 

The vital  needs and i nterests of 
loca l i n hab itants are a cr i t ica l  
parameter of  th i s  p roject. For  
i n stance, in  the s u sta i nab le  u se 
zones, the i n hab itants of nearby 
v i l lages h ave certa i n  u sers '  r i ghts 
such as ha rvest i ng  fru i t  and other  

nonwood p rod u cts, r ice  c ropp i n g  
i n  t h e  l owl ands  a n d  h u nt i ng .  I n  
add it ion ,  l oca l  l abou r i s  u sed for 
the reforestat ion  work, and  it i s  
esti mated that one  permanent 
a n n u a l  job  pos i t ion  i s  c reated for 
every 2 h a  p l a nted . Loca l 
i n hab itants a re i nc l uded i n  futu re 
forest management p l ans ,  to s u rvey 
the i r  own fo rest her i tage and d raw 
benefits from th i s  resou rce .  

Natural Forest Use and 
Conservation 
The Centra l  Afr ican  Repu b l i c  i s  one 
of the s ix  cou ntr ies i nvolved in  the 
p rogramme for the conservat ion  
and w i se u se of forest ecosystems 
i n  centra l Afr ica  ( Ecofac) ,  wh ich  i s  
fu nded b y  t h e  Eu ropean 
Com m is s ion . In that cou ntry, 
C I RA D  i s  cond u ct i ng  a p roject i n  
the 60,000 h a  N ' Gotto forest 
i n  the southern part of the cou ntry. 
Part of the forest is tota l l y  
p rotected,  another  i s  set as ide  fo r 
agr icu l tura l  deve l opment, and  
another  (3 0,000 h a) i s  the s i te of 
a p i l ot forest management p roject. 

The p rocess i n g  of i n ventory d ata 
and remote sen s i n g  h ave been ab le  
to  q u a nt ify and loca l ize exp l o itab l e  
species-name ly  sape l e  
( Entandrophragma cylindricum) . 
Stand  dynam i cs h ave a l so been 
stud ied i n  an  exper i menta l p l ot that 
was set u p  i n  1 982 i n  the n atu ra l  
fo rest of M ' B a i k i . The resu l ts were 
u sed to d raw u p, for the fi rst t ime, a 
fo rest-u se p l a n  correspond i n g  to 

I NTERNATIONAL MEETI NG 

I nternational Workshop on 
Sandalwood 

77  

There is renewed interest in the 
aromatic wood of the rare san­
dalwood (Santa l u m  sp.) tree. An
international workshop, organ­
ized by CIRAD and the South 
Pacific Forest Development 
Programme (SPFDP) and funded 
by many sponsors, was held in 
New Caledonia from 1 to 1 1  
August 1 994. It brought together 
specialists from the entire Pacific 
region . The focus of this work­
shop was both scientific and 
practical, with foresters from six 
countries pooling their knowl­
edge for informative exchanges 
in the fields of biology, propaga­
tion, silvicultura l techniques and 
sandalwood uses. Cooperation 
between the regional countries 
was organ ized under the · aegis 
of the forestry devel.opment 
programme of the · United
Nations Development Pro­
gramme (UNDP). These meet­
ings provided a dynamic new 
outlook for traditional sandal­
wood plantation owners and 
the forestry service of New 
Caledonia .  

the  spec if ic  output of  th i s  forest; 
th i s  w i l l  e n s u re the susta i n ab i l i ty of 
the exp l o ited spec ies .  

S u sta i nab le  u se of  th i s  forest i s  
based on  two m a i n  options, 
a 40-year wait i ng per iod between 
each l ogg i ng,  and mod if ied 
cond i t ions  fo r obta i n i ng a logg i n g  
l i cence .  The l atter was former ly  
granted for the I i feti me of the 

F orestry-
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l ogg i n g  company, whereas now the 
company wi l l  be i n i t i a l l y  a l l owed 
to l og the forest for o n l y  5 years 
and then ,  i f  the com pany has fu l l y 
comp l ied with the regu l at ions ,  
the l i cence can be renewed . 

The Vegetation of 
Sudanian Africa 
With the i m pover i sh ment  of 
vegetat ion  i n  the Sahe l ,  loca l  
i n hab i ta nts wi l l  l i ke l y  be 
i nc reas i ng ly  ob l iged to obta i n  from 
the Sudan ian  zone rep l acement 
resou rces, e .g .  wood and  other  
p rod u cts such  as fodder  and 
m ed i c i n a l  p l ants .  H owever, l i tt l e  i s  
known about Sudan i a n  vegetat ion . 

The  woody p lants of Ma l i were 
i n ventor ied from 1 985  to 1 99 1 . 
A d eta i led study of the Man d i ngo 
mou nta i ns ,  cons idered as 
a representative sam p l e, was 
u ndertaken ;  th i s  res u l ted in the fi rst 
taxonom i c  and popu l at ion  
dynam i cs desc r ipt ion  of  Sudan ian  
vegetat ion . I t  was fou nd that th ree 
m a i n  taxonom ic  orders make u p  
9 5 %  o f  t h e  vegetat ion : one  order 
with Combretum glutinosum ( i ndex 
spec ies ) ,  c l i matic c l i max from "d ry" 
env i ronments; and two orders from 
re l at ive l y  h u m i d  env i ron ments . 

A popu l at ion  dynam ics  ana lys i s  of 
th i s  vegetat ion revea led a c l ear  
regress ion  due  to the com b i ned 
effects of recent d rought, h u man 
p ressu re and l ivestock graz i ng .  The 
or ig i na l  vegetat ion  i s  d i sappear i ng  

Forestry -

com p l ete ly  i n  the northernmost 
areas . On the other  hand ,  
the s i tuat ion  i s  not  as ser ious  
fu rther  south s i nce there a re sti l l  
suffi c i ent water supp l ies ,  
but  the outm igrat ion  of northern 
peop le  i s  ser ious ly  upsett i n g  
the n atu ra l  ba lance there .  

. � ,. 
Tne,jn!ernat iona l  com m u n ity's 
i n s i stency on env i ron mental  
p rotection  has shed fresh l i ght  on 
the i m portance of fo rest 
p l antat ions ,  wh ich  are be i ng 
tapped to an i nc reas i ng extent to 
meet su bstant ia l  wor ldwide needs 
for wood . A l l act iv i t ies assoc i ated 
with these p l antat ions  h ave th us  
been poo l ed i nto a s i ng le  
programme.  The  i m p rovement of 
some tree spec ies is one  i m portant 
research focus  of th i s  p rogramme.  
The fo l low i ng th ree exam p l es 
h igh l ight  how the p rogramme 
add resses a wide ran ge of  d ifferent 
s i tuat ions ,  from v i l l age to i nd u st r ia l  
p l a ntat ions ,  and from q u ick­
grow i n g  to t imber  spec ies .  

Forest Tree Seed for 
Malagasy Farmers 
In Madagascar, the c i ty of 
Antananar ivo a lone  consu mes 

1 m i l l i on  m 3 of wood year ly, 
eq u iva lent  to the prod u ct ion  of 
an  80,000 ha p lanted forest . 
Sma l l ho lders prov ide  m u c h  of th i s  
p rod u ct ion  from wooded p l ots of 
less  than 1 ha .  There is a 
cons i derab le  need fo r i m p roved 
p l ant  mater ia l . I m proved var iet ies 
can be d i st r ibuted on  a l a rge-sca l e  
t o  ru ra l  com m u n i t ies o n l y  as forest 
tree seed . 

A n at iona l  programme was 
l au nched in 1 993  by C I RA D  and 
the Centre nationa l  de  l a  recherche 
app l i q u ee au deve l oppement ru ral  
( FOF I FA) . T h i s  programme is 
fu nded by the Eu ropean 
Deve lopment F u n d  ( E D F) ,  to c reate 
seed orcha rds,  th us  p romot i ng  the 
futu re of fo restry in Madagascar. 
O rcha rds  are set u p  at two sepa rate 
s i tes i n  each of the fou r  c l i mat ic  
zones of the cou ntry. Twenty-s ix  
o rcha rd s, correspond i n g  to ha l f  
the n u m ber  p lan ned by 
the p rogramme, h ad th u s  been 
c reated by l ate 1 994 (capab le  of 
p rod u c i n g  enough seed to 
p l ant 5 0,000 ha/a n n u m ) ;  seed 
h arvests w i l l  beg i n  in 1 99 7 .  
Twenty d ifferent spec i es were 
c hosen ,  m a i n l y  euca lyptus and 
acac i a  spec ies, based on  research 
co l l ected over the past 20 years . 
Fast-growi ng, m u lt i pu rpose spec ies 
capab le  of adapt i ng  to a var iety of 
env i ron ments were favo u red . For 
each spec ies, trees from many 
d i fferent  or ig i ns  were p l anted at 
h i gh dens i t ies, fo l l owed by 



PRODUCTS FOR D EVELOPMENT 

Cloning Teak 
Teak, Tecton a  gran d i s, is a forest species which produces a precious 
wood tha t  is widely used in furniture and boat building. Teak from 
natural forests is often of poor market quality, and there are only about 
2-3 million ha of teak planta tions worldwide. The market demand,
which is around 3 . 5  million m3/annum, is still far from being met.
Many h igh-quality teak saplings are thus required for reforesta tion and
planta tion development.
Teak stands usually conta in very few perfect trees, which means tha t  
many traits have to b e  taken into consideration for genetic improve­
ment. Vegetative propagation of the best trees is therefore a good stra­
tegy. However, until now this techn ique has been h indered by the 
problem of rejuvenating teak cuttings sufficiently to assure normal 
growth. 
In Malaysia, C/RAD1 in collabora tion with lnnoprise Corporation, has 
just perfected a clonal  propagation techn ique to produce reju venated 
cuttings. The teak resource is being "tapped" by cutting pieces of 
branches from selected teak trees and forcing them in a nursery until 
shoots are produced. These shoots a re taken as cuttings (parent stock), 
which in turn produce suckers for further cuttings. Rejuvena ted cut­
tings are thus obta ined after the second propagation by the parent 
stock management techn ique. There is an  80% success ra te under 
semi-industria l conditions, indicating a promising future for teak 
clonal planta tions. 

an i nten s ive se l ect ion  p rocess 
i nvo l v i n g  success ive th i n n i ng .  
The idea l  tra i ts were cons idered 
to be h a rd i ness,  p l asti c i ty, ear ly  
growth and  v igou r. 

Th i s  p rogramme w i l l  h e l p  i n  
meet i ng  the wood n eeds of a fast­
grow i n g  popu l at ion  and  i m p rove 
the standard of l iv i n g  of 
sma l l ho l de rs and  traders i nvo l ved 
i n  the wood sector. 

Faci l itating Control led 
Eucalyptus Pol l ination 
A euca lyptus  mother  tree i s  a lways 
recogn ized s i nce i t  bears 
the seeds that are co l l ected,  but  the 

pate rna l  parent  is more d i ffi c u l t  to 
determ i ne .  I n  genet ic i m p rovement  
p rogram mes, contro l l ed po l l i nat ion  
can be u sed to  c reate fam i l ies  i n  
w h i c h  a l l  of the mem bers h ave 
the same parents .  Moreover, by the 
same tec h n i q u e, facto rs respons i b l e  
for var i ance i n  tree popu l at ions  
can be i n vesti gated to  opti m ize 
se lection  p rogrammes .  In  F rench 
G u i a n a, stud ies  a re u nder  way 
to i m p rove contro l l ed pol l i n at ion  
tec h n i q ues that were deve l oped 
about 20  years ago and u sed on 
a l a rge sca l e  s i nce then . There a re 
two e lements that com p l i cate 
and  s l ow down the work of 
the po l l i nato r, i . e .  the p rob lem of 
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reac h i ng the flowers in the mother  
trees and  i r regu l a r  f lower i ng .  

Many rep l i cat ions  of  the  same 
genotype can be obta i ned by 
g raft i ng  branches from se lected 
parent  trees . A g raft i ng  tech n ique  
was  perfected for Eucalyptus 
urophylla, E. grandis and f. pel/ita . 
About 1 , 600 g rafts_ from 
94 d ifferent c lones were thus  
performed w i th  a h igh success rate 
(60-70%) . A tec h n ique  was a l so 
deve loped to espa l i e r  g rafted trees 
so that the flowers are with i n  reach 
of the operato r. Out  of 
the 800 trees g rafted and tra i ned 
on espa l i e rs in 1 99 3  and 1 994, 
27% had a l ready flowered with i n  
1 -2 years .  B y  th i s  d u a l  graft i ng  and 
tra i n i ng tec h n i q ue, seed orchards 
were c reated with ear ly, abu ndant 
and  access i b l e  f lower i ng .  
Exper iments u s i ng growth 
retardants were carr ied out to 
fu rther  i m p rove f lower i ng  ear l i ness 
and abu ndance .  The tec h n iques 
were a l so u sed for p rod u c i ng 
art i f i c i a l  hybr ids, the fi rst of wh ich  
w i l l  be p l a nted i n  F rench  G u iana  
i n  1 99 5 ,  and others w i l l  soon  be 
i ntrod uced i n  the Congo.  

The Agroforestry p rogramme is  
stru'ctu red aro u n d  th ree m a i n  
top ic s :  u pg rad i n g  o f  agr icu l tura l  

Fo restry -



• 
80 

so i l  fe rt i l i ty th rough i m p roved 
fa l l ow i ng ;  permanent tree/c rop 
assoc i at ions ;  and the u se of trees i n  
l and  management schemes .  
C I RAD- Foret projects to rec l a i m  
degraded l a n d s  are p resented here 
to h i g h l ight  the overa l l 
i nvo l vement of the p rogramme i n  
the env i ron menta l p rotect ion  of 
i n hab i ted areas . 

Smal l Forests and Farming 
Communities in  Gu inea 
Fouta Dja l o n  i s  a reg ion  i n  
northern G u i nea with marked 
topography. On the southern s ide, 
there a re 1 9  smal I forest reserves i n  
wh i c h  loca l  i n hab itants h ave made 
c l ea r i ngs for cu l t ivat ion  and  
l ivestock farm i ng .  G u i nean offi c i a l s  
a i m  t o  rec l a i m  and p rotect these 
fo rests wh i l e  add ress i ng the needs 
of peop le  from the loca l  v i l l ages . 
About  5 5 , 000 ha  are to be 
p reserved, a th i rd be i n g  forestry 
stands  and  the rest sava n n a  and 
fa l l ow l a n d .  

Convent iona l  forest management 
wou l d  p robab ly  be i nappropr iate 
i n  th i s  case because of the h u m a n  
facto r and  t h e  l i m ited resou rces of 
the G u i nean forestry serv ice .  
C l  RAD-Foret (p roject coord i n ator), 
backed by the F rench  Fonds  d 'a ide 
et  de cooperat ion ( FAC), has th u s  
come u p  with a p lan  to add ress th i s  
spec i f ic  s i tu at ion . 

For  each forest, a vegetat ion  map 
was d rawn u p  from aer i a l  
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photographs  and f ie ld  chec ks, as 
we l l  as a map of h u m a n  act iv i t ies 
such  as c ropp i ng, I ivestock graz i ng, 
b u rn i ng,  gather i ng  of fue lwood and 
other  p rod ucts, and h u nt i ng .  
Ana lys i s  o f  these two s u per i m posed 
maps and  fo resters' d i scus s ions  
w i th  loca l  i n hab i tants he l ped i n  
defi n i ng the  type of  i nte rvent ions  
req u i red to  protect the forests and 
regenerate the degraded a reas . 
An operationa l  p l an  was sketched 
out for each forest. U sers'  r i ghts are 
c l ear ly  set out i n  th i s  p l a n : food 
c ropp i ng in the lowlands ;  l ivestock 
graz i n g  in accordance with  
regu l at ions  des igned to p romote 
fo rest regenerat ion ;  and  gather i ng 
of var ious  prod ucts . The forest 
bou ndar ies were a l so reset i n  
agreement with the loca l  v i l l ages . 
F u rther  s i l v i cu ltu ral  act iv i t ies  a re 
a l so p l a n ned for some of the 
forests . 

The i n hab itants were i n stru menta l  
i n  d raw i n g  u p  these p l a n s  and  th us  
v iew the objectives q u i te pos i t ive ly. 
The method adopted i n  the p resent 
p roject, wh ich  the forestry serv ices 
were tra i ned to i m p l ement, cou ld  
be  u sed i n  other  reg ions  where 
farm i n g  com m u n it ies h ave a strong 
i m pact on  forests . 

T reed Pastu re 
for L ivestock 
Some 1 20,000 catt le  and deer are 
be i n g  ra i sed on about 1 , 000 l a rge 
ranches  a long  the west coast of 
New Ca ledo n i a .  They feed on  

grasses and two spec ies of  s h r u bs, 
Leucaena sp. and Acacia 
farnesiana, i n  natu ra l  and  a rt i f i c i a l  
range lands .  However, t he  fi rst of 
these species is heav i l y  i nfested 
with psyl l id s  and the l atter 
i s  very thorny. Feed shortages are 
common d u r i n g  per iods  of 
d rought .  

S h r u b  spec ies with h i g h  forage 
prod u ct iv i ty, pa l atab i l i ty and  
env i ron menta l  adaptab i l ity were 
assessed j o i nt ly  by C I RAD-Foret 
and C I RAD-EMVT i n  m u lt i l ocat ion 
t r i a l s, and  tested with I i vestock 
herders .  Two legu m i no u s  spec ies 
that can grow as h igh  as 2 m with i n  
2 years are of part i c u l a r i nte rest : 
Acacia ampliceps produces 2 t/ha 
d ry matter over th i s  per iod and 
adapts we l l  to  the d r i est areas; 
Cal/iandra ca lothyrsus prod u ces 
5 t/ha d ry matter in a reas 
where p rec i p itat ion is above 
1 ,000 m m/a n n u m .  

These spec ies, i n  add it ion  to 
the i r  forage potent i a l  (of part i c u l a r  
i nterest for deer wh ich  req u i re 
woody fi b re i n  the i r  d i et) , w i l l  be 
u sefu I for eros ion contro l .  

Restoration of Min ing S ites 
in New Caledonia 
New Ca ledon ia  i s  the  wor ld 's 
th i rd - ra n k i n g  n i c ke l  p rod u cer, with 
an  extract ion output of 3-4 m i l l ion 
t/an n u m .  The n i cke l  o re depos i t  i s  
concentrated at the base of a 
decayed rock mant le about 3 0  m 



th i ck, wh ich  means that a l most 
1 0  m i l l ion t/an n u m  of ster i l e  
mater ia l  i s  excavated . T h i s  has  
g iven r i se to a vast 20 ,000 h a  a rea 
of barren mate r i a l ,  often tox i c  to 
p lants, wh ich  is s u bject to heavy 
eros ion that po l l utes nea rby 
rivers and stream s .  The n atu ra l  
revegetat ion  p rocess i s  very s l ow 
and sti l l  i ncom p l ete after several  
decades . The damage is  
su bstanti a l l y  red u ced with 
imp roved m i n i ng tec h n i q ues,  and 
the m i n i n g  compa n i es now set 
as ide part of the i r  budgets to 
restore these degraded zones .  

I n  the framework of i t s  resea rch  
management mandate ass igned by  
New Cal edon i a, C l  RAD-Foret, i n  
co l l aborat ion  w i th  O RSTOM and 
the F rench Museum n at iona l  
d 'h i sto i re n atu re l le ,  i s  work i ng on  
u pgrad i n g  th i s  env i ron ment  by  
restor ing  a vegetat ion  cover. 
The stud ies a re focu sed on  
New Ca ledo n i a n  p ioneer p l ant  
spec ies ( i . e .  the fi rst p l a nts to 
co l o n ize a bare a rea),  s i nce 
prev ious  tests car r ied out  in  the 
1 980s with i ntrod u ced var iet ies  
were u nsuccessfu l .  Casuarina 
collina ( i ronwood) and Acacia 
spirorbis (gafac) grow part i c u l a r l y  
we l l  on  m i ne excavat ion  so i l s .  

Other l i gneous a n d  herbaceous  
spec ies of  the i nd igenous  f lora a re 
be ing  screened for potent i a l  
assoc iat ions  w i t h  t h e  p ioneer  
spec ies ;  the u l t i m ate a i m  i s  to 
reconstruct a fu l l  m u l t i stratu m 

ecosystem at these rep l ant i ng  s i tes . 
C l  RAD-Foret supp l ies seed to 
p r ivate n u rser ies  wh i ch ,  i n  tu rn ,  
carry out the p l ant i ng  operat ions .  
N e i g h bou r i n g  cou ntr ies with 
s i m i l a r  p rob lems  a re now show i n g  
an  i nterest i n  th i s  researc h .  

�. >,I> • 
It i s  be.com i ng i nc reas i ng ly  
ev ident  that a wide var i ety of 
tree spec ies  shou l d  be fe l l ed from 
n atu ra l  forests fo r effi c i ent  
su sta i nab le  management .  
The p ropert ies of these spec ies 
h ave to be fu l l y i n vesti gated 
before they a re ut i l i zed, s i nce 
l i tt l e  i s  known about many of  
them . L i n ks between genotype, 
fo restry p ract i ces and wood q u a l i ty 
( i n  w h i c h  q u a l i ty c r i te r i a  d iffer 
accord i n g  to the u l t imate u se) 
shou l d  be estab l i s h ed for tree 
spec ies  from i nd u st r ia l  and 
sma l l h o l de r  p l antat ions  i n  order  to 
c l a r i fy the cho ices for growers . 
Trop ica l  wood tech n o l ogy research 
i s ,  more than ever before, the 
p rod u ct of d i a l ogues with foresters . 

Qual ity of Plantation 
Eucalyptus Wood 
Many tree p l antat ion  spec i es, such  
as euca lyptus,  can not be p rocessed 
as t i m ber  because they deve lop  
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PRODUCTS FOR DEVELOPMENT 

The Wood Industry in Togo 

The action plan to help furniture 
makers in Togo, which was as­
signed to CIRAD-Foret in 1 99 1 , 
is being funded by the United 
Nations Industrial Development 
Organization (UN/DO) and the 
French and German technical 
assistance agencies. This project 
a ims to determine the reasons 
behind the fa ilure of companies 
that  were set up to mass­
produce teak furniture for ex­
port, and then assist them in 
reaching their goal. 
Many problems concerning 
wood drying, varnishing, design, 
tool sharpening, etc., were dis­
covered. Sessions were thus 
organized, in 1 993 and 1 994, 
to train about 1 00 salaried staff 
in 10 furniture manufac"turing 
plants. At this time, :trainees 
were introduced to CIRAD­
Foret's technique for reconsti­
tuted wood. In 1 994, one com­
pany successfully showed its 
furniture models at the Salon du 
mobilier de bureau in Paris. Fur­
n iture manufactured in Togo will 
be promoted throughout Europe 
in 1 995 and 1 996.  

c racks and other  deformat ions  
d u r i ng such  operat ions .  These 
fau l ts a re part i a l l y  due  to var iat ions  
in  the phys i ca l  and chem i ca l  
cha racte r i st ics  o f  t h e  wood . 

Stud ies h ave revea led that 
genotype, grow i ng cond i t ions  and 
the i nteract ion  of these two factors 
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PRODUCTS FOR  D EVELOPMENT 

Wood Carbonization and Pol lution Control
Charcoal is the main domestic fuel in urban areas of developing coun­
tries. It is a lso used extensively to fuel heavy industries. Unfortunately, 
standard wood carbonization processes are energy-intensive and 
produce fumes conta ining gases that  contribute considerably to the 
greenhouse effect. 
CIRAD-Foret, in collaboration with the Laboratoire nationa l  d'essais 
(LNE) and the Centre interprofessionnel technique d'etudes de la pol­
lution atmospherique (CITEPA), with funding from the French Minis­
tere de l 'environnement, the Agence de l'environnement et de la ma1-
trise de l 'energie (ADEME) and the Agence nationale de valorisation 
de la recherche (ANVAR), have developed techniques to measure and 
determine the compositions of these gases. The most common gases 
produced are CO, C0

2
, CH

4 
and NOx. In fact, the equiva lent of 

8- 1 1  kg of carbon dioxide are emitted into the atmosphere for every
kilogramme of charcoal produced.
The results of these investigations highlight the necessity for pollution 
control measures. CIRAD-Foret first improved incinerators designed to 
process carbonization fumes, and then modelled the kinetics of fume 
emission. This should enable industrial manufacturers to optimize 
their own incinerators. 
Another considerable advantage is that 50% of the initial energy of 
the wood is recovered by this fume incineration process. A European 
Commission-funded project which will enable a Brazilian sawmill to 
produce 1 ,500 t of charcoal/annum is thus being assessed by the 
Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA), the 
Falcudade de Ciencias Agrarias do Para (FCAP) and CIRAD-Foret. This 
sawmill will be capable of recovering 296 MWh of electricity (as a 
substitute for diesel oil), as well as enough hot gas to dry 6, 000 m3 of 
timber/aanum. 
Fume incineration is used to an increasing extent in Europe where 
pollution laws are becoming stricter. 

have a marked effect on  growth 
stra i ns, th us  h igh l i ght i ng  the 
i mportance of growth stress 
(mechan i ca l  statu s of the tru nk) .  
Growth stra i n  decreases once 
there i s  a " l oss of vita l i ty", marked 
by a very s l i ght i n crease i n  tru n k  
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d iameter. These resu l ts, confirmed 
with other spec ies, i n d i cate 
i nterest i ng  poss i b i l i t ies for 
contro l l i ng growth stress by 
mod ify i ng  s i lv icu l tura l  tec h n iques 
accord i n g  to the u l t i mate use of 
the m ateri a l .  

I nterna l  var iat ions i n  the mod u l u s 
of long i tud i na l  e l ast ic i ty and i n  
dens i ty, two reference propert ies of 
wood, can be exp l a i ned by the loss 
of j uven i l ity over t ime and the 
format ion  of heart wood . I t  i s  
i mportant to c l ass i fy t he  not ion of 
j uven i l i ty i nto pri mary j uven i l i ty, 
assoc i ated with the age of 
the p ith, and secondary j uven i l i ty, 
assoc i ated with the age of 
the cam b i u m  (j u st u nder the bark 
where horizonta l growth occurs ) .  
Ana lys i s  of  vari ations  in  the 
propert ies a long the tru n k  i n d i cate 
that, at a g iven camb i a l  age (as 
est imated by the d i stance to 
the p ith), j uven i l e  tra its are h ighest 
i n  wood c losest to the ground .  
These resu l ts shou l d  he lp  i n  
opt i m iz i ng cutt i ng  t i mes and  
se lecti ng spec ies, hybr ids  and 
c lones to red uce potent i a l  t i m ber­
process i ng  prob lems .  

Wapa Morphology and 
Qual ity 
Wapa, Eperua falcata, accou nts for 
at l east 20% of the forestry resource 
of French Gu iana, and i t  is a l so 
abu ndant i n  ne ighbour i ng 
cou ntr ies .  The wood of th i s  tree 
has exce l lent natura l d urab i l ity 
and i nterest i ng  phys ica l  and 
mechan ica l  characteri sti cs .  The 
ma in  drawback i s  that there are 
su bstant ia l  vari ations  i n  qua l i ty, e .g .  
many trees sp l i t  when fe l l ed, and 
they cont i nue to crack and deform 
at each ti m ber-process i ng  step .  



Criter ia a re be i ng  sought for 
assess i n g  wood qua l i ty i n  stand i n g  
trees, s o  that on l y  h igh  qua l ity trees 
wi l l  be fe l l ed . 

C IRAD-Foret fi rst t r ied to determ i ne 
the re l at ion between tree 
morpho logy and wood qua l i ty. 
The i ntens ity of long itud i na l  g rowth 
stress a long the tru n k  su rface 
was chosen as a qua !  i ty cr i te r ion ,  
as  determ i ned by measu r i ng  
permanent long itud i na l  growth 
stra i n s  (PLGS) .  Seven h u nd red 
PLGS measu rements were 
obta i ned on 1 5  trees u s i n g  
a C I RAD-des igned sensor. 
The ana lys i s  h i g h l i ghted a n umber 
of i nterest i ng  poi nts . For each 
unba lanc i n g  factor (e .g . s lope), 
the wapa tree deve lops th ree 
buttresses : one oppos ite the s ide  
towards wh i ch  the  tree i s  l ea n i ng, 
two others 45 ° on each s ide of 
th i s  centra l buttress . PLGS l eve l s  
are h ighest on  these buttresses up  
to 300 kg/cm2 . Th i s  suggests that
the buttresses (desp i te the support 
imp l ied i n  the name) deve lop on 
the s ide oppos i te the  l ean to  "pu l l "  
on the tree . The i r  pos i t ions cou l d  
thus be  used as tree qua l i ty 
i nd icators .  

Wood in  the B ib l iotheque 
Nationale de France 
The arch i tect of the B i b l iotheque 
Nationa le  de F rance p l an ned 
to use a great deal of wood i n  
the des ign  of th i s  l i b ra ry. C I RAD­
Foret was ass igned a l l of 

the bu i l d i ng des ign  stud i es, the task 
of choos i n g  wood spec ies, and 
the respons i b i l i ty for qua l i ty contro l 
of the wood after de l ivery. 

l pe was chosen fo r the parv i s  
and the exter io r  sta i rways 
(80,000 m2 ) ;  th i s  cho ice was based 
on its very good d u rab i l i ty,
ha rdness, abundance i n  forests and
low pr ice .  Okoume was used
to bu i l d  the 22 ,000 adj ustab le
pane l s  that sh i e l d  the book stacks
from the l i ght; i t was chosen
because it i s  h ig h l y  decorat ive and
tests revea l ed that i t  cou l d  be
successfu l l y  app l i ed as veneer over
a l u m i n i u m  pane l s .  Afze l i a and
padau k were u sed i n  sma l l e r
q uant i t ies to  decorate the  read i n g
rooms a nd  amph itheatre . These
woods were from B raz i l ,  Gabon
and Cameroon .

Th i s  i s  the fi rst t ime  i pe h a s  been 
u sed in E u rope. C I RAD-Foret 
is a l so carry i ng out research 
on  potent i a l  u ses fo r new trop ica l
woods fo r another l a rge ongo i ng
F rench  project, E u ra l i l le ,  wh i ch
i nvo lves t he  construction of
shopp i ng centres, bus i ness centres
and a TGV ( h i gh-speed tra i n )
stat io n .

TH ESES COMPLETED I N  1 994 

C I RAD Sc ient ists 

La vegetation du centre regional d'endemisme 
soudanien au Mali ; etude de la  foret des 
monts Mandingues et essai de synthese 
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[Reg ion  of endem ic  Sudan i an  vegetat ion  i n  
Mal i ;  study o f  t h e  Mandango mounta i n  forest 
and a synthes i s  study] by Robert Nas i ,  U n iver­
s i te Paris Xl, Centre d'Orsay. 

Precontraintes de croissance et proprietes 
mecano-physiques de clones d'eucalyptus 
(Pointe-Noi re, Congo) : heterogeneites, cor­
relations et interpretations h i stologiques 
[G rowth stresses and mechan ica l  and physical 
propert ies of euca lyptus c lones (Po i nte-No i re, 
Congo) : heterogene i ty, corre l at ions and h i sto­
log i ca l  i nterp retat ions ]  by Hen r i  B a i l l e res, 
U n ivers ite Bordeaux I .  

Contraintes d e  croissance, variations internes 
de densite et de module d'elasticite longitudi­
nale, et deformations de sciage chez les euca­
lyptus de plantation [G rowth stresses, i nternal  
var iations  i n  the mod u l u s of long i tud ina l  e l as­
t ic i ty and dens i ty, and sawing  deformations i n  
p lantat ion eucalyptus] by  Jean Gerard, U n iver­
s i te Bordeaux I .  

C IRAD Tra i nees 
Strategies de regeneration de ne-uf essences 
commerciales de foret tropicale (Mayombe, 
Za"ire) [ Propagat ion  strateg ies fo r n i ne com­
merc ia l  trop ica l  forest tree species (Mayombe, 
Zai re)] by Genevieve Pendje ( F rance), U n iver­
s i te Paris V I .  

Gestion des ressources genetiques de Faidher­
bia albida (Del.)  Chev. : etude de parametres 
de controle des flux de genes intrapopulation 
[Genetic resou rce management for Faidherbia

a /bida ( D e l . )  Chev. : study  of parameters fo r 
contro l l i n g  i ntrapopu l at ion  gene fl ow] by 
Mart i n  Zeh-N l o  (Cameroon) ,  Eco l e  nati ona le  
du  gen ie ru ra l ,  des  eaux et  des  forets, Nancy. 
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ura l  and farm ing commun ities are ha ving to adapt to recen t  
directives concern ing structura l adjustmen t and the increasing 
disengagement of governments. In doing so, they are proving their 

capacity for change and in ventiveness. The Food Technology and Rura l  

Systems Department (CIRA D-SA R) can help these communities develop 
and make better use of loca l resources, impro ve their agricu ltura l 
products and their ma rketing systems and develop susta inable farming 
methods .  It can a lso help farmers and farming orga n iza tions de velop 
decision-making methods and strategies. 
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The national  agricultura l research systems are also having to adapt to the 
South 's economic and socia l crises . New cooperation programmes will 
need to in tegra te the capabilities of CIRAD, these national  systems and 
their member organ iza tions .  The Department participa tes actively in 
helping to define development research priorities through tra in ing and 
research programming. 
The Department in 1 994 continued to add to its scientific knowledge in 
severa l important fields, e.g. soil fertility managemen( rura l modern iz­
ation and combined processing of agricultura l  produce. 

RAI N FED AN D 
f ifRl·GATED 
FARMI NG SYSTEMS 

and management organ izations  to 
take dec i s ions  i n  a techn ica l l y, 
econom ica l l y  and i n st itut iona l ly  
un stab l e  env i ronment. Dec i s ion­
mak i ng a id s  have been formu l ated 
to he l p  manage natu ral and 
farm i n g  resou rces, i rr i gat ion  
projects and product ion methods .  

Choice and Management of 
F ie ld Equipment 
For severa l years, the deve lopment 
of mechan izat ion i n  trop i ca l  
reg ions  has been tu rned over from 
parastata l agenc ies to farmer 
organ izat ions  and pr ivate 
contractors .  The c l ass ic  prob lems 
of  cho ice and management of
equ i pment a re compounded by
the comp lex i nterre l at ions  between
the var ious  actors i nvo lved .

Food Techno logy, R u ra l  Systems  -

A research programme, fi nanced 
by C I RAD, the M i n i stere 
de la cooperat ion and the Ca i sse 
fran<;a i se de deve loppement, 
was set up in 1 99 1  fo r the i r r i gated 
schemes a long the Senegal r iver. 
C I RAD, I SRA and SAED  have been 
study ing  the prob lems faced by 
farmers and contractors i n  
the management of heavy 
equ i pment, such as tractors and 
comb i ne  harvesters .  

A dec i s i on  support system,  
exper imented with farmer 
organ izations  cu lt ivat i ng
co l l ect ive l y  2 ,000-ha i r r i gated
schemes with a few contractors,
has been transferred to SAED .
I t  i n c l udes two softwares : R idev
and Ote lo .  R idev, des igned i n
cooperat ion with WARDA and
ORSTOM, i s  a r ice deve lopment
model  wh i ch  s imu l ates, on  severa l
c l i mat ic  years, cyc le  d u rat ion  and
ster i  I i ty rate accord i ng to
temperatu re, va r iety and sow ing
date . Ote lo, des igned by  I N RA,
mode l s  and s imu l ates work
organ izat ion on farms .  Th i s
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approach i s  a l so u sed on  
r i ce-based farms i n  the Camargue 
( F rance) ,  i n  co l l aboration  with 
the Centre franc;a i s  d u  r iz ,  and 
wi l l  be tested in Reu n i on on 
sugarcane farm i ng systems with  
ARMES (Assoc i at ion  reu n io n n a i se 
pou r  l a  modern i sat ion  
de  l 'econo m i e  sucr i e re) . 

Land Management and 
Rural Development Plann ing 
in  Madagascar 
A th i rd of the paddy r ice marketed 
i n  Madagascar is p rod uced on  
the Lake A l aotra p l a i n .  For  the l ast 
few years, the h i l l s su rrou n d i n g  
t h e  p l a i n  h ave been eroded at 
an a l arm i n g  rate by sett lements of 
m ig rants and you n g  loca l  farmers, 
endanger i n g  the watershed and,  
eventu a l l y, the p l a i n 's r i ce-grow i n g  
potent ia l . Th i s  u n contro l led l a n d  
tenancy h a s  resu l ted i n  
t h e  d i sappearance o f  pr i mary 
forests, more fi res, l and-ten u re 
confrontat ions  and  a genera l  
u ps u rge of i n secu r i ty. The Ca i sse 
franc;a i se de  deve l oppement and 
Madagascar's M i n i stere de 
! ' ag r icu ltu re et  d u  deve loppement 
ru ra l  fu nded an  agr icu ltu ra l  l and  
management scheme geared to 
susta i nab le  agr i cu l t u ra l  
deve lopment of  the h i l l s .  One  of  
the prereq u i s i tes to  success of  any  
tec h n ica l  i ntervent ion i s  to  i n c l ude 
the farmers i n  the project's 
conceptio n .  S i x  h u nd red farmers 
were i n c l uded i n  49 groups .  

PRODUCTS FOR 

DEVELOPMENT 

Measuring 
Agricu ltural Equipment 

Performance Parameters
Rationa l  use of agricultura l  
equipment is greatly enhanced 
by the collection of numerous 
minutely deta iled data in a rea l 
environment. An automatic 
monitoring system is being used 
in Reunion, Mauritius and Se­
negal to determine in-field 
equipment parameters. Where 
cropping is motorized, sensors 
insta lled on the machines mea­
sure parameters such as fuel 
consumption, engine speed, 
displacement speed, slide and 
depth, or penetration power. 
Where farming is still done with 
animals, sensors measure speed, 
drag and penetration. SRI in the 
United Kingdom has brought 
out a heart rate sensor which 
functions according to the 
animal's ear colour to deter­
mine tiredness. The sensors are 
connected to a "black box" 
where the frequently collected 
data are stored and managed. 
Although not yet ava ilable, the 
data concerning motorized 
farming will constitute a frame 
of reference for an interactive 
decision-making a id system 
developed with /NRA.  Work is 
continuing with the Centre fran­
<;a is du riz and CEMAGREF on a 
method to follow up use of the 
equipment throughout an entire 
growing season .  

-
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E ight v i l l age com m u na l  granar ies 
were constructed to store 200 t of 
paddy r i ce and stagger sa les .  
Land owners h i p  has been 
stab i l ized th rough s i m p l if ied 
reg i strat ion  proced u res d rawn up  
by  the Pu b l i c  Dom a i n  D i rectorate . 
It now takes 9 months-i nstead of 
20  years-to obta i n  property 
deed s .  Th i s  project h i gh l ighted 
the necess i ty of coherent nat iona l  
po l i c i es for fa rm land  management.  

Geographic I nformation 
System for the Senegal River 
Val ley 
A database has been u pdated 
each year s i nce 1 990,  descr i b i ng  
i n  deta i l  t he  farmer organ izat ions ,  
land p l an n i ng and use on the left 
bank  of the Senega l r iver. I t  was 
conce ived by C I RAD, fu nded by 
FAC, is ru n by SAE D  and fu nct ions 
on  the bas i s  of i nfo rmat ion 
exchanges with deve lopment 
agents . 

At the same t i me, SAED and B D PA 
used sate l l i te i m ages to ident ify and 
n u m ber  the project areas in order 
to map the m .  

Thanks to fu nds  from FAC i n  1 994, 
the database was i nterfaced with 
the p l an n i ng atl as .  P l an n i ng 
mod if i cations  can be traced and 
maps d rawn accord i ng to the data 
conta i ned i n  th i s  geograph ic  
i nfo rmat ion system, to  wh ich  
i nfo rmat ion on so i l  and water 
management wi l l  be added soo n .  

Food Tec h no l ogy, R u ra l  Systems-
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SUSTAINABLE 
DEVELOPMENT IN 
THE SAVANNA AND 
H UMI D TROPICAL _..., 

ZONES 

I n  the s\wan na, h um id  trop i ca l  and 
i s l and zones, the c l i mate is  
favou rab le  fo r agr i cu l tura l  
p rod uct ion ,  and popu l at ions  
i nc rease and ecosystems  evo lve 
qu i c k ly. Susta i nab le growth wi l l  
have to reconc i le  i ncreased 
prod u ct iv i ty with safeguard i ng 
natu ra l resou rces : opti m ize farm 
prod uct ion ,  i m prove prod uct­
market i nteract ion and d ivers i fy 
rura l  act iv i t ies .  

Diversity of the Cotton­
G rowing Region of 
Cameroon 
The cotton-growing  zone i n  
northern Cameroon extends 
400 km from north to south . 
There a re 2 . 3  m i l l i on peop le, 
200,000 of whom are cotton 
prod ucers, who l ive off the l and  i n  
a w ide var iety of farm i ng  systems .  
Agronom ic  resea rch and ru ra l  
deve lopment organ izat ions  must 
take th i s  d i vers ity i nto accou nt 
when they target the i r  a i d .  
The  Garoua  project had  th i s  i n  
m i nd when i t  brought together I RA, 
I RZV in Senegal and C I RA D  

Food Tec h n o l ogy, Ru ra l  Systems -

P U B L ICATION 

Agricultural Output 
Improvement Techniques in 
the Sudano-Sahelian Zone 

Tech n iq ues d 'ame l iorat ion  de l a  
p roduct ion  agr ico le  en zone 
soudano-sahe l ienn� is a collec­
tion of 3 1  technica l files on soil 
conservation and regeneration, 
improvement of plant and 
animal outputs, use of harvest 
residues and farm mechaniza­
tion. It provides rura l develop­
ment staff with precise in­
formation concerning various 
technical innovations and pre­
sents the advantages and con­
straints for farmers wish ing to 
adopt these innovations. 

to u ndertake a study of the d iverse 
cropp i ng and herd i ng systems .  
The fi e l d  knowledge and stat i st ics 
of the SOD ECOTO N deve lopment 
agents and severa l I ivestock 
herd i ng advisory serv i ces were 
used to desc r i be and ident ify 
seven zones, each with its specif ic 
out l i ne  fo r development .  
Thanks to th i s  zon i ng, some of 
the Garoua  project research  
program mes were refi ned to  meet 
reg iona l  needs and new centres 
were set up on-s i te .  Th i s  formed 
the bas i s  of a study of farmer 
strateg ies in a cotton zone, 
organ ized by the Cameroon 
M i n i stere de ! ' agr icu ltu re and 
C I RAD and fu nded by the Ca i sse 
franc;a i se de developpement.  
I ntervent ion on the part of 
deve lopment advi sers i s  often 

l i m i ted to a geograph i c  a rea o r  
to  a sector; th i s  study fac i l itates 
a reg ion-wide v iew of p rob l ems, 
such as ma i nta i n i ng prod uct ion 
l eve l s  in  dense ly i n hab i ted zones, 
sett l i ng m i grant popu l at ions ,  
natu ra l resou rce conservat ion and 
the futu re of  env i ronment­
protection  s i tes . 

Multimedia 
I nformation System in 
the Amazon Bas in 
The Projet reg iona l  de p l an if icat ion 
et  de gest ion des a i res p rotegees 
amazon iennes (Reg iona l  project 
for p l an n i ng and management of 
env i ronment-p rotection  s i tes i n  
the Amazon bas i n ) ,  fu nded by 
the Eu ropean Comm i ss i on  and 
the Tra ite de cooperat ion 
amazon ien ne, has taken a step 
fo rward with the creat ion of 
S i mb iosea (Systeme d ' i nformat ion 
mu lt i med i a  b iod i vers i te­
soc io-economie  en Amazon ie-
B iod ivers ity-soc ioeconom ics  
mu lt i med ia  i nformat ion 
system for the Amazon bas i n ) .  
The  pu rpose o f  th i s  program me, 
for wh ich  C I RAD i s  p rov id i ng 
techn ica l  advi ce, i s  to p rotect the 
b iod ivers i ty of the Amazon bas i n  
a n d  to i mprove the l iv i ng  
cond it ions  o f  the loca l  i n hab i tants .  
It concerns B raz i l ,  Peru, Ecuador, 
Bo l i v i a, Co lombia, Venezue l a, 
French G u iana and Su r i nam and 
i s  su pported by the reg iona l  



tec h n ica l  cooperat ion  network :  
S u rapa . 

The i nformat ion  about the Amazon 
bas i n  that i s  ava i l ab l e  i s  d i spersed, 
heterogeneous and based on 
d i verse parameters . Th i s  
cons iderab ly  ham pers an overa l l  
v iew of the fo rces at work i n  th i s  
vast geograph i c  zone, a s i n e  q u a  
n o n  for carry i n g  o u t  a n y  project on  
susta i nab le  resou rce management .  
The new S i m b i osea project hopes 
to remedy th i s  s i tuat ion  by a 
m u l t i d i sc i p l i na ry approach to data 
process i ng .  A l l  the most re levant 
work of any n atu re that has been 
u ndertaken in the bas i n  wi l l  be 
synthes ized and transcr i bed to 
CD-ROM with h e l p  from
the Maison de  la geograph ie  i n
Montpe l l i e r. Th i s  w i l l  constitute
a reference fi l e  fo r defi n i ng and
manag i n g  projects and a support
fo r nationa l  and  reg iona l  p l an n i ng,
as i t  wi l l  p rov ide  an  overv iew of
the structu res and  dynam ics i n
operat ion throughout  the Amazon
bas i n .

Labour Organ ization i n  
Reunion 
A l l  peop le  act ive l y  i nvo lved i n  
Reu n i on 's sugarcane sector are 
rep resented i n  A RM ES, for w h i c h  
C I RAD h a s  p rov ided tec h n ica l  
coord i nat ion  s i nce 1 99 2 .  They ru n 
the tec h n ica l  com m ittee and set u p  
work groups t o  study a n d  add ress 
prob lems of a tech n i ca l ,  econom i c  
and h u man n atu re that have 

TRAI N ING  

Mechanized Production Systems 
Management 

A tra ining course in mecha­
nized production systems man­
agement has been organized by 
CIRA D in Montpellier every 
other year since 7 988. Partici­
pants in this course, which 
receives funding from different 
sources, are mainly those res­
ponsible for mechanization in 
the framework of a develop­
ment project or on large farms, 
in French-speaking African 
coun, tries or in overseas terri­
tories and departments .  The 
course lasts 7 7 weeks and is 
divided into two parts: techn ica l 
knowledge of machines and 
their upkeep and maintenance. 
The course is ta ught in coopera­
tion with the Chesnoy agricul­
tural  high school in Montargis; 
the organ ization and economic 
management of mechanization 
is taught by CIRAD, with par­
ticipation from manufacturers, 
FNCUMA, FDCUMA and farm­
ers. An introduction to new 
computerized management tools 
is included in this second part. 

caused a steady fa l l  i n  prod uct ion 
over the past  5 years . C I RAD a l so 
coord i n ates the act iv it ies  of f ive 
l abou r organ izat ions  wh ich  are the 
k i ng-p i n s of the two sugar  i nd u stry 
modern izat ion  p l ans  that have 
been out l i ned s i nce 1 9 74.  These 
l abou r organ izat ions  are farmers '  
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cooperatives that work for a l  most 
5 ,000 fa rmers,  often u ndertak i n g  
b ig  jobs that farmers wou l d  fi nd  
d iffi cu l t  on an  i n d iv idua l  bas i s  I 

m a i n l y  i n  l and  i m p rovement .  
C I RAD prov ides tec h n ica l  
ass i stance and coord i n ates the i r  
act iv i t ies  throughout  the i s l and 
to  rat iona l ize u se of  the  eq u i pment  
at  the i r  d i sposal  (42 caterp i l l a r  
tractors, 3 0  whee led tractors) . 

PROMOTION OF 
RURAL OUTPUTS 
�N-D· U RBAN FOOD 
SUPPLY 

fhe0department has  re i nforced its 
presence in Afr i ca and Lat i n  
Amer ica .  I n  Afr i ca, the rap id  
u rban izat ion  and the deva l u at ion  
of  the  C FA franc  i n  1 994 have led  
cou ntr ies to  req uest partnersh i p  
program mes for u rban market i ng,  
i nsta l l at ion  of sma l l food­
process i n g  p l a nts and  
the  d ive rs i fi cat ion  of  u ses for loca l  
prod uce .  

Food Processing Research 
in Burkina 
A strateg i c  p l a n  fo r sc ient if ic 
research in food p rocess i n g  i n  
B u rk i na  i s  be i n g  dev i sed by C I RA D  

F o o d  Tec h n o l ogy, R u ra l  Syste m s  -
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and the C N RST b iochem i stry and 
food tech n o l ogy l aborato ry. As was 
shown by a d i agnos i s  of the food 
p rocess i ng secto r in 1 994, most 
loca l  food p rocess i n g  for u rban 
consu m pt ion  i s  done by sma l l 
bus i nesses .  I n  add i t ion ,  sma l l o r  
med i u m -s ized bus i nesses, w h i c h  
a i m  t o  take a part o f  t h e  g row i n g  
u rban o r  export markets, a re 
spr i n g i n g  u p  a longs ide o lde r  
i n d u st r i a l  p rocess i n g  p l ants .  
T h e  l aboratory h a s  therefore 
i nc reased its capac ity to rep l y  to 
the g row i n g  demand of these sma l l 
enterp r i ses and  now advi ses 
i n d iv i d u a l  bus i nesses on  how 
to seek out  new markets, d ivers i fy 
the i r  p roducts, improve q u a l i ty 
and red u ce p rod uction  costs . 
I n  th i s  way, l oca l  research  
accompan ies the  deve lopment  of 
sma l l food-process ing  fi rms .  

Plant Leaf Packaging 
Although cou ntr ies in  the 
South u se i nc reas i n g  amou nts of 
packag i ng, they have ne i ther  the 
raw m ate r i a l s  nor  the p rocess i n g  
i n d u str ies  necessary fo r m a k i n g  i t .  
Stud ies h ave been carr ied out  
concern i n g  new and trad i t iona l  
b iopackag i n g  i n  the  hope of 
u s i n g  agr i cu ltu ra l  raw mate r i a l s  
and the i r  by-prod ucts that are 
ava i l ab l e  loca l l y  to p rod u ce new 
and cheaper packag i ng, th u s  
red u c i ng i m ports a n d  a l so 
contr i but i n g  to env i ronmenta l 
protect ion . Tree l eaves h ave 

Food Tech no l ogy, R u ra l  Syste m s  -

I NTERNATIONAL MEETI NG  

I nternational Conference on  
Cassava Starch and Flour 

The new possibilities for pro­
moting cassava growing con­
cern a large part of the popula­
tion in Africa, Asia and 
America . A conference on 
this topic was organized by 
C/RAD and C/AT in Cali, 
Colombia, from 1 1  to 1 5  Jan­
uary 1 994. Researchers, devel­
opment agents and industria lists 
exchanged notes on the produc­
tion and use of cassa va flour 
and starch in a wide range of 
food or industrial products. 

trad i t ion a l l y  been used in hot 
cou ntr ies to wrap prod uce .  I n  
As i a, they a re a l so used a s  p l ates 
for street foods .  Some l eaves a re 
spec if i c to a p rod uct, others to 
a reg ion ,  w h i l e  others, l i ke 
the banana  leaf, a re used i n  many 
ways . They are used i n  
the convent iona l  way-to p rotect, 
wrap i n d iv idua l ly-and i n  cook i ng 
and ferment i ng .  These "active" 
wrapp i ngs can a l ter  the taste, 
co l o u r  or textu re of a prod u ct 
by su bstance transfer. Th i s  secto r of 
leaf wrapp i ngs was stud ied by 
researchers from B razzav i l l e  
U n ivers i ty, Congo, and from 
the agronom i c  sc iences department 
of the N at iona l  U n ivers i ty of Ben i n ,  
w h o  were tra i n ed b y  C I RA D .  
I n  1 994, they proposed d ifferent 
ways of p ro long i ng leaf l i fe and 
i m p rov i n g  fu nct iona l  propert i es­
e.g .  fi rmness, i m permeab i l i ty­
by su itab l e  pretreatment .  These 

tec h n i q ues wi l l  su bseq uent ly  be 
made known to users .  

Exchange of  Know-H ow 
Concerning Maize Processing 
Al though ma ize c ropp ing  i n  
the cotton-growing  reg ions  of 
Sahe !  i a n  cou ntr ies has i nc reased 
over the past few years, i t  fi nds  few 
out lets on the u rban markets d u e  
to l ack o f  var i at ion i n  its u s e .  I n  
southern Ben i n ,  on t h e  other  hand ,  
where ma ize i s  used i n  40 d ifferent 
ways, i t  rates h igh in u rban food 
hab its .  An exchange between 
B u rk i n a  and Ben i n  was therefo re 
proposed at the January 1 994 
sem i n a r  "Ma·,s p rospere" 
(Prosperous  ma ize) he ld  in Ben i n .  
Th i s  exchange i s  i n c l uded i n  
the p rogramme " I n novat ions  
agroa l i menta i res et  va lo r i sat ion  
des  savo i r-fa i re locaux" 
( I n novat ions  in food tec h n o logy 
and u se of l oca l  know-how) 
wh ich  is fi nanced by 
the M i n i stere de la cooperat ion  
et  d u  deve l oppement and 
coord i n ated by C I RAD and  
the  U n ivers i te d u  Ben i n  and 
su pported by Proce los, the C N RST 
l aborato i re de  b ioch i m i e  
et tec h no log ie  a l i menta i re 
(b iochem i stry and food tec h no l ogy 
l aboratory) and the M i n i stere 
de ! ' ag r i cu ltu re et de l ' e l evage 
(crop p i n g  and herd i ng m i n i stry) i n  
B u rk i n a .  

N i ne Ben i n  p rod ucts were tested i n  
Ouagadougou b y  4 0  consu mers 
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Prosperous Maize 

The report of the regional 
seminar 11Mais prospere 11 held in 
Cotonou from 25 to 28 January 
1 994 has been published. The 
seminar was organ ized by 
CIRAD and the Faculte des 
sciences agronomiques of the 
Universite nationale of Benin, 
with support from FA01 to 
discuss maize production and 
promotion in West Africa . 

who then l i sted the i r  preferences . 
Rec i pe fi l es were comp i l ed .  Two 
B u rk i na women took cou rses from 
women i n  Ben i n ,  then together  
o rgan ized a teac h i ng cou rse for 
2 5  women i n  Ouagadougou . 
The operat ion  wi l l  conti n u e  with 
a tec h n ica l  fo l l ow-u p  of 
the women a l ready tra i ned and 
an extens ion  of  the teach i ng 
programme.  Other  prod ucts are 
be i n g  targeted in s i m i l a r  
program mes i n  Ben i n ,  Senega l 
and B u rk i n a .  

Adding Value to 
Amazon ian Products 
Fam i l y farm p rod uct iv i ty can be 
i nc reased without dep let i ng 
natu ra l resou rces . A p rogramme to 
i m prove sto rage, market i ng  and 
process i n g  of farm prod uce was 
l a u nched in 1 99 3  in the Maraba 
and Al tam i ra reg ions, p ioneer-front 
zones of the Amazon bas i n  where 
farm i n g  i s  cha racter i st i ca l l y  
u n stab le .  The p rogramme i s  be i n g  

carr ied o u t  j o i nt ly  b y  techno log i sts 
and econom i sts, from EM B RA PA's 
C PATU (East Amazo n i a n  centre fo r 
agroforestry research) ,  the Para 
Federal  U n ive rs ity in Se lem,  l oca l  
o rgan izat ions  and  C I RAD's 
l ivestock p rod u ct ion and vete r i n a ry 
med i c i ne department and has 
received fi n a n c i a l  back i ng  from 
the French M i n i stere des affa i res 
etrangeres . 

R u ra l  econom i cs and 
the process i n g  exper i ments that 
ex i sted a l ready were stud ied i n  
1 994, and l ed to research work o n  
va r ious  prod u cts . 

D i ffe rent ways of stor i ng  r ice by 
p ioneers from d ifferent reg ions  
were assessed and compared . 

A part i c u l a r  q u a l i ty of cassava 
flo u r  shou l d  fi nd  a corner of 
the market i n  com pet i t ion with 
i nd u str i a l  f l o u rs from the South . 

Qua l ity contro l ,  p rocess i n g  
eq u i pment a n d  a reg iona l  b rand  
market i ng  po l i cy wi l l  i m p rove 
coffee and cocoa sa les .  

As the hectarage taken over by 
l a rge l ivestock herd i ng concerns  
i nc reases, s ma l l fa rmers are 
pushed far from the m a i n  
com m u n i cat ion  routes and 
serv ices .  M ixed herd i ng-cropp i ng 
systems,  e .g .  mak ing  cheeses 
to add va l ue to m i l k, wou l d  
enhance the i r  l and  use .  

Cupuac;;:u ( Theobroma 
grandiflorum) prod uces a sweet 
pu l p  w h i c h  cou l d  be u sed i n  many 

-
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ways . A market i ng  test i nvo l v i n g  
4 . 8  t o f  c u p u ac;;:u  pu l p  was carr ied 
out i n  1 99 3-94 with the Maraba 
cooperat ive.  D u r i n g  1 994-95 
20  t are be i n g  tested and 
process i n g  of  the beans  has begu n .  

LOCAL 
DEVELOPMENT AND 
I NSTITUTIONAL 
DYNAMICS 

Governments are with d raw i n g  
the i r  suppo rt from m a n y  ru ra l  and  
food tech n o l ogy deve lopment 
schemes and  a re be i n g  rep laced 
by new types of orga n izations .  
The Department i s  gett i ng  to  know 
the new organ ize rs, the i r  strateg i es 
and i n i t iat ives, so as to dev i se 
i n novat ive ways of s u pport i n g  l oca l  
deve lopment.  

Albanian Development 
Foundation 
As in  othe r  cou ntr ies  of Eastern 
Eu rope, the economy in  A l ban i a  
h a s  been l i be ra l ized . Land has  
been d i str i buted, but sma l l p r ivate 
farmers can not obta i n  ban k c red i t  
for l ack  of suffi c i ent guarantees, 
and the amou nts they req u i re a re 
too i n s i gn if icant to be of i nterest to 
formal  fi nanc ia l  i nst itut ions .  

Food Tech n o l ogy, Rura l  Syste m s  -
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I NTERNATIONAL MEETI NG 

I nternational Symposium on 
Systems-Oriented Research in

Agricu lture and Rural
Development

More than 700 people from 
70 countries participated in 
the international symposium on 
systems-oriented research in 
agriculture and rural develop­
ment held in Montpel!ier 
from 2 1  to 25 November 1 994 
at the in itiative of European 
scientists. Two hundred and 
sixteen communications were 
presented, 27 of which were 
by CIRAD, thus confirming 
the breadth of the research 
carried out in rural environ­
ments in cooperation with 
the farmers. It was the 1 3 th 
symposium held under the 
aegis of AFSR/E and the first 
held outside the United 
Sta tes .  It was organ ized by 
CIRAD, A GRINET, CIHEAM­
IAMM, CNEARC GRET, !NRA 
and ORSTOM. 
The debates focused on seven 
themes : modernizing method­
olog}I; managing natural  re­
sources, h igh input agriculture, 
indigenous knowledge, local 
organ izations, training and agri­
cultura l  policies. 

A decentra l i zed sav i ngs and  c red i t  
body has  been c reated by ADF  
(A l ban i an  Deve lopment F u nd ) ,  
backed by the Wor ld Bank and 
othe r  donors ,  with techn i ca l  
support from C I RAD .  

Food Tech no l ogy, R u ra l  Systems  -

The pr ivat izat ion of State fa rms and 
cooperat ives in  1 992 resu l ted i n  
the c reat ion  of many sma l  I 
mou nta i n  fa rms .  It was c l ea r, 
accord i n g  to the fi rst assessments 
made, that these new farms needed 
fu nds  for i n puts, too l s  and  
l ivestock to  enab le  them to 
recap i ta l i ze .  A c red it system 
based on  v i l l age soc i a l  structu res 
was set up and managed by 
an ADF  team of profess i ona l s .  
A c red i t  comm ittee e l ected by 
farm i n g  fam i l ies in each v i l l age 
d i rects a v i l l age cred it fu nd  and 
determ i nes a l l ocations  based on  
an i nvestment p roject's econom ic  
v iab i l i ty and  the  re l i ab i l i ty of 
the borrower. 

Th ree thousand fa rm i ng fam i l ies  i n  
7 0  v i l l ages were i nvo lved i n  the 
project by the end of 1 994 .  
Debt recovery was 1 00%.  
A pos i t ive assessment of 
the fi rst 3 years encou rages 
the move to a m utua l i st ban k i ng  
system,  whereby t he  v i l l age fu nds  
wou ld  be transformed i nto c red i t  
assoc i at ion s .  The legal  framework 
i s  be i ng structu red and new staff 
are be i ng tra i n ed to respond to 
i ncreas i n g  g rowth capac i ty so that 
the p rob lems of ru ra l  fi nanc i n g  can 
be dea l t  w ith on a nat iona l  l eve l . 

On-Farm Experiment 
One of the p r io r i t ies of PR IAG 
i s  to ensu re that farmers 

part i c i pate active ly  i n  researc h 
and i n  the spread of competence 
and techno logy. The s i x  
Centra l Amer ican cou ntr ies a re 
partners i n  the programme 
whose Eu ropean techn ica l  
support i s  p rov i ded by 
C I RAD and K IT. In G u atema l a, 
Hondu ras, N icaragua, Costa 
R ica  and Panama spontaneous 
groups of  farmers are he l ped to 
carry out the i r  own exper i ments 
by fi e l d  teams made up of 
researchers and extens ion  
agents from the  p ub l i c  sector. 

These same teams grafted part of 
the i r  own research  onto 
that of the v i l l agers i n  the i r  
secto rs, p rov id i ng comp l ementary 
data on such  p rob lems as 
so i l  fe rti l i ty, adapt i ng  new 
var iet ies ,  c rop protect ion  u s i n g  
loca l l y  ava i l ab l e  prod ucts 
(chem ica l s ,  etc . )  and 
m i xed c ropp i ng .  About 
450 exper i ment i ng farmers 
were o rgan i zed i nto 30  groups .  

I n  N icaragua, PR IAG 
prov i ded methodo log ica l  
su pport to the nat iona l  
profess iona l  fa rmers' 
assoc i at ion ,  wh i ch  sought to 
re i nfo rce the techn i ca l  
he l p  p rov ided by  its 
department (Campes i no a 
cam pes i no) to fa rmers' 
exper iments . Th ree reg iona l  
1 -week tra i n i ng workshops 
were o rgan i zed in  1 994 for 
a l l  these techn i c i an s .  



PUBLICATION 

Support for Rural Producers 

L'appu i aux p roducteu rs ru raux  
is a practica l guide for use b y  
development agents a n d  mana­
gers of farmers' organizations. 
The document was compiled 
collectively by experts belong­
ing to various bodies and dis­
cusses the possible components 
of farm-level support for farmers 
according to their needs. It pre­
sents approaches, methods and 
material tha t  ha ve a ll been 
tested in rea l situations. 

TH ESES COMPLETE D IN 1 9 94 

C I RAD Sc ient i sts 
Des rizieres aux paysages : elements pour une
gest ion de la  ferti l ite dans les explo itat ions 
agricoles du Vakinankaratra et du nord Betsi­
leo (Madagascar) [ R i ce padd ies  on  the l and­
scape : e l e m e nts fo r fe rt i l i ty ma nagement  on  
farms i n  Vak i n a n karatra and i n  North Bets i leo 
(Madagascar) ]  by Dom i n iq u e  Rol l i n ,  U n i ver­
s i te Par is X, N anterre . 

Optimisation des procedes combines de 
deshydratation- impregnation par immersion 
(dans des so lut ions concentrees) et de se­
chage par entra'inement (a l 'air chaud) [Opti­
m i zation  of the com b i ned processes of dehy­
d rat ion - i m p regnat i o n  th ro u g h  i m mers i o n  ( i n  
concentrated so lut ions )  a n d  hot-a i r  d ry i ng] by 
A n d re Theme I i n ,  Eco l e  n at i o n a l e  s u p e r i e u re 
des i ndustries agri co les et a l i mentai res, Massy. 

Modernisation des espaces ruraux et paysan­
nerie. Le cas du Nordeste du Bresil [Modern i ­
zati on  of rura l  l a n d - u se and the fa rmers .  The 
case of Nord este, B raz i l ]  by Jean-Ph i l i ppe 
Tonneau, U n ivers ite Par is  X, Nanterre . 

La diffus ion du ma"is au nord du Cameroun. 
Dynamique de ! ' i nnovat ion et culture tech­
n ique locale [Ma ize  d i st r i bu t ion  i n  northern 
Cameroon .  Trad i t iona l  techno logy and i n nova­
t ion  dynam i cs]  by Ab rao S i l vestre, Eco l e  des 
hautes etudes en sc iences soc ia les, Pari s .  

De la norme a la  d iversite : ! ' i ntens ificat ion
r iz icole face a la diversite paysanne dans les
perimetres irrigues de l 'Office du N iger [ F rom 
standard methods to d i vers ity :  r ice c rop i nten­
s if icat ion and fa rmer d i vers ity on  the i rr igated 
per i meters of the Off ice du N iger p roject] by 
Jean-Yves J a m i n ,  l n st itut national agronomique  
de Paris-G r igno n .  

Controle de l'espace e t  developpement rural 
dans l 'ouest Alaotra. De ! 'analyse d 'un  
systeme agraire a un projet de gestion de l 'es­
pace rural (bassins versants de l ' lmamba et de 
l ' l vakaka, lac Alaotra, Madagascar) [ E n v i ron­
menta l  p rotect i o n  a n d  ru ra l  deve l o p m e n t  i n  
West A l aotra . F rom t h e  a n a l y s i s  of a fa rm i n g  
system t o  a r u r a l  l a n d  m a n agement  p roject, 
! m amba and lvakaka R iver bas i ns ,  Lake A l ao­
tra, Madagascar)] by Andre Teyss ier, U n ivers i te 
Par is  I .

C I RAD Tra i nees 
La dynamique d'offre de cacao entre marche, 

conditions naturelles et institutions. I nterpre­

tat ion a part i r  d 'une  comparaison Cote
d' lvoire-Malais ie [Dynam i cs of cocoa s u p p l y  
re l ated t o  m a rket i ng ,  n atu ra l  cond i t i o n s  a n d  
i n st i tut i o n s .  I n te rp retat i o n  based o n  a Cote 
d ' I vo i re-M a l ay s i a  compar i son ]  by F ra n c;: o i se 
J a rr i ge ( F ra n ce ) ,  Facu l te de sc ience  econo­
m ique  et  de gest ion ,  U n ivers i te de Bourgogne, 
D ijon .  

Model isation agronomique et  economique de 

la durabi l ite d 'un systeme agra i re v i l lageois .  
Le cas du  v i l l age de  Bala au Burk ina Faso 
[Agro n o m i c  and eco n o m i c  mode l l i ng of the 
susta i nab i l ity of a v i l l age farm i ng syste m .  The  
case of  the v i l l age of  Ba l a  i n  B u rk i n a  Faso] by  
B runo  Barb ie r  ( F rance),  Eco le  nat ion a l e  su pe­
r ieure agronomique  de Montpe l l i er. 

Etude des mecanismes physico-ch imiques et 
biologiques responsables du pouvoi r  de pani­
ficat ion de l 'amidon fermente de manioc 
[Study of  the b io log ica l  and phys ico-chemica l  
mec h a n i s m s  respon s i b l e  fo r bread - m a k i n g  
p ropert ies  o f  fe rmented cassava starc h ]  b y  
Cath e r i n e  B rabet ( F ra nce) ,  U n i ve r s i te d e s  
sc iences e t  tec h n i q u es d u  Languedoc, Mont­
pel l ier  I I .  
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IRA D-GERDAT's stra tegy to become more strongly rooted in the 
L anguedoc-Roussillon region began to bear fruit in 1 994. L ike 

___ their colleagues a t  Biotrop, the biotechnology for tropica l crop 
improvement laboratory, the Department's programmes and research units 
ha ve strengthened their cooperation ties with Montpellier's university and 
research bodies. 
As a preliminary result, the opera tiona l  ecology and acridology pro­
gramme, Prifas, specializing in locust surveillance and control, has joined 
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with Agropolis in setting up a European Master's degree programme in 
acridology, in associa tion with Mon tpellier University and /NRA, among 
others. 

The soil and plant analysis unit and ORSTOM 's en vironment and farming 
activities department are negotia ting an agreement to work together on 
soil chemistry. This should be signed in 1 995. 

The pla n t  arch itecture modelling unit has been working with /NRA for 
more than 4 years on tree architecture. They have suggested making their 
AMAP software a vailable to Agropo/is for regional land-use planning. The 
three-dimensiona l images of plants and their evolutionary s imula tions 
produced by AMAP can be very useful to landscape designers. 

Green, the renewable resources and en vironment management research 
unit tha t  was created in July 1 993, has a lready set up part of its activity in 
Montpellier; e.g. a labora tory specia lizing in multi-agent systems. Th is 
follows the move by a branch of the agricultura l  prospects and policies 
research unit to Montpellier. 

Th is deloca liza tion of the Department brings it logica lly closer to the 
Mediterranean scientific community with whom it has long-standing ties 
via its cen tra l tra in ing, computer, techn ica l and scien tific in forma tion 
services, and opens the wa y to the Depa rtment's pa rticipa tion in the 
dynamics of the region .  

OPERATIONAL 
'fiCOtOGY AND 
��RIDOLOGY 

' , ... 
!. 1! 

C l �/\\Di.? operat iona l  eco logy and 
ac r ido logy p rogram me, Pr i fas, 
has focused i ts research ,  tra i n i ng 
and i nformat ion on locust su rvey 
and contro l .  I n  1 994, B raz i l  was 
the l ocat ion  chosen for 
exper iments i nvo lv i ng  new 
i n secti c ides that a i med to assess 
the effects of chem ica l  ant i l ocust 

M a nage m e n t, Com m o n  Serv i ces  -

treatments on nontarget fau n a  and 
to redefi ne  the cou ntry's locust 
contro l strateg ies .  

The Search for a Dieldr in 
Substitute 
D i e l d r i n ,  an  organo-c h l o r i n ated 
contact pest ic ide,  was u sed fo r 
years i n  p revent ive contro l of the 
desert locust .  When u sed in l ow 
vo l u mes for barr ier  treatment, the 
prod u ct's pers i stence made i t  
effect ive over vast areas, mak ing  it 
i n d i spensab le  for ha l t i n g  an  i n sect 
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i nvas ion . I t  was ban ned i n  1 98 7  
a n d  no pesti c i des u sed s i nce h ave 
been as effect ive .  

In  1 994, C I RA D  carr ied out 
exper i ments in Mau r i tan ia, i n  
cooperat ion  with the Mau r i ta n i a n  
M i n i stry o f  r u ra l  deve lopment a n d  
t h e  env i ronment, on  a new 
compound  developed by Rhone­
Pou lenc .  F i pron i l  was tested i n  
a natu ra l  desert locust rep rod u ct ive 
zone to assess i ts potent ia l  u nder  
rea l cond it i ons .  Th i s  new pesti c i de  
was fou n d  to  be  pers i stent and  
extreme ly  effective a t  u l tra l ow 
vo l u mes i n  bar r ie r  treatments, 
without the d rawbacks of d ie l d r i n .  

F i pron i l  m i ght  we l l  become 
the su bst i tute p rod uct yearned 
for by the cou ntr ies wh ich  are p rey 
to these pests . U nt i l nonchem ica l  
contro l  methods h ave been 
perfected, i t  w i l l  be v ita l to these 
cou ntr ies to be able to re l y  on 
a more effi c i en t  and l ess cost ly  
active i ngred ient  than they h ave 
had at the i r  d i sposa l over the past 
7 years . 

Effects of Chemical Control on 
Nontarget Fauna 
C I RAD .and  the B u rk i n a  D i rect ion  
de l a  protect ion  des vegetaux  et 
du cond i t ion nement stu d i ed 
the effects of chem i ca l  treatments 
on  nontarget a rth ropods, sp iders 
and othe r  i n sects d u r i ng 
2 success ive growi ng seasons  i n  
1 992 and 1 99 3 .  The i r  a i m  was 

PUB L ICATIONS 

Locust Information in
Sub-Saharan Africa

Any preventive locust control 
relies on field information tha t  
must be  gathered, forwarded 
analysed and stored. CIRAD and 
OCLALAV made a survey on 
the subject in 1 0  West African 
countries in 1 992 and 1 993. A 
publication entitled L' i nfo rm a­
t ion acr i d i e n n e  dans  l es pays 
membres de l ' OC LALAV, which . 
presents the results of the en­
quiry, was published in 1 994 
with backing from the French 
Min istere de la cooperation. 

Natural Enemies of
the Sahel Locust

Thanks to funds from the Neth­
erlands, Prifas contributed to the 
compilation and publication of a 
book entitled Les en nem i s  natu­
re l s  des criquets du  Sahel ,  part 
of a collection of books on oper­
ational acridology brought out 
by CILSS, and in keeping with its 
policy of publishing scientific 
results for the general public. 

to assess the i mpact of pest i c ides 
on these popu l at ions  and 
the su bseq uent  reco lon izat ion  rate 
i n  the treated p l ots . The data were 
processed in 1 994 .  Resu lts showed 
that, apart from e l ater ids  (c l i ck  
beet le ) ,  a l  I taxon s  a re affected by  
an t i  locust treatments, espec i a l l y  
the Hymenoptera, many of w h i c h  
are u sefu l paras i to id s .  Chem ica l  
spray i n g  u sua l l y  l eads to  a sha rp 
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decrease i n  these pop u l at ions ,  even 
i f  o n l y  tem porar i l y. Arth ropods that 
l ive i n  the so i l ,  however, appear 
to be p rotected by g rass cover. 

A Strategy for Locust Control 
in  Braz i l  
C I RAD and EM B RA PA, backed b y  
t h e  Eu ropean Com m i ss ion ,  
l au nched a resea rch p roject i n  
1 993  to study the locust of Mato 
G rosso, Rhammatocerus 
sch istocercoides. Outbreaks were 
found  to be determ i ned by ra i ny 
cond i t ions  at key moments i n  
the i nsects' b i o l og ica l  cyc le .  S i nce 
the spec ies i s  fa i r l y  sedentary, 
prevent ive action  aga i n st the pest, 
i . e .  detect ion  and destruction  of 
hatc h i ng s i tes d u r i n g  the ra i ny 
season ,  becomes poss i b l e .  
The  locust b i otope maps that were 
d rawn with the h e l p  of Landsat 
i mages w i l l  be u sed to deve lop  
such  a strategy. 

BIOTECH NOLOGY 
FOR TROPICAL 
CROP 
IMPROVEMENT 

it 
B i otrort the b iotech no logy for 
trop ica l  c rop i m p rovement u n it, 
concentrated its act iv i t ies  in 1 994 

Man agement, Common Serv i ces  
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i n  two m aj o r  f ie l d s :  f i rst, genome 
mapp i n g  of the main trop ica l  c rop 
p l ants and  the i r  genet i c  
transformat ion  th rough ana lys i s  of 
Bacillus thuringiensis tox i n s ;  
second,  i m p rovi ng  embryoge n i c  
ce l l  su spe n s i ons ,  the med i u m  for 
transformat ion  methods .  

Comparative Mapping of 
G rain Genomes 
Mol ecu l a r  markers, espec i a l l y  
R F L P, have been used t o  map 
n u mero u s  c rops over the past 
1 0  years .  A very s i m i l a r  genome 
arrangement was often fou n d  i n  
p l ants of the same fam i ly, 
espec i a l l y  i n  the gram i n aceous  
Poaceae . 

S i m i l a r i t ies were fi rst fou nd 
betwee n  wheat, bar l ey and rye 
(Trit iceae) . S u bseq uent com par i son 
of  the genet i c  maps of p l ants 
be l o n g i n g  to d i fferent g ro u ps,  such  
as  r i ce, wheat and ma ize, 
confi rmed that l a rge co l i near  zones 
were conserved on the fam i l y  
sca le .  

C I RA D  i s  com par i ng  sorg h u m  and  
sugarcane genomes w i th  ma ize 
probes .  These th ree p l ants be long 
to  the And ropogoneae gro u p .  
Com par i son o f  the i r  genomes has 
a l ready revea l ed that they have 
about 1 00 mo lecu la r  markers i n  
common . S ugarcane and sorg h u m  
have very s i m i l a r  l i n kage groups .  
Ma ize  has a more com p l ex 
genome structu re, character ized by 

M a n agement, Com m o n  Serv ices -

many d u p l i cated ch romosome 
reg ions .  S i nce the th ree g ra i n s  sp l i t  
to deve lop  a long d ifferent l i nes,  
ma ize seems to have u n dergon e  
mass ive c h romosome 
rearrangements . However, the th ree 
spec ies  h ave, for the most part, 
kept the same marker order  with i n  
l i n kage g rou ps wh ich  accou nts for 
a near perfect co l i near i ty over l a rge 
i nterva l s .  

Genet i c  mapp i n g  o f  gra i n  p l a nts 
shou l d  p rogress rap i d l y  with  
the coord i n at ion  of  research work 
on re l ated g ra i n s  and i nten s if ied 
researc h  o n  s i mp le  mod e l s, s uch  as 
r i ce or sorg h u m .  

Measur ing Bacillus 
thuringiensis Toxins 
Bacillus thuringiensis, a so i l  
bacter i u m ,  p rod uces prote i n s  that 
are tox i c  for a n u mber of pest 
i n sect g roups .  Severa l tec h n i q u es 
have been deve loped to assess 
the effi cacy of these tox i ns ,  w h i c h  
var ies accord i ng to t h e  bacte r i u m  
stra i n  a n d  the i n sect. 

l m m u nocytochem i stry and l aser 
scan n i ng cytometry com p l ement 
each othe r. The former revea l s  
t h e  p resence of tox i n  receptors on  
i ntesti n a l  ep ithe l i u m  m ic rovi l l i .  
The l atter i s  u sed to v i sua l ize and 
quant i fy the i r  loca l ization  i n  
d ifferent parts of the i ntest i ne .  I n  
the m idgut  of the r i ce str i ped stem 
bore r, Chilo suppressa lis, C ry lA(a) 
and C ry lA(c) tox i n  b i n d i n g  s i tes are 

d i str i buted even ly, contra ry to  those 
of C ry l B ,  and a re more n u merous 
in  the anter io r  and poste r io r  zones .  
There a re few Cry lA(b)  receptors . 
No  receptors were fou n d  for C ry lC  
and  Cryl E .  

Laser scan n i ng cytometry can 
detect tox i n s  which have been 
marked with d i fferent 
fl uo roc h romes to dete rm i ne 
whether  they com pete for the same 
receptors .  Receptor b i n d i ng,  
stud ied on  brush border  mem brane 
ves i c l es,  was determ i ned with 
rad ioactive markers . Cry lA(a) ,  
Cry lA(c) and  Cry l B ,  w h i c h  a re 
active aga i n st the r i ce str i ped stem 
borer, were stud i ed two by two 
u s i n g  th i s  method, and with  
the he lp  of  the l nst itut Paste u r. 
They h ave two receptors i n  
com mon : one  i s  not very specif ic ,  
and i s  abundant ly and eve n l y  
spread th roughout  t h e  i n sect's 
i ntest i ne ;  the other  b i nds  d iffe rent ly 
accord i n g  to the tox i n .  C ry lA(a) 
a l so b i nds  read i l y  to a th i rd,  l ess  
freq uent, s ite. 

When the effects of each tox i n ,  on 
i ts own and with other  tox i ns ,  are 
known, i t  w i l l  be poss i b l e  to 
i ntrod u ce genes cod i ng for the 
most effi c i ent  tox i ns ,  whose act iv i ty 
wou l d  be synerg i st ic ,  i nto futu re 
transge n i c  r i ce stra i n s .  At the same 
t i me, C I RA D  and U n ive rs ity of 
Montrea l  (Canada) are stu d y i n g  
t h e  act iv i ty o f  I i tt l e-known tox i ns .  
Deta i led study o f  t h e  mec h a n i s m  
that leads t o  t h e  destruction  of 



i n sect i ntesti na l  ce l l s  shou l d  make 
it poss i b l e  to p rod uce new and 
more eff i c i ent  tox i n s  and to  de l ay 
res i stance bu  i I d -up  i n  ta rget i nsects . 
Researchers h ave chosen to study 
tox i n s  that a re spec i f ic  to  Plutella 
xylostella, a fo rm idab le  food c rop 
pest in  tem perate and trop ica l  
zones .  
The act iv i ty of  the Bacillus 
thuringiensis tox i n  is two-staged . 
F i rst, it b i nds  to the receptor on  
the  ep i the l i a l  membrane  su rface, 
act ivat i ng  ce l l s i gna l  mechan i sms  
(ca l c i u m  and p H ) .  Then  i t  c reates 
a pore, th u s  d i stu rb i ng the ion  
exchanges w h i c h  i n  tu rn a l ter 
the ce l l 's phys io l ogy, q u i ck ly  
l ead i ng to  i ts destruct io n .  

T h e  tox i n  com pr i ses two parts of 
about 300  am i no ac id s  eac h .  
That ca l l ed "channe l  f ie ld"  seems 
to  be i nvo lved i n  c reat i ng  the pore; 
the second ,  ca l l ed " receptor  f ie l d " ,  
i n  recogn iz i ng b i n d i ng s i tes . 
The a i m  i s  to com b i ne i n  c h i mera 
genes the reg ion  cod i ng fo r 
the channe l  f ie l d  from one tox i n  
w i th the reg ion  cod i ng fo r 
the receptor f i e ld  from another 
tox i n ,  thereby e l u c i dat i ng  each 
pa rt's ro l e  in the tox i n 's tox i c i ty. 

F ive of the s i x  construct ions  
p l a n ned were car r ied out  i n  1 994 
and  the l ast i s  in  p rogress .  
The receptor f ie ld  of C ry l E , wh i ch  
i s  i nactive aga i n st P. xylostel/a, was
com b i ned wi th the channe l  fi e l d s  
o f  act ive tox i n s  C ry lA(b) and C ry lC  
and ,  i nve rse l y, t he  C ry l E channe l  

fi e l d  was  com b i ned with 
the C ry lA(b) and C ry lC  recepto r 
f ie l d s .  C ry lC  receptor f i e ld  was a l so 
com b i ned wi th the channe l  fi e l d  of 
C ry lA(c) ,  wh ich  i s  a more effi c i ent 
pore-c reat i ng  tox i n .  These c h i mera 
tox i n s  w i l l  be tested in v iva, 
in v i t ro and on  reconst i tuted 
mem brane systems  (p l ane  l i p i d  
b i l ayers) . 

Banana and Hevea Somatic
Embryogenesis 
Of a l l m a i n  c rops the Musa gen u s  
(ban ana) i s  that most often 
regenerated by i n -v i tro cu l tu re .  I f  
i n -v i tro p l ant p rod uct ion  costs were 
red uced by use of somat ic 
embryogenes i s ,  wh ich  i s  a very 
eff i c i ent  p ropagat ion system,  more 
p l a nts cou l d  be d i str i buted . N ew 
methods for banana genet i c 
i m p rovement (genet i c  
tran sformat ion ,  p rotop l ast fu s ion )  
cou l d  com p lement more trad i t iona l  
i m p rovement methods .  
C I RAD has cont i n ued research on  
the deve l opment of  th i s  tec h n ique  
ever s i nce i t  ach ieved success w i th 
zygot i c  i m matu re embryos . 
Resea rchers have deve loped 
an embryogenes i s  system from 
ma le  f lowers i n  cooperat ion  w i th 
CATI E as part of a Eu ropean 
Com m i ss ion  p roject. Embryoge n i c  
suspens ions  were obta i ned for 
severa l  cu l t iva rs of agronom i c  
i nte rest (G rande N a i ne,  F rench  
Sombre) . F i e ld  test i ng  for 
conform ity i n  bananas p rod uced 
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from su spens ion  regenerat ion i s  
cu rrent ly u nder  way. 
The p rocess i s  a l so u sefu l 
i n  banana transgenes i s .  C I RAD 
i s  deve lop i n g  a method wh ich  
u ses b io l i st ics  as a gene transfer 
tec h n i que  and embryoge n i c  
suspens ions  as t h e  target . 
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I n  Hevea, the past few years have 
shown that it is poss i b l e  to obta i n  
embryoge n i c  ca l l u ses from 
the i n ner  seed coat. These ca l l u ses, 
however, become can kered l i tt l e  
by I i tt l e  and after 5 or  6 months 
the process has to be tr i gge red 
aga i n  from the or i g i na l  exp l ant .  I t  i s  
therefore a l together too s low for 
m ass regenerat ion . 
I n  1 994, the l aborato ry obta i ned 
the f i rst d u rab le  embryogen i c  stock 
from c lone  PB  2 60, a c lone of 
part i c u l a r  i nd u st r ia l  i nterest. Th i s  
very fr i ab le  ca l l u s  i s  reprod uced by 
success ive rep l ant i ng every 
3 weeks . Its m u l t i p l icat ion rate-
3 to 4 at each rep l ant i ng-is  
pract ica l l y  i nfi n i te .  I t  has 
a regenerat ion  capac i ty of several 
h u nd red embryos per gra m .  S i nce 
then,  stocks h ave been obta i ned 
from PR 1 0 7,  another  c lone  we l l  
known to p l anters . 
C I RAD and O RSTOM are 
i nvesti gati ng  how to i m prove 
c ryopreservat ion  of these stocks, 
to store them i ndefi n i te ly. Embryo 
m atu rat ion  is a l so u nder  study 
by researchers seek i ng  to i m p rove 
i ts germ i n at ion  rate, wh i ch  i s  
cu rrent ly about 1 0 % .  
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Plan�liuprovement schemes, 
agroforestry or land-use pla n n i n g  
are all f ields where plant a n d  plant 
growth modell ing  can apply. Th i s  
was clearly demonstrated i n  1994 
when plant modell ing software was 
put to use in eucalyptus plantat ion 
management, forest fire prevent ion 
and the sett i ng  up of a horti cultural 
bus i ness. 

Eucalyptus Plantation 
Model l i ng 
About 40,000 ha of eucalyptus 
were planted by UAIC, Congo, 
with help from C I RAD-Foret. 
Quant if icat ion of these forests' 
b iomass is m ade poss i ble by us i ng 
remote sen s i ng. C I RAD proposed 
to model the arch itecture and 
growth of  the ma i n  clones planted 
in order to obta i n  a more prec i se 
understand i n g  of the radar i m age 
assessments. 
F i eld data concern i ng trees of all 
ages, essent ial to the creat ion of 
the mathematical models, were 
collected over 2 years by UA IC  
tec h n i c ians  tra i ned by  C I RAD 
bota n i sts. 
C I RAD researchers i n  cooperat ion 
with the Centre d'etudes spat iales 
et de rayon nements s i mulate radar 
waves on these models. Radar data 
can thus be translated more 
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spec if ically w ith more prec i se 
quant itat ive and qualitat ive 
assessments of wood y ield. 
The marg i n  of error for 
the esti mated plantat ion b iomass 
can be reduced from 10 to 5%, 
wh ich  represents a lot of  wood on 
the UA IC scale. Plantation  
production ,  both quantitatively and 
qualitatively, can be extrapolated 
over t ime us i ng  the software that 
s i mulates eucalyptus growth. 
The modelli ng undertaken for th i s  
project will be of  use i n  work 
currently conducted by 
Cl RAD-Foret to select and study 
the phys i ology of eucalyptus. 

The Spread of Mediterranean 
Forest F i res 
The Med i terranean forest i s  
part i cularly vulnerable to fire. The 
European Comm iss ion h as funded 
research on the spread of f ire i n  th i s  
environment i n  an effort to  counter 
a d i saster wh ich  destroys thousands 
of hectares in southern Europe 
each year. The aim i s  to create 
a software programme wh ich  
would show how fire advances 
depen d i n g  on the quantity and 
quality of  combusti ble matter and 
i t s  spat ial layout. 
C I RAD was asked by the French 
plan n i ng office (wh ich i s  p ilot i ng  
the  project) to  create three­
d i mens ional mathematical models 
of the Med iterranean forest. 
Research was carried out on the 
most prevalent spec ies :  Alep p i ne, 

Proven<;ale gorse ( U/ex) , kermes 
oak ( Quercus coccifera), green oak 
( Quercus ilex), Cistus villosus and 
vi burnum. Their arch itecture and 
growth were analysed by 
the modell i ng un it, then the ir  
d i stri but ion was reconst ituted on 
the screen. After d ivid i ng  the space 
i nto cubes, the software 
programme calculates the dens ity 
of combust i ble matter per un it 
volume, an  essent ial parameter for 
assess i ng the speed at wh ich  a fire 
will spread. 
Although th i s  research was carried 
out for a spec if ic applicat ion­
forest f ire prevent ion-it also 
enhances botan i cal research 
through the acqui s i t ion of new 
knowledge about Med iterranean 
vegetation. For example, far more 
prec i se and comprehens ive data 
are ava ilable on the Alep p i ne, 
from seed to 90-year-old tree. Data 
were also collected about the 
kermes oak ( Quercus coccifera) . I t  
i s  now known that th i s  tree, w ith i ts 
scraggy vegetat ion,  h ides the 
essenti al part of its woody b iomass 
underground and that i ts seeds, 
reputed to germ inate with d iffi culty, 
germ i nate abundantly at the edge 
of its leaf-cover area. 

G rowth of Ornamental 
Tobaccos 
The SE ITA l n stitut du tabac asked 
C I RAD to undertake a study i nto 
the growi ng cond it ions and 
the development of  several 



ornamenta l tobacco var iet ies, to 
e n h a nce its a l ready r i ch  co l l ect ion  
of  Nicotiana and  th i s  w i th  the a i m  
o f  d ivers i fy i n g  the i r  prod u ct ion . 

An  ornamental  p l ant  m u st com p ly  
w i th  a n u m ber  o f  we l l -defi ned 
c r i te r i a  concern i n g  shape, g rowth 
rate, transportat ion  to le rance and 
g row i n g  cond i t ions  (season ,  
p l ant i ng  so i l ,  pot s i ze, wate r i n g) .  
Stu d i es were cond u cted on  f ive 
var iet ies  over 2 years to co l l ate the 
data necessa ry for mathemat ica l  
mode l l i n g  of the i r  a rch i tectu re . 

The Amaps i m  s i m u l at ion  software 
conce ived by C I RAD constru cts 
synthet ic  i m ages and v i sua l izes 
p l a nts at d ifferent t i mes d u r i n g  the i r  
deve lopment, then mode l s  the i r  
g rowth i n  re l at ion  to parameters 
such  as tem peratu re or l i ght .  By 
s i m u l at i n g  the i nfl uence of 
env i ronmenta l factors on tobacco 
deve lopment, i t  ca lcu l ates the t ime  
n ecessary for a p l ant  to  g row to 
marketab le  s ize and  therefore 
the best sow i n g  t i me, g iven  market 
expectat ions .  

AGRICULTURAL 
8ROSPECTS AND 
,POLICIES' I · 

.\,, ' 
An externa l  i nvest igat i n g  
com m ittee assessed the work of 
th i s  common serv i ces u n i t i n  1 994 

and noted that i t  rem a i n s  
com m itted to t h e  two bases of 
its methodo logy : p rospect ana lys i s  
and  model l i ng .  The u n i t w i l l  
concentrate on two med i u m-term 
objectives to b r i ng  econom i c  
theory c l oser t o  rea l s ituat ions  
exper ienced by  fi e l d  staff and  
to  p ropose methods of  eva l u at i n g  
the outcome o f  econom i c  po l i cy 
measu res . 

Agricu ltu ral Research and 
Development in  Afr ica 
C I RA D  was asked by S PAAR 
to carry out a study to dete rm i ne 
w h i c h  part i c u l a r  aspects of 
researc h  cou l d  contr i bute to 
the deve l opment of h u m id and  
s u bh u m id zones  of  West and 
Centra l  Afr ica .  

Desp i te a n u m ber  of  p recon ce ived 
ideas, th i s  reg ion  has exper ienced 
success ive per iods of agr i cu l tura l  
g rowth in  w h i c h  research p l ayed 
an i m po rtant ro l e .  B ut the ideas put  
fo rward by researchers h ave had 
re l at ive l y  I i tt l e  effect outs ide  
the fie l d  of  agro- i n d u str i a l  
p l antat ions .  Sma l l  fa rmers i n  
genera l  m ake use of  o n l y  a fract ion  
of  the tec h n ica l  recommendat ions .  
They a re i nte rested i n  p l ant 
i m provement, but  often use 
fert i l izers on  a n n u a l  c rops,  for 
i m med i ate effect, without rea l l y  
chang i ng  the i r  c ropp i n g  hab its .  

N at io n a l  and i nternat iona l  research 
o rgan izat ions  h ave a majo r  ro l e  
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to p l ay i n  futu re changes i n  tropica l  
agr i cu ltu re .  F i rst and foremost, 
Afr ican export and food c rops have 
to become com pet i t ive agai n .  
To th i s  end ,  the study p roposes that 
systemat ic research shou ld  be 
conducted to assess var ious  sectors 
i n  o rder  to st i m u l ate prod uct iv i ty 
i nc reases through cost red uct ions 
o r  q u a l i ty i m p rovement .  
Governments w i l l  not be ab le  to 
tota l l y  abandon the i r  support i n  key 
a reas such  as access to genet ic  
mate r i a l ,  chem ica l  i n puts and 
c red it, even i f  they no longer 
ensu re d i rect su pport to farmers, 
but sti l l  want to i nc rease 
agr icu ltu ra l  y ie ld s .  And on 
a longer-term bas i s ,  research  must 
h e l p  to deve lop  susta i nab le  
c ropp i n g  systems as  an  ant idote to 
the exhaust ion  of a rab l e  l a n d .  

Cooperation, Agriculture and 
the G reenhouse Effect 
C I RAD carr ied out a study for 
A D EM E  i n  1 994 a i med at assess ing  
wh ich  part i c u l a r  cooperat ion 
po l i c i es shou l d  be i m p lemented in  
the agr icu ltu ra l  sector  to he lp  
red u ce the  gas e m i ss ions  that 
contr i bute to the green house effect. 

About 1 6% of carbon d iox ide and 
methane gases res u l t  from 
agr icu ltu ra l  act iv i t ies in Southern 
countr ies, due espec i a l l y  to 
deforestat ion  (6%) and r ice 
c ropp i n g  (6%) . Govern ment 
po l i c i es can cruc i a l l y  i nfl uence gas 
em i ss ions  by reg u l at i ng  access to 
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l and ,  food p rod uct ion ,  revenue  
d i st r ibut ion ,  p rod uct p r ices, and  
the i r  encou ragement o f  o r  l ack  of 
su pport fo r p ioneer expa n s i o n  and 
agr i cu l tu ra l  p rod uctio n .  N at iona l  
econom i c  po l i c i es are to  some 
degree governed by i nternat iona l  
a id ,  ma i n ly th rough structu ra l  
adj u stment p rogrammes . 

I n  genera l ,  the theoret ica l  
re l at ionsh i p  between adj u stment 
and the g reen house effect i s  
d iffi cu l t  to substant iate . The effect 
of any  g iven meas u re on gas 
em i s s ions  is i m poss i b l e  
to determ i ne and  i ts very i m pact 
can be forecast as pos i t ive o r  
negative o n l y  i f  t h e  econom i c, 
soc i a l  and  i n st i tut iona l  context i s  
known . 

Two case stud i es, i n  Cameroon and 
i n  Costa R i ca, showed that 
defo restat ion  can be contro l l ed 
o n l y  if measu res are taken to 
deve lop  i ntens ive farm i n g, though 
th i s  often re l ies  on spec if ic  p u b l i c  
i ntervent io n  th at i s  i n  contrad i ct ion  
to adj u stment r u l es .  

Sustainable Agricu lture and 
B ioeconomics Model l ing 
A b ioeconom i cs mode l  has  been 
dev i sed to assess and compare 
the effects of agr icu l tura l  and 
econom i c  po l i c ies on ren ewab le  
resou rces . The resou rce c hosen 
was the so i l ,  s i nce the absence of 
d ata on  so i l s  and so i l  e ros ion  
frequent ly  ham pers t he  sett i n g  up  
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The Economy of 
Agricultural Pol icies in
Developing Countries

CIRA D helped to conceive and 
edit Eco n o m i e  des po l i t i q u es 
agr i co l es dans  les  pays e n  
deve loppement, published by 
Editions de la revue fran<:;a ise 
d'economie. The work reflects 
the thinking of the French 
scientific community on this 
theme and is the result of 
concerted action led by the 
Ministere de l'ehseignement 
superieur et de la recherche. 

It is presented in three volumes, 
but  a ll a re clearly in terrela ted. 
A preliminary series of contribu­
tions p la ces developing coun­
tries ' agricultura l policies in 
their in ternational  economic 
framework and presents market 
tendencies, concepts and 
methods rela ting to  sectors 
and competitiveness, examining 
some international  farm product 
markets .  Th is is followed by 
an ana lysis of the connection 
between macroeconomics and 
agricultura l  development. Exper­
iments in A frica, Asia and L a tin 
America are discussed, underlin­
ing the effects of foreign 

. excha nge and pro tection po-
1 icies . L astly, economic a n thro­
pology and the modelling of 
fa rmer beha viour contribu te to 
the examina tion of the m icro­
econom ic bases of agricultura l  
policies. 

of mod e l s  that refl ect rea l ity and 
ca l l s  fo r more adeq uate methods .  

Th i s  n ew dec i s ion-mak i n g  too l was 
constructed u s i n g  econom i c  
methods and a p l ant growth model  
which re l ates y ie ld  and the state of 
the so i l  to c ropp ing  hab i ts .  It a l so 
takes more accou nt of the r i s k  
factor. I n  add i t ion ,  i t  assesses 
the long-term and i nd i rect effects of 
any econom ic  measu re concern i n g  
resou rces . I t  i s  based most ly on  
mesoeconom i cs that a re better 
su i ted to the u n certa i nt ies of 
susta i nab le  farm i ng .  

The approach i s  i l l u strated and  
va l i dated by two case stud ies-
a reg ion  i n  the Argent i ne  Pam pa, 
where m a ize i s  grown fo r export, 
and the v i l l age of Seguere 
i n  B u rk i n a, where food i s  
p rod u ced for home con s u m pt i o n .  
So i l e ros ion  i n  both cases was 
ana lysed in re l at ion to var ious  
regu l at ion  and market i ntervent ion 
meas u res .  

RENEWABLE 
RESOURCE 
fi'ANAGEMENT,
ENVIRONMENT 
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II l 
A year�and  a ha l f  after its c reat ion  
with i n  C I RAD-G ER DAT, 
the com mon services u n i t G reen 



(gest ion des ressou rces 
renouve l a b l es,  env i ron nement) 
b roadened its action  front to two 
other  C I RA D  Departments­
Forestry ( Foret) and Food 
Techno logy and R u ra l  Systems 
(SAR) . I t s  many-faceted 
competence concern i n g  renewab le  
resou rces and  its part i c i pat ion  i n  
n u merous  F rench  and fo re ign  
networks g i ves i t  the ab i l i ty to  rep l y  
to quest ions  o n  m a n y  fronts . 

Multi-Agent Simulation 
A l aboratory was c reated i n  
Montpe l l i e r  at the heart of 
th i s  u n it to use  the " m u lt i -agent 
mode l l i ng" tec h n i q ues of 
art i fi c i a l  i nte l l i gence to s i m u l ate 
man-made ecosystems on 
computer and ana lyse 
the i r  evo l ut ion  accord i n g  to 
d ifferent resou rce management 
schemes.  The i r  mode l s  a re sti l l  at  
the expe r i mental  research stage, 
but are u sed al ready to test 
the coherence of m u lt id i sc i p l i n a ry 
approaches to a common p rob lem 
-do the  v iews of  econo m i sts,
agronom i sts and eth no log i sts
co i nc ide  or d ive rge ?

It i s  a powerfu l i n stru ment for 
m u lt id i sc i p l i na ry d i a logue and i s  
be i n g  p u t  t o  u se i n  t h e  framework 
of  a thes i s  concern i n g  management 
of the i rr i gated land border i n g  
t h e  Senega l r iver. The i n teract ions  
and i nterco m m u n i cations  of 
the var ious  env i ronments and 
peop le  i nvo lved can be s i m u l ated 

PUBL ICATION 

Methane, Animals and 
Humid Zones 

Methane gas, which contributes 
to the greenhouse effect, is 
produced by wild and domestic 
bovines, termites, rice paddies 
and swamps. CIRAD and Ecole 
polytechnique have compiled 
a bibliographic assessment of 
methods employed to measure 
methane sources and wells. 
E m i ss i o n s  d e  methane  par l e s  
zones  h u m i des ,  les  r i z i e res  e t  
les  a n i maux, ana lyse des me­
thodes d e  ca l c u l  is designed for 
use by nonspecia list researchers 
who might be confronted with 
these questions. 

and stud i ed .  At the same t i me, 
the laboratory i s  cooperat i ng  with 
C N RS, O RSTOM and Yaounde  
U n ivers i ty, Cameroon, on  
the  s i m u l at ion  of  a hum id  trop ica l  
fo rest ecosystem wh ich  i s  
subm i tted t o  d i fferent u ses t o  meet 
var ious  need s .  

Modes of  Appropriation and 
Decision-Making Processes 
Whatever the so l ut ions  fou nd 
for manag i n g  renewab l e  resou rces, 
the i r  long-term va l i d i ty w i l l  depend 
on the modes of appropr iat ion  
and the n atu re of the dec i s ion­
mak ing  p rocesses i nvo lved 
in the i r  app l i cat ion . T h i s  is true for 
afforestat ion  i n  B u ru n d i ,  p rotected 
forests i n  Ma l i ,  N iger's need for 
fi rewood and  a coherent 
agroforestry p rogramme, fi re 
contro l i n  Madagascar, etc . 
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Research showed that fi re 
management i n  Madagascar had 
to be n egotiated with  the loca l  
com m u n it ies  and  decentra l ized for 
even a short-te rm p roject to work .  
A study of  p rotected areas conf i rms 
th i s .  I n  G rande l i e, land 
expropr i ated from v i l l age common 
land  was p ro h i b i ted for farm i ng, 
but gave r ise to a phenomenon of 
freedom of access that endangered 
n atu re conservatio n  efforts . I t  
wou l d  seem that n atu ra l  resou rces 
a re protected o n l y  i f  appropr i ated 
by the l oca l  i n hab itants and i f  
n atu re conservat ion  i s  i n  itse l f  
a sou rce o f  i ncome.  Loca l 
management of common resou rces 
is a necess i ty, but th i s  often enta i l s  
tactfu l rev i s i o n  o f  the dec i s ion­
mak ing  p rocesses a l ready i n  force .  

Cooperat ion  i n  th i s  l i ne o f  research 
with C N RS, I N RA, the Museu m 
nat iona l  d ' h i sto i re n atu re l l e  and  
O RSTOM i s  backed by  
the spec i a l ized i nternationa l  
network, I nternat iona l  Assoc i at ion  
for the Study of  Common Property. 
The u n it has  set u p  a sc ient if i c 
sem i na r  with the Afr ican 
Assoc i at ion  pou r  l a  recherche  
et  les  etudes fonc ie res where 
the i r  resu l ts can be regu la r l y  
presented and d i sc ussed . The Eco l e  
doctora l e  e n  mathemat iq ues 
de l a  dec i s ion  ( U n ivers i te Par is  I X) 
i s  part i c i pati ng  i n  the work carr ied 
out on model l i ng dec i s ion-mak i n g  
p rocesses .  

M a n age m en t, Com m o n  Serv ices  -
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SOI L AND 
,f?L:J\NT 
��ALYSIS 

I I 
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The s<!,)l l _ and p l ant ana lys i s  u n it's 
ma in  fu nct ion is to carry out 
mass-sca le  ana lyses for C I RAD 
researchers, but  i t  now offers..__ 
to do the same for research  centres 
and compan ies in the Languedoc­
Rouss i l l on  reg ion in cooperat ion 
with ORSTOM and Agropo l i s .  
It shares i ts spec if ic knowledge 
in the fie l d  of ana lyt ica l  chem i stry 
and tec hn i ca l  management of l a rge 
l aborator ies th rough tra i n i ng 
cou rses and by part ic i pati ng i n  
research programmes on 
methodology. 

Qual ity Control 

S i nce i ts i ntroduct ion i nto 
the wor ld  of l aboratory ana lys i s  i n  
1 990, qua l ity contro l management 
has become essenti a l . A 2-month 
ta i lor-made tra i n i ng cou rse was 
organ ized i n  1 994 for two groups 
of seven Moroccan tra i nees . 
The fi rst cou rse dealt w ith qua l i ty 
management of the sc ient if i c 
mater ia l  found  i n  a l aboratory. 
The second dealt spec if ica l l y 
w ith qua l i ty control of ana lyses 
made by atom ic  absorpt ion (heavy 
meta l determ i nat ion i n  mar i ne 
samp les) . 

Management, Common Serv i ces -

Screen ing Methods for Maize 
Resistance to Alumin ium 
Toxic ity 

Stud ies a re be i ng carr ied out a long 
two l i nes in  the hope of  fi nd i ng 
rap id  and ear ly tests to screen 
ma ize var iet ies for res i stance to 
a l u m i n i u m  tox i c ity. 
One fa i r l y  general method 
quantif ies root growth i n h i b it ion 
caused by excess a l um i n i u m, and 
focuses on  ma ize p l ant lets grown 
in n utr ient sol ut ions s im i l a r  i n  
compos i t ion to those of the so i l .  
I n  th i s  way, the test can be adapted 
to the part i c u l ar phys i ca l  chem i stry 
of any g iven so i l-pH,  a l u m i n i u m  
concentrat ion ,  phosphorus and 
n itrogen .  
The other  l i ne of study i s  more 
fu ndamental as it attempts to c l ar i fy 
the phenomenon of a l u m i n i u m  
tox ic i ty. I t  i s  poss i b l e  to measu re 
ion exchanges immed iate ly  around 
the  root system by chem ica l  
ana lys i s  of  the agarose med i u m  in  
wh ich  the p lantl ets grow. 
These methods are be i ng assessed 
in compar i son with fie ld  tests 
carr ied out i n  a Eu ropean 
Comm i ss ion  research programme.  

Analysis of Organ ic Acids i n  
Soi l  and  Roots 

H igh-capac ity comp lex i ng  organ i c  
ac ids  often p l ay a major  ro l e  where 
p l ant growth depends on tox i c ity 
or defi c i enc ies .  

A method for ana lys i ng ma ize root 
organ i c  ac ids  was deve loped i n  
1 994 .  S i nce these ac ids read i l y 
b i nd a l u m i n i um, they have 
a detoxify i ng  effect. The method 
i s  used to determ i ne if 
the d ifference in tox ic i ty res i stance 
i n  ma ize var iet ies i s  due to 
the organ i c  ac id  compos i t ion of 
the i r  roots . 

Qu ite a d iffe rent approach led to 
a study of oxa l i c  ac id sec reted by 
fu ng i  i n  ca l careous soi l .  As it 
prec i p itates w ith ca l c i um i n  
the immed i ate su rrou nd i ngs of 
the root system, th i s  ac id l i berates 
the phosphate ions bou nd to 
ca l c i um  wh i l e reduc i ng p l ant 
ca l c i um  uptake . Ana lys i s  of 
the ac id  i s  therefore usefu l i n  
u nderstand i ng  the i nteract ions that 
take p l ace between roots and 
the so i l .  

These d i scover ies were made 
poss i b l e  by recent advances in ion 
ch romatography. 

/ ,/ ,, 
l ·, 

fTRAINING 
� 

, ,,
C IRAD organ izes tra i n i ng for 
its own personne l  and that of 
its fore ign  partners . I n  1 994, 
669 sc ient i sts rece ived tra i n i ng, 
3 70 of whom came from Southern 



countr ies .  The serv ice hand led 
2 3 0  req uests and set u p  
300 profess iona l  tra i n i ng cou rses 
compared with 240 in 1 99 3 .  

Staff and 
Student Exchanges 
One of C I RA D 's m i ss ions  is to tra i n  
you ng F rench  a n d  fore ign  sc ient i sts 
i n  research methods th rough d o i n g  
researc h .  The p resence of 
a g row ing  n u m ber  of C I RAD 
researchers i n  deve lop ing  cou ntr ies 
encou rages c l oser cooperat ion  
between Northern and Southern 
u n i ve rs i t ies  as we l l  as shared fie l d  
research p rojects . C I RAD resea rc h 
teams l iv i ng abroad we l come i nto 
the i r  m idst students of a l l  
nat iona l i t ies ,  i n  agreement with 
the host cou ntry. As a genera l  ru l e, 
they b r i ng  together a Northern 
student for every Southern student  
to work on a p roject. Th i s  i s  
en r ich i n g  on  both a sc ient i f ic  
and a cu ltu ra l  l eve l .  In  the same 
way, exchanges between Southern 
cou ntr ies a re encou raged . 
C I RAD has  taken an  act ive part 
i n  the South i n  the c reat ion of 
sc ient if ic team s  that are 
we l l  i ntegrated i nto reg iona l  and  
i nternat iona l  research  
com m u n i t ies .  

Degree Tra in ing 

C I RAD o rgan izes degree tra i n i ng 
for researchers from partner  
cou ntr ies wi th i n  the framework of 

degree-with-tra i n i ng contracts . 
It he lps p repare e ntrance 
app l i cat ions ,  sets out study p l a n s  
(cho i ce o f  u n ivers ity a n d  tra i n i ng 
l aboratory) , and  manages 
paperwork .  I n  1 994, five P h D s  
were awarded, and five 
eng i neer i ng  and twe lve BSc 
d i p lomas were awarded by F rench  
u n ivers i t ies and po lytec h n ics  
to C I RAD partne r  researchers from 
the South . 

SCIENTIFIC AND 
JtCFINICAL 

{ 

I r,.iFORMATION 
1 1  j \, 

The cehtra l u n i t of sc ientif i c and 
tec h n ica l  i nformat ion added 
an  automated i nformat ion  system 
serv ice to its documentat ion ,  
l i b rary and p u b l i cations  serv i ces at 
the end of 1 99 3 .  I n  report i n g  on  
i ts act iv i t ies,  the u n it has dec ided 
to focu s  on  the contr i but ion m ade 
by th i s  new serv i ce i n  1 994 .  

An I ntegrated I nformation 
System Concern ing Scientifi c  
Activities 
The database concern i ng 
C I RAD agents, m i ss ion  reports and 
researc h  p rojects has been co l l ated 
and centra l ized, endowi ng 
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the Centre with ava i l ab le  
i nformat ion as to  i ts research 
capac i ty at any  g iven t ime i n  rep l y  
to i nterna l  o r  exte rna l  req uests . 

T h i s  i nformat ion  about C I RA D  
act iv i ty h a s  been sent to severa l  
i nternat iona l  databases, wh ich  
assemb l e  and d i st r i b ute 
i nformat ion  about agr icu ltu ra l  
research e i ther  i n  E u rope or  
g loba l l y. 

F i rst Steps Along 

the I nformation Superhighway 
S i nce the begi n n i ng of 1 994, 
C I RAD has been u s i ng a server 
to make ava i l ab l e  to I nternet u sers 
i nformat ion  about the Centre, 
i ts act iv i t ies  and its resu Its. 
The idea was to assess whethe r  or 
not th i s  type of d i ffu s ion  was of 
i nterest to a research centre . 

The answer i s  h i g h l y  pos it ive.  
The server has  tu rned out 
to be an  exce l l ent  i nterna l  
com m u n i cat ions  base .  
H ypertext-type n av igat ion i s  
poss i b l e  i n  a Wi ndows envi ron ment 
thanks to the s i m p l i c i ty of 
the WWW (Wor ld  Wide Web) 
i nterface. Any agent  l i n ked to 
the network has access to 
the database on researchers,  
m i ss ions  and sc ient i f ic  projects, 
and wi l l  soon be ab le  to con s u l t  
t h e  Centre's docu mentat ion 
database. 

The server w i l l  become C I RA D's 
e lectro n i c  w i ndow on the wor ld . 

M a n agement,  Com m o n  Serv i ces -
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PUB L ICATIONS 

The Third Edition of Sesame 
The third edition of the Sesame 
CD-ROM of bibliographical
references, which was publish­
ed in 7 994, conta ins 7 50, 000
French-language references on
tropical agriculture. Sesame is
a fine example of North-South
coopera tion, with contributions
from 32 European, A frican and
South American institutions.

A Collection of Bibl iograph ies 
on CD-ROM 

Le r i z  au  Cam bodge, au Laos et 
au Vietnam de 1 888  a 1 99 1  is
the first volume of Archiv-Doc, 
a new collection of complete 
bibliographies on CD-ROM. 
It was compiled with cooper­
a tion from the Centre national 
d'etudes et de ressources en 
technologie a vancee and gath­
ers together a database of 537
references and 28, 000 num­
bered pages of full text which 
were indexed in a bibliographic 
study published in 7 992 by 
CIRAD-CA.  It cites numerous 
h istorica l documents not readily 
a va ilable to the public. 

It wi 1 1  present i nformat ion  about 
the i n st i tut ion-such as 
o rgan izat ion  charts and research 
projects, its a n n u a l  report, 
a ca lendar  of events-and wi l l  
p romote the Centre's p rod u cts 
(software program mes, 
p u b l i cations, eq u i pment) . 

M a n agement, Com m o n  Serv i ces -

\ ti i 
Th� a It spent 1 994 p l an n i ng 
the restructu r i ng  of C I RAD 's 
computer  com m u n icat ions  
network.  

C I RA D  s i tes in  the Par i s  reg ion ,  
i n  Montpe l l i e r, Reu n io n  and  F rench 
G u iana  a re now a l l  l i n ked by 
d i rect l i nes,  mak ing  i t  poss i b l e  to 
by-pass servers and i mp rov i ng 
the re l i ab i l i ty and confident ia l ity of 
i n -house com m u n icatio n s .  

C I RA D  l o c a l  networks com p l y  
with Ethernet, t h e  standard adopted 
by the i nternationa l  sc i ent i f ic  
com m u n ity, and the TCP/I P 
p rotoco l i s  u sed for centra l ized 
rout i ng  as we l l  as persona l  
i nterface .  C I RAD th u s  has  access, 
via the Reseau n at iona l  de  l a  
tec h n o l og ie ,  de l 'ense ignement 
et  de  l a  recherche (Renater) ,  
to I nternet wh ich  i s  u sed by more 
than 3 0  m i l l ion  peop le  i n  
1 34 cou ntr ies .  

The com puter  stat ions  h ave a l so 
been modern ized . By the end  
of  1 994,  3 5 0  PCs out of  near ly  
1 ,000 were Ethernet-eq u i pped and 
con nected to the network.  L itt l e  by 
l i tt l e  a l l the term i n a l s  l i n ked to 
the centra l  computers w i l l  be 
rep l aced by th i s  new eq u i pment. 

Tro u b l es hooti ng mon itor i n g  has 
been i n sta l l ed on the n etwork, 
adv i s i n g  the Computer Services 

centre of any anomaly  so i t  can be 
rap i d l y  repa i red and ser io u s  
ma l fu n ct ions  avo ided .  

Th i s  i nfrastructu re c reates a n ew 
app l i cat ions  structu re based on  
worksha r i ng  between the "c l i ent" 
PC and the server. The n ew too l s  at 
the user 's d i sposal to deve lop  
app l i cat ions  adapted to  th i s  new 
structu re com b i ned with automat ic 
access to the Web means  that 
the u ser  can "browse" th rough  
the n etwork, thanks to  the user­
fr i end l y  Wi ndows graph i cs 
i nte rface, tapp ing  the wea lth of 
i nformation  to be fou nd i n  vast 
databases and exchang i n g  data i n  
an  ever-w iden i n g  com m u n ity, a l l 
from h i s  o r  her  workstat ion . 

Th i s  open i n g  out onto the wor ld  
i s  m i rro red with i n  C I RA D  where 
ad m i n i strat ive, tec h n i ca l  and  
sc i ent if ic com partmenta l izat ion  has 
d i m i n i s hed .  T h i s  shou l d  engender  
fa i r l y  rap i d l y  a new generat ion  of 
l ess spec i a l ized app l i cat ions ,  g iv i ng  
access to  i nformat ion o n  s u bjects 
such  as personne l  act iv i t ies ,  
accou ntancy, project p rogress, etc . ,  
and th u s  becomi ng a management 
too l of the futu re . 

TH ESES COM PLETE D I N  1 994 

C I RAD Sc ient i sts 
Polit iques sur une agriculture durable, essai 
sur la gestion de ressources naturelles renou­
velables [Po l i c ies for susta i nab le  agr icu ltu re, a 



study of renewab le  natural  resou rces manage­
ment] by Dan ie l  Deybe, U n i vers i te Par is  I .  

Des m i l ieux, d e s  poissons, d e s  hommes : 
etude par simulation multi-agents, le cas de la 
peche dans le delta central du N iger [ Env i ron­
ment, f i sh ,  men : a m u lt i -agent s i m u l at ion case 
stu dy of f i s h i n g  in the centra l  d e l ta of 
the N i ger ]  by  F ranc;:o i s  B o u s q u et, U n i vers i te 
Lyon I .  

C IRAD Tra i nees 
Contribution a l'etude de la forme du cypres
mediterraneen ( Cupressus sempervirens l. ) ,  
variab i l ite genetique, architecture et model i ­
sat ion de la  croissance et de la ramification 
[Cont r ibut ion  to the study of the s h ape of the 
Med iterra nean  cypress ( Cupressus sempervi­
rens L . ) ,  genet ic var iab i l ity, growth and struc­
tural  arch itecture and model l i ng] by F ranc;:o i se 
B o u ro u l et ( F ra n ce) ,  l n st i tut  n at i o n a l  agro n o­
m ique de Par is-G r igno n .  

Analyse e t  model i sation de s  processus de 
croissance et de  developpement qu i  contr i ­
buent aux performances agronomiques du  
pecher Prunus persica L .  Batsch .  [An a l y s i s  
a n d  model l i ng o f  peach tree growth a n d  deve l ­
opment  p rocesses i n  Prunus persica L .  Batsch .  
contr ibut i ng  t o  its agronomic  trai ts] b y  Dom i­
n ique Fou rn ie r  ( F rance), Eco le  nat iona le  supe­
r ieure agronomique  de Montpe l l ie r. 

The common services and labora tories un its 

-Biotrop, Plant  architecture modelling, Soil

and plant  ana lysis and Agricultura l  prospects

and policies-also supported many theses

listed under other C/RAD departments.
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Reg iona l  rep resentat ives 

C I RAD wor ldwide  

B udget 

Person ne l  

C I RAD tra i n i ng 
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Director, Montpel l ier 
Research Centre 
Gerard Matheron 

Director, 
Research 
Didier Picard 

Board of Trustees 
Cha i rman 
Ct.Jy Paillotin 

Director General 
Michel de Nuce de Lamothe 

Secretary General 
Jean-Marie Sifferlen 

Director, 
External Relations 
Fran(:ois Vicariot 

ORGANIZATION C HART 

Scientific Advisory Committee 
Cha i rman 
Andre Berka/off 

Development 
Coordinator 
Christian Brunin 

liJ [2] ' [fJ 
CI RAD-CP C IRAD-FLHOR CI RAD-EMVT 
D i rector D i rector D i rector 

CI RAD-CA 
D i rector 
Jacques Lefort Jean-L uc Renard Jean-Louis Rastoin Pierre-Charles Lefevre 

Cl RAD-Foret 
D i rector 

Jean-Marc Dubois 

CI RAD-SAR 
D i rector 

Marc Le Moigne 

CIRAD-G ERDAT 
D i r�ctor 

Jean-Marie Sifferlen 

CIRAD at a Glance -



OF CI RAD I N  1 995 

General Secretariat 

Spec i a l  Advisor 
Raoul Tuffery 

Accou nts and fi nance 
Marc Celis 

Personne l  
Danielle Bonneau 

Lega l affa i rs 
Herve de Font-Reau Ix 

Computer  serv ices 
Joel Sor 

Phys ica l  p l ant  and ma i ntenance 
" 

Didier Servat 

French Overseas Departments 
and Territories 

Reg iona l  Manager 
Franr;ois Pointereau 

Centre representatives 
(see page 1 1 6) 

Scientific and Technical 
I nformation 

Head 
Jean-Franr;ois Giovannetti 

Pub l i cations  
Michelle Jeanguyot 

Documentat ion,  l i b ra ry 
Marie-Gabrielle Bodart 

Automat ic  i nformat ion 
systems 

Jean-Franr;ois Foucher 

External Relations 

Afr ica, I nd ian  Ocean 
Maurice Izard 

Lati n Amer ica, Car i bbean 
Jean Laboucheix 

Asia,  South Pac if ic 
Patrick Safran 

I nternationa l  o rgan izat ions, 
North Afr ica, 
M idd l e  East 

Marie de Lattre-Gasquet 

Com m u n ication : 
Pub l i c ity 

Anne Hebert 

Commun icat ion : 
Press re l at ions 
Benoi't Catrisse 

Overseas representatives 
and correspondents 

(see page 1 1 6) 

Development 

E u ropean U n i t, 
app l i cations  
Alain Guyot 

Project mon ito r i ng  
Claude Malvos 

Research Administration 

Deputy D i rector 
Michel Eddi 

Research 
Coord ination 

Crop and env i ronment 
management 

Hubert Manichon 

P lant imp rovement 
Michel Jacquot 

P l ant p rotect ion 
Jean-Loup Notteghem 

An ima l  p rodu ct ion 
Gerard Matheron 

Techno logy 
Franr;ois Cha/lot 

Econom ics and soc io logy 
Michel Griffon 

B iometr ics 
Xa vier Perrier 

Services 

Tra i n i ng 
Marc Roesch 

I nternal Auditor 

I nterna l  aud itor 
Antoine Bourgeois 

1 1 1 

C I RA D  at a G l a nce -
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C I RAD COMMITTEES ( 1 995 ) 

BOARD OF TRUSTEES 

Chairman Guy Pai l lotin 

Government representatives Paul Desneuf, represent i ng the M i n i ster for H igher Educat ion 
and Research 
Andre Parant, representi ng the M i n i ster fo r Cooperat ion 
Andre Autrand, represent i ng  the M i n i ster for the Budget 
Herve B ichat, representi ng the M i n i ster for Agr i cu l tu re and F i sher ies 
Francis Lefevre, represent i ng  the M i n i ster for Overseas Departments 
and Terr i to r ies 

President lnstitut national Guy Pai l lotin 
de la recherche agronomique 

External  members Jacques Al l iot, Deputy D i rector Genera l ,  CFD 
Alain Godard, D i rector Genera l ,  Rhone-Pou lenc Agroc h i m ie 
Henry Jouve, Cha i rman ,  AFD I  
Marcel Mazoyer, Professor, I NA-PG 
Jacques Poly, Member, Cou nc i l  of State 

Staff representatives Henri Calba, Jean-Louis Jacob, Eric Jallas, Jacques Monnier, 
Jean Pichot, Ange-Marie Risterucci 

SCI ENTIF IC ADVISORY COMMITTEE 

Chairman Andre Berkaloff 

External members Lawrence Busch, Mich igan State U n ivers ity 
Alain Coleno, I N RA 
Antoine Cornet, ORSTOM 
Louise Fresco, U n ivers i ty of Wagen i ngen 
Phi l ippe Lacombe, ENSA Montpe l l ier  
John Perfect, NR I  
Michel Sedogo, CN RST 

C/RAO members Franfois Bertin, Rene Bi l laz, Vincent Dol le, Stephane Gui lbert, 
Bernard Mallet, Herve Saint Macary, Marcel Tissot 

C I RAD at a G l ance -



RESEARCH COORDI NATION ( 1 995) 

CROP AND ENVIRONMENT 
MANAGEMENT 

Coordinator 

Deputy coordina tors 

Scientific committee 
Chairperson 

External members 

CIRAD members 

PLANT IMPROVEMENT 

Coordinator 

Deputy coordinator 

Scientific committee 
Chairperson 

External  members 

CIRAD members 

PLANT PROTECTION 

Hubert Manichon 

Jean-Joseph Lacoeui lhe 
Jean Pichot 

Jean-Claude Remy, ENSA Montpe l l i e r  
Bruno Delvaux, U n ivers ite catho l i q ue  de Louva i n  
Alain Capil lon, I NA-PG 
Jean-Marc Meynard, I N RA, I NA-PG 
Pierre Mil levi l le, O RSTOM 
Bernard Saugier, U n ivers ite Par is  X I  
Bernard Seguin, IN  RA 
Franck Warembourg, CNRS 
Departmenta l representatives 

Michel Jacquot 

Dominique Nicolas 

Yvette Dattee, G EVES 
Andre Charrier, ORSTOM, ENSA Montpe l l ie r  
Yves Chupeau, I N RA 
Michel Delseny, U n ivers ite de Perp ignan 
Alain Deshayes, Nest le- F rancereco 
Serge Hamon, ORSTOM 
Yves Herve, ENSA Rennes 
Departmenta l representatives 

Coordinator Jean-Loup Notteghem 

Deputy coordina tor Maurice Vaissayre 

Scientific committee 
Chairperson Michel Dron, U n ivers ite Par is ;( I ,  Centre d 'Orsay 
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External members Jean Dunez, I N RA 
Pierre Ferron, I N  RA 
Yves Gi l lon, ORSTOM 
Herve Lecoq, I N  RA 
Jacques Luisetti, I N RA 
Nicole Pasteur, CNRS 
Guy Riha, I N RA 

CIRAD members Departmenta l  representatives 

ANIMAL PRODUCTION 

Coordinator 

Deputy coordinator 

Scientific committee 
Chairperson 

External  members 

CIRAD members 

TECHNOLOGY 

Coordinator 

Scientific committee 
Chairperson 

External members 

CIRAD members 

ECONOMICS AND SOCIOLOGY 

Gerard Matheron 

Phi l ippe Lhoste 

Ju l ien Coleou, I NA-PG 
Roland B i l lard, Museum nat iona l  d ' h i sto i re natu re l l e  
Alain Bourbouze, 1AM 
Bernard Faye, IN RA 
Jacques Renoux, U n ivers ite Pa r i s  X I I  
Michel Theriez, I N RA 
Jacques Thimonier, ENSA Montpe l l i e r  
Departmenta l representat ives 

Franrois Challot 

Antoine Gaset, ENSC Tou louse 
Jean-Claude Brosse, U n ivers i ty of Ma ine  
Yves Darricau, O N U D I  
Pierre Germain, ENSAIA 
Christiane Mercier, BSN 
Rene U rien, CEMAG REF 
Jean-Anne Vi l le, ANVAR 
Departmenta l representatives 

Coordinator Michel Griffon 

Scientific committee 
Chairperson Phil ippe Lacombe, ENSA Montpe l l i e r  
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External  members Jean-Pierre Bertrand, I N RA 
Catherine Bonjean, CERD I  
Pierre Campagne, 1AM 
Jean Chataign ier, I N RA 
Johnny Egg, I N  RA 
Jean-Marc Gastel lu, ORSTOM 
Jean-Charles Hourcade, C N RS 
Michel Labonne, I N RA 
Yves Leon, I N  RA 
Jean-Pierre Prod'homme, I NA-PG 
Michel Vernieres, U n ivers ite Paris I 

CIRAD members Departmenta l representatives 

BIOMETRICS 

Coordinator 

Scientific committee 
Chairperson 

External members 

CIRAD members 

Xavier Perrier 

Yves Escoufier, U n ivers i te Montpe l l i e r  I I  
Bruno Goffinet, I N RA 
Richard Tomassone, I NA-PG 
Departmenta l representatives 

-
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FRENCH OVERSEAS 
DEPARTMENTS AND TERRITORIES 

G u ade loupe 
F rench G u iana  

Mart i n ique  
New Ca ledon i a  

F rench Po lynes ia  
Reun ion  

OTHER COU NTRIES 

B raz i l  
B u rk i na  
B u ru nd i  

Cameroon 
Chad 

Comoros 
Congo 

Costa R ica 
Cote d ' Ivo i re 

F i j i  
Gabon 

G u atema l a  
G u i nea 

Hondu ras 
I ndones i a  

Madagascar 
Ma lays i a  

Mal i 
Maur it i u s  

N i ca ragua 
N iger 

Panama 
Ph i l i pp i nes 

Repub l i c  of South Afr ica 
Senegal 

S i ngapore 
Tha i l and  

U n i ted States 
Vanuatu 
Vietnam 

Za i re 
Z imbabwe 

C I RAD at a G l a n ce -

REG IONAL REPRESENTATIVES 

Emmanuel Camus, Representat ive 
Johann Huguenin, Representative 
Phi l ippe Melin, Representat ive 
Claude Calvez, Centre D i  rector 
Jean-Jacques Baraer, Representative 
Paul Gener, Representat ive 

Franrois Bertin, Representat ive 
Jacques Dubernard, Representative 
Gerard Fourny, Correspondent 
Patrice de Vernou, Representative 
Daniel Bourzat, Correspondent 
Paul Gener, Representative (based in Reun ion)  
Olivier Hamel,  Correspondent 
Jean Laboucheix, Representative for Lat i n  Amer ica and the Car i bbean 
Jacques Teissier, Representat ive 
Olivier Trocme, Correspondent 
Franck Enjalric, Correspondent 
Jean Laboucheix, Representat ive (based i n  Costa R i ca) 
Jean Servant, Correspondent 
Jean Laboucheix, Representative (based i n  Costa R i ca) 
Gabriel de Taffin, Representative 
Jean-Louis Reboul, Representative 
Patrick Durand, Representat ive (based in S i ngapore) 
Jacques Dubernard, Representative (based in B u rk i na) 
Paul Gener, Representat ive (based in Reu n ion)  
Jean Laboucheix, Representat ive (based i n  Costa R i ca) 
Jacques Dubernard, Representative (based in B u rk i na) 
Jean Laboucheix, Representative (based in Costa R i ca) 
Jean-Franrois Ju l ia, Correspondent 
Jean-Paul Loyer, Correspondent 
Jean-Louis Messager, Representative 
Patrick Durand, Representat ive 
Jean-Claude Vincent, Representative 
J i l l  Barr, Correspondent 
Guy Mossu, Representat ive 
Phi l ippe Godon, Correspondent 
Jacques Monnier, Correspondent 
Eric Feron, Correspondent 
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Short-term m i ss ions 

D 
Res ident staff 

D 1 - 1 0  members 

1 1 -2 5  members 

C I RA D  I N  AFRICA AND TH E I N D IAN OCEAN 

Sao Tome 
•• 

• More than 2 5  members 

1 1 7  

Comoros 
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CI RAD I N  LATI N AMERICA A N D  TH E CARI BBEAN 

Short-term m iss ions 

D 
Res ident staff 

D 1 - 1 0  members 

ILJ 1 1 -25  members 

C I RAD at a G l ance -

Cuba 
Ha iti 

"' Dom in ican Rep. 
� ...... _.. CJ 1,• Guadeloupe 

D0m 1 n 1ca 

' 

� Marti n ique 
"' Sa int  Luc ia 

L G renada 
'i. Tr in idad and Tobago 



· ns Short-term m iss 10 

D 
Res ident staff 

D 1 - 1 0  members 

II 1 1 -25  members 

CI RAD I N  

CIS 

Ch i na  

I 

SOUTH PACIF IC  ASIA AN D THE 

Vanuatu 

F i j i  
•• � Ne� Caledon ia  

New Zea land 

K i r ibati • 
French 

•• Polynes i a  
Wa l l i s  a nd  Futuna 
• 
Tonga 
• 

G l ance C I RAD at  a -
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1 994 B U DG ET: ff  R950.2 MI LL ION 

I NCOME A N D  EXPEN DITURE 

Expenditure 
( F F r  m i l l ion )  

I ncome 
(%) 

Personne l  exp. 637 .5  

Operat ing exp. 263 . 1  

Other exp. 2 1 .2  

Investments 28 .4 

950.2 

BCRD subs idy 68 \ 

Self-generated i ncome 32 

DISTRI BUTION AND SOU RCE OF FUNDS BY DEPARTMENT 

FFr  m i l l ion Percentage 

Cl RAD-CA 227 .4 70 
3 0  

CI RAD-CP 1 58 . 6  
66  

34 

CIRAD-FLHOR 1 05 . 5  
5 1  

49 

Cl RAD-EM VT 94.6 37 

Cl  RAD-Foret 8 1 .0 27 

Cl  RAD-SAR 70 .5  48 

CI RAD-GERDAT 2 1 2 . 6  30  

950.2 

c::::J BCRD subs idy 
c::::J Self-generated i ncome 

C I RAD at a G l ance 



1 994 PERSONNEL :  1 800 STAFF MEMBERS* 

DISTRIBUTION BY STAFF CATEGORY AND LOCATION 

Sen ior  staff, F rance 

Other  staff, F rance 

Senior staff, overseas 
( i nc l ud i ng  French overseas 
departments and territor ies) 

Other staff, overseas 
( i nc l ud i ng  F rench overseas 
departments and territories) 

DISTRI BUTION BY DEPARTMENT 

CI RAD-CA 469 

CIRAD-CP 288 

CI RAD-FLHOR 245 

CIRAD-EMVT 1 72 

Cl  RAD-Foret 1 76 

Cl RAD-SAR 1 3 3 

CIRAD-GERDAT 3 1 7 

* Exc l u d i ng staff 1 800 

seconded to C I RAD, IEI Senior staff 
tra i nees, and da i l y  [=:J Other  staff 
wage workers. 

503 

596 

409 

292 

1 800 

227 

242 

1 83 

1 05 

90 

\ 1 55 

g. 

95  

77  

89  

87 11a-----. .. � .... 
83 

50 

1 45 

1 72 

91 2 888 

12 1 
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GEOGRAPHIC 
DISTRI BUTION 

MISSIONS OVERSEAS 
INCLU DING 
FRENCH OVERSEAS 
DEPARTMENTS 
AND TERRITORI ES 

DISTRI BUTION 
OF SCI ENTISTS 
BY D ISC IPL I NE  
( % )  

C I RAD a t  a G l ance -

SENIOR STAFF : 91 2 MEMBERS 

F rance 503 

French overseas dep.  and terr. 1 02 . 

Afr ica, I nd ian Ocean reg ion 

Lat in  America 

As ia, South Pac ific 

Others 

9 1 2 

French overseas 
852  4 .0 dep.  and terr. 

Afr ica, 4 5 1 3 20 .5  
I nd ian Ocean reg ion 

Lat i n  America 1 2 1 1  5 . 5  

As ia, South Pacific 1 663 

Others 755 

Miss ion days 8 994 

Equ ivalence in researcher years 41 .0 

Crop and environment 
management 

P lant  improvement 

P lant protection 

An ima l  production and health 

Techno logy 

Rura l  systems, 
econom ics, soc io logy 
B iometrics, remote sens i ng, 
computi ng 
Sc ientif ic and techn ica l  
i nformation 

32 . 6  

1 5 .5  

9 .7  

9 . 7  

6 . 3  

7 . 2  



CI RAO TRAI N I NG I N  1 994 

DISTRI BUTION B Y  DISCIPLI NE  A N D  TYPE O F  TRAIN ING 

An ima l  production 

Crop and env i ronment 
tra i n i ng 

P lant improvement 

1 1 0  

8 1  

2 4  

3 1  

1 0  

1 5  

Plant protect ion 50 

Forestry 

Techno logy 

Econom ics, soc io logy 

Computer services, 
management, documentat ion 

IEI Profess iona l  trai n i ng w Degree-or ientated tra i n i ng 

DISTRI BUTION OF SCI ENTISTS BY GEOGRAPHIC ORIG IN  

Northern Afr ica 

Western Afr ica 

1 3  ,_ 
3 7  

24 

82 

56 

20 

� 30 

70 

1 6  

474 1 95 

59 1 ---
1 23 1 ._ ____ ., 

Centra l Afr ica 

Eastern Afr ica 

Southern Afr ica, I nd ian Ocean reg ion 

Lati n Ameri ca, Car i bbean 

Midd le  East, As ia, South Pacif ic 

Eu rope 

669 

123 
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I nte ro rgan izat ion  themat ic  resea rch  p rojects 

C I RAD add resses 

L i st of ac ronyms 
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I NTERORGAN IZATION TH EMATIC RESEARCH PROJ ECTS F I NANCED I N  1 994 

Annexes -

Work area 

CROP MANAGEMENT, 
ENVI RONMENT 

Theme 

Study of soil-machine interactions in 
mechanized tillage 

Radiational transfer in coconut­
cocoa in tercrops. 
Simulation of optimum spatia l 
arrangements by crop architecture 
modelling. Influence of the 
arrangement on the microc/imate 

Growth and development models 
for annual crops. 
Evaluation of existing solutions 
and applications 

Reproductive organ formation 
and maintenance mechanisms 
in tropica l plants as a basis for crop 
yield improvement: trophic factors 
in banana, cotton, groundnut and 
cowpea 

Biomass flow and fertility 
management on smallholdings 

PLANT IMPROVEMENT Strategies for tree crop improvement 

Development and improvement 
of haploid and doubled haploid plant 
production techniques 

Development of gene transfer 
methods in tropical plants 

Application of PCR techniques 
for genetic studies of tropica l crops. 
Objectives and advantages 

Management of genetic resources: 
how to best preserve genes 
of agronomic interest 

Partners 

I N RA, CEMAG REF, CNRS 
C I RAD-SAR, CI RAD-CA, C IRAD-FLHOR 

I D ESSA (Cote d ' Ivo i re), I N RA 
C I RAD-CP, C I RAD-G ERDAT 

I N RA 
C I RAD-CA, C I RAD-CP, 
C I RAD-FLHOR, C I RAD-G ERDAT 

ISRA (Senega l ) ,  I N RA, 
ENSA Montpe l l ie r  
C I RAD-FLHOR, C I RAD-CA, 
Cl RAD-EM VT 

I RZV, I RA, M i n i stere de l ' e levage, 
des peches et des i ndustr ies a n ima l es 
(Cameroon) ,  I RCT (Chad) ,  ORSTOM 
Cl RAD-SAR 

I N RA 
C I RAD-Foret C I RAD-CP 

U n ivers ite de Zur ich (Switzer land) , ENSA 
Rennes, CN RS, U n ivers ite de Tou lou se 
C I RAD-F LHOR, C I RAD-CA, 
C I RAD-G ERDAT 

I N RA, U n ivers i te Par is  V I ,  O RSTOM 
C IRAD-G ERDAT, CI RAD-CA, C IRAD­
CP, C I RAD-F LHOR, C I RAD-Foret 

C IMMYT (Mex ico), I N RA, C N RS 
C I RAD-G E RDAT, C I RAD-CA, 
C I RAD-CP, C I RAD-FLHOR 

I D EFOR (Cote d ' Ivo i re), CRBP  
(Cameroon) ,  CRU (Tr i n idad ) ,  
CDC ( U n ited K i ngdom), ORSTOM, 
CN RS, I N RA 
C I RAD-CA 



Work a rea Theme 

PLANT PROTECTION Analysis of plant  resistance 
components and application 
to plant breeding 

Use of sensitive plant pathogen 
detection techniques in modelling 
bacteria l and virus diseases tha t  
hinder the development of  fruit 
and vegetable crops in Reunion. 
Defining control strategies 

Analysis of the susceptibility 
of pest insects from different origins 
to Bac i l l u s  th u r i ng iens i s  and 
the effects of toxic compounds 
on the insect populations 

ANIMAL PRODUCTION AND HEALTH Correla tion analysis of the appearance 
of growth dimorphism in male 
Oreoc h rom i s  n i l ot icus  (Cichlidae) 
and gonadic differentiation of sex 
and puberty. Role of steroid 
and growth hormones 

Animal traction study: 
improving the efficiency 
of harness/tool assemblies 

Strengthening CIRDES' capacity 
for diagnosing blood parasites, 
using biotechnology 

Castro-intestinal  strongyloidiasis 
of small ruminants in tropical regions : 
genetic resistance and infestation 
en vironment 

TECHNOLOGY Conditions for the emergence and 
operation of rural food-processing 
enterprises 

-
1 27 

Partners 

I N ERA ( Bu rk i na) ,  C R B P  (Cameroon )  
C I RAD-CA, C I RAD-FLHOR, C I RAD-CP 

I N RA 
C I RAD-FLH OR, C I RAD-CA 

I SRA (Senega l ) ,  C IMMYT (Mex ico) ,  
N R I  ( U n ited K i ngdom) ,  
USDA ( U n i ted States) 
C I RAD-G ERDAT, C I RAD-CP, 
C I RAD-CA, C I RAD-FLHOR 

I N RA, O RSTOM 
Cl RAD-EM VT 

I RA, I RZV (Cameroon ) ,  I N RA, 
ENV Tou louse 
CI RAD-EMVT, C I RAD-CA, C IRAD-Foret, 
C l  RAD-SAR 

I LR I  (Kenya), GTZ (Germany) ,  C I R D ES 
( Bu rk i na) ,  U n ivers ite Bordeaux I I  
C l  RAD-EM VT 

I SRA (Senega l ) ,  C I RDES  ( Bu rk i na) ,  
ITC (Gamb ia) ,  I LR I  (Kenya), I N RA 
C l  RAD-EM VT 

U n ivers i ty of Oxford ( U n ited K i ngdom),  
U n ivers idad de Cordoba (Spa i n ) ,  
I ICA (Costa R i ca), D IMAC (Mex i co),  
Eu ropean Com m i ss ion ,  
U n ivers i te Lyon I I ,  U n ivers ite 
Montpe l l ie r  I ,  ENS IA  
C I RAD-SAR, C I RAD-CA, C I RAD-CP 

Annexes -
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Work area Theme 

RURAL SYSTEMS, 
SOCIOECONOMICS 

Packaging and en vironment 
in developing countries: 
biodegradable packaging 

Modelling and optimization 
of frying processes 

Response of farmers'  organ izations 
to sta te disengagement 

Assessment of sector competitiveness 

Model used to assist decision-making 
in agricultural policies; application 
to diversification in Indonesia 

BIOMETRICS Development of a statistical software 
package combining CSTAT and L ISA 

Partners 

U n i vers i te de B razzav i l l e  (Congo) ,  
ORSTOM, E N G R E F, I N RA, 
U n ivers ite Montpe l l ier  I I  
C I RAD-SAR, C I RAD-CA, C I RAD-CP, 
C l  RAD-Foret 

S ICOR (Cote d ' Ivo i re), CRBP  
(Cameroon ) ,  U n iva l l e  (Co lomb ia) ,  
CN R IT (Madagascar), U n ivers i ty of  
Jerusa lem,  Tech n icon ( I srae l ) ,  C N RS, 
ENS IA 
C l  RAD-SAR 

I SRA, SAED, I RAM, C I E PAC (Senega l )  
C I RAD-SAR, C I RAD-EMVT, C I RAD-CA 

SOD E PALM (Cote d ' Ivo i re) ,  O RSTOM, 
U n ivers i te Par i s  X, CFO ,  
M i n i stere de  l a  cooperat ion 
C I RAD-G E RDAT, C I RAD-CP, C I RAD­
SAR,  C I RAD-CA 

U n ivers ity of Berkel ey, I N RA, CERD I  
C I RAD-G ERDAT 

ITCF, O RSTOM 
C I RAD-G E RDAT, C I RAD-CA, 
C I RAD-CP, C I RAD-FLHOR, 
C I RAD-EMVT, C I RAD-Foret, 
Cl RAD-SAR 



HEADQUARTERS 

42, rue Scheffer 
75 1 1 6 Par i s  
France 
Telephone :  ( 1 ) 53 70 20 00 
Fax : ( 1 ) 47 55 1 5  30  
Telex :  648729 F 

MONTPELLIER 
RESEARCH CENTRE 

2477, avenue du Va l de Montferrand 
B P  5035  
34032 Montpe l l ie r  Cedex 1 
France 
Te lephone : 67 61 58  00 
Fax : 67 61 59  86 
Te lex :  480762 F 

CI RAD 
DEPARTMENTS 

CI RAD-CA 
Departement des cu ltu res a nnue l l es 
2477,  avenue d u  Va l de Montferrand 
B P  5035 
34032 Montpe l l ie r  Cedex 1 ,  France 
Telephone :  6 7  6 1  58  00 
Fax : 67  61 56 32  

C IRAD-CP 
Departement des cu ltu res peren nes 
1 2 , square Petrarq ue 
75 1 1 6  Par is ,  F rance 
Telephone :  ( 1 ) 5 3  70 20 00 
Fax : ( 1 ) 45 53 68 1 1  
Telex :  64549 1 F 

C IRAD-FLHOR 
Departement des p roduct ions 
fru i t ieres et  hort ico les 
26 ,  rue Ponce let 
7501 7 Par is ,  F rance 
Telephone :  ( 1 ) 40 5 3  70 50 
Fax : ( 1 ) 40 5 3  04 26  

Cl RAD ADDRESSES 

CI RAD-EMVT 
Departement d' e l evage 
et de medec i ne veter i n a i re 
1 0, rue P ierre Cur i e  
94704 Ma i sons-Alfort Cedex, F rance 
Te lephone : ( 1 ) 43 68 88 73 
Fax : ( 1 ) 43 75  2 3  00 
Te lex :  26201 7 F 

Cl  RAD-Foret 
Departement des forets 
45 b i s, avenue de la Be l l e  Gabr ie l l e  
94736 Nogent-su r-Marne Cedex, 
France 
Telephone :  ( 1 ) 43 94 43 00 
Fax : ( 1 ) 43 94 43 29 
Te lex :  264653 F 

C IRAD-SAR 
Departement des systemes 
agroa l imenta i res 
et ruraux 
2477,  avenue d u  Va l de Montferrand 
B P  5035 
34032 Montpe l l ie r  Cedex 1 ,  France 
Te lephone :  6 7  6 1  5 8  00 
Fax : 67 4 1 40 1 5  
Te lex :  48522 1  F 

C IRAD-GERDAT 
Departement de gest ion ,  recherche,  
documentat ion et appu i techn ique  
42, r ue  Scheffer 
75 1 1 6  Par is ,  F rance 
Te lephone :  ( 1 ) 5 3  70 20 00 
Fax : ( 1 ) 47  27 58 1 3  
Te lex :  648729 F 

C I RAD IN  THE FRENCH OVERSEAS 
DEPARTMENTS AND TERRITORIES 

Guadeloupe 
M.  l e  de legue 
B P  2386  
97002 Ja rry Cedex 
Te lephone :  (590) 25 24 90 
Fax : (590) 2 5  24 92 

French Guiana 
M. l e  de legue 
B P  701  
97387 Kou rou Cedex 
Te lephone : (594) 32 04 30 
Fax : "(594) 32 42 2 7  
Te lex :  9 1 0323  FG 

Martinique 
M .  le de legue 
B P  1 53 
97202 Fort-de-France Cedex 
Te lephone : ( 596) 71 92 0 1  
Fax : (596)  63  07  24  

New Caledonia 
M. le d i recteu r  
B P  73 
Pa"fta 
Te lephone :  (687)  3 5  3 6  84 
Fax : (687) 3 5  32  23  

Reunion 
M. l e  de legue 
Stat ion de La B retagne  
97487 Sa i nt-Den i s  Cedex 
Te lephone :  (262) 52  80 00 
Fax : (262) 52 80 0 1  
Te lex :  9 1 6033 R E  

French Polynesia 
M. l e  representant 
BP 380 477  
Pu naau i a-Tamanu 
Tah it i  
Te lephone :  (689) 42 47  03 
Fax : (689) 42 46 93 

OTHER 
COUNTRI ES 

Brazi l  
M .  le de legue 
SH I S - Q I 1 1  
Conj u nto 6, casa 7 
7 1  625-260 B ras i l i a  OF  
Te lephone :  ( 5 5 )  6 1  248  4 1  26  
Fax : ( 5 5 )  6 1  248  23  8 1  
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Burkina 
M. le  de legue 
0 1  B P  596  
Ouagadougou 
Telephone :  (226) 30  70 70 
Fax : (226) 30 76 1 7  

Burundi 
M.  l e  correspondant 
c/o I SABU  
B P  795 
Buj umbu ra 
Te lephone :  (25 7) 22 3 3  90 
Fax : (25 7) 22  8 7  29  

Cameroon 
M. le  de legue 
B P  2 5 72 
Yaounde 
Te lephone :  ( 237 )  2 1  25  41  
Fax : (2 3 7) 20 29  69 
Te lex :  8202 ou 85 3 1  KN 

Chad 
M. le  correspondant 
Laborato i re de Farcha 
B P  433 
N 'Djamena 
Te lephone :  ( 235 )  5 1  30 07  
Fax : (2 3 5 )  5 1  3 3  02  

Comoros 
M. le de legue 
(res ident in  Reu n ion)  

Congo 
M. le correspondant 
B P  1 29 1  
Poi nte-No i re 
Te lephone :  (242)  94 3 1  84 
Fax : (242) 94 4 7  97  
Te lex :  8 303  KG  (att. C I RAD) 

Annexes -

Costa Rica 
M.  le de legue pou r  l 'Amer i que l at i ne  
e t  l a  Cara"ibe 
Apartado 1 1 2 7 
2050 San Ped ro 
San Jose 
Te lephone :  (506) 225 59 72 
Fax : (506) 225 09 40 

Cote d' Ivoire 
M.  le  de legue 
0 1  B P  6483 
Ab id jan 0 1  
Te lephone :  (225 )  22  1 8  69  
Fax : (225 )  2 1  43  68  
Te lex :  2 3220  C l  

Fiji 
M. le  correspondant 
PO Box 1 62 1 3 
Suva 
Telephone :  (679 )  387  554  
Fax : ( 679 )  3 87  855  

Gabon 
M. le correspondant 
CATH 
B P  643 
L i b rev i l l e  
Te lephone :  (241 ) 75 83 72 
Fax : (24 1 ) 73  65 76 
Telex :  5900 GO 

Guatemala 
M. le  de legue 
( res ident i n  Costa R ica) 

Guinea 
M. le correspondant 
c/o MCAC 
Ambassade de France 
B P  5 70 
Conakry 
Telephone :  (224) 44 42 62 
Telex :  22400 GE (att. C I RAD) 

Honduras 
M. le de legue 
( res ident i n  Costa R ica) 

I ndonesia 
M. le de legue 
Sut imah  bu i l d i ng, 3 rd F l oor  
Ja / an  Kemang Raya No.  2 
Jakarta Se latan 1 2 730 
Telephone :  (62)  2 1  799 28 67  
Fax : ( 6 2 )  2 1  799 30  44 
Telex :  47243 IA (att. C I RAD) 

Madagascar 
M. le de l egue 
B P  853  
Antananar ivo 
Te lephone :  (26 1 ) 22  7 1  82 
Fax : ( 26 1 ) 22  09 99 
Te lex :  2 2 59 1  MG 

Malaysia 
M. le de l egue 
( res ident i n  S i n gapore) 

Mal i 
M.  le de legue 
( res ident in  B u rk i na) 
M .  l 'adjo i nt au de legue 
BP 1 8 1 3  
Bamako 
Telephone : (223 )  22  42 93  
Fax : ( 223 )  22  87  1 7  

Mauritius 
M. le  de l egue 
( res ident  in  Reu n ion)  

Nicaragua 
M. le de legue 
( res ident in  Costa R ica) 

Niger 
M. le de legue 
( res ident i n  B u rk i na) 

Panama 
M. le de legue 
( res ident in  Costa R ica) 
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Phi l ippines Singapore Vanuatu 
M. le correspondant M .  l e  de legue M.  l e  de legue 
c/o PCARRD Se leg ie Comp lex 1 4-275 Stat ion de Saraoutou 

Los Banos-Lagu na 257 Se leg ie Road BP 2 3 1  

Te lephone : (63 )  9 4  5 0 0  1 4  o u  20  S i ngapore 07 1 8 Santo 
Te lephone : (678 )  3 6  320  

Fax : ( 6 3 )  94 500 1 6  Te lephone :  (65 )  3 3 7  26 00 Fax : (678)  36 3 5 5  
Te lex :  40860 PM Fax : (65) 3 3 7  62 69 Te lex :  1 00 1  N H  

Te lex :  34563  RS 
Vietnam 

Republ ic of South Africa Thai land M.  le  correspondant 
M .  le correspondant M .  l e  de legue c/o ISA 
Agri b i s  c . c .  AIT, AFE  Program 1 2 1 ,  Nguyen B i n h  Kh iem 
PO Box 1 43 5  G PO Box 2 754 Q l  Ho Ch i  M i n h -Vi l l e 

Ga l l o  Manor, Sandton 2052 Bangkok 1 050 1  Te lephone :  (84) 823  09 49 

Te lephone : (2 7 1 1 )  706 7654 Te lephone :  (662 )  524 54 72 Fax : (84) 829 76 50 

Fax : ( 27 1 1 )  706 7654 Fax : (662)  524  62 00 Zaire 
M.  le correspondant 

United States c/o Ambassade de France 
Senegal M. le correspondant K i nshasa 
M .  l e  de legue Deve lopment Research Assoc i ates 
3 7 , avenue Jean XXI I I  2025 I Street, NW Zimbabwe 

B P  6 1 89 Su ite 524 
M .  l e  correspondant 

Dakar-Eto i l e  Wash i ngton DC  20006 
Projet Faune 
PO Box 1 3 78 

Te lephone :  (22 1 ) 22  44 84 Te lephone : ( 1 ) 202 872 05 76 Harare 
Fax : (22 1 ) 2 1  1 8  79 Fax : ( 1 ) 202 872  84 9 1  Telephone :  (263 )  4 7 2 2  850 
Telex :  2 1 562  SG Te lex :  440452  U I  Fax : (263 )  4 722 850  
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ACIAR, Austra l i an  Centre 
for I nternat iona l  Agr icu ltu ra l Research ,  
Austra l i a  

ADEME,  Agence de l ' env i ron nement 
et de l a  ma1tr i se de I ' energ ie ,  F rance 

ADF, A lban i an  Deve lopment F u nd ,  
Al ban ia  

AFNOR, Assoc i at ion fran�a i se de 
normal i sat ion ,  F rance 

AFSRE,  Assoc i at ion fo r Farm i ng 
Systems Research and Extens ion ,  
USA 

AG R IN ET, Eu ropean Network 
on Systems-Or iented Research and 
Ru ra l  Deve lopment, UK 

ANVAR, Agence nat iona le  
de va lo r i sat ion de l a  recherche, F rance 

APPC, A l l i ance des pays producteu rs 
de cacao, N i ge r i a  

APPH,  Assoc i at ion p rofess ion ne l l e  
pou r  l a  promot ion heve ico le ,  
Cote d ' I vo i re 

ARDA, Assoc i at ion reu n ionna i se pou r 
le deve loppement de ! ' aquacu l tu re, 
F rance 

AU PELF-U RE F, Agence francophone 
pou r I ' e nse ignement super i eu r  
e t  l a  recherche ,  Canada 

AVRDC, As i an  Vegetab le  Research  
and  Deve lopment Center, Ta iwan 

B D PA, B u reau pou r  l e  deve loppement 
de l a  product ion agr ico le, F rance 

CAH ,  Comm i ssar iat a l ' amenagement 
des Hauts, F rance 

CARFV, Centre agronom ique  
de recherche e t  de fo rmation 
du  Vanuatu ,  Vanuatu 

CATI E, Centro Agron6mico Trop ica l  
de l nvestigac i6n  y Ensefianza, Costa 
R ica 

CDC, Commonwealth Deve lopment 
Corporat ion ,  U K  
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CEMAG REF, Centre nat iona l  d u  
mach i n i sme agr ico le ,  du  gen i e  ru ra l ,  
des  eaux et  des fo rets, F rance 

CEN I PALMA, Centro de l nvestigac i6n  
en Pa lma  de Ace ite, Co lomb ia  

CERD I ,  Centre d ' etudes 
et de recherches sur le  deve loppement 
i nternationa l ,  F rance 

CFD, Ca i sse fran�a i se 
de deve loppement, F rance 

CFR, Centre fran�a i s  du  r iz ,  F rance 

CFTRI ,  Centra l Food Techno log ica l  
Research I n st i tute, I nd i a  

CG IAR, Consu l tative G roup on 
I nternat iona l  Agr icu ltu ral Research ,  
USA 

CIAT, Centro I nternac iona l  
de Agr i cu l t u ra Trop ica l ,  Co lomb ia  

C I E PAC, Centre i nternationa l  pou r 
I ' educati on permanente 
et I '  amenagement concerte, F rance 

C I FOR, Cente r  fo r I nternat iona l  
Fo restry Research ,  I ndones i a  

C IH EAM- IAMM, Centre i nternat iona l  
des  hautes etudes agronom iques 
med iterraneen nes- 1  nst itut 
agronom ique  med iterraneen 
de Montpe l l i e r, F rance 

C I LSS, Com ite permanent i nte r- Etats 
de l utte contre la secheresse dans  
l e  Sahe l ,  B u rk i na  

C IMMYT, Centro I nternac iona l  
de Mejoram i ento de Mafz y Tr igo, 
Mex ico 

C I RDES,  Centre i nternat iona l  
de recherche-deve loppement sur  
l ' e levage en zone subhum ide,  B u rk i n a  

C ITEPA, Centre i nterprofess ionne l  
techn i que  d ' etudes de l a  po l l ut ion 
atmospher ique, F rance 

CLVN ET, Cambod ia ,  Lao PDR, 
Vietnam Network, Tha i l and 

CN EARC, Centre nat iona l  d ' etudes 
agronom iq ues des reg ions chaudes, 
F rance 

CNPMF, Centro Nac iona l  de Pesqu i sa 
de Mand ioca e F rut icu ltu ra Trop ica l ,  
B raz i l  

CNR IT, Centre nat iona l  
de l a  recherche i nd ustr i e l l e  
e t  tech no log iq ue, Madagascar 

CN RS, Centre nat iona l  
de l a  recherche sc ient ifi que, F rance 

CN RST, Centre nat iona l  
de l a  recherche  sc ient ifi que et 
techno log ique, B u rk i na  

COLEACP, Com ite de l i a i son Eu rope, 
Afr ique, Cara"ibes, Pac ifique 

CORAF, Conference des  responsab l es 
de recherche agronom ique afr i ca i n s  

CPATU,  Centro de Pesqu isa 
Agroflo resta l da Amaz6n i a  or ienta l ,  
B raz i l  

CRBP, Centre reg iona l  banan i e rs 
et p l anta i ns ,  Cameroon 

CRU ,  Cocoa Research  U n it, Tr i n i dad 

CS IC,  Consejo Super ior  
de l nvest igac iones C ientff icas, Spa i n  

DFC, Deutsche Forst-Consu lt, 
Germany 

D IMAC, D i vers if i cat ion 
et i nten s i f icat ion dans l a  marge de 
l ' a i re cafe iere, Mex i co 

EMB RAPA, Empresa B ras i l e i ra 
de Pesqu i sa Agropecuar ia, B raz i l  

ENGREF, Eco l e  nat iona le  du  gen ie  
ru ra l ,  des eaux et  des  fo rets , F rance 

ENSA, Eco le  nat iona le  su per ie u re 
agronom ique ,  F rance 

ENSAIA, Eco l e  nat iona le  super ieu re 
d ' agronom ie  et des i ndustr ies 
a l imenta i res, F rance 

ENS IA, Eco l e  nat iona le  super ieu re 
des i ndu st r ies agr ico les et a l i menta i res, 
France 



ENV, Eco le  nat iona le  veter i n a i re, 
F rance 

FAO, Food and  Agr icu ltu re 
Organ izat ion of the U n ited Nat ions ,  
I ta l y  

FAC, Fonds  d ' a ide  e t  de cooperat ion ,  
F rance 

FCAP, Facu l dade de C ienc ias Agrar ias 
do Para, B raz i l  

FDCUMA, Federat ion departementa l e  
des  cooperat ives d ' ut i l i sat ion de 
mater ie l  en commun ,  France 

FEZ, Federat ion eu ropeenne 
de zootech n ie, I ta l y  

FNCUMA, Federat ion nat iona le  
des  cooperatives d ' ut i l i sat ion 
de mater ie l  en commun ,  France 

FOF I FA, Centre nat iona l  
de l a  recherche app l i q uee 
au deve loppement ru ra l ,  Madagascar 

G RET, G roupe de recherche 
et d ' echanges tech no log iques, F rance 

GTZ, Deutsche  Gese l l schaft 
fU r Techn ische Zusammenarbeit, 
Germany 

ICCO, I nternat iona l  Cocoa 
Organ izat ion ,  U K  

ICCS, I nternat iona l  Cotton Ca l i bration  
Standards, USA 

I D EFOR, l n st i tut des forets, 
Cote d ' Ivo i re 

I D ESSA, l n st i tut des savanes, 
Cote d ' Ivo i re 

I F PR I ,  I nternat iona l  Food Po l i cy 
Research I n st i tute, USA 

I F REMER, l n st i tut franc;:a i s  de 
recherche pou r I ' exp lo itat ion 
de l a  mer, F rance 

I F RPD, I nst i tute of Food Research 
and Product Deve lopment, Tha i l and 

I ICA, l n st i tuto l nteramer icano 
de Cooperac i6n  para l a  Agr icu ltu ra, 
Costa R ica 

I ICT, l n st i tuto de l nvestigac;:ao 
C ientffica Trop ica l ,  Portugal 

I LCA, I nternat iona l  L ivestock Center 
for Afr ica (now I LR I )  

I LR I ,  I nternat iona l  L ivestock Research  
I n st i tute, Kenya 

IN ERA, I nst itut d '  etudes 
et de recherches agr ico les, B u rk i n a  

I NGEN IC, I nternat iona l  G roup 
for Genet ic  Imp rovement of  Cocoa 

I N I BAP, I nternat iona l  Network 
for the Improvement of Banana 
and P lanta i n ,  F rance 

! N I DA, l n st i tuto Nac iona l  
de l nvest igac;:ao e Desenvo lv imento 
Agrar io ,  Cape Verde 

I N I FAP, l n st i tuto Nac iona l  
de l nvest igac iones Foresta les y 
Agropecuar ias, Mex i co 

I N RA, l n st itut nat iona l  de l a  recherche 
agronom iq ue, F rance 

I PG R I ,  I nternat iona l  P l ant Genet ic 
Resou rces I n st i tute, I ta l y  

I RA, l n st itut de l a  recherche 
agronom ique, Cameroon 

I RAM, l n st itut de recherches 
et d ' app l i cations  des methodes 
de deve loppement, France 

I RCT, l n st itut de recherches du  coton 
et des texti les exot iques, Chad 

I RZV, l n st i tut de recherches 
zootechn iques et veter i n a i res, 
Cameroon 

I SABU ,  l n st itut des sc iences 
agronom iques du B u rund i ,  B u r und i  

I SRA, l nst itut senega la i s  de recherches 
agr ico les, Senega l  

ITC, I nternat iona l  Trypanosom ias i s  
Center, Gamb ia  

ITCF, l n st itut techn ique des  cerea l es 
et des four rages, France 
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KAR I ,  Kenyan Agr icu ltu ra l  Research  
I n st i tute, Kenya 

KfW, Kred itansta l t  fU r Wiederaufbau ,  
Germany 

K IT, Kon i n k l i j k  l n st i tu ut voor 
de Tropen, Nether lands  

LNE, Laborato i re nat iona l  d ' essa i s ,  
F rance 

NCDP, Nat iona l  Coconut 
Deve lopment Project, Tanzan i a  

N R I ,  Natu ra l Resou rces I n st i tute, U K  

OCLALAV, Organ i sat ion  commune  
de l utte ant iacr id ienne e t  de l utte 
ant iav ia i re, Senegal 

ORSTOM, l n st itut franc;:a i s  
de recherche sc ient if i que pou r 
le deve loppement en cooperat ion ,  
F rance 

PCA, Ph i l i p p i nes Coconut Author i ty, 
Ph i l i pp i nes 

PRIAG, Programa Reg iona l  
de Reforzam iento a l a  l nvestigac i6n  
Agron6m ica sobre los G ranos 
en Centroamer ica, Costa Rica 

PROCELOS, Programme reg iona l  
de promot ion des  cerea les loca les 
au Sahe ! ,  B u rk i na  

PROMECAFE ,  Programa Cooperativo 
Reg iona l  para la Protecc i6n 
y Modern izac i6n  de l a  Caficu ltu ra 
( I I CA), Costa R ica  

QDP I ,  Queens land Department 
of Pr imary I ndu str ies, Austra l i a  

REDAFRUTH EX, Red And i na  
de F ruti hort icu ltu ra de Exportac i6n 

REDARF IT, Red And i n a  de Recu rsos 
F i togeneti cos 

SAED, Soc iete d ' amenagement et 
d ' exp lo itat ion des terres du de l ta d u  
fl euve Senegal e t  des va l l ees du f leuve, 
Senegal 
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SE ITA, Serv ice d ' exp lo itat ion 
i ndu str i e l l e  des tabacs et  a l l u mettes ,  
F rance 

S ICOR,  Soc iete ivo i r i enne de coco 
rape, Cote d ' Ivo i re 

SODECOTON,  Soc iete de 
deve loppement d u  coton ,  Cameroon 

SODEPALM, Soc iete pou r le 
deve loppement et I ' exp lo itat ion 
d u  pa l m ier  a h u i l e, Cote d ' Ivo i re 

SONADE R, Soc iete nationa le  
de deve loppement r u ra l ,  Mau r i ta n i a  

S PAAR, Spec i a l  Program for Afr ican 
Agricu l tura l  Research ,  USA 

SP FDP, South Pac if ic Forestry 
Deve lopment Programme, F ij i  

Annexes -

SR I ,  S i l soe Research I nst itute, U K  

SUAD,  Service d ' ut i l i te agr ico l e  
de deve loppement, F rance 

SU RAPA, Sub-Red de A reas 
Proteg idas Amaz6n i cas 

TIA, Techn iques i ndu st r ie l l es 
app l i quees, F rance 

TROP IG EN ,  Network for Amazon 
Genetic Resou rces 

UAIC,  U n ite d ' afforestat ion i ndu str ie l l e  
d u  Congo, Congo 

UAM, U n ive rs i dad Aut6noma 
Metro po I i tana ,  Mex ico 

U N D P, U n ited Nat ions Deve lopment 
P rogramme 

U N I DO, U n ited Nat ions I ndustr ia l  
Deve lopment Organ izat ion,  
Switzer land 

USAI D,  U n ited States Agency 
for I nternationa l  Deve lopment, 
USA 

USDA, U n ited States Department 
of Agr i cu l tu re, USA 

UTFAN ET, U nderut i l ized Fru it As ian 
Network, Tha i l and 

VARTC, Vanuatu Agr icu l tura l  Research 
and Tra i n i ng  Centre 

WARDA, West Afr ican R ice 
Deve lopment Assoc iat ion ,  
Cote d ' Ivo i re 

WI N BAN,  Windward I s l ands Banana 
G rowers ' Assoc i at ion ,  Sa i nt Luc ia 
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