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Message from the Chairman
ln a world embroiled in fierce debate on development aid, environmental issues and the risks of 
g!obalization, CIRAD must define its position. ln a world where some countries are emerging from 
poverty white others seem to sink deeper into it, CIRAD must ask itself difficult questions. And in 
a world where science is undergoing a revolution, CIRAD tao is changing. 

We have entered an important phase in the development of our new strategic plan. A process of 
consultation and debate on the major issues facing the international community and on global 
research trends has been accompanied by a critical evaluation of our existing projects and 
programmes. Bath have led us to make important ethical and scientific choices. And bath have 
thrown light on our operational options in terms of the geographical areas in which we work and 
the partnerships we enter. 

The renewal of our research is based on what we have learned from our failures as we/1 as our 
successes. The programmes and projects that are an unqualified success have been strengthened 
and extended; many of the others have been redefined in some way; a few have been 
abandoned-but there are also many new activities. ln the fields of genetics and information 
science and technology, we have decided to continue to be active/y engaged in the revolutions 
currently under way and to build on the rapid progress we have already made. We acknowledge 
that this raises difficult questions, which we cannot answer by ourselves. But by taking carefully 
prepared positions arrived at through our own deliberations, we can contribute to a debate in 
which civil society is participating passionately. 

Our partnerships in the countries of the South are also going through a period of considerable 
change. We remain very active in the least developed countries in which poverty eradication is 
the highest priority. This is fundamental to our mandate. But we have also decided to engage with 
the dynamic, emerging economies of the South, such as China and Brazil, with which scientific 
exchanges are proving highly fruitful. 

Our alliances with overseas or international research groups should receive fresh impetus as new 
research objectives emerge and serve as a rallying point. As regards our partnerships with national 
institutions, our ambition is to collaborate more active/y with basic research laboratories. 

We have learned how to ask the right questions of ourselves and how to make the right 
decisions-decisions that wi/1 fundamentally renew our approach to development-orientated 
research. Now we must act on those decisions. Our strategic plan wi/1 be published and a draft 
contract with the French Government prepared by late 2001. Our planning process wi/1 
undoubtedly equip us to meet the most urgent needs of our partners in the South even better 
in future than we do today. 

� 

Daniel Nahon 
Chairman, CIRAD Board of Trustees 



Towards an 
envi ronmental ly 

friendly 
Lass of biodiversity, pests 

and diseases, pollution, 

climate change, 

desertification, water 

scarcity-these are some of the problems that threaten the future 

of the world's rural areas. CIRAD has acted boldly to redirect its 

research and adopt an environmental approach towards agriculture, 

livestock production and forestry. lt aims to help producers create 

or recreate sustainable production systems in often difficult 

environments and to support decision makers in their efforts 

to design effective policies that will preserve our natural heritage. 



T
he international community 
now seems for the most 
part to have grasped the 

scale of the th reats posed by 
global environmental degradation. 
International conventions, such 
as those on biodiversity, climate 
change and desertification, testify 
to its determination to tackle these 
threats, so as to ensure a viable 
envi ronment for future genera
tions. This is the background 
against which CIRAD must posi
tion its development-orientated 
research. 

CIRAD has long taken natural 
resource management into ac
count in much of its programme. 
However, the Centre's deliberat
ions in preparation for its new 
strategic plan have profoundly 
altered our thinking. The environ-
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mental dimension will from now 
on be fu l ly integrated in ou r 
research, the content of which 
may change considerably as a 
result. CIRAD is rethinking the 
priority fields in which it must 
invest its energies-those in 
which the end products of re
search have the best chances of 
protecting the environment and, 
thereby, of helping rural popula
tions to earn a living under what 
are often extremely challenging 
conditions. This transformation 
of our research is accompanied 
by changes in our scientific 
capacity. 

Analysing the natural resource 
base and assessing environmental 
risks allows us to develop sustain
able production systems and tools 
to support policy making. 

Resource analysis 
and risk assessment 

Often it is the combined effects of 
human activity and natural pheno
mena that lead, or threaten to 
lead, to environmental decline or 
disaster. The main environmental 
themes addressed by CIRAD in its 
research to improve system sus
tainability are biodiversity, wastes 
and pollution, pests and diseases, 
climate change, desertification 
and water scarcity. 

Reflecting its mandate, CIRAD 
approaches the issue of biodiver
sity mainly from the point of view 
of its importance for agricultural 
development. Agriculture as it is 
practised today-both in its inten
sive forms and in the expansion of 
cropped areas in developing coun
tries-reduces genetic diversity 
within plant and animal species, as 
well as interspecific and ecosys
tem diversity. Understanding the 
interactions between agricultural 
activities and the evolution of bio
diversity on different scales, from 
the plot to the ecoregion, has 
become a major objective of ou r 
research. But we also need to join 
forces with farmers and other 
stakeholders in development to 
invent, or perhaps re-invent, man
agement practices that will enable 
them to sustain diversity by put
ting it to use. Among the priorities 
for this theme are animal biodiver
sity, including that of wildlife, the 
characterization of natural forest 
ecosystems and the biodiversity of 
major food crops. 
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Biodiversity 
Repel the invader. Réunion's 

unique biodiversity is 
threatened by an aggressive 

introduced acacia. Proposais 
have been made for bringing it 
under contrai. Invasive species 

in Réunion, p. 74. 

Understanding diversity. ln collaboration with a leading French genomic 
research institution, CIRAD has used microsatellite markers to characterize a 

large number of tropical crops and their pathogens. Laboratories in the tropics 
and subtropics can be expected to take up the results. DNA libraries enriched 

with microsatellites, p. 90. 

Exploring Andean passion fruits. With CIRAD support, national programmes in 
five Andean countries are studying wild and cultivated species with a view to 

enhancing diversity. Practical applications include the development of 
interspecific hybrids. Passifloraceae diversity in the Andes region, p. 58. 

lntegrating the wildlife perspective. Handing over the management of wildlife 
and the environment to local people offers the best chances of controlled, 

sustainable development. CIRAD and its partners have developed 
a training course for natural resource managers. Training, p. 69. 

Pests and diseases 
Emerging livestock diseases. 
A tropical viral disease transmitted 
by mosquitoes affects horses in the 
Camargue. How the crisis was 
managed. Outbreak of West Nife fever 
in the Carmargue, p. 64. 

Beetles beware. New, patented 
technology allows mass trapping of an 

insect that contaminates coffee berries with a fungus 
that is a human health risk. Trapping the coffee berry borer, p. 47. 

Resurgence of an old enemy. Rinderpest is on the move again in East Africa and 
is still present in Central and West Africa. lncluding sentine! wildlife species in 
epidemiological surveys can provide an early warning of outbreaks. 
Epidemiological surveillance of rinderpest in wildlife, p. 64. 

Males to be eliminated. Various biological contrai methods, including sexual, 
visual and olfactory attractants and the introduction of a parasitoid, are being 
tested on fruit flies damaging a range of crops such as carambola, tomato and 
melon. Flies damaging fruit and vegetable crops, p. 60. 
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The risks of pests and diseases 
incurred by bath crop and live
stock production are consider
able. CIRAD gives priority to inte
grated management and seeks to 
achieve a multiplier effect by com
bining epidemiology studies with 
early warning and better targeting 

� of interventions. Biological re
� search to open up new contrai 
� options, the development of inte-

grated contrai methods for crops, 
the search for natural bio-insecti
cides and work on the epidemiol
ogy and ecopathology of livestock 
pathogens are al I choices that 
give high profile to environmental 
concerns. 

The wastes and pollution result
ing from human activity, including 
agriculture, are mounting rapidly, 
in the South as in the North, and 
agriculture is often required to 
find ways of dealing with them. 
This raises the vital question of 
how to preserve clean soil and 
water resources. Understanding 
the biochemical and geochemical 
pro-cesses that take place when 
wastes are released to the envi
ronment is essential in quantifying 
risks. Researchers are coming up 
with new ways of reducing the 
sources of pollution and of pro
cessing waste. They are also devel
oping a set of methods, tools and 
indicators to aid decision making 
at different levels. Given the rapid
ly increasing demand for CIRAD's 
services in this field, we are 
strengthening our specialist teams 
based in Réunion and Montpellier. 
The Réunion team looks at the 
special case of how densely popu
lated island environments should 
deal with waste. 

The threat of climate change 
and its consequences-recu rrent 
d rought and desertification in 
some regions, flooding of coastal 
plains in others-has raised to the 
top of the international agenda 



the challenge of reducing the 
greenhouse gas effect by changing 
h u man behaviou r. Agriculture, 
livestock production and forestry 
all play an important if as yet an 
inadequately quantified part, by 
virtue both of their greenhouse 
gas emissions and of their ability 
to store the se same gases. 1 n other 
words they have negative effects, 
which can be reduced, and posi
tive ones, which must be 
enhanced. The research conduct
ed by CIRAD and its partners is 
responding to three challenges: 
first, how to measure and model 
gas emissions on different scales 
(particularly the carbon dioxide 
released by slash-and-burn agri
culture, the methane produced by 
livestock and irrigated rice plots 
and the nitrates contained in fertil
izers); second, finding ways of 
reducing these emissions and 
assessing the effects on them of 
changes in land use and agricultur
al practices; and third, identifying 
new policy options for rural devel
opment that will help attenuate di
mate change and promote the 
necessary changes in social behav
iour. Among our more important 
projects let us cite by way of exam
ple: ou r studies on the part played 
by tree plantations and agro
forestry systems in carbon storage; 
the development of a macro
economic model for analysing the 
impact of climate change on agri
culture and the environmental and 
equity effects of different policy 
interventions; and. the develop
ment of strategies for monitoring 
greenhouse gas emissions, in col
laboration with ten other research 
teams across the European Union. 

Desertification results both 
from climate changes and from a 
mismatch between the _natu rai 
resource base and the ways in 
which it is exploited. CIRAD pos
sesses a wealth of knowledge on 

© B. Mallet 

Cleaning up the paper industry. 
Extracting lignins from eucalyptus 
wood for pulp manufacture is 
expensive and leads to pollution. 
The answer is wood with a low 
lignin content. Scientists have 
integrated lignin traits into genetic 
improvement programmes. 
Biosynthesis of eucalyptus lignins, 
p. 74. 
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Dealing with livestock wastes. A method for treating pig slurry is being tested 
by the Loire-Bretagne water authority in France. The residual compost is rich in 
nutrients. On-farm treatment of livestock wastes, p. 43. 

Modeling can help. Opportunities for improving nutrient cycling can be 
identified through the development of models of manure management based 
on farmers' practices and agronomists' experiments. Modeling the management 
of s/urry in Réunion, p. 81. 

how to evaluate the risk of deserti
fication and its consequences at 
the level of the plot and the crop
ping system. At the regional level, 
we know how to estimate biomass 
production in pastoral systems 
and how to model ecosystems and 
the way they operate. Various 
tools, including remote sensing, 
water-balance models and models 
for predicting crop yields, are used 
in conjunction with field studies to 
develop diagnostic and early warn
ing systems, in addition to practi
cal interventions and ways of 
measuring climate change. Most 
of our research efforts in this field 
focus on the agro-ecology of rain
fed cereals in the arid zone. 

Water scarcity, due both to the 
rising numbers of users and to the 
greater amounts used, can give 
rise to conflicts between different 
user groups and even between 

Climate 
change 
A systems 
approach. 

Taking a fresh 
look at the 

management of 
Mediterranean 

and tropical 
production 

systems with a view to improving carbon 
storage. SYSTEM, a new joint research unit, p. 90. 

Cutting carbon emissions. Carbon exchanges 
are being measured in a tree plantation in 

Congo, to aid implementation of the 'clean 
development' mechanism envisaged under the 

Kyoto protocol. Measuring and modeling the 
carbon cycle, p. 73. 

CIRAD 2000 
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Desertification Towards stronger institutions. Building a regional 
research thrust with a Senegal-based institution 
mandated to combat drought in the Sahel. Partnership 
with CERAAS, p. 89. 

Water scarcity 

Support to decision makers. Helping farmers' 
organizations and private-public partnerships 

meet the technical, economic and 
environ mental challenges of water management. 

Experiences in Mali, Senegal and Brazil. 
Towards better irrigation management, p. 81. 

A viable future for pastoralism. Preparing for the implementation of a pastoral 
water-points project in a transhumant production system in Chad. 

countries sharing the same 
resource. Agriculture is a key sec
tor in the search for solutions, 
being at once a major consumer of 
water, especially for irrigation, a 
polluter of the water resource and 
a means of buffering the flow of 
water down rivers and streams. 
Cl RAD has decided to strengthen 
its work on the biophysical 
processes that govern water avail
ability in agrisilvopastoral systems, 
on the management of water and 
water use efficiency on irrigation 
schemes, and on the development 
of tools to support decision mak
ing and negotiations. 

Applying the principles 
of sustainable agriculture 

Sustainable agriculture and a 
'doubly green' revolution-one in 
which yield increases go hand in 
hand with lower production costs 
and environmentally friendly man
agement p ractices-are central 
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Mapping of pastoral resources, p. 63. 

concepts in CIRAD's current work, 
as in its deliberations about the 
future. At the level of the crop, 
livestock or tree-based production 
system, these concepts are applied 
in projects so many and so diverse 
as to defy discussion here. lnstead, 
we will touch on a few themes that 
have recently corne to the fore, 
sometimes in striking ways. 

Zero tillage systems in which 
crops are sown directly into a 
mulch cover, of the kind studied 
and developed by Cl RAD, are one 
of the best examples of the form a 
doubly green revolution could 
take. Now covering over 5 million 
hectares in Latin America, Africa 
and Asia, they represent a research 
breakthrough today and a beacon 
of hope for the future. The 
reduced erosion and gains in soil 
fertility to which they give rise are 
reflected in higher and more sta
ble crop yields than those 
obtained in conventional cropping 
systems. At the same time the use 

of inputs is reduced, as also is the 
amount of hard labour required. 
These innovative systems are par
ticularly attractive on environmen
tal grounds, since they sequester 
more carbon than do conventional 
systems. We are currently quanti
fying this effect. 

New cotton-based cropping 
systems are a response to the 
needs of African producers, who 
have expressed concern over the 
degradation of the natural envi-

·- ronment that su rrou nds thei r 
Î crops at a time when the interna
.3 tional market for cotton is 
� depressed. ln developing these 

systems, researchers and produc
ers have sought to increase the 
competitiveness of the cotton 
component while taking into 
account constraints in the physical 
environment and farmers' strate
gies for coping with them. To com
plement farmers' strategies, they 
have corne up with a number of 
new techniques, including a 
mulch caver, growth regulators, 
ri pen i ng agents and plant health 
components. The new systems are 
currently gaining ground else
where in the world. 

The regional research thrust on 
sustai nable agriculture, forests 
and the environment, based in 
Réunion, shows how the chal
lenges of sustainable develop
ment-preventing soil erosion, 
recycling waste, sharing the water 
resource equitably, conserving 
biodiversity and maintaining a 
dense population of smallholders 
on the land-can be met at the 
level of a whole geopolitical unit. 

Supporting decision makers 

Driven by the pace of global 
change, public policy towards 
agriculture and the environment 
is also changing rapidly. However, 
governments are seldom able to 



master all the facets of these high
ly complex issues. To help them 
formulate effective policies that 
take environmental factors into 
account, CIRAD has decided to 
intensify its work in three fields: 
the development of a global 
model and ex-ante studies on 
policies, so as to improve under
standing of what is at stake; gov
ernment policies with regard to 
natural forest management; and 
the multifunctional nature of agri
culture, with special reference to 
the new system of contrats territo
riaux d 'exploita tion . These are 
contracts between farmers and 
the government, designed to 
reward farmers for non-produc
tive activities. 

The last of these th ree themes 
is highly topical. A seminar was 
held in Guadeloupe in November 
2000 to study its implications for 
France's overseas departments. 
l n  Réunion, work on environ
mental law and on an information 
system to aid policy makers is sup
porting the introduction of these 
con tracts. 

CIRAD's strategic deliberations 
have revealed the areas in which it 
wishes to launch an ambitious 
drive to renew its research. The 
choices made by the Centre give 
high profile to the environmental 
aspects of agriculture. This is 
reflected in the recruitment of 
many new scientists in relevant 
disciplines and subject areas such 
as ecology, geography, law and 
geographical information systems 
(GIS). lt is also reflected in the 
Centre's new or strengthened 
partnerships, both in France
with the National Agronomie 
Research I nstitute ( 1 N RA), the 
1 nstitute of Research for Devel
opment (IRD), higher education 
colleges and private companies
and in other countries and inter
nationally. • 
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- Sustainable agriculture 
and a doubly green revolution 

© F. Bousquet 

Sharing the land. A m u lt i -agent 
software programme has been 
developed to su pport negot i at ions 
between d ifferent gro u ps of  land 
u sers .  The programme i s  l i n ked to 
a geograph ica l  i nformat ion system 
(G I S) .  Tools for collective land 
management, p. 82. 

New teaching tool. A handy, computer-based update on the management 
of a frag i l e  ecology, for profess iona ls  i n  research, ed ucat ion and deve lopment. 
Amazonian savannas on CD-ROM, p. 42. 

Sustaining coconut production. Targeted fert i l izer app l icat ions, 
the i ntroduct ion of sh rub  legumes and the u se of i ntercrops to restore so i l  
fert i l i ty i n  Ghana. Rehabilitation of African cocon ut  plantations, p .  49. 

Public policy 

Environmentally sensitive. The debate on 
mu lt i funct iona l ity and how i t  feeds i nto pol icy 

mak ing and local act ion in ru ral areas. 
Multifunctional agriculture, p. 79. 

A price-tag on conservation. Pol icy i n stru ments that p rotect 
the forest he ritage at the same t ime as encou ragi ng the deve lopment of an 

effic ient t imber  i ndu stry. Cameroon sets an example .  
.Tropical forestry policy: devising an incentive system, p.  16. 

Profitability versus conservation. A textbook case of the  d i lemma facing  
po l i cy makers .  Okoumé in  Gabon, p .  73. 
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Current 
research: 

Fou r  case 
stud i es 
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Among the multiple ecological 
functions of forests 

are waler management . . .  

Trop i ca l  
� �� 

forestry pol icy: 
Use or  conse rvat ion?  

Economy o r  eco logy? 

Trop ica l  fo rests shou ld  no 

longer  be arenas of 

hopeless d i l emmas. 

Governments have it i n  

the i r power t o  foste r bath 

the conse rvat ion of the i  r 

Devi s i ng an 

i ncent ive system 

.Ë 
E 
0 

fo rest resou rces and the deve lopment of effic ient fo rest 

i ndu st r ies . A range of economic  too l s -taxes, q uotas, pub l ic 

auct ions, r ights t rad i ng and so on -are persuad i ng operators to 

change the i r behav iou r  i n  re l at ion to the fo rest. However, these 

too l s  have to be se lected carefu l ly and used we l l . Cameroon i s  a 

fore run ner  i n  th i s  fie ld .  The cou nt ry i s  exper iment i ng, adj ust ing 

i t s  po l ic ies and i n st i tut ions, send i ng out  new s igna i s  to its fo rest 

i ndu st ry stakeho lders .  The a im is to comb ine s u sta i nab le 

management wi th h igh-qua l i ty fo rest-based i ndustr ies . 

. . . . .  and wildlife 
conservation. 



The tropical forest was viewed to waste, caused by inefficient 
until recently solely as a wood processing plants-so pro-

resource for producing timber. As tectionist policies need to be 
the environment increasingly applied in moderation. 
became a political issue du ring the Cameroon, which in 1 994 intro-
1 990s, ecologists and economists E duced a new Forest Law, is one of 
entered the fray alongside � the first countries to experiment 
foresters, the traditional adminis- 19 with new economic instruments. 
trators of these ecosystems. These . . l ts World Bank-supported reforms . . Cameroon ,s trymg to conserve new stakeholders cla 1m that, 1 f  ·t -' t d d I were enacted wh I le a heated . , s ,ores resources an eve op . forests are degenerating and dis- efficient forest industries. national debate was under way-
appearing, it is because their mul- one that confronted fairly and 
tiple ecological functions are not squarely the issue of unethical 
sufficiently recognized and valued. vide incentives of any kind to pro- commercial practices. 
Forests play a vital part in manag- ducers. If their amounts and dis- At the request of the Camer
ing water resources, protecting tribution at different points in the oonian government, CIRAD, in 
wildlife, conserv- sector were adjusted, collaboration with an international 
ing biodiversity I Cards on the table these taxes cou1d become private-sector consuitancy group, 
and reducing the economic instruments, recently conducted an audit on 
greenhouse effect. As a rule these designed to persuade operators to the economic and fiscal aspects of 
functions are not taken into change their behaviour. the country's reorganization of its 
account by governments or rural The public auction of permits to forestry sector. Despite the high 
com munities. Why not attach a exploit the forest forces compet- hopes engendered by the 1 994 
price-tag to them ? This would ing operators to put their cards on reforms, there are still many 
draw attention to their impor- the table when they make a ten- uncertainties, partly because the 
tance and value, and it would der. The government is able to theoretical models of economic 
become more economically charge timber royalties on the outcomes found in the literature 
advantageous to manage the for- basis of how operators are really are no match for the diversity of 
est sustainably than to allow likely to perform ,  real life, but mainly 
uncontro 1 1 ed 1agging and forest while the operators I Common sense because it is difficuit ta 
destruction. themselves are moti- obtain hard information, 

How can this end be achieved? vated to reduce timber lasses and with the result that the govern
Because it is difficult to attach a make better use of the trees they ment has no way of knowing the 
cash value directly to these non- eut down. real costs and benefits of forestry 
market functions, ecologists and By restricting or prohibiting log activities. The theoretical models 
economists have put forward var- exports, governments can pro- must be backed by a thorough 
ious economic policy instruments mate the domestic timber indus- practical understanding of the 
that can be integrated with try and generate employment. field and a great deal of corn mon 
forestry reform. However, overprotection can lead sense. 
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Economie instruments 
can be used to persuade 

Most forest management policy 
includes government regulations � 
and technical recommendations. � 
ln  addition, governments collect 19 

taxes and timber royalties. These, 
however, are primarily geared 
towards generating an incarne for 
the State and do not usually pro-

�'!' :Y'� 

timber operators to change ' 
their behaviour. 

I 
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Uncontrolled 
felling of 

trees must 
be prevented. 

The measures adopted or under to wood processing. This is just 
consideration by the government what the government wanted, 
following the audit show how a since its aim was to encourage 
combination of eco- • development of this 
nomic instruments can I A set of signais industry. The ban was a 
be used to stop the complete success from 
harmful practices that frustrate this point of view: the volume of 
sustainable forest use and the sawn wood produced doubled 
development of an efficient timber between 1 998 and 2000 and 2 600 
industry. new jobs have already been cre-

Since 1 996, logging concessions ated in the forestry sector. 
have been allocated by competi- Unfortunately, the negative 
tive public tender. However, the aspects of this accelerated devel
government has been strongly opment soon emerged. As noted 
criticized for the biased conditions in other countries of the South, 
attached to the tender, especially such as lndonesia, Malaysia and 
the procedures for selecting can- Côte d'Ivoire, there are signs of 
didates. An independent observer overcapacity and overexploitation. 
has now been appointed to over- Whereas the sustainable annual 
see the process and ensure trans- logging volume is estimated at 3 .5  
parency. The process has been million cubic metres, the real vol
improved considerably through urne produced is around 5.5 mil
such mechanisms as comparison lion cubic metres. The gap 
of bids, ban k guarantees and between the two figures is 
penalties to deter inflated bids that accounted for by illegal logging, 
cannot subsequently be hon-
oured. 

Most logging companies were 
prepared for the ban on the export 
of raw logs, which was announced 
in 1 994 and partially implemented 

in 1 999. They responded 
by shifting the 

focus of their 
activities 

Banning log exports promotes 
domestic wood processing. 

which supplies a wide range of 
wood processing units. Many 
of these so-cal led 'p rocessi ng 
plants' -often j ust small saw
mills-handle high volumes of 
wood to which they add little 
value. lt is now crucial to develop 
the sector by promoting initiatives 
in three areas: preventing wastage; 
diversifying the species used; and 
producing finished and semi-fin
ished products with a higher 
added value. 

Taxing raw logs as they enter the 
factory rather than processed 
prod ucts ready for export wou Id 
provide an incentive for compa
nies to reduce waste and make 
more efficient use of raw materi
als. ln other words, innovation is 
the route to better performance. 
Because more government agents 
would be required on the ground 
to administer it, a tax of this kind 
cou Id also be used to li mit the vol-
ume of timber supplied to the fac

tories and to prevent the 
supply of illegally 

harvested logs. 
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The government is also 
investigating the possibility 
of introducing a public auc
tion system for rights to 
export logs on an annual 
quota basis . Competition 
between timber operators 
shou Id ensu re that the gov
e rn ment is able to sell the 
rights at prices that correspond 
to their true potential in a mar
ket where prices fi uctuate. 

Through these economic o_ 
instruments the Cameroonian Q 
government is sending signais to 
its forestry sector operators, in the 
hope of persuading them to adopt 
sustainable management practices 
and to redirect their enterprises 

Many wood 
processing plants have 

recently been built in Cameroon. 
Signs of overcapacity are appearing. 

towards the production of quality green hou se gas em1ss 1ons. For 
products with a high added value instance, the European Union (EU) 
for the international market rather has decided to reduce these emis
than the cheap, high-volume pro- sions by 8% (from 1 990 levels) over 
duce of today. the 2008-201 2 period. The devel-

Trade in carbon represents opment of a market in carbon 
another type of economic instru- emissions would allow countries 
ment-one that can that exceed their 
be applied interna- I Carbon storage quota ta buy the right 
tionally. The industria- to emit more from 
lized countries intend to reduce more 1 virtuous 1 countries. The 
their carbon dioxide and other market would determine the value 

of the carbon traded. Rights cou Id 
be acquired either through what is 
known as the 1 clean development 
mechanism 1 or via cooperative 
activities u ndertaken to develop 
clean technology. 

Forests store carbon and in so 
doing reduce atmospheric carbon 
levels. Forests and plantations 
exploited on the basis of continu
ous renewal could thus become 
the focus of cooperation and 
exchange between countries of 

Carbon trading could benefit 
rural communties and promote 
village plantations. 

the South and the North, 
the former benefiting by 
investments on their land 
and the latter by emission 
rights. Combined with 
other econom ic i nstru
ments and regulations 
governing forest use, 
cooperative activities 
of this kind cou Id have 
an impact on sustain-

able development reach
ing well beyond mere carbon stor
age. For example, it might become 
possible to reforest degraded land 
with a diverse range of species, so 
as to enhance biodiversity. ln addi
tion, rural communities could 
finance village plantation or agro
forestry projects from investment 
funds to which enterprises in the 
North would contribute. 

Despite the extreme complexity 
of interactions in the field of for
est management and use, some
ti mes just a few strategically posi
tioned levers, including economic 
instruments, can bring about a 
marked change in operators 1 atti
tudes. How to select these levers 
and orchestrate their deployment 
is a deserving tapie for future 
research. • 

To find out more, read: 

Karsenty, A. 2000. 
Economie instruments 
for tropical forests.  

The Congo Basin case. 
CI FOR, CIRAD, I I ED, 2000. 
Also avai lable i n  French : 
Les instruments 
économiques de la forêt  
tropicale: Le cas 
de l'Afrique centrale. 
CIRAD, Montpellier 
and Maisonneuve et Larose, 
Paris, 1 999. 
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A Pangas i u s  
hypopht hal m u s 

(Ca t ra) 
breeder fish. 

Mekong catfish : The art i f ic ia l  p ropagat ion of 

Mekong catf i sh, deve loped i n  

1 995, has revo l ut ion ized 

aquacu ltu re in Vietnam. 

Nat iona l  catfi sh  p roduct ion in 

float i ng cages has s i nce 

esearc 
l eads st ra ight to 

tech no logy t ran sfe r  
i ncreased from 1 5  000 to 50 000 

tonnes per year. The sector i s  

chang ing fast: f i sh  rear i ng 
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cages on the Mekong are p ro l i fe rat i ng, p r ivate fi sh  hatcher ies are 

be i ng set u p, p rocess i ng i ndu st r ies a re deve lop i ng and p roduce rs 

a re export i ng to wor ld markets . C l  RAD and its Vietnamese partners 

a re work ing  on ai l aspects of th i s  new i ndust ry, with the a im of 

bu i ld i ng experti se th roughout  the commod ity system.  
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Floating cages at 
Chau Doc on the 
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1 n V ietnam, freshwater f i sh farm
ing accounts for three-quarters 

and ponds. l n  1 995, catf ish were 
successfully reproduced in cap-

of the country 1s aqua
culture product ion. 
ln the early 1 990s, the 
sector was r ipe for 

• t iv i ty for the f i rst t ime. An important 1n co 1 1 aborat ion w i th 

innovation IRD, CTU and Agif ish, 
CIRAD produced 30 000 

growth in response to the high 
market demand for f i sh, but was 
held back by a number of con
straints. ln 1 993, CIRAD, the French 
1 nst itute of Research for Develop
ment (IRD) and the Univers i ty of 
Agr iculture and Forestry of Ho Chi 
Minh C ity began studies on var i 
ous product ion systems: inten
s ive float ing cage cultures of cat
f i sh (Pangasius bocourti or Ca ba 
sa) on the Mekong R iver ( in An 
Giang prov ince), extensive rear ing 
of catf ish (P.  hypophthalm us or 
Ca tra) i n  wastewater ponds ( in An 
G iang and Dong Thap prov inces) 
and intensive rear ing of carnivo
rous f ish in art i f ic ial lakes (arou nd 
Ho Chi M inh C i ty). 

The in i t ial results of these stud
ies revealed the main bottleneck in 
the floating cage system, which 
was that fry had to be sou rced 
chiefly from the w ild (80% in Cam
bodia). These imports were i llegal 
and fry pr ices were skyrocketing. 
ln 1 993, fry costs represented 55% 
of total product ion costs, which is 
an espec ial ly h igh share for i nten
sive f ish farm i ng. 

1 n 1 994, as part of 
a PhD thesis, CIRAD 
began research on 
the art ific ial propa
gat ion of catf i sh. ] 
Breeding parents of � 
the two main catf ish @ 

spec ies obtained 
from Can Tho Uni 
vers i ty (CTU) and 
Agif ish, a prov incial 
f isher ies company, 
were stocked in  
exper imental cages 

hatchery: 
artificial tanks 

and (in the 
background on 

the right) 
egg incubators. 

Ca tra and Ca ba sa fry. 
C I RAD then superv ised a sec

ond PhD thesis  study, carried out 
by a V ietnamese teacher-sc ient ist 
on methods for rearing fry of the 
two species. Bath theses were 
defended in 1 999 at I NA-PG, a 
Paris-based higher educat ion col
lege. Agif ish became a key partner 
and fi nanced a th i rd thesi s, on 
improv ing broodstock manage-

ment. Thi s  close partnership  
has helped consol idate Franco
Vietnamese relations. Sorne 1 0  field
or laboratory-based tra in ing 
courses have been organ ized, 
either for Agifish trainees in France 
or for French graduate students in 
V ietnam. 
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but demand is now growing in 
other parts of the world, including 
Japan, Europe and the USA. 1 n 
response, Agifish is modernizing 

This research has led to a pro
found change in aquaculture in a 
Vietnamese region where fish 
farming is of major importance to 
livelihoods. Dynamic 
Vietnamese fish farm- 1 Rapid adoption 
ers showed how 

the fish filleting and 
freezing facilities in its 
processing plant, in 

quickly they cou Id adopt an inno
vation once they saw it as practi
cal. Agifish constructed the first 
hatchery just 3 months after the 
first 30 000 fry had hatched u nder 
experimental conditions. The Me
kong Company, another fisheries 
enterprise, followed suit. Many 
private hatcheries have now been 
set up with the technical support 
of Agifish technicians. Fry pro
duction has risen exponentially, 
reaching a total of 500 million 
Ca tra fry and 3 million Ca ba sa 
by 2000. 

Between 1 993 and 2000, the 
number of rearing cages in the 
Mekong Delta rose from 1 000 to 
4 000 . The annual production of 
commercial-size catfish increased 
sharply from 1 5  000 to 50 000 
tonnes over the same period. 

The main market for cat
fish is in Southeast Asia 

Harvesting Mekong 
catfish raised in a 

floating cage. 

compliance with the strict Japan
ese and European regulations on 
food safety. l t  has also just built a 
second fish processing plant. 

Given the ready supply of cat
fish fry, fish farmers had no prob
lems in adapting to these new 
species. Having at first reared only 
Ca ba sa in cages, they diversified 

Harvesting fry in a private 
pond hatchery. 

By the end of the production 
cycle, which lasts around 1 year, 
each eu bic metre of cage contains 

around 1 00-200 their production 
and now rear 70% 
Ca tra, 20% Ca ba 
sa and 1 0% hy
brids and other 

l ndustrial production 
by trad itional methods 

kilogrammes of 
1 ive fish. Th ree
q uarte rs of all 
fish farmers in 

species. Before 1 995, Vietnamese 
consumers preferred to buy Ca ba 
sa because this species was not 
reared in wastewater ponds, and 
they also liked its white meat. 
Thanks to mass cage culture pro-

duction of Ca tra, fish 
farmers have now reha

bi l itated this fish, 
givi ng it back the 

status it deserves. 

this region are rearing fish in a 
cage volume of more than 500 
eu bic metres, while half of them 
have volumes ranging from 
1 000 to more than 2 000 
cubic metres. Hence 
around 40% of these 
farmers produce at 
least 1 00-200 tonnes 
per year of 
fi sh. 

] 
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By way of comparison, French fish 
farmers produce less than 1 00 
tonnes of fish on average, and the 
50 000 tonnes of fish produced in 
floating cages on the Mekong 
River is equivalent to the total rain
bow trout production of France
the top ranking producer of this 
species in the world. 

The profile of the average aqua
culturist reflects this group's eco
nomic aspirations: 42% are under 
40 years old, 70% have a secondary 
school education and almost 7% 
have been to university. Ninety 
percent of floating cages are 
owned by private family or small
to medium-sized enterprises, with 
the two large fisheries companies 
owning the rest. 

Despite the industry 1s rapid 
growth, the rearing techniques 
used are still quite rudimentary. 
Fish farmers have an empirical 
approach to their discipline. They 
often rear excessively high densi
ties of fish in thei r cages, apply 
blanket antibiotic treatments that 
are ill adapted to their needs, and 
use farm-made fish feed contain
ing whatever byproducts are avail
able at the local market (rice bran, 
fish meal, etc.) .  1 ndeed, thei r 
pragmatic management forms a 
marked contrast with the indus
trial scale of the output they 
achieve. 

Preparation 
and cooking 

of fish 
feed above 

the cage. 

Endangered: knowledge 
of traditional fish feeding 

The Mekong catfish producer's day begins early. 
Before dawn, fish farmers busily prepare fish 
feed on top of their floating cages. They may 
prepare more than 1 tonne of feed in a large pot. 
Once or twice a day, they feed thei r fish a moist 
dough consisting of rice, minced fresh 
fish and 'water spinach' (lpomoea 
aquatica). This choice of ingredients is 
based more on cost considerations than 
on the real nutritional requirements of 
the fish, which are still poorly 
understood. Nevertheless, these fish 
farmers are practical people and, like the 
catfish species they raise, can readily adapt 
to changing conditions. The fish have a 
mean feed conversion ratio of 3 .4 during 
the fattening period. There is thus 
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Feeding through considerable potential for improving feeding 
practices, which are critical to the success of this 
type of production system. Seventy percent of 
fish fatteners in this region still feed their fish in 
the small-scale traditional manner. There is a risk 
that economic pressures will endanger this 
practice by forcing a switch from farm-made 
feeds to industrially produced compound feeds. 
This transition should be managed carefully, 
since the results might not be entirely beneficial. 

a trap-door in the floor 
above the submerged 
floating cage. The dough 
mass is fed in the form 
of moist, individual balls. 

How far can producers go with
out jeopardizing the future of the 
industry? The industry 's major 
players fear that production cou Id 
break down if  the system fails to 
maintain a balance with the envi
ronment. Already, there have been 
several incidents of high catfish 
mortality due to sudden disease 

outbreaks. This concern was con
firmed in a recent survey carried 
out by CIRAD in collaboration 
with Domenico Caruso Consult
ing, which revealed a link between 
rearing practices and fish mortal
ity. The health status of caged fish 
is known to be an accurate indi
cator of the sustainability of the 
floating cage system. 

Caged fish rearing practices 
could be enhanced by a strategy 
that takes account of the ecology 
of the fish and thei r pathogens. 
Stress would be reduce by 
improving the transportation of 
juvenile fish and making judicious 
use of therapeutic treatments. 
Diversifying the Pangasius species 
raised is also an avenue worth 
exploring, along with genetic 

1: improvement and optimizing 
� reproductive performance and fry 
� rearing. • 



Food crop farmers were badly hit 
by a double crisis, ecological and 

economic. Some had to sel/ 
their farm implements, even 

their draught animais. 

l ndones i an 

farmers 
• • • 
1 n  c r 1 s 1 s : 

Win ne rs and lase rs 

What i s  to become of 

l ndones ia ' s fa rme rs, as the i r  

cou nt ry ree l s  u nder the 

p rofo u nd economic  and 

pol i t ica l  cr i s i s  b rought  on 

by the As ian pan ic of  1 997? 

-l��] �p} -� --.. � ,r;.�\� 

For food crop farme rs, the past few years have been a n ightmare. 

Farmers who p rod uce crops fo r export, in contrast, en joyed a b r ief 

resp i te. The i r  p rod uce cou Id have he l ped put  the l ndones ian 

economy back on i t s  feet, but  the p rec ip itou s  decl i ne i n  wor ld 

agr icu l tu ral pr ices has wiped out  the b r ief ga i n s  they made ea r ly 

on in the cr i s i s .  What measu res shou ld be put in p lace to spare 

the cou ntr ies  of the South the damag ing  effects of g lobal izat ion ? 

� 

ln 1998, coffee smallholders, like 
most export crop producers, profited 
from the cri sis. But the price of coffee 
like that of most other agricultural 
commodities, fe/1 sharply the following 
year and even further in 2000. 

� Jl '1 1t  



A
CI RAD research team has 
been working for more than 

20 years in various I ndonesian pro
vinces. The team and its I ndone-

of southern Sulawesi, for instance, 
felt they were receiving manna 
from heaven. The harvests of 1 997 
and 1 998, which were delayed by 

sian colleagues, who wit
nessed the cou ntry's long 
period of steady growth 
before experiencing its 
sudden destabilization, 
seek to explain how far

Huge 
windfal l  
profits 

the drought, were quite 
good in the end because of 
the cocoa tree's  short-term 
physiological response to 
such conditions. Earnings 
received an unexpected 

mers have coped with the crisis, 
why some have been able to take 
advantage of it and why others 
have fallen into even more abject 
poverty than before. What part did 
agriculture play in the I ndonesian 
economy du ring the worst days of 
the crisis? And how could it help 
the country become prosperous 
again? 

The financial meltdown that 
began in July 1 997 in a number of 
Asian countries reduced the value 
of I ndonesia's  cu rrency by two
th i rds in less than 6 months. The J 
US dollar, which was worth 2 500 � 
rupiah in June 1 997, had plunged 

boost from the dollar exchange 
rate: the price of a kilogramme 

\ 2s 

cars, television sets and satellite 
dishes. They also invested in rais
ing their social status by, for exam
ple, enlarging their houses or 
building temples. However, much 
of the windfall went into sound 
agricu ltu rai i nvestments: growers 
bought large areas of forest or 
plantations, brought new land into 
production and replanted old 
plantations. To offset the devas
tati ng effects of the d rought, they 

Cocoa drying before 
being sold to a trader 
for subsequent export. 
ln June 1998, the price 
of cocoa was five to ten 
times higher than a year 
earlier. ln this Balinese 
village of Sulawesi, the 
windfa/1 was used to build 
or improve temples and 
houses. 

to 1 5  000 rupiah 1 year later. l t  then of cocoa, which had been 2 600 also increased their fertilizer pur-
stabilized at about 8 000 rupiah rupiah, began to rise in August chases and, in some cases, 
towards the end of 1 998. Busi- 1 997, reaching 6 000 rupiah by acquired water pumps. 
nesses went bankrupt and unem- December, then soared in April The increased resources of the 
ployment rose to alarming levels. 1 998, culminating in an all-time 40 million people who directly or 
At the height of the crisis, 1 00 mil- high of 1 8  000 rupiah in July. These indirectly depend on export crops 
lion people-half lndonesia's pop- skyrocketing prices generated obviously had a beneficial effect 
ulation-were reduced to penury, huge windfalls for growers. For a on the country's economy, help
whereas shortly before the crisis few months, they were able to sell ing to maintain consumption and 
the country had achieved an envi- cocoa on the world market at a to keep the wheels of commerce 
able reputation for combating price five to ten times higher than turning while the crisis was at its 
poverty. normal. Money abounded as never worst for the majority of the pop-

The economic crisis produced a before. ulation. The automobile and con-
clear split between food crop Cocoa, coffee and pepper grow- struction sectors, for instance, 
farmers and farmers who grew ers, and indeed all export crop even though they were the first to 
crops for export. Ali of them, how- growers, were the big winners be affected by the financial crisis, 
ever, suffered from the terrible du ring the crisis, although their remained bu oyant in areas where 
drought of 1 997 caused by El Nino, profits varied. Even in cases where tree crops are grown. At th is early 
then from the floods of 1 998 yields fell, profits were still high. stage of the crisis, it seemed as 
induced by La Nina .  What did growers do with their if the lndonesian economy cou Id  

The cri sis was an incredible but windfall profits? Naturally, some be put back together aga in 
� short-lived boon to most tree crop began consuming frenetically, by increasing export crop pro- (\'f growers. The cocoa smallholders buying motorcycles or mopeds, duction. 

� 
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However, these hopes were 
dashed by the sudden crash that 
followed. By the end of 1 998, and 
especially du ring 1 999 and 2000, as 
the rupiah slowly recovered, the 
international markets for agricul
tural commodities collapsed. A 
variety of factors were responsible: 
the currency devaluations in a 
number of developing countries, 
including the serious deprecia
tions throughout the rest of Asia; 
the overprod uction of the 1 990s; 
the underlying poverty of govern
ments and of smallholders, who 
have to plant crops regardless of 
market prices; and, in some com
modity markets, the lack of com
petition among the few remaining 
agrifood companies, which prob
ably drave prices down. 

This was the real time of crisis 
for lndonesia's smallholder tree 
crop producers, especially since 
the d rought had i nfl icted lasting 
damage on some plantations and 
yields had fallen sharply. Despite 

Rice growers suffered not on/y a sharp fa// 
in production but also from 

the pegging of food prices, held 
articificially low by 

government policy. 

Sorne 
families in 

transmigration 
areas lived on 

a single 
cassava-based 

meal a day. 

prices of food crops, releasing 
public stocks in order to minimize 
imports. But when this stabiliza
tion policy cou Id no longer be sus
tained, domestic food prices sky
rocketed as the pain experienced 
by smallholders began to be felt by r consumers too. 

� The impact of the cri sis on food 
QI crop farmers varied considerably 

this, some traces of the boom depending on the size and loca
times remain, and investments tion of their farms. 
made during the brief period of The 1 0  to 20% of farmers with 
prosperity are helping to support enough land to generate surpluses 
growers du ring the current critical despite climatic fluctuations bene
phase. fited from the price hikes and 

The story is very different for boosted their incomes. 
food crop farmers and their fami- Unfortunately, a far larger num
lies-some 80 million people. ber of farmers have tiny farms that 
When the crisis 

, S I l '  th f 
barely produce enough 

e mg e arm to feed their families. struck, the prices 
of farm inputs 
tripled and mar ÎmplemenfS These farmers saw their 

off-farm employment 
kets were severely disrupted, giv
ing rise to shortages. The lack of 
inputs, the drought and then the 
floods, as well as locust plagues in 
some provinces, substantially 
reduced production. Although 
close to self-sufficiency for some 
1 5  years, lndonesia today imports 
huge quantities of rice. 

Until the summer of 1 998, the 
government-as it often had in the 
past-intervened to peg the rising 

opportunities, vital to supplement 
their incomes, vanish overnight. 
The crops they harvested were not 
sufficient for the family's subsis
tence. They sold first their non
essential assets, then their farming 
implements, even their buf
faloes-and as a last resort bor
rowed money from loan sharks. l t  



wi 1 1  take years fo r these  u n fo r
t u  n ate farmers to recover f rom 
the pen u ry to wh ich  t hey h ave 
been reduced .  Many may have 
to g ive up fa rm i ng a l toget he r  i f  
t hey s u ffe r anot h e r  poo r h a r
vest .  

How wi l l  ag r i cu l t u re be ab le to Î 
recove r and re-estab l i s h  i t se l f  as a :
d r i v i ng  fo rce i n  t he  conva l esc i n g  
l n dones i an  economy? S o rn e  so l u 
t i o n s  a re t o  b e  fou nd  w i th  i n  t he  

I ndonesia 's
agricultural diversity

helped it survive the crisis.

co u n t ry, wh i l e  ot h e r s  d e p e n d  s l i d e, t r i gger i ng  f u rt he r  p rob l ems  
mo re on  the  i n te rnat i ona l  corn - and  p l u ng i ng  the  cou nt ry i nto a 
m u n i ty. deeper  c r i s i s .  When  they behave 

Ove r the past 30 yea rs, l ndone- i r rat i o na l ly  i n  t h i s  way, ma rkets 
s i an s ma l l - s ca le  fa rme r s  h ave cease to p l ay a regu l atory ro le  and 
d e m o n s t r a t e d  an  en t i re peop le  may 
t h e i r  a b i l i ty to Need for regu latory be pena l i zed . 
w� rk  hard and  mechanÎSmS . At the sa�e t i m� as
to 1 n novate, s u c- 1 t  accepts l 1 be ra l 1 za-
cessfu l ly ach i ev i ng  food se l f- s u ff i - t i on, the i n te rnat i ona l  com m u n i ty 
c i e ncy and s u bstan t i a l ly  boost i n g  shou ld estab l i s h  regu l ato ry mech 
expo rts .  To cap i ta l i ze on  th i s  ab i l - a n i s  ms  that w i l l  atte n u ate tem po
i ty, t h ey s h o u l d  now be g i ven  ra ry c r i se s  of t h i s  k i nd .  l n  t h i s  way, 
i n c reased access  to l and, c red i t, the  dom i no  effect of a f i nanc ia l  cr i 
se rv i ces  and new tech n o l ogy. s i s  p rec i p i tat i ng  eco n o m i c  and  
l ndebted farmers m u st have access soc i a l  c r i ses can be avo i ded .  
to  the  i nputs  t hey need to  i ncrease As rega rds  t he  pa r t  p l ayed by 
and  stab i l ize t he i r c rop y i e l d s .  i n te r n at iona l  ag r i c u l t u ra l ma rkets, 

H oweve r, t h e  p ro b l e m s  of demand  is now concent rated i n  
l n dones i a ' s fa rme rs m u st a l so be the hand s  of a few buyers  who 
seen from a b roade r  pe rspect ive .  dea l  wi th a m u l t i t ude  of  sepa rate, 
1 n theo ry, one of the v i  rt ues  of free u n aff i  I i ated sma l  I ho l de rs - a  s i t u 
markets i s  t hat t hey a re se l f - regu - at i o n  t hat c reates a s e r i o u s  i m ba l 
l ato ry. Bu t  what i s  act ua l ly  h ap- ance of  powe r. Cocoa t rade rs, 
pen i ng ?  When l ndones i a  opened fo r i n stance, have a l m ost a l l  d i s 
i t s  doo rs at a t i m e  when  t h e  appea red and  t h ree l a rge p ro
domest ic  economy was h ea l thy, ces s i n g  com pan i e s  con t ra i  t h e  
cap i ta l  pou red i n to t he  coun t ry. wo r ld  ma rket . 
The re was l i t t le  i nte rest in p ro- Fo r the t ime  be i ng, t he re is st i l l  
d u ct ive i nvestmen ts a n d  a specu - keen  com pet i t i on  between these 
lat ive bubb le  q u i ck ly  fo rmed, gen - grou ps, each of wh ich  asp i res to  
erat i ng  huge p rofits fo r i ncrease its market sha re. 
a s m a l l  g rou p of b u s i - 1 Social justice T h i s  s h o u l d  n o r m a l l y 
ne s smen .  l ead to  an  i nc rease i n  

The  'As i an  f l u '  t hat g r i pped the p roduce r  pr ices, but  what the Asian 
reg ion ' s  f i nanc i a l  ma rkets in 1 997 econom i c  c r i s i s  seems  to demon
t r i gge red an econom i c  and  po l  i t i - st rate i s  t hat t he  gene ra l  downtu  rn  
ca l  c r i s i s, wh ich o n ly exacerbated in agr i c u l t u ra l  p rod ucts i s  acce l e r
i nvestors '  l a ck  of con f i de nce .  ated by g l oba l izat ion .  
l n d on e s i a ' s  c u r re ncy began  to A l t h o u gh t he re i s  no  need to  

l 27 

as s u m e  any  co l l u s i o n  
, between  t hem ,  t he  

red uced n u m be r  of buy
e rs has  exe rted a down
wa rd p re s s u re on  p r i ces  
i n  a cou n t ry whose cu r
rency has  deprec iated -

and the  en t i re wo r ld  market h as 
fo l l owed s u i t .  T h i s  i s  a lmost  ce r
ta i n ly one  of t he  facto rs t h at t r i g
ge red t he  spectac u l a r  fa l l  i n  com 
m od i ty p r i ces  t h at h as occ u r red 
s i nce  1 998 .  J u st as l n d o n e s i a n  
p l an te rs we re beg i n n i n g  t o  he l p  
t he i  r cou nt ry back on  i t s  feet, t h  i s  
s l u m p  i n  p r i ces  h a s  stopped t hem 
i n  t he i r  t racks .  

Es tab l i s h i ng fa rme rs '  a s soc ia
t i o n s  at n at i o n a l ,  reg i ona l  a nd  
wo r ld  l eve l s  cou  I d  he l p  to  r ight  t he  
i m ba l ance of power between p ro
d u ce rs and buye rs .  l s  t h i s  i dea 
me re ly  Utop i a n ?  The  As i an  c r i s i s  
h as been  a sha rp  rem i nde r  of j u st 
how c ruc i a l  s u ch  assoc iat i o n s  a re .  
We need to g loba l ize socia l  j u st ice, 
not j u st ma r kets . • 
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Coc oa tree 
bcarrng fruit. 

�1The fight against 
Phytophthora: 

U nderstand i ng 
and en hanc i ng

res i stance i n  cocoa

B lack pod d i sease, caused 

by Phytophthora fu ngi ,  i s  

respons ib le  fo r cocoa 

product ion lasses 

ave rag ing 30% worldwide 

and rang i  ng from 50 to 

80% loca l ly. B reed i ng 

Phytophthora-res i stant cocoa var iet ies i s  the major  component 

of an i ntegrated app roach to d i sease management that wi l l

red uce the u se of fu ng ic ides, ens u re sat i sfactory i ncarnes for 

growers and stab i l ize the cocoa market. U nderstand i ng the 

genet ic  bas i s  of res i stance i s  essent ia l  fo r deve lop ing  b reed i ng 

st rateg ies, together with the mo lecu lar too l s  that wi l l  i ncrease 

breed i ng effic iency. 

��. �� 

:hytophthora
tnfect d c corna pods.
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ocoa resistance to Phytoph
thora is partial, polygenic and 

transmitted additively. This means 
that it is possible to improve cocoa 
yields by 'pyramiding' or combin
ing resistance genes from different 

Resistance to Phytophthora in 
cocoa is assessed either in the 
field, by determining pod rot rates 
over several harvests, or in the lab
oratory, by artificially inoculating 
pods or disks of leaflet material 

sources. Neverthe
less, improving tree 
crops such as cocoa 
involves major con

A leaf test at obtained from 60-
day-old plants. 
This latter test was 
developed using 

the nursery phase 
straints in terms of bath time it 
takes years before yields can be 
assessed and space large areas are 
required for growing the trees. Are 
there any tests that can rel iably be 
applied to assess resistance at an 
early stage of growth, thereby 
overcoming these constraints? 
How best to set about breeding 
varieties with better resistance? 
Cl RAD and its partners have 
add ressed these questions and 
achieved results that are now 
being applied in several interna
tional projects: they have devel
oped an early leaf test, conducted 
preliminary screening of clones 
for their resistance to different 
Phytophthora strains and under
taken genetic mapping to pin
poi nt the genes for resistance. 
This latter initiative cou Id eventu
ally lead to marker-assisted selec
tion. 

Natural 
drying 

of cocoa 
bcans. 

an experimental design that avoids 
bias from environ mental effects. lt 
can provide early estimates of 
inherited resistance in crosses or 
parents used in breeding pro
grammes. l n  Cameroon, scientists 
have already planted families and 

f � � \V��l,,,_ .. ,� 
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hybrids pre-selected using the 
test. Field observations of black 
pod rot infestation will enable 
them to confirm resistance in 
these varieties, to recombine 
plants of interest and to guide 
research on the epidemiology of 
the disease. Once it is in use by 
Cl RAD's partners, early leaf testi ng 
shou Id considerably shorten the 
breeding cycle and hence the time 
taken to provide growers with 
improved planting materials that 
no longer require ·so many chem
ical treatments. 

,<. ' 
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Resistant parents are now avail
able to all the project's partners. 
These plants were selected for 
their good levels of resistance to 
several strai ns of Phytophthora. 
The selections were made on the 
basis of an early leaf test on 1 60 
clones and 3 500 plantlets derived 
from 75 new crosses, and 
also by assessing field 
resistance in some 4 000 
adult trees. They are now 
being maintained in 
nurseries or in the field 
in partner countries, 
where they represent 
an important resource 
for future research. 
Trin itario cocoa vari
eties generally show 
the greatest sus
ceptibility to b lack 
pod disease, while 
u pper Amazonian 
Forastero clones 
such as Sea 6, P 7, Pa 

A harvest 
completel}' 

destroyed by 
Phvtophthord. 

1 50 and T85/799 are resistant and 
will undoubtedly be used to breed 
varieties with improved resistance. 

The shari ng of research resu lts 
and planting materials should lead 
to more widespread progress in 
genetic enhancement in partner 
cou ntri es. Even tu ally, it may 
reduce the impact of Phytophthora 
diseases, which are a major cause 
of yield lasses in cocoa. Whether 
resistance to Phytophthora is actu
ally expressed in the plant depends 
on environmental factors and 
other biological traits, such as 
length of the pod ripening and 
harvest periods, in addition to 
inherited resistance. lnherited or 
true genetic resistance involves 
mechanisms that enable the plant 
to recognize the pathogen, to 
resist its invasion and to fight it off 
once it has invaded. These mech
an isms raise several questions. 
What system does the plant have 
for recognizing and resisting the 

A PhytophthorJ megdkarya sporocvst. 

tc1rly leaf tf'st to açsess the res,stance 
of rocoa clonec;, scored on a disease 

susceptibility 5Cale ot O to 5. Leaf d1sks 
15 mm ,n diameter; are placed in travs 

and inowlated with Phytophthora 
spores. Symptoms arc chccked aftcr five 

and spven davs of ,ne ubation at  2SQC. 

Q. 

B 

c5 

� 
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pathogen? How variable is th is sys
tem? ln  clones with similar levels 
of resistance, are identical or d if
ferent genes involved? What part is 
played by inherited resistance, as 
opposed to the other components 
of resistance? And are the same 

genes responsible for resistance to 
all Phytophthora species? Map
ping the 1 0  chromosomes of corna 
and identifyi ng the areas of the 
genome responsible for resistance 
could provide answers to these 
questions. 



The cocoa genome's chromosomes
4 and 5, on which QTLs for resistance to 

Phytophthora were detected.
Candidate resistance genes were also 

located in the same reg,ons as Q TL s 
associated with resistance in other 

crops: PT2 is homologous to the rust 
resistance gene in wheat and the 

Pseudomonas syr i ngae resistance gene
in tomato, white PR2 QTLs correspond 

to dcfense prote,m (glucanascs) . 

A ge net i c  map of cocoa was 
m ad e  u s i n g  va r i o u s  k i n d s  of 
m o l ec u  l a r  m a r ke r, i n c l  u d i n g  
rest r i ct i on fragment  l e n gt h  po ly
m o r p h  i sm  ( R F LP) ,  a m p l i f i ed frag
ment l ength polymorph i sm (AF LP) ,  
i s o e n zy m e  and m i c ro sate l l i t e  

DRl 

lMCS7 

IMC78 

PTI 

IMCS7 

PR2136 

and  others that a re spec ie s- spe
c i f ic .  Th ese res u l ts a re i m po rtant 
fo r b reed i n g  c l o n es w i th  m u l t i p l e  
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i d e n t i f i ed at t h e  n u rse ry phase,  
aga i n  u s i n g m a r ke rs .  M a r ke r
ass i sted s e l ect i o n  of th i s  k i  n d  w i  1 1  
g reat ly  e n h a n ce b reed i n g fo r 
res i s tance to Phytophthora . 

O u r  gen o m i c  approach was fu r
t h e r  ref i ned  t h ro u gh the u se of 
cocoa D NA segme nts  conta i n i ng 
h o m o l ogues  of genes  k n ow n  to 
cod e fo r d i sease  res i s t a n ce i n  
ot h e r  c ro p  s pe c i es ,  s u c h  as
tomato, r i ce, tobacco a n d  wh eat.
Sorne of these genes  a re l ocated i n
t h e  same a reas o f  t h e i  r res pect i ve
gen o m es as a re t h e  QTLs assoc i 
ated w i t h  res i stance to Phytoph 
thora i n  cocoa. These homo logous

ma rke rs .  The  map i s  
n ow satu rated w i th  
t hese marke rs, w h i c h  
a re be i  ng used b y  s c i 

Genetie mapping 
reveals the secrets 

res i s tance to Phy
tophthora spec ies, 
even i f  n ot al I t h e  
s pe c i e s  a re yet 

e n t i sts at Cl RAD and a F re n c h  
n a t i o n a l  ge n e  seq u e n c i n g  cent re  
to i d e nt ify t h e  genes  that code fo r 
re levant t ra i ts .  The  sc i e n t i sts  a re 
d eve l o p i n g  as many m i c rosate l 
l i tes a s  poss i b l e, s i nce th ese mark
e r s  a re re la t ive ly  easy to u se a n d  
c a n  be hand l ed b y  m ost l abo rato
r i e s, i n c l u d i ng those based in the  
t ro p i cs .  

A s tudy of about  10 p rogeny, 
whose res i stance had been con
f i  rmed i n  t h e  f i e l d  o r  by  l eaf tests,  
l ed to the i d e nt i f i cat i o n  of  seve ra l  
q uant i tat ive t ra i t  loc i  (QTLs) fo r 
res i stance to Phytophthora .  
T h ese QTLs a re fo u n d  
i n  d i ffere n t  pa r ts  o f  
t h e  genom e i n  d i ffe r
e n t  cocoa c l o n es .  
F o r  exam p l e, o n e  
Q T L  l i n ked w i t h  
f i e l d  resi s tance was 
l ocated on  c h romo
s o m e  1 i n  c lone  U F676, 
a n oth e r  o n  c h ro m os o m e  1 0  i n  
T60/887 a n d  a th i rd o n  c h romo
some 4 i n  I MC78. l n ocu l at i n g  the  
same p rogeny wi th  d i ffe rent  Phy
tophthora s pec ies  revea l ed QTLs 
that a re c o m m o n  across spec ie s  

p resen t  i n  
p l a n t i ng .  

the  a rea ta rgeted fo r 

T h e  fact that d i ffe ren t  Phytoph
thora re s i sta n c e  g e n e s  we re  
d etected in  d i ffe rent  c l o n es i nd i 
cates t hat res i s tance ge nes  cou l d  
p robab ly  b e  py ram ided t o  p rov ide  
i m p roved res i s tance .  l m p roved 
va r i e t i e s  co u l d  b e  d eve l o p e d  
q u i c k ly and  w i th  a h i gh  d eg ree o f  
accu racy, u s i  ng  the  markers d eve l 
o p e d  fo r Q T L s  assoc i ated w i t h  
b l ac k  p o d  res i stan ce .  Afte r co n 
t ro l l ed c ross i n g, p l ants  conta i n i ng 

r e s i s tance  g e n e s  pyram i d ed 
from d i fferent parents can be 

DNA segments  may we l l  conta i n  
can d i date ge nes  fo r Phytophthora 
res i stance. They may a l so be i m p l i 
cated i n  res i stance to oth e r  cocoa 
d i seases, s u c h  as w i tches '  b room 
and mon i l i a pod  rot.  These  l i n es o f  
research cou l d  shed  fu rth e r  l i ght  
on  the mecha n i s m s  i nvo lved i n
res i s tance t o  Phytoph thora .  •

A cocoa 
plantation.  

Cocoo : 

Wheot: 

Wheat: 

[ocoo: 

Wheot : 

Wheot : 

Wheot: 

(t.;,.;oo: 

�heot: 

Wheat: 

(w:tr,: 

'oheot: 

a6 Tî'O:.<.ŒAGTATAT.o.AAGGTMAT."-CCGAT(lX(GT(TTGTIGCAGTGI\AAGT((TA 75 

1 1 1 1 1  I l  I l  1 1 1 1 1 1  1 1 1 1 1  1 1 1 1  1 I l l  1 1 1 1 1  I l  I I l l  

2624 IB(l;AAGTGTGT ACAAAGGTGAGCT ACCAAATCLAGTCHTGTGGCAGTCAA(;> TGCT A 2683 

-" ACGCAA.cCA.A(..GQ'.;.\(GC;,...aAATI.ATTAAT�W::CAGCPT�GT.-.C-..W:T 135 

1 1 1 1 1 I l  1 1 1 1 1 1 1  1 1 1 1 1  1 1 1 1 1 1 1 1  I l  I I l l  I I l  

2684 GAGAACTCTACAGGAGAGCGAGAATCGTlUTCAATCAAGTIGCAACCATCCLACTAATC 2,43 

l"é T(((ATGT(AATATAGTGl lfTT'"•GGGfTTTT(;TTtî(A[lll.(AP..;.,GA(.(T··� 195 

1 1 1 1 1  1 1 1 1 1 1  I l  1 1 1 1 1 1 1  1 1 1 1 1 1 1  1 1 1 1  1 1 1  1 1 1 1 1  

274-1 CACCATGCCAATATIGTCCGCCTCCTCC,GATITIGTTCCGAAGGAATGAGGC=rcn 2003 

J'\, •TFA.WTT"ATGCCCAATcr;GT(T"TAGATMG'T AIBŒ(ATtAACL<na:o 2'5 

1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1  1 1 1  1 1 1  1 1 1 I l l  1 1 1 1  1 1 

2004 A TTTATGAATICA TGCCT AA TGAGTCACTGGAGAAA TACATAffiTCTG.\CGACTCTAAT 2853 

.:.:t LGCCA:.,fiLL,,'"'!...;.,, 7:..G.'..C.. -:i.,.AAAD,'iu'.,.'.f(J.....ATTG(A.AP{I;(ATTGCT�� 315 

I l l  1 1 1 1  1 1 1 I l  I l  1 1 1 1 1  1 1 1 1 1 1  I l  I l  

2164 A TITITCAGAA TCTICTAGT A((AGACAAGCTGCT AG>\ TA nccrnAClXATCGCGCGA 2923 

3.it Ger.r"GGA.1TA�A(,(('Là(l;T"'"G(A:,[J,.C;.��T Jl.A.-rrfGAlATAA;.AC_(; 375 

I l  1 1 1 1  1 1 1 1 1  I l  I l l 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I l  I l l  

2924 GCAATGGAGT ACTTGCATCAAcr;GTGCAACCAGCGCATCCTCCACIBCACATCAAGCCT 2963 

;""(- C.\CAA:.ATTCT4'.TC,,,UGAAMCT • .,.,.,... .cAA,;,..ATTîL •r:,;.-rrr07=...:'.I:.'. 

1 1 1 1 1 1 1  I l  I I  I l  1 1 1 1 1 1  1 1 1 1 1 1  I l  1 1 1 1  1 1 1 1 1  1 1 1 1 1 I l  

2984 CACAATATCCTGCTTGACTACAAffiCAATCCAAACATCTCAGACTTTCGGCTTGCAAAG 3043 

�"- • a  GTG'ITTt...\GC-'O,Gîa,CFTCCCA!r.A J<'P 

1 1 1 1 1 1 1 1 1 1  I l  I I l  1 1 

3014 CTGTGCGCCAGCLACCAAAGCATCGTCA(ffiAA 30,7 

Homology bctween d rust 
rcsistance gene in wheat (LRKJO) 
and a cocoa DNA segment. 
Vertical bars link homologous 
regions in the two DNA sequences 
(there is 629 ;1 homology between 
them). This segment \Vas mapped 
,n the same chromosome reg1on 
as several QTLs for resistance 
found in the cocoa progeny. 
lt may vve/1 contam a candidate 
gcne accounting for the c.,hare 
of rcsistance dSsociated with 
Lhis region. 

• 
• 

•



Departments 
and programmes: 

Majo r
ach i evements 



Annual 

croos 

T 
he research on food security 
undertaken by CIRAD's Annual  Crops 
Department in 2000 focused on 

several crops: rice and so-called secondary 
cereals - mille( sorghum and fonio - in 
addition to edible groundnut, yam and taro. 
lt covered sma/lholder production, the 
quality of crops grown for local 
consumption and for export, and storage 
and processing methods. lt addressed issues 
throughout the commodity system, through 
projects ranging in scope from genome 
analysis to the organization of marketing 
in a specific cropping area. Work was 
conducted on plant breeding, field 
production, crop collection after harvesting, 
and marketing. Product quality assessment 
and research on new products provided 
further support ta individual commodity 
systems and their markets.  The department 
is a/sa conducting research on the 
sustainability of production, notably on 
sugarcane  farms in the French overseas 
departments. The need ta boost crop 
production in the countries of the South 
receives equal  emphasis ta the 
environmental concerns raised by 
production: we conduct work on the 
development and extension of cropping 
systems based on direct seeding into 

© F. Forest 

a permanent mu/ch cove0 and on preserving 
biodiversity by introducing a wider range of 
materials into highly productive cropping 
systems. 
Cl RAD's scientists have been posted at 
several  centres of the Consultative Croup on 
International Agricultural Research, where 
they work in close collaboration with the 
international research teams of the hast  
centre. New or strengthened collaborative 
arrangements with various national 
agricultural research systems have enhanced 
the potentia/ for multidisciplinary research 
on cropping systems and for regional 
networking. An increasing number of the 
department 's scientists are involved in 
projects outside main/and France, especially 
in Africa and Southeast Asia.  Partnerships 
with the private sector have been 
strengthened, especially with the creation 
of an African sugar producers ' network. 

I 



O u r  sugarcane p rogra m m e  was 
rest ructu red a ro u n d  spec i f i c  
themes - genome analysis, breed 
i n g, c rop protect ion  and p roduc
t ion systems - sa as  to  strengthen 
our  research and support activities 
and  to diversify o u r  i nte rnationa l  
partne rsh i ps . Pro d u ctivity- or ien 
tated p rojects we re conso l idated 
through the s ign i ng of research 
agree ments with a n u m be r  of 
F re n c h  ove rseas de partm e n ts . 
N ew partnersh ips  were l aunched 
i n  Afr ica and  i n  Lati n Amer ica, 
w i th  C I RAD sc ient i sts b e i n g  
posted t o  gen o m i c  research lab
o rator ies, research centres and 
large-scale sugarcane plantations. 
Fore ign sc ient ists are a lso now 
work ing  fo r the program m e. 

ldentifying genes 
for agronomie characters 

The geneti cs of sugarcane is com
plex because of the h igh number 
of chromosomes in the genome 
(1 00-1 30 )  and i ts i nte rspec i f i c  
hybr id or ig in. The geneti c  factors 
responsible for des i rable tra i ts 
are sti 1 1  poorly u nderstood, so 
molecular marker studies are par
t i cu larly usefu I as a means of 
improv ing our understanding of 
her itabil ity. ln  1 995, evaluation and 
molecular mapping of the progeny 
of the R570 cult ivar led to the f i rst 
ever identif ication of a major sugar
cane gene. Th i s  gene confers 
resistance to rust, a disease caused 
by the fungus Puccin ia melano
cephala .  Accu rate markers are 
being developed and gene cloning 
is under way, w i th f inanc ial sup
port from the Internat ional Con
sort ium for Sugarcane Biotech-

nologies. Molecular resources are 
be ing used for th is  purpose, 
namely l ibraries of large DNA seg
ments of sugarcane and also of 
sorghum and r i ce-model spec ies 
with a s impler genome that i s  s im
i lar to sugarcane in  i ts bas i c  struc
ture. 

Studies on the geneti c  deter
m i nants of quanti tat i ve trai ts i n  
sugarcane req u i re soph ist i cated 
analyti cal tools because of the 
many chromosomes potentially 
involved and the extent of geno
type x env ironment interact ions. 
The f irst large-scale study of th is  
type was undertaken by CERF, a 
sugarcane breeding centre in Réu
n ion, and by CIRAD, us ing 
cv R570. For each of the compo
nents of y ield studied-sugar con
tent, plant height and diameter
between 7 and 1 2  quanti tat i ve 
tra i t  loc i (QTLs) were ident i f ied, 
each hav ing a relat i vely weak 
effect on the expression of the rel
evant tra i t. Further studies are 
required to conf i rm the presence 
of these QTLs and to narrow down 
their locations. These w ill include 
large studi es on expressed 
sequence tags, such as the one 
carried out by FAPESP, a founda-

Rust spores on sugarcane 
foliage inoculated 
with Pucc i n i a  me lan ocepha la .  

t ian that supports research in  Sao 
Paulo State of Braz i l, w ith CIRAD's 
act ive involvement. The studies 
wi ll identi fy many candidate genes 
for further testing. 

A n n u a l  c rops  
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Sugarcane production 
in the highlands of Réunion 
Sugarcane production in Réunion's 
highlands has never been wide
spread. According to the literature, 
a quarter of the island's area under 
sugarcane is in the highlands, 
which account for one-fifth of 
total production. The area is, how
ever, shrinking rapidly, with fields 
being returned to fallow due to 
the lack of varieties adapted to the 
harsh conditions of the highlands. 

Developing highland sugarcane 
production implies improving 
roads and transport, mechan iza
tion, farm management and sup
plies to sugar factories. Labour 
prod uctivity and crop yields must 
also be increased. Supplementary 
irrigation and organic fertilizers 
can boost yields, but they require 
the use of scarce resources gen
erally reserved for high added
value crops. 

1 n contrast, better management 
during the critical period before 
canopy closure is a more reward
ing line to pursue. This period 
ranges from 2-3 months at sea level 
to 7-8 months in the highlands. 
Weed infestation increases with 
altitude, to such an extent that it 
becomes the main constraint men
tioned by farmers. Fu rther, the risk 
of erosion increases and the yield 
potential decreases as the pro
ductive phase of canopy caver is 
reduced. Two complementary 
techniques-reducing the dis
tance between rows and increas
ing the period between harvests 
could alter the length of this 
phase. An initial series of trials 
revealed that inter-row spacing, 
which had no effects at low alti
tudes, was negatively correlated 
with yield at 500 metres elevation, 
with a mean an nuai increase of 25 
tonnes per hectare when it was 
reduced from 1 .5 to 0.9 metres. 

A n n u a l  c rops  

Réunion 's highlands account 
for one-fifth of the is/and's 
production. 

An experiment to compare yields 
of 1 2-, 1 8- and 24-month crops is 
under way. Trials on reduced inter
row spacing and the length of the 
cropping cycle have been estab
lished on smallholdings to assess 
the feasibility of these techniques 
and the perception of the risks 
associated with them. The results 
are being fed into the sugarcane 
growth mode! developed in Réu
nion, with the ai m of applyi ng the 
techniques to the island's other 
main sugarcane growing areas. 

African sugarcane 
breeding network 
At the fi rst Regional Workshop on 
Sugarcane Breeding in West and 
Central Africa, held in October 
1 999 at Yamoussoukro in Côte 
d'Ivoire, sugar industry represen
tatives from the region's French
speaki ng countries, private
sector companies and research 
institutes asked CIRAD to coordi
nate preparatory activities and to 
formulate concrete proposais for 
the establishment of a sugarcane 
breeding network. 

Severa ! sugarcane breeding 
centres would welcome the 
opportunity to promote their new 
varieties through a network, 
including Cl RAD in Guadeloupe, 
CERF in Réunion, the Mauritius 
Sugar lndustry Research lnstitute 
and the West lndies Sugar Cane 
Breeding Station in Barbados. 

Data from variety trials carried 
out at various locations in the 
region over the past 1 5  years were 
collected to analyse the effects of 
genotype x environment interac
tions in different zones. Results 
obtained by SN-SOSUCO, a new 
sugar company in the Banfora 
sugar belt of Burkina Faso, and by 
SUCRIVOIRE, in the Zuénoula 

Ti/fers of sugarcane variety FRBO, 
in Côte d'Ivoire. 



s u gar  belt  of Côte d ' I vo i re, i nd i 
cated that b reed i n g  i s  best co n 
d u cted i n i t i a l ly i n  t h e  a rea w h e re 
t h e  var iet ies  are to be g rown .  

As  requ ested b y  i ts  m e m be rs, 
t h e  n etwo rk  w i l l  be h osted by a 
p rod u cers' assoc i at i o n , w h i c h  w i l l  
pool  mem bers' resou rces to create 
a reg i onal  b reed i ng p rogram me.  A 
n etwo rk  charter  a n d  operat i o n a l  
g u i d e l i nes h ave bee n d rawn u p  
a n d  w i l l  soon b e  p resented to 
m e m bers .  

Sugarcane pathology 

l n  2000, C I RAD and  t h e  Mau r i t i u s
based I n t e r n at i o n a l  S o c i ety of  
S u gar  Cane Tec h n o log i sts ( I S S CT) 
co p u b l i s h ed a n ew boo k a n d  
C D- RO M  o n  s u ga rcane  d i seases, 
e nt i t l ed A guide to s ugarcane dis
eases .  The  boo k, wh i c h  i s  i n  
C I RAD's Repères se r ies, was ed i ted 
by P. Rott, R .A .  Ba i l ey, J .C .  Com
stock, B. J . C roft and  A .S .  Sau mtal ly. 

The  boo k p rov i des  u p-to-date 
i nfo rmat ion  on research f i n d i ngs  
and  p ract i ca l  aspects of  s u ga r
cane  d i sease cont ra i ,  wh i l e  t h e  
C D- ROM conta i n s  a n  e lectro n i c  
ve rs i o n  of t h e  book, toget h e r  wi th  
m u l t i m ed i a  software to su pport 
d i sease  d i a g n os i s  a n d  c o n t r a i ,  
i l l u st rated w i t h  m a n y  photographs .  

� 
CIRAD's new 
book on 
sugarcane 

- diseases. 

O u r  cotton p rogram m e  a ims  to 
br ing  about last ing i m p rovem ents 
i n  the  co m petit ive n ess of th e 
cotton sector. This  i nvolves adapt
i ng  crop management  practices 
and p lant i ng  m ate ria l s  to m eet 
g rowe rs ' i n c reas i n g ly  d iverse 
needs and d eve l o p i ng h i g h 
qua l i ty p ro d u cts and  byproducts 
for d i ffe rent markets. G iven the 
formation of new cotton growers' 
gro u ps, i t  a l so i nvo lves gai n i ng a 
fu l l  u n d erstan d i n g  of the e nter
prises i nvo lved and assisti ng  them 
in  their  organ izationa l  and i nsti 
tutiona l  d eve l o p m ent. 
Research p roje cts are d eve loped 
col laboratively at regiona l  l evel in  
Afr i ca  and  Lati n Amer ica. They 
i n c l u d e  n ew partners  a longs ide 
long-stand i n g  o n es. 

New cotton cropping strategies 

l n  2000, pa rt n e rs f ro m  the  Sou th  
becam e  i n vo lved i n  a n ew d r ive to  
pro mote i nterd i sc i p l i nary research 
on cotton .  The c h a l l e n ge was to 
b r i n g  toget h e r  resea rc h e rs '  
ex p e rt i s e  i n  d i ffe re n t  f i e l d s  i n  
ways that wo u l d  a l l ow t h e  d eve l 
o p m ent  of  tech n i ca l  reco m m e n 
dat i o n s  a p p ro p r i ate t o  t h e  d iverse 
co n d i t i o n s  e n co u nte red in cotto n 
c ro p p i n g  a reas .  

Th ree m u l t id i sc i p l i nary reg iona l  
research  t h  r u sts were estab l  i s h ed 
o r  s t re n gt h e n ed w i th  t h e  s u ppo rt 

i 
(ii) 

1 37 

of part n e rs from t h e  S o u th a n d  of  
the  French M i n i st ry of Coopera
t i o n .  1 n Lat i n  A m e r i ca, a team of 
fou r  resea rc h e rs ( an  agro n o m  i st, 
two cott o n  b reed e rs a n d  a n  
e n tom o l og i s t )  i s  wo r k i n g  w i t h  
CO O D ET E C, a n  as soc i at i o n  o f  
coope rat i ves  i n  Pa rana State i n  
B raz i l , a n d  w i th  t h e  M i n i s t ry of  
Ag r i c u l t u re in  Pa ragu ay. l n  Be n i n , 
a th ree- m e m ber  team ( an  agro
n o m i st, a cotton b reede r  and an 
entomo log i st) i s  col l aborat i ng  wi th  
1 N RAB,  B e n i  n 's a g r i c u  l tu  r a i  re 
search i n st i tu te .  And in  Came roon,  
a team of fou r  (a  gen e ra l  agro n o
m i st, a n  agro n o m i st s pec i a l i zed i n  
cott o n  c ro p p i n g syste m s, a 
b reed e r  a n d  a n  en to m o l og i st) i s  
co l l ab o rat i n g  w i t h  I R A D ,  t h e  
Cameroon i an  agr icu l tu ra l  research 
i n st i tute .  A fou rth team ( cons i st i ng  
of  a n  ag ro n o m i st,  a n  e n v i ro n 
m e nta l  eco n o m is t  a n d  a n  en to
mo log i st) is to be hosted at I E R, the  
Ma l i an  i n st i tute of ru ral econom ics .  

The new approach to cotton 
production is also influenced by 
other management models: here, 
a topped plant in China. 

By way of exa m p l e, t he  team i n  
Ben i n  i s  p ro pos i n g  a package of 
i n terve n t i o n s  des igned to add ress 
the p ro b l e m s  assoc i ated with t h e  
secto r's c h a n g i  n g  s t ructu re, t h e  
red u ced ava i l a b i l i ty of  l a bo u r, t h e  
dec l i n e  i n  the  u se of i n puts  a n d  
t h e  i n c reas i n g  c r o p  l asses  cau sed 
by pests .  Res u l t s  h ave b e e n  

A n n ua l  crops 
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obtained in various f ields, includ
ing env i ronmentally targeted 
breeding, susta inable pest con
trai , rat ional fert i l izer appl ication, 
the u se of growth regu lato rs 
labour-sav ing herbic ide appl ica
t ions and no-till cropping. These 
results wi ll be used to develop 
new crop management pract ices 
in collaboration wi th SYSTEM, a 
jo int research un i t  on trop ical 
cropping systems. 

With the except ion of the in i t
iat ive in Brazi 1, the regional th rusts 
are deal ing with the techn ical 
problems faced by smallholders as 
the cotton sector is integrated 
follow ing market l iberal izat ion. 
The Braz i l  in i t i ative, in contrast, is 
extending a 'new approach to cot
ton croppi ng' to h igh ly mecha
nized farms consuming high levels 
of inputs and more d i rectly 
exposed to the pressures of glob
al ization. 

New uses for cottonseed 
Our cotton technology laboratory 
is attempt ing to develop bio
degradable packaging based on 
cotton prote ins. Li ke synthet ic 
polymers, thes.e thermoplast ic 
proteins can be shaped using tech
n iques such as extrusion and 
thermoforming. A study is under 
way, in collaboration with a 
French h igher eng ineer ing 
school, to assess the 
thermome c h a n i c a l 
behav iour of raw cot
tonseed. The develop
ment of biodegradable 
films made from raw cot
tonseed meal wou ld mean that 
short shelf-l i fe materials such 
as single- use bags, mu lching 
sheets and agr icu ltu rai packag i ng 
mater i als cou Id u lt imately be pro
duced on an industr i al scale at 
competit ive prices to meet spec i f ic 
market needs. 
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Mapping the cotton genome 
DNA markers are being used to 
support the transfer of f ibre
enhanc ing alleles into the genome 
of Cossypium h irsutum, the ma in 
cotton spec ies g·rown in the world. 

�w-,� These alleles are der i ved from 

Biodegradable 
film obtained 

from cotton meal. 

Research is also be ing carr ied 
out on 'act ive' cottonseed coat ings 
based on cotton proteins. These 
coatings are themselves der i ved 
from cottonseed and can be sup
plemented with substances such 
as fert i l i zers or pestic i des to 
enhance plant growth. Pestic ides 
in such coat ings are released grad
ually when the seed is moistened. 
The performance of coated cot
tonseed when challenged by pests 
and diseases is currently being 
f ield tested on large farms in Braz i l 
and Tha i land. The coati ngs have a 
targeted, slow-release effect that is 
l im i ted to the immediate v icin i ty 
of the seed, mak ing them more 
env i ronmentally fr i endly than 
conventional pestic ide treatments. 

Th is research and i ts resu lts 
have led to new jo int 

research act iv i t ies with 
partners in  Braz i l, 
Argent ina and the 
Netherlands. These 
partners have devel
oped a large research 

project on industr i al
scale man u factu r ing of 

bio-degradable mate r ials 
for agricu ltu rai appl ications

mu lch i ng sheets, packaging, com
posite mater i als, seed coat ings 
from cottonseed and cottonseed 
cake. This project will be launched 
in 2001 . 

C. barbadense, the second most
commonly grown spec i es. This
research shou ld resu lt in  the cre
at ion of C. h irs utum lines with
high f ibre qual i ty for use in breed-
ing programmes. The method
used consists of f irst cross ing a
C. h irsutum var iety with a C. bar
badense variety, then backcross ing
repeated ly to the C. h irsutum par
ent. 1 ndiv id u al plants from popu 
lations obtained from backcross
ing are selected on the bas is of
QTLs for f ibre qual i ty identi fied in
an earl ier generat ion.

A cross between 
G. h i rs u t um and C. barbadense.

The f irst step was to analyse the 
popu lation obta ined from the f irst 
bac kcross. A map of the cotton 
genome was made, using 1 000 
molecu lar markers. The second 
step will be to select ind ividual 
progeny of the backcrosses on the 
bas is of molecu lar analyses. Actual 
breeding can beg in  once QTLs 

�
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assoc iated wi th f i b re q u a l i ty have 
been ident i f i ed, fo l l ow ing  the  sec
ond  backcross .  U s i ng the marke rs 
fo r t h ese QTLs, i t  wi l l  be poss i b l e  
to t rack  t h e  i n t rogress i o n  of  seg
m e n ts of t he  G. barbadense
gen o m e  i n  s u bseq u en t  gene ra
t i on s . The othe r  ma r ke r s  s hown 
on  the map wi l l  h e l p  detect i nd i 
v i d u a l s  that a re genet ica l ly s i m i l a r  
to t h e  G. hirsutum parent. 

One  outcome of t h i s  resea rch i s  
t he  c reat ion o f  t he  f i rst i ntegrated 
and satu rated genet i c  map of  t he  
tet ra p l o id  cotton genome .  The  
map s hows 900 l oc i  scatte red ove r 
a tota l d i stance of a ro u nd 5 500 
cent i morgans .  T h i s  map is i nte
g rated in the sen se that d i ffe rent  
types  of m o l ecu l a r  m a rke rs 
rest r i ct ion f ragmen t  l e ngt h  po ly
m o rph  i sm ( R F LP) ,  amp l i f i ed f rag
ment  l ength po lymorph i sm  (AF LP) 
and m i crosate l l i te  ma r ke r s - are 
u sed togethe r  fo r t he  f i rst t i m e, 
a l l ow i ng  com pa r i son s  w i th  maps  
d eve l o ped by oth e r  research  
teams  i n  t he  U SA. The  satu rated 
map covers a l l  26 ch romosomes of 
the genome.  

Pa r tners h i ps h ave been estab
l i s h ed wi th  u n ive r s i t i e s  in Be l 
g i u m  and  the  U SA, w i th  t he  a i m  of 
poo l i ng map data and  exchang i ng  
ma rkers  fo r t he  benef i t  of  t he  
who le  i nte rnat iona l  sc ient i f ic  com
m u n i ty. A new i n te rnat i ona l  con
so rt i u m , the I n te rn at i o na l Cotton 
G e n o m e  I n i t i at i ve, h a s  been  
fo rmed w i th  t he  act ive i nvo lve
m e n t  of C I RAD to fac i l i tate 
exchanges and s ha re resu  l t s .  

l n  2000, th ree m a i n  cha l l enges
were add ressed t h r o u g h  the
research and othe r  act iv it ies con 
d u cted by o u r  food  c rops pro
gra m m e  i n  partners h i p  with  loca l
research o rganizations .  The fi rst is
to i n c rease smal l ho lde r  crop pro
d uct ion, th rough the  deve lop
ment  of i m p roved va r iet ies and
agro n o m i e  practi ces adapted to
loca l  condit ions . The  second is to
i m p rove p rocessi ng  tech n iq ues
th ro ughout  the com m od ity sys 
tem, so as to adapt p ro d u cts to
m arket demand . The th i rd is to
stren gthen o u r  u n d e rsta n d i ng of
co m m odity system s  a n d  markets
in order to aid decis ion making by
stakeho lde rs .

New sorghum varieties: 
h igh quantity, h igh qual i ty 

Sorg h u m  i s  a s tap l e  food crop i n  
the  Sudano-Sahe l i a n  zone  o f  West 
Afr i ca, whe re it is ma i n ly u sed to 
p re pare tô, a t h i c k  g r u e l .  Trad i 
t i ona l  va r i e t i e s, ma i n ly be long i ng  
to t h e  gu i n ea race, h ave i dea l  
g ra i n cha racte r i st i c s  fo r mak i ng  
h i gh -qua l i ty tô, bu t  t h e i r y i e l d  
potent i a l  i s  l i m i ted by  t he i r  l ow 
ha rvest i ndex .  Recent ly deve loped 
va r i et i es ,  ma i n ly be long i n g  to t he  
caudat um  race, have a h ighe r  y ie ld  

poten t i a l  b ut the i  r g ra i n  q ua l  i ty i s  
con s i d e red poo r fo r mak i n g  tô. 

So rgh u m  i m p rove m e n t  p ro 
gram mes  h ave l o ng focu sed on  
t he  d i ff i c u l t  yet i m po rtan t  tas k o f  
b reed i ng va r i et i e s  t h at com b i n e  
good agronom i e  t ra i t s  w i t h  q ua l 
i t y  gra i n  t h at sat i s f ies  con s u me rs '  
tas te s .  P r epa ra to ry  s t ra teg i c  
research was necessa ry, to u nde r
stand  t he  phys i ca l  a nd  c hem i ca l  
p roper t i e s  and  othe r  cha racte r i s 
t i c s  of qua l i ty g ra i n  fo r m a k i n g  tô 
and  to i den t i fy t he  genet i c  bases 
of g ra i n  y i e l d  and q ua l i ty. The fac
to r s  res po n s i b l e  fo r tô q u a l i ty 
have now been iden t i f ied and  s i m
p l e  re l  i ab l e  tests h ave been deve l 
oped  to a s se s s  va r ie t i e s  fo r t hem 
d u  r i n g  the  b reed i n g  p rocess .  Sev
e ra !  reg i on s  of the genome  gov
ern i n g  the ma i n  q ua l i ty and p ro 
d uct i v i ty t ra i t s  h ave a l so  been  
located . 

U s i n g  t hese res u l ts ,  toget he r  
w i t h  t he  new too l s  of mo lecu l a r  
b io l ogy, t h ree b reed i n g  st rateg ie s  
h ave been deve loped : i m p rov i ng 
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g ra i n  qua l i ty fo r tô in ca udatu m Selection

va r i e t i es ,  wh i l e  m a i n ta i n i n g o r  from
d

a 

. . h . . I d  eau atum even 1 n c reas i n g  t e 1 r  y 1 e  poten - h . . I . . h . I d  
. I sorg um in 

t 1 a ; 1 m p rov i n g  t e y 1 e  poten t 1 a  Burkina Faso. 
of gu i n ea var iet i e s, wh i l e  p rese rv-
i ng  t he i  r g ra i n  qua l i ty; and  recom-
b i n i ng t ra i ts of  i n te rest f ro m  both 
races t h ro ugh g u i nea  x ca udatu m 
c rosses .  These strateg ies ,  p u  rs ued 
i n  pa r t ne  r s h i p w i t h  n at i o n a l  

A n n ua l  crops 



40 

research groups in Senegal, Burk
ina Faso and Mali, have led to the 
development of new varieties that 
combine adaptation with good 
grain quality and high yield. These 
varieties, including CH 322/53-1 -
1 (CIRAD 437) and CEM 326/1 1 -5-1 -
1 (CIRAD 406), are being extended 
to farmers in Mali and Burkina 
Faso, wh ile bei ng tested in a fur
ther 1 5  African countries through 
the West and Central African 
Sorghum Research Network. 

I ntegrated pest management 
in sorghum 
Our project on integrated pest 
management in sorghum ended in 
December 2000. l t  was launched in 
Septem ber 1 996, fu nded by the 
European Union ( EU) and coordi
nated by CIRAD, with the collabo
ration of the University of Heidel
berg in Germany, the Agricu ltu rai 
Research and Environment lnsti
tute ( 1  NERA) in Burkina Faso and 
the national Centre for Solar and 
Renewable Energy and the IER 
in Mali. The research carried out 
by the project aimed to reduce the 
high yield lasses in sorghum 
caused by insect pests. 

CIRAD was involved in research 
on plant-derived insecticides. ln 
particu lar, the Centre character
ized the toxicity of Jatropha curcas 
seed extracts against armyworm 
(Helicoverpa armigera), which 
attacks sorghum panicles but is 
also a well-known pest of cotton 
and vegetable crops. 

The efficacy of pheromone 
trapping as a means of monitoring 
the population dynamics of the 
sorgh u m stemborer, Busseola 
fusca, was confirmed. The results 
obtained suggest that this tech
nique may also be suitable for 
direct contrai of this pest. 

However, the main emphasis of 
CIRAD 1s research was on varietal 
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resistance. Si nce the genetic basis 
of sorghum resistance to head 
bugs was unclear, a genetic map of 
the crop was made using molecu
lar markers derived from a cross 
between Malisor 84-7, which is 
resistant, and S34, which is sus
ceptible. QTLs were detected for 
grain traits affected by bug attack, 
as measu red in trials in Mali con
d ucted on the progeny of a cross 
challenged by artificial infest
ation. 

Five promising sources of resist
ance to sorghum midges were 
found in 1 84 ecotypes from Burk
ina Faso, Cameroon, Mali, Niger 
and Senegal. New varieties resist-

Selection from sorghum fine 
CCAL 1113, resistant to head 
bugs and midges, Mali. 

ant to midges, bug-mould com
plexes and leaf diseases were 
developed by pedigree selection. 

Following evaluation on the 
research station and then in farm
ers' fields, CCAL 1 /1 3-1 -1 (CIRAD 
441 ), a variety bred by CIRAD at the 
1 nternational Crops Research I nsti
tute fq r the Semi-Arid Tropics in 
Mali, was found to be of interest 
for easte rn Burkina Faso on 
account of its dual resistance to 
midges and bugs and its excellent 
yields. 

Recovering from crisis: 
rice in Madagascar 
Rice production, a driving force in 
Madagascar's economy, has been 
in crisis for several years: produc
tion increases have been inade
q uate, per capita rice avai labi I ity 
has fallen, imports have risen, 
yields have plateaued at a low level 
and there is poor market integra
tion. 

1 n response, the Malagasy Min
istry of Agriculture and the Food 
and Agriculture Organization of 
the United Nations ( FAO) asked for 

Rice trader 
in Madagascar. 



� CIRAD's support in 
developing a new pol
icy towards the crop. 
A study of the sector, 
in the form of a large 
su rvey, was u nder
taken in six regions. 
Over 2 300 rice 
growers, ru rai and 
urban consumers, 
traders, large

The genelics and breeding of taro 

of habitats for its 
starch-rich corm, for 
its leaves, which are 
eaten like spinach, 
and sometimes for its 
ornamental q ual ities. 

and small-scale millers, 
wholesalers and retailers 
interviewed. 

were 

Constrai nts and market fai I ures 
were analysed from technical, eco
nom ic and i nstitutional perspec
tives. The resu lts h igh I ighted the 
inefficiency of rice markets, due to 
poor organization and the lack of 
roads and marketing infrastruc
ture. The survey also confirmed 
the importance of rice in the 
Malagasy economy: the crop 
accounts for 1 2% of gross dames
tic product (GDP) and 43% of 
agricultural GDP, while 1 0  million 
people or two-thirds of the coun
try's population are di rectly 
involved in its production. 

To help the Malagasy govern
ment define its rice development 
policy, two major strategies were 
outlined: intensifying production 
by efficient, specialized farmers in 
key high-potential areas; and 
poverty alleviation among subsis
tence farmers in less productive 
areas. Specific technical and eco
nomic proposais were put for
ward for each of these strategies. 
As o n e r es u I t of th e s tu d y, a 
35% tax was levied on rice imports 
in 2000 to help protect local pro
duction. 

Taro genetics 
Taro (Colocasia esculenta) is a 
starchy plant consumed by more 
than 400 million people world
wide. lt is grown in a wide range 

1 n 2000, The genetics 
and breeding of taro, by 
A .  lvancic and V. Lebot, 
was published by CIRAD 
in its Repères series. The 
book covers the crop's 
taxonomy, botany, origins 

and distribution-and its genetic 
improvement. 

Agrosystems 

Our  agrosystem s  p rogram me 
adopts an  approach that i s  fi rmly 
rooted i n  the p ract i cal p roblems  
faced by  farmers wh ile a t  the  
same t ime con duct i ng method 
ological research w i th a range of 
stakeholders . Th i s  approach has 
given r i se to major i n novat ions, 
such as the design of sustai nable 
croppi ng systems based on d i rect 
seed ing i n to a permanent m ulch 
caver, with m i n imum tillage. Deci
s ion support tools and crop man
agement practi ces have also been 
developed to meet farmers' needs 
as they str ive to i n crease thei r 
p rofitab ili ty. 
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Rural development in  Laos 

An initiative to promote rural 
development in Laos through 
studies on three toposequences is 
addressing the physical and socio
economic diversity of Sayaboury 
province. Sixteen farms covering a 
total area of 3 hectares have been 
studied. Research focuses on 
developing new ways of sowing 
crops that will reduce damage to 
the environ ment, on varietal trials 
and on the introduction of new 
planting materials. 

Sorghum, millet and maize were 
sown at various dates between 20 
August and 1 0  October to assess 
the ability of these crops to cape 
with fluctuating conditions at the 
end of the rainy season and to pro
duce enough biomass to protect 
the soil at the onset of the next 
rainy season. A sorghum variety 
developed many years ago (IRAT 
203), which combines high grain 
quality and drought tolerance, was 
introduced and appears promising 
for late sowing. Sorghum and mil
let sown at the end of the rainy sea
son cou Id be used to quick-fatten 
pigs and chickens and to supply 
factories producing livestock feeds. 
These crops, which have multiple 
uses as forage supplements, in fat
tening enterprises and as caver 
plants, and can easily be grown as 
a second crop in some production 
systems, are an attractive option for 
many farmers and traders. 

A fourth toposequence will pro
vide a basis for designing and 
studying new cropping systems 
based on direct seeding into a 
mulch caver. Programmes on paths 
and roadsides, and on diversifica
tion in rice growing areas, are also 
planned. The main varieties and 
plant caver techniques introduced 
will be showcased at the principal 
research station of the Laotian 
Agricu ltu rai Research Centre. 

A n n u a l  crops 
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Rice terraces in Laos. 

Amazonian savannas 
on CD-ROM 

With EU funding, CIRAD and part
ners at the University of Londrina 
State in Brazil have developed an 
interactive CD-ROM entitled 
' Savannas', on the sustainable 
management of tropical savannas 
in the Amazonian region. The CD
ROM will be disseminated to pro
fessionals in research, teaching 
and development in Amazon Basin 
cou nt ries, to provide an up-to-date 
source of knowledge as well as a 
new training tool. The French ver
sion, which was developed first, is 
currently being translated into 

A n n u a l  c rops  

Portuguese and Spanish. The CD
ROM includes a glossary of 
around 1 00 words, along with mul
tiple choice questions at the end 
of the main chapters to assess the 
user's knowledge. 

Navigation is facilitated by spe
cially designed search systems. 
Users can consult cross-cutting 
themes or explore the CD-ROM at 
will, following a persona! route 
that can be saved and even shared 
with other users. These new sys
tems, developed in collaboration 
with a multimedia design agency, 
cou Id be integrated in other prod
ucts developed to promote scien
tific knowledge. 

The CD-ROM is distributed by 
CIRAD, the University of Londrina 
State, and institutions belonging to 
PROCITROPICOS, a network of 
agronomists in the Amazonian 
region. 

Promoting 
no-ti l l  cropping systems 

At a meeting held in Paris in 
Jan uary 2000, agronomy research 
coo rd i nato rs from CI RAD, the 
International Maize and Wheat 
lmprovement Center (CIMMYT), 
the International Center for Agri
cultural Research in the Dry Areas, 
and FOFIFA, the Malagasy agricul
tural research institute, decided to 
create a network to promote no
till cropping systems: the Global 
Program on Direct-Sowing, Mulch
Based Systems and Conservation 
Tillage (GP-DMC). 

The objective of the new GP
DMC network is to disseminate 
the innovative technologies devel
oped to date and to provide farm
ers-especially the poorest ones-

Mechanized direct sowing 
of maize into soybean 
residues. 

with options that will sustain and 
improve their agriculture by 
enabling them to generate 
resou rces on-farm, to red uce thei r 
use of inputs, to reduce the 
demands on thei r labour and to 
lower their investment costs. 

1 n May 2000, the GP-DMC net
work was officially launched at a 
conference on sustainable agri
culture held in Dresden, Germany 
and attended by representatives 
from 80 research institutions, non
government organizations (NGOs) 
and other professional bodies in 
agriculture. CIMMYT was asked to 
convene an ad hoc initial steering 
committee. 

Soybean crop sown direct 
into millet straw, Brazil. 

The network promotes the prac
tical application of tech n ical and 
scientific knowledge, wh ile d raw
ing and sharing lessons from expe
riences in the field. Any field ini
t 1 at 1 ve leading to applicable 
tech n ical solutions that wi Il faci I i
tate carbon sequestration and 
enhance the cost-effectiveness of 
land and natural resource man
agement will be considered by GP
DMC. ln  addition, interactions 
between smallholders, large-scale 
producers and institutional and 
political decision makers will be 
promoted to speed up the adop-
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Direct sowing into a straw mu/ch 
using animal traction, Brazil. 

tian of technical innovations and 
the implementation of appropriate 
pal icy interventions. 

The GP-DMC network aims to 
instigate and support the devel
opment of a few testbed sites 
around the globe that will show
case sustainable agriculture prac
tices and serve as a springboard 
for more widespread innovation. 

ln 2001 , CIRAD will take its turn 
at coordinating the network steer
ing committee, establishing an 
international secretariat that will 
be based in Montpellier for an 1 8-
month term. 

On-farm treatment 
of l ivestock wastes 
1 n 2000, the Agrifi ltre process was 
adapted for the on-farm treatment 
of pig slurry, on the basis of 
research carried out over several 
years by CIRAD in collaboration 
with an animal feed company. This 
technology has two main compo
nents: the Agrifiltre reactor, a 
biofilter loaded daily with fresh 
straw, which traps suspended mat
ter and phosphorus; and a stan
dard nitrification-den itrification 
biological reactor, which elimi
nates nitrogen by releasing it to 
the atmosphere. SI u rry processed 
through this system produces a 
sol id compost that is easy to trans-

port and has a h igh agricu ltu rai 
value, and a liquid suitable for 
spreading on local crop fields. 
The process has the added advan
tages of being performed at ambi
ent temperature and of consuming 
only straw and a small amount of 
energy. Current average perform
ances for reducing nitrogen and 
phosphorus concentrations in the 
liquid phase are around 83% for 
nitrogen and 60% for phosphorus. 
1 nvestment and operati ng costs 
are around F F  6777 (€ 1 0.2) per 
cubic metre of processed slurry, 
for a quantity of around 5 500 cubic 
metres per year of raw si u rry. 

The industrial version of the 
process, as presented on the com
pany's website (http://www.agrifil
tre.com), will be installed for the 
first time at farms in Brittany as 
soon as the Loire-Bretagne Water 
Authority, which is responsible 
for controlling this form of pollu
tion, gives its permission. 

The process has 
also been modified 
to improve the 
phosphorus extrac
tion performance. 
This involves recy
cling the residual 
sludge obtained 
by decantation 
in the  second 
n i t r i f i c a t i o n  
reactor. The ini
tial test results 
suggest that 
nitrogen and 
phosphorus 
concentra 
tions can be 
reduced by 
around 90% 

� 

� 

without i ncreasi ng process-
i ng costs. This new version of the 
technology will also soon be eval
uated by the water authority. • 

Agrifiltre 
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Brochure presenting 
the Agrifiltre process. 
See also the website 
http://www.agrifi ltre. com 
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h e  n ew global context in which cocoa, 

coffee, cocon u( oil palm and rubber 
are traded is marked by competition 

between different production systems and 
by considerable economic instability 
resulting from the deregulation of markets.  
ln view of these trends, research at  Cf RAD is 
no longer geared towards developing 
standard cropping systems a imed a t  
optimizing yields but  ra ther towards helping 
farmers make the transition either to more 
in tensive, specialized farming, in response to 
market demands and social and technical 
opportunities, or ta a more extensive and 
more diverse system. With support from 
CIRA D 's tra ining service and from France 's 
National lnstitute of Agronomie Research 
(INRA), we have developed a new approach 
ta our research . We aim first ta characterize 
farmers ' existing practices accura tely- the 
sequence of operations they follow and how 
they manage genetic diversity. This 
characterization is based on agronomie and 
agro-ecological diagnostic studies and on the 

development of simple conceptual models, 
which in turn allow researchers to mode/ the 
transition from one management system to 
another. 
Our new approach focuses primarily on 
family farms in developing countries, which 
account for over 85% of world cocoa, coffee, 
coconut  and rubber output in volume terms. 
Howeve0 the decision support software that  
we develop can also be used ta manage large 
planta tions. We a/sa pay special a tten tion ta 
four research themes with a strong potential 
for practical applica tions: food safety and 
quality contrai in  cocoa and coffee; the 
commercializa tion of a mass trapping 
method for the coffee berry borer; the use of 
ethylene gas ta stimula te la tex production; 
and-a long-term project-genome mapping 
as a basis for marker-assisted selection in oil 
palm and coconut. 

I 



Our cocoa p rogram me focuses i ts 
research on f ive ma i n  i ssues : the 
susta inab il ity of  p roduct ion; the 
i ntegrated contra i  of  pod d is 
eases; f ine cocoa development; 
ma i n ta in ing q u ali ty th roughout 
the com mod i ty syste m ;  a nd  
germplasm exchanges. For eath of 
these i ssues, we operate by col
laborating with  other  research 
gro u ps (at u n ivers i t i e s  or i n  
nat ional research  i n st i tutes) and  
by i nvolv ing stakeholde r  groups 
th roughout the  com mod ity sys
tem ( p rod uce rs, p rocessors, 
exporters, chocolate m a n ufac
tu rers, qual ity con tra i  bod ies, 
p rofess ionals i n  the i ndu stry and  
i nternational orga n izat ions). 
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•'11 vations. Diagnostic surveys, off

Agricultural systems analysis 

At the I nstitute of Agricu l tu rai 
Research for Deve lopment ( 1  RAD) 
in Cameroon, Cl RAD supported a 
shift in the focus of coffee and 
cocoa research from the plant to 
the farming system. This shift has 
led researchers to take greater 
account of the factors that deter
mine the decisions made by cocoa 
growers when developing inno-

© C. Ci las 

station trials and action research 
are now their preferred tools. For 
example,  a survey conducted in 
1 999-2000 in cocoa growing areas 
confirmed the existence of differ
ent cocoa production systems in 
d ifferent regions-pioneer fronts 
in Mbam and parts 
of the Southwest, 
r e h ab i l i t a t e d  
orchards and 
diversified farms 
in parts of the 
South Central re
gion. lt also helped 
researchers identify the 
technological innovations needed 
by producers, particular l y  the 
characteristics of new varieties. A 
network of on-farm tria ls has been 
established to study the inter
cropping of cocoa with forest and 
fruit species. This is another exam
ple of the shift in methods made 
by I RAD 1s researchers.

l mproving Ecuadorian fine cocoa 

Cl RAD has now completed a proj
ect in Ecuador aimed at revitalizing 
the production of Arriba, an aro
matic cocoa. Launched in 1 995 in 
col l aboration with the Eu ropean 
Union (EU) and the Ecuadorian 
Ministry of Agriculture, the project 
has had an impact in three fields: 
research, rural development and 
the way the commodity system is 
organized. Over 1 00 genotypes, 
selected for their aromatic beans, 
have been collected. Postharvest 
processing techniques suitable for 
the Nacional variety, which is 
responsible for the scented taste 
of Arriba, have been developed 
and disseminated. For the past 

Cocoa palms 
with a banana intercrop. 
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year, p rod ucers '  assoc i a t i ons  and
coo p e ra t i ve s  be l o n g i n g  to a
n a t i o n a l  u m b re l l a  o rga n i zat i o n
( U N O CAC E) h ave been expo rt i ng
th e i r  i m p roved cocoa d i rect ly to
maj o r  E u  ropean  c h oco late m a n u -

Estimating 
fatty acid content
l n  Côte d ' I vo i re, C I RAD h as been
as ked to i nvest i gate the causes  of
a per iod ica l ly occu r r i ng  defect of
cocoa bu tter, n a m e ly an  i nc rease
in the free fatty ac id ( F FA) content
ove r t h e  perm i t ted l eve l of  1 . 75%.
Th i s  research p rogra m m e, l au nch 
ed a t  the  e n d  of  1 999, i nvo lves t h e
l vo r i a n  p r i vate secto r - part i c u 
l a r l y  exporte rs and  p rocesso rs 
a n d  seve ral C I RAD d e pa rt m e n t s .
Amongst other  res u l t s  obta i n ed i n
2000, t h e  seasona l  natu re o f  t h e
defect was conf i rmed,  p ro m p t i n g
several hypotheses as to i ts  cau ses .
These hypoth eses w i l l  be  tested
du r ing the  2000-2001 season .  At the
s a m e  t i m e, work o n  the rap i d
a p p ra i sa l  tech n i q u es fo r m easu r
i n g F FA co n ten ts revea l ed tha t
t h e re was  a r i sk  of ove rest i mat i n g
t h e  d efect .  Reco m m e n d at i o n s

;.: � were su bse q u en t l y  made  t o  t h e'f!,f!;I,"·��-"' . -� "' � ' · � � l oca l  buye rs and  exporters w h o

The Nacional cocoa variety 
in Ecuador. 

fact u re rs .  D i rect expo rts of t h i s
k i n d  m e a n  t h at p rod u ce rs a re n o
l o n ge r  d e p e n d e n t  on  t h e  p r ices
offe red by loca l  expo rte rs and
m i d d l e m e n  and t h ey a lso rece ive
the  q ua l i ty p re m i u m s  pa id  to those
w h o  i nvest i n  rehab i  I i ta t i  ng t h e i  r
p l a n t i  ngs .  Las t ly, t h e  p roject has
had a n  i m pact o n  a l l  t h e  sta ke
ho lde rs in the Ecuador ian  cocoa
ma rket, w h o  h ave n ow rea l 
i zed b o t h  t h e  i m po rtance o f
q ua l i ty i n  m a i n ta i n i n g  co m 
pet i t i ve n ess  a n d  t h e  n eed t o
cooperate w i t h  each o t h e r  to 
p rotect t h e i r p rod u ct .  C I RA D
has b e e n  as ked to app ly  t h e
s a m e  a p p roach i n  o t h e r  cocoa
p ro d u c i n g  co u n t r i e s , a m o n g
t h e m  Ve n ez u e l a .

Tree c rops 

ca r ry o u t  t h e  tests .  The q ua l i ty of
the approach u sed in Côte d ' I vo i re
p ro m  pted t h e  Eu ropean  cocoa
man u factu rers '  assoc i at i o n  (CAO
B I S CO ) to e n t ru st C I RA D  w i t h
a n o t h e r  research p roject, on  t h e
cau ses of o c h  ratoxi  n occ u rre nce
i n  cocoa.

Fermenting cocoa beans 
under a plas tic 
sheet. 

© M- Barel 
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Product ion  constra i n ts and d i ffi 
cu l t  ma rket cond i t ions  mean that 
coffee p roducers need to manage 
the i r  crop flex ib ly in ways that wi l l  
imp rove prof i tab i l i ty. To respond 
to th i s  c h a l l enge, stu d i e s  a re 
needed on  the cond i t ions  u nder  
wh ich  i nnovat ions are successfu l ly 
t ran sfe r red  to p rod uce rs and  
accepted by  them . The manage
ment  of pests and d i seases a l so 
needs to be imp roved . Spec i f ic
a l ly, t he re a re p l ans  to i m p rove 
Robusta coffee-based systems  by 
s u pp ly i ng  g rowers w i th  n ew 
hyb r ids  tested for the i r  qua l i ty 
characte r i st i cs . New hybr ids  a re 
a l so a way forward fo r Arab ica
based systems, where the re i s  a 
need to comb ine  susta i nab i l i ty 
and  prod uct iv i ty. 

Promoting new coffee var ieties 
Cl RAD rece nt ly  s i g n ed an ag ree
ment  with seve ral partne rs in Cen
t ra l  Amer i ca to tes t  and  d i s t r i  bu te
1 9  Ara b i ca hyb r id  and N e m aya
rootstock va r iet i es d eve l oped by a
reg iona l  genet ic i m p rovement  p ro
gram me .  The oth e r  s i gnato r i es a re
t h e  Tro p i ca l  Agron o my Research
and Tra i n i n g  Cent re (CAT I E ) ,  t h e
M i n i s t r y  of  Agr i c u l t u re of  t h e
Dom i n i can Repu b l i c  and a n u m ber
of nat i o na l  coffee o rgan i zat i o n s,
i n c l u d i n g  ANACA F E  i n  G u atema la,
I CAFE  i n  Costa R i ca, 1 H CA F E  i n



Hondu ras, PROCAFE  i n  Sa lvado r  
and  U N I CAF E  i n  N i caragua .  

The  agreement recogn izes  t he  
co-owners h i p  of t he se  hybr id  va r i 
e t i e s  and de s c r i be s  h ow t h ey 
s h o u l d  be eva l u ated and  d i st r i b
u ted .  Regiona l  m u l t i - l ocat i on  t r i a l s  
h ave bee n e sta b l i s h ed and an  
app l i cat i on  i s  be ing  mad e  fo r a 
cer t i f i cate of var i ety p rotect i on  
fo r t he  most prom i s i n g  genotypes .  
Once the t r i a l s  h ave been com
p l eted, in  2003, t he  s i gnato r i es o f  
the  agreement w i l l  jo i nt ly p romote 
t he  u se of t he  mate r i a l .  

T he se hyb r i d  va r i e t i e s  were  
deve loped by  cross i n g  com merc ia l
Coffea a rabica var i e t i e s  a n d
Eth i op ian wi l d  genotypes .  They 
h ave a h i ghe r  y i e l d  poten t i a l  t han  
t he  commerc i a l  va r i et i e s  grown 
at p resent. The i r  c u p  q u a l i ty has  
been eval u ated .  A new rootstock 
va r i ety, known as  Nemaya, p ro
d u ced by cro s s i ng  two C.  cane
phora var. robusta genotypes, has  
been  b red  to  p rov i d e  g rafted 
p l an ts with nematode res i stance .  

Crafting 
coffee 
plants. 

Genetie modification 
for leaf miner resistance 

© D. Dur is  

A t r i a l  was p l an ted  i n  F r ench  
G u i a n a  i n  May  2000 to test a var i 
e ty t hat h as been genet i ca l l y  mod
i f i ed  fo r res i stan ce to l eaf m i n e rs .  
The  t r i a l  has  two object ives :  to  
com pa re the  p e rfo rm a n ce of  
ad u l t mod i f i ed t rees  and con t ro l  
p l a n ts, and  to test  t he  p l a nts '  
act u a l  res i stance to l eaf mi ne rs, 
wh i c h  are the maj o r  coffee 
pests  in Sou th  Amer i ca and  
occu  r n at u  r a i  l y  i n  F re n c h  
G u i ana .  

The  cho i ce of a s i te  in  F rench 
G u i a n a  was p rom pted by t h i s  
cou nt ry ' s favou rab l e  so i l  a n d  c l i 
mat i c  cond i t i on s  fo r coffee and  
the  fact t hat t he  crop i s  ve ry l i tt l e  
grown the re a t  p resent .  Moreover, 
s i nce coffee or ig i nated i n  Afr i ca, i t  
does  not n atu  ra l ly hyb r id  i ze w i th  
any of t he  p l an ts fou n d  in  G u ianan 
fo rests .  The  i n i t i a l  res u l t s  of  the  
t r i a l  s u ggest t hat p lan t  d eve lo p
men t  i s  no rma l  and  t hat some 
p l a n ts do  i ndeed have effective 
res i stance aga i n st l eaf m i n e rs .  The 
t r i a l  w i l l  a l so t h row l i gh t  on  gene 
f l ows and  t he  i nte ract i o n s  bet
ween these coffee t rees  and the  
G u i anan  env i ron ment .  
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oamage caused 
by the coffee leaf miner. 

The  t r i a l  w i l l  con t i n u e  u n t i l  
2004, w h e n  t h e  p l a n ts w i l l  b e  
p u l l ed u p  a n d  bu rned .  T h e  coffee 
ha rvested wi l l  not be so ld  or d i s 
t r i b u ted, a s  t he  va r i ety has  not 
been app roved as safe fo r h u man  
con s u m pt i on .  

Trapping the coffee berry borer 

Coffee be rry borers  are t he  m a i n  
pest i n  a l l  coffee-p rod uc i ng  cou n 
t r i es .  Recen t  wo rk showed that t h e  
damage they cau se  c an  encou rage 
bean conta m i n at i o n  by fu ng i  t hat 
p rod uce och ratox i n s, wh i ch  a re 
h ig h ly po i sonou s  to man .  

Fo l l owi ng  3 yea rs' j o i nt research 
on  mass t rapp i ng  of  the i n sect and  
t he  deve lopmen t  of  a spec i a l  t rap,  

C I RAD and the Sa l -

The new 

vado r i an  p rod uc
e rs '  a s soc i at i o n , 
PROCA F E, h ave 
s i gned  a cont ract 

to deve l op  and  
market t he  t rap, 

u n d e r  the t rade
mark B rocap® . The 
tech no logy has  been 
tes ted o n  a s m a l l  
sca l e  t o  assess  t he  
i m pact of  t rapp i  ng  
on  coffee p rod u ct 
ion .  T h i s  p i l o t  p hase, 
wh i c h  took p l ace i n  
E l  S a l vad o r, co n 

Brocap® trap. f i  rmed p rev i o u s  ex-
pe ri m e n ta l  re s u l t s  

a nd  l ed to some fu rt he r  m od i f ica
t i o n s  to the t rap .  The  cond i t i o n s  
fo r sca l i n g  u p  t rapp i ng and  fo r 
mass -prod uc i  ng  t he  t rap s u ccess
fu l ly are now c lear  and wi l l  be u sed 
as the bas i s  fo r a new agreemen t  
between t he  two organ izat i o n s  
on  how to  ma rket  t h e  tec hno l ogy. 

Tree crops 
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High-yielding, uniform Coffea
canephora hybrids 

One of the main constrai nts to the 
production of C. canephora in 
Africa is the limited use of improv
ed planting material-only around 
1 0% in Côte d'Ivoire, for example. 
The main reason for this is that dis
tributing clones in the form of cut
tings is both complex and costly, 
whereas seedlings, which are also 
more fam i I iar to farmers, are eas
ier to produce and distribute. Nev
ertheless, hybrid varieties grown 
from seed typically yield 30 to 40% 
less than clones. 

By applying the techniques of 
reciprocal recurrent selection to 
C. canephora in Côte d'Ivoire, sci
entists have identified new inter
group hybrids (Guinean x Con
golese) that are as productive and
un iform as clones. 1 ndeed, the
best hybrids can produce up to
40% more than clones. This revo
lution in the varietal improvement
of this species opens the way for
the distribution of hybrid vari
eties in the form of seeds pro
duced in propagation plots.

ln addition to their higher yield 
potential, the new hybrids have a 
bushy, branched habit that 
reduces the ratio between yield 
and the number of fruiting 
branches. This should allow farm
ers to switch to higher cropping 

densities. 

A hybrid coffee 
variety 
(C .  canephora) 
raised from 
seed, short/y 
after 
emergence. 

Tree crops 

The cocon ut  sector faces ser ious  
p rob lems  that  cast a shadow over 
its futu re : age ing p lantations, pest 
attacks, l e tha l  d i seases  a n d  a 
p lateau i n  copra p r ices .  C l  RAD 
works to i m prove the p rofitab i l 
ity o f  t h e  crop for sma l l ho l ders, 
m i l l i ons  of whom re l y  on  i t  fo r 
t h e i r  l i ve l i h o o d .  O u r  cu rre n t  
research focuses on us ing  b io log
ical  control  to protect p lantations  
aga inst i nsect pests, exp lo i t ing  
coconut  genet ic  d ivers i ty, d eve l 
o p i n g  tech n i q u es for rehab i l itat
i ng o ld  o r  degraded p lant ings and 
i m p roving  sma l l - sca l e  p rocess
ing tec h n i q u es .  

Control 

of Scapanes australis
ln Papua New Guinea 
Scapanes australis causes 
considerable damage in 
young coconut plantings. This 
beetle bores through the leaf 
stalk, causing growth abnormali
ties and often killing young pal ms. 

Under an EU project conducted 
in partnership with the Corna and 
Coconut Research l nstitute in 
Papua New Guinea, the discovery 

of a calling behaviour in males 
al lowed scientists to identify a 
pheromone that is secreted 
abdominally and attracts both 
males and females. 

Gas chromatography analyses, 
combined with mass spectrometry, 
identified two compounds present 
in the pheromone: 2-butanol and 
acetoi ne (3-hyd roxy-2-butanone). 
A synthetic mixture of these com
pounds was found to attract the 
pest into traps comprising a plas
tic bucket with two large holes in 

(1) the side. The mixture is placed in 
� a diffuser that is hung from a box 
S. containing a plant that acts in syn
@ ergy with it. Over the past 2 years,

experimental mass trapping has
resulted in the capture of over
3 000 adults in 1 4  traps, thereby
reducing both the insect popula
tion and the damage it causes.

These promising results are 
now being verified in the field. Tri
als have been established in new 
plantings of high-yielding cocon ut 
hybrids in severely infested areas. 
Additional studies are under way 
on the insect's migratory patterns, 
with a view to increasing the effec
tiveness of mass trappi ng sti 1 1  fur
ther. 

Male Scapanes 
au stra l i s . 
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Conserving and using coconut 
genetic diversity 
C u l t i vated va r i et i es o f  coco n u t
n eed t o  be p rod u ct ive, adapted t o
t h e i r envi ro n ment  a n d  i n  l i ne w i th
co n s u mers '  n eeds .  G e n e t i e  i m 
p rove m e n t  m u st s e e k  to  m eet
t hese requ i re m e nts by mak i ng t h e
m ost of th e d i ve r s i ty fo u n d  i n  t ra
d i t i o na l  va r i et i es .  

H oweve r, m a n ag i n g  and  con 
serv i n g  coc o n  u t  ge ne t i c  d ive rs i ty,
l i ke genet i c  i m p rove m e n t  i t se l f,
r u n s  i n to t h e  cons t ra i n ts i m posed
by the t i m e  and space req u i red to
grow the c rop .  ln  bath cases, m o l 
ecu  l a r  ma r ke rs c a n  p rov i d e  eff i 
c i e n t  and cost -effect i ve s o l u t i o n s .

M i c rosate l l i tes  we re deemed to
be the most  su i tab le  k i n d  of mark
e r  fo r ou r p u  rposes .  They  a re
expe ns ive to  deve l op,  b u t  h i gh ly
po lymorp h i e, re l i a b l e  and  easy to
u se .  Cl RAD h as a l ready i d e n t i f i ed
85  of these markers, some of wh ich
wi l l  be i n c l u ded in  a mo lec u l a r
too l - k i t  b e i n g deve loped fo r t h e
Coco n ut G e n et i e  Resou rces N et
wo rk  (CO G E NT) fo r u se in  cha r
acte r i z i ng coco n u t  popu l at i o n s .
Fo r a l l oga m o u s  spec ies s uch  a s
coco n ut, s u c h  k i ts  n eed to be
u sed i n  co n j u nct i o n  w i th  a p p ro
p r i ate stat i s t i ca l  m e thods, wh i ch
C l  RAD is a l so  deve l o p i ng .

A rehabi!itated coconut paf m grave. 

T h e  f i rst genet i c  l i n kage map  of
cocon u t  h as been p rod u ced as a
resu  l t  of wo rk  i n s t i gated by t h e
B u reau  fo r t h e  Deve l o p m e n t  o f
Research o n  Tro p ica l  Pe re n n i a l
O i l  C rops  ( B U ROTRO P),  w i t h  t h e
Lon g  Ashton Research Stat i o n  a n d
t h e  Scott i s h  C ro p  Research  I n s t i 
t u te i n  t h e  U K  a n d  w i t h  N e i ke r, a
research  fo u n d at i o n  i n  S pa i n .  The
m a p  was  made u s i n g  a n  ad u l t
pop u lat i o n  d e r ived f rom a cross .
Meanwh i l e, obse rvat i o n s  of t h e
p ro d u ct i o n  of  i nd i v i d u a l  t rees ,
made by the N at i o n a l  Ag ron o m i e
Research Cent re (CN  RA) i n  Côte
d ' I vo i re, h ave led  to t h e  i d e n t i f i 
cat i o n  of seve ra l  q u an t i tat i ve t ra i t
l oc i  (QTLs )  assoc i ated w i t h  p ro
d u ct i o n  c h a racte rs .

Polymorphism in two microsate!!ite 
markers for coconut paf m. 

1 -.-,....,,.--. __ .,::..,,,. ________ _ 
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Rehabi I itation 
of African coconut plantations 
To s u pport coco n u t  rehab i l i ta t i o n
i n  Afr i ca, C l  RAD h a s  d eve l o ped a
s t rategy based o n  rep l a n t i n g  o l d
p l a n ta t i o n s, s u sta i n i n g y i e l d s  i n
age i n g  p l an tat i o n s  and  p romot i ng
t h e  p rod u ct i o n  and  market i n g  of
coco n u t  p rod u cts  a n d  byprod
u cts .  

U n d e r  a p roject i m p l e m e n ted
by t h e  F r e n c h  Deve l o p m e n t
Age n cy (AF D) ,  t h e  st rategy has
been a p p l i ed  in  G h ana, w h e re i n i 
t i a l  res u l t s  h ave been obta i ned  o n
t h e  ad j u st m e n t  of fe r t i l i ze r  a pp l i 
cat i o n s  t o  p a l m  cond i t i o n .  Afte r
2 yea rs of a p p ly i n g  3 k i l og ram mes
of fe rt i l i ze r  per  pa l m , p rod u c t i o n
i n  o n e  1 0- h ectare p l ot w a s  u p
f rom 50-55 to  ove r 1 20 n u ts/pa l m .
1 n 2000, arou n d  400 h ectares o f  v i  1 -
l age p l a n tat i o n s, each ave rag i n g
3 h ecta res, were rehab i l i tated fo l 
l ow i n g  t h e  st rategy, wh i c h  i s  t o
be exte n d ed to a fu rt h e r  1 000
h ectares in 2001 . S a i l fe rt i l i ty i n
coas ta l  coco n u t  p l a n t i n gs was
res to red by i n t rod u c i n g  s h r u b
legu mes  (Cassia siamea o r  Acacia
mangium) ,  w h i c h  a l so p rod u ce
la rge amou nts of the  fue l  wood v i l 
l agers n eed to d ry f i s h .  l n terc rop
p i n g  coco n u t  w i t h  food c ro ps,
s u ch as  m a i ze, g ro u n d n ut, veg-
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eta b l es,  yam,  cas sava, ta ro and
ot h e r  t u be rs,  p rov i des  fa r m e rs
w i t h  add i t i o n a l  i n come .  Ove r 350
h ecta res of t h ese i n te rcrops were
p l a n ted in 2000.  The t rad i t i o n a l  o i l
ext ract i o n  p rocess h as a l s o  been
i m p roved :  a stu dy of m i c ro- o i l
m i l l s  i n  Weste rn  Reg i o n ,  wh i ch
p ro d u ce s  90% of G h a n a i a n
coco n u t  o i l , i d e n t i f i ed t h e  d efects
to be cor rected a n d  t h e  req u i red
capac i ty of  the p i lo t  u n i t to be
tested . P rototype hand p resses
a n d  i m p roved copra ove n s  have
been des ign ed by C I RAD and  b u i l t
by l oca l c rafts m e n .  T h ey h ave
been  i n sta l l ed  at a d e m o n st rat i o n
s i te  so  as  to t ra i n  s m a l l - sca l e  o i l
p rod u ce rs a n d  prod ucer  gro u ps i n
h ow t o  u se t h ese n ew too l s .

The  recent  As i an  eco n o m i c  cr i s i s
has  s lowed the  g rowth i n  wor ld
c o n s u m pt ion  of n atura l  rubber.
I n deed, u n fo rtu n ate ly  fo r pro-

Tree c rops 

d u ce rs, i t  has  led to a p ro l o nged
decl i n e  i n  i nte rnat iona l  p r ices .
This  has  d i sco u raged rep l a nt ing
a n d  t h e re a re n ow fears  of  a
shortage. C I RAD 's rubber  p ro 
gra m m e  has  the refo re geared its
research towards i n creas i ng  p ro
d u ct iv i ty  t h roughout  the  secto r
but  pa rt i cu lar ly  on  s m a l l h o l d i ngs,
w h ich  acco u nt for over 80 % of
wor ld  n atu ra l  rubber  prod u ct ion .

Possible futures for rubber 
l n  2000, C I RAD con d u cted a fo re
s i g h t  exe rc i se on the ru  b b e r  sec
tor with a v i ew to ga i n i n g  a c l ea re r
p i ctu r e  o f  i t s  fu tu re. T h e  s tudy was
rece n t l y  p resented to t h e  I n te rna-
t i on a l  R u bber  S tudy  G ro u  p .  

Fo r ma ny years n ow, the  n at u  ra i
ru bber market has been i n  tu rmo i l ,
a fact ref l ected i n  t h e  l ow p r i ces
pa i d  to p rod u ce rs and the d e m i se
of t h e  I n te rnat i o n a l N at u ra l  R u b
ber  O rgan i zat i o n  a n d  i t s  b u ffe r
s tock .  Des p i te  these  d i ff i c u  l t i es,
and compet i t i o n  from oth e r  c rops
and act i v i t i es, ru  bber  p rod uc t ion
con t i n ues  to r i se  s l owly. H oweve r,
t h e  i nc rease i n  d e m a n d  fo r n at u 
ra l ru bber  h a s  not  b e e n  s u ff i c i e nt
to pers uade g rowe rs to exte n d  o r
renew t h e i  r p l an tat i o n s, a n d  I i t t l e
i s  k n own about  t h e  pote n t i a l  fo r
i n t e n s i fy i n g  p rod u ct i o n  i n  t h e
a re a s  a l  ready p l a n ted o r  t h e  poss
i b l e  ex i ste n ce of  rese rves t hat
have not  yet  been tapped . Profess
i o n a l s  i n  the secto r a re concerned
t hat  t h e re may soon be a s h o  rtage
of t h e  p rod u ct .  

The  study revea led the d iverse
fu nct i o n s  of ru bber in  s m a l l h o l d e r
p rod u c t i o n  syst e m s, w h e re i t

g acco u n ts  fo r 8 5 %  of  t h e  a rea
p l a n ted .  The  crop has  a n  eco
n o m i c  fu nct i o n , ref l ected i n  t h e
p rod uc t ion  of nat u ra l r u b b e r  a n d
wood a n d  i n  i t s  con t r i b u t i o n  t o
j o bs, i n carnes  and  d ivers i f i cat i o n ,

b u t  a l so  a soc ia l  o n e, re lated to
l a n d  ten u re, and an  eco l og i ca l
o ne, s i nce i t  h e l ps to co n t ra i  s o i l
e ros ion ,  ma i n ta i n  so i l  fe rt i l i ty, save
foss i l  f ue l s  a n d  store a tmospher i c
carbon .  

The  st udy  a l so s h owed t h at t h e
i n te rnat i o n a l  m a rket fo r ru bber i s
beco m i n g  m o re com p l ex :  some
p rod uc i ng  cou n t r i es have become
con s u me rs, w h i l e some i m por t i ng
co u n t r i e s  a re a l so p rod u ce rs .

lmproved agroforestry system 
with clona/ rubber. 

l t  i s  esse n t i a l  to q u a n t i fy fu tu re
su pp ly  and d e m a n d, n ot o n ly fo r
natu ra l  ru bbe r b u t  a l so fo r ot h e r
p rod u cts s u c h  as  ru bber  wood .
H oweve r, i t  i s  a l so  n ecessary to
take i nto acco u n t  the i n c reas i  ng
i m po rtance of q u a l i ty and  m a r
ket i ng serv i ces, toget h e r  w i th  t h e
e m e rgence o f  env i ro n  m e nta l  reg
u l a t i ons  and standa rd s .  

The  res u l ts of t h i s  C I RAD stu dy
w i l l  be u sed to i d e n t i fy t h e
research st rategy t h at w i  1 1  best
co n t r i b u t e  to  the s u s ta i n a b l e
deve l op m e n t  o f  t h i s  secto r.



Support for rubber smallholders 

Several CIRAD departments have 
lau nched a programme in four 
cou ntries to develop and transfer 
suitable rubber-based production 
systems for smallholders. 

1 n I ndonesia, the Smal I holder 
Rubber Agroforestry Project is 
being implemented in collabora
tion with the lndonesian Rubber 
Association (GAPKI NDO),  the 
1 nternational Centre for Research 
in Agroforestry and the Interna
tional Rice Research I nstitute. 
Researchers have demonstrated 
that improved planting material 
can perform well under traditional 
agroforest management con
ditions. The characterization of 
smallholder production systems 
has revealed the opportun ities for 
extending the technical innova
tions that have been defined by 
the project, together with the con
strai nts on thei r adoption. 1 n Viet
nam, where the national Rubber 
Research I nstitute (1 RCV )  is col
laborating with the adaptive 
research unit of the Agriculture 
Diversification Project, initial activ
ities have i ncl uded a rapid ru rai 
appraisal, the identification of 
research the mes for small holders 

in the coastal provinces, and trials 
of productive rubber-based farm
ing systems that can be widely 
replicated. 

ln Latin America, Colombian 
development agents have been 
offered training in rubber agro
forestry techniques and research 
on smallholder systems. A socio
economic study has also been 
carried out as a prel ude to a ru b
ber smallholder development 
project in Guatemala. 

Stimulating latex production 
using ethylene gas 
Since 1 969, stimulation with ethe
phon, which was a major innova
tion in its time, has made it possi
ble to reduce tapping frequency 
without significantly reducing 
production. However, leaving 
more than 5 days between tap
pi ngs still reduces profitability. 

For this reason CIRAD has 
embarked on a multidisciplinary 
research project aimed at replac
ing ethephon, which generates 
ethylene, with ethylene gas itself. 
The initial resu lts suggest that, 
when ethylene is used, the latex 
flow period after each tapping is 
much longer and the area of bark 

A we/1-maintained plantation 
of old rubber trees. 

effectively tapped is greater, with
out the taxie effects associated 
with ethephon. A start has been 
made on analysing tree perform
ance, trends in wood starch 
reserves and rubber quality. Pro
vided this new stimulation method 
can be fitted i nto existi ng man
agement systems, tapping fre
quency could be reduced. Gas 
stimulation might also allow tap
ping to be intensified more effec
tively before fel l ing. This research 
has prompted keen interest on the 
part of the French Rubber lnstitute 
and several planting companies. 

Rubber tapping. 
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Oi l  palm 

The o il pa lm sector  has specia l  
characteristics that  have p revailed 
for several decades now: the p re
dom inance of  large agr ib u s i
nesses, the maj o r  raie played by 
Malays ia and  l nd onesia and, fo r 
large-scale p l an tations, growing  
p rob lems in ob tain ing land .  
The  withd rawa l of the State and  
t he  p r ivatizat ion of p roduction 
have revolution ized the com 
mod ity system.  Producing cou n 
t r ies have seen cons iderable 
g rowth in the smallholder  secto r. 
Market l ibera l ization has made 
African plantat ion s  part icularly 
v u l nerab le, d ue to their poor  
management, lack of access to 
h igh-quality p lanting material and 
low p roduct pr ices .  ln Latin Amer
ica, in cont rast, a boom in p l ant
ing has resu l ted in strong demand 
fo r im proved seeds .  
Lastly, the secto r has had to cape 
with a d ramat ic slump in wo r ld  
p rices. The resu lting cris is has had 
a marked im pact on investment 
and research po l ic ies among our 
partners .  

Tree c rops 

The role of oi l  palm 
on fami ly farms 

ln  Cameroon, CIRAD has been 
working with I RAD to define a 
typology of the farming systems 
that include oil palm. A survey of 
around 1 00 smallholders has been 
conducted and sophisticated com
puter-based tools have been used 
to analyse the resu lts. 

l n  Côte d'Ivoire, CIRAD is char
acterizing smal lholders' o rganiza
tional needs fo l l owing the privati
zation of the sector, under a 
research agreement with the Uni
versity of Bouaké. 

This new initiative encompasses 
ail the socio-economic facto rs 
governing the growth of oil palm 
cultivation around the edges of 
the main agro-industrial plant
ations. lt is a lso leading to an 
intense p rocess of questioning 
among ai l the disciplines invo lved 
in the secto r. 

Planting materials that meet 
planters' needs 
Cl  RAD is gradually building a rep
utation as a world leader in the use 
of biotechnologies to improve oil 
palm. We have made substantial 
progress in mapping the crop's 
genome as a basis for marker
assisted se lection. 
0 u r resea rch 
with France's 
1 nstitute 
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of Research for 
Develo pment (IRD) on the 

genetic basis of somaclonal varia
tions has produced impo rtant 
results. Thesis wo rk  has shown 
that DNA methylation is involved 
while severa l markers that can 
identify such variations at an early 
stage of in vitro regeneration have 
been isolated in partnership with 
the Palm Oil Research lnstitute of 
Malaysia. Our efforts to transfer 
the recent progress made in mass 
micropropagation through em
bryogenic suspensions continue, 
with the hosting of a researcher 
from the l ndonesian Oil Palm 
Research lnstitute. 

The initial resu l ts of tests on 
parents obtained in lndonesia with 
support f rom the p rivate-sector 
company SOCFINDO have shown 
the potential fo r sign ificant 
genetic gain in the near future. 
This gain can be transferred to pro
ducers by cloning the best indi
viduals. 

Village 
oil press. 



To strengthen  C I RAD's pos i t i o n  
o n  the  i nternat i o na l  ma rket fo r 
i m p roved seeds, we h ave p ro
posed a n u m be r  of  j o i n t ve ntu res 
with the pr ivate sector. These p ro
posa i s  env i sage the estab l i s h m ent 
of deve lopment -or i entated seed 
ga rd e n s  c o n ta i n i n g a ge n et i c  
b lock .  

Oil palm development 
in  Latin America 
Al though  the  o i l  pa l m  secto r i s  
grow i n g  rap i d ly i n  Lat i n Amer i ca, 
b u d  rot has beco m e  a maj o r  con 
stra i nt .  Con s i derab le  p rogress has  
been made in  b reed i ng to l e rant  
mate r i a l :  200  c l o n es of e m b ryos 
obta i n ed from a bac kcross a re 
be i n g  p rod u ced in vitro. These w i l l  
b e  eva l u ated i n  an  i nfested a rea, as 
a bas i s  fo r i d e n t i fy i  ng  m o l ecu  l a r  
m a r ke rs fo r to l e r-
ance.  

S eve ra i  t r i a l s  
h ave been p l anted 
i n  p a rt n e rs h i p  
w i th  compa n i es i n  
C o l o m b ia  a n d  
Ecuador. S o rn e  o f  
th ese a re a l  ready 
p rod u c i ng u sa b l e  
resu l ts .  T h e  a i m  i s  
to test t h e  to le r
a n ce and g rowth 

© A. Rival 

c h a racte r i s t i cs of m ate r i a l s  o f  
d i ffe re n t  ge n e t i c  o r i g i n s :  p u re 
E/aeis guineensis, E. guineensis x 
E. oleifera h y b r i d s, a n d  gen otypes 
o bta i ned f rom backcrosses .  

lmproving plantation 
management 
The p rov i s i o n  of  s u p po rt to p l a n 
tat i o n  managem e n t  i s  a m aj o r  part 
of C I RAD's adv i sory se rv i ces .  The  
re l eva n ce of  these  s e rv i ces,  i n  
agronomy a s  i n  other f i e lds, h i nges 
on the deve l o p m ent  o f  i n n ovat i ve 
research p rogra m mes  i n  part n e r
s h i p  w i th  F rench  and  i nte rnat iona l  
research centres .  

A sc i e nce-based a p p roach to 
i n te n s i fy i n g  p rod u ct i o n  syste m s  
m u st  n ow encom pass f i e l d s  s u ch 
as rem ote sen s i n g  a n d  ecophys i 
o l o gy, data f r o m  w h i c h  c a n  en r i ch  

t h e  m o d e l s  u sed to 
p red i ct fu t u re p rod u c
t i o n .  

Clona/ 
micropropagation 
of improved oil 
palm genotypes 
by somatic 
embryogenesis. 

Measuring 
/eaf density. 

l n  part n e rs h i p  w i th  t he  com
pany  PT  SMART i n  l ndones i a, n ew 
f i n d i ngs  we re o bta i n ed o n  the  
u se of  o i l  m i l l  byp rod u cts, s u c h  as  
em pty bu nches  a n d  eff l u e n t, as  
fert i l i ze rs .  Recyc l i n g  i s  n ot o n ly 
eco n o m i ca l ly wo rthwh i l e, i t  i s  a l so 
a n ecessary res ponse  to the t i gh t
e n i ng  of e nv i ro n m e nta l  reg u l a
t i o n s  i n  p rod u c i n g  co u nt r i e s .  

A l so  i n  l n d o n e s i a, a maj o r  i nte
g rated research p rogra m m e  h as 
been l a u nched  i n  co l l aborat i o n  
w i t h  t he  p r i vate secto r o n  t h e  
cont ra i  of Ganoderma, a fu n g u s  
that cau ses s u bsta n t i a l  l a sses i n  
Sou theast  A s i a .  • 
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Fru it and 

ho rt i cu l t u ra l  
crops 

M
ore than ever, CJRAD's 
Department of Fruit and 
Horticultural  Crops needs to 

work close/y with the users of its research 
to adjust its programme to the new 
challenges facing the fruit and vegetable 
sector. The essence of the department's 
s trategy is to promote efficient 
production that  meets market demand 
and consumers '  needs while protecting 
the environment. 
Against th is background, a key target of 
research is risk management
anticipating problems and coming up 
with timely and appropriate solutions. 
The aim is to provide support for ail 
stakeholders in the sector, whatever the 
risks they face. Examples are new or 
evolving pests and diseases, 
environmental  hazards associated with 
specific farming practices, food safety 
hazards, changes in the regulatory 
framework, and sudden changes in the 
market, occurring as a result of 
liberalization and globalization. 

ln bath the North and the South, 
the fruit and vegetable sector is 
especial!y susceptible to such risks. 
The produce is generally fragile and 
perishable and may be subject to 
heavy attack by pests and diseases, 
while markets are high!y 
competitive. At the same time, it 
must convey the image of being 
healthy and of high quality. 
We m ust establish a dialogue with 
us ers if we are to address their 
needs effective/y. Round-table 
conferences or specialized 
seminars - such as the September 
2000 banana and plantain 
meeting-provide opportunities to 
promote in teraction and decide on 
research priorities in the light of the 
needs expressed. 



Our  banana, p lanta i n  and  p inea p
p le  programme  focuses both o n  
prod uct ion for export m arkets 
a nd  o n  smal l ho lde r  p roducti o n  
fo r domest ic m arkets a nd  su bs is 
ten ce con sumpt ion .  l ts research 
i n tegrates consumers '  n eeds a nd  
m arket constra i n ts with env i ro n 
menta l  concerns, i n  o rde r  t o  d e 
ve lop  appropri ate ly  adapted pro
duct ion  and m arket i ng  pract ices . 
The p rogramme  seeks to deve lop  
economica l l y  v i ab le  a nd  susta i n 
a b l e  productio n  systems with a 
l ow e nviron menta l  impact. G ood  
farm i ng pract ices, deta i l ed  tech 
n i ca l  specifications, eco labe l s  and  

new variet ies a re a i l  too ls  that are 
made ava i l ab le  to farmers a n d  
othe r  stakeho lders t o  h e l p  the m  
meet the cha l l enges o f  the sector, 
both n ow and  i n  the  futu re . 

Pineapple col lection 
in Martin ique 
The p i neapp le  ge rmp la sm co l l ec
t i on  in Mart i n i q u e  was assem b l ed 
fo r the  pu  rposes of cha racte r i z i  n g  
and  u s i n g  the  genet i c  d ive r s i ty o f  
a s pec ies  t hat wou I d  otherw ise  be  
endangered due  to t he  low n u m 
ber  of va r i et i e s  c ropped and  t he  
gen et i c  e ros i o n  occu r r i n g  i n  t he  
Amazon Bas i n , i ts cent re o f  o r i g i n .  
Th i s  co l l ect i o n  was c reated i n  t he  
1 950s f rom ear l i e r  co l l ect i o n s  and  
has s i n ce been  e n h anced w i th 
access i o n s  co l l ected i n  s pec i f i c  
l ocat i o n s, s u ch as  H awai i ,  Sou th  
Ame r i ca and As i a .  Espec i a l ly bene-

f i c i a l  we re the  500 new access i ons  
added as a res u l t of co l l ect i on  m i s 
s i o n s  ca r r i ed ou t  between 1 988 
a nd  1 994 i n  Ve n ez u e l a, B raz i l , 
Pa raguay and  F rench  G u i an a, w i th  
t he  pa rt i c i pat i o n  of  the  I n te r na
t i o n a l  P l an t  Gene t i e  Resou rces 
l n st i t u te ( I PG R I )  and f i nanc ia l  s u p
po rt f rom the  E u ropean U n i o n  
( E U ) .  The  co l l ect i o n , wh i ch  i s  o ne  
of  t he  wo r ld 's l a rgest, now con 
ta i n s  600 c l one s  be long i ng  to s i x  
Ananas and  Pseudananas s pec ies .  
Acce s s i on s  are added to t he  co l 
l ect i o n  afte r  a n  i n  vitro p hase and  
ma i n ta i n ed u nde r  f i e l d  cond i t i ons  
w i t h  p rotect i o n  f ro m Fusarium 
i n fect i o n  and f ru i t  bo rers  (Thecla 
basilides). 

The  acce s s i o n s  a re a s ses sed  
and  cha racte r i zed u s i n g mo rpho
l og i ca l  a nd  mo l ecu l a r  ma rke r s .  
N i nety-f ive descr i pto rs we re i den 
t i f i ed and  c l as s i f i ed as  pa r t  of  a 
E u ropean p roj ect ca r r i ed o u t  i n  
co l l a bo rat i o n  w i t h  B raz i l i an ,  
Venezue lan  and  Po rt uguese pa rt
ne rs .  To assess the genet i c  d ive r
s i ty, c l eaved amp l i f i ed  po lymo r
p h i s m  (CAP) ana lys i s  was u nde r
taken i n  B raz i l , fo l l owi ng  ana lys i s  
u s i n g  rest r i ct i o n  f ragmen t  l e ngth  
po lymo rp h i s m  ( R F LP)  i n  Mon tpe l -
1 i e r, F rance. 

Be s i de s  e n h a n c i n g  C l  RAD ' s  
own d atabase  o n  p i n e app l e  
genet i c  resou rces, the  i nfo rmat i on  
obta i n ed f rom these 
ana l yses 
i s  be i ng  
u sed to 
deve lop  a 
new i n te r
n a t i o n  a 1 
d a t a  b a s e  
i n  par tne r
s h  i p w i t h  
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1 PG  R 1 .  Th i s  = ' collection 
wi l l  soon be acces s i b l e  o n - l i n e .  of pineapple, 

C I RAD has  a l so u sed t he  i n fo r- in Martinique. 
mat i o n  to d raw u p  g u i d e l i n e s  
fo r t h e  ge n et i c  a s se s s m e n t  o f  

Fru i t  a n d  hort i c u l t u ra l  c rops 
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Highland 
banana 

grave in 
Guadeloupe. 

p i neapp le  va r ie t 1 e s  fo r t h e  p u r
poses  of hav i  n g  n ew va r i e t i e s  reg
i s te red a n d  cert i f i ed by the I n te r
n at i o n a l  Un i o n  fo r t h e  P rotect i o n  
of  N ew Va r i et i e s  of P l a n ts .  

High land banana p lantations 
in Guadeloupe 

With  rega rd to h ig h l a n d  ba n a n a, 
t h e  i n t rod u ct i o n  of n ew co n t racts 
with g rowe rs s h o u l d  e n s u re eff i 
c i en t  p rod u c t i o n  that m i n i m izes 
e n v i ro n  m e n ta l  d a m age and m a i n 
ta i n s so i l  fe rt i l i ty. Th i s  E U -fu nded 
i n i t i at ive i s  pa r t  of t h e  contra ts ter
ritoria ux s c h e m e  n ow operat i o n a l  
i n  G uade lou pe, where the  f i rst f ive 
co n t racts were s i gn ed i n  l ate 2000. 

A p roject to a p p l y  va r i o u s  d i ag
nos t i c  and m o n i to r i n g  too l s  was 
deve l oped by C I RAD a n d  Agroser
v i ce, a n o n -gove rn m e n ta l  o rga n i 

zat i o n  that  se rves as  a n  
i n t e r m e d i a r y 
be twe e n  t h e  
p roject a n d  the  
banana  i n d u s 

t ry. The  hea l t h  
a n d  n u t r i e n t  sta
t u s  of  t h e  f i r s t  
p l a n tat i o n s  h a s  

a l  ready been  as
sessed j o i n t l y  by 
C l  RAD, Ag rose r

v i ce a n d  a spec i a l -
i ze d  l a b o rato ry. 
B a n a n a  g rowe rs  

pa rt i c i pat i n g  in  t h e  
i n i t i a t i ve m u st u s e  

t rad i t i o n a l  c r o p p i n g  p ract i ces , 
w i t h o u t  t i l l age o r  re p l a n t i n g, so  as  
to red u ce the r i sks  of so i l  e ros i o n  
i n  th ese h igh l a n d  a reas,  wh i ch  � 
have h igh ra i n fa l l  and  steep s lopes .  j 
P l a n tat i o n s  a re assessed to deter- � 
m i n e  whet h e r  n ew ca n a i s, w i n d - � 
b reaks  o r  access road s n eed to be 
b u i l t .  The co l l ect i o n  of waste p l as
t ic bags and of pes t i c i d e  and h e r
b i c i d e  pac kag i n g  i s  be i n g  o rgan 
ized . 

F r u i t  and  hort i c u l t u ra l  c rops 

Anthracnose damage 
on bruised fruit. 

A fu rt h e r  30 co n t racts a re b e i n g  
d rawn u p  fo r 2001 to e n s u re t h e  
s u sta i n ab i l i ty of  h i gh l a n d  b a n a n a  
p l a n tat i o n s .  The  p roj ect's u l t i  mare 
a i m i s  to e n cou rage co n t racted 
g rowe rs to fo rm a grou p t h  rough  
w h i ch to a p p ly fo r a q u a l i ty l abe l  
fo r bananas  p rod u ced i n  t h e  h i gh 
l ands  of G uade l o u pe .  

Protecting bananas 
without chemical control 
Stop p i  n g  post -ha rvest fu n g i c i d e  
t reat m e n t s  fo r expor t  ba n a n a s  
co u l d y i e l d  s u bsta n t i a l  ben ef i t s, 
e n  h a n  c i  n g  t h e  food safety o f  ed i 
b l e  f ru i t, red u c i n g  po l l u t i o n  by 
waste at f r u i t  pac kag i n g  stat i o n s  
a n d  c reat i n g  a n i c h e  m a rket  fo r 
Wes t  I nd  i a n  ban anas .  

T h e re h as been  p rogre s s  i n  
u nde rstan d i ng the  pa ras i te com
p l ex i nvo lved in  ban a n a  a n t h 
racnose and  how t h e  fru i t  becomes 
i n fected . Th  ree Colle to tricum 
spec ies  have been descr i bed o n  
banana, bu t  o n ly C .  m usae i s  h ig h ly 
pat h oge n i c .  A tool  fo r q uan t i fy i ng 
fru i t  conta m i n at i o n  i s  n ow ava i l 
ab l e .  l t  c a n  b e  u sed t o  o bta i n  ear ly  
est i mates of the r i sk  of post-harvest 
fr u i t  damage and  to con d u ct e p i 
d e m i o l og ica l  s tud ies .  The  banana  
p l an t  i s  co n ta m i n ated when  f u nga l  
spores i nvade the  f lo ra l  parts  and 
l owe r b ract s .  The spores appear  
w i th i n  the  f i rst month fo l l ow i n g 
e m e rge nce of the  i n flo rescence, 
b u t  soon s u bs ide .  T h ey do n ot 

Fungicide treatment of bananas, 
just before packing. 

s p read 
o v e r  
the  fru i t  
p e e  I U n  I e S S  © L .  d e  Lapeyre 

m o i stu re i s  p resent .  
Ear l  y bagg i n g  of b u  n c h es red  u ces 
con tam i n at i o n  by l i m i t i n g  t h e  
sp read of  m o i st u re -bo rne  spores .  

Th i s  tech n i q u e  has  been tested 
in a n  expe r i m e nta l  ba n a n a  p l a nta
t i o n  in G u ade l o u pe .  Ea r l y  p reve n 
t i ve m eas u re s - e ra d i cat i o n  o f  
s p o re s o u rces a n d  bagg i n g  of  
fru i t - m arked ly  red u ce f ru i t  co n 
tam i nat i o n  a n d  the  q u a l  i ty of  t h e  
b a n a n as ,  wh  i c h  d o  no t  s u  b s e 
q u e n t l y  have to be t reated w i th  
fu n g i c i d e ,  m eet s  m a r ket  s ta n 
da rds .  These  i n te rve n t i o n s  can  
n ow be  co n s i d e re d  ready fo r 
adopt i o n  by West I n d  i a n  ban ana  
g rowe rs .  

Observing the plantain sector 
in Cameroon 
The Reg iona l  Cent re fo r Resea rch 
o n  Bananas and  P lanta i n s  (C R B P) i s  
co n d u ct i n g  a n  ag ro-eco n o m i c  
asses sment  o f  how p lan ta i n  con
t r i b u tes  to d eve l o p m e n t  i n  
Cameroon and  of the  cons t ra i n ts  
faced by p rod u ce rs and o t h e r  
stakeho lders .  S pec ia l  s u  rvey meth
ods  have been des igned fo r t h i s  
assess m ent .  A l i  stakeh o l d e rs a re 
sen t  a n ews lette r to keep them 
i n formed of the  res u l ts .  An ana ly
s i s  of reta i l p lan ta i n  p r i ces  revea led 
h igh ly seasona l  t rends  and a h igher  
peak fo r th i s  p rod u ct than  fo r oth
e rs, ref lect i  ng  i t s  re lat ive scarc i ty. 
Th i s  means  that u rban co n s u mers 
often do not have market access to 
p l an ta i n .  

The  scarc i ty i s  d u e  p r i m a r i l y  to 
t h e  fact that p l a n ta i n  is p rod u ced 
m a i n ly in exte n s ive l ow-y i e l d i n g  
cro p p i n g  system s  i n  wh i ch  y i e l d s  
a re l ow, o n l y 5 - 1 0 to n n e s  p e r  
hecta re per  yea r  co m pared w i t h  a 
pote n t i a l  of ove r 30 ton n es .  Th ese 
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low yields reflect numerous con
straints, including difficult env i 
ronments, poor cropping  prac
tices and the impact of pests and 
diseases. Given the complexity of 
local farming systems and the 
scarcity of resou rces, it is probably 
best to encourage growers to 
intensify thei r cropping systems 
gradually rather than to adopt 
high-input systems. Various tech
nical innovations developed by 
scientists are bei ng tested and 
released to growers, including  
disease-resistant  hybrids, new 
planting materials and integrated 
pest and disease management. 
1 n formation collected by the 
observatory is essential for guiding 
research so that it more effectively 
addresses development needs. 

Banana and plantain 
for local consumption 

Development projects to promote 
banana production for local con
sumption are under way on small
holdings in three regions where 

Tissue-cultured 
banana plantlets 
being hardened. 

Local market for bananas 
and plantains in Cameroon. 

bananas of one kind or another 
are staple foods: West and Central 
Africa (Cameroon,  at CRBP), the 
West lndies (Haïti, Cuba, Domin i 
can Republic), and the l ndian 
Ocean (Mayotte, Cornaro Islands). 

One component of these proj
ects focuses on improving local 
diversity through the release of 
h igh-yield i ng varieties (natu rai 
forms or CIRAD and CR BP 
hybrids). This operation is con
ducted in partnership with the 
International Network for the 
lmprovement of Banana and Plan
tai n .  Around 50 varieties have 
been released as in vitro or con
ventional tissue-cultured plantlets 
to organizations responsible for 
evaluating this material and dis
seminating it to growers. A second 
component aims to improve crop
ping practices, covering soil fer
tility management, plant nutrition 
and the integrated contrai of pests 
and diseases, especially weevils, 
nematodes and black leaf streak 
disease. 

Development support is pro
vided through participatory 
research on new crop manage
ment practices and methods for 
producing  healthy planting  
mate rial, with the aim of boosting  
yields. Regional economic con
cerns are addressed through stud-

ies on market trends in large u rban 
centres. The aim here is to deter
mine not only the constraints but 
also the opportunities for increas
ing this sector's competitiveness. 

O u r  fruit  trees p rogra m m e  con 
ducts research on  th ree m aj o r  
themes. T h e  programme i s  o rgan 
ized arou nd specia l ized th rusts 
and  networks and is based on a 
tho rough understand ing  of the 
d ifferent fru it  sectors and markets. 
The fi rst theme is the acq u i s i t ion  
of b i o l og ica l  and  e co n o m i c  
knowledge to p romote sustain 
ab le  citrus p rod uct ion . Research 
on th is theme i s  p u rsued at a u n it 
run jo int ly by C l  RAD and the 
F re n c h  N ati o n a l  Agro n o m i e  
Resea rch l n stitute ( I N RA) a t  San 
G u i l i ano, Cors ica . The seco n d  
t h e m e  i s  t h e  i m p rove m e n t  of 

manga yie lds and q ua l ity, with 
research on ecophysio logy and 
crop management  u nder  way i n  

Réun ion .  Th i rd, many projects a re 
geared towards promot ing fru it 
d iversif i cation . A key sou rce of 
economic  growth in  the cou ntr ies 
of the South, the main aim of 
d iversif icat ion is to fi nd a l terna
tives to  banana and sugarcane  
monocropping in  the French over
seas departments and te r ritor ies .  

F ru i t  and hort i c u l t u ra l  crops 
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Pest and d isease risks for citrus 
in  the West lnd ies 
A wo rk shop  o rgan i zed i n  co l l abo
rat i on  w i th  the Tec h n i ca l  Cen t re 
fo r Ag r i c u l t u ra l  a nd  Ru ral Cooper
at i on  (CTA) was h e ld i n  G uade
l o u pe to rev i ew the pest and d i s 
ease  s i t u a t i o n  w i th  respect to 
c i t r u s  c rops  in  t he  West l n d i e s .  
Th i s  wo rk shop  was  atte nded by 
sc ient i sts from 1 3  cou nt r ies  and  by 
rep resen tat ives f rom t he  I n t e r
Amer i ca n  I n st i t u te fo r Agr i cu  l t u  ra i 
Coope rat i o n  ( I  I CA) ,  t he  l ead i n g  
research and  d eve l opment  o rgan 
izat i on  i n  t he  Ca r i bbean (CARO i ) , 
t he  l n te r-Ame r i can  C i t r u s  N et
wo rk  ( IAC N ET), C I RAD and I N RA. 

P l an t i n g  mate r i a l  re l eased to 
g rowe rs m u st be hea l thy  if pest 
and d i sease p rob l ems  in c i t r u s  
o rcha rds  a re to be red u ced . The  
French ove rseas departments  p l an  
to  r a i s e  t he  q ua l i ty of  t he i r  f r u i t  to 
m i n i m u m  i n te rna t iona l  standards .  

Fou r  se r i o u s  d i seases cu r rent ly  
t h reaten c i t r u s  p roduct i on  in  t he  
reg ion .  The t r i s teza v i r u s  i s  sp read
i ng  q u i c k l y  via Toxaptera citricida, 
its most  eff i c i e n t i n sect vecto r. 
West l nd i a n  c i t r u s  o rcha rds  c u r-

re n t l y  r i s k  i n fect i on  
by c i t r u s  ca n ke r  
(Xanthamanas a .c.), 
w h i ch  is p resent  i n  
F l o r i da  a n d  B raz i l .  

'i J ,-�
? 

, · ;.,- P i e rce ' s  d i s ease, 
� � tran sm i t ted by 
i _ _:__, r .� • • Xy'.ella fastidias.a, 

Diaphor ina  c i t r i  1 s  1 n fest 1 n g  c i t r u s  c rops  i n  

the vector of B raz i l  a n d  w i l l  p robab l y  soon  
huanglongbing reach t he  Ca r i bbean .  Oiapharina 

disease. citri, a vecto r of h uang longb i ng  
d i sease, i s  s p read i n g  th roughou t  
t he  reg i o n .  

The  cou  n t r i e s  rep resented at 
the meet i n g  agreed to pa rt i c i pate 
in a C a r i b bean  reg i ona l  c i t r u s  
p roject .  A wo r k i n g  g ro u p  w i th i n  
C I RAD's netwo r k  w i l l  i n ves t igate 
t he  m a i n  p l an t  h ea l t h  i s s u es, d raw 

Fru i t  and hort i c u l t u ra l  c rops 

u p  an i n ve nto ry of  ava i l a b l e  
resou rces and  dec ide  on  the  too l s  
req u i red fo r d i agnos i ng d i seases, 
i n fo rm i ng c i t r u s g rowe rs abou t  
eff i c i e n t con t ra i  p roced u re s  and  
enco u rag i n g  t he i r  adopt i o n .  Th i s  
p roject wi l l  benef i t  f rom C I RAD 
and I N RA 1 s expert i se on  i n teg rated 
pest  and  d i sease cont ra i  a nd  on  
d i agnost i c  too l s .  

Passifloraceae d iversity in  the 
Andes region 

C I RAD and I PG R I  a re co l laborat i ng  
w i th  nat i ona l  genet i c  reso u rces 
p rogrammes  in Venezue la, Co lom
b i a, Ecuad o r, Pe r u  and  Bo l i v i a  i n  a 
s tudy  on  t he  s u bge n u s  Tacsania 
( Pa s s i f l o raceae) ,  wh i ch  i n c l u des 
47 known species, 13 of which bear 
ed i b l e  f ru i t . Two of these  la tte r 
spec i es ,  Passif/ara tripartita var. 
mallissima and  Passif/ara tarmini
ana, a re c ropped in the Andes  
reg ion  and were recent ly c lass i f ied 
as new spec i e s  on  the  bas i s  of 
res u l t s  y i e l ded by th i s  p ro ject .  

1 n 2000, thes i s  research was car
r i ed out to assess evo l u t ionary pat
te rns  in t h i s  spec ies comp lex. Mor
pho log ica l  cha racte rs, i so-enzyme 
p rof i l es  and  amp l i f ied f ragment  
l e n gth  po l ym o rp h i s m  (A F LP) 
ma rke r s  we re u sed to as ses s  
d i ffe rences between spec ie s  and 
between sect i on s  of t he  Tacsania 
s u bgen u s, th u s  c la r i fy i ng  re l at ion 
s h i ps with i n  the  s u bgen u s .  Data 
from a geograph ica l  i n fo rmat ion  
system (G I S ) and  c l i mate database 
we re u sed to ana lyse potent i a l  d i s 
t r i bu t ions  of the  ma in spec ies .  Th i s  
s tudy h ig h l i ghted some  reg iona l  
d i ffe rent ia t ion wi th i n  P. malliss ima 
and  Passif/ara mixta .  An ana lys i s of 
i so-enzyme var iab i l i ty in P. tripartita 
var. mallissima, P. tarminiana and 
P. mixta revea led that eu  l t i vated 
fo rms have a very na rrow genet ic  
base and  that gene  f low cou ld  
occu r between these spec ies .  

Pass i f lo ra t r i par t i ta var. mol l i s s i ma, 
the sweet calabash of Colombia. 

These res u lts s uggest that in situ 
conse rvat i on  st rateg ie s  cou Id  be 
of i nterest  in a reas whe re wi ld and 
cu l t ivated fo rms  g row toget he r. 
New co l l ect ion  s u rveys wi l l  a l so be 
u nd e r ta ken  i n  va r i o u s  a reas ,  
i n c l u d i ng Pe r u  and Bo l i v i a, to 
en h a n ce Pas s i f l o raceae spec i e s  
d i ve rs i ty i n  ex  situ ge rm p la sm co l 
l ect i o n s .  The  i n t ra spec i f i c  geo
graph i ca l  d i ffe rent i at i on  noted fo r 
P. tripartita var. mallissima s h o u l d  
b e  u sed i n  Pass i f lo raceae b reed i ng  
p rogram mes, wh i l e  i n te rspec i f i c  
hyb r i d i zat i o n  fo r P. tarminiana 
s h o u l d  a l so be i m p l emented .  

Tropical fru it flavours and 
vitamins in  concentrated ju ices 

Trop ica l  f r u i t  j u ice p roces s i n g  is a 
g rowth i n d u st ry and  a boon fo r 
local  d eve l opment .  l n  Co lom b ia, a 
j u i ce - m a k i n g  p roces s  ha s  j u st 
been l a u nched on  the  bas i s  of 
p i  l ot test i n g  ca r r i ed  out at t he  
PASS I CO L  company  i n  co l l abo ra
t ion with De l  Va l l e  U n ive rs i ty i n  
Ca l i , Co lomb i a, at a French co l l ege 
fo r advanced food i nd u s t ry s t ud 
i e s  and  at C l  RAD. 

The  concen t rated j u i ces  ob
ta i n ed by t h i s  co l d -ext ract i o n  
p roces s - pas s i o n  f r u i t, m a n ga, 
na ran j i l l a, m u l be rry, l emon  and  
p i n eap p l e - a re h i gh ly n u t r i t i o u s  
and have a good taste. The  p rocess 
does not a lter the v i tam in potency, 
f l avo u r  o r  co l o u r of t he  f ru i t .  



Leaf protoplasts of kumquat 
( Fort u n e l la japon ica) and embryogenic 
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cal/uses of  common mandarin (C i t rus  � 
de l ic iosa) before fusion. - à) � Using a somatic hybrid population,  

the candidate will analyse sec
ondary metabolites in citrus leaves 
and fruit peel and i nvestigate the 
expression of enzymes involved in  
their biosynthesis. 

The process consists of th ree 
operations. First, a cold enzyme
based treatment is performed to 
liquify the fruit pulp. A new tech
nology is used to limit the con
sumption of enzymes in highly 
acidic juices: the enzymes are 
fixed in what are known as biore
actors. Next, a membrane process 
cal led tangential flow filtration is 
used to sterilize fruit juice without 
heating it. Finally, the juice is con
centrated up to 65% dry extract by 
osmotic evaporation, a recen tly 
developed membrane process that 
is performed at ambient tempera
tu re. 

The process is cu rrently bei ng 
assessed on an i nd ustrial scale at 
PASSICOL. The juice quality 
results achieved so far are very 
promising. Research is under way 
to improve performance still fur
ther. Severa! European and Latin 
American partners have shown 
great interest in the process. 

The COGIA E06 osmotic 
evaporation processor, pilot .... 

tested on an industrial scale. B'l•

Attractive fragrances 
from somatic citrus hybrids
Over the past decade, a somatic 
hybridization and protoplast 
fusion procedure has been used to 
create citrus rootstock containing 
the resistance traits of the parent 
plants, and triploid cultivars pro
ducing seedless fruit with navel 
taste and quality properties. 
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Identification of the compounds 
responsible for aroma in leaves has 
enabled scientists to predict the 
aroma of the fruit with a fair degree 
of accu racy. This advance also 
meets the needs of breeders, who 
are keen for rapid feedback on the 
outcome of the crosses they make. 
Four tetraploid somatic hybrids 
were tested in partnership with the 
joint INRA-CIRAD Cors.ican Agri- � Hi cu ltu rai Research Stat ion: man- � 
darin crossed with kumquat or O u r  h o rt i cu l tu ra l  c rops  p ro 
lime or lemon, and lime crossed gra m m e  co n d u cts research o n
with pomelo. . 

Th d th ree m a i n  th e m es : vegetab l ee aroma compoun s presen t  . . 
· th h b 'd f d t d'f consumpt 1on, i n carne from h or -1n e y r i  s were oun o 1 -
fer from the sum of the aroma t i cultu re, a n d  the su sta i n a ble 
compounds present in the par- management of natural resources. 
ents, even though all the chromo- The p rogramme's fi rst goal i s  to 
somal DNA from bath parents was ensu re that u rban markets a re 
present in the hybrids. 1 n the s uppl ied with fresh, healthy  veg
three mandarin hybrids, essential etab l es.  Th is  m eans  eval u at i ng
oil production was lower than in  the  ro le  of  peri - u rban market gar
the parents. Som� aroma corn- d e n i ng a n d  u s i n g  o u r  u n d e r 
pounds from the l ime and lemon stand ing  of specif ic  com m o d ity
parents-mainly aldehydes-are t t t b ' I ' 1 · 

h . d 1 . . sys e m s  o s a 1 1 ze s u p p  1 es .synt es 1ze on y 1n  m inute . 
amounts or not at all. The lime x Research 1s a lso u nder  way to

pomelo hybrid however pro- d ivers i fy the sou rces of i n ca rn e

duced the same
1 

amount of aide- from horticu ltu ral p roduction and
hydes (ne rai , geran ial, b-si nensal) 
as bath paren ts, while overpro
ducing citronellal. This hybrid is of 
commercial interest to aroma spe
cialists seeking aldehyde-rich 
plants with a high potential for the 
production of essential oils. 

With support from a Corsican 
regional fund, a PhD thesis study 
is under way to determine the bio
chemical and genetic mechanisms 
that underlie the expression of 
the different aroma compounds. 

th us to stabi l ize i ncarnes.  T h i s
work  ma in ly concerns an ion - and
to mato- based system s  i n  Afr i ca .
lastly, the p rogra m m e  promotes
envi ron menta l  p rotection, ch iefly
in densely popu lated areas whe re
vegeta b l es are cropped i nte n 
s ively. Many nationa l  and  i nter
nationa l  partne rs parti c i pate i n
these m u lt id i sc i p l i nary p rojects,
wh ich  a i m  to deve lop  p racti ca l
reco m m endat ions  for growers.

Fru i t  and hort icu l tu ra l  crops 
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Virology of vanilla 
in French Polynesia 

Tah i t i a n  van i l  l a  (Van  il/a tah itens is)
is the  p rod u ct of f i rst cho ice on the 
natu  ra i  van i l  l a  ma r ket on  accou n t  
of i t s  f i  n e  f l avou r. F r ench  Po lyne
s ia  i s  t he  wo r l d 's o n ly exporter. To 
deve l op  th  i s  s u  bsecto r, i t  i s  c ruc i a l  
to cont ro l  t he  s p read of u nt reat
ab l e  v i r u se s .  T he  ru ra l deve lop 
men t  se rv i ce o f  th i s  F re nch ove r
seas te r r i to ry h as t he refo re as ked 
C I RAD to cond uct research on  
van i l l a v i r u s  d i seases .  

A s u  rvey revea led five vi ru ses on  
V tah itensis, be long ing to  t h ree d i f
fe rent  fam i I ie s .  The i  r symptoms  
vary marked ly. Fo r i n stance, the 
cymb id i u m  mosa i c  v i rus  (CymMV) 
is a lmost comp letely asymptomat ic, 
whereas the cucu mber  mosaic v i rus  
(CMV) cau ses  s pectacu l a r  damage
that red u ces van i l l a  y ie lds  to zero.

The ep id e m i o logy of these v i r u s  
d i seases  was  t h en  stu d ied u nde r  
d i ffe re n t  c ro p p i n g  co n d i t i o n s .  
Adapted c rop p i n g  p ract i ces we re 
p roposed after  2 yea rs of resea rch .  
They a re based on  phytosan i ta ry 
s u rve i l l a nce  o f  van i l l a v i n es at 
p l a n t i n g  a nd  e l i m i nat i on  of  the  
p l an ts and  vectors  that se rve as 
v i r u s  rese rvo i r s .  

These c o n t ro l  s t rateg i e s  a re  
now be i n g  app l i ed by  g rowe rs 
and a p l a n t  h ea l t h  cer t i f icat i on  
sche m e  fo r van i l l a cu tt i n gs i s  cu r
ren t ly  be i ng d eve l oped . C I RAD 

Flowers and young pods of van il/a. 
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Fru i t  and  h ort i c u l t u ra l  c rops

research teams  in Réu n ion  and the  
v i ro l ogy l abo rato ry of  Auck l and  
Un ive rs i ty a re  deve lop i ng  eff i c ient  
v i r u s  detect i on  too l s .  The k nowl 
edge ga i n ed in  F rench  Po lynes i a  
s h o u l d  be of i n te rest to  many 
othe r  van i l l a g row ing  reg i on s . 

Flies damaging fruit 
and vegetable crops 
C I RAD, t he  F rench G u iana  crop 
p rotect i on  s e rv i ce and  a fede ra
t i on  of crop p rotect i on  g rou ps a re 
j o i n t ly i nvo lved, a l ong  w i th  rep re
sen tat ives  f rom S u r i nam,  B raz i l  
a n d  French G u iana, i n  a reg iona l  
p rogramme to e rad
i cate ca ra m b o l a  
f r u i t  f l i e s  ( Bactro 
cera cara mbolae) .
The  method u sed i s  

(B. cucurbita e) at concen t rat i on s  
rang i n g  f rom 0.5% to  1 0%. The  
trapp i n g  rate fo r ma le  and fema le  
f l i es was  fou n d  to i n crease w i th  
att ractant  concen t ra t ion ,  w i th  no 
d i ffe re nce noted between sexes .  

Intensive soilless vegetable 
production in the West lndies 

The so i l  a nd  c l i mate cond i t i on s  of 
the  West I n d i es, togethe r  w i th  the  
reg i on 's s ho rtage of l and ,  a re  se r i 
ous  co n st ra i n t s  to vegetab l e  p ro
d uct i o n .  G rowers  ove rcome the 
cons t ra i n t of excess ive ra i n fa l l by 
s he l te r i ng the i r  c rops .  The  u se of 

so i l l e s s  c ro p p i n g  tech n i q ues  
avo i d s  i n fect i o n  by  

s o i l - bo r n e  pat h o
ge n s  a nd  a l l ows 
fa rmers to cont ro l  

c rop wate r  s u pp l i e s  
and  m i  ne  ra i n u t r i 

t i o n  c l ose ly. Farmers  
are th u s  ab le  to i nten 
s i fy p ro d u ct i o n  i n  

t o  p reven t  rep rod uc 
t i on  by  att ract i  n g  and  
e l i m i nat i ng ma les w i th  
the h e l p  o f  a sex u a l  
p h e ro m o n e, m ethy l 
e u geno l .  Anothe r  b io 
l og i ca l  con t ro l  p ro 
gram me  u nde r  way i n  
pa rt ne rs h i p  w i th  B raz i l  

Dacu s demmerezi s m a l l  a reas .  S i n ce 
the cucumber fruit fly 1 980, s o i  l l e s s  c rop 
of the !ndian Ocean. p i n g  p ract i ces  h ave 

been u sed in F rench 
focu ses  on  acc l i mat i z i ng  caram
bo l a  f ru i t  f ly para s i to i d s  (Anas
trepha sp . ) .  Seve ra l m i l l i o n s  of 
pa ras i to i d s  we re re l ea s ed i n  
F rench G u i ana  d u  r i ng  2000. 

1 n Réu n ion, tomato f ru i t  f i  i e s  
(Neocera ti tis cyan escens) and 
cucu  m be r f ru i t  f l i e s  (Bactrocera
cucurb ita e, Dacus ci lia tus and  
Dacus demmerezi) cau se  con s i d 
e rab l e  c rop  damage and  can o n ly 
be part i a l ly cont ro l l ed w i th  pes t i 
c i des .  Mode led  on  the  b i o l og i ca l  
cont ro l  st rateg i e s  u sed fo r p ro
tect i  ng  f ru i t  t rees,  cont ro l  tech
n i q ue s  i nvo lv i n g  t raps  ba i ted  with 
v i s u a l  or  o l factory att ractan ts ,  
somet i mes  com b i ned wi th  chem
i ca l  t reat m e n ts ,  a re b e i n g  
assessed . Seve ra l att ractants  we re 
tes ted on t h e  m e l o n  f r u i t  f l y  

G u iana, Mart i n iq u e  and Guade
loupe, and on Eng l i sh- and Span i sh
speak i  ng West I nd  i an  i s l a nd s . 

1 n Ma rt i n i q u e, research con
d u cted by C I RAD s i n ce 1 985 has  
l ed to t he  d eve l opment  of  recom
mendat i o n s  on  types of  s he l te r  
and  so i l l e s s  cropp i ng  tech n i q ues  
fo r u se u nde r  h u m  i d  t rop i ca l  con
d i t i o n s .  These  recommendat i on s  
have been extended to vegetab le  
fa r m s  i n  co l l abo rat i on  w i th  l ocal  
ag r i c u l t u ra l  co u nc i l s .  Ove r t he  
past d ecade, t he  a rea cu  l t ivated 
u nd e r  s h e l te r h as r i sen  t h reefo ld  
to i t s  e u  r ren t  l eve l of 1 5  hecta res .  
Seven t h o u sand  ton nes of l ettu ce 
a re p rod uced yea r ly  u nd e r  t hese 
cond i t i o n s, t he reby meet i n g  con
s u m e r  demand t h roughou t  the  
yea r. 



T h e  same t rend can be seen i n
G u a d e l o u pe, F rench G u i a n a  and
Réu n io n .  l n  co l l aborat i o n  w i th  the
Fre n c h  Em bassy, Eng l i s h -spea k i n g
West  l n d ian fa rmers a r e  a l s o  now
ben efi t i ng from C I RAD ' s  tec h n i ca l
s u p po rt i n  th i s  f i e l d .  C l  RAD sc i 
e n t i s ts  were rece nt ly  i nvo lved i n  a rr-'� 
n at i o n a l  progra m m e  on  s h e l te red 

.,.. crops i n  Cu ba. The a i m  of t h i s  p ro-
g ra m m e  i s  to meet the demand fo r
fre s h  vegetab les  from t h e  tou r i st
i n d u st ry. 

T h e  resu l t s  of t h i s  research a re
presented i n  the Guide des cultures
sous abri en zone tropicale h umide 
(a man ua l  fo r protected cropp ing  i n
t h e  h u m  id t rop i cs),  wh i ch was pub
l i s hed  i n  French  i n  2000, wi th  the
part i c i pat ion  of the  French  l n ter
m i n i ster ia l  Cooperat ion  F u n d .  T h i s
g u i d e  w i l l  b e  p u b l i s hed i n  Eng l i s h
and  Span i sh  i n  2001 .

Soilless courgette production 
on a pumice substrate in Martinique. 

Flower production 
in  the French West lndies 

To m eet the h i gh  demand  from
f lower  g rowe rs, C I RAD is  d i st r i b
u t i n g  hyb r i d  and s ta n d a rd
a n t h  u r i  u m p l a n t s  f ree of  Xan 
thomonas campestris pv. dieffen
bachiae and Acidovorax anth urii.
Arou nd 1 00 000 m ic ropro pagated
p l a n t l ets  have a l ready been d i s 
sem i n ated;  a fu r the r  1 0  000 have
b e e n  o rd e red by M a rt i n i q u e,
G u ad e l o upe a n d  F re n c h  G u i ana;
and  1 2  000 are eu r ren t l y  be i  ng

CIRAD's anthurium collection 
in Guadeloupe. 

m i c rop ropagated o r  h a rd e ned .  A
co l l a b o rat i ve p roj ect has  been
l au n ch ed w i t h  I N RA to deve l o p  in
vitro p ropagat i o n  a n d  h a rd e n i ng
tech n i q u e s  fo r Xan th omonas
res i s tant  a n t h  u r i  u m p l a n t l ets .  

Many co l l ect i o n  m i s s i o n s  h ave
been u n de rtake n and  acq u i s i t i o n s
made to e n h an ce t h e  ava i l a b l e
d ive rs i ty of  o r n a m e n ta l  p l a n ts ,
wh i c h  i n c l u d e s  m o re t h a n  250

spec ies  b e l o n g i n g  to 1 0  fam i l i e s .
E i g h ty n ew s pec ies  a n d  va r i e t i es
h ave n ow b e e n  i n t ro d u ced i n
G u a d e l o u pe .  M i c ro p ro pagat i o n
a n d  h a rd e n i n g  tech n i q u es were
deve l oped to p rod u ce p l an t s  fo r
release to f lowe r growe rs t h rough
o u t  t h e  Fre n c h  West I n d  i e s .  The
q u a ra n t i n e  a n d  i n dex i n g  p roce
d u res  fo r t h ese f lowe r va r i et i es
have been approved by the  F rench
M i n i st ry of Agr i c u l t u re .  

C I RA D  i s  a l so h e l p i n g  estab l i s h
a n at i o n a l  bota n i ca l  g e r m p l as m
co l l ect i o n  fo r t h e  Wes t  l n d i es ,  i n
part n e rs h i p  w i th  t h e  U n ive r s i ty of
the West l n d i es and of  Fre n c h
G u i a n a  a n d  t h e  Reg i o n a l  E n v i 
ro n m e n t  D i recto rate .  Th i s  co l l ec
t i o n  c u rre n t ly co n ta i n s  40 w i l d
a n d  h o rt i c u l t u ra l  o rc h i d s .  M i c ro 
p ro pagat i o n  a n d  h a rd e n i n g tec h 
n i q u es h ave been  s u ccessfu l l y
tested,  w h i c h  m ea n s  t h at rep l an t 
i ng  can  n ow s ta r t .  S c i e n t i s ts a re
a l s o  p rov i d i n g acces s  to  m i c ro
p ropagat i o n  too l s  fo r o t h e r  p ro 
tec ted  spec i es .

Peri-u rban agricu lture 
in Southeast Asia 
Fo u r  l a rge Southeast As ian  c i t i es 
H an o i ,  H o  C h i M i n h  C i ty, V i e n 
t i a n e  and  P h n o m  Pe n h - a re par
t i c i pat i n g  in  a p ro ject headed by
Cl RAD and the As i a n  Vegeta b l e
Research a n d  Deve l o p m e n t  C e n 
te r t o  p romote the  deve lopment  of
pe r i - u  rban agr i cu l t u re .  The ove ra i  1
t h rus t  of t h i s  p roj ect i s  to i m p rove
vegetab l e  a n d  f i s h -fa rm i n g  y i e l d s
a n d  m arket i ng .  T h e  f i  r s t  p h ase
(2001 to 2003 ) a i m s  to s t re n gt h e n
t h e  i n st i t u t i o n s  i nvo lved ,  bath
gove r n m e n ta l  and  n o n -gove r n 
menta l .  l n  a wo rkshop he ld  i n  Feb
rua ry 2000, the t h e m e s  req u i r i n g
act i o n  we re j o i n t l y  i d e n t i f i ed ,
i nc l  ud i  n g  ana lys i s  of pe r i - u  rban
prod uct ion systems, the  expans ion
of u r ban  co m m od i ty m a r kets ,
tech n o l ogy t ra nsfe r and  i n st i t u 
t i o na l  i n n ovat i o n s .  

An  i n i t i a l  ana l ys i s  car r ied  o u t  i n
H a n o i  revea led that vegetab le  con
su  m pt i o n  and  p rod uc t ion  d u r i n g
t h e  h o t  season  a re i m p o r t a n t
i s s u e s  fo r s ta ke h o l d e rs .  C o n 
su m e rs want  to be ab le  to  buy
c l ea n ,  h ea l t h y  vegeta b l e s .
The  gove r n m e n t  i s
con c e r n ed t o
red u ce hea l th
a n d  po l l u t i o n  
p r o b l e m s
cau sed by t h e  
ove ruse  of pes
t i c i des .  Fa r m e rs '  
c h i ef p r i o r i t i e s 
a re t o  ach i eve
h i gh e r  y i e l d s  and  
h a rvest  att ract ive
loo k i n g  vegetab les .  
A bette r  t rade-off 
betwee n  cons u me rs '  expectat i o n s
and  fa rmers '  eco n o m i c  i n terests i s
t h u s  es se n t i a l .  To i ro n  o u t  t h ese
p ro b l e m s, t h e  part n e rs wi l l  atte nd
negot i at i n g  wo rkshops  and  t ra i n 
i n g sess i o n s . •

F ru i t  and hort i c u l t u ral c rops 
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Urban market 
in Vietnam. 



Animal prod�ction 

and veten na ry 
med ic i ne  

I
n 2000, several major aspects of the 
Animal Production and Veterinary 
Medicine Department 's strategy, adopted 

2 years ago, were further strengthened. First. 
its horizontal links: the activities of our 
epidemiology group (EPITROP) expanded; 
our dairy production group, which now has 
a s tronger capacity in economics, launched 
several  new projects; our pastoral  natural 
resources group broadened its expertise; 
and the department 's tra ining activities were 
consolidated and diversified. 
The department began several new 
activities. On the production side, the use 
of draught animais in cropping systems 
based on direct seeding into a m u/ch caver 
is being studied. On the veterinary side, a 
new group was formed to study emerging 
vector-borne viral diseases, which are 
spreading from the developing to the 
developed world- a  subject that  
considerably exercised our animal h ealth 
and environment team.  Four European 
animal health projects coordinated by 
CIRAD were launched: three are on vaccine 
development- against peste des pet its 
ru m i nants, contagious bovine 
pleuropneumonia (CBPP) and h eartwater
while the fourth is  on the contrai of 
trypanosomiasis. A regional research thrust 
on pastoralism in the arid zone was 
established in Dakar, in which ISRA, 
Senegal's national agricultural research 
institute, wi/1 play a leading part. The team is 
to study the conditions under which 
pastoral societies can be sustained in this 

zone, in which livestock production is the 
major a ctivity. The department also plays an 
active part in a network of observatories 
monitoring long-term environmental change 
in sub-Saharan Africa . The major component 
of the n etwork is the Sahara and Sahel 
Observatory (055) .  The year 2000 was 
marked by several important  events. Cl RAD 
was given the mandate to co-ordinate the 
research component of the European 
biodiversity management programme for a 
wildlife park on the border between Niger, 
Benin and Burkina Faso, in West Africa . ln 
addition, the Centre 's investment in the 
in ternational livestock-environment
development initiative gained it a place on 
the initiative 's steering committee. And an 
in ternational agricultural exh ibition held in 
Paris was the occasion of intensive dialogue 
on livestock production in the South, 
including a day specifically devoted to 
international conferencing. 



Whether i ts  cause i s  local or di s 
tant, any change in the envi ron
ment of domestic or w i ld  anim ai s  
wi l l  have an i mpact on thei r num 
bers, di stri b ut ion and product iv
i ty. The resu l t ing i mba lances 
endanger the s u sta inab i l i ty of 
ecosystems shared with h u m an 
beings and hence the v iab i l i ty of 
human soc ieties. 
ln 2000, Cl RAD ' s programme on 
th i s  theme focused on character
iz ing and forecast ing a number of 
r i sks - man- made, ecologi cal or 
d isease-related-that th reaten 
ani mal resources in tropical env i 
ronments. Th i s  m u lt idiscipl inary 
work cu lmi nated in the develop
ment of a tentat ive set of indica
tors and tools  adapted for inter
vention in l ocal contexts accord
ing to local needs .  

© P. Hendrikx 

Mapping of pastoral resources 
Kanem is a Sahelian region of 
transhumant livestock production 
that extends from central Chad 
westwards towards the border 
with Niger. lt has a human popu
lation of around 300 000. Chad's 
Ministry of the Environment and 
Water Resources has implemented 
a pastoral water resou rces pro
gramme in the region. The aim of 
the programme is to provide year
rou nd access to water resou rces, 
as far as this is possible given the 
constraints imposed by the climate 
and the dangers of overuse. This is 
a crucial element in the drive to 
secu re a viable future for pastoral 
livestock production systems. 
Eighty new wells are planned in 
addition to the rehabi I itation of 
265 existing wells. 

l n  preparation for t hese inter
ventions, CIRAD was asked to 
assess the region's potential for 
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livestock production. An updated 
map of pas tu re resou rces was 
made, covering an area of 1 1 2  000 
square ki lometres. 

The preliminary data for the 
map were obtained from Landsat 7 
satellite imagery for December 
1 999. ln October 2000, the vegeta
tion, topography and soils of 51  
plots were su rveyed. The data col
lected on vegetation included the 
diversity, abundance and domi
nance of the main species. Thirty
six points were selected as a basis 
for describing transitional areas, 
degraded areas and detai I that 
cannot be picked up on satellite 
imagery. Lastly, existing data were 
integrated, specifically the map of 
natu rai pastu res produced by 
CIRAD in 1 975. Eleven main range
land ecosystems were distin
guished and characterized in this 
way. 

The new map of Kanem shows 
that some areas have considerable 
potential for grazing while others 
are degraded, either by natural di
matie causes or by grazing. lt con
fi rms that the grazi ng potential of 
this region has remained rela
tively stable for decades and that 
some degraded areas have regen
erated since 1 975. Water points 
explain many of the differences 
observed. 

© G. Forgiar in i  

These resu lts, wh ich have been 
integrated using a geographical 
information system (GIS) , will be 
useful for monitoring future 

A n i mal product ion and vete r i nary med ic i n e  

Water poin t  
i n  Kanem, 
Chad. 
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t r e n d s  i n  t h e  resou rce base.  They 
w i l l  a l l ow resea rchers to assess the  
effects o n  h e rd/flock n u m bers and  
d i s t r i b u t i o n  of i n t rod u c i  n g  fu r
t h e r  wate r p o i n t s .  

Outbreak of West N i le fever 
in the Camargue 
l n  a u t u m n  2000, an o u t b reak  of 
West N i l e  feve r occu rred i n  t h e  
Pet i te  Camarg u e, F rance .  T h e  d i s 
ease i s  cau sed by a n  a rbov i r u s  of 
t h e  ge n u s  Flavivirus, wh i c h  i s  
t ra n s m i tted by 

su rvey on the  bi rd popu l at i o n ,  
w h i c h  w a s  i m p l e m e nted by t h e  
O N C  a t  t h e  req u est of t h e  D i rec
to rate G e n e ra l  fo r Food . B l ood 
sam p l es were taken fro m 435 i nd i 
v id ua l s  be long i n g  t o  five spec ies of 
w i l d  b i rd - h e r r i n g  g u l l , b l a c k
headed g u l l , h o u se spar row, m ag
p i e  and  jackdaw - a n d  a spec ies  of 
d u ck  u sed as a decoy i n  s h o ot i n g  
events .  T h e  ana lyses are u nde r  way 
at t h e  Paste u r  I n s t i t u te .  

l n  2001 , research w i l l  foc u s  o n  
p repar i  n g  fo r fu rt h e r  o u t b reaks  
a n d  i m p rov i n g our  u n derstan d i ng 

b l o o d - s u c k i n g  _ 
ar th ropods, n otab ly  �-� 

of t h e  e p i de m i o l ogy 
of t h e  d i  sease .  
C I RAD wi l l  con-mosq u i toes.  The v i r u s  i s  

s p read ma i n l y a m o n g  w i l d  
b i rd s  b u t  occas i o n a l l y  
i n fects h o rses  a n d  m a n .  

A wo r k i n g g ro u p  was 

� 
\ t i n u e to co n -

t r i b u t e  to  t h e  
s t u d y  of  b i  rd 

h asts a n d  to  data 
fo rmed as ea r l y  as Septem- Black-headed gui! 
ber. C I RA D  was asked to 

m a n age m e n t  
i n tegrat i o n .  

a n d  

part i c i pate becau se of  i t s  expe rt
i se in vector- b o r n e  d i seases i n  
Afr i ca, a l o n gs i d e  the  F re n c h  Food 
Safety Age n cy, an i n t e r-depa rt
m e n ta l  g ro u p  on m o s q u i to  e rad i 
cat i on ,  t h e  Paste u r  I n st i t u te, t h e  
1 n s t i t u te of  Research fo r Deve l op
ment  ( 1  RD) ,  t h e  d epart m e n ta l  vet
e r i  n a r y  l a b o rato ry a n d  t h e  
N a t i o n a l  H u n t i n g a n d  W i l d l i fe 
Board ( O N C) .  The  g r o u p 's f i rst  
object i ve was to manage the c r i s i s .  

l n  Septe m be r  a n d  October, 1 41 
poss i b l e  cases of t h e  d i sease we re 
i d e n t i f i ed i n  h o rses, of  wh i c h  78 
we re co nf i rmed .  The  vast maj o r i ty 
accu r red i n  t h e  Pet i te Ca m a rg u e, 
w i t h i n  a 1 5- k i l omet re rad i u s  spa n 
n i n g  t h e  G a rd a n d  H é ra u l t .  Th ree 
cases acc u rred in the m idd l e  of  
t h e  G ra n d e  C a m a rg u e, n e a r  
Sa i n tes-Ma r i e s -de- l a-Me r. N o  h u 
m a n  case was fo u n d .  

To g a u g e  t h e  exte n t  of t h e  o u t 
break, s u rveys were con d u cted o n  
b i rd h asts a n d  t h e  mosq u i to vec
to r. C I RA D  took part i n  p l a n n i n g  
a n d  con d u ct i n g  t h e  p re l i m i n a ry 
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Epidemiological surve i l lance 
of rinderpest in wi ld ife 
Between  1 994 a n d  1 997, East Afr i ca 
was st r u c k  by a s u dd e n  o u t b reak 
of  r i  nde r p e st, w h  ich  accu r red 
desp i te the  la rge-sca le  vacc i n at i o n  
ca m pa i g n s  t h at we re a l ready 
u nd e r  way in  t h e  reg i o n .  A C I RAD 
team with expert i s e  in a n i ma l  b i o
d ive rs i ty was asse m b l ed i n  1 999-
2000 to ta ke part  in a vete r i  n a ry 
p roj ect  o n  Af r i ca n  w i l d l i fe 
f i n a n ced by the  E u ropean U n i o n  
u n d e r  t h e  s u pe rv i s i o n  o f  t h e  
B u rea u o f  An i ma l  P rod u ct i o n  of 
t h e  O rgan izat i o n  of  Afr ican U n i ty. 

Two reg iona l  coord i n at i o n  u n i ts 
were esta b l i s hed ,  o n e  fo r East  
Afr ica and the ot h e r  fo r C e n t ra l  
and  West Afr i ca. A n etwork  was  set 
up to mon i to r  the e p i d e m i o l ogy of 
t h e  d i sease i n  w i l d l i fe .  S e ros u r
ve i l l a nce s t u d ies  were co n d u cted 
t h ro u g h o u t  the a rea.  S u bsta n t i a l  
r e s o u  rces were m o b i  I ized,  bath 
h u man - vete r i  n a r i a n s , 

tea m s  a n d  l a b  as s i s t a n t s - a n d  
phys i ca l  - fo u  r-whee l  d r i ve v e h  i 
c i  es,  h e l i copters a n d  l i gh t  a i rc raft. 
A t h o u sa n d  w i l d  u n gu l ates we re 
captu red a n d  tested . 

T h e  s u rveys co n f i r m ed t h e  
recen t  sp read o f  t h e  v i r u s  i n  res i d 
ua l  areas where r i nde rpest i s  con 
s i d e red to  be endem i c - Kenya i n  
1 999, Tanza n i a  i n  1 998 and  Eth i o p i a  
i n  1 995 . Traces o f  a i d e r  h ot-spots 
were ident i fied in several cou ntr ies  
of Cen t ra l  and West Afr i ca .  Con
tra ry to p rev i o u s  ass u m pt i o n s, t h e  
v i r u s  appears t o  b e  s t i l l  p resent ,  
eve n  in  Ce n t ra l  Afr i ca.  Observa
t i o n s  conf i rmed that w i l d l i fe can 
p l ay an i m po rtant  ra ie  as ' sen t i n e ! ' 
species, p rovid i ng an ear ly warn i n g  
o f  t h e  p resence o f  t h e  d i s ease .  

The s u rvey and ana lys i s  res u l t s  
were d i ssem i n ated to the  re leva n t  
nat i o n a l  bod ies  i n  each co u n try. 
Most  d ec i s i o n  make rs i n  t h e  i n st i 
t u t i o n s  respo n s i b l e fo r l i vestock 
p rod uc t ion  and w i l d l i fe co n s e rva 
t i o n  a re n ow awa re of the  n eed to 
i n c l u d e  w i l d l i fe in p rogra m mes  to 
con t ra i  e p i d e m i c  l ivestock d i s 
eases ,  wh i c h  h ave h i t h e rt o  
focu sed exc l u s ive ly  o n  d o m e st i c  
a n i ma i s .  

T h e  p resence o f  stra i n s  w i t h  low 
v i r u l e n ce, w h i c h  are d i ff i cu l t  to  
detect, has yet  to be confi rmed .  To 
t h i s  e n d, better  too l s  a re needed 
fo r d i agnos i ng a n d  m o n i to r i n g  
t h e  d i sease.  T h i s  i n c l u d es i d e n t i 
fy i n g t h e  best  sen t i n e !  spec ies  
a n d  mon i tor i n g  the  spec i f ic ity a n d  
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sens i t i v i ty of the  d i agnost ic  assays 
ava i l ab l e  (c -E l i sa H and c- E l i sa N ) .  
Th ree  C I RAD p rog ra m m es a re 
heav i l y  i nvo lved i n  th i s  re searc h .  

d e pe n d i n g  o n  ad m i n i s t rat i ve 
reg ion ,  we re affected by t u be rcu 
l o s i s , w i th  an ave rage of 10  to 1 5% 
of an i m a i s  i n fected .  The  p ropor
t i on  of the  h e rd affected by b r u 
ce l l os i s  ran ged from u nde r  1 0% to 
75%. As da i r i e s  a re demand i ng 
safe r m i l k  fo r co n s u m e rs, a food 
hyg i e n e  l a b o rato ry has been  
esta b l i sh ed a t  Mbara ra U n ive rs i ty. 
S tu d i e s  are on goi n g, w i th  a l a rge r 
sam p l e  of da i ry fa rms  n ow i n 
c l uded .  

Da i ry fa rms  have been  m o n i 
! tored . A fram ewo rk  fo r d i ffe re n t i 
: a t i  n g  econom i c  st rateg ie s  acco rd
@ 

i n g to fa rm type h as been  
The research con d u cted b y  o u r  
an i ma l  pro d u ct ion  p rogra m m e  
focuses on three majo r  themes : 
aq uacu ltu re, m o nogastr ics and  
dairy ruminants. The  programme's 
o bject ives  a re th reefo l d : to 
i m p rove our u n de rsta n d i n g  of 
the mechan isms  of heat adapt
ation  i n  domestic an imai s, i nc lud
ing  the genet ic bas i s  and  changes 
i n  feed ing behav iour  and  m etab 
o l i s m; to eva l uate and  mode l  
productiv ity a s  a fu n ct ion of feed 
q uantity an d q ua l i ty, h ealth and 
the use of i nputs; and to assess the 
effectiveness of co m mod ity and 
production systems for m i l k, meat 
and work, with i ncreas ing e m pha
s i s  on  qua l i ty. Wo rk i n  ai l  three 
areas leads to the deve lopment of 
dec is ion support too l s .  

The Mbarara dairy basin 
in Uganda 
S i n ce 1 997, C I RAD has been  s u p
po r t i n g  da i ry deve l o p m en t  i n  
U ganda's M barara bas i n .  Befo re 
iden t i fy ing poss i b l e  i n te rven t ions, 
fa rm types were characte r i zed and 
co n st ra i nts were i dent i f i ed . 

deve l oped . Fo r sma l l - sca l e  p ro
d u ce rs, m i l k  rep resents o n ly 5% of 
total fa rm i n carne, whe reas for 
fa rme rs with l a rge r h o l d i ngs i t  
may acco u nt fo r 25%.  Fo r a l l  fa rm
e rs, veter i  na ry costs a re s i g n  i f i -
can t - amou  nt i  n g  to u p  to 80% of  
ope rat i n g  cos t s  for  s m a l l - sca l e  
p rod u ce r s .  T h e  A n ko l e  a n d  
F r i e s i an  b reeds  kept b y  fa rm e rs 
d i ffe r g reat ly  i n  th e i r  growt h cha r
acte r i s t i cs :  b i rt h  we igh t  i s  25 k i l o 
grammes  fo r A n ko l e  ca lves and  38  
k i l og ra m m es fo r F r i e s i an  ca lves,  
wi th a correspond i n g  d i ffe rence in 
the rate of we i gh t  ga i n  to  s i x  
mon th s .  T h e  g rowth o f  A n ko l e  
calves var ies great ly, howeve r, s u g
ges t i  ng  a poten t i a l  fo r i m p rov i n g  
t h e  pe rfo rmance of t h i s  b reed . 

An  an i m a l  h ea l t h  s u rvey } 
revea led that 70 to 90% of he rd s, � 
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Last ly, to ove rcom e  feed s h o rt
ages du r i n g  the d ry season ,  o n 
fa rm feed i n g t r i a l s u s i n g  Chloris 
gayana and Dolichos !ab/ab were 
conducted . The costs of prod u c i ng  
these  feed s we re ca lcu lated o n  20 
fa rms .  Prod u ct ion  of fresh b iomass 
a lone cost  FF  300 (€ 45.52) pe r acre 
pe r  yea r, an amou n t  equ iva l en t  to 
the sa l e  of 300 1 i t res of fre s h  mi I k, 
wh i l e p rod uc i ng  hay cost a fu r the r  
F F  1 00 (€ 1 5 . 7 ) .  To these  cos t s  
s h o u ld be added those  of seed 
p rod u ct i on , amou n t i ng  to F F  350 
(€ 53.1 1 )  fo r 20 k i log ram mes  at t he  
l oca l  ma r ket p r i ce .  At p rese nt ,  
cows p rod u ce a ro u n d 2 to 5 l i t re s  
of m i l k  pe r  day. The  i m pact of 
i n te n s i f i cat i on  of the feed com
ponen t  on m i l k  y i e l d s  w i l l  be 
m easu red in  s u b seq u e n t  t r i a l s .  
Oth e r  t r i a l s  have s h own that t he  
l oca l  p rod u ct i on  of m i n e ra i  feed 
b lacks  is eco n o m i ca l ly attract ive, 
as a l so is t he  u se of agro- i nd u st r i a l  
res i d ues, s uch as cotton seed cake, 
s u ga rcane  byprod u cts  and  b rew
i n g  wastes .  

Modeling the productivity 
of small ruminants 
l n c reas i n g t h e  p rod u ct i v i ty o f  
s m a l l  r u m i n a n t s  i s  e s pec i a l l y  
i m po rtant  i n  wa rm c l i mates .  A n i 
m a l  feed a n d  hea l th  expe rts need 
m ethods  fo r d i ag n os i n g  n eeds  

An i mal  product ion a n d  vete r i nary med ic ine  

Taking milk 
to market, 
Mbarara, 
Uganda. 
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The first reaction to heat stress 
in poultry is to hold out the wings 

and accelerate respiration 
to increase heat /oss. 

and  eva l u at i n g t he  i m pact of th e i r  
i n te rven t i on s .  

C I RAD ha s  l ong  u n d e r ta ke n 
research i n  t h i s  a rea, devot i n g i t s  
ear ly  effo rts to t he  deve lopment 
of s u  rvey methods  and data bases 
as we l l  as to the d i s se m i nat i on  of  
r e s  u I t s . Toda  y, t h  e Ce n t  r e i s 
i n vo lved  m a i n l y i n  mode l i n g 
resea rch .  Fo r exam p le, u s i n g pop
u l at i o n  g rowth mode l s, a t he s i s  
ca n d idate has  j u st deve l oped a 
methodo l ogy fo r t he  com parat ive 
a na lys i s  of f loc k p rod u ct iv i ty. 

Conve n t i o n a l  me thods  u se 
Le s l i e - m at r i x  m o d e l s  w i t h  a n  
a n n ua l  t i m e- step; t h i s  i s  i napp ro
p r i ate fo r spec i e s  w i th  a re lat i ve ly 
s ho rt b reed i ng cyc l e  and  in wh i ch 
b i r ths  a re sp read t h roughou t  the  
yea r. 

The new methodo l ogy, wh i c h  
p red i cts f lock t rend s  a t  fo rtn ight ly 

i n te rva l s  fo r d i f-
fe re n t  s ex a nd  
age c lasses, takes 
t h e  a n i m a i s ' 
who le  l i fe-cyc l e  
i n to acco u n t i n  
c a l c u l a t i n g  
p ro d u c t i v i t y. 
Between - and  
w i t h i n - ye a r  
va r i at i o n s  i n  

A survey t h e  pa ram ete r s  of f l o ck  
of peste g rowth - fecu  n d i ty, mo rta l i ty, off

des pet i ts ta ke a n d  feed i n take - a n d  i n  
ru m i nants we i gh t i n g  facto rs  s u c h  a s  s a l e  

i n  Senegal. p r i ce and  we i gh t  of  an i ma i s  a re 
rep resented at t he  same t i me .  

T he  m od e l  a l l ows u se r s  to 
determ i n e  the  ove ra l l p rod u ct iv i ty 
of a f l ock  and  the  reasons  fo r d i f
fe ren ces  between  f locks .  l t  p ro
v i des i n d i cato rs of  p rod uct iv i ty 
t h at a r e  m o re ro b u st t h a n  
t ho se  obta i n ed  u s i n g c l as s i ca l  
app roaches .  

A n i ma l  p roduct ion and  vete r ina ry med ic ine  

The method was va l i dated u s i ng  
f i e l d  data co l l ec ted on  s h eep  
f locks  i n  Senega l ,  u nde r  a j o i n t  
I S RA-C I RAD p rogramme  on  sma l l 
r u m i nan t  hea l t h  and  p rod u ct i v i ty. 
l t  can be u sed d i rect ly i n  t he  f i e l d  
and ,  i n  many  sett i n gs, i t  can be  
app l  ied to  spec ies  othe r  t han  sma l  1 
ru m i nants .  Seve ra i C l  RAD p ro jects 
i n tend to u se the method,  i n c l ud 
i ng stud i e s  of catt l e  he rd s  i n  Sene
ga l  and  Uganda and  the  st udy  on  
CBPP  i n  Eth i op i a . O the r  p ro j ects 
cou Id  a l so benef i t, i n c l u d i ng those 
on the manage m e n t  o f  r a n c h  
en te rp r i ses  and  w i l d l i fe popu la
t i o n s .  

Poultry production 
and public health 
l n  Se nega l ,  e spec i a l l y  a ro u n d  
Daka r, a sem i - i  n d  u st r i a l  pou  l t ry 
secto r  has  d eve l oped ove r t he  
past decade .  The  c h i cken  p ro
d u ced by these modern  factory 
fa rms  i s  the c heapest  m eat ava i l 
ab l e  t o  con s u m e rs .  B u t  t he  food 
sca res  t hat h ave h i t  E u rope have 
a l s o  den ted t h e  con f i dence  of  
Afr i can  con s u m e rs .  

The f i rst step  towa rds resto r i n g  
co n s u me r  conf i d en ce and  p ro
tect i ng  the  nat i ona l  pou  l t ry secto r 
i s  to ga i n  a bette r u nderstand i ng of 
the hea l th  r i s k s  assoc iated w i th  
eat i n g  loca l l y  p rod u ced c h i c ken .  
Resea rch  co n d u cted by  I S RA's 
pou l t ry d i sease laboratory foc u ses 
on  the  potent i a l  fo r contam i n at ion  
by m i c ro-o rgan i sms  and the  detec-

t i on  of d rug  res i d u es in meat .  l t  
a i m s  t o  i den t i fy t h e  r i s ks assoc i 
ated w i th  each  stage of the  com
m od i ty sys t em :  ha tch  e ry, h u s 
band ry, s l aughte r, po i n t of sa le  and 
resta u ran t .  At  t he  same t i me, the  
et i o l ogy of d i a r r hoea i n  h u man 
be i ngs i s  be ing  i nvest i gated as a 
bas i s  fo r asses s i ng  t he  i m pact of 
pou l t ry m eat co n s u m pt i o n  o n  
p u b l i c  h ea l t h .  

Ou t  of  500 c h  i c ken  carcasses 
ana lysed, o n ly 1 0% we re sat i s fac
to ry accord i ng to E u ropean stan 
da rd s, wh i l e  a fu rth e r  1 6% we re 
acceptab l e, but 76% we re not .  
The h igh  leve l s  of conta m i nat i on  
fou n d - ae r o b i c  f l o ra s u rv i v i n g  
at amb i e n t  tem pe ratu res,  h eat
to l e ran t  Esch erichia coti a n d  
Staphylococcus bacte r i a  that we re 
as su med to be pathogen i c - we re 
often the  resu lt of poo r hyg i ene  
cond i t i o n s  a t  the  h u s band ry stage 
but occu rred most freq uent ly  d u r
i ng s l a ugh te r. H oweve r, re lat ive ly  
few m ic robes t hat were  act u a l ly 
pathoge n i c  were i so l ated : Salmo
nella i n  1 0% of s k i n sam p le s  and  
7% of m u sc l e  sam p l es, Campy
lobacter ( m ost l y C. jejuni  a n d  
C. coti) i n  32% o f  carcasses .  F i fteen 
d i ffe ren t  se rotypes of  s a lmone l l a  
were i den t i f i ed, one  of wh i c h  was 
new and  s howed m u l t i p l e  res i st
a n ce to an t i b i ot i cs .  l m p rovi ng  the  
hyg i ene  cond i t i o n s  a t  d i ffe rent  
stages of  p rod u ct i on  wou l d b r i n g  
abou t  an  i m med i ate red uc t ion  i n  
t he  conta m i nat i on  of ca rcas ses  
w i th  bacte r i a .  



l n  resta u rants  too, i m p roved 
hyg i e ne  p roced u res n eed to be 
pu t  in p l ace. Cont rary to what i s  
ge n e ra l l y a s su med ,  path oge n i c  
bacte r i a  are not a lways k i l l ed d u r
i n g  cook i ng, espec i a l l y  i n  d i s hes 
whe re meat i s  se rved i n  a sauce .  

We do not yet know whethe r  
t he  pathogen ic st ra i n s  of bacte r i a  
fou nd i n  meat a re genet ica l ly iden 
t i ca l  to  th ose fou nd i n  h u man 
d i a r rhoea. I f  t hey a re, th i s  wi l l  be  
a dec i s ive moment  i n  t he  d r ive to  
i m p rove the  food safety of l oca l ly 
p rod u ced meat .  

B luetongue disease 
in Corsican sheep 
l n  August 2000 an ou tb reak of 
b l u eto n g u e  d i sease  in s h eep  
occu  r red i n  Sa rd i n  i a . The  ne i gh 
bou  r i n g  i s l a nd  of  Co rs i ca was 

· d i rect ly t h reatened .  l n  m i d -Sep
tem be r, France's 
D i  r e c t o  r a t e  
G e n e ra l  fo r 
Food estab
l i s h ed a mon -
i to r i n g  operat i on ,  
C I RAD's vi rology and  
e n t o m o l ogy tea m s  
were  m o b i l i zed a n d  
l i n ks we re estab l i s h ed 
wi th the  Cors i can veter i nary 
se rv i ces .  

B l u etongue  i s  a v i ra l  d i sease 
t ran sm i tted by b i t i ng  i n sects of the 
C u l i c i d ae fam i l y. l n  te m p e rate 
a reas ,  whe re the i n sect vecto r  

] does  not s u rv ive the  wi n te r, t he  
·� f i r s t  c l i n i ca l  s i gn s  of  t he  d i sease 
ci appear  towards  the end of su m
© mer. The d i sease s p reads q u i c k ly, 

The cha l lenge faci ng  C I RAD's an i - affect i ng most an i ma i s, bu t  tai l s  off 
mal hea lth team i s  to mon itor and 
contra i  the majo r  trop ica l  l ive 
stock  d iseases : r i n de rpest, peste 
des petits ruminan ts and  Afri can  
swi ne  feve r, contagious  bov i ne  
and  capr i n e  p l eu ropneumon i a, 
trypanosomiasis and other  vector
borne d iseases. The research p ro
gramme  focuses o n  the deve lop
ment  of d i agnost i c  too ls ,  
mo lecu lar  stud ies on  ep idem io l 
ogy, t he  s tudy  o f  i m m u ne 
responses and  vacc i ne  deve lop
ment, the ident i f icat ion of genetic 
markers fo r res i stance or  suscep
t i b i l i ty to d i seases, and ep idem i 
o log ica l su rveys. l n 2000, t h e  p ro
g ra m me dea l t  w i th e m e rg i ng  
d i seases i n  France, i n  add i t ion  to 
i ts no rmal activ i t ies in deve lop ing  
cou ntr ies . 

a s  w i n ter  sets  i n .  
The  sym ptoms  o f  t h i s  s e r i o u s  

d i sease a r e  feve r, d i s cha rges f rom 
the nose and  m o uth ,  i n f l amed 
sk i n  and  a swo l l e n  tangue, wh ich  
m ay t u rn da rk  red  o r  b l u e, b l i s 
te red and  swo l l e n  m ucou s  mem
b ranes ,  and l ameness .  

E ntomo log ica l  s u  rveys, d u  r i ng  
wh ich  13  000 i n sects we re t rapped 
and ana lysed, s howed that Culi
coides imicola, wh i ch  i s  con s i d 
e red to be the  p r i n c i pa l  vecto r o f  
t he  d i sease i n  t he  t rop i cs, had 
a r r ived in Co rs i ca .  The sp read of 
the i n sect in the sou th  of the 
i s l a nd  in ear ly October  p receded 
the f i rst ou tb reaks  of the d i sease 
by a few days.  

N ear ly  14 000 d i agnost i c  tests 
we re ca r r i ed out on  the s u scept i 
b l e  r u m i nant  popu lat ion .  The tests 
s howed that the i n fect ion ,  i n i t i a l l y  

conf i ned to the sou th  of the i s l and, 
h ad f i rst sp read no rthwa rds  t hen  
affected the  e n t i re i s l and a t  a l t i 
t u des  be low 900 metres .  

By the t ime the  ep i dem i c  was 
s u bs i d i n g, in  m id -December  2000, 
t he  l aborato ry h ad confi rmed t h e  
p resence of t he  d i sease i n  ove r s i x  

o u t  of t e n  a n i m a i s .  
The  cases  exam 
i n ed acco u n ted 
fo r a ro u nd 1 4  807 
sheep. Th i rty-two 
per  cent  of t h e  

an i ma i s  i n fected 
e i t h e r  d i ed f r om  

t he  d i sease o r  were 
s l a u ghte red i n  t h e  

f i na l  stages as a p reven t ive 
meas u re .  

Than k s  to the resou  rces assem 
b l ed to tack l e  t he  d i sease,  t h e  
D i recto rate Gene ra l  fo r Food was 
ab l e  to act rap i d ly to conta i n i t .  
Rest r i ct i o n s  on  the  movemen t  of 
an i ma i s  were app l i ed in Octobe r. 
A vacc i nat i on  cam pa ign was co n 
d u cted i n  t he  wi nter  of 2000-2001 , 
to p reven t  the  d i sease from  f l a  r i n g  
u p  aga i n  i n  the  spr i ng  i f, a s  seemed 
1 i ke ly, t he  vector had su rv ived . l t  i s  
s t i l l  d i ff i c u l t to guarantee that t he  
measu res ta ken  have been en t i  r e l  y 
s u ccessfu l .  C I RAD wi l l  rem a i n  o n  
t he  a l e rt i n  2001 , ready t o  pa rt i c i 
pate i n  t he  con t ra i  of t h i s  eme rg
i ng d i sease .  

Advances in control l ing 
contagious bovine 
p leuropneumonia 
l m p rov i n g  ex 1 s t 1 n g  vacc i n es ,  
deve lop i ng  new ones  and  i d en t i 
fy i n g  genet i c  ma rke rs fo r res i st
ance or s u scept i b i l i ty to the d i s 
ea se :  t h ese  a re t h e  l i n e s  of  
resea rch  p u  rs u ed at  C l  RAD to 
con t ra i  CBPP, a d i sease that can 
h ave d i sa st r o u s  co n seq u e nces ,  
espec i a l l y  i n  Afr i ca .  

A n i mal p rod uct ion and vete ri nary med ici ne 
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The vacc ines eu rrent ly ava i 1 -
ab le, T1 /44 and T1 /SR, have been 
f ie ld tested. When cha l lenged with 
the disease 1 5  months after admin
istration of the vacc ine, 80% of ani 
mais were immune when T1 /44 
was used, but on ly  30% when 
T1 /SR was used. A booster admin
istered after 1 year improved pro
tect ion levels :  in a test conducted 
3 months after the booster, 96% 
and 80% of animais boosted with 
T1 /44 and T1 /SR respect ive ly were 
immune. Regu lar revacc inat ion 
would thus be highly effective. The 
durat ion of immuni ty and the 
effect of inc reased doses wi l l  be 
tested in future tr i a l s. 

C l  RAD 's scient i sts are invest i 
gat ing two poss ib le new types of 
vacc ine: a recombinant or subunit  
vacc ine and a delet ion mutant 
vacc ine. Thei r fi rst task was to 
understand the mechanisms by 
which anima is protect themselves 
a ga in  st the d i  sease. Research 
showed that immune responses to 
CBPP  are cel l -med i ated and 
invo lve cytotox ic  T-cel l s, most ly  T
he lper ce l l s, which secrete h igh 
leve ls of gamma interferon. The 
second step is to identi fy the pro
tect ive ant igens and the compo
nents that determ i ne v iru lence. 
Var ious ant igens 

screened. The v i rulence factors 
are be ing ident i f i ed through 
molecul ar ana lys is. 

A prel im inary study i s  under 
way to explore the poss ib le ex is
tence of genes that code for sus
cept ib i l i ty or res istance to CBPP. 
The study targets a gene known as 
ORB3, located in the major h isto
compat ib i l i ty complex in catt le 
(BoLA). Marker studies us ing poly
merase cha in react ion (PCR) and 
restr i ct ion fragment length poly
morph ism (RF LP)  have shown two 
s ign i f i cant correl at ions between 
a l le les of the BoLA-DRB3 gene 
and res istance or suscept ib i l i ty to 
CBPP. These correla t ions have 
enabled our sc ient ists to form 
popu l at ions of an imais w i th a 
known genetic  status, so that vac
c ines w i l l  be tested only on ani 
mais known to be susceptib le. 

Vaccines against 
heartwater 
Heartwater is a fata l d isease of 
ruminants. l ts causa l agent, Cow
dria ruminan tum, i s  transmitted by 
b i t ing t icks of the genus Ambly
omma. Endemic  in sub-Saharan 
Afr ica, Madagascar and parts of 
the West lndies, th is major d isease 

of catt le is d iff icu l t  to 
have been 
se lected for 
the i r  ab i l i ty 
to tr igger the 
synthes is  of 
gamma inter
feron. Four 
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proteins found in 
the pathogen have been 
c loned and expressed by one of 
CIRAD 's pa rtners in th is  work, 
and these a re now being tested. 
One protein, which st imulates the 
synthes is  of interferon, has been 
selected for c lon ing and express
ing in a v i rus vector, the capr ipox 
v i rus. Other proteins w i l l  a l so be 
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tor. Moreover, 
the d i vers i ty of b io

types found in  d i fferent geo
graph ica l  areas is a constant th reat 
to efforts to conta in the d isease. 
An experi menta l fi rst-generat ion 
vacc ine, consist ing of inactivated 
organisms administered with adju
vants, was developed at Cl  RAD. At 
the same t ime, mo lecu lar 

Vaccination in southern Sudan. 

approaches were developed to 
help  d iagnose and character ize 
the di fferent stra ins of Cowdria 
fou nd in t icks or in the blood cel ls 
of ruminants. Once these stra ins 
have been iso l ated in vi tro, i t  
should  prove poss ib le to develop 
an 'à la carte ' vacc ine ta i lored to 
spec i f i c  outbreaks. Tr i a l s are now 
start ing w i th nat iona l partners in 
Senega l ,  Burk ina Faso, Kenya, 
South Afr ica and Mozambique, 
a imed at determin ing the eff i cacy 
of the vacc ine in different l ivestock 
production systems. 

The costs of produc ing an 
inactivated or dead vacc ine are 
nevertheless high, so the ma in 
emphasis of our research fa l l s 
on recombinant vacc ines, us ing 
a mu l t id i sc ip l inary approach. 
l mmuno log ica l  stud ies have 
shown that immune responses 
aga inst heartwater are produced 
by a populat ion of T-ce l l s that 
secrete gamma interferon. These 
cel l s, taken from immune animais, 
enable sc ient i sts to screen the 



'proteome' -the ent ire set of pro
te ins expressed by a genome-of 
Cowdria, so as to ident ify the frac
t ion of proteins that act as ant i 
gens. Separat ion in a two-di men
s ional gel and micro-sequencing 
of the isolated proteins will enable 
the scientists to pinpoint the rel
evant genes within the entire Cow
dria genome sequence. At present, 
we have nearly f in ished sequenc
ing the genome of two strains of 
Cowdria. Once we have the com
plete sequence, we plan to study 
the express ion of the key genes, 
using DNA micro-array techniques. 
However, an appropr iate vector 
wi ll still be needed to inoculate 
rum inants with the genes confer
r ing the i m mune response. An 
attenuated capripox v irus, recom
bined with a synthetic gene coding 
for the major Cowdria ant igen 
(MAP1), is being used as a model 
for opt im iz ing the express ion of 
bacterial genes in mammal ian cells 
in vitro. Tr ials on l ive animais will 
begin soon. Severa! genes can be 
introduced into this vector, mak
ing it a choice candidate for a 
recombinant mult ivalent vaccine. 

Cow infected 
with CBPP 

1 n the year  2000, the department  
began  offe r i ng  trai n i n g  i n  two 
new fie l ds:  ep idemio logica l  su r 
vei l lance and w i l d l i fe . 

Epidem iological survei llance is a 
core act iv i ty in ai l veter inary serv
ices. An effect ive network for col
lect i ng data on an- i m al health 
should involve partners in bath 
the publ ic  and pr ivate sectors, 
who must share a common 
approach and procedures. The 
survey techniques must be flexible 
enough to adapt to changing live
stock product ion systems and the 
emergence of new diseases, espe
cially those that can be transmitted 
to man. Somet imes, wildl ife pop
ulations must also be surveyed. 
Sizeable amounts of data may be 
collected and these must be cor
rectly handled to extract rel iable 
informat ion that can serve as the 
bas i s  for effecti ve intervent ion. 

Planning and organiz ing an 
ep idem iolog ical survey net

work is the su bject of the f i rst 
four-week module of our 

new tra in ing course on this  
subject. A second module, last ing 
a further three weeks, covers the 
tools ava ilable for managing and 
processing the data collected dur
ing surveys. Bath modules are 
i ntended to add ress the needs of 
nat ional su rvey teams. The course 
for ms  an i ntegral part of two 
higher nat ional diploma courses 
ava i lable in France: the cert i f icate 
of advanced veter inary studies on 
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animal diseases in warm cl i mates, 
offered by the nat ional veter inary 
school in Toulouse, and the cer
t i f icate of h igher studies in animal 
epidemiology, offered by the 
nat ional veter inary school in 
Ma isons-Alfort. 

W i  Id I i fe and i ts habitats offer 
local populat ions a resou rce that 
is important for food and for a 
range of other purposes: hunting 
and gather ing, husbandry and 
-more recently-ecotour i sm. 
Entrust ing the conservat ion and 
use of this  b iodivers i ty to local 
communit ies is the best way of 
guarantee i ng sustainable, con
trolled development. The integra
t ion of wi ldlife perspect i ves and 
object i ves into the planning and 
i mplementat ion of development 
act iv i t i es is the subject of another 
new CIRAD course. The course is 
orientated towards national staff 
work ing in l ivestock or natural 
resou rce management depart
ments. lt also welcomes students 
from the veter inary schools in 
Nantes and Lyons. And i t  i s  an 
opt ion in the course on animal 
product ion in warm cl imates 
offered by the Montpell ier 1 1  Uni
vers i ty and co-organ ized with 
CIRAD. • 

Checking data collection sheets 
in Ndiagne, Senegal. 

A n i mal  prod uct ion and veter i nary med i ci n e 
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Forestry 

F 
oresters are accustomed to working 
to a long time-horizon. Appropriately, 
then, it wi/1 have taken 3 years of 

in ternai discussions and externat 
consultations for CIRAD 's Forestry 
Department to assess the changes taking 
place in the world around it and to transla te 
these into a coherent stra tegic plan for the 
years to came. Over the next few decades, 
trends in the demand for wood and other 
forest products wi/1 continue to reflect 
world popula tion growth . Between now and 
the year 2050, an extra three billion human 
beings wi/1 need access not on/y to food but 
a lso to the energy required to process it and 
to the materials necessary to build a shelter 
in which to live and work. The department 's 
s trategic choices for the period 2000-2004 
take in to account the human dimensions of 
the forest management challenge and 
emphasize a holistic approach to the 
themes tha t  wi/1 be addressed through 
development-orienta ted research . Because 
of their na tural and social functions, forests 
are often afforded the sta tus of a public 
good inten ded for the benefit of a l/ 
mankind- a status thrown in to sharp relief 
by the recent in ternational conventions on 
such tapies as biodiversity, global warming 
and desertification. Resolving the 
contradictions between global imperatives 

and local needs has become a central theme 
of our research . 
The new constella tion of problems facing 
research was reflected in the recent strategic 
planning exercise conducted by Cf RAD as a 
whole. As part of this exercise, different 
research objectives were compared with the 
human resources available to achieve them. 
The outcome was tha t  some 15 extra 
scientists either were recruited during the 
year 2000 or are about to be recruited, in 
fields ranging from socio!ogy to functional 
genom,cs . 
Science in the service of mankind was the 
subject of  much debate at  the world 
congress of the International Union of 
Forestry Research Organizations (IUFRO) 
which was held in August in Kuala Lumpu0 
Malaysia .  The department was we/1 
represented at the congress and p!ayed an 
active part in the discussions there. 



There is grow i ng  awareness 
worldwide of the need to p re
serve the  fragile balance of the 
env i ron ment, th reatened as i t  is 
by deforestati on, global climate 
change and  the green h o use 
effect. The effective management 
of forests, which a re a renewable 
natu ral resou rce, requ i res u nder
stand ing  and m anagement of the 
many  i n teract i o ns between 
h uman bei ngs and  the complex 
wo rk i ngs of fo rest ecosystems. 
Aga i nst th is backgro u n d , o u r  
natu ral forests program me a ims 
to develop the regulato ry tools 
and i nstitutional i nnovations need
ed to support effective manage
ment and to improve understand
i ng of fo rest ecosystems. The 
ult imate objective is sound man
agement of  a i l  the areas that are, o r  
could be, used for fo restry. 

Research I nstitute ( 1 N RA) and  
1 nstitute o f  Research for Develop
ment  (IRD), besides those of 
CIRAD. More broadly, these sys
tems are part of a global trend 
towards greater exchange and dis
semination of scientific data. The 
Global Forest Information Service 
(GFIS) has been established by 
IUFRO, the Food and Agriculture 
0 rgan ization of the United 
Nations ( FAO) and the European 
Union  ( EU) for the benefit of all 
developing countries. l nitially, this 
service will be directed primarily 
towards African cou ntries, i ncl ud
ing Gabon,  Ghana, Kenya, Malawi, 
Senegal and Zimbabwe. CIRAD 
actively supports this initiative. 

For an information system to 
fulfil its purpose as an aid to deci
sio n  making and management, 

] the data it contains must be struc
] tured according to end use. For 
� example, TANGO, a tool devel-

Forestry information systems 
Forestry information systems com
prise a set of tools designed to 
integrate and make accessible to 
users various kinds of forestry
related informatio n,  including 
geograph ical, socio-eco n om ic, 
environmental and tree measure
ment databases. Cl RAD's priorities 
in this field are to support the 
exchange of scientific informa
tion ,  better management of forest 
areas, and spatial data analysis at 
different scales. 

A means of bath disseminating 
existing research results and gen
erating  data o n  new research 
the mes, forestry information sys
tems are fast becoming a vehicle 
for dialogue between researchers 
globally. For example, Arlequin, a 
website run by researchers in 
French Guiana, will be our part
ners' gateway to the databases 
of France's National Agronomie 

oped by CIRAD for monitoring 
and managing forest plantations in 
New Caledonia, offers a custom
made cartographie interface devel
oped for the forestry services of 
the island's North province. The 
databases that can be loaded 
i ncl ude maps of specific forest 

resou rces, a record of manage
ment  in terventio ns and road 
building works, details of plan ned 
operations, and an n ual statistical 
reports. Other countries that have 

Forestry 
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in Gabon. 
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Women 
collecting 
firewood, 

Burkina Faso. 

already expressed an interest in 
adapting this tool to their needs 
include French Polynesia, Laos 
and Viet nam. 

The information system as a tool 
for analysi ng spatial information 
its third fu nction-can be applied 
at the level of the whole forest or 
of smaller tree stands. As such it 
can be used to model tree growth 
and mortality or forest regenera
tion after felling. Applied on larger 
scales, it can be used to st udy 
trends in forest landscapes or to 
identify new sites suitable for tree 
planting. 

Non-forest trees 

The quan tificat ion of global forest 
resou rces and of the ti m ber and 
non-timber products they contain 
has improved markedly over the 
years. The same can not be said of 
ru rai and u rban non -forest trees, 
which are widely scattered and 
multi-purpose in nature. At the 

sion makers, 
plan ners and 
donors. 

Rural non
forest trees 
are in tegrated 
into local pro
ductio n sys
tems by farmers 
and pastoralists. 
On pioneer fronts, they help to 
offset forest losses and to recreate 
a tree cover where deforestation is 
well advanced. Their social and 
eu  lt u rai fu nctions-in landscapes, 
as ornamentals, or as objects of 
religious  or symbolic value-can 
be as important as their productive 
or ecological fu nctions. They con
tribu te greatly to people 's  liveli
hoods in both u rban and ru rai 
areas. 

Left o u t of conventional man
agement plans and u ncou nted in 
national statistics, non-forest tree 
resou rces distort the forecasts 
made in national plans, especially 
as regards the fu ture supply of 
firewood. Eight case st udies con
ducted by national experts arou nd 
the world were selected to enrich 
o u  r del i berations. They i 1 1  u strate 
both the wealth of this highly 
diverse resource and the diffi
culty of evaluating it accurately. 

The st udy, which covers all the 
� world's regions (both tropical and 

:-1 temperate) ,  will be published in 

� ..,�)._J, _ ·--
� � French and English in 2001 and in 

Spanish in 2002. 
request of the FAO, and specifi
cal ly of its global Forest Res ou  rces 
Assessment  programme ( FRA 
2000) ,  a mu ltidisciplinary team of 
CIRAD researchers has conducted 
an initial analysis and synthesis of 
available information on  this rich 
bu t  freq u en tly overloo ked re
sou rce. The ai m was to develop a 
better concept ual framework for 
dealing with non-forest trees, so as 
to build awareness among deci-

Forestry 

Modeling forest growth 

ln tropical forests as in temperate 
ones, tree growth varies according 
to species, soil type, local climatic 
conditions and popu lation char
acteristics, which determine com
petition for space and light. lt is 
the latter set of characteristics 
that are the subject of forest man
agement. Clarifying and u nder-

Conducting an 
annual species 
inventory 

in French Guiana. 

standing these relationships 
within models of forest dynamics 
makes it possible to test the 
robustness of a n umber of bio
logical hypotheses and the possi
ble consequences of different  sil
vicu lt u  rai scenarios. A forest 
growth modeling platform is 
u nder development by CIRAD and 
1 N RA. The platform, known as 
CAPSIS, simu lates the growth of 
trees in stands in response to dif
ferent silvicultural interventions. lt 
offers a common environment  in 
which the development and appli
cation of models of forest dynam
ics can be shared by differen t  
users. Those developing the plat
form make the resu lts of thei r 
work available to the scientific 
commu nity, whose members meet 
regu larly to redefine needs and 
share experiences. The users, 
i ncl ud i ng instit u tions such as the 
French National Forest I nventory 
(IFN) and National Forests Board 
(ONF) ,  en joy easy access in either 
a PC or a Macin tosh environ ment. 
CAPSIS is u sefu l  not on ly in  
forestry research and manage
ment  bu t  also in training. 

At presen t  CAPSIS supports 
aro u nd 10 models. ln  2001 , the 
SELVA model, which describes tree 
growth dynamics in a hum id trop
ical forest aro u nd Paraco u ,  
i n  French Guiana, will be in te
grated. l t  will then be possible to 
bu ild a model that simulates the 
spatial dynamics of heteroge
neous, variable or mixed popula
tions in differen t forest contexts, 
either natural or managed. l n  addi
tion ,  links with other software 

I 
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packages describing wood quality 
or growth will broaden the scope 
of applications still further. At the 
same time, an index of the differ
ent models available will be 
posted on the Internet. 

T rees and plantations 

Our trees and p lantat ions  pro
gramme concentrates on  the eco
nomic and envi ro n m enta l  cha l 
l e nges  assoc i ated w i th  fo res t  
p l antations at e i ther  v i l l age or  
i ndustr ial l eve l  and  with agro
forestry. Project i on s  o f  g l oba l  
demand for wood show that natu 
ra l  forests a tone  w i l l  be  unab le  to 
meet the demand . 

Okoumé in Gabon
At the request of the Government 
of Gabon, a study was conducted 
on the costs and benefits of plant
i ng okoumé (A ucoumea klai
neana).  Plantations of this timber 
species were established on 28 000 
hectares between 1 953 and 1 993 .  
The study req u i red an eval uation 
of the current state of plantations, 
which was assessed using previous 
inventories u pdated on the basis 
of field observations, and the 
development of a growth model. 
After estimating the future growth 
of plantations, management sce
narios were developed, taking into 
account the products most likely 

to be in demand from industry. tions in the short term and the 
The costs of planting and man- licensing arrangements associated 

aging a forest were estab-
.. 

with privatization. 
lished, together with ��\;f .., "_. � J One of the 
the costs of prepara
tory operations for off
take. Depending on 
the scenario envisaged, 
the costs of regenerating 
and managing subsequent 
plantations were estimated, 
with the analysis extended to 
caver the felling of a second 
rotation, 1 20 years after the ini
tial planti ng. 

This economic and financial 
modeling exercise allowed the 
calcu lation of i nternal rates of 

original fea-
tures of this 

work has been 
our attempt to 

cal eu late the car
bon balance at the 

end of each rotation 
and to include in the eco-
nomic analysis a value for 
carbon sequestration, in line 
with the so-called ' clean 
development' mechanism 
proposed by the Kyoto pro
tocol (see below). If these 

return according to different Okoumé carbon values are correct, 
they profoundly modify the 

economic rationale in favour of a 
more sustainability-orientated 
management regime. 

scenarios ranging from clear
felling of ail trees to the offtake of 
individuals when trunk diameter 
reached a minimum level, which 
cou Id be varied. This had implica
tions for the second rotation, 
which could consist either of 
replanti ngs or of natu rai regener
atio n, assisted to a greater or 
lesser degree according to the 
intensity of offtake during the 
first rotation. 

The management of okoumé
plantations is a textbook case in 
which the viability of develop
ment, including its environ mental 
constrai nts, clashes with the prof
itabi I ity required by the private 
sector. A choice must be made 
between two approaches to the 
management of reforested areas: 
the focus must be either on pro
ductivity pure and simple, with the 
are a seen as separate from natu rai 
forest, or on reconstituti ng and 
optimizing the use of a degraded 
forest heritage, in which case the 
area is managed as an integral part 
of the natural forest. The choice 
of approach determines the way in 
which trees are taken off, the 
duration of the rotation, the via
bility of privatizing the planta-

Measuring and model ing 
the carbon cycle 

The Kyoto protocol adopted in late 
1 997 proposes so-cal led flexi bi lity 
mechanisms for industrialized 
countries committed to reducing 
their greenhouse gas emissions. 
Under the clean development 
mechanism, the countries of the 
North can finance the reduction of 
emissions in countries of the  
South that are not committed to 
red uctions and cred it these sav-
ings to their own carbon account. 
Methods for quantifying both the 
carbon market and carbon seques
tration have thus become neces
sary. 

Near Pointe-Noire, in Congo, 
CIRAD has established a trial in 
collaboration with INRA-Bordeaux, 
a group at France's National Cen
tre for Scientific Research (CNRS) 
and the University of Franche
Comté to measure water, carbon 
and energy exchanges between 
plants and the atmosphere in an 
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Rational forest 
use allows 
the forest 

to regenerate 
afterwards 

industrial eucalyptus plantation. 
The method used is the eddy cor
relation method. The data are inte
grated over time and compared 
with measu red variations in car
bon stock in the original savannas 
and in other tree populations of 
various ages, so as to estimate the 
net carbon balance over a planta
tion cycle. Other parameters 
measu red i ncl ude the structure of 
the tree cover in eucalyptus plan
tations, the response of trees to 
environmental factors, the decom
position of tree litter, soil carbon 
exchanges with the atmosphere, 
micro-climate variables and soil 
water content. 

Carbon " 

The entire data set forms the 
basis for developing and validating 
models of carbon exchanges, 
energy flows and production 
which simulate the interactions 
between soi 1, plant and atmos
phere together with the carbon 
and water metabolism of planta
tions in response to vegetation 
structure, cl imatic variables and 
forestry practices. 

Biosynthesis 
of eucalyptus l ignins 
l n  Congo, clonai eucalyptus plan
tations, grown mainly to produce 
wood for the manufacture of pulp 
for paper making, cover around 
43 000 hectares. Reducing the 

Forestry 

lignin content of the wood and 
selecti ng I ign i ns with the h ighest 
syringyl contents-which are the 
easiest to eliminate during pro
cessing- remain major objectives, 
since the industrial extraction 
process is expensive and pro
duces wastes that pollute the envi
ron ment. Recently developed 
techniques of molecular biology 
and chemical analysis allow sci
entists to include traits for lignin 
and syringyl contents in breeding 
programmes. 

As a resu lt of research con
ducted by CIRAD in collaboration 
with INRA, CNRS and the Pine 
lnstitute, eight genes coding for 
the biosynthesis of lignin have 
been located using a mapping 
population derived from a cross 
between Eucalyptus urophylla and 
E. grandis. 1 n addition, the regions 
of the genome controlling the 
relationsh i p between the mono
lignols syringyl and guaiacyl have 
been identified. These regions 
have been found to be co-located 
with th ree genes-CCR, PAL  and 
C4H-thought to be involved in 
the biosynthesis of lignins. Com
bining favourable alleles at two 
loci-CCR and PAL or CCR and 
C4H - i ncreases the ratio of 
syri ngyl to guaiacyl by a fu rther 
1 0%. 

Marker-assisted selection of 
trees with a low I ign in content 
should greatly reduce production 
costs in the paper industry. Once 

the effects of these genes in 
breeding populations has been 
confirmed, this method can be 
used to select for other traits of 
interest. 

I nvas ive species in Réunion 

ln island environments, especially 
those on shipping routes, invasive 
plant species can threaten local 
biodiversity. ln Réunion, nearly 
500 introduced species have 
become natu rai ized, of wh ich 
around 30 are woody species that 
grow both in wild habitats and in 
areas used for crop or livestock 
production. 

Among these species, Acacia 
mearnsii is particularly common, 
covering over 5500 hectares, and 
especially abundant between 600 
and 1 600 metres altitude. Origi-

Tamari n forest in the Hauts region 
of Réunion, with great m ullein 

and Hype r icu m sp. 

nally from Australia, this tree was 
highly valued as a fallow species 
when geranium was widely grown 
for export at high altitudes on the 
island. Then came the 1 960s reces
sion in the geranium oil sector, 
which provided the tree with an 
opportunity to colonize the thou
sands of hectares left bare by 
farmers. lts expansion continues 
today at a rate of around 1 00 
hectares per year, th reaten i ng nat-



u rai ecasystems. The effects of this 
invasion have been studied by 
CIRAD, in partnership with INRA 
and regional bodies in Réunion. 

Natural formations containing 
tamarin (Acacia heterophylla) are 
locally invaded by this campetitor, 
which has more vigorous early 
growth. But the most important 
finding was that A. mearnsi i  
spreads in Réunion's best con
served natural environment, the 
highland moors, which now caver 
only 60% of their original area. The 
rapid formation of a thick caver 
and the production of a sterile lit
ter turn these areas into an inhos
pitable environment in which bird 
populations, in particular, are 
reduced to levels of poverty simi
lar to th ose in the sugarcane belt 
of the lowlands. 

The aim of this study is to pro
vide managers and planners in 
rural areas with tools to support 
decision making and intervention, 
both of wh ich are at present fai 1 -
ing to keep up with changes in the 
island's landscapes. 

Conserving rosewood 
in French Guiana 
CIRAD and the ONF have joined 
forces with the well-known per
fu me manufacturer Chanel in a 
programme to study and conserve 
rosewood (Aniba roseadora), which 
provides an ingredient of Chanel 
No. 5 perfume. The overutilization 
of rosewood began in the nine
teenth centu ry and reached its 
zenith in the 1 930s in both French 
Gu iana and B razi 1 .  Production 
began falling in the 1 960s, when a 
synthetic product became avail
able. Nevertheless, the intensive 
exploitation of this species for over 
a century has sharply reduced nat
u rai populations. 

Forest in French Guiana. 

This 1 5-year rolling programme 
aims to improve our understand
i ng of th is th reatened species and 
to put in place a strategy to safe
guard its future. Three thousand 
trees will be planted on a 1 0-
hectare plot in a State forest man
aged by ONF near Kourou. The 
plot will produce seed for refor
estation or for increasing local 
populations in natu rai habitats. 

During 2000, an inventory was 
made of residual populations, 
both natu rai and planted. Seeds 
and leaves were harvested as a 
basis for developing seed-based 
propagation techniques and 
molecular markers for use in eval
uating the genetic diversity of the 
species. A nursery and a clone 
bank were also established. These 
will be used for propagation from 
cutti ngs of accessions that do not 
produce seed. 

The next steps, in 2001 , will be 
the harvesting of seed to develop 
a conservation plot and the devel
opment of techniques for propa
gation from cuttings. 
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Meet i n g  the  ever  i n c reas i n g  
demand  for wood m eans  m a k i n g  
a rat iona l  cho ice o f  raw mater ia l s  
and opti m iz ing y ie ld at  the d i ffer
ent stages of p rocessi ng.  At pre 
sent, o n ly 1 0  to 1 5% of the woody 
b i o m ass d e l i b e rate ly  fe l l ed  i n  
n atu  ra i  fo rests, exc l u  d i n g  th e 
wastes associated with the fe l l i n g  
o pe ratio n  itse lf, actua l ly reach es 
the f ina l  m arketed ti m b e r  pro
d u ct. 

Mechanical classification 
of sawn timber 
To ensure optimum use of timber 
species, sawn timber is sorted 
into lots with similar levels of 
resistance, classification being 
done either visually or mechani
cally. The visual method takes into 
accaunt the look of the wood, the 
type of eut, any biological deteri
oration or abnormal shapes-all of 
which are external signs that can 
be related to th ree classes recog
n ized by French national stan
dards. Each of these classes cor
responds with a specific resistance 
category. Mechanical classifica
tion is faster, measu res more accu
rate I y, g ives a t ru e va I u e fo r 

Î mechanical resistance and there
� fore results in optimal utilization .  
] Each resistance category 
vi obtained mechanically can be 
(Q) 
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Sawn logs, 
made from 

S i po (African 
mahogany) . 

assoc iated w i th  a v i s u a l  res i s tance 
c l as s .  H oweve r, the knots p resent  
i n  sawn t i m be r  may dete rm i ne a 
c l a s s i f i cat i on  that d oes not neces
sar i  ly  co r re spond  wi th the effec
t i ve m ec h a n i c a l  r e s i s ta n ce as 
mea s u red u s i n g  a s ta nda rd 
mechan i ca l  test . Th i s  l eads to a low 
y i e l d  of good t i m ber  i n  t he  best 
c l a s ses .  

The n o n -de s t r u ct i ve B i ng 
method deve l oped by C l  RAD c las 
s i f i e s  s t r uct u ra l  t i m be r  by ana ly
s i n g  c ross - sect i ona l  v i b rat i o n s  i n  
t i m be r  p i eces .  An i nd u st r ia l  p roto
type has been deve loped and u sed 
to demon st rate the re l evance and  
q ua l i ty of  th i s  con t i n u o u s  meas
u remen t  met hod fo r t i m be r  p rod
u cts .  T he  p rototype was  tested a t  
the Tech n i ca l Centre fo r Wood and 
F u r n i t u re ( CTBA )  in  Bo rdeaux .  
Mechan i ca l  test i n g  ove r 2 yea rs 
has s h own t hat the B i ng mach i n e  
deve l oped b y  C l  RAD and  CTBA 
l ead s to opt i m u m  t i m be r  c l a s s i f i 
cat i on ,  whateve r spec ie s  i s  tested . 

T h e  o n g o i n g  co l l a bo rat i o n  
between  u se rs a t  CTBA and  sc i en 
t i sts at C l  RAD has  he l ped i nc rease 
the re l i a b i l i ty of bath the  mach i n e  
and  the  i n fo rmat i on  p rocessed,  i n  
pa rtn e rs h i p  w i th  C N RS-Ma rse i l l e .  
What sta rted as a d i agnost ic too l  i n  
t he  B i n g  l abo rato ry has become a 
p ract i c a l  t oo l  fo r de te rm i n i n g 
wood q u a l i ty i n  i n d u st ry, whethe r  
t he  m ate r i a l  tested con s i sts of  
roofi n g  t i m be r  made f rom sp ruce, 
j o i n e ry wood of oak or l a rch ,  pa l -
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l e t s  made  f rom m a r i t i m e  p i n e  
( Pinus  pinas ter) o r  l am i n ated 
beams mad e  of oak .  

Databases and information 
systems on tropical woods 
l n  t he  t i m be r  secto r, i t  is becom
i ng eas i e r  to get access t o  i n fo r
mat i on  and the  data ava i l ab l e  a re 
con stan t ly  be i ng  expanded and  
adapted to the  need s of u s e rs .  l n  
t he  l ate 1 980s, w i th  s u pport f rom 
the  I n te rnat i ona l  Trop i ca l  T i mbe r  
O rgan izat i on  ( I TTO ), C I RAD and  
i t s  nat iona l  partne rs i n  deve l op i ng  
cou n t r i e s  deve loped a softwa re 
p rogramme  that d i s p l ays the tech 
n i ca l  c ha racte r i s t i cs of  t rop i ca l  
woods and  a l l ows u se r s  to se l ect 
t hem u s i n g  m u l t i p l e  c r i t e r i a .  The  
mos t  u p - to -date ve rs i o n  of  
TRO P I X, as t he  softwa re i s  ca l l ed ,  
i s  mo re u s e r-f r i e nd ly than  i t s  p re
dece s so rs and i s  now u sed  i n  
C I RAD ' s  wo rk to p rov ide tech n ica l  
i n fo rma t i o n  and a s s i s ta n ce to 
wood p rod uct i on  and  p rocess i n g  
en te rp r i ses .  1 n add i t i on , a spec i a l  
ve rs i o n  con ta i n i n g 80 t r o p i ca l  
Ame r ican spec ies  w i l l  b e  made 
ava i l ab l e  i n  2001 . 

To en l a rge the  ra nge of u sefu l 
spec ies  i n c l  uded i n  a n  i n te rna
t iona l  database on  t rop i ca l  woods, 

f the U n ive r s i ty of Nagoya, in J apan ,  
� wh i ch  i s  the  i m p l emen t i ng  agency 
� fo r t he  I TTO p roject, has  as ked 

C I RAD to cond u ct a st u dy on 
u nde ru sed Afr ican t rop ica l  wood s .  
The st udy  wi 1 1  exam i ne a l  I t he  
re l evant  aspects of t he se  woods, 
f rom the i r  phys i ca l  cha racte r i st i cs 
to t he i r  act ua l  o r  poten t i a l  u ses .  
Near l y  300  Af r i can  spec ies  have 
been en te red on the  I TTO data
base,  wh ich  now has  a ro u n d  1 000 
t rop i ca l  spec ies  in al 1 .  

Last ly, i n  par tne rs h i p w i t h  t he  
p r ivate- s ecto r co m pany  A b l e
wood .com,  tec h n i ca l  i n fo rmat i on  
s h eets on  t rop i ca l  wood s  h ave 

� 
� 
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Montpellier 's tram p!atforms are 
made of iron wood (fabebu i a  spp.) . 

been deve loped and  d i ssem i nated 
t h rough  the  I n te rnet u nde r  the  
comb i ned a u sp ices  of Ab l ewood 
a n d  C I RAD.  Access ,  at www. 
d icobois .  corn,  is v ia a m u l t i p l e-cr i 
te r ia  search and se lect ion  mod u le .  

A centre for timber technology 
in French Guiana 
l n  F rench  G u i ana, whe re t rop i ca l  
fo rest cove rs more than 95% of the  
l and ,  the  gove rnmen t  i s  t ry i ng  to 
deve lop the  t i m be r  secto r and  to 
p ro m ote eff i c i e n t  u se of  l oca l  
resou rces .  l n  1 999, w i th  t he  s u p
por t  of Fran ce 's D i recto rate of 
Ag r i cu l t u re and Forests and va r i 
o u s  reg iona l  au tho r i t i es, C I RAD 
estab l i s hed a Nat iona l  Cen t re fo r 
T i m be r  Tech n o l ogy, w h i c h  wi l l  
se rve a s  a v i ta l  s uppo rt u n i t to local 
en te rp r i ses .  

To p romote the  secto r, C I RAD 
part i c i pates i n  stakeho l de r  wo rk
s hops  and  o rgan i zes  t ra i n i n g  ses 
s i o n s  on  spec i f i c  t hemes .  A q ua r
t e r l y  i n fo rmat i o n  b u l l et i n  was 
deve l oped t h i s  yea r. Howeve r, fo r 
t he  most part  t he  new nat iona l  
cen t re ' s  act i v i t i e s  co m p l e m en t, 
and  i ndeed can not be sepa rated 
from, the research wo rk  ca r r i ed 
out  i n  th i s  overseas depa rtment. At 
t he  req u est of con st r uct i on  com
pan i es and  other  u se rs ,  t he  cent re 
deve lops  b u i l d i n g  spec i f i cat i on s  
and  p rov ides  adv ice and  tech n i ca l  



assistance in fields ranging from 
design or assembly work to on-site 
construction or official accept
ance of timber deliveries. lt also 
provides expertise in pathology 
and recommends treatments, 
especially for termite contrai . l t  
conducts tests on the efficacy 
of preservation or finish
ing products. These 
activities rely greatly 
on the characteri
zations of tropical 
woods, including 
800 species from 
French Guiana, 
available in the 

viding a synthesis of what is 
known at the same time as a use
fui teaching material. Most of the 
data are presented as illustrations, 
especially maps and graphs. Sup
ply, demand and trade in the prin
cipal timber products - logs, sawn 
wood, veneer, plywood and sec

ondary processing prod-
ucts-are presented 

and then reviewed in 
a broader context. 
The rationale for 
the review sec
tion is that, al
though a great 
deal of trade will 

wood collection 
� 
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at CIRAD, and _ · . .  - -: . @ place in domestic 

,..,, �_;. .. .,,..,.,.._�-��--� . /...� - '""";;. on the technical · ·. ····· · - · · markets, global-
database, which Replica of the 'lighthouse at ization is leading 
contains around the end of the world; made of to major shifts in 
1 50 species. A ange l i que  from French Guiana. world trade. Pub-
research project to prospect the lished periodically, the reference 
secondary species found in the work will serve as a barometer of 
Amazon and on the Guiana trends in timber markets and a 
plateau, conducted in partnership practical tool for use in studies 
with Brazil and Guyana with fund- of production, consumption and 
ing from the lnter-Caribbean Fund, international trade in tropical 
will be completed in 2002. The timbers. 
resu lts of these stud ies wi 1 1  corn-
plement the information available 
in the Kourou wood collection. 

Economies of tropical timber 

The forests of the tropics accou nt 
for more than half the global for
est area and make a corresponding 
contribution to meeting the 
demand for raw wood, timber and 
derived prod ucts. A bi I i ngual ref
erence work, Sta te of tropical tim
ber economics 2000, has been 
published in French and English. lt 
offers an overview of the interna
tional market for timbers and its 
past development. lt was compiled 
using an nuai statistics and reliable 
recent information gathered from 
international sources such as ITTO 
and FAO, with the pu rpose of pro-

Holm oak 
as a t imber species 
An abundant species throughout 
the Mediterranean Basin and the 
dominant broad-leaved species of 
Languedoc-Roussillon, the holm 
oak (Quercus ilex) is still used only 
for firewood. However, its wood 
has highly valued mechanical and 

Mode/ of a wooden ho use. 
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aesthetic qualities and is suitab l e  
for a range of joi nery uses, such as 
parquet floors. Wei l shaped logs 
with the required quality charac
teristics could fetch prices at the 
top of the range. 

A tech n ical and econom ic fea
si bi l ity study was conducted by 
Cl RAD and an industrial joinery 
company with financial support 
from the General Council of 
Hérault and the E U, and technical 
support from the Regional Centre 
for Forestry Property in Langue
doc-Roussillon (CRPF). The study 
determined the physical 
and mechani
cal character
istics of holm 
oak wood and 
defined the 
optimum tech
nological para
meters for pro
cessi ng and uti 1 -
ization. Technical 
solutions were 
developed for the 
specific constraints 
encountered when 
processing this 
wood. For example, 
experiments showed 
that, for this species, 
wh ich has a reputation for 'nerv
ous' behaviour, it is best to dry 
timber pieces in the sizes closest 
to those of the final product. Th is  
practice, which runs counter to 
the convention for other species, 
wi l l  limit losses during drying. • 
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Parquet 
floor in 
holm oak, 
made for 
the CRPF. 



Terr itor ies, 
envi ron ment 

and 

E 
conomic liberalization has led to the 
replacement of subsidies and other 
forms of support with a new and more 

demanding set of ru/es for farmers that  
reflect, above al/, the requirement to remain 
competitive. Similarly, policies of 
decentralization require a new and broader 
set of stakeholders - regional or local bodies, 
farmers ' organizations, trade or professional 
associations and private companies - to be 
responsible for the services once offered by 
the State, without necessarily providing the 
means for discharging this responsibility. 
Added to this, the rapid changes in 
agriculture, continuing population growth 
and rising pressure on the natural resource 
base are fuelling a debate about the social 
and environmental values associated with 
agriculture . As economies open up and 
agriculture 's multiple functions are 
recognized, questions are being raised about 
the raies and positions adopted by public
sector bodies - local organizations, States 
or groups of States. ln France 's overseas 
departments and territories, for example, the 
so-called agricultural orientation law passed 
recently encourages new contractual 
arrangements between private- and public
sector bodies. 
How should we measure and manage the 
public goods generated by agriculture? New 
and camp/ex questions on this issue are 
being asked of the scientific community. To 
answer them, new models, reference data 

and methods are needed, as a basis 
for analysing change in rural societies, 
for devising information systems that meet 
the needs of multiple users, for strengthening 
training facilities and opportunities and for 
facilitating the coordination of collective or 
government action. 
Cl RAD 's Department of Territories, 
Environment and People analyses the 
strategies adopted in response to these issues 
by different organizations and individuals 
and the resulting dynamics of land use. 
lt conducts cross-sectoral and comparative 
studies on the processes of collective 
decision making and concerted action. 
lt contributes to the development of the tools 
needed to represent and mode/ territories, 
infrastructure and commodity systems, so that 
these can be better managed. Through its 
action research, the department helps to 
organize negotiations between different 
groups and to analyse the conditions under 
which new practices are learned about and 
implemented in rural areas. 



O u r  fam i ly agr i cu l t u re p ro
gram me focuses on the i ndiv idu 
a i s  and i nst i tut ions act ive i n  ru ral 
a reas. lt analyses the condit ions 
that govern the adaptation of 
fam i ly farms  to global i zation and 
the ways and means  by which 
producers and thei r organ iza
t ions can be strengthened. 

Multifunctional agriculture 
The concept of mult ifunctional 
agriculture captures the fu 1 1  range 
of goods and services produced by 
farmers, wh ich benef i t  the econ
omy and society as a whole. The 
orig ins of the concept l ie in two 
major recent developments in  
global th in  k ing about agr iculture: 
the chai lenge to the prod uct iv ist 
model and its consequences for 
the env i ronment and for food 
secu r i ty; and the growi ng con sen-

sus that the proper management 
of natural resources is in the inter
ests of ail society. The concept l ies 
at the heart of the v igorous debate 
now taki ng place about the I i ber
al izat ion of internat ional trade, 
which is str ipping away the various 
forms of protect ion prev iously 
enjoyed by the agr icu ltu rai sector. 
Sorne countr ies invoke multifunc
t ional i ty as the reason why they 
wou Id I i ke to see these protect ive 
mechanisms reta ined or restored. 

Through its work, CIRAD con
tr ibutes bath to th is debate and, 
more generally, to the definit ion of 
publ ic  pol icy and to the develop
ment of a consensus for act ion 
among rural people. A number of 
events du r ing the year enabled us 
to engage in a dialogue on this  
new theme with organizat ions in 
ou r partner cou nt r ies. The f i  rst of 
a series of seminars was held in 
Costa R ica and was attended by 
representat ives from eight Lat in 
Amer ican countr ies. A one-day 
meet ing took place in Montpell ier 

i n  September between C l  RAD 
researchers and representat ives 
from French, foreign and interna
t ional inst itut ions, who presented 
their inst itution's strategic  choices 
and programmes of work. l n  
November, a seminar was held in 
Guadeloupe with a i l  our partners 
in agricu ltu rai research and devel
opment in the overseas depart
ments, on the development of 
contrats territoriaux d'exploita tion .  
These are land use contracts that 
reflect mult ifunct ional i ty. Made 
between farmers and government, 
they corn mit the farmer to certain  
object ives other than those of 
product ion, such as ma inta in ing 
public footpaths, laying or replant
ing hedges, and so on. Together 
w i th our programme on econom
ics, pol it ics and markets, we began 
work ing with the Ministry of Agr i 
culture and F i sher ies to ident ify 
tools for use in analys ing mult i 
fu nct ional i ty. The debate with ou r 
partner cou ntries wi 1 1  cont inue, 
with further seminars planned in 
Cameroon and in Southeast As ia 

for the purpose of ascerta ining the 
v iews of Afr ican and Asian cou n
tr ies respect ively. 

Farmers 1 organizations 
and global ization 

ln November, an internat ional 
workshop in Montpell ier brought 
to a close the f irst phase of an inte
grated research, act ion and tra in
ing project entitled Farmers' Orga-

Territori es, env i ronment  and peop le 
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Rice plots 
help contrai 
runoff 
in Asia. 
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nizations and the Challenge of 
Globalization. The workshop 
brought together country-level 
project leaders from eight 
countries: Ecuador, Chile, Peru, 
Uruguay, Senegal, Cameroon, 
Benin and China. The project also 
includes Zimbabwe. 

The aim of the project is to pro
vide farmers 1 organizations with
methods and tools that will help 
them develop strategies for deal
ing with changes in local and 
global markets. ln 2000, the pro
ject 1s analytical work focused on

three issues: the 
econom ic and 

i nstitutional 

�� 

c
t�:t

n 
h
g
a:; 

affected 
f a  m i  I y 

-- agricul
ture over the 

past 1 5  years; how these changes 
are perceived by the leaders of 
farmers 1 oganizations; and how
the organizations themselves have 
responded to the new challenges 
faced by ru rai people. 

The workshop provided an 
opportun ity to synthesize the 
results achieved by the interna
tional and national teams and to 
define the objectives, research 
themes, methodologies and 
modes of operation of the pro
ject 1s second phase. Among the
new themes will be the relation
ships between farmers 1 organiza
tions and other local organizations 
in the three major developing 
regions, the raie of farmers 1 orga- 1
nizations in preventing conflicts in � 
Africa and the strengthening of � 

(Q) 

autonomous economic organiza-
tions in China and Africa. 

This project benefits from finan
cial support provided by the 
French Ministry of Foreign Affairs 
and the Foundation for the 
Progress of Man. 

Terr i to r i es, env i ro n m e nt and peop le  

Local agro-food systems 

Given their relationship with the 
soil and their emotive food-related 
connotations, agro-food activities 
create strong I in ks between peo
ple, products and land. They con
tribute greatly to local develop
ment. Since 1 999, CIRAD has been 
conducting research on local agro
food systems and the evolving 
relationships between their dif
ferent inputs and outputs. Various 
products are studied, including 
smallholder oil palm and small
scale cassava processing (into gari)
in Benin and small-scale rural 
cheese making in northeastern 
Brazil and the Cajamarca region of 
Peru. Research focuses on under
standing the links between prod
ucts and land, on how enterprises 
can strengthen thei r identity so as 
to improve their position in the 
global market, and on collective 
action, for example to defend the 
right to use a certain label or to 
negotiate better credit terms. A 
seminar to present the findings 
will be held in 2002. 

1 n 2000, Cl RAD contacted the 
universities of Versailles Saint
Quentin and Montpel I ier, the 
National Agronomie Research 
1 nstitute (INRA), the National Cen
tre for Agronomie Studies in Warm 
Regions (CNEARC) and the Agro-

processing 
of palm oil 

in Benin. 

polis Museum to establish a group 
of scientists sharing an interest in 
local agro-food systems. A three
day meeting took place in Novem
ber on the perception of quality in 
food products and the links 
between products and land. The 
first meeting of the new scientific 
committee on these matters will 
take place in March 2001 . 

ln Latin America, a tripartite 
agreement was concluded with 
the lnter-American lnstitute for 
Cooperation in Agriculture (IICA) 
and the International Center for 
Tropical Agriculture (CIAT) on a 
project to collect and synthesize 
information on th is su bject in the 
region. 

Land and resources 

The land and resou rces pro
g ramme bath p roduces and 
processes informat ion. lt creates 
tools and methods for monitoring 
changes in land use and the nat
u ral resou rce base, and in partic
ular  for processing and repre
sent ing spatial informat ion. Many 
of the tools are intended to sup
port decis ion making and the 
conduct of negotiat ions by the 
leaders of ru ral development. 



Towards better 
i rr igation management 
The management of irrigation 
schemes is being gradually trans
ferred from State-owned bodies to 
farmers' organizations or to mixed 
pu bl ic-private enterprises. The se 
need to acquire expertise in both 
day-to-day and strategic irrigation 
management if they are to res
pond adequately to technical, eco
nom ic or environmental  cha l 
lenges. 

l n  1 998 CIRAD launched a pro
ject whose aim is to understand 
how the different people at work 
in an irrigation scheme coordinate 
their activities and to use this 
understanding as the basis for 
developing advice for managers. 
The project has conducted re
search in two rice growing areas, 
the Office du Niger scheme in Mali  
and the Senegal River del ta in 
Senegal ,  and a fruit and vegetable 
growing area, around Petro lina 
and Juazeiro in Brazil .  Two simula
tion tools  have been developed to 
support managers' efforts to al lo
cate water supplies and to help 
them choose a pricing system that 
wil l  balance their budgets whi le 
still a l lowing farmers' incomes to 
rise. On the Office du Niger 
scheme, the project has improved 
the monitoring of canal mainte
nance by putting in place a com
puter-managed database. These 
tools can be used to simulate dif
ferent scenarios of the scheme's 

Ali involved in managing irrigation 
are having to adapt to a changing 
environ ment. 

l s1 

Known as MAGMA, the model 
depicts nutrient flow within the 
farm. An initial validation using 
real cases has been carried out and 

:-= the model appears accu rate 
Î enough to al low its dissemination 
� to agricultural advisors. To simu
� late the transfer of organic matter 

future, which can then be com
pared on the basis of quantitative 
indicators. The resulting informa
tion feeds into long-term planning 
and into discussions with farmers. 

This project is implemented in 
partnership with other CIRAD 
departments, the Catholic Uni
versity of Leuven and regional 
research and development insti
tutions. Simi lar projects are in 
preparation in Brazi 1, South Africa 
and Morocco. 

Model ing the management 
of s lurry in  Réun ion 
To improve nutrient cyc l ing in 
Réunion, simulation models have 
been developed in collaboration 
with INRA and the University of 
Réunion. The models are based on 
farmers' current practices and on 
the results of researchers' agron
omy trials. 

between farms, the model was 
l inked to the multi-agent CORMAS 
platform. To the same end, another 
multi-agent system, BIOMAS, has 
been developed. Two additional 
models have been designed to 
simulate the recycling of organic 
matter managed col lectively. Lastl y, 
yet another model simulates the 
circulation of nitrogen in water, 
soils, air and plants. 

Experimental results have been 
obtained on the use of sugarcane 
straw in fi lteri ng pig si u rry, the 
release of ammonia to the atmos
phere following spreading of pig 
s lurry and the mineralization of 
organïc matter and various waste 
materials in the soi ls typical of 
Réunion. Much work remains to 
be done to make the management 
models more widely appl icable, as 
well as to determine biophysical 
parameters by studyi ng the rea l  
relationships between soils, plants, 
wastes and the envronment. 

Trends in on-farm organic matter avai labi l ity 

Quant i ty (t) 
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Organic matter 
modeled using 
MAGMA software. 
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Using 
mufti-agent 
systems at 

a workshop 
in Senegal. 

A sem i n a r  was he l d  i n  October  
in  Sa i n t -Den i s, to s u m mar ize the  
wo rk done  so fa r and  out l i n e  activ
i t i e s  in the nea r  fu t u re .  

Tools for col lective 
land management 
CORMAS is a m u l t i -agent  software 
p rogramme u sed to su pport nego
t i at i on s  between d i ffe rent  peop l e  
t ry i ng  to  m a n age a p i ece of  l and  
j o i n t ly. l n  2000, t he  p rogra m m e  
was i m p roved .  U se rs c a n  now 
def i n e  spat i a l u n  i t s  mo re rea l  i s t i 

ca l  l y, as t hese  a re 
con st ructed u s i n g 
rea l  maps .  D i rect 
l i n k s to a geo
g rap h i ca l  i n fo r
m at i o n  system 
(G I S ) have been 
e s t a b l i s h e d ,  

wi th  the two systems  
ab l e  to fu nct i on  s i m u l taneo u s ly 
d u  r i n g  the  s im u l a t ion  p rocess .  

1 n the Sen€ga l R ive r va l l ey, fa rm
ers  bath g row r i ce  and  ra i se l ive
stock, w i th  t he  two act i v i t i e s  com
pet i  n g  fo r l a n d .  To st i m u l a te 
d i s c u s s i on , exp lo re the d i ffe rent  
o pt i o n s  poss i b l e  and p roj ect 
t rends  ove r 20 o r  50 yea rs, wo rk
shops we re o rgan ized i n  t h ree vi l 
l ages .  Ra i e  p l ay wa s  u sed to  i d en 
t i fy t h e  r u l e s  gove r n i ng t he  
behav i o u r  o f l oca l  peop l e, wh i ch 
we re then i n t roduced i nto a mode!  
u s i n g  CO RMAS.  Anothe r  wo rk
shop was he ld j o i n t ly with I N RA, in  
the Céve n n es nat iona l pa rk, where 
the  u ncon t ro l l ed  sp read of p i n e  
t rees i s  l ead i ng to t h e  c l os u re of 
l a rge a reas of cou nt rys ide, req u i r
i n g  conce rted act i on  by fo reste rs, 
l ivestock p rod u ce rs and pa rk  off i 
ce rs .  He re too, a m u l t i -agent  pack
age and ra i e  p l ay we re u sed i n  
comb i nat i on  t o  s u pport i n i t i a l  d i s 
c u s s i o n s .  IE l sewh e re, t ra i n i n g 
cou rses i n  the u se of the CO RMAS 
software were he ld  in South Afri ca, 
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at the Un ive rs i ty of Pretor ia, and i n  
t h e  Ph i I i pp i  n es, a t  t he  I n te rna
t i ona l  R ice Research l n st i t u te, as 
we l l  as at Mon tpe l l i e r. 

Ou r  savann as and  i r r igated sys 
tems p rogramme im p lements a 
coherent  g loba l  research effo rt i n  
co l l a bo ra t i on  w i th othe r  p ro 
g rammes of C I RAD and  of other 
i nstitutions. The programme 's  a ims 
a re to imp rove our  u nde rsta nd i ng 
of how these comp lex ecosystems 
wo rk  and to deve l op  dec i s ion  
support too l s  fo r those respons i 
b l e  fo r r u ra l  deve lopment. 

Management advice 
in  Burkina Faso 
l n  B u rk i na Faso, C I RAD is a partne r  
wi th  the  cotton com pany SOF I TEX 
and the  Na t iona l  U n i on  of  Cotton 
Prod ucers  i n  des i gn i ng  and  i m p ie 
men t i  n g  a p l an  of act i on  to stab i -

/ n  Burkina Faso, cotton producers 
wi/1 soon be able to get advice from 
other stakeholders in the industry. 

1 ---------------

1 ize and  t hen  i n c rease cotton p ro
d u ct i o n .  Lea d e rs o f  t h e  m a i n  
g ro u ps i n  t he  secto r - p rod uce rs 
coope rat ives, who le sa l e rs and so 
on - have u nd e rtaken to eq u i p 
t hemse lves w i th  too l s  fo r ana 
lys i n g  t he  d ive rs i ty of p rod uce rs 
and  to estab l i s h  a mechan i sm  fo r 
adv i s i n g  fa rmers .  They app roach 
ed C I RAD fo r s u p po rt fo r these  
i n i t iat ives .  Seven SOF ITEX emp loy
ees con d u cted a s u rvey of 1 80 
fa rms  spa n n i ng the  ra nge of con 
d i t i o n s  fo u nd i n  t he  co u nt ry ' s 
weste rn  cotton bas i n .  The  s u rvey 
enab l ed a typo l ogy of  fa rms to be 
deve l oped on  t he  bas i s  of ope ra
t iona l  cha racter i s t i cs .  A p rototype 
s t ruct u re fo r conveyi ng manage
ment  adv ice to fa rme rs was p ro
posed .  l n  2000, the too l s  and the  
s t ruct u re we re adapted to the  spe
c i f i c  con d i t i on s  of the cotton sec
tor in B u rk i na Faso.  Ten adv i sers  
we re t ra i n ed and  10  g ro u ps of 20 
p rod u cers  each we re fo rmed and 
s u pported as they tested the  i n te r
ven t i on s .  

Trends in  farming systems 
in Côte d 1 lvoire 

1 n Côte d 1 Ivo i re, t he  deve l opment  
of a ma rket fo r yam,  a boom i n  
cas h ew and  the  con t i n u i n g 
advance of a p i onee r  front  assoc i 
ated w i th  cotton p rod uct i on  have 
acce l e rated t h e  ex i s t i n g  t re n d  
towa rds s ho rte r fa l l ow pe r iod s, 
red u ced t ree cove r and ,  i n  some 
a reas, dec l i n i ng so i l  fe rt i l i ty. l n  co l 
l aborat i on  w i th  t he  Labo rato ry of  
Ru  ra i  Econom ics  and  Soc io l ogy of  

, �  the Un ive rs i ty of Bouaké, C l  RAD i s  
E s tudy i  ng  these t rends  and  s u  p
� po rt i ng  a n u m be r  of deve lopment 

p rojects .  Ear ly  wo rk  has concen
t rated on  the  are a a rou nd  Bouaké, 
i n  co l l aborat ion  w i th  a nat iona l  
p roject on  ru  r a i  i n f ras t ructu re and  
l and  management .  Afte r a d i ag
no st i c  exe r c i s e  co n d u cted  at 
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regional level, which resulted in a 
typology of farming situations, the 
team focused its efforts on four 
small areas, where it studied 
trends in farming systems and the 
behaviour of rural enterprises 
against a background in which 
new local development projects 
and new decentralization laws 
were being implemented. The 
team also takes part in the courses 
offered by the university. Students 
of development sociology are 
doing their dissertations in the 
project's study areas. On the basis 
of its experience in the Bouaké 
area, the team will in 2001 partici
pate in a module on regionaliza
tion and local development liveli
hoods, which forms part of a 
university degree course. 

Savanna development 
in  Central Afr ica 

The regional research thrust on 
the development of the Central 
African savannas brings together 
various development-orientated 
national research groups in 
Cameroon, the Central African 
Republic and Chad with advanced 
research partners in the North, 
including CIRAD. l n  2000, in part
nership with other CIRAD depart
ments, the national groups tested 
various technical innovations with 
farmers, including animal traction 
equipment, candidate vaccines 

Yam harvesting 
in Côte d'Ivoire. 

against peste des petits ruminants, 
anti-erosion structures and pro
cessi ng and drying procedures. 
Stati stics and maps are avai lable 
for a number of important com
modities in the region. An agri
cultural atlas of Central Africa 
was completed and is currently 
being transferred to interactive 
CD-ROM. A bibliography, also on 
CD-ROM, allows easy access to 
information about research and 
development activities in the 
region. A brochure was produced, 
together with a regional agricul
tural news bulletin, Letter from the 
Sa vannas, of which 500 copies are 
distributed. 

Support to producers 
in Cameroon 

for local planning and provide 
opportunities for them to forge 
closer links with the organizations 
responsible for local land use. 

Tensions are mounting in the 
rural areas of southern Benoué, 
which are filling up with migrants. 
Methods have been developed 
for evolving a set of regulations 
governing land tenure, either 
through interventions in specific 
situations or through a more gen
eral approach involving village
level agreements and local devel
opment plans. The project works 
closely with the au thorities estab-
1 ished by Cameroon to oversee its 
policy of decentralization. 
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l n  northern Cameroon, CIRAD is 
involved in a local development 
programme with the cotton corn- -� 
pany SODECOTON, as part of a t 
project on small-scale farm devel- � 
opment and land management. 

Water trough 
for cattle in 

CIRAD supports producers' 
associations involved in the star
age of cereals. The support is 
directed towards the construction 
of communal granaries and the 
development of a technical sup
port service for small-scale farm
ers. ln 2000, over 200 groups raised 
nearly FCFA 95 million for the 
storage of 1 700 tonnes of sorghum. 
The technical support service is 
now running and pays its own 
advisors, whose principal inter
vention so far has been the devel
opment of an innovative manage
ment regime for off-season 
sorghum ( m us k u waari ) . Tracks, 
fards, wells and stores have been 
built in various communes, 
depending on local people's abil
ity to contribute to the initial costs 
and to future maintenance. The 
investment options chosen by 
these people have implications 

Management of i rr igation 
schemes in N igeria 

ln Nigeria, CIRAD collaborates 
with the National Agricu ltu rai 
Extension and Research Liaison 
Service (NAERLS) and the Hjrbda 
Basin Authority in an effort to 
improve the management of irri
gation schemes 
in the Hadejia
Jama'are Basin. 
This partner
ship has led to 
the creation of 

© N. Chaussenot 
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each of which helps to regulate Irrigation 
and maintain its own irrigation scheme, 
scheme. 1 n 2000, an information Nigeria . 
system was developed as an aid to 
irrigation officers and the associ-
ations in managing the schemes. 
Four of the authority's staff were 
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trained in the system's use. A 
users' manual was prepared, to 
facilitate the daily tasks of staff. 
The training exercise also enabled f 
the tool's developers to adapt it to � 
local needs. A joint inspection of 
the irrigation and drainage net
wo rk was conducted by the 
authority and the associations 
and the results were integrated 
into the information system. This 
gave rise to a discussion of how 
responsibilities should be shared 
and of how a programme to clean 
the canais and drains cou Id be 
implemented. 

Humid and 
insu lar tropics 

ln collaboration with the other 
program mes of C I RAD and other 
inst i t u t ions, ou r h u m id and ins u 
lar t ropics programme designs 
interdi scipl inary  resea rch p ro
jects that will develop technical, 
policy or inst i tut ional innovations 
to promote su stainable develop
ment in envi ronments with a h igh 
potent ial but a fragile ecosystem.  

Participatory research 
in the forest zone of Guinea 

A participatory research project 
was lau nched in 1 996 in the 
forested N'Zérékoré region of 
G uinea, in partnership with 
G uinea's lnstitute of Agronomie 
Research ( 1 RAG), the regional 
chamber of agricu lture and vari
ous development bodies. The pro-
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ject focuses on the improvement 
of cropping systems based on 
perennial crops, including coffee 
cocoa, oil palm and raffia, or on 
annual crops, including rice, cas
sava, groundnut  and banana. 

Various  technical and policy 
innovations have been developed 
at the Kbaya research station, 
where farmers interact with sci
entists and development workers. 
A network of 50 farmer-researchers 
is now testing these innovations. 
As part of a broader effort to 
maintain soil fertility, one of these 
innovations consists of substitut
i ng the tradition al slash-and-bu rn 
system for clearing land with the 
cultivation of a caver crop, the 
legume Pueraria phaseolo ides, 
which will increase the soil's 
organic matter content and protect 
slopes from erosion. This tech
nique is already familiar in inten
sive cropping systems, where it is 
often mechanized, but in this case 
it has been adapted for use in a sys
tem that rem ai ns enti rel y man ual. 
l t  has been tested in the farmers' 
network since 1 999 and has begun 
spreading beyond it. Besides its 
effects on soil fertility, the feature 
of the technique that interests the 
farmers is its reduced drudgery 
compared to slash-and-burn. 
Between 1 0  and 1 5  hectares of 
Pueraria are now being cultivated. 
Severa ! other innovations have 
been i ntrod uced at the req uest of 
farmers: rainfed rice varieties with 
a 1 20-day cycle, cassava varieties 
resistant to mosaic disease, use of 
the caver plant Arach is pin ta i  
to reduce the weeding require
ment in coffee plantations, and 
improved oil palm varieties. 

Visit to on-farm caver 
crop trial in Guinea 's 
forest zone. 

Liberalization of cocoa 
production in Côte d ' Ivoire 
ln partnership with Côte d' lvoire's 
Centre for Economie and Social 
Research, CIRAD is monitoring 
arou nd 300 cocoa far ms to analyse 
their strategies and investment 
decisions and to assess the impact 
of liberalization on them. A study 
was conducted on the prices paid 
to producers between 1 998 and 
2000. ln the years immediately 
before and after liberalization, 
which took place in 1 999, prices 
varied according to the season. At 
the end of the main har-
vest, towards Jan uary, 
producer prices 
rise to the 
level of the 
world price, 
indicating fie rce 
competition among 
buyers. When har
vests are at thei r low
est, traders' gross 
margins increase and a 
gap opens up between the 
world price and producer prices. 
The explanation is that the cost of 
marketing is higher while the vol
ume and quality of the product are 
reduced. ln  addition, competition 
among buyers is low during this 
period, because the cooperatives 
have ceased to operate. This 
within-year cycle shows that the 
apparent rise in producer prices 
from FCFA 200 to FCFA 300 per 
kilogramme that accu rred in 
December 1 999 in fact owed little 
to I i be rai ization, wh ich was offi
cial !y announced in October. 
lndeed, anticipation of the effects 
of I i be ra i ization on the part of 



i n ternatio nal buye rs, a gai nst a 
background of overproduction ,  
probably contributed to the col
lapse of prices that occurred in late 
1 998. 1 n 2001 , ou r analysis of price 
trends continues, amidst growing 
economic and political difficulties 
in Côte d'Ivoire. 

Agriculture in Guadeloupe's 
banana zone 

The landscape in the southern 
part of the island of Basse-Terre, 
near Guadeloupe, is dominated by 
banana  plants. Around 5000 
hectares are devoted to the crop; 
farmers' incarnes, investments, 
labour, employment and support 
systems are all to a great extent  
linked to banana productio n ,  
which accounts fo r  half the 
island's exports. But banana crop
ping practices are thought to have 
a harmful effect o n  the environ
ment. The capital locked up in  the 
crop's productio n  complicates 
n egotiatio ns whe n  land is to 
change hands, either by sale or by 
inheritance, and banana mono
eu ltu re is a production system 
prone  to instability through such 

Food crops intercropped 
with banana in Guadeloupe. 

factors as market fi uctuations  or 
attack by pests and diseases. 

The recognitio n afforded to the 
mu ltifu nctional nature of agricu 1 -
tu re by France's new agricultural 
orien tation law has encouraged 
CIRAD to study the sustainability 
of productio n  systems in the 
banana zo n e. The studies are 
being undertaken in partnership 
with France's IN RA, the regional 
Directorate for the Environment  
and the Directorate for Agriculture 
and Forestry. The project com
bines biophysical, agronomie and 
econ omic approaches on  various 
scales. 

The first studies, conducted at 
watershed level, enabled scientists 
to characterize the diversity of 
farm types and thei r ope rations, 
identify the various functions ful
filled by agriculture and draw up 
proposais that would provide 
farms with incentives to enter a 
contra t territorial d 'exploita tion.  
They also revealed the risk avoid
ance strategies associated with 
banana production .  The sizeable 
financial risk involved in starting a 
plantatio n ,  together with the 
equipment required for produc
tion and the general indebtedness 
of farmers, are offset by the low 
econ omic risk: participatio n  in  
contract farm i ng, guaran teed 

\ as 

prices and outlets, i nsuran ce 
a gai nst natu rai d isaste rs - al 1 
things that other, less risky crops 
can not offer and which therefore 
mitigate against diversification .  

Sustainable agriculture 
research in Réunion 
The research thrust on  sustainable 
agriculture, enviro nme n t  and 
forestry, based in Réunio n, brings 
together researchers from several 
CIRAD departments. Under this 
th rust, support was provided to 
the Di recto rate of Agriculture and 
Forests for the development of 
contrats territoriaux d 'exploitation .  
A matrix for analysis and  inter
vention was designed 
for those implement
ing  the project, and 
some indicators of  sus
tainability were defined 
at the farm and village 
levels. l n  addition, studies 
were conducted on  diver
sification into fruit and 
vegetables .  The studies 
examined the ability of 
local produce to compete 
with imports and applied to Strawberry 
fruits the model of price fi uctua- guava .  
tions tested on  vegetables in 1 999. 
ln collaboration  with France's 
l nstitute of Statistics and Eco-
n omie Studies (INSEE), the eco-
n omic impact of various com-
modity production  systems and 
the incentives for farmers to diver-
sify into fruit and vegetables were 
analysed and compared. Research 
and training programmes were 
launched on these themes in col-
laboration with the University of 
Réunion .  The programmes will 
contribute to the development of 
an information system for use in  
diagn osis, forward plan ning and 
decision support by relevant  gov-
ernment  bodies. • 

Te rr i tor ies, e nv i ro n ment a n d  people 
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fo r i n novat ion  • 

i n  SC 1 ence 
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n 2000, Cl RAD 's Department of 
Advanced Methods for Innovation in 
Science continued ta hast scientists 

from other institutions in its teams based at  
Montpellier, in Réunion and in other 
countries, for training in the use of the tools, 
software, models and methods it has 
developed. Our links with higher education 
were strengthened, with researchers from 
CIRAD participating in seminars or training 
modules in several university departments 
and colleges. Severa/ projects submitted 
joint/y with other CIRAD departments were 
approved by the European Union . 
The joint research unit on the botanics and 
bio-informatics of plant architecture, shared 
by our plant modeling programme and the 
lnstitute of Evolutionary Sciences at  
Montpellier Il UniversitYt became operational. 
The first phase of the department 's initiative 
on quality standards in commodity 
production came ta fruition with the 
ISO 9002 certification of the agronomy 
programme 's analytical laboratory. Now being 
applied by our agrifood programme and 
extended in 2000 ta include Réunion, this 
initiative covers al/ aspects of qua lity in 
analytical work. 
The Montpellier Génopo le - a  cluster of local 
institutions conducting genomics research 
and the associated Génop lante initiative 
became fui/y operational. This was marked by 

the establishment of a robotics laboratory 
within our biotechnology and plant genetic 
resources programme. Work on rice as a 
mode/ plan( covering the full spectrum of 
research from the gene to the cultivated crop, 
also made considerable progress. 
The models developed by our economists 
gained increased recognition . These models, 
which take in to account the institutional 
determinants of economic performance, are 
firmly anchored in real situations and form a 
marked contrast with classical general 
equilibrium models, which are little suited ta 
the needs of developing countries. 
Last!Yt in response ta the global emergence 
and spread of new plant diseases, Cl RAD can 
now offer its partn ers in developing countries 
a comprehensive package of expertise with 
which ta build understanding of the 
underlying mechanisms and develop a range 
of local/y adapted contrai strategies. 



Global demand for food is r isi ng  
rapi dly, p ri mar ily as  a result of 
population growth and  urban iza
tion in developi ng countr ies. The 
challenge is to i ncrease the com
petit iveness o f  tropical p roduce 
on local and in ternational markets 
by loweri ng costs and imp rovi ng 
food safety and qual i ty. Our 
research ai ms to contr i bute to the 
sustai nable development of p ro
cessi ng and marketing activities at 
small-scale or i ndustr ial level, so 

as to add value  to agricu ltural pro
duce. To complement commod ity
based or ecoregiona l  approaches, 
C I RAD ' s agr i food p rogra m m e  
deve lops too l s  a n d  methods  i n  
fo u r  f i e l d s :  food  te c h n o l ogy, 
focus ing specifica l ly  on i m p roved 
p rocedu res, p rocess i n g  eq u i p 
ment  and food qua l i ty; the soc io
eco n o m ics of food, with spec ia l  
refe rence to trends  i n  demand; 
supp o rt to enterp rises fo r tech 
n o l o g i c a l  i n n ovat i o n  a n d  th e 
deve l o p m ent  of q ua l ity assu r
ance systems; and the p lan n i ng of 
deve lopment-or ientated research 
with loca l  i n stitut ions . 

Partnerships and projects 

The programme's overseas activi
ties were strengthened through 
the establishment of a regional 

research thrust based in Réunion. 
Collaborative arrangements with 
local institutions and enterprises 
participating in the PROSPER proj
ect, which seeks to develop links 
between public-sector research 
and private enterprise, were 
strengthened in Brazil and other 
Latin American countries. A 
researcher is now based in Africa, 
in Cameroon, and a post in the 
socio-economics of food is plan
ned in Vietnam. 

Food qual ity and safety: 
the I SO 9000 standard 

The food q ual ity and safety initi a
tive, which at first focused on 
management procedures and the 
food safety aspects of processi ng 
equipment, was extended to caver 
all the programme's activities, with 
the 2000 version of the ISO 9000 
standard serving as a common 
point of reference. The first out
corne is usually a stronger grasp of 
technical management, including 
computerized inventorying and 
management of equipment and 
various interventions with regard 
to safety. Next, processing  
becomes more reliable and fol-

lows clearly defined procedures, 
such as good laboratory practices 
and the hosti ng of trai nees. 1 n 
addition, proced ures for bri ngi ng 
about a continuous improvement 
in performance are established 
and followed, using accident 
report sheets and corrective and 
preventive measu res. 

Advanced methods fo r i n novat ion  i n  sc i ence 
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Knowing how 
to handle 
dangerous 
products 
safely is part 
of qua/ity 
assurance. 
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Adding value to animal products 
l n  Réu n ion ,  t rad i t i ona l p roces s i n g  
of  boucané, a fo rm of  sa l ted, d r ied  
and s m o ked p o r k, was  d escr i bed 
in o rd e r  to assess the effects of  
p rocess i ng methods  o n  p rod u ct 
co l  o u  r, f l avo u r and  stab i  I i ty. Th i s  
st udy  l e d  t o  t h e  d eve l op m e nt o f  a 
n ew food safety-o r i e ntated p ro
cess i n g  tec h n i q u e  u s i n g  a co n 
cent rated aq ueous  so l u t i on  t o  sa i t, 
d ry and  f l avo u r  m eat p i eces i n  a 
s i ng l e  s tep .  

To prese rve f i sh ,  new i m mers ion  
tech n i q ues  s u ch as concent rate 
s o l u t i o n s  o r  l i q u i d  ice we re tested 
as poss i b l e  rep l aceme nts fo r t rad i 
t i o n a l  refr i ge rat i o n  tec h n i q u e s . 
Th i s  work  i nvo lved sc i e n t i sts from 
France ' s  Ce n t re fo r Food Prese rva
t i o n  Tec h n o l ogy (CTCPA) and Cen
t re fo r S t u d i e s  o n  Agr i c u l t u ra l  
Mac h i n e ry and Ru ra l  C i v i l  E ng i 
neer i ng (CEMAG REF), i n  add it ion  to 
p rofess i o n a l s fro m the  i nd u st ry. 

© CTCPA, CEMAGREF, C IRAD The  t h e r m a l  eff i 
c i e n cy of t h e  two 
tec h n iq u es was eva l -

u ated o n  board 
f ish i ng  boats u s i ng 
a range of ap
p roaches on  two 
types of f i sh ,  sar
d i ne  and coa l -f i sh .  
l n  2001 , the  p roto-

Fish fitted type e q u i pment  w i l l  
with sensors be i n sta l l ed on  board t raw le rs s o  

for thermal that more deta i l ed stud ies  can b e  
efficiency con d u cted wi th f i s h e rmen  on  how 

studies. the  tech no l ogy wo rks i n  rea l l i fe 
and  i ts  i m pact on  q ua l i ty. 

A watching brief on food 
and nutrition 
l n  Tu n i s i a  and V ie tnam,  spec i a l  
tea m s  w i th  a watch i ng b r i ef i n  t h e  
f i e l d  of food a n d  n u t r i t i o n  were 
estab l i s h ed ,  as par t  of a co l l abo
rat ive effo rt between  C l  RAD,  the 
1 n s t i t u te of  Research fo r Oeve l op-

Adva n ced methods fo r i n n ovat ion  i n  sc ience 

m e n t  ( I R D ) , t h e  l n s t i t u te of  
Med i te r ran ean Agro nomy ( 1 AM) 
and  va r i o u s  l oca l  part n e rs, i n c l u d 
i ng t h e  N at i o n a l  l n st i t u te of N u t r i 
t i on  and  Food Tec h n o l o gy i n  
Tu n i s i a  and  t h e  Nat i o n a l  l n st i t u te 
of N u t r i t i on  i n  V ie tnam.  The team s  
w i l l  ma i n ly se rve the  needs of agr i 
food e n t e r p r i ses , gove r n m e n t  
se rv i ces a n d  d o n o r  age n c i e s fo r 
sc i e n t i f i c  a n d  tech n i ca l  i n fo rma
t ion  as a bas i s  fo r o r i e n tat i n g  and 
eva l ua t i  ng  the i  r i n terve n t i o n s  i n  
food - re l ated a reas .  They w i l l  h e l p  
assess  t h e  effect iveness  o f  a n ew 
i n i t i a t i ve o n  n u t r i t i o n  t h at ha s  
co rn e  i n  re sponse  to a c r i t i ca l  
assess m e n t  o f  g l o ba l  expe r i e nces 
in  t h i s  f i e l d  ove r the  past 30 years .  
The team s  w i l l  d eve lop  mod e l s  of 
cause and effect in food- re l ated s i t
u at i o n s, i d e n t i fy sta ke h o l d e rs '  
i n fo rmat i o n  needs, deve l o p  a n d  
use databases and conduct su rveys. 

Grain mil/, Guinea. 

lncreased collaboration 
in Guinea 

G u i n ea ' s  capac i ty i n  agr i food sc i 
ence  and  tec h n o l ogy has  been  
s t re n gt h e n ed t h ro u g h  C I RA D ' s  
par t i c i pat i o n  i n  research p l an n i ng 
a n d  t ra i n i n g act i v i t i e s  at t h e  
G u i n ean l n st i t u te o f  Ag ro n o m i e  
Research ( I RAG ) .  

S pec i f i ca l ly, a n u m ber  of n ew 
research p rojects h ave beg u n,  fo r 
exa m p l e  on  t h e  p rese rvat i o n  of 
cassava c h i ps and the s m a l l - sca l e  
ext ract i o n  of p a l m  o i l .  N ew p rod
u cts have a l so been l a u n c h ed ,  
i nc l u d i n g  f ru i t  j u i ce, b i sc u i ts  and 
a f lou  r m ad e  of  cas sava a n d  
g ro u n d n ut .  F o r  the  team of yo u n g  
G u i  nean sc i e n t i sts ,  t hese  i n i t i a 
t i ves  p rov i ded opport u n  i t i es to  
ta ke ma rket t re n d s  i n to acco u n t 
and  to fo rge part n e rs h i ps w i th  
s m a l l - sca l e  en te rpr i ses .  

Selling cassava meal, 
Guinea. 



O u r  agronomy programme bu i lds  
team s  to co n d u ct agro n o m i e  
research in  trop ica l  envi ron ments 
and u nderpi ns  the deve lopment  
of agronomie  dec is io n  su pport 
too l s  by improving  research and 
d iagnostic methods . 

Plot-level cultivation models 

The PAST I S  mode l ,  deve l oped by 
the  N at iona l  Agronom i e  Research 
1 n st i t ute ( 1  N RA) at Av ignon ,  has  
been en r i ched so  t hat i t  can now 
de sc r i be m o re accu rate l y  t h e  
mechan i sms  b y  wh i ch so i l p rop
er t ies  a re i m p roved and  the net 
t ran sfe r s  of wate r and  n u t r i en t s  
occu r r i ng u nde r  d i ffe ren t  c u l t iva
t i on  systems  i n  t rop i ca l  e nv i ron
ments .  These s u b rou t i n es, wh i ch 
somet i mes i ntegrate two crops,  
cave r p l ants and the in situ u se of 
crop res i d ues  to fo rm a m u l ch ,  are 
l abo r ious  to deve lop  and d i ff i c u l t  
t o  u se i n  t he  f i e l d .  Neve rt he l e s s, 
t hey are u sefu l  fo r ana lys i n g  the  
com p lex mech a n i s m s  t hat corne  
i n t o  p l ay and as a test-bed pend-
i ng  the  deve lopment  of s i mp l e r  
too l s  that a re p ract i ca l  fo r f i e l d  
u se, can  be  w ide ly app l i ed i n  d i f
fe r en t  geog rap h i ca l  con texts 
and -the  u l t i mate a i m - can  be 
u sed as deci s i o n  s u pport too l s .  

l n  2000, wo r k  on  t rend s  i n  so i l s  
u nde r  i r r igat i on  on  Ma l i ' s  Office 

th e i r  k i n et i c s .  Mod e l i n g  can now 
be based on  a bette r u nde rstand 
i n g  of  t he  mech a n i s m s  a t  wo rk .  
Q u es t ions  re l at i n g  to t he  man 
agement  of  wate r  i n  f l ooded r i ce 
p lots a re be i ng add ressed i n  o rde r  
to  reconc i l e  t he  conf l i ct i n g  objec
t ives of ach iev ing  h igh y ie lds i n  the 
s ho rt term wh i l e  p rese rv i ng  so i l  
fe r t i l i ty i n  t he  l o nge r  te rm .  l n  
Mexi co, i n  systems  based o n  d i rect 
sowi ng i n to a res i d u e  m u lch ,  t he  
mode l  h as been  app l i ed to  quan 
t i fy t h e  e ffects of  d i ffe r en t  
amou nts  of  res i d u es on  i nf i l t ra
t i o n , evaporat i on  and r u n off and ,  
mo re gene ra l ly, to assess t he  ava i l 
ab i l i ty of wate r and  n i t rogen to  
c rops .  

The  mode l  can be adapted to 
othe r  s i t uat i on s  in wh i ch  t ran sfe rs 
of wate r and n ut r ients are the  ma in  
dete r m i nant s  of c rop  y ie ld s .  Th i s  
i s  t he  case i n  t he  l ive cave r crop
based systems  of B raz i l ,  whe re 
n u t r i en t  f l ows, espec i a l ly those  of 
n i t rogen ,  a re c r i t i ca l .  Wate r is s t i  1 1  
e s sen t i a l ,  o f  cou rse, b u t  does not 
appear  l i m i t i n g  u nde r  t hese b io 
c l i m at i c  cond i t i o n s .  

Partnersh ip with CERAAS 

O u r  partne rs h i p  wi th  the  Senega l 
based Reg iona l  Cent re fo r S tud i es 
on  D rough t  Adaptat i o n  (CE RAAS) 
was conso l i dated in the yea r 2000. 

du Niger schemes l ed to the  cha r- f 
acte r izat ion of so i l a l ka l i n i ty and t'< 
soda acc u m u l at i on  p rocesses and  � f"�-','"t s;."?;-..; 

(Q) 

l ag 

l t  i s  t he  f i rst s tep towa rds t he  
d eve l o p m en t  of  a reg i ona l  re 
search t h r u st t h at wi l l  focu s  on  
mode l i ng wate r and  n u t r i en t  con 
s t ra i  n t s  and  i den t i fy i n g  b i ochem
i ca l  and  mo l ec u l a r  ma rke rs fo r 
d rough t  to l e ra nce .  

I SO 9002 certification 
of the analytical laboratory 
Each yea r  t h e  ag ro n o my p ro 
g ra m m e ' s  a n a l yt i ca l  l a bo ra tory  
p rocesses a ro u nd 20 000 sam p le s  
of  s o i l s , fe rt i l i ze rs ,  wate r and  

p l a n t s ,  s en t  m a i n l y by  C I RAD 
researche rs o r  t h e i r  part ne rs i n  
deve l op i ng  cou n t r i e s .  l n  Feb r ua ry 
2000, t he  l abo ratory was cert i f i ed 
as meet i n g  the  I S O  9002 s tanda rd .  
Th i s  s u ccess  c rown s  a vo l u nta ry 
i n i t i at ive started f ive yea rs ago, i n  
w h  i ch  t he re h as been s t rong par
t i c i pat ion  by a l l staff and espec ia l ly 

Direct sowing 
of maize into 
maize stubble, 
using animal 
traction, 
Mexico. 
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Carbon and 
nitrogen 
analysis 
equipment 
(Thermoquesf 



90 

tech ni cian s. Ce rtified for the 
analysis of soils and plants, the 
laboratory can now offer its serv
ices with the full assurance for 
clients of high-quality work. The 
initiative, now extended to Réu
nion, aims to integrate a concern 
fo r q u a I i ty th ro u g h o ut th e 
research programmes of C l  RAD 
and its partners. 

SYSTEM, a new joint 
research unit 

SYSTEM, a new joint research unit 
established to investigate compon
ent interactions and their man
agement in Mediterranean and 
tropical cropping systems, brings 

Instruments for measuring 
soif water movement 

and composition, Brazil. 

together around 20 scientists at 
the Agro-Montpellier college of 
higher education, INRA and 
CIRAD. The combined team will 
work on modeling and diagnosing 
existing systems and designing 
new ones. The MOST laboratory, 
which will conduct research on 
organic matter in tropical soils, is 
being established at Cl RAD and 
will be run jointly by CIRAD and 
IRD. lt will support the activities of 
1 RD ' s research unit on car bon 
seq uestration, as well as Cl RAD's 
work on the management of soi� 
organic matter and its effects on 
fertility, carbon storage, nitrogen 
availability and soil biology in gen
eral. 

� 
(Q) 
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Plant 
biotechnologies and 

genetic resources 
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The support to  plant b reed ing 
provided by ou r  plant b iotech 
nologies and genetic resou rces 
programme is  reflected in the 
p rogramme' s th ree object i ves :  
i mproving the management of 
genet ic resou rces to ensu re con
t inu ing access to useful genes; 
facili tat ing the development and 
ident if icat ion of improved geno
types with h igh q uality and toler
ance to biotic and abiotic stresses; 
and contr ibut ing to the rap id d i s 
sem ination of  improved varieties. 
Wh ile seek ing to improve i ts  
support to C I RAD 's other pro
g rammes, the team cond ucts 
specif ic projects to develop new 
biological resou rces relevant to 
st rategic object ives. 

Specialized laboratories for 
structured activities 

A series of specialized laboratories 
have been established, 
focusing on a spe
cifi c tech n ical 
area such as h is
tocytology or DNA 
extraction, while 
others cross disci
pl i nary bou ndaries 
to tackle problems 
such as food hygiene 

and safety. Those in charge of each 
laboratory are responsible for its 
effective performance. 

A highly automated laboratory 
was installed to produce and man
age DNA libraries and to extract 
and amplify DNA sequences. This 
laboratory was financed by the 
Montpellier Génopole and a 
regional Languedoc-Roussillon 
fund. l ts services are essential for 
meeting the needs of CIRAD's 
genomics projects and are also in 
demand from other regional 
teams. 

DNA l ibraries enriched 
with microsatel l ites 

Cl RAD and its partners, in associ
ation with France's national 
sequencing centre, Génoscope 
near Paris, have made available a 
series of D NA libraries enriched 
with microsatellites. The libraries 
caver a large number of plants and 
their pathogens, including banana 
(with Mycosphaerella eum usae, 
M. fijiensis and M. musico/a), cacao 
(with Phytophthora megakarya and 
P. palmivora), cocon ut, coffee (with 
Colletotrichum kawae) ,  cotton, 
date palm, mandarin, palm oil 
(with Fusarium oxysporum ssp. 
elaeidis ) ,  papaya, pineappple, rub
ber (with Microcyc!us ulei), sapele, 
sugarcane (with Puccin ia mela 
nocephala and Usti!ago scita 
minea ) ,  taro, teak and yam. The 
work also included a grain crop, 
namely sorghum, and an associ-

ated pest i nsect, 
Eurystylus oldi, 
a sorghum head 
bug. 

Researchers 
are using robots 
ta compile 
DNA libraries. 



More than 1 2  000 c l ones con 
ta i n i ng a m i c rosate l l i te  h ave been 
ext racted f rom these l i b ra r i es .  The 
c lones were sent to Génoscope fo r 
seq u enc i ng  and  i n i t i a l  p roces s i n g  
o f  t he  seq uenc i ng  data. M i c ro
sate l l i te  markers  a re h ig h ly po ly
m o rph i e  and easy to u se, wh i ch  
wi l l  fac i l i tate the i r  adopt ion by  lab
o rato r ie s  in  the t rop i c s .  

Preparing a gel for genetic 
fingerprinting of a variety. 

Rice as a model plant 
in  the Génoplante programme 
O u r  wo rk  on  r i ce as the mode !  
p l an t  fo r monocoty l edon s  i s  con 
d u cted under  fo u r  E u ropean p roj 
ects and the F rench  Génoplante 
p roject . The yea r 2000 saw t he  
Génoplante p roj ect become  fu l l y  
operat iona l .  U nde r  t he  p roj ect, 

mo re than  5000 m utant  i n se rt i o n  
l i nes  we re s u pp l i ed, t he  a i m  be i ng  
to reach 50  000 1 i nes  by  2003 . Pro
ced u res  fo r seq uenc i ng  the f l an  k
ing reg i on s  of  DNA i n se rts ,  wh i c h  
a re v i ta l  fo r eva l u at i ng  t he se  mate
r i a l s  in the  f u t u re, we re estab
l i s hed  and the f i r s t  seq u ences  
were determ i ned. The  p roject bene
f i ted by a n u m be r  of  i m portan t  
i m p rovemen t s  i n  ou r  fac i l i t i e s, 
notab ly  an  expan s i on  of 85 sq u are 
met res  in  t he  u sab l e  a rea of t h e  
l abo rato ry. 

Train ing and partnerships 

l n  2000, o u r  l abo rato r i e s  in Mont
pe l l i e r  hosted sc i en t i st s  and tech 
n i c i a n s  f r om  A l ge r i a, Aus t ra l i a, 
Be n i n , B raz i l ,  Côte d ' I vo i re ,  

:= Morocco, Q u atar, Senega l ,  Tanza-
� n i a, Tha i l and ,  Tri n i dad and Tobago 
� and Venezue l a . 
(9 T h e  r e l at i o n s h i p  betwe e n  

C I RAD and  C E RAAS, i n  Senega l ,  
i n teg rated, when  the  two i n s t i t u 
t i o n s  became i nvolved i n  a wo rk 
s hop  on  the  ro le  of b i ochem i st ry 
a nd  m o l ecu l a r  b i o l ogy i n  t h e  
deve l opment  o f  d rough t- res i s tan t  
c rop  va r ie t ies .  Fu nded by  the  West 
and Cent ra l  Afr i can  Cou nc i l  fo r 
Ag r i c u l t u ra l  Research  and  Deve l 
opm ent  (CO RAF) ,  t he  wo rk shop  
was o rgan ized by  C ERAAS, t he  

Rice plants with DNA inserts 
under observation 
in a containment facility. 
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Senega lese Agr i cu l t u ra l  Research 
1 n st i t u te ( 1  S RA)  and  the  Che i k h  
An ta D i o p  U n ive r s i ty o f  Daka r. 
Afte rwa rds, a v i s i t i n g  tec h n i c i a n  
f rom CERAAS rece ived t ra i n i n g i n  
Montpe l l i e r  fo r a per iod  of fo u r  
mon th s .  

The team was a l so  i nvo lved i n  
p repar i  n g  two t ra i n i n g cou rses .  
The  f i rst , o n  t he  u se of  mo lecu l a r  
marke rs i n  r i ce i m p rovemen t, was 
i n tended fo r West Afr i ca n  r i ce  
b reede rs .  Th i s  cou rse was  f unded  
by  an  i n te rnat i ona l  agency t h at 
p romotes u n ive rs i ty co l l aborat i on  
i n  f rancophone  cou nt r i es and  by 
CORAF, i n  assoc iat ion  wi th I S RA i n  
Senegal and  wi th t he  U n ivers ity of  
Ab id jan and  the  Nat iona l  Agro
nom i c  Research Cent re (CN RA)  i n  
Côte d ' I vo i re .  The  second cou rse, 
on  the u se of mo lecu l a r  marke rs i n  
t he  i m p rovemen t  o f  p l an ta i n , i s  
i n te nded fo r resea rch e rs f rom 
Cameroon and the  Cent ra l  Afr i can 
Rep u b l i c  and  wi l l  be he ld  w i th  
s u ppo rt f rom the  F rench  M i n i st ry 
of Resea rch . 

Course participants receive 
attendance certificates 
in a training seminar on the use 
of biotechnology in plant breeding, 
Côte d 'Ivoire. 

Advanced methods  fo r i n n ovat i o n  i n  sc ience 
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G iven the different  comparat ive 
advantages and natural resource 
endowments of diffe rent  coun 
tr ies, market l iberalizat ion  is cre
at i ng  a range of soc io -econom ic  
problems  associated w i t h  eco
n o m  i c  adj u stment  and poli cy 
mak ing. ln  some cases, adjust
ment requi res i n tervent ion  by 
govern ment or by local bodies to 
improve the social equity and effi 
c iency of product ion  and trade 
and hence of econom i c  develop
ment as a whole. 
Th is  programme's fi rst objective is  
to help ident i fy these s i tuat ions, 
as a bas is  for developi ng an eco
nomic scenario that reflects stake
holders ' needs and aspi rations. l ts 
second object ive is to out l i ne rel
evant  poli cy i n struments or mar
ket i n terventions  fo r developi ng 
countr ies .  Market fa ilures a re 
ident i fied usi ng var ious diagnos
t ic  tools . Tools and methods have 
been designed to a id our under
standing of specif ic s i tuat ions, 
represent  them object ively and 
analyse the consequences of 
changing them, us ing  different 
pol icy scenar ios .  

Advanced methods fo r i n novat ion  i n  sc ience 

The MATA model 
in Asia and Africa 

On the basis of a description of 
how producers and consumers 
behave, the MATA model predicts 
the effects of different agricultural 
policy scenarios. lt can be used for 
simulating, evaluating and moni
toring the results of different 
interventions. The situations rep
resented are chosen for their rel
evance to, and representative
ness of, conditions in the field, on 
the basis of requests by develop
ing countries. 

Three situations are being mod
eled in Southeast Asia and sub
Saharan Africa: the diversification 
of agriculture in Central Luzon, the 
Philippines; the effects of i rriga
tion facilities introduced in the 
Niger in land delta, in Mali; and the 
impact of different policy options 
on food secu rity in Benin. 1 n the 
first two cases, progress has been 
made in developing a typology of 
farms and the basic structure of ] 
the mode 1. 1 n the th i rd, a model- � 
ing exercise has shown that the � 
1 994 devaluation of the CFA franc 
has had a marked and prolonged 
effect on cotton production. Cot
ton producers have benefited, 
especially those using animal trac
tion, but the production of local 
cereal crops has declined. The 

Maize intercropped 
with Robusta coffee 
the Philippines. 

1 

exercise was based on real data 
and a coherent representation of 
economic factors. lt shows that 
cereal prices have risen relative to 
those of other commodities and 
that food consumption by urban 
populations has fal len, reflecti ng 
reduced purchasing power. 

Market uncertainties: 
hypotheses and predictions 
The signing of the agricultural 
agreement of the World Trade 
Organization (WTO), at Marrakesh 
in 1 994, gave rise to new hopes 
that market risks and uncertainties 
would diminish, since the trade 

Palm oil factory and estate, 
lndonesia . 

policies that were the source of 
the most serious instability would 
be phased out, to be replaced by 
multilateral rules of good conduct. 

A simple model of the market 
for palm oil-the world's most 
widely traded plant oil-over the 
past two centuries has shown 
that globalization and market lib
eralization have probably not 
reduced the risks of price fluctu
ations. Developed to elucidate 
the factors determining the 
volatility of major agricultural 
commodity markets, the model 
has enabled users to test the 
hypothesis that the volatility of 
international prices for tropical 



commodities can largely be 
explained by the CO-existence of 
different distances across which 
goods are traded. Specifically, it 
was shown that the emergence of 
a local trade over short distances 
increases instability and the risks 
run by market participants. 1 n 
some developing countries, new 
patterns of South-South trade are 
being superimposed on those of 
the traditional long-distance 
North-South trade. This hypo
thesis, which resembles those 
describing trends in financial 
markets, contradicts the argu
ments put forward during nego
tiations for the agricu ltu rai agree
ment. 

Helping developing 
countries present 
their case 
A mode! was developed to quan
tify the effects of different agri
cu ltu rai pol icy scenarios on world 
markets. Existing models and 
hypotheses, someti mes 
restricted in 
thei r scope, 
such as i nstan
taneous equili
brium between , "-
supply and de
mand, the ab
sence of risk and 
uncertainty, per
fect competition 
and so on, were 
analysed. To the 
scientific challenge ::i 

of formulating a � 
new mathematical @ 

mode! of the economy that com
plements those used in interna
tional negotiations was added a 
development challenge-that of 
enabling developing countries to 
present a case that more accu
rately reflects their situation. 

A prototype that integrates new 
options, such as price fluctua
tions and the absence of markets 
that cover risk, was developed. 
Markets were represented as oper
ati ng according to a general equi
librium mode! in which ai l sectors 
of activity were taken into account. 
The mode! explicitly integrates 
the ti me-gap effect caused by the 
delay between the decision to 
produce, based on expected 
prices, and the arrivai of prod uce 
on the market, which determines 
the actual prices paid. 

According to initial simulations, 
false expectations are a major 
cause of variability in the interna
tional prices of agricu ltu rai com
mod iti es. l n  addition, it was 
confirmed that a completely liber
alized market, as distinct from a 
partially I i be rai ized one, does not 
always benefit producers and con
sumers more than a market with 
guaranteed prices. 

Transporting coffee, 
Vietnam. 

Plant model ing 

AMAP, th e research u n it on p lant  
mode l i ng shared by C l  RAD and 
the F rench  N at iona l  l nst itute for 
Research on I nfo rmation  Tec h 
nology a n d  Automation ( I N R IA), i s  
b u i l d i ng t h e  knowledge base on  
how plants develop - annuals  and 
pere n n ia l s, trop ica l  and te m per
ate . To th i s  end, AMAP d es igns, 
deve lops  and  eva luates gener i c  
methods for measu ri ng, analys ing  
and  mode l i ng p lant  and stand  
arch itectu re, growth, phys io logy 
and  p roductiv ity. 
B ri ng ing  d iffe rent d i sci p l i n es 
botany, eco logy, app l ied mathe -
mat ics, co m p uter  s c i e n ce 
togeth e r, as th i s  u n i t d oes, 
const i tutes a major  sc ient i f ic  
and  tech n i ca l  ach ievement  fo r 
modern  agr icu ltu re and  fo r
estry. The resu lts, which take 
the form of knowledge, meth 
ods and tools, are made avai l -
ab le  to  th e sc ient i sts and  

students hosted by  the  u n i t. 
They are also transferred to h igher  
educat ion and, i n  some case s, 
lead to the development of i ndus
tr ia l  and  co m m erc ia l  software . 

Training 
l n  2000, efforts to disseminate the 
methods and tools developed by 
the unit were intensified. 

Advanced methods fo r i n n ovat i o n  i n  sc ie nce 
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AMAP's 
tool for 

modeling 
plant  growth. 

Ove r 50 resea rc h e rs f ro m 
C l  RAD, 1 N RA a n d  oth e r  i n s t i t u 
t i o n s  took p a r t  i n  t ra i n i ng . Two 
cou rses of f ive days each were 
d evoted to the meas u rement  a n d  
a n a l ys i s  of  p l a n t  a rc h i tec tu re,  
wh i l e a f u r t h e r  th ree-day cou rse 
cove red the s i m u l a t ion  of p l a n t  
g rowt h .  

Th ree mod u l es we re deve l oped 
in co l l eges o f h ig h e r  ed u cat i o n  i n  
Montpe l l i e r : o n e  o n  i n tegrated 
m od e l i n g of  p l a n t  a rc h i tec tu re 
a n d  phys i o l ogy, w i th  Ag ro-Mont 
pe l l  i e r; another  on stochast i c  mod
e l  i ng  of  b i o l o g i ca l  p h e n o m e na, a t  
t he  b iostat i st ics doctoral  co l l ege of  

Montpe l l i e r  U n i 
ve rs i ty; and  t h e  
t h i rd o n  p l a n t  
s t ructu re, sca le, 
shape and  a lgo-
r i t h  m s  fo r t h e  
c o m p u t e r  
cou rse, a l so at 
a l oca l  d oc-

to ra l  co l l ege. Aro u nd 30 
s t uden ts took pa rt in t h ese mod
u l es,  each of  w h i c h  l a s t s  about  20 
h o u rs .  

S t u d e n t s from Arge n t i n a, 
Mo rocco a n d  C h i na were hosted 
at Montpe l l i e r. Last ly, a te n - h o u r 
t u to r i a l  cover i n g  a l l  as pects of the  
mathemat i c s  a n d  co m p u te r  s c i 
ence of p lant  m od e l i n g  was he ld  i n  
Madagas ca r  d u r i n g  t h e  F i f th  
Afr i can  Co nfere nce  on  Co m p ute r  
S c i e n ce .  

Franco-Chinese cooperation 
now in ful l  swing 

Coo perat i o n  b etween F ra n ce and  
C h i na, wh i ch  began  i n  1 998 w i th i n  
L I AMA, a F ra n co-Ch i n ese l abora
to ry fo r i n fo r m a t i o n  s c i e n ce, 
a u to m at i o n  a n d  a pp l i ed mat h e
m a t i c s ,  c o n t i n u ed a n d  was 
s t rengt h e n e d .  

A t  t h e  i n s t i t u t i o na l  l eve l ,  t h e  
agreement  between C h i na ' s  Acad-

Adva nced met h od s fo r i n n ovat i o n  i n  sc ience 

Monitoring the growth of maize: 
an experiment under way at Beijing's 
University of Agriculture, China. 

e my of S c i e n ces  a n d  F ra n ce 's 
1 N R I A  has  b e e n  exte n d e d to 
i n c l u d e  the N a t i o n a l  Cent re  fo r 
S c i e n t i f i c  Research ( C N RS )  a n d  
C I RAD, and  a C I RAD s c i e n t i s t has  
been appo i nted a cod i recto r of  
L I AMA. L i n ks wi th  the C h i nese 
U n ive r s i ty of  A g r i c u l t u re h ave 
been s t re n gt h e n ed and c o n tacts 
es ta b l i s h e d  w i t h  s p ec i a l i zed  
botany  and  fo restry l aborato r ie s .  
Th ree C h i n ese  doc tora l  ca n d i 
dates a n d  two s c i e n t i s ts c a m e  o n  
s h o rt v i s i t s  t o  F ra n ce;  C I RA D  a n d  
I N RA s c i e n t i s t s  went  on  seve n 
m i s s i o n s  to p rov i d e  s c i e n t i f i c  and  
tec h n i ca l  s u pport .  

ln  terms of  research ,  a new 
t h eo ry of p l a n t  m o rp h oge n e s i s  
was p u t  fo rwa rd, based o n  a u to
mat i o n  p rocesses .  l t  can be u sed 
to exp l a i n  a p l an t ' s  g rowth patte rn 
and to i n t ro d u ce t h e  ef fe ct s  
of env i ron m e n ta l  va r i a b l es .  The  
growth m od e l s  d e r ived t h ro u g h  
u se o f  t h e  t heory have i n terest i n g 
p roper t i e s :  t h ey can  be s i m p l i f i ed  
i n  a rat i o n a l  way; th e i r  ma the mat
i ca l  pe rfo r m a n ce can be a n a lysed;  
t he i r parameters can  be est i m ated 
from o bse rvat i o n s  of p l a n t  a rc h i 
tectu re; a n d  t h ey c a n  b e  u s e d  to 
opti  m i ze tech n i ca l  i n te rve n t i o n s .  
T h e  theory i s  be i n g  used b y  a n u m
be r of doctora l  degree can d i d ates 
to deve l op a new ge n e rat i o n  of � 
softwa re fo r s i m u l a t i n g  p l a n t  -
behav i o u r. 

Modeling plant stands 
and landscapes 

l n  c o l l a bo rat i o n  w i t h  C I RA D ' s  
Forestry Depart m e n t, ve rs ion  4.0 
of the softwa re p l atfo rm CAPS I S  
was d eve loped . CAPS I S  i s  u sed to 
mode l  the g rowth of tree stands  
and  t h e  effects  o f  d i ffe rent  m a n 
agement  reg i mes .  T h e  new ve rs ion  
enab le s  u se rs to acq u i re a w ide  
ran ge of m od e l s  fo r p red i c t i n g  
y i e l d  i n  fo rest sta n d s .  

To advan ce the  d e s i g n  of env i 
ro n m e n ta l  a n d  l a n d - based i n fo r
mat ion  syste m s, tec h n i ca l  pa rt
n e r s h i ps we re fo r m e d  w i t h  
i n st i t u t i o n s  th at ge n e rate spat i a l  
data, s uch  as F ra n ce ' s  Nat i o n a l  
Geogra p h  i ca l  I n st i t u te a n d  t h e  
N at iona l  Fo rest ry I nve nto ry. These 
pa rt n e rs h i ps b u i l d  on the ad 
van ces made by  a E u ropean p ro j 
e ct o n  i n n ovat i o n , k n own as  
1 mago-Metropo l  i s .  G eograph i ca l  
i n fo rmat ion  systems  ( G I S )  we re 
su ccessfu l l y com b i ned fo r the f i rst 
t i m e  w i t h  softwa re i n  t h e  AMAP 
range.  The  part n e rs h i ps a l so p ro
m ate the com m e rc i a l  d i s t r i b u t i o n  
of p l a n t  o r  l andscape mod e l i n g 
softwa re, respon s i b i l i ty  fo r t h e  
manage m e n t  o f  w h i c h  h a s  been 
t ran sfe rred to t h e  c o m pany  J MG 
G ra p h i e s ,  w h i c h was r e n a m e d  
B i o nat i cs i n  e a r l y  2001 . l n  ret u rn 
fo r roya l t i es, C l  RAD has  u n d e r
taken to u pdate the  d atabase o n  
the  p lan t s  mode led b y  these pack
ages o n  a reg u l a r  bas i s .  

Modeling trends i n  land use. 



Botany and bioinformatics 
of plant architecture 

During discussions of the four
year plan of Montpellier Il Uni
versity, the plant modeling unit's 
researchers expressed a desire to 
establish a new unit consisting of 
researchers from other Cl RAD 
programmes, CNRS, Montpellier Il 
University, the School of Practical 
Higher Studies and the lnstitute of 
Research for Development (IRD). 

The new unit would be organ
ized to conduct research on 
three main themes-taxonomy 
and phylogeny of plants and flow
ers, plant architecture and devel
opment and, lastly, the structure 
and dynamics of plant stands and 
landscapes-and to develop meth
ods in three cross-cutting areas 
database management, modeling 
and software engineering. 

The directors of CIRAD and 
INRA, as well as the National Com
mittee for Scientific Research, 
viewed this project favourably 
when it was submitted in June 
2000. The departments of Life Sci
ences and Information and Com
munications at CNRS have pro
posed that it be officially launched 
on 1 Jan uary 2001 . 

Begonia 
carol ineifol ia. 

The cha l l enge fac ing  o u r  crop 

p rotection  p rogra m m e  i s  to 

deve lop integrated contrai strate 

gies for the major  insect pests and 

d iseases of tropical  and subtro p i 

c a l  c rops. Specifica l ly, t h e  strate 

gies integrate the use of genetical ly 

resistant p lants, appropriate cu l 

tu ral practices, b io logica l  contrai 

and the rat ional  use of pest ic ides . 

Knowledge in  th is  f ie ld is be ing  

acq u i red through new a l l iances .  

For example the regiona l  research 

thrust on crop protection, based in 

Réun ion, b rings together C I RAD, 

the U n ivers ity of Réun ion, loca l  

gove r n m e nt d e partm ents con 

cerned with agricu ltu re, fo restry 

Nematodes affecting coffee 
plants in Latin America 

Th ree research projects on nema
todes affecti ng coffee plants are 
being implemented by our PHY
TOTROP laboratory in collabora
tion with CIRAD 's Department of 
Perennial Crops. 

Pra ty!ench us coffeae, a lesion 
nematode, is the species tradi
tionally cited as mainly responsi
ble for crop lasses in South Amer
ica and the Caribbean. Thesis 
work shows that in fact a complex 
of species is involved-species 
that are difficult to identify using 
the classical taxonomy, which is 
based mainly on morphological 
data. Thematic research will clar
ify the taxonomie status and path
ogenicity of these populations. 

and crop protection, and an  

u mbre l la  association o f  farm- j 
ers ' groups formed to contrai  :i 

crop pests and d i seases . A jo int  

research un it on the b io logy and 

genetics of  host-pest interactions  

i n  support of i ntegrated cro p 

p rotecti on  b r i ngs  togeth e r  

researchers  fro m C I  RAD, 

I N RA and Agro-Montpe l 

l ier. The unit wi l l  provide  

the h u man  resou rces  

needed for bath research 

and trai n ing  i n  its f ie ld of 

competence. 

Elsewhere, root-knot nema
todes of the genus Meloidogyne
are dominant and cause serious 
economic lasses. Previous work 
has revealed the considerable 
diversity of Central American pop
ulations in terms of bath the num
ber of species and their patho
genicity. A European project 
implemented with IRD will exam
ine in detail the genetic and bio
logical diversity within this genus, 

Adva n ced methods fo r i n n ovat i o n  i n  sc ience  
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Dying 
coffee plants 
infested with 
nematodes, 

Guatemala. 
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in Central America and Brazil. At 
the same ti me, molecu lar probes 
based on satellite DNA will be 
developed under a jo int CIRAD
INRA project. 

lnsecticidal plants in Sudan 

Following the mass spraying of 
chemical insecticides to contrai 
the most recent plague of desert 
locusts in 1 997 and 1 998, it has 
become vital to develop solutions 
that are less dam agi ng to the envi
ron ment. 

l n  Sudan, some plants are tra
ditionally harvested by local farm
ers or pastoralists to kill cattle ticks 
or contrai insect pests on crops. 
Besides being a breeding 
ground for desert 
locusts, Sudan 
also suffers from 
ch ron ic infesta
tions of grasshop
pers. There is thus 
good reason for 
assessing the insec
ticidal properties of 
local plants, including Adenium 
sp., Mucuna sp., Azadirachta indica 
and Calotropis procera .  

A thesis study undertaken with 
the University of Kordofan and the 
Faculty of Pharmacy at the Uni
versity of Montpellier received 
financial support from the French 
embassy in Sudan and technical 
support from CIRAD researchers. 
Under study are the mechanisms 
that make these plants effective 
against locusts and grasshoppers 
and the risks of poisoning non
target organisms. This will open up 
opportunities for developing 
treatments based on simple for
mulations that are easy to prepare 
and apply, for use by national 
crop protection services and farm
ers. ln 2000, extraction techniques 
were developed and the first tests 
were conducted on insects. 

Advanced methods fo r i n novat ion in sc ience 

Towards the management 
of black leaf streak disease 
of banana 

Black leaf streak disease is a seri
ous foliar disease of banana, found 
in almost all banana growing areas. 
l t  is caused by Mycosphaerella 
fijiensis .  Genetie improvement 
programmes aim to develop new 
varieties resistant to this fungus. 
The sources of resistance used 
need to be the widely effective and 
durable. 

Research is being conducted in 
the laboratory and in the field, 
under a project between C IRAD 
and the European Union with 

additional fund-
ing from the 
In terna t iona l  
Network for the 
l mprovement 
of Banana and 
Plantain. The 
work is con
ducted in 
partnership 
with the Re-

gional Research Centre for Ba
nanas and Plantains (CRBP)  in 
Cameroon and with the Tropical 
Agronomy Research and Training 
Centre (CATIE) in Costa Rica. 

Because of the diversity of this 
pathogen, the preferred approach 
is to look for partial resistance that 
will slow down the development 
of the parasite and hence the 
progress of epidemics. lt is 
thought that partial resistance will 
prove more du rab le than total 
resistance. 

To identify th is ki nd of resist
ance, the different mechanisms at 
work at each stage of the I ife-cycle 
of the fungus are identified under 
controlled conditions in the PHY
TOTROP laboratory in Montpellier. 
The raie of these mechanisms in 
controlling the disease is then eval
uated in the field, mainly by the 

CRBP in Cameroon. This charac
terization, wh ich has been parti y 
completed, will allow the most 
effective source of partial resist
ance to be selected for future use. 

Stud ies on the structure and 
evolution of pathogen popula
tions, conducted using molecular 
markers, and a test for patho
genicity, aim to evaluate the dura
bi I ity of resistance. The se analyses 
are conducted in space, so as 
to describe the distribution of 
genetic diversity in pathogen pop
ulations and assess thei r potential 
for adaptation. The knowledge 
gained in this way will enable 
scientists to design contrai strate
gies that take i nto accou nt the 
pathogen's possible future evolu
tion. Resu lts at continental scale 
have already been obtained in 
Africa and Latin America. Studies 
at country level are now under 
way. 

Since the year 2000, our part
ners have had access to the meth
ods CIRAD has developed and 
can therefore conduct analyses 
directly in the areas of production 
affected. Nevertheless, samples 
from different regions can only 
be compared in non-production 
areas, so this is done in Montpel
lier. Lastly, an epidemiological 
modeling tool is being developed 
so as to improve the planning of 
experiments and the interpreta
tion of resu lts as a fu nction of the 
parameters tested. • 
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Banana 
severely 
affected 
by black leaf 
streak diseas 
Cabon . 
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Chai rman, 
Scientific Advisory 

Committee 
Guy Riba ' 

Secretary General  
Vincen t  Dollé 

Director, Research 
Michel Griffon 

Director, 
External Relations 
A la in Derevier 

Director, Montpe l l ier 
Research Centre 
Maurice Izard 

C I RAD at a g la nce 

Chai rman, 
Board of Trustees 
Daniel Nahon 

Director 
General  
Bernard Bachelier 

Head, Scientific and 
Technical  I nformation 

jean-François Giovannetti 

Departmental D i rectors 

-

CI RAD-CA 
Ala in Capillon 

Cl RAD-CP 
Denis Despréaux 

Organ izat iona l  

Head, Information and 
Commun ications Technology 
Joël Sor 

C I RAD-FLHOR CI RAD-EMVT 
Jean-Pierre Gaillard Joseph Domenech 

Cl RAD-Forêt 
Jacques Valeix 

CI RAD-TERA 
Rolland Guis 

C l  RAD-AMI S  
Anne-Yvonn e  Le Dain 



Chart of C I RAD i n  2001 

Accounts 
and Finance 

Marc Gélis, Manager 

Human Resources 
François Fort, Manager 

Installations 
and Maintenance 

Didier Servat, Manager 

Management Support 
Christian Altairac, 
Head of Service 

French Overseas Departments 
and Territories 

François Pointereau, H ead 

Representatives 
(see page 1 05) 

Scientific and Technical 
Information 

I nformation and doc u mentation 

Lucile Grasset 

P u b l i cations and m u lti media 

Martine Séguier-Guis 

Research 
Administration 

Deputy D i rector 
Jacques Meunier 

Research Coordination 
Crop, envi ron ment 

and natu  rai resou rce 
m anagement 

Eric Malézieux 

Plant i m provement 
Philippe Feldmann 

C rop protect ion 
To be appointed 

An i mal  p rod u ct ion 
Philippe Lhoste 

Techno logy 
Guy Linden 

Econom ies and soc io logy 
Benoit Daviron 

Appl ied m athematics 
and i nformat ics  

Marc Jaeget 

I nternational Research 
Training Networks 

Michel Benoit-Cattin 

Forward and 
Strategic Studies 

Marie de Lattre-Gasquet 

External Relations 

Afri ca, l nd ian Ocean 

To be appointed 

Lat i n America, 
Cari bbean 

André de Courville 

Asia, South Pacif ie 

Patrick Durand 

I nte rnat ional  organ izat ions, 
M idd le  East 

Pierre-Luc Puglièse 

Overseas representatives 

(see page 1 05) 

Partnersh i ps, pr ivate sector 

Christian Brunin 

Partnersh i ps, 
donor and deve lopment 

organ izat ions 

Alain Guyot 

External  
com m u n i cations  

Anne Hébert 
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C I RAD departments i n  2001 

An n ua l  c rops 
(C l  RAD-CA) 

Alain Capi l lon, Director 
Jean-Luc Khalfaoui, Deputy Director, 
Research Coordination 
Officer, Management Support Service 
To be appoin ted 

Phi l ippe Ourcival, 
Consu ltancy and Operations Bureau 

Robert Domaingue, Head, Sugarcane Programme 
Jean-Phil ippe Deguine, Head, Cotton Programme 
Pierre Fabre, Head, Food Crops Programme 
Francis Forest, Head, Agrosystems Programme 

Tree crops 
(Cl RAD-CP) 

Denis Despréaux, Director 
Dominique Nicolas, Deputy Director, 
Research Coordination 
Thierry Corbineau, Assistant Director, 
Officer, Management Support Service 
Christian Picasso, Consultancy and 
Operations Bureau 

Phi l ippe Petithuguenin, Head, Corna Programme 
Dominique Berry, Head, Coffee Programme 
André Rouzière, Head, Coconut Programme 
Jérôme Sainte-Beuve, Head, Rubber Programme 
Alain Rival, Head, Oil Palm Programme 

CI RAD at a g lance 

Fru i t  and ho rt icu l tu ra i crops 
(CI RAD-F LHOR) 

Jean-Pierre Gail lard, Director 
Jacky Ganry, Deputy Director, 
Research Coordination 
Pierre-Jean Bal lard, Officer, Management Support 
Service 
Jean-Paul Meyer, Consultancy and 
Operations Bureau 

Thierry Goguey, Head, Fruit Trees Programme 
Jacky Ganry, Head, Banana, Plantain and Pineapple 
Program me 
Head, Horticultural Products Programme 
(appointment pending) 

An i ma l  p rod uct ion 
and vete r i nary med ic i ne  
(C l  RAD-EMVT) 

Joseph Domenech, Director 
Didier Richard, Deputy Director, 
Research Coordination 
Gui lhem Lacombe, Officer, Management Support 
Service 
Jérôme Thonnat, Officer, Formai Education and 
Training 
Jean-François Renard, Consultancy and 
Operations Bureau 

François Monicat, Head, Rangeland 
and Wildlife Management Programme 
Bernard Faye, Head, Animal Production Programme 
Emmanuel Camus, Head, Animal Health 
Program me 



Forestry 
(C l  RAD-Forêt) 

Jacques Valeix, Director 
Eric Loffeier, Deputy Director, 
Research Coordination 
Yves Danglehant, Assistant Director, 
Officer, Management Support Service 
Gi lles Mi l le, Consultancy and 
Operations Bureau 

Jean-Guy Bertault, Head, Natu rai Forests 
Programme 
Bernard Mal let, Head, Trees and Plantations 
Programme 
Christian Sales, Head, Forest Products Programme 

Te rr ito r ies, env i ron ment  and peop le  
(C I  RAD-TE RA) 

Rol land Guis, Director 
Patrick Caron, Deputy Director, 
Research Coordination 
Officer, Management Support Service 
To be appointed 

Anne-Marie Gotanègre, Consultancy and 
Operations Bureau 

Bruno Losch, Head, Family Agriculture Programme 
Emmanuel Torquebiau, Head, Land and Resources 
Programme 
Guy Faure, Head, Savan nas and I rrigated Systems 
Programme 
Alain Ducreux, Head, Humid and lnsular Tropics 
Programme 

Advanced methods 
fo r i n novat ion  i n  sc ience 
(C l  RAD-AM I S)  

Anne-Yvonne Le  Dain, Director 
Gérard Chuzel, Deputy Director, 
Research Coordination 
Francis Ercole, Officer, Management Support 
Service 
Alain Chauchard, Consultancy and 
Operations Bureau 
Dany Griffon, Quality Monitoring 

Anne-Lucie Wack, Head, Agrifood Systems 
Programme 
Florent Maraux, Head, Agronomy Programme 
Jean Christophe Glaszmann, Head, Plant 
Biotechnologies and Genetie Resources 
Programme 
Daniel Deybe, Head, Economies, Policies, 
and Markets Programme 
François Houl l ier, Head, Plant Modeling 
Programme 
Xavier Mourichon, Head, Crop Protection 
Programme 

l 1 01 
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C I RAD comm ittees i n  2001 

Board of Tru stees 

Chairman 
Daniel Nahon 

Government representatives 

Alain Coléno, Ministry for Research 
El i sabeth Beton-Delegue, Ministry of Foreign 
Affairs 
Laurent Fourquet, Budget Department 
Bernard Guérin, Ministry of Agriculture and 
Fisheries 
Daniel Metayer, Overseas Departments and 
Territories Department 

Externat members 

Bertrand Hervieu, Chairman, I NRA Board 
Jean-Pierre Decor, Deputy Managing Director, 
Aventis 
Jacquel ine  Godet, Scientific Director for Life 
Sciences, CNRS 
Jeanne-Marie Parly, Université de Paris-Dauphine 
Antoine Pou i l l ieute, Director General, AFD 
Laurence Tubiana, Adviser to the Prime Minister 

Staff representa tives 

Patrick d' Aquino, Tristan Durand-Gassel in,  
Eric )a l las, Henri-Fél i x  Maître, Marc Roesch, 
Phi l i ppe Vaast 

C I RAD at a g la nce 

Sc ient i f ic  Adv i so ry Comm ittee 

Chairman 
Guy Riba, I NRA, France 

Externat members 

Ricardo Abramovay, Cidade Universitaria, 
Sao Paulo, Brazil 
Bernard Chevassus-au-Louis, AFSSA, I NRA, France 
Alain de Janvry, University of California, 
USA 
Herman van Keulen, Plant Research International, 
Netherlands 
Patrice Levang, 1 RD, 1 ndonesia 
Oumar N iangado, Délégation Fondation Novartis, 
Mali 
Janet Ri ley, IARC-Rothamsted, UK 

Cl RAD scientific staff members 

Anne-Lucie Wack, Head, Agrifood Systems 
Programme 
Bernard Reynaud, Head, Crop Protection Trust, 
Réunion 

Staff representatives 
Martine Antona, Emile Cros, Bernard Dupuy, 
Jacques Lançon, Marcel de Raïssac 



Research coo rd i nat ion i n  2001 

Crop, Envi ron ment and 
Natu ra i Resou rce Management 

Coordinator 
Eric Malézieux 

Adviser 
Guy Trébuil 

Scientific Committee 

Cha irman 
Bernard Seguin, INRA 

Externat members 
Christian Fel ler, 1 RD 
Robert Habib, 1 N RA 
Bertrand Ney, INA-PG 
François Papy, INRA 
Jean-Pierre Raison, U n ive rs ité Par i s  X 
Bernard Saugier, Un ive rs i té Par i s  X I  
G i l les Thevenet, ITCF 
Jacques Wéry, Agro-Montpe l l i e r  

P lant  l mp rovement 

Coordinator 
Phi l ippe Feldmann 

Adviser 
Hélène Joly 

Scientific Committee 

Chairman 
André Charrier, Agro-Montpel l i e r  

Externat members 
Michel Caboche, 1 N RA 
Michel Delseny, CNRS, Un ivers ité 
de Perp ignan 
Serge Hamon, 1 RD 
Antoine Kremer, 1 N RA 
Pierre-Louis Lefort, GEVES 

Crop Protect ion  

Coordinator 
To be appoi nted 

Scientific Committee 

Chairman 
Charles-Antoine Dedryver 

Externat members 
Stéphane Blanc, 1 N RA 
Thierry Candresse, INRA 
Alan Kirk, EBCL/USDA European laboratory 
Marc-Henri Lebrun, CNRS, Avent is 
Catherine Masson-Boivin, LSTM, 1 RD 
Jean-Loup Notteghem, Agro-Montpe l l i e r  

An i mal  Prod uct ion  

Coordinator 
Phi l ippe Lhoste 

Scientific Committee 

Chairman 
Bernard Hubert, INRA 

Externat members 
François Bocquier, Agro-Montpe l l ie r  
Alain Bourbouze, 1AM 
Jean Chantal, ENV Toulouse 
Antoine Cornet, 1 RD 
Jean-Baptiste Coulon, 1 N RA 
Edmond Tchakérian, I n st itut de l 'é levage 
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Techno logy 

Coordinator 
Guy Linden 

Scientific Committee 

Chairman 
Didier Majou, ACTIA 
Externat members 
Jean-Charles Costier, Costier Ltd, Perpignan 
Robert Duchamp, ENSAM, Paris 
Gérard George, SKW, Grasse 
Daniel Guitard, LEPT-ENSAM, Bordeaux 
Phil ippe Schi l l ,  Michelin 
Gil les Trystram, ENSIA 
Georges Vermeersch, SOFIPROTEOL, Paris 

Econom ies  and Soc io logy 

Coordinator 
Benoit Daviron 

Scientific Committee 

Chairman 
Denis Requier-Desjardins, Université 
de Versailles-Saint-Quentin-en-Yvelines 
Externat members 
Francis Akindes, Université de Bouaké, 
Côte d'Ivoire 
Jean-Marie Boisson, Université Montpellier 1 
Marie-Christine Cormier-Salem, 1 RD 
Christopher Delgado, 1 F PRI 
Afranio Garc ia, EHESS 
Sylvie Lambert, 1 N RA 
Bertil Sylvancer, 1 N RA 
Steve Wiggins, University of Reading, UK 

C I RA D  at  a g la nce 

App l i ed Mathemat ics 
and I nformat ics 

Coordinator 
Marc Jaeger 

Scientific Committee 

Chairman 
El isabeth de Turckheim, 1 N RA 
Externat members 
Catherine Christophe, I NRA 
Gérard d' Aubigny, LabSad, Grenoble 
Jean-Jacques Daudin, 1 NA-PG 
Stéphane Grumbach, INRIA 
Michel Habib, L IRMM, Montpellier 
Claude Lobry, CIMPA, Nice 
Jean-Pierre Treuil , 1 RD 



Reg iona l rep resentat ives 

French Overseas Departments 
and Te rr ito r ies 

French Guiana, Jean-Jacques Baraer 
French Polynesia, Vincent Baron 
Guadeloupe, Hubert Manichon 
Martinique, Phil ippe Mel in 
Mayotte, Gilbert Val lée 
New Caledonia, Thierry Mennesson 
Réunion, Michel Trébel 

Othe r  Cou nt r ies  

Benin, Phi l ippe Vernier 
Botswana, Jean-Claude Legoupi l  
Brazil, Etienne Hainzel in 
Burkina Faso, Georges Subrevil le 
Cameroon, Jean-Louis Reboul 
Caribbean Islands, Hubert Manichon 

Central America, Benoît Bertrand 
China, Zheng Li 
Congo, Jean-Pierre Bouil let 
Côte d'Ivoire, Patrice de Vernou 
Guinea, Edmond Viricel le 
lndian Ocean, Michel Trébel 
1 ndonesia, Gabriel de Taffin 
Madagascar, Jean-Louis Messager 
Mali, Georges Subrevil le (based in Burkina Faso), 
Yves Nouvellet, Deputy 
Senegal, Jacques Dubernard 
South Africa, Jean-Paul Loyer 
South Pacifie, Thierry Mennesson 
Thai land, Jacques Pagès 
United States of America, J i l l  Barr 
Vanuatu, Bernard Dolacinski 
Vietnam, Gil les Mandret 
Zimbabwe, Dominique Du l ieu 

l 1 0s 

C I RAD at a g lance 



Cl RAD worldwide 
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Budget and staff i n  2000 

other 
i ncarne

32%

l ncome 

*Civi l  research and development budget 

Sen ior staff, ma in land France 

Other staff, 
ma in land France 

Sen ior staff, overseas

BCRD*
subs idy

68%

I n carn e  and expend i tu re 

Expenditure 
( F F  m i l l ions)

7 1 4 .99 Staff

2 95 . 28 Operat ions

45 .60 Other

2 0.76 1 nvestmen t s

1 076.63 

339  

D i st r i bu t ion  of staff 
by category and l ocat ion  

Other staff, overseas 2 80 liiiiiiiiiiii' 

G eograph ica l d i st r i b u t ion  
of  se n io r  staff ove rseas

Missions 
(resea rcher yea rs)

Afri ca, l nd ian Ocean

French overseas de 
-

and territories 
partments

Lat i n  America 

Asia, Ocean i a

Others

1
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Tra i n i ng i n  2000 

D i st r i but ion  by d i sc i p l i n e 
and type of t ra i n i ng 

61 8 348 

Degree 
courses 

Training for 
practising professionals 

48 

1 1 1 9 87 ;._I _A.....::g_ro_n_o_m_;._y _______ _ 

86 40 Plant i mprovement 

24 Crop protect ion 

____ 6_1__ 
Animal  product ion 

Econom ies and soc io logy 

Technology 

App l i ed mathemat ics 

Remote sens ing  

l nformatics 

Sc ient if ic and techn ica l  i nformation 

Adm i n istrat ion and management 

Research management 

North Africa 42 ail 
D i str i b ut i o n  of t ra i n ees 
by geograp h ica l o r i g i n 

West Afr ica 

Centra l Africa 

East Afr ica 

Southern Africa, l nd ian  Ocean reg ion 2 3 

North America 

Lat in  America, Caribbean 

Midd le  East, As ia, Ocean ia  

Europe 579 

966 
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C I RAD add resses 

Headquarters 

42, rue Scheffer 
751 1 6  Par is  
France 
Te lephone:  +33 (0)1 53 70 20 00 
Fax: +33 (0)1 47 55 15 30 

Montpellier 
Research Centre 

Avenue  Agropo l i s 
34398 Montpe l l ier  Cedex 5 
France 
Te lephone:  +33 (0)4 67 61 58 00 
Fax: +33 (0)4 67 61 59 86 

International Cam pus, 
Jardin Tropical 

45 b is, avenue de la Bel le-Gabrie l le  
94736 Nogent-su r-Marne Cedex 
France 
Telephone:  +33 (0)1 43 94 72 00 
Fax: +33 (0)1 43 94 73 49 

San Giuliano Agricultural Research Station, 
Corsica 

SRA I N RA-C I RAD 
20230 San G i u l iano 
France 
Te lephone:  +33 (0)4 95 59 59 21 
Fax: +33 (0)4 95 59 59 37 

French Overseas Departments 
and Territories 
French Guiana 
BP 701 
97387 Kou rou Cedex 
Telephone:  +33 (0)5 94 32 73 50 
Fax: +33 (0)5 94 32 73 51 

French Polynesia 
BP 467 
9871 3 Papeete 
Te lephone:  +689 42 47 03 
Fax: +689 42 46 93 

Guadeloupe 
Stat ion de Neufchâteau 
Sainte-Marie 
971 30 Capesterre-Be l le-Eau 
Telephone:  +33 (0)5 90 86 1 7  90 
Fax: +33 (0)5 90 86 1 7  91 

CIRAD at a g lance 

Martinique 
BP 1 53 

97202 Fort-de-France Cedex 

Telephone:  +33 (0)5 96 71 92 01 

Fax: +33 (0)5 96 63 07 24 

Mayotte 
BP 1 304 

97600 Mamoudzou 

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

Fax: +33 (0)2 69 61 21 1 9  

New Caledonia 
Di rector General ,  IAC 

BP 73, 98890 Païta 

Telephone: +687 43 74 1 5  

Fax: +687 4 3  74 1 6  

Réunion 

BP 20 

97408 Saint-Den i s  Messageries Cedex 9 

Te lephone: +33 (0)2 62 52 80 00 

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

Other Countries 
Benin 
C I RAD-I ITA 

08 BP 0932 

Cotonou 

Telephone:  +229 35 01 88 

Fax: +229 35 05 56 

Botswana 
c/o SACCAR 

Priva te Bag 001 08 

Gaborone 

Te lephone: +267 328 775 

Fax: +267 328 806 

Brazil 
S H I S-Q I 1 5  

Con ju nto 3 ,  casa 1 

71 635-230 B ras i l ia DF 

Te lephone: +55 61 248 20 79 or 56 65 

Fax: +55 61 248 26 1 9  

Burkina Faso 
01 BP 596 

Ouagadougou 01 

Te lephone: +226 30 70 70 

Fax: +226 30 76 1 7  

Cameroon 
BP 2572 

Yaou ndé 

Te lephone: +237 21 25 41 

Fax: +237 20 29 69 



Caribbean islands 
Stat ion de Neufchâteau 
Sai nte-Marie 
971 30 Capesterre-Bel le-Eau 
G uade loupe - France 
Te lephone: +33 (0)5 90 86 1 7  90 
Fax: +33 (0)5 90 86 1 7  91 
Central America 
c/o I I CNPROMECAFE 
Apartado postal 6742-1 000 
San José 
Costa Rica 
Telephone: +506 556 09 38 
Fax: +506 556 09 38 
China 
I NRA-C l RAD 
501 , Tower  B of Fu h ua Mans ion 
8 ,  Chaoyangmen North  Ave n u e  
Dongcheng D i str ict 
1 00027 Be i j ing  
Telephone: +86 1 0  6554 1 871 
Fax: +86 1 0  6554 1 872 
Congo 
BP 1 264 
Poi nte-No i re 
Telephone: +242 94 31 84 
Fax: +242 94 47 95 
Côte d'Ivoire 
01 BP 6483 
Abidjan 01 
Telephone: +225 20 22 1 8  69 or 20 21 1 6  25 
Fax: +225 20 21 43 68 
Guinea 
c/o SCAC 
Ambassade de France 
BP 570 
Conakry 
Telephone: +224 45 42 46 
Fax: +224 45 42 46 
l ndian Ocean region 
BP 20 
97408 Saint-Den i s  Messager ies Cedex 9 
Réun ion, France 
Telephone: +33 (0)2 62 52 80 00 
Fax: +33 (0)2 62 52 80 01 
l ndonesia 
Plaza B isness Kemang, 3 rd floor 
Jalan Kemang Raya 2 
Jakarta Selatan 1 2730 
Te lephone: +62 21 71 9 90 67 or 21 71 9 46 01 
Fax: +62 21 71 79 33 04 
Madagascar 
BP 853 
Antananarivo 
Telephone: +261 20 22 271 82 
Fax: +261 20 22 209 99 

Mali 
BP 1 81 3  
Bamako 
Telephone: +223 22 90 54 or 75 01 50 
Fax: +223 21 87 1 7  
Senegal 
37 avenue Jean XXI 1 1  
B P  61 89 
Dakar-Eto i l e  
Telephone: +221 822 44  84 
Fax: +221 821 1 8  79 
South Africa 
Agrib i s  c.c. 
PO Box 70793 
Bryanston 2021 
Te lephone: +27 1 1  706 77 83 
Fax: +27 1 1  706 76 54 
South Pacifie 
BP 73 
98890 Pa'i'ta 
New Caledon ia  
Telephone: +687 43  74 1 5  
Fax: +687 43 74 1 6  
Thailand 
C I RAD Office 
Adm i n i st rative Bu i l d ing  (9th f loor) 
Kasetsart Un ivers ity, Bangkhen Cam pus 
1 0900 Bangkok 
Telephone: +66 2 942 86 83 
Fax: +66 2 942 86 84 
United States of America 
Development Research Associates 
831 3 Woodhaven B lvd 
Bethesda 
Maryland 2081 7 
Telephone: + 1 301 365 6855 
Fax: + 1 301 365 6855 
Vanuatu 
BP 231 , Santo 
Telephone: +678 36 320 
Fax: +678 36 355 
Vietnam 
CIRAD Regional  Representative 
French Em bassy 
CCC - C I RAD 
57 Tran H u ng Dao, Hanoi  
Telephone: +84 4 83 14  675 or  90 21 57 92 (mobi le )  
Fax: +84 4 83 1 4  676 
Zimbabwe 
Fau na Project 
PO Box 1 378 
Harare 
Telephone: +263 4 702 766 
Fax: +263 4 722 850 

C I RAD at a g lance 
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L i st of acronyms 

AFD, Agence frança i se d e  développement, France 
AFLP, Ampl if ied Fragment Length Po lymorph ism 
AFSSA, Agence française de  sécu rité san i ta i re des 
a l i m e nts, France 
Agro-Montpe l l i e r  or ENSAM, Eco le nat iona le supér ie u re 
agronomique  d e  Montpe l l i e r, France 
ANACAFE,  Associaci6n Nacional  de l  Café, Guatemala 
APROSTOC, Associat ion de  prod ucteu rs stockeu rs de 
céréales, Cameroon 
AU F, Agence u n ivers ita i re de  la francophon ie,  Canada 
AVRDC, Asian Vegetab le  Research and Deve lopment 
Center, Ta iwan 
B U ROTRO P, B u reau for the Deve lopment  of  Research on  
Trop ica l  Pere n n ia l  O i l  C rops, France 
CAO B I SCO, Associat ion des i nd u str ies  de  la chocolater ie, 
de la b i scu i ter ie  et de la confi ser ie, Be lg i u m  
CAP, C leaved Ampl if ied Po lymorph i sm 
CAROi ,  Car ibbean Agr icu l tu ral Research and 
Deve lopment  l n st i tute, Tr i n idad and Tobago 
CATIE, Centra Agron6m ico Tropical  de l nvest igaci6n  y 
Ensenanza, Costa R ica 
CCRI, Cocoa and Coconut  Research l nst i tute, Papua New 
G u i nea 
C E D I MES, Centre d u  déve loppement i n ternat ional  et des 
mouvements économiq u es et soc iaux, France 
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