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C 
IRAD, the "Centre de cooperation interna­
tionale en recherche agronomique pour le 
developpement", is the French Agricultural 

Resea rch Centre for Intern ational Development. Its 
mission is to contribute to the economic develop­
ment of the tropical and subtrop ica l reg ions through 
resea rch on agr iculture, training, and dissemination 
of its resu Its. 

It employs 1 850 people, including 950 senior staff, 
working in the French overseas departments and 
some fifty other countries . Its budget amounts to 
approx imate ly 180 million euros. 

CIRAD has seven resea rch departments: annual 
crops; perennial crops; fruit and horti cultural crops; 
animal production and veterinary med icine; fo restry; 
land, environment and people; and adva nced meth­
ods for innovation in science. CIRAD operates through 
its own resea rch centres, co llaborat ing national agri­
cultural resea rch systems, or development projects. 
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S ustainable development is a cornerstone of Cl RAD's strategic 

project, which was adopted by the Board of Trustees on 20 March 

2002 following constructive in-depth discussions. This priority 

also naturally supports the Agreement on Objectives endorsed by the 
French government and Cl RAD on 26 April 2002. The World Summit on 

Sustainable Development held in Johannesburg in 2002, along with the 
national sustainable development strategy promoted by the French 

government, shed fresh light on and stressed the importance of this 

orientation. This has fuelled CIRAD's ambition to fulfil its development­

oriented research role in France and abroad in partnership with other 
research institutions, community-based organizations and private 

enterprises. Over the last decade, the view that research on agricultural 

activities and rural environments should be designed from a sustainable 

development perspective gradually gained ground within the national 

and international scientific communities. Cl RAD adopted this strategy 

from the outset, thus considerably boosting its assets, which include a 

well-established foothold and collaborations with stakeholders in 

developing countries, closer but still to be consolidated ties with 

universities, and a multidisciplinary approach to development issues. 

The results presented in this Cl RAD 2002 report clearly confirm the 

relevance and quality of the research. These research results are pooled 

under four priority themes: Ensuring food security and safety; Preparing 
crop varieties for the future; Promoting stakeholder involvement in 

research; and Saving the planet. The present report also includes 

indicators for monitoring the agreement on objectives in 2002. This 

agreement obviously infers that the entire centre must strive to 

collaborate closely with its scientific, professional and financial 

partners. Positive impacts should soon be visible if the evaluation 

policies voted by the Board of Trustees are promptly implemented. 

Hence, the identification of a first set of research units to be assessed 

before the end of 2003 is an important initiative that will lay the 

foundation for an enhanced future. 

Jeanne-Marie Parly 
President, Cl RAD Board of Trustees 







Agrifood product safety is now a major priority. 
Consumers are concerned by the issue, 
producers are keen to satisfy demand and the 
authorities are drawing up regulations and 
introducing controls. This poses obvious 
questions in terms of detecting sources of 
contamination and organizing commodity chains. 
What emerging diseases might be a threat to 
animal production? What pathogens are spread 
by frozen foods? Where do the mycotoxins found 
in some goods come from? How can antibiotics 
be detected? How can we prevent toxic residues 
in periurban agricultural products? 

The changing periurban 
farming sector in Asia 

Full text 
CD-ROM 

Farming in Vi etnam, Laos and 
Cambodia has changed substantially 
over the past 10 years or so. However, 
loca l agri cultural production has run 
up aga inst a lack of confidence among 
consumers in terms of food safety and 
very considerable pri ce fl uctuations. 

Resea rchers from CI RAD and 
Vietnamese organi zations are work­
ing together in a resea rch platform on 
a regional periurban agri cul tural devel­
opment project headed by the Asian 
Vegetable Research and Development 
Center (AVRDC) and CI RAD. The aim 
is to strengthen the pos itiv ro le of 
periu rban agri culture and minimize its 
adverse effects . Vegetable marketing 
in the region was studied in 2002, in 
conjunction w ith loca l organi zations 
(RI FAV, VASI, Ministri es of Agriculture) . 



Periurban agriculture is crucial in 
supplying towns with leafy veg­
etables, whose safety as food has 
to be closely controlled. ln 
terms of other vegetables, peri­
urban production supplements 
that of rural areas, where pro­
duction depends on the agro­
cl imatic conditions. lt should be 
possible to increase the market 
share of periurban products in rela-
tion to imports, for instance by extend­
ing the market garden cropping season 
in rural and periurban areas. Another 
possibility is to promote local food 
safety, notably by introducing credible 
and tested methods of controlling chem­
ical residues. Also, setting up selling 
associations of local producers should 
improve the competitiveness of these 
production chains, which are currently 
suffering from a lack of economies of 
scale and of information exchanges 
between customers and vendors. The 
second year of the project is being 
given over to implementing these rec­
ommendations and informing pro­
ducers about market trends. 

Periurban Farming Team, Market Garden and 
Horticultural Products Programme, Fruit and 

Horticultural Crops Department (CIRAD-FLHOR) 

MALICA Research Platform 

moustier@fpt.vn 

paule.moustier@cirad.fr 
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Moustier P., Vagneron 1., Bui Thi Thai, 
2003. Sorne insights on the organisation 
of vegetable markets supplying Hanoi. 
Working series papcr, MOISA Joint 
Research Unit, INRA, Montpellier, F1·ance, 
15 p. 

Ensuring food security and safety • 

Ochratoxin A: 
coffee and cocoa are 
under scrutiny 

The recent crises in the agrifoods sec­
tor have made consumers very 
demanding about what they eat, and 
political decision-makers very con­
cerned about preventing food con­
tamination. Foodstuffs are now under 
close scruti ny, and the authorities 
have introduced strict regulations gov­
ern ing levels of bacteria, pesticide 

residues, heavy metals and toxins. 
Ochratoxin A is a myco­
toxin produced by fungi of 

the genera Penicillium 

and Aspergillus, both of 
which are widespread, 
the former in tempera te 
and the I atter in hot 
areas. The toxin causes 

kidney disease in pigs, 
and is also suspected of 

being toxic to man (it is 
thought to cause kidney can-

cer). Cereals, dried fruits and 
pulses, beer, wine, spices, coffee and 
cocoa can all be contaminated by this 
mycotoxin. The European Union has 
already introduced standards for cer­
tain foods: the maximum authorized 
ochratoxin level is 4 microgrammes 
per kilo in cereals and 10 in dried 
fruits. The standard for roasted coffee 
and cocoa is due to be set in 2003, 
and could be around 3 microgrammes 
per kilo. 

A benchmark method 

Drawing up a standard and ensuring 
that it is respected requires means of 
measuring and controlling levels. To 
this end, the FAO, the Common Fund 
for Commodities and CAOBISCO, a 
European chocolate manufacturers' 
group, have contacted several labo­
ratories, including CIRAD, with a 
view to developing a way of extract-
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ing and quantifying ochratoxin in cof­
fee and cocoa. 

Ochratoxin is found not only on the 
su rface of the beans, but also inside 
the eel Is. However, it is easy to extract 
as it is water-soluble. The beans are 
grou nd and placed in a solution of 
water and alcohol for 20 minutes to 
extract the toxin. The solution is then 
purified in an immunoaffi nity co l­
umn. An ochratoxin-specific antibody 
is bonded onto a polymer, and when 
placed in contact with the so lution, 
it retains only the toxin. Rinsing in 
alcohol denatures the antibody and 
releases the pure ochratoxin, which 
is then quantified by spectrofl uo­
rometry. 

This method is now in routine use. 
In 2002, it was used to analyse over 
600 sa mples for resea rch teams, roast­
ers and buying divisions of super­
markets. It is much more sensitive but 
also more costly than the rapid meth­
ods used in the field by agr ifoods 
firms, and is used as a benchmark in 
the event of disputes. 

The conditions favouring 
contamination 

Arabica 
coffee drying 
on table. 

This work was combined with field 
surveys to produce an initi al picture 
of the degree of product contami ­
nation and to propose preventive 
meas ures. Low-qua I ity coffees, 
which already have a range of bean 
defects, are also among the most 
highly contaminated types. They are 
mainl y processed usin g the dry 
method, in which the coffee cher­
ri es are left to dry in the sun, often 
directly on the ground, and only 
lose moisture slowl y due to their 
mu cil age content, despite the fact 
that a moisture content of over 13 
or 14% is known to favo ur mould 
development. The pressure placed on 
growe rs to sel I coffee to traders 
when it is still wet-hence at a lower 
price-plays a signifi ca nt role in 
contamination by preventing grow­
ers from co mpl et in g the drying 
operation. Poor sto rage conditions 
exacerbate the probl em sti 11 further. 
As far as cocoa is concerned, it is 

insuffi c ient bean fermentation, rather 
than drying conditions, that could be 
at fau lt. 

Changing practice 
It is therefore crucial to improve crop­
ping and postharvest techniques. 
Technical solutions are ava il ab le. For 
instance, using racks, which speed up 
drying, reduces the ri sk of contami­
nation. Rationaliz ing and simplifyi ng 
coffee marketing chains has a si mi­
larl y positive effect, although it is 
more complex. All the players in the 
commodity chain, from growers to 
exporte rs, now need to be made 
aware that quality depends on each 
and every one of them. 

Cocoa Quality Team, Cocoa Programme, 
and Coffee Quality Characterization and Control 

Team, Coffee Programme, Tree Crops Department 
(CIRAD-CP) 

bernard.guyot@cirad.fr 



The standard method used to deter­
mine or check the composition or 
origin of a product is conventional bio­
chemica l analysis. However, this is 
slow, costly, and leads to the destruc­
tion of the sa mple. CIRAD therefore 
decided to look into the possibilities 
of near- infrared spectrom try, which 
is faster and non-destru ct ive. Th e 
method is based on the capac ity of 
organic molecules to absorb light 
with a wavelength of between 
800 and 2500 nanometres. 
A sp ctrum database is built 
up from a very large number 
of sa mples, defining the lim-
its of each population by sta­
tistical analys is. Models are 
then developed by relating 
the sp ctra for each product 
with the reference quality and 
quantity data. Once validated, the 
model ca n be used to characterize 
and identify a product rap idl y. In this 
way, it is possible to determine the 
compos ition of a cocoa sa mple, dis­
tinguish an Arabica coffee from a 
Robusta, or determine the proportion 
of each type of coffee in a sa mple 
grou nd coffee blend. The method 
should eventuall y be suitab le forcer-

Near-infrared spectrometry 
of green coffees. 

e CIRAD 
• Project location and 

app lication of results 

tifying the geographica l ori gin of a 
given product. 

Coffee Quality Characterization and Control 
Team, Coffee Programme, Cocoa Programme, 

Tree Crops Department (CIRAD-CP) 

fabrice.davrieux@cirad.fr 

Separation of Arabica and Robusta coffees by spectrometry 

Ensuring food security and safety • 

A biological "bar code" 
for fish from Asia 

In Europe, all fish products must be 
labe ll ed, albeit only with the sea or 
ocean in which they were fished or 
farmed. Thi s makes it difficult to tell 
whether imported fish was farmed in 
Thail and or Vietnam. Such products 
must also have a hea lth certifi cate. 
However, these documents do not 
provide any indicat ion of where the 
products were packed, or who the 
exporter is. Nor is there genera I ly 
any information on the production site 
or the ori gin of any other ingred ients 
or add itiv s. 

As it is not always possible to intro­
duce identifi cation systems or to trace 
foodstuffs in developing countri es, 
CIRAD and its partners have set out 
to detect spec ifi c markers that cou Id 
be used to estab li sh the origin offish 
from South east Asia on the i ntern a­
tional market. These markers could be 
microbi al spec ies found naturall y in 
the products concerned, myofib ri I lar 
proteins in the fish, or fish or bacte­
rial gene fragments. They could be 
used to estab li sh a biological "ba r 
code" for foodstuffs. 

Several teams are working on the 
project. Cl RAD, the research coordi ­
nator, has three teams involved: one 
is analys ing the bacteria found on 

IFREMER 

University of Suranaree 
University of Kase tsart 
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fish and studying the effect of pro­
cess ing on these markers, the second 
is working to optimize microorga n­
ism genome analysis protocols and the 
third is studying aquacu ltural com­
modity chain s, co ll ect ing sa mpl es 
and helping to identify fish spec ies 
using m icrosate ll ite markers. I FRE­
MER, the French mar ine study cen­
tre, is working to determine fish 
spec ies by analysin g their sa r­
cop lasm ic proteins and nuc leot ide 
sequences . In Thail and, two teams 
from the universities of Suranaree, in 
Korat, and Kasetsa rt, in Bangkok, are 
supervising students sent by the French 
teams. 

Commodity chains in Vietnam 
and Thailand 
Catfish fa rming has rea ll y taken off 
recentl y in the M ekong delta of 
Vi etnam. Production has increased 
ninefo ld in 10 years, reaching 
76 OOO tonnes in 2000. Two spec ies 
are fa rmed : Pangasius hypophthal­
mus- 90% of the total output- and 
P bocourti. Yi elds are high: up to 
17 kil os per cubic metre per month 
in floating cages and up to 344 tonnes 
per hecta re per year in trad iti onal 
lakes. M ost of the fish produced 
comes from fl oat ing cages-
4 600 cages producing 55 OOO tonnes 
per year- and 90% of the total is 
sent to processing plants to make 

Feeding 
in floating 

cages. 

frozen fish fill ets that are subsequently 
exported under various brand names. 
Exports totalled 20 OOO tonnes in 
2000, mainl y to Southeast Asia and 
the United States. 

Til ap ia production in Thailand 
reached 2 milli on tonnes in 2001, 
1.3 million of which were fa rmed. 
M ost of the output is so ld on the 
domestic market, which is currently 
booming, while the export market 
is st ill limited and concerns onl y a 
small number of operators. However, 
tilapia fillets could rep lace white fish 
fillets (hake or cod), which are highly 
sought after in Europe; they have 

Identification of catfish species by sarcoplasmic protein electrophoresis 
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already found a niche on the US mar­
ket, which imported 75 OOO tonnes 
in 2001. 

Identifying species and quality 
There are two standard electrophoretic 
methods of identifying the spec ies of 
processed products: i soe I ectrofoca 1-
i z at ion (urea -lEF) and SOS-PAGE. 
These techniques are based on the fact 
that the so luble sa rcop lasmi c pro­
teins in raw fish refl ect the genome, 
and are thus characte ri st ic of the 
spec ies. Th e isoe lectrofoca li zat ion 
technique has now been used to dis­
tinguish unequivoca ll y between the 
two catfish spec ies: P bocourti and 
P hypophthalmus. 

The analysis of commensa l micro­
bial fl oras began with the facultative 
aerob ic and anaerob ic floras, which 
are usuall y mesophili c and some of 
which are toxic to man and f ish. The 
study was conducted on catfish pro­
duced and frozen in Vi etnam and 
shipped to M ontpellier, and on tilapia 
from Thailand. Several strains of the 
fo llow ing bacterial spec ies and gen­
era were iso lated and identifi ed in 
each of the sa mples : Enterobacter 



cloacae, Enteroba cter sakizakii, Ente­
roba c te r aminogenus, Klebs ie lla 
pneumoniae, Proteus vulgaris, Proteus 
m irabilis, Providencia alca ligenes, 
Escherichia coli, Pseudom onas aeru­
ginosas, Pseudom onas p utida, Aero­
monas h ydroph ylia, Aerom onas 
salmonicida, Aerom onas sobria, Vibrio 
cholera e (to be conf irmed), Vi b rio 
parahaemolyticus, Bacillus sp., Staphy­
lococcus sp. and Streptococcus sp. 

A samp le of P hypophthalm us 
reared in floating cages in Vietnam was 
tested for antibiotic-res istant germs. Of 
the 102 bacteri al strains iso lated, 
64 had a degree of resistance to at least 
one of the 12 antib iot ics commonly 
used on f ish farms and 38 were sus­
ceptib le to the 12 antib iotics tested. 

The tr ials conducted during the 
first phase of thi s project suggest that 
the microorganisms found in or on an 
animal, or even a pl ant, ca n be used 
as markers of its or igin: the bacteri a 
found on fi sh are one exa mple. The 
next step is to characteri ze them. 
Biomo lecu lar typi ng and the detec­
t ion of antibiotic- res istant stra ins have 
a I ready proved their eff i ea cy. 

Agrifoods Systems Programme and Plant 
Biotechnologies and Genetic Resources 

Programme, Department of Advanced Methods 
for Innovation in Science (Cl RAD-AMIS) 

Aquaculture Team, Animal Production 
Programme, Animal Production and Veterinary 

Medicine Department (CIRAD-EMVT) 

didier.montet@cirad.fr 

Controlling 
animal health risks 

Increased globa l trade, c limate and 
eco logica l change, and new ani ­
mal product ion practices have cre­
ated an environment that favours 
the spread and emergence of infec­
t ious and pa ras ite-borne d iseases . 
In the trop ics, the phenomenon has 
been exacerbated by inadeq uate 
animal hea lth systems and a lack of 
in fo rm at ion on ce rtain ep idemi o­
log ica l cyc les . Epi trop, a group of 
researchers from var ious tea ms at 
CI RA D 's Anim al Prod uct io n and 
Veterinary M edicine Department, was 
set up in 1998 to prov ide a more sat­
isfactory response to requests from 
international organizations in terms of 
di sease prevent ion and contro l. The 
epidemio logica l research being con­
ducted at Cl RAD is ori ented towa rds 
moni tor ing, analys ing and modelling 
the major trop ica l infect ious and par­
as ite-borne diseases: trypanosomias is, 
contag ious bovi ne peripneumoni a, 
rinderpest, peste des petits ruminants 
(goat p lague), Afr ica n sw ine fever, 
Ri ft Valley fever, b luetongue, etc. The 
network is working w ith numerous 
sc ientific and technica l organi zat ions 

Sheep with 
blue tongue. 
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in both industri ali zed and develop ing 
countri es . Its operati ons in 2002 
concentrated on three di seases. 

Bluetongue 
BI uetongue surve i I lance has been 
stepped up in Cors ica and on the 
mainland. Predict ive models are now 
being developed . 

Surve ill ance is based on entomo­
log ica l, sero logica l and v iro log ica l 
moni tor ing. Bluetongue is a viral di s­
ease, spread by midges of the genus 
Culicoides (Diptera: Ceratopogoni ­
dae), and more precisely by Culicoides 



- CIRAD 2002 

imicola in the M editerranea n region. 
It is a major disease that ca n have seri­
ous economi c consequences. It has 
been considered as an emerging di s­
ease in the M editerranean since 1998. 
After the epizootic in Corsica in 2000, 
th e food produc ts divi sion of th e 
French Ministry of Agri culture set up 
a survei Il a nee system, with sc ientifi c 
and technica l support from CIRAD, 
w hich is the French national reference 
laboratory for bluetongue and whi ch 
as such works closely wi th AFSSA, the 
French food safety agency. 

Predictive models have now been 
developed, in partnership with the 
Pirbright Laboratory and the University 
of Oxford in the United Kingdom, 
using satellite data (vegetation indexes, 
temperature, etc) and entomologica l 
data gathered from survei Il a nee oper­
ations in Corsica and on the mainland. 
These models were va lidated using 
entomo log ica l data obtained by 
Culicoides spp. trapping operations in 
2002. The correlation between pre­
dicti ons of the vector C. imicola and 
the bluetongue foc i actually recorded 
in Corsica was proof of the accuracy 
of the mode l used. 

Oryx, 
a wild animal 
susceptible 
to peste 
des petits 
ruminants. 

Stati sti ea I models have bee n 
used to draw up a map fo recastin g 
C. imico la a bu nd a nee in th e 
M editerranea n, and thu s the ri sk of 
th e di sease. Th e map show s large 
numbers of insects in many zones 
recentl y affected by bluetongue. It 
suggests th at certain reg ions around 
the M editerranean and several zones 
in southeastern and southwestern 
France are at considerabl e ri sk in 
th e nea r future. Gl oba l c lim ate 
change has favoured the sprea d of 
zo nes propiti ous to th e deve lop­
ment of vector in sects, w hi ch may 
be one of th e reasons fo r the sprea d 
of th e di sease in th e M editerranea n 
bas in , and parti cul arl y in Corsica . 
These results show th at it is vital to 
step up epidemi o log ica l surveil ­
lance operati ons in France and pin ­
po int th e pri o rity zo nes in th e 
M editerranea n bas in . Thi s wo rk has 
strengthened the relati ons between 
CIRAD and its Europea n partn ers, 
but should also, in the medium term, 
lea d to new links with M editer­
ranea n countri es, parti cul arl y in th e 
M aghreb, in relati on to epidemi o­
log ica l iss ues. 

Peste des petits ruminants 
and trypanosomiases 
Whil e monitoring rinderpest in 
wi Id I ife under th e Pan-Afri ca n 
Programme for th e Co ntrol of 
Epi zooti cs (PACE), CIRAD also tested 
for the presence of peste des petits 
ruminants (PPR). Thi s programme is 
run by the Orga ni zation of Afri ca n 
Unity and large ly funded by th e 
Eu ropean Union. PPR is spreading 
rapidl y in the tropi cs and, as analy­
ses of sa mples have shown, the mul­
tipli c ity of hosts receptive to the virus 
among the loca l wildlife could prove 
to be a major obstacle in contro lling 
the di sease. It is therefore essential to 
establi sh its epidemio logy, notabl y 
th rough molecular epidemiology and 
modelling studies . 

Several yea rs' work in conjunc­
ti on with the Intern ational Centre for 
Animal Husbandry Development and 
Resea rch in Sub-humid Reg ions 
(CIRDES) has resulted in the devel­
opm nt of targeted contro l methods 
aga inst try pa nosom iases th at are 
accessible to animal fa rmers in devel­
oping countries . CIRAD is currentl y 
w orking with CIRDES on th e epi­
demio logy of trypanosomiases in West 
Afri ca, and parti cularl y on their trans­
mi ss ion: the mechanism invo lved and 
identifi ca tion of zones in w hich the 
di seases are spreading. 

• •• 1.• ••• • 
1999 • 2000 • 2001 

(source: O IE, 2002) 



CIRAD is continuing to supple­
ment its experti se in ep idemio logy. It 
is working to transfer tools and meth­
ods to partners in developing coun­
tries-evaluation of the efficacy of 
survei I lance networks, ri sk analys is 
and management, emergency inter­
vention capac ity- and to develop 
new research topics- analyt ical and 
molecular epidemiology, spatial analy­
sis and mode lling. Since 2002, it has 
been looking at how to structure these 
operations so as to increase their effi­
ciency and clarity. 

Epidemiology and Health-Environment Teams, 
Animal Production and Veterinary Medicine 

Department (CIRAD-EMVT) 

frarn;ois. roger@ci rad. fr 

stephane .de la rocque@cirad.f 

Culicoides imico/a, the bluetongue vector, 
one of the smalles t bloodsucking insects 
(1 lo 3 mm). 
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The spread 
of contagious bovine 
pleuropneumonia 

Contagious bovine pleuropneumonia 
(CBPP) is a respiratory disease that 
affects domestic catt le and is trans­
mitted by contact between animals. 
It is a major constra int on catt le pro­
duction and trading in sub-Saharan 
Africa. In view of the situation, CIRAD 
has launched a study aimed at estab­
lishing methods and developing tools 
to prov ide support when making deci­
sions on how to contro l the disease 
and quantifying its development under 
animal production conditi ons. The 
study concerns the upland plateaus 
of Ethiopia, w here contamin at ion 
often results from exchanges of ani­
mals among fa rmers. 

The first component of the project 
conce rn s disease spread within a 
herd . A model of disease spread has 
been developed, based on ep idemi­
o log ica I parameters recorded in 
80 herds, both hea lthy and infected . 
The model has been used to quantify 
the potential ri sk that chronic carr i­
ers represent and as a basis for an eco­
nomic eva luation of several control 
strategies. 

The second component concerns 
disease transmission among herds. 

Ensuring food security and sa fety 
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A survey of over six thousand farms 
in the region provided data on rea r­
ing practices and exchanges of ani­
mals. These data were input into a 
geographica l information system and 
are now being used as the basis fo r 
a study of the extent to which the ri sk 
of transmission as a result of animal 
movements is regionalized. The aim 
is to develop mathematica l or com­
puter mode ls to simul ate disease 
spread between herds, which will be 
used for an economic eva luation of 
control strategies, from the point of 
view of both individual fa rmers and 
te rrito ri al fa rmers' groups. 

Bacteriology Team, Animal Health Programme, 
and Herd Productivity Modelling Team, 

Animal Production Programme, 
Animal Production and Veterinary Medicine 

Department (CIRAD-EMVT) 

fra nco is.th iaucou rt@cirad.fr 

matth ieu.lesnoff@cirad.fr 

Modelling pleuropneumonia spread within a herd For further info rmation 
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Molecular markers have enhanced the efficacy of 
varietal improvement and creation to help meet 
the manifold objectives. The development of 
improved varieties by tapping the genetic diversity, 
which is especially rich in tropical species, is a bet­
ter known strategy and also more effectively utilised. 
Crop improvement is now integrated in overall 
strategies, and new varieties thus provide growers 
with environment-friendly solutions tailored to 
constraints in different cropping systems. They also 
meet consumer demand for more varied and bet­
ter quality products. 

Citrus breeding: 
quality and disease 
resistance 
Citrus is the top fruit crop in the 
wor ld, with around 93 Mt produced 
during the 2001-2002 season. A major 
share of this vo lume is for domesti c 
consumption. The fresh citrus fruit 
export market is booming and cur­
rentl y represents some 1 0% of the 
overa ll vo lume. The market trends 
are also evolving with respect to c it­
rus fruit types, eg ora nge, grapefruit 
and lemon exports have levell ed off, 
w hil e small citrus fruit exports are ris­
ing. Countri es in the M editerranea n 
Bas in, especiall y Spain, dominate the 
fresh c itrus fruit market. Jui ces and 
pres rved fruit account fo r a third of 
the production, ie eh iefl y concen­
trated orange jui ce, but there is also 
a market demand fo r non-concen­
trated jui ces . Braz il , the top orange 
jui ce produc ing country, and USA 
control a major part of thi s market. 



High environmental pressure 
The vitality of the citrus industry is 
fu II d by intense varietal er ation 
activity: increasing the range of Fruitworld 

vari ties, ever longer production 
seasons, etc. Citrus growing must 
also take advantage of available 
biologica l diversity to enhance 
sustainable development by cre­
ating varieties adapted to the many 
biotic and abiotic constraints and 
to various cropping systems, while 
fulfilling consumer n ds. Moreover, 
the widespread application of plant 
vari ety protection policies is an incen­
tiv for citrus-producing countries to 
d v lop their own cultivars. 

In Braz il, it has become essential 
to breed new vari eties to ensure inte­
grated protection of citrus orchards 
in response to the emerg nee of dis­
eases such as vari egated chlorosis and 
the sudden dieback of orange trees 
grafted on lime cv Rangpur rootstock. 
This would also be crucial to overcome 
the problem of citrus cercosporios is in 
Afri ca and c itrus greening (huang­
longbing) in Southeast Asia. 

In the M editerranean Bas in, citrus 
grow rs have to produce top quality 
fruit to m et the needs of the demand­
ing fresh fruit market. Orchards must 
also b r newed by planting new root­
stock to offset the problem of the intro­
duction of tr isteza v irus in thi s region, 
w hich is already hampered by major 
env ironmenta l constraints (sa linity, 
halky soil ). 

Seedless citrus fruit and 
adapted rootstock 
To ful f il the requirements of the small 
citrus industry in the M ed iterranean 
Bas in, seed less, high-quali ty c itrus 
frui ts w ith an extended product ion 
period should be created, whil breed­
ing rootstock adapted to constraints that 
preva il in the reg ion. To thi s end, 
res arch has been under way for about 
10 years, jointly coordinated by CI RAD 
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IA( • 

and INRA, the French agri cultural 
resea rch institution, using germpl asm 
from the repository maintained at the 
San Giuli ano resea rch stati on in 
Corsica . 

Studies are focused on creating 
triploid cultivars, which are known to 
be highl y steril e, thus avo iding the 
problem of cross po l Ii nati on with 
clementine, a potential source of seeds. 
The French teams have been using 
biotechnology strategies to enhance 
tripl o id breeding schemes : embryo 
rescue t chniques, pl oidy assessment 
by fl ow cytometry, creation of somati c 

Preparing crop varieties for the future • 

al lotetraploid hybrids to enlarge the 
pool of potentia l parents, and direct 
creation of 150 triploid hybrids through 
diploid and haploid protoplast fusion. 
The triploid hybrids are being tested 
in Corsi ca, French West Indies and in 
New Caledon ia under the partnership 
with IAC. Their high steri I ity was con­
firmed at the first fruiting. 

Other studies have been gea red 
towards breeding rootstock adapted to 
the M editerranea n environment by 
inserting tolerance traits extracted from 
citrus germplasm. Poncirus trifoliata, 
which is to lerant of many different 
pests and di seases, thus complem nts 
certain Citrus sp. that are well adapted 
to sa linity and chalky soil s. Th strat­
egy involves pooling favourabl g nes 
in allot traploid hybrids synthesised by 
protopl ast fu sion. The first hybrid 
obtained, ie Flhorag1 (P. trifo liata x 
Citrus deliciosa), turned out to be quite 
interesting: it is resistant to tri steza 
and much more tolerant of sa linity 
and chalky so ils than P. trifoliata, and 
also seems to be compatible for graft­
ing with most citrus cultivars. Its seed 
propagation capacity was confirmed at 
the first fruiting. 
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Varietal innovations in 
collaboration with many partners 
CIRAD and INRA have forged many 
partnerships to strengthen upstream 
research and validate methods through 
large-sca le app licat ions in a range of 
different environments. 

A project, conducted in co ll abo­
ration with INRA of Morocco, to 
pinpoint the factors that affect spon­
taneous development of triploid 
hybrids, came to an end in 2002 . 
Collaborations are under way with 
the Catholi c Univers ity of Chile (PU C) 
and the Agronomical Genetic Institute 
(AG I) in Hanoi , Vietnam, to develop 
new methods for creating trip loid cul­
tivars. Smal l triploid citrus varieties are 
also being bred in co ll aboration with 
private companies based in Ca li fornia, 
and soon in Morocco and Chile. 

Studies to assess al lotetrap loid 
Flhorag1 rootstock under abiotic con­
straints (sa linity, chalky so ils) have 
begun at IRAL, the Lebanese agri cul­
tura l resea rch institute, and at INRA 
of Morocco. This hybrid wi ll be tested 
in other reg ions in the world where 
cropping constraints are simi lar to 
those affectin g the M ed iterranea n 
Bas in. Thu s, in Cuba, a project to cre­
ate varieties and breed rootstock 
adapted to conditions in the West 
Indies has been initi ated in partner­
ship with IIFT, the Cuban tropica l fruit 
research institute. 

In add ition, CIRAD is investigating 
new methods for specif ica lly modify­
ing genotype structures, without involv­
ing genet ic engineering, to uti I ise 
tolerance, quality and productivity traits 
already present in citrus germpl asm. 
These methods will be su itab le for 
improvi ng varieties of orange (C. sinen­
sis), or grapefruit (C. paradisi), and also 
for enhancing clementine diversifica­
tion. IVIA, the Spanish citrus research 
institute, and several Brazilian research 
institutes, have expressed an interest in 
these approaches. Concomitantl y, basic 
integrative bio logy studies, rapid phe­
notyping and molecular assisted selec­
tion of different characters (sa lini ty 
tolerance, quality factors) will be devel­
oped to support the breeding initiatives. 

Citrus research team, Fruit Trees Programme, 
Fruit and Horticultural Crops Department 

patrick.ollitrau lt@ci rad. fr 
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Oil palm: 
from gene to variety 

Oil palm ranks second in the world, 
for vegetable o il production, ju st 
behind soybea n. Producers, sma ll­
ho lders or estates, all require access 
to high-y ielding planting material 
that is adapted to loca l constra ints 
to enab le susta inab le intensificat ion 
of this crop . In 2002, more than 
50 OOO ha were planted with o il palm 
planting material bearing the "CI RAD" 
label. Oil production volumes reached 
a record 7.5 t/ha in the best o il palm 
plantations of Indones ia. 

CIRAD's breeding strategy aims to 
increase o il palm productivity while 
ensuring its long-term cost-effective­
ness . Thi s plan is being implemented 
within a research network developed 
through partnerships in the main oil 
pa Im growi ng reg ion s of Africa, 
Southeast Asia and Lat in America. 
Thi s system makes effect ive use 
of germpl asm obta ined loca lly or 
through exchanges, and new hybrids 
are tested to prepare seed for the 
future . The considerab le body of data 
co ll ected in more than 300 field tri­
als including 620 OOO trees has been 
compiled since 1960 in an oil palm 
database. 
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Genetic progress from 1960 to present: increased oil production 
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In 2002, th e main co ll aborative 
resea rch projects were focused on 
identify ing genetic sources of resistance 
to Canoderma sp., which is threaten­
ing to destroy p lantations in Southeast 
Asia, and on eva luating the effic iency 
of molecular markers for detecting 
unwanted "mantled" variants obtained 
through micropropagation. 

Development and dissemination of tailor-made 
planting material research team, 

Oil Palm Programme, Tree Crops Department 

Joint research units: polymorphism of agronomic 
interest, developmental biology of tree crop 

species, biology and genetics of plant-parasite 
interactions for integrated crop management 

trista n.d u ra nd-gasseli n@ci rad. fr 
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Rival A. , Tregea r J. , Jaligot E. , Morcil lo F. , 
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Tregea r J.W., Morc i ll o F. , Ri chaud F. , Berger A., 
Singh R., Chea h S.C., Hartmann C., Ri va l A. , 
Duva l Y. , 2002. Characleri sa ti on of a defensin 
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events. J. Exp. Bot. , 53: ·1387-1396. 
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Groundnut: better 
climatically adapted 
varieties 

Groundnut is a crop of high agri cul­
tural plasticity that is grown through­
out Africa and cheri shed by consumers 
in its many cu linary and commercial 
forms (oil , edible nuts, confectionery, 
pastes, seedca ke, fodder). It is one of 
the very few crops that can be grown 
in areas with annual rainfa ll levels as 
low as 350-450 mm. However, genetic 
eros ion of the species is very high, due 
to the fact that it is cropped almost 
excl usively in dry areas and to the 
poor maintenance of groundnut 
germplasm co ll ections. It is thus con­
sidered essential to protect groundnut 
diversity by preserving plant materi al, 
whi le promoting breeding and the 
effective use of new cultivars. This also 
app lies to other food crops such as 
sorghum in M ali and Burkina Faso, 
and taro and yam in the Pac ific region. 

Preserving groundnut diversity 
via germplasm collections 
The Groundnut Germplasm Project 
(GGPt sponsored by FAO and funded 
by the Common Fund for Commod ities 
(CFC), was carri ed out from 1 996 to 
2002 by the Internat ional Crops 
Research Institute for the Semi-Arid 

CERAAS 
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European Union 
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Tropics (ICRISAT), CIRAD and ISRA, the 
Senega lese agri cultural resea rch insti­
tute, with the aim of restoring ground­
nut geneti c diversity in western and 
central Afri ca . A regional coll ection of 
6 OOO accessions w as assembl ed 
through an institutional and scientifi c 
partnership with the nation al agri­
cultural research servi ces of the main 
groundnut-producing countries of the 
region. It is currently being maintained 
according to international standards by 
ICRISAT in Niger. All national breed­
ers and developers have ready access 
to this genebank to meet their vari etal 
creation or improvement needs. A 
core co llection, representative of the 
geneti c diversity of the regional col­
lection, is also avail abl e. It consi sts of 
the five main groundnut botanica l vari­
eti es (hypogaea bunch, hypogaea run­
ner, vulga ris, fastigiata and peru vian) 
and the four maturity groups (very 
ea rl y to late) . 

CIRAD and ISRA have also devel­
oped a modified atmosphere packag­
ing process, i.e. seeds are stored in 
vacuum packs or inert gas packs, which 
means that they ca n be preserved for 
at least 2 yea rs without loss of germi ­
nation viability. This technique is more 
cost-effective and requires less fac ili ­
ti es than co ld storage. 

A high 
yielding early 

groundnut 
variety. 
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Creating drought-resistant varieties 
Groundnut vari eti es created or 
improved using materi al from the 
germpl asm co ll ection shou Id be 
adapted to the climati c conditions and 
cropping practi ces of the regions for 
which they are targeted, thus ensuring 
their cost-effective di ssemination. In 
Senega l, CERAAS, the Senega lese 
resea rch centre that focuses on crop 
responses to drought, which is affili ated 
with ISRA, is trying to develop varieties 
that could produce stable yields when 
grown under dry climati c conditions. 

After characteri sing drought patterns 
in Senegal, two sets of very earl y matur­
ing genotypes (80 days) were bred and 

found to be better adapted to the shorter 
rainy seasons that have prevailed in 
recent yea rs. Vari eti es obtained by 
backcross ing and introgress ion of 
ea rliness traits yield well in different 
environments. A long-term recurrent 
selection programme is also under way. 
Populations with a broad geneti c base 
have thus been obtained and should 
enhance physiologica l adaptation to 
drought. Three recombination cycles 
were conducted, involving intercross­
ing of lines selected on the bas is of their 
adaptive traits (root growth, protoplas­
mic res istance and stomati c regula­
tion). The resulting population could be 
further improved by focusing se lecti on 
pressure on the most heritable traits, or 
its variability could otherwise be tapped 
for breeding varieti es adapted to dif­
ferent specific conditions. Several lines 
have already been bred to fulfil require­
ments in Senega l, Burkina Faso and 
Botswana. 

Meeting the subsector 1s needs 
Forty-s ix varieti es, cl ass ified in a doc­
ument published by GG~ are currently 
recommended for pl anting in w estern 
and central Afri ca . They are res istant to 

Stockpiled major cropping constraints (leaf and 
groundnuts. virus diseases, drought, afl atoxins) and 

meet edible groundnut market require­
ments. Some of these varieties have 



already been released to national agri­
cultural servi ces and are b ing multi­
plied for subsequent seed production . 

An ed ible groundnut programme, 
funded by the European Union, is also 
under way in Senega l, coordinated 
by CNIA, the Senega lese interprofes­
sional groundnut committee. A range 
of 33 new varieties, which could poten­
tia ll y m t domestic and export mar­
ket phytosanitary and technologica l 
quality standards, has been assessed 
in irrigat d cropp ing conditions. Yields 
under irri gat ion are generall y sub­
stantiall y higher than those obtained 
in rainfed conditions, i. e. 4 t/ha versus 
1 t/ha, thus offsetting irrigation costs 
(a round 610 /ha) . Breeding initiatives 
to improve drought resista nce have led 
to the development of short-season 
va ri eties that y ield well in low rainfall 
areas. In irrigated conditions, these 
vari eti es also produce y ields that are 
almost as high as thos obta ined with 
long-s ason varieties. This impress ive 
performance under irrigation could 
lead to potentially considerab le water 
sav ings for growers because of the 
3-week reduction in the growth cycle. 
These ea rly vari et ies ar espec iall y 
interesting for their capacity to adapt 
to different environments. At least seven 
short-s ason var ieti es and four long­
s ason var ieties have been shown to 
perform well in terms of crop yields and 
quality. 

Groundnut research team, Food Crops 
Programme, Annual Crops Department 

alain.mayeux@cirad.fr 

Further re.uling 
Saga rra L.A. , Brevau lt T. , Di ack M., Clouve l P. 
Impac t of irriga tion on peanut y ield and qua lity 
in sub-Sa haran Afr ica . Crop Sc ience, in press. 

Sagarra L.A., Brevau lt T. Pea nut leaf spot disease 
management in sub-Sa haran Afri ca. Plant Di sease, 
in press . 
Clave l D., Annerose D. , ·1997_ Sc lecti onner 
l ';:ir;:ichicle pour l'aclaptation ~ la sc heresse. 
Agri culture et dcve loppement, 14: 61-64. 
M ayeux A., 2002. Production de noya ux 
gcnctiques et semences de pre-base de VJriCtCS 
amc li orces d';:irach ide. Proceedings of the final 
GGP project workshop, 22-2 April 2002. 

Four Pa c ifi c Islands countries (Papua 
New Guinea, Fiji , Vanuatu, So lomon 
Islands) have joined hands in the 
South Pac ifi c Yam Network (SPYN) 
with the aim of ga ining further insight 
into the genetic diversity of Oioscorea 
alata, which is endemic to this region 
and th e most commonly cropped 
yam species in the wor ld. One key 
result of this project was the devel­
opment of a reg ional database, cur­
rently managed by CIRAD and whi ch 
pool s information on the morpho­
logica l, agricultural and tuber traits of 
1 1 00 ya m varieties. The proj ect ben­
efited from 4 years of European Union 
funding. 

The 90 best performing cu ltivars, 
se lected on the basis of their y ields, 
taste quality and disease res ista nce, 
have been re leased to growers in 
each of th e four countri es to be 
cropped fo r domesti c consumption 
and export to Australi a and New 
Zea land. 

A phytosa nitary analys is, ca rri ed 
out in partnership with the Natural 
Resources Institute (NRI ), UK, high­
lighted the presence of many v irus 
di seases and very high genetic vari­
ab ility in th e fungus that ca uses 
anthracnose. Tests to detect th e 
seven identified viruses are now ava il ­
ab le through th e network. SPYN , 
in co ll aboration w ith the Secretari at 
of the Pac ifi c Co mmunity (SPC), 
launched a programme to promote 
d isease elimination and germpl asm 
conservation in ya m through in vitro 
culture techniques. 

Roots and tubers research team, 
Food Crops Programme, 

Annual Crops Department 

vincent.lebot@cirad.fr 
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Genetic factors that 
determine cotton quality 

Cossypium hirsutum and Cossypium 
barbadense are the two major cot­
ton spec ies grow n around the 
wor ld . G. hirsutum var iet ies, 
w hich are cropped on 90% of 
the overall area under cotton, 
are hardy and high y ield ing, 
but the fibre is on ly of medium 
quali ty. G. barbadense 11 long­
staple cotton variet ies produce 
superi or quali ty f ibre. Since these 
two spec ies are in terfert il e, cotton 
breeders have been trying for many 
years to combine the agronomic assets 
of G. hirsutum w ith the f ibre quali ­
ti es of G. barbadense . 

Benefits of marker-assisted 
selection 
Strateg ies invo lv ing convent ional 
breed ing of interspec if ic G. hirsutum 
x G. barbadense hybrids are tri cky 
because of the high number of prog­
eny that must be screened due to 
fac tors that hamper recombinati on 
between the genomes of these two 
species. This selection functions on the 
phenotype level. 

M arker-ass isted selection concerns 
the genotype. DNA mo lecu lar mark­
ers are used to pinpo int chromosome 
regions w here quantitative trait loc i 
(QTL) corresponding to the expres­
sion of spec if ic agronomic traits are 
located. By thi s method, introgressed 
C . barbadense QTLs of potent ial 
interest for improv ing fibre qual ity 
ca n be moni tored in the interspec if ic 
progeny. 

A molecular marker study of G. hir­
sutum x G. barbadense interspec ifi c 
recombination was launched in 1998. 
The f irst combined saturated map of 
the cotton genome was described in 
2000 and highlights the chromosome 
locati ons of the different markers. The 
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next phase of the project was to locate 
QTLs li nked w ith the express ion of 
cotton f ibre qua I ity. 

Pinpointing QTLs associated 
with fibre quality 
Progeny derived from the first and 
second backcross of an interspecific 
C. hirsutum x G. barbadense hybrid 
with the G. hirsutum pa rent were 
genotyp ica ll y and phenotypi ca ll y 
characterised. 

The genotype analys is invo lved 
determ ini ng the affi I iat ion-with 
respect to G. hirsutum or G. bar­
badense--of marker alleles distri buted 
un iform ly over a set of 26 chromo­
somes, ie 890 in the first generation 
and 360 in the second. Phenotyp ic 
parameters were measured for several 
techno logica l f ibre traits, w ith the 
most important being fibre length, 
tenac ity, fineness and co lour. 

A ll of these analyses w ere per­
formed in the Biotrop and cotton 
techno logy laborator ies at Cl RAD. 
Three generat ions were assessed, the 

Map showing fibre length, fineness and tenacity regions 
on chromosomes 3 and 23 
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first consist ing of 75 plants that were 
sown in a glasshouse in Montpelli er 
in 1999, the seco nd involving 
200 plants f ield tested in M ontpellier 
in 2000, and the third generation 
whi h was tested under tropical con­
ditions in South America in 2001. 

In each of the three phenotypic 
datasets, correlations between molec­
ular markers and the technological 
va lue of cotton were studied by the 
interval mapping technique, and QTLs 
were thus located on the genetic map. 

Quality, a combination 
of several QTLs 
Technologica l cotton f ibre parameters 
were determined through complexes 
of severa l QTLs. The express ion of a 
single character is actuall y controll ed 
by 8 QTLs for fibre tenacity and up 
to 12 for fibre length. These QTLs are 
sometimes located in different areas 
on the sa me chromosome and on 
different chromosomes. Each QTL 
generall y has a very minor impact, 
accounting for only 8-20% of the 
express ion of a trait. In many cases, 
QTLs assoc iated with different traits 

are located in the same chromosome 
regions. Breeding will therefore be 
focused on creat ing lines that include 
these segments. QTL locat ions and 
effects were checked in the f irst and 
second generat ions. As expected, for 
each character, suitab le all eles were 
chi efl y derived from the G. bar­
badense donor parent, but also from 
the G. hirsutum rec ipient parent in 
about one quarter of the cases. 

DNA sample 
deposition for 

electrophoresis. 

Preparing crop varieties for the future 

Building a genotype with optimal 
quality and yield traits 
A dozen eh romosome segments, cov­
ering about 10% of the length of the 
genetic map and bearing QTLs asso­
c iated with fibre length, tenacity and 
fineness traits, were chosen. 

In 2002 and 2003, efforts were 
focused on building an opti mal geno­
type in the third and fourth genera­
tions. To overcome the difficulty of 
handling a high number of chromo­
some areas at once, different fa milies 
of introgressed lines will be developed 
separate ly on a per QTL group basis, 
with subseq uent cross ing between 
these groups. 

Breeding strategies are aimed at 
obta ining combinat ions with 10% 
segments of interest from the G. bar­
badense genotype and 90% from the 
recurrent G. hirsutum parent. 

Genetic resource management research team, 
Cotton Programme, Annual Crops Department 

Plant Biotechnologies and Genetic Resources 
Programme, Advanced Methods for Innovation 

in Science Department 

Joint resea rch unit on polymorphism 
for crop improvement 

marc.lacape@cirad.fr 

Further reading 
Lacape J.M., Nguyen TB., Thibiv ill iers S., Bojinov 13., 
Courtois 13 ., Ca ntrell R.G., Burr 13 ., Hau 13. 
A combined RFLP-SSR-AFLP map of tetraploid 
cotton based on a Cossypium hirsutum x Cossypium 
barbadense backcross population. Genome, in press. 



Opportunities to tap the full potential of the expert­
ise of developing countries and to find outlets for 
their agricultural products must be constantly 
sought to facilitate adaptation to changing markets. 
In research partnerships, local dynamics are devel­
oped through environment-friendly strategies that 
are increasingly focused on agricultural and food 
product diversity and quality. Cl RAD and partners 
collaborate through networks, while interacting 
closely with local farmers and development stake­
holders to underpin the coordination and consis­
tency of their initiatives. 

Agrifood systems: 
food quality 
and local dynamics 

Current trends towards globali zation 
and the opening of markets has kin­
d led increas ing interest in new agri­
food models as an altern ative to 
conventional models based on mass 
production and standardi zation. These 
innovative models are more envi­
ronment fr iendl y, promote loca l devel­
opment dynamics and are geared to 
address ing fresh cha I lenges fac ing 
the rural community. They foster loca l 
resources, ie products, know ledge, 
experti se, enterpri ses and institutions. 
Agri cu ltu ra I and food produ ct ion 
enterpri ses must strive to enhance 
consumer awareness of the spec ifi c 
features of loca l food products. · 

Th is situation has given ri se to a 
resea rch issue at CIRAD: whi ch food 
product qualif ica ti on processes could 
be set up in deve loping countri es? 



How food product quality 
is developed 
A workshop on geographica l indi -
ations and appellations of ori gin 

was orga ni zed by CIRAD and 
I NAO, th French institute fo r 
appell ati ons of o ri gin , and 
held in M ontpellier (France) . 
Th e aim was to assess the 
benefits, drawbacks and effi-
ci ncy of va rious product qual­
if ica ti on processes in di ffe rent 
sett ings . The ori gins, h isto ri ca I 
and cultural aspects of th ese 
processes, their technica l and lega l 
complex ity, and intern ati onal intel­
lectu al property agreements, were 
also covered. This was done w hile dis­
cuss ing the advantages of a "geo­
graphica l indication" approach, which 
se ms more simple than appell at ions 
of origin w ith respect to sp cif ications 
and regulati ons. Presentati ons on a 
few projects jo intl y implemented by 
CI RAD and partners illustrat d the 
d ifferent s tt ings. 

In the Ca majarca region of Peru, 
around 40 small -sca le cheese mak­
ers have fo rmed an assoc iation and 
co ll ective ly created an appell ati on of 
ori gin labe l fo r Mantecoso, a typi ca l 
che se of thi s region that is popul ar 
throughout Peru. Thi s Cl RAD-backed 
assoc iat ion is invo lved in t raining 
prod ucers, improv ing cheese qual­
ity, prod uct advert ising, and scouting 
for new ma rket out lets. 

In Va nuatu and Ecuador, orga nic 
cacao commodi ty channe ls are 
being set up in a part ic ipatory man­
ner in co ll aborat ion w ith CI RAD 
and a French choco late ma nufac­
tu rer. These commod ity channels wi ll 
u lt imate ly invo lve 500 cacao pro­
ducers in each cou ntry. A negotiated 
pr ice restraint po li cy guarantees a 
fa ir min imum pr ice for producers. 
The eli mination of ma rket intermedi­
ar ies enab les consumers to purchase 
organic choco late at the same price 

Agropolis Museum 
CNEARC 
INAO 
INRA 
Univers ities of Versai lles-Saint Quen_tin 
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as standard choco late. O n the bas is 
of the results of a resea rch project con­
ducted at the request of the Indones ian 
Ministry of Agri culture, Balinese cof­
fee was se lected to create the f irst 
Indones ian geographi ca l indi cation. 

Models promoting local resources 
The promotion of loca l expert ise was 
th e foc us of in-depth di scuss ions 

Adding butter 
to make arcqueijao 

in Latin America. 

Promoting stakeholder involvement in research li1 

during the internation al conference 
" Loca I agri food systems: products, 
enterpri ses and loca l dynamics", held 
in M ontpellier, and coordinated by 
SYAL, a sc ientifi c interest group cre­
ated by CIRAD, INRA, the French 
agri cu ltura I resea rch in stitute, th e 
French universities of Versa ill es Saint­
Quentin and M ontpellier I, CNEARC 
th e French centr fo r ag ri cultural 
resea rch in hot reg ions, and th e 
Agropo li s Museum. 

M ore th an 200 parti c ipants 
exchanged experi ence on: the rol e 
of loca l stakeho lder networks and 
the clustering of agrifood enterpri ses; 
loca l food produ ct qualifi ca ti on 
processes; kn owl edge, ski I ls and 
apprenti ceship processes; identity 
ownership processes and their rela­
ti onships with pl aces, hi story, knowl­
edge and t rrito ri al identiti es; and 
the drawing up of publi c poli c i s. 

Loca I agri food systems ca n di ffer 
substantiall y in terms of their hi story, 
market links, activities, socioeconomic 
orga ni zati on, urban or rural location, 
and territo ri al footho ld . The " loca l" 
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aspect of the food product is also 
variab le and ca n change w ith t ime: 
a product associated w ith the phys i­
ca l and cl imatic features of a pro­
duct io n site ca n subsequent ly be 
linked w ith the image or reputat ion 
of thi s site . 

Research is under way to develop 
methods for analys ing agri food sys­
tems: de lineation of va li d analysis 
uni ts and their inte rnal interactions; 
spec ificat ion of loca l resources and 
ways to activate them; institut ional 
dynamics; and forms of mutual action. 

The conference proceed ings and a 
document on terri to ri al coord ination 
of agri food activ it ies and another on 
ru ra l cheese makers in Peru are the 
f irst of a series of pub li cat ions on 
loca l agri food systems and terri tory 
buil d ing. 

Product qualification, stakeholder networks 
and innovations in food processing research 

team, Family Agriculture in a Global Economy 
Programme, Territories, Environment and People 

Department 

Further reading 

Coffee and Cocoa Programmes, 
Tree Crops Department 

denis.sautier@cirad.fr 

Requier-Desjardins D. , Boucher F. , Cerdan C., 
2003. G loba liza tion, competitive advantages 
and the evolution of production systems : ru ral 
food process ing and loca lized agri -food systems 
in Latin -Ameri ca n countri es. Entrepreneurship 
and Regional Development, 15: 49-67. 
Moity-Ma't'zi P., Sain te M arie C. (de), Ges lin P. , 
Muchnik )., Sau ti er D. (ed. ), 2001 . Systemes 
agroalimentaires loca lises. Terro irs, savoir-fa ire, 
innovations. Etudes et recherches sur les systemes 
agraires et le developpement, 32,2 16 p. 

Processing palm oi l 
on a small scale in Benin. 

Office du Niger, 
managing the rice granary of Mali • 

In Mali , irrigation schemes 
managed by the Office du 
Niger currently produce 
excess volumes of paddy 
rice . This rice contributes 
substantially to ensuring 

IER 
Office du Niger 

e CIRAD 
food security in this country e scientificpartners 

and other parts of West Africa. 
After some 75 years of futile initiatives, 
this socioeconomic success can be 
explained by the strong market-oriented 
family agricultural system that prevails. 

Around half a million 
people inhabit the region , 
and the wealth generated 
by this system-solely 
through draught agri­
culture-is shared among 
some 20 ooo farmers . 
This process and future 
prospects are presented 
in a document entitled 
L' Office du Niger, grenier 
ii riz du Mali, published 
in French by Cl RAD and 
Editions Karthala. It com­
bines an in-depth study 

with many scientific and technical contri­
butions from specialists in different fields 
(scientists, extension agents, sponsors, 
representatives of socio professional organ­
isations). 

Territorial management of water resources 
research team, Territorial governance 

and restructuring research team, 
Renewable Resources and Viabi lity 

Programme, Territories, Environment 
and People Department 

marcel.kuper@cirad.fr 

Further reading 
Bonneva l P., Kuper M ., Tonnea u J.P., 
2002. L'Office du Niger, grenier a 
ri z du Mali . Succes economiques, 
transitions culturelles et politiques 
de developpement. Montpellier, 
France, Cirad; Pari s, France, 
Karthala, 256 p. 



CARBAP, an integrated 
collaborative plantain 
research consortium 

How ca n plantain production be 
in creased from the very low, 
mean estimated y ields of 4 t/ha 

INIBAP 
INRA 
IPGRI 
IRD 
European Union 
Univers it ies of Louvain, of Leuven, of Gembloux 
University of Reading 

l on smallho ldings whereas this 
crop has a production potential 
of more than 30 t? How ca n 
the consu mer demand for top 
quality and less expensive 
plantain be fulfilled? 

~ CNRA 

~ INERA 
INRAB 

• 

In 2001, f ive central African 
countries (Cameroon, Central African 
Republi c, Democratic Republic of the 
Congo, Equatorial Guinea, and Gabon) 
decided to address these questions by 
founding CARBAP, the African banana 
and plantain resea rch centre. In part­
nership with CIRAD, CARBAP is fo l­
lowing up the activities of CRBP, the 
regiona l banana and plantain research 
centre, w hich was founded in 1989. 
CARBAP- founded on an intergov-
rnmental bas is and recognised by the 

international sci ntific community and 
the West and Centra l African Council 
for Agr icu ltura l Research and 
Development (WECARD)-sets the 
stage for regio nal cooperation on 
research, extension, and trai ning for all 
stakeholders in the planta in subsector. 

Enhancing the performance 
of the plantain subsector 
Plantain is a vita l staple food through­
out West and Centra l Africa, where 
annual production is around 10 mil­
lion t, which means that it is also an 
important cash crop. Plantain is the th ird 
ranking stap l food of the region after 
rice and maize, but it is still too expen­
sive for urban dwel lers and relatively 
inaccessibl to rural people. It is grown 
on scattered sma llholdings under low­
intensity cropping cond iti ons, and 
sma llhold rs find it hard to market 
their harvested plantain in urban cen-

e CIRAD 

• Scientific partners 

• Project location and 
app li cat ion of results 

tres because of the high transportation 
costs and poor road conditions. One 
prime goa l of CARBAP is to boost plan­
tain yields by proposing innovations that 
cou ld help sma llholders intensify plan­
tain cropp ing. 

CARBAP publi shed and dissemi­
nates Plantainfo, a newsletter that 
promotes efforts to improve the per­
formance of the plantain subsector. 
A participatory approach, supported 
by the Europea n Union and Fondation 
Aventis, and w ith the help of a plan-

Banana and 
plantain 

growers' market 
in Cameroon. 

Promoting stakeholder involvement in research • 

tain growers' network, boosts fa rmer 
awareness on innovations designed to 
graduall y intensify plantain cropping 
and increase yields, including the adop­
ti on of improved hybrids, horticultural 
multiplication of hea lthy plants, efficient 
crop management, integrated pest man­
agement, and so i I ferti I ity conserva­
tion. Technica l training is also offered 
for plantain growers . 

Breeding higher yielding varieties 
CARBAP is located in central Africa, a 
region where the plantain subgroup has 
undergone secondary diversification. 
It has the largest plantain germplasm 
co ll ection in the wo rld, including 
135 cultivars. It is also invo lved in the 
Musa Germplasm Information System 
(MGIS) of the International N twork for 
the Improvement of Banana and 
Plantain (INIBAP). 

The adopted conventional genetic 
improvement scheme is designed for 
breeding-especially from parental 
clones supplied by CIRAD- highl y 
sterile triploid hybrids that are as close 
as possible to natural plantain varieties. 
The natura l diversity, along w ith taste 
and marketing cr iteri a (long bunch, 
bu lky fingers) are taken into consid­
eration for var ieta l se lection, in add i­
tion to other trad itional featur s sought 
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by fa rmers. The key agronomic char­
acteristics are resistance to parasites and 
pests, high suckering and small size. 

Dwarf plantain hybrids are currently 
being bred. A first generation tetraploid 
hybrid (CRBP39), which has shown 
suitable res istance to bl ack leaf streak 
di sease, yield and fruit taste qualities 
in the resea rch station and in growers' 
pl antati ons, is being di ssemin ated 
throughout West and Central Afri ca . 

Sustainable pest management 
for plantations 
CARBAP is developing integrated tech­
niques for controlling different pl an­
tain pathogens and pests. So lutions to 
control the harmful aspects of black leaf 
strea k disease are being promoted: 
elimination of necroti c leaves, crop 
management, and breeding of res ist-

Harvesting plantain 
on a plantation within 
the growers' network. 

ant hybrids. CARBAP, Cl RAD and 
INRA, the French agri cultural resea rch 
institution, are also investigating geneti c 
diversity of the ca usa l pathogenic fun­
gus M ycosphaere//a fijiensis, virulence 
vari ability within its populations, the 
epidemiology of the disease and mod­
el I ing the di sease pattern s. 

Growers have adopted a technique 
fo r ho rti cu ltura I multipli cati on of 
hea lthy pl ants to contro l banana 
root knot nematodes. Fallowing and 
crop rotations are recommended as 
a compl ement to thi s technique. 
Earl y endomycorrhi zation of pl ants­
tested under controlled environmen­
tal conditi ons-could enhance the 
effi cacy of these techniques. 

Bio log ica l contro l procedures are 
being developed to contro l banana 
weev i I borers: mass pheromone 

trapping, and introdu ction of th e 
entomopathogenic fungus Beauveria 
bassiana. 

Increasing and diversifying 
regional cooperation 
CARBAP has establi shed partnerships 
in West Afri ca (Benin, Cote d' Ivoire) 
and benefits from fundin g from 
th e Europea n Union, French and 
Belgian cooperation agencies and the 
Cameroonian government. These co l­
laborations with French resea rch insti­
tutions (CIRAD, INRA, and IRD) and 
internation al centres (Intern ation al 
Institute ofTropi ca l Agri culture, IITA, 
and the International Pl ant Geneti c 
Resources Institute, I PG RI ), and the 
privil eged relationship with INIBAP­
MG IS, Intern ation al Mu sa Tes tin g 
Programme, and Global Programme 
for Mu sa Improvement projects­
enhance CARBAP's sc ientific and tech­
n ica I potenti al. M o reover, it has 
establi shed links with loca l develop-

% ment agenc ies such as AGRISUD, 
~ and with national agricultural research 
~ systems of 15 Afri ca n countries, within 
Qi the framework of INIBAP's MUSACO 

network, with the aim of validating 
and di sseminating innovations for the 
benefit of pl antain growers and urban 
inhabitants of developing countri es . 

Plantain research team, Banana, 
Plantain and Pineapple Programme, 

Fruit and Horticultural Crops Department 

Further reading 

crbp@camnet.cm 

eri c. fou re@ci rad. fr 
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2000. Plantain breed ing at CRBP: strateg ies, 
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E. B. Karamura, D.R. Vuy lsteke (eels) Proceed ings 
o f the first intern ational conference 0 11 banana 
and plantain fo r Afri ca, Kampala, Uga nda, 
14- 18 oc tobre ·1996 . Actae Horti culturac, 
540: 177- 'l 83. 



Savannas of central 
Africa: technical and 
institutional innovations 

Since 1998, PRASAC the regional 
development-ori ented resea rch 
consortium focusing on savannas 
of central Afri ca, has been bring­
ing together national agricultural 
research institutions from Cameroon 
(IRADt Central Afri ca n Republi c 
(ICRA) and Chad (ITRAD, LRVZ), in 
collaboration with European sc ientific 
partners, including CIRAD, IRD, the 
French development-oriented resea rch 
institution, and the University of Leyden 
(Netherl ands) . It coordinates resea rch 
initiatives of the three countries and 
pools their resources and data with the 
aim of di ssemin atin g th e inno­
vations throughout the rural areas. 
It is dependent on a network of 
regional laboratories, research stations 
and vill age lands. This co ll aborative 
resea rch consortium of the West and 
Central Africa n Council for Agricultural 
Research and Development (WECARD) 
is now a recognised specialized insti­
tution of the Central Afri can Economic 
and M onetary Community (CEMAC) . 

Farmers' organizations 
High popul ation growth and rural 
migration are disrupting farming sys­
tems in Africa n savanna regions. Arable 
land is increasingly sca rce, land tenure 
is becoming a major issue, and there 
is ri sing pressure on renew abl e 
resources . Urban-rural economi c 
exchanges are spurred by the market 
demand from medium-si zed inland 
towns and large cities, and crop inten­
sification is essential to meet thi s need. 
Cotton is still the driving force behind 
the agri cultural economy, but the food 
crop market is now developing. The 
increase in livestock herds has, how­
ever, put further pressure on the dwin­
dling resources. 
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A review of resource access regu­
lations is needed, but it would be hard 
to apply any potential revisions because 
there have been serious delays in decen­
tralization projects, which in any case 
often boost the power of important 
people when loca l conditions are 
unfavourable for democracy and when 
the government is no longer able to ful­
fil its law enforcement role. There is also 
concern that the privati zation of cot­
ton subsectors wi 11 lead to degradation 
of some agricultural ·services, which has 
prompted the crea ti on of farmers' 
organizations to protect fa rmers' inter­
ests and provide servi ces for members. 

Weeding 
onions 

at Koza, 
Cameroon. 

~~ 

Promoting stakeholder involvement in research • 

Products for development 
A development observatory pools infor­
mation derived from national data­
bases and PRASAC. An assessment of 
this information highlighted dynamic 
loca l and transboundary trends con­
cerning commodity marketing channels 
for agricultural products and livestock, 
land-use patterns, livestock transhu­
mance, development policies and rural 
migration. A regional geographi cal 
information system (GIS) was set up and 
has led to the publication of an agri­
cultural atl as for central Afri ca . Fifteen 
reference sites- representative of dif­
ferent savanna environments and their 
inherent problems and potentials­
were the focus of field studies. 

Techni ca l innovations have been 
tested in co ll aborati on with farmers: 
animal draught equipment, direct 
seeding, organic manure application, 
improved fallows, cotton pest control , 
preserving foodstuffs through dry ing 
techniques, and cassava process ing. 
Ninety techni ca l data sheets w ere 
pub I ished to enable farmers to ben­
efit from the results of these tests. 
Agricultural co nsultancy method s 
were drawn up by development agen­
c ies . M ethodologica l changes were 
noted in 70% of fa rms for contingency 
pl an and crop management assess-
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ments and in 40% of fa rms for a cas h 
fl ow management evaluation. 

Thi s work has given ri se to many 
publications, including technical data 
sheets, bibliographical monographs 
and photographic reports. La Lettre des 
sava nes, a regional quarterly agri­
cultural news letter (500 cop ies per 
issue), has been pub I ished and dis­
seminated since November 2000. 

PRASAC has also estab li shed links 
with different universiti es . Around 
20 scientists of the consortium, includ­
ing about 10 PhD thes is students, 
have attended degree-qualifying train­
ing courses held in PRASAC fac ilities, 
as w el I as more than 1 00 students 
from vari ous universities. 

Landuse changes and new challenges 
A conference involving heads of fa rm­
ers1 o rgani zat ions, extension agents, 
sc ienti sts and donor agenc ies was 
held in Garoua, Ca meroon, from 
2 7 to 30 M ay on the topic 11 Afri can 
savannas, landuse changes, and stake­
ho lder responses to new chall enges 11

• 

After summari z ing their work, par­
ti c ipants stressed that to obta in per­
t inent in for mation it is essenti al 
to adopt multidisc iplinary approaches 
and evaluate issues at a range of 
levels (field, herd, fa rm, loca l area, 
country, and regional subunit). They 
outlined future needs: diversifying 
resea rch partn erships, c rea ting an 
observatory to monitor changes, work­
ing downstream from production, and 
continuing to integrate socia l sci ­
ences and geography in resea rch 
strategies. 

Agricultural support services research team, 
Product qualification, stakeholder networks 
and innovations in food processing research 

team, Family Agriculture in a Global Economy 
Programme, Territories, Environment 

and People Department 
Cotton Programme, Annual Crops Department 

Animal Production Programme, Animal 
Production and Veterinary Medicine Department 

jean-yves.jamin@cirad.fr 
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Full text 

Water management 
in South Africa 

After the abolition of apartheid, i rri­
gation schemes in the former home­

lands of South Afri ca must now 
make it through a difficult and 

inev itab le management 
transfer period to quickly 
become self-susta ining and 
effic ient. Thi s process is 
hampered by technical, 
economic and soc iocul-

tural impediments. Th e 
Sustainable M anagement 

of Irrigated Land and Envi­
ronment (SMILE) project is 

designed to assess the potential of 
these schemes and to determine ways 
to promote their susta inability, espe­
cially financial. A simulation software 
package is being app lied for prospec­
tive eva luations of these schemes in 
co ll aboration with loca l operators: it 
analyses the prevailing situation and 
tests scenarios under different techni­
ca l, economic and institutional con­
ditions. The results showed that these 
irri gat ion schemes could become 
vi able as long as the government does 
not completely withdraw from its com­
m itment- sma 11 ho lder invo lvement 
alone would be inadequate. 

Territorial management of water resources 
research team, Renewable Resources 

and Viability Programme, 
Territories, Environment and People Department 

sylvai n. perret@ci rad. fr 
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Promoting stakeholder involvement in research II 

Herd management support tools 

Livestock farmers in both developing and 
industrialized countries are reshaping their 
production methods in favour of a more envi­
ronment-friendly approach. As the interactions 
are highly complex, it was considered essen­
tial to model and simulate the effects of 
changes in production practices on herd 
performance to be able to assist farmers 
in their decision making. 
The same tools can be applied even 
when the livestock production objec­
tives and conditions vary markedly. Cl RAD 
and INRA, the French agricultural research 
institution, thus decided to collaborate 
with the aim of developing a common set of 
analytical tools and study methods. These 
studies have already given rise to three semi­
nars and a special issue of the journal, Animal 
Research. 
Herd performance modelling involves match­
ing species-specific biological 
data, environmental conditions 
under various constraints, and 
different livestock farmers' 
decisions. For 10 years, tech­
nical and economic perform­
ance models have been used 
to investigate the impact 
of changes in management 
strategies on dairy and suck­
ling farms. In tropical coun­
tries, studies are focused on 
developing performance indi­
cators- numerical productivity, stocking rates 
on rangelands-to be used for diagnostic 
assessments of situations or to remedy short­
comings. 
Models currently being developed are aimed at 
establishing livestock farmers ' decision-making 
guidelines and identifying herd management 
subunits. These models take temporal changes 
into account (climatic and feed uncertainties, 
disease factors, herd replacement). They utilize 
spatial data at different scales and animal­
specific data, ie the basic information unit. 
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The Kyoto Protocol set a target of a 5% reduction 
in greenhouse gas emissions in relation to the 1990 

figure, over the first commitment period (2008-

2012). All the signatories are already preparing for 

this. This target, which is binding on the industri­
alized and intermediate countries that signed the 

protocol, necessitates a degree of solidarity with 
developing countries. CIRAD is involved in regional 
and international projects aimed at encouraging col­
laboration with developing countries, assessing 
the impact of reforestation and agricultural choices 
on carbon sequestration, controlling cultivated soil 
erosion in upland areas and also developing non­

polluting wood preservation techniques, safe­
guarding carbon stocks and optimizing natural 

resource management. 

Carbon flux: measuring 
and modelling 

Under the Kyoto Protoco l, the c lea n 
deve lopment mechani sm (COM) is 
the implement intended to encourage 
the North and South to work together 
on cutting greenhouse gas emi ss ions. 
It is one of the so-ca ll ed "fl ex ibi I ity" 
mechanisms that put a trade value on 
reductions in ca rbon emissions, thus 
creating a ca rbon market. Th is mar­
ket is governed by stri ct el igib i I ity cri­
teri a. 

In the forestry sector, onl y afforesta­
tion and reforestation are eligible dur­
ing the f irst commitment peri od (up 
to 2012 ). It is therefore urgent to f ind 
reli ab le ways of measuring ca rbon 



emiss ions and sequestration so 
as to be ab le to estab li sh a 
certifi ed balance for individ­
ual projects. Forest invento­
ri es ca n be used to assess 
the variations in the amount 
of carbo n sto red in t runk 
biomass. However, on a plan­
tation sca le, carbon balances 
have to cover all the compart­
ments of the ecosystem, in the so i I 
and elsewhere, from the plot ri ght up 
to the plantation as a whole. It is 
essential to take account of so il het­
erogeneity, and also of intra- and 
inter-a nnual climatic variations and 
the effects of fa rming systems. 

The lead ing tropical forest spec ies, 
euca lyptus, cove rs 14 milli on 
hecta res; coconut, the lead ing agro­
forestry crop, cove rs 1 3 mi 11 ion 
hectares. CIRAD, INRA, the Universite 
de Franche-Comte and CEFE, the 
Centre d'ecologie fonct ionnelle et 
evol utive at CN RS, are working 
together to estab li sh and mode l ca r­
bon balances in c lo nal and 

CNRS 
INRA 
University of Franche -Comte 

l European Carbo-EuroFlux 
Programme 
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commercial plantations: euca lyptus in 
th e Rep ubli c of the Congo and 
coconut in Vanuatu. 

These sites are the first of their 
type in Africa and Oceania. They are 
associated with the Europea n Ca rbo­
EuroFlux programme, which is itse lf 
part of the globa l network monitor­
ing ca rbon dioxide exchanges inter­
restri al ecosystems, Fluxnet. Th e 
Congolese site, at Pointe-Noire, is 
part of the Observatoire de recherche 
en environnement sur le fonction­
nement des ecosystemes forestiers, a 
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thematic resea rch network recogni sed 
by the French Mini stry fo r Research. 
The first measurement site was set up 
in the Rep ub li c of the Congo by 
CIRAD in 2000, in conjunct ion with 
UR2PI, a research unit working on 
commerc ial plantation productivity. 
The sa me approach was adopted in 
Vanuatu as of 2001, in conjunct ion 
with VARTC the Vanuatu Agricultural 
Research and Training Centre, where 
the same measurement methods are 
being used in plots of Vanuatu Red 
Dwarf x Vanuatu Tall coconut hybrids. 

The approach comprises two meth­
ods, each of which validates the other. 
One is overall mode lling of the eco­
physiologica I functioning of the 
ecosystem on a plantation pl ot sca le, 
w hile the other is based on a den­
drometric model that eva luates the 
increase in biomass and on meas­
urements of so il heterotrophi c resp i­
ration. The ca rbon stocks in trees and 
the so i I are measured at different ages 
using the conventional dendrometric 
method and nea r-infrared spectra-

Net carbon balance for a three-year-old eucalyptus plantation, obtained using two methods 

Cumulated C02 flu x, measured by the turbulent 
flu ctuat ion method (tonnes/ha/yea r) 

Flux 
tower 

NEP = I NEE = CPP - ER 

NEE ;p ---- -
Sensor GPP 

19.9 

~ 
AAR 
4.4 

ER 16.2 

SR 
11.8 

_!)6 HR 

~8.7 

Ca nopy 

D ifference between biomass increase and 
so il heterotrophic resp iration (tonnes of ca rbon/ha/yea r) 

NEP = NPP - RHR 

-----il~-
9NEP3.3 

Biomass repart1l 1on in tree 

Branches 

Bark 4% 

NPP 12 

HR 8.7 

GPP, gross prim;:i ry producti on. NEP, net carbon production of ecosystem. NEE, instantaneous measurement of net exchange in the ecosystem. NPP, net pr·imary 
producti on . AAR, aeri al autotrophic respirati on. RAR, rhi zospheri c respirati on. ER, ecosys tem respiration. HR, heterotrophi c resp iration of so il. SR, so il respiration. 
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metri c analysis, to establish a storage 
graph. Instantaneous C02 flux is eval­
uated using flux towers or turbulent 
fluctuations, on an ecosystem sca le, 
making a distinction between the two 
components of that flux, photosyn­
thesis and resp iration . Al I the compo­
nents of the water balance and energy 
balance are also recorded and meas­
ured. Lastly, the response of the dif­
ferent components of ca rbon flux 
within the ecosystem-soil autotrophic 
and heterotrophic resp iration, plant 
aeri al respiration, photosynthesis-to 
climate variations is modelled. 

After two years of flux measure­
ments in a three-yea r-old euca lyptus 
plantation, the evaluations of net car­
bon production by the planted plot 
are very simil ar. What little differ­
ence there is probably stems from an 
underestimate of the rhizospheri c bio­
mass and of nocturnal flux. Soil res­
piration measurements on stands of 
different ages have shown that roots 
contribute to ca rbon emi ss ion, and 
that their contribution increases with 
stand age, from 2 7% at three yea rs 
to 5 7% at six years . 

Photosynthesis and leaf respiration model 

Ca nopy photosynthes is (micromoles of COi m2/second) 
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For coconut, the ca rbon exchange 
mode l includes the prediction, on a 
ca nopy sca le, of photosynthesis and 
leaf resp iration. These forecasts are 
then compared with the data recorded 
by turbulent flu ctuations. The daily 
ca rbon balance for the coconut plan­
tation is moderate, but continuous, as 
a result of the climatic conditions in 
Vanuatu, hence the very high annual 
ca rbon sequestration figure of seven 
tonnes per hecta re in a 20-yea r-o ld 
planting. 

Flux tower 
in a coconut 
plot in 
Vanuatu. 

Both coconut and euca lyptus have 
the dual advantage of being both ca r­
bon sinks and renewab le energy 
sources. Coconut oil ca n be used as 
a substitute for diesel, in either nat­
ural or esterified form, while euca­
lyptus wood can be used to make 
charcoa l. 

The next step will be to adapt these 
methods to reference species such as 
rubber, cocoa, oil palm, teak, pine or 
okoume. This will enab le the estab-
1 ishment of models and certifi ed ca r­
bon balances for forest and agroforestry 
pl antations. 

Plantation Functioning Team, Trees and 
Plantations Programme, Forestry Department 

(Cl RAD -Foret) 

olivier.hamel@cirad.fr, cir12@calva .com 

Coconut Palm and Coconut-Based Agrosystem 
Functioning Modelling Team, Coconut 

Programme, Tree Crops Department (CIRAD-CP) 

roupsard @vanuatu.com.vu 
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The clean development mechanism 

The talks held under the agreement on cli­
mate change have resulted in the clean 
development mechanism (COM), which 
enables bodies such as governments or firms 
in industrialized countries to obtain carbon 
credits (emission reduction credits). To this 
end, they have to conduct projects in devel­
oping countries aimed at reducing green­
house gas (GHG) emissions or fixing carbon. 
Initially, until 2012, only new plantings and 
replantings, which are recognised as "carbon 
sinks", will be eligible as far as forestry 
operations are concerned, and there will be 
precise eligibility criteria . 
There has to be some proof that the reduc­
tion is in addition to what was being done 
before, ie not simply a displacement of emis­
sions. The rules for crediting forestry oper­
ations have not yet been established. 
" Temporary credits", not equivalent to those 
obtained through reduc­
tions in em issions, are 
planned . However, if car­
bon prices on the future 
em ission permit market 
are too low, the resulting 
leverage intended to 
encou rage t ruly new 
forest ry operations may 
be limited. Conversely, 
decentralized rural elec­
trici t y generat ion using 
wood and plant biomass, 
which is " neutral" in terms 
of t he carbon balance , 
cou ld have a ratchet effect on certain wood 
su bsectors. 

Forestry Policy Team, Natural Forests Programme, 
Forestry Department (CIRAD-Foret) 

alain.karsenty@cirad.fr 

For further information 
Karsenty A., Blanco C., Dufour T., 2002. 
Les instruments de la convention-cadre sur les 
changements climatiques et leur potentiel pour 
le developpement durable de l'Afrique. Rome, Italy, 
FAO, Working document FOPW/ 02/1, 98 pp. 

Locatelli B., Loisel C., 2002. Changement climatique : 
la verite est-elle au fond du puits ? Une analyse 
des controverses sur les puits de carbone. Nature, 
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The price of carbon: 
a regionalized global 
model 

The exponent ial growth in green­
house gas emi ss ions is pos ing 

major cl imatic risks. Economic 
activ ities affect the atmos­
phere, w hich mod if ies the 
c lim ate, w hi ch in turn 
transfo rm s the biosphere 
and has a boomerang effect 
on the economy: agri cu l-

tural yields, heating or air 
cond it ioning req uirements, 

etc. It is now cruc ial to ana lyse 
the sources of emiss ions and their 

impact in order to f ind so lutions and 
estab li sh a cli mate po li cy. Thi s is an 
international issue that concerns each 
and every sector of activ ity. 

The studies used as a reference for 
negotiations combine techno-economic 
and macroeconomic approaches. They 
are based on med ium-term compar­
isons of secto rs of act iv ity, wor ld 
regions, greenhouse gases (primaril y 
ca rbo n d iox ide, methane, n itrous 
ox ides and va ri ous hydrofluoroca r­
bons), and decis ion-mak ing methods 
and schedu les. Those used by the 
Globa l Climate Research Group gen­
era ll y centre on data from industria l­
ized countr ies and energy sectors. 
Global eva luation models integrate the 
ava il ab le, often globa l, data on agr i-

Agricultural sector emissions 

USA Europe Ex­
USSR 

India China Brazi I Rest o f 
worl d 
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cultural practices and land use in 
order to refl ect rea I ity. However, the 
data on agricultural activity need to 
be enhanced, since the facto rs that 
determine their evo luti on, such as 
technica l progress, intensive or exten­
sive fa rmin g, have an impact o n 
greenhouse gas emi ss ions. 

It is essential to build up knowledge 
of regional farming practices in order 
to shed I ight on the issues . Cl RAD is 
contributing to this operation through 
its experi ence of modelling and of 
agri culture in developing countri es, 
which has hard ly been taken into 
account so fa r, if at al I. The Agripol 
mode l was developed under a 
European project on greenh ouse 
gas emission control strategies (GECS) . 
It evaluates the consequences of var­
ious types of land use and production 
techniques in 40 world regions in 
1995, 2000, 2010 and 2030, and 
takes account of the agri cultural sec­
tor's ab ility to adapt to policy changes. 

The model sets a ca rbon price. The 
related cost of greenhouse gas emis­
sions is therefore added to production 

costs. Th is makes it possible to esti­
mate the sav ings made in terms of 
emiss ions by making changes to farm­
ing systems and land use. Thi s info r­
mation is used to draw up marginal 
abatement cost curves that ca n in 
turn be used in mode ls concerning 
other economic sectors. 

By linking Agripol and the Image 
g loba l mode l developed by the 
National Inst itute of Public Hea lth 
and the Environment (RIVM) in the 
Netherl ands, which takes account of 

For further information 
Deybe D. , Fa ll o! A. Non-C0 2 greenhou se 
gas emi ss ions from agri culture: analys ing 
the room for manoeuvre for m iliga tion, 
in case of carbon pric ing. 
/n: 25 th International Assoc iati on 
of Agri cultura l Econom ists Conference, 
Durban, South Afr ica, August 2003, in press. 

agri cultural potential, it is possible to 
produce a more accurate picture of 
the med ium-term effects of climate 
change and of economic and demo­
graphic growth. The results obta ined 
with Agripol ca n thus be integrated 
into the underlying scenari o of the 
changing globa l situation. 

CNRS-CIRED-CIRAD Joint Research Unit (UMR), 
Economics, Policies and Markets Programme, 

Department of Advanced Methods for Innovation 
in Science (CIRAD-AMIS) 
daniel.deybe@cec.eu .int 

Marginal reduction cost charts 
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Margin of man c:Euvre 
1hat wou ld be offered by 
agri cullure, w ilh the ava ilable 
technical alternatives, 
under a greenhouse gas 
emi ss ion reduction poli cy . 



Monitoring 
of protected areas 
in Africa 

Full text 

For over 10 yea rs, the EU-funded 
ECOFAC regional programme for 
the conservat ion and rational 
use of fo rest ecosystems in 
centra l Africa has been oper­
at ing in seven countri es: 
Cameroon, Chad, Central 
Afr ica n Republi c, Congo, 
Equatorial Guinea, Gabon, 
and Sao Tome and Prf ncipe. 
In 2002, CIRAD was ntrusted 

Wildlife and protected area se rvices 
ECOFAC regional programme 
RAPA( 

w ith a study of the estab lish­
ment of a globa l system to mon-
ito r and eva luate the d iffe rent 
national components of the programme, 
which covers a tota l of 100 OOO sq. km. 

Establi shing the situation in each of 
the protected areas concerned was 
only the f irst stage in setting up thi s 
regional system, based on the princi­
ples, cr iteri a and indicators of susta in­
ab le development. The aim was also 
to ensure that national managers were 
tra ined in the method and above all 
were capab le of adapting and app ly­
ing it in line w ith loca l requirements. 
To this end, it has been proposed that 
RAPAC, the network of protected areas 
in central Africa, which incl udes the var­
ious management bod ies in charge of 
these zones, w ill provide the necessary 
backu p, superv ise operat ions on a 
r gional level and express a single, 
unanimous op inion. In the debate 
on conservation in centra l Afr ica, the 
Congo bas in is already covered by a 
large number of in te rnat ional pro­
grammes adopted at the Johannesburg 
Earth Summi t. 
Viable Management ofTropical Forest Ecosystems 

and Forestry Policy Teams, Natural Forests 
Programme, Forestry Department (Cl RAD-Foret) 

Wildlife Biodiversity Team, Rangeland and Wildlife 
Management Programme, Livestock and Veterinary 

Medicine Department (CIRAD-EMVT) 
alain.billand@cirad.fr 

marie-noel.de visscher@cirad.fr 
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For further information 
CIFOR, 1999. Criteri a and ind ica tors 
too lbox seri es 2 . Engli sh version, 
ten volumes, manuals, CD-ROM and 
software. 

W PA (Wor ld Commiss ion on 
Protected Areas), 2000. Evaluating 
effectiveness. A framework 
for assess ing the management 
of protec ted areas . IUCN (The World 
Con erva tion Un ion), Ca rdi ff 
University, 120 p. 
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From Zimbabwe to the Earth Summit 

Zimbabwe has adopted an innova­
tive environmental policy that 
combines wildlife conserva-
tion, protected area manage-
ment and local exploitation 
of resources. These resources 
are managed on a local level 

• 

in conjunction with rural corn- • c 1RAD 

munities, using the Campfire · rnc~~~ti~~~a;rners 
(Communal Areas Management 
Programme for Indigenous Resources) 
approach. This approach is an institutional 
and legal reference and a model for the sus­
tainable exploitation of natural resources in 
Africa. 
For over 10 years now, Cl RAD has been work­
ing in three regions of Zimbabwe, in part­
nership with national and local institutions, 
on implementing this approach in the 
field. The aim is to effectively decentralize 
decision-making powers and ensure that 
local communities really benefit from the 

economic advantages of the 
approach. 
Cl RAD reported on its experi­
ences at the Global Summit on 
Sustainable Development in 
Johannesburg. The approach has 
created a synergy between the 
different players and enabled dis­
cussions to take place on the 
local wildlife and its habitat. It has 
made it possible to identify the 
conditions for local resource and 
biodiversity management and to 
determine the necessary steps 
to be taken. The approach has 

secured the land ownership rights of local 
communities and access to resources. It has 
also enabled the development of land-use 
planning and multi-functional land devel­
opment systems, and the definition of the 
roles, responsibilities and authority of the 
various actors at different levels. 

Wildlife Biodiversity Team, Rangeland 
and Wildlife Management Programme, 

Livestock and Veterinary Medicine Department 
(Cl RAD-EM VT) 

marie-noel.de visscher@cirad.fr 
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A wood preservation 
technique 

If the wood used is not naturally 
durable, open-air structures, build­
ings and outdoor furniture have to 
be protected. The current treat­
ments aga inst weathering, insects 
and other types of damage involve 
impregnating the wood with pol-
1 utant or toxic products. Th ey 
improve its durability but require 
complex, cost ly treatment eq uip­
ment. Cl RAD is working with CTBA, 
the French technical centre for wood 
and furniture, on a new wood preser­
vation technique that is simple, rela­
tively cheap and ecofriendly. CIRAD 
has been gra nted a French patent on 
the basic principle, and has app li ed 
for an international patent extension . 
The aim now is to broaden the range 
of app li cations and optimize the effi­
cacy of the treatment. 

A simple, ecofriendly treatment 
The technique cons ists in dipping 
the wood in two oil baths. The first, 
at a temperature of 11 0 to 21 0°C 
raises the temperature of the wood 
and reduces its moisture content, 
and the second, at 1 0 to 90°C 
impregnates and treats the wood. 
The wood is transferred rap idl y from 
the first to the second bath, to ensure 
effect ive impreg nat ion. Natural, 
preferably siccat ive, o i Is such as Ii n­
seed or rapeseed ca n be utili zed, 
either mixed or pure, and even used 
or recycled. 

The heating system requires only 
two tanks, and a conveyor to trans­
fer the wood from one to the other. 
The hot tank comp ri ses a heat ing 
element and an o il c ircu lation pump, 
with a basket to keep the wood sub­
merged in the o il and to transfer it 
to the co ld tank, which conta ins onl y 
the treatment o i I. 

CTBA 
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The current resea rch is intended to 
determine the operating conditions for 
the optimum penetration of compo­
nents of different spec ies and sizes: 
logs and planks of lengths between 
a few dozen centimetres and several 
metres . The efficacy and persistence 
of the protection are to be checked, 
along with the choice of heating oil, 
treatment solution formula, and invest­
ment and operating costs in industri­
ali zed and developing countri es . The 

Construction of 
an amphitheatre 
in oiled chestnut 

wood, at the 
Pie-Saint-Loup 

high school 
(Herault, France). 

ai m is to make use of the range of sc i­
entifi c and technical skills ava il ab le 
at Cl RAD and its partners: process 
engineering, equipment design, wood 
sc ience, biochemistry, physical chem­
istry and economics. 

The technique has been tested suc­
cessfully on broadleaf and conifer 
wood sa mpl es inc luding sp ru ce, 
which usually res ists impregnation. 
The results have proved its technical 
and economic feasibility. Combined 
o i I and heat treatment of wood 
produces similar results to traditional 
procedures but is less polluting. 
Specific molecu les can be added to 
the treatment oil to modify the co lour 
of the wood and increase its res ist­
ance to fire, ultrav iol et li ght and 
pathogens. Moreover, the technique 
reduces peripheral splitting and kills 
pathogens by steri I ization. Last ly, the 
hydrophobi c treatment compounds 
form a barrier on the surface of the 
wood, reduc ing wood shrinkage and 
swelling that ca use deformation and 
splitting and consequently insect and 
fungal contam ination. Th e combined 
effects of heat treatment and 
hydrophobi c substa nces therefore 
improve wood performance. 



From industrialized 
to developing countries 
The technique works on spec ies that 
are d iff icul t to impregnate, such as 
sp ru ce, euca lyptus and Douglas f ir. 
Wi th tanni n-ri ch woods such as oak, 
t rea tment reduces the leaching of 
tannin s, w hi ch act to preserve the 
wood . 

Thi s innovat ive techni que coul d 
op n up new markets for woods 
that are not naturall y durab le. It 
coul d also st im ulate interest in using 
wood as food packaging: the process 
pasteuri zes the wood, making it sui t­
ab le fo r contact w ith food, and the 
wood is easy to d ispose of after use. 

The resul ts obtained thus fa r have 
confirmed the techno logica l, eco­
nomi c and eco logica l merits of thi s 
im preg nat io n techni que fo r both 
developing and industr iali zed coun­
tr ies . A lso, as it f its in w ith current 
con ce rn s and w it h leg islat ive 
chang s being made, industri ali sts 
hav expressed a keen in terest. 

Farmed Wood Quality Team, 
Forest Products Programme, 

Forestry Department (CIRAD-Foret) 

henri.bailleres@cirad.fr 

Process and Equipment Design Team, 
Agrifood Systems Programme, 

Department of Advanced Methods for 
Innovation in Science (CIRAD-AMIS) 

jean -michel.meot@cirad.fr 

For further information 
Vilrac ., Ba ill eres H ., Mcot J. M ., 
Raoul1 -Wack A. L., 1999. Proceclc et clispos it if 
pour le lraitement du bois ou de matcri aux 
simi laircs . French pa tent no. ·18527F7 
and PCT/FR 00/03245. 

Vitrac 0., 2000. Ca racterisa ti on experimentale 
cl moclc l isa ti on de l'opcrati on de fr itu re. 
Doc toral thesis, CI RAD, Montpell ier, p. 80-190. 

Grenier D., Baill eres H ., M eot J.M., Langbour P. , 
Lanvin J.D. ontribution to study of wa ter loss 
and o il abs rp ti n during I oth rmi c trea tment 
of wood. In : First Conference on Wood 
Mod ification, 3-4 Apri l 2003, Ghent, Belgium . 
In press. 

• Scient ifi c partn ers 
• Project loca tion and 

app lication of results 
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Upland rice 

Saving the planet 

Full text 
on CD ROM 

growing in Indonesia 

Over the past 10 yea rs, the moun­
ta inous regions of the island of Java 

have se n the establishment of new 
landless farmers practising extensive 
upland ri ce grow ing, w hich has 
resul ted in eros ion and so il 
deterioration on slop ing land. 
M oreover, the El Nino phenom­
enon, the source of a pro longed 

drought, has led to a reduction in 
cul tivated areas and yields, parti c­

ularl y in the Yogyakarta region, and 
is threatening different production sys­
tems in the area. 

CI RAD, the Centre for So il and 
Agrocl imate Research (CSAR, Bogor) 
and the Sleman agricul tural technology 
research workshops (BPTP) have com­
bined a participative approach and 
water resource modelling. They have 
des igned a network of bunds along the 
primary and secondary lines of water 
flow in the Bunder smallholder bas in. 
These install ations, buil t by the fa rm­
ers, serve to irrigate crops on terraces 
by distributing surface water. The work 
w ill pay for itself w ithin four yea rs, 
through an increase in yields-from 
1 to 2.5 tonnes per hectare-and the 
poss ib i I ity of a second crop cycl e. 
Decision support too ls and a partici­
pative approach are being extended to 
other Indonesian provinces, and the effi ­
cacy of these hydraulic install at ions is 
being evaluat d. 

Climate, Water and Agrosystems Team, 
Agrosystems Programme, Annual Crops 

Department (CIRAD-CA) 
jean-marie.lopez@cirad.fr 

For further information 
Herya ni N., Kartwa B., lrianto G., Liclon B., 2002. 
Util iza ti on of wa ter resources in supporting upland 
farming. In: The ro le of agrocl imate in support ing 
development of upland fa rm ing, Argus Sofya n, 
B. Liclon, Le lstiqlal Am ien (eel .), M inutes of the 
CSAR, Seminar, CIRAD, Bogor, 17 October 200'1. 
Pusa t Penelitian cla n Pengemba ngan Tanah cla n 
Agrok limat, Bogor, Indones ia, p. 47-56. 
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Indicators 

The 2001-2010 strategic plan 

describes the changes in the 

international environment to 

which Cl RAD needs to adapt 

and outlines the main strategy 

guidelines for the coming 

10 years. In April 2002, Cl RAD 

signed a contractual agreement 

with the Ministries for Research 

and for Foreign Affairs, covering 

the period 2002-2005. The agree­

ment sets out the strategic 

priorities, the specificities to 

be built on, the adjustments 

required in terms of scientific 

policy, the priority geographical 

areas, the partnerships to be 

strengthened, and the method 

of governance Cl RAD should 

adopt. The document also con­

tains monitoring indicators. Those 

selected to reflect Cl RAD's 

activities in 2002 concern scien­

tific policy, the number of stu­

dents received, human resources, 

financial resources, and trans­

versal projects. 

Scientific policy 

Skills among researchers 

CIRAD had 839 resea rchers in 
2002, up 24 on the 200 1 f igure 
(tab le 1) . 

Priority topics. Cl RA D's sc ientifi c 
operations are concentrated in three 
fi elds: sustai nabl e agr icu ltural pro­
duction; susta inable management of 
natural resources, the envi ronment 
and quali ty; and agr icul tura l p rod­
uct safety. 

To th is end, for th e duration of 
the contractual agreement, CIRAD 
scienti f ic poli cy wi ll favo ur th e 
redeployment of sk i I ls thro ugh 
rec ruitment and internal training 
in severa l f ields related to the agri­
foods sector, app li ed mathemati cs 

and in fo rm ati cs, eco logy and the 
envi ronment, and app ly ing genome 
stud ies to agro nomy. Th e target 
by 2005 is to have an additiona l 
40 staff members working in these 
f ields. 

The year 2002 saw an additional 
1 0 resea rchers workin g in th ese 
pr ior ity fie lds, half of them on eco l­
ogy and the environment: 15 new 
recrui ts and 2 promotions, minus 
7 departures (tab le 2) . There were 
no cha nges in the numbers involved 
in agrifoods resea rch. 

Th eses and authorizations to super­
vise research. The change in the pro­
port ion of resea rchers ho ldi ng a 
doctorate or the equivalent needs 
to be analysed over a longer peri od, 

Table 1. Number of researchers (excluding associates and related project staff) 

Annual Tree FLHOR EMVT Foret TERA AMIS General Total 
Crops Crops Management 

As of 31 December 2001 154 128 82 95 84 87 140 45 815 

As of 31 December 2002 158 127 87 98 87 92 145 45 839 

Change 2001-2002 + 4 - 1 +5 + 3 + 3 +5 +5 0 + 24 

Senior resea rchers are th ose who are primari ly assessed based on sc ientifi c cr iteri a, 
parti cularly their publica ti ons. Doctoral students are not taken in to account. 

Table 2. Change in the number of researchers working in priority research fields 

(31 December 2001-31 December 2002) 

Annual Tree FLHOR EMVT Foret TERA AMIS General Total 
Crops Crops Management 

Agrifoods 0 0 0 0 0 0 0 0 0 

App ly ing genome 
studi es to agronomy 0 + 1 + 1 +2 0 0 - 2 0 +2 

Eco logy and 
the env ironment - 1 0 + 1 - 2 +2 + 1 + 2 + 2 + 5 

App lied mathematics 
and in form atics 0 0 0 0 + 1 0 +2 0 +3 

A ll fi elds - 1 + 1 +2 0 +3 + 1 +2 +2 + 10 



given that the researchers rec rui ted 
now have to ho ld such a quali f ica ­
t ion (tab le 3). Th e p roport ion of 
CIRAD resea rchers author ized to 
supervise resea rch was 8% in 2002 . 

Scientific partnerships 

Joint skills centres. CI RAD undertook 
to renew its cooperat ive research 
structure in 2001 and 2002 by set­
t ing up jo int skill s centres. These cen­
tres foster jo int research and traini ng 
fo r pa rtners, and invo lve research 
bod ies, univers it ies and loca l orga n­
izat ions. They bring sc ientists together 
in teams based at d ifferent, ind iv id­
ual sites abroad, w ith a view to 
address ing deve lopment issues that 
ca l I for clear ly identif ied sc ientif ic 
sk ill s. 

Six jo int ski I ls centres (JSC) were 
offic iall y founded on 31 December 
2002 (tab le 4) . Two agreements had 
been signed w ith Senega l in 2001, 
and a further four were signed in 
2002, two in Vi etnam and two in 
M adagascar. 

CIRAD staff members account fo r 
about a quarter of the 100 resea rchers 
now working at these jo in t sk ill s 
centres: 27 from CI RAD and 73 from 
pa rtner orga ni zat ions (tab le 5). The 
proport ion of CIRAD researc hers 
invo lved outside metropoli ta n France 
in the JSC centres, and in other cen­
tres in the French overseas depart­
ments and territories, increased from 
8% in 2001 to 19% in 2002 . 

The pa rtnershi ps estab li shed prior 
to 2002 are now be ing redefined 
and steered towa rds the estab li sh­
ment of jo int ski ll s centres, several of 
w hi ch are be ing set up in 2002 -
2003 (tab le 6) . 

Some of these jo int skill s centres 
wi ll become in te rn ational j o in t 
resea rch units (IJ RU) as of 2003 . 

Table 3. Number of researchers holding a doctorate 

and an authorization to supervise research (HOR) 

2001 2002 Variation 
Number O/o Number % 

Resea rchers 81 5 839 + 24 
With doctorates 408 50.0 41 9 49 .9 + 11 
HDR 59 7.2 67 8.0 + 8 

Table 4. Joint skills centre agreements signed in 2001 and 2002 

Purpose CIRAD Other partners 
D epartment 

PPZS, Senega l Pastoral resource management EMVT, ISRA, Universiti es of Dakar 
in dry zones Foret, TERA and Saint-Louis (Senega l) 

CERAAS, Senega l Plant adaptation to drought CA, AMIS ISRA, Un iversity of Dakar, 
ENA Th ies (Senega l), 
Un iversities of Pari s-Creteil 
(France), of Hohenheim 
(Germany) and Greenwich (UK) 

MALICA, Vietnam Urban consumption and FLHOR, AMIS VASI, RIFAV, ICARD, 105, IAE, 
supply economics AIT (Vietnam) 

PR ISE, Vietnam Intensifica tion of animal EMVT N IAA, Un iversity of 
producti on systems Ca n-Tho (Vietnam) 

SCRID, Madagascar Sustainab le rice-based CA, TERA FOFIFA, University of 
cropping systems Antananarivo (M adagascar) 

F and B, Madagascar Sustainable forest management Foret, TERA FOFIFA, Un iversity of 
and biodiversity protection Antananarivo (Faculty of Law, 

ESSA), CNRE (M adagasca r) 

Table 5. Senior researchers working at joint skills centres 

CIRAD Partners 

GIS PPZS, Senega l 5 9 

CERAAS, Senega l 2 9 

MALICA, Vi etnam 4 6 

PRIS E, Vietnam 7 7 

SCRID, M adagasca r 5 17 

F and B, M adagasca r 4 25 

Total 27 73 

Table 6. Joint skills centres currently being redefined or established 

CIRAD department 

Being redefined 

Sustainab le management of fast-growing 
forest species in Congo Foret 

Development of animal production 
in sub-humid zones of Burkina Faso EMVT 

Improvement of p lantain and other banana producti on 
for loca l consumption in Ca meroon FLHOR 

Being established 

Partner 

UR2PI 

CIRDES 

CARBAP 

Total 

14 

11 

10 

"14 

22 

29 

100 

Indicators 

Savanna ecosystems management in Mali TERA IER, lnstitut polytechn ique 
de Katibougou 

Integrated management of family fa rms 
in the humid agroforest ecosystems of Cameroon 

Agrifoods technology and food sa fety in Braz il 

• 
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Join t resea rch units . Agreements were 
signed fo r 12 j o int resea rch uni ts 
in 200 1 and 2 in 2002, bringing 
the tota l numbe r to 14 as of 3 1 
December 2002 (tab le 7) . 

resea rch uni ts are Agro M ontpe lli er 
and INRA. O ver 27% of CI RA D 's 
resea rchers be long to these uni ts, 
four of w hich are headed by a CI RAD 
resea rcher or assoc iate : PIA, AMA P, 
System and PV BMT (tab le 8) . 

There are three jo int resea rch uni ts 
invo lv ing the University of M ont­
pe lli er, and f ive are current ly be ing 
va li dated (tab le 9) . 

CI RA D 's main partners in j o in t 

Table 7. List of joint research units agreed with CIRAD in 2001 and 2002 

BE PC 

PIA 

AMAP 

BGPI 

CBGP 

LSTM 

Ecolog ie des forets 
en Guya ne 

System 

ERRC 

CIRED/UMR 8568 

Innova tion 

PVBMT (Reunion) 

DGPC 

SAGERT 

Purpose 

Bio logy of cultivated tree crop development 

Polymorphi sms of agricu ltural value 

Botany and in fo rmatics of plant architecture 

Bio logy and geneti cs of p lant-paras ite interactions 
for integrated pest management 

Popu lat ion b io logy and management centre 

Trop ica l and Mediterranea n p lant symb ios is laboratory 

Forest eco logy in French Guiana 

Tropi ca l and Mediterranea n cropping system functioning 
and management 

Rum inant production in warm reg ions 

International environmental and development resea rch centre 

Innova tion, techn ica l change, apprent iceship and coord ination 
in the agricultural and agrifoods sectors 

Plant stands and biothrea ts in tropica l environments 

D iversity and genomes of cultivated plants 

Agrarian sys tems and susta inab le management of agricultura l use 
of trop ica l and Mediterranea n resources and territories 

UM2: University of Montpellier II 

Head 

F. Dosba 

J.C. G laszmann 

D. Barthelemy 

J.L. Notteghem 

S. Morand 

B. Dreyfu s 

M . Fournier 

J. W ery 

F. Bocqu ier 

J.C. Hourcade 

F. D reyfu s 

B. Reynaud 

S. Hamon 

P. Jouve 

Table 8. Number of senior researchers in joint research units 

Annual Tree FLHOR EMVT Foret TERA 
Crops Crops 

BEPC 8 1 

PIA 11 13 6 

AMAP 1 4 

BGPI 5 2 

CBGP 

LSTM 4 

E o logie des forets en Guya ne 6 

Sys tem 16 4 3 

ERRC n 
CIRED/UMR 8568 

Innova ti on 5 

PVBMT 3 3 2 

DGPC 1 6 

SAGERT 2 6 1 27 

Total 39 35 8 17 24 32 

Partners 

Agro Montpellier, !NRA, !RD 

Agro M ontpellier, !NRA 

UM2, CNRS, EPHE, !NRA 

Agro Montpell ier, !NRA 

UM2, Agro Montpelli er, !NRA, IRD 

Agro Montpelli er, !NRA, IRD 

ENGREF, !NRA 

Agro Montpell ier, !N RA 

Agro Montpell ier, !NRA 

EHESS, ENPC, CNRS 

Agro Montpellier, 
IAMM,CNEARC, !NRA 

Un ivers ity of Reunion 

Agro M ontpellier, IN RA, IRD 

CNEARC, ENG REF 

AMIS General Total 
management 

5 15 

13 45 

19 24 

11 18 

3 

5 

6 

7 3 1 

n 
4 4 

5 

8 16 

7 

1 37 

69 3 227 



Table 9. List of joint research units being validated in 2003 

Purpose 

MO ISA Markets, orga ni za tion s, institutions and stakeho lder 
strategics 

CE FE Centre for functional and evolutive ecology 

ITAP Information and technologies for agroprocesses 

Genie des Procedes Bioproduct manufacturing process engineering 

IATE Agropo lymer engineering 

H ead Partners 

J.L. Rastoin Agro Montpell ier, CIHEAM, INRA, IRO 

B. Delay Universities of Montpellier I, II , Ill 
Agro Montpellier, NRS 

V. Bellon-Maurel Agro Montpellier, ENSIA, CEMAGREF 

A.Grasmick Universities of Montpell ier I, II , ENSIA 

S. Gu ilbert Universities of Montpellier I, II , Agro Montpelli er, 
ENSIA, INRA 

Indicators 

Students received Figure 1. Number of students received in metropolitan France, by country of origin 

Students from developing countries 

In 2002, in metropo li ta n Fra nce, 
Cl RAD received 449 students from 
develop ing countri es, corresponding 
to the eq uiva lent of 123 full­
t ime posts (figure 1 ). O n average, 
each CIRAD senior resea rcher in met­
ropo li ta n France therefore superv ised 
a student for one and one-half months. 

Doctoral students 

In 2002, CI RAD received 151 doc­
tora l students, corresponding to a 
tota l of 1 134 man-months. Each 
staff member authori zed to super­
v ise research statistica ll y superv ised 
the equiva lent of 1 .41 yea rs of doc­
tora l stud ies (figure 2) . In practice, 
some doctora I students rece ived by 
CIRAD are also supervised by asso­
ciate sc ient ists . Converse ly, other 
doctora l students are not li sted as 
being rece ived by CI RAD, but are 
nevertheless superv ised by senior 
researchers belonging to the thes is 
pa nel. 

French post-doctoral students 

In 2002, CIRAD rece ived nine post­
doctora l students under the agree­
ment signed w ith the Ministry for 
Research and New Technologies (nine 
in 2000, six in 2001 ). They were stu-

Industria l ized 
• 2002 

countr ies 
2001 

Emerging 
coun tr ies 

Pr iority 332 
solidarity area 359 

countries 
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Figure 2. Students received by CIRAD (equivalent full-time posts) 
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dents ho lding doctorates obtained in 
laborato ri es other than at CIRAD, 
who were employed on 12-month 
short-term contracts that could be 
extended for 6 month s, in the fields 
of crop protection (3), environmen­
tal agronomy (3), mathematics and 
info rmatics app lied to agronomy (1 ), 

economi cs (2). Of the 15 post­
doctoral students received in 2000 
and 2001, 4 have since been recruited 
full-time by CIRAD. 

Foreign senior researchers and 
post-doctoral students 

In add ition to the agreement on French 
post-doctoral students, signed with 
the French Mini stry for Resea rch in 
2000, CIRAD also gives its depart­
ments financial incentives to receive 
foreign senior resea rchers. 

In 2002, 18 senior researchers and 
post-doctoral students spent an aver­
age of 8.5 months with CIRAD research 
teams, compared with 1 3 the previous 
yea r. They ca me from 11 countries: 
Australia (2), Chile (1 ), China (2), Cote 
d'Ivoire (1 ), Ecuador (1 ), Egypt (1 ), 
Japa n (1 ), Slovenia (1 ), Tuni sia (1 ), 
UK (3), and the USA (4) . These stays 
enabled the Cl RAD teams to establish 
close ties with the univers iti es and 
structures from which the foreign 
researchers came, which have, in some 
cases since, given ri se to joint projects. 

Human resources 

Staff breakdown 

The recent strategic restructuring has 
resulted in an increase in staff numbers, 
pa rt icul ar ly senior staff (figu re 3) . 
At CIRAD, women now account for 
21 % of the tota I senior staff. Cl RA D's 
ach ievements in terms of placing staff 
abroad were masked by the need to 
repatriate 1 5 members of staff from Cote 
d'Ivoire during the recent troubles. 

Staff based outside metropolitan 
France, and overseas missions 

The CIRAD staff members working 
overseas are mostly based in French 
departments and territories. Around 
30% are senior staff (figure 4). The total 
number of equivalent full-time posts 
overseas is 728, including mi ss ions 
outs ide metropo litan France. Almost 
60% of missions are to the French 
overseas departments and territories 
and over a quarter to the priority so l­
idarity area. 

Financial resources 

Operations 

The share of CIRAD operating costs 
covered by State research and tech­
no logica l development funds was cut 
from 63 .2% in 2001 to 61.9% in 
2002 (figure 5). 

Thi s cut was primarily due to the 
deduction of 4.9 million euros from 
the budget for "fundamental support 
of units", with a view to sett ing as ide 
funds for two major strateg ic invest-

Figure 3. Salaried staff numbers in 2001 and 2002 

Junior staff in the French 286 • 2002 
overseas departments 2001 

and territo ri es 289 

Seni or staff in the Fr·ench 
overseas departments 

338 

and territo ri es 334 

Junior staff in 574 
metropo li tan France 581 

Seni or staff in 
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The data inc lude staff on both short- and long-term contracts. 

Figure 4. Staff and missions outside metropolitan France in 2002 
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ment proj ects (a genome study 
and crop protection building in 
Montpelli er and the establi shment's 
info rmation system) and by the can­
ce ll at ion of a loan of 2 million euros. 

Contractual resources 

Contractual resources were up 2.3% 
between 2001 and 2002, from 42.7 
million euros in 2001 to 43.7 million 
in 2002. Total growth over the period 
1998-2002 was 15.6% (figure 6). 

The ri se in the proportion drawn 
from French State funds resulted from 
the increase in loca l authority fund­
ing, primarily under projects con­
ducted in the French overseas 
departments and territories. 

The drop in public funding from 
abroad was compensated for by an 
increase in European Union funding 
(EAGG F and ERDF), which was aga in 
primarily used in the French overseas 
departments and territories, through 
jo int funding of State-regional pro­
gramme contracts. 

The drop in private funding ca n 
partly be attributed to the sa le of the 
banana production sector of the 
Riviere-Lezarde station in M artinique 
in the second half of 2001. 

Orders 

Th e number of new co ntracts in 
CIRAD's portfolio was up 7.4% in 
2002, when 503 orders were taken, 
for a total of 45.1 million euros. 

Figure 5. Income and expenditure in 2002 
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Transversal projects 

In add itional to its interna l interde­
partmental projects and interorgani­
zational thematic projects, CIRAD is 
also invo lved in numerous transver­
sa l projects, in particular in conjunc­
tion with INRA and CEMAGREF, and 
in projects financed by an INRA­
CIRAD joint fund since 1999 . 

An INRA-CEMAGREF-CIRAD struc­
ture has been set up fo r resea rch 
and experti se in terms of the multi­
functionality of agriculture and rural 
areas (tab le 10). It aims to assess the 
concepts and instruments at play, and 
to analyse and study the releva nt 
dynamics in detail. 

A jo int fund was set up in 1999 
to finance sc ientifi c co ll aborat ion 
between teams from INRA and CIRAD. 
Since 2000, 33 projects have been 
se lected (tab le 11 ), invo lving numer­
ous INRA centres in metropo litan 
France as wel I as teams from the French 
overseas departments and territories. 

Table 10. Projects under the INRA-CEMAGREF-CIRAD structure 

Institutional dynamics and emergence of mul1ifunctionality: 
procedures fo r resolving confl icts l inked to land 

The side issues of internati onal po l icy : 
arc there agri cultural mu lli functionality- type po lic ies in the 
Ca irns Group and NAFTA countr ies? 

Agri cultural multifuncti onality in peri-urban areas: 
lhe range of ways of being a farmer, 
inserting farming into territo ri al deve lopment schemes 

Agri cultural mu lti functionality as a l ink between 
markel and non-markcl funclions 

Buil ding an analys is approach al loca l level, based on a comparati ve 
structure in France and Braz il 

lnl crnalional di str ibul ion effects linked to the consideration 
of agricultural mu l1i func1ionali1y in nalional po licy 

M ul tifonctionality in the watersheds of northern Thail and : between 
1hc emergence of d ifferent po in ts of v iew and external management 

Developmenl models and terr ilo ri al identity in the islands 
of the French overseas departments and terrilo ri es 

Recognition of the complex ity of producti on sys lems, refl ection on 
farmer identity and status .. . The case of M ayotte 

Leaders 

A. Torre 

13. Losch, D. Perraud 

A. Fl eury 

D. Barthelemy 

13 . Roux, P. Bonnal 

R. Lifran 

0. Barrctea u 

M . Piraux 

J.M . Sourissea u 

Main 
Institutions 

I RA 

Cll~AO 

ENSP 

I RA 

INRA, Cll~AO 

INRA 

CEMAGREF 

CIRAO 

CIRAO 

Associated 
Institutions 

CEMAGREF 

INRA 

INRA, CEMAGREF, CESA 

Univ. BrJZil , EMBRAPA 

INRA 



Projects selected in 2000 

M ode lling of rubber tree phys io log ica l fun cti oning 

Cropp ing sys tems and animal producti on effluents 

Table 11. INRA-CIRAD joint projects 

Compari son of mineral fun c ti oning in euca lyptus stands planted in sava 1111a areas and 
in managed p lots: impac t of euca lyptus trees 0 11 sava 1111a so il fertility. Case of Congo 

Hua11glo 11gb i11g (HLB, ex-greening) o f c itrus fruits: contri bu ti on to estab li shing a contro l 
strategy to ensure sustainab le high-quali ty fruit producti on 

N it rogen and organic matter in integrated tropica l market ga rden cropping systems 

Redistributive hydro log ica l functi oning in a banana-cu lti va ted andoso l system: 
consequences for loca l so lub le input sto rage and flu x 

Identify ing sa tel lite D NA-type sequences in the coffee root-knot nematode 
Mcloiclogync cxigua, w ith a v iew lo deve loping a spec ific di agnos ti c test 

Impac t of mu lch-based no-ti ll sys tems 0 11 so il structure and orga ni c matter: 
consequences for phys ica l properti es and nitrogen 1·esources 

Charc1c teri za ti o 11 o f tree crop systems prac ti sed 0 11 famil y farm s 

Projects selected in 2001 

Recombinant vacc ine aga inst hea rtwa ter 

Transferabil it y of loca l technique certi fica ti on systems 

Study of i11 d ividuc1 I management of animal producti on efflu ents based 0 11 a general 
ag1·icultural produ cti on sys tem modelling and simul ati on package 

Poult ry feeding strategies in hot conditions 

Towa rds J dec ision-support system for contro l o f the paras ites affecting Arabica coffee trees 

Geneti c approach to hea rt wood fo rm ati on c1 11d its properti es: ex trac tab le substances (fl avono ids), 
co lour and natural durability in four fo rest spec ies 

Ro le of sm c1 II dairy firms in loca l deve lopment 

Contro lling food product fl avour quality: eva luati on of new aromati c compound 
separati on methods 

M od I li ng o f epidemi cs of fungi responsib le for lea f diseases 

A 11 c1 lys is o f the fc1ctors governing the sprea d o f the soybea n front in Brazili an Amazoni a 

An integrated approach lo fores t dynamics: reproducti on and di spersion, growth and competiti on 

Evc1 luati o 11 o f the strengths and wec1k 11esses o f d ifferent coordinati on methods aimed 
al deve lop ing agricultural qualit y cont ro l systems in deve lop ing countr ies 

Projects selected in 2002 

Dec ision support for management o f w ild Al lc1 11tic sa lmon populati ons 

SACAD Ea u: knowledge acqu isition systems for dec ision support concerning wa ter qualit y 

AD EBAL: dec ision support for brood cow rea rin g: herd management and producti on dec isions 

om bin c1 ti o 11 o f models and measurements made during the season fo r better dec ision-making 

Antic ipa ti on and management of irriga ti on 

Designing information and advisory systems. App l ica ti on lo the rati onal iza ti on o f trea tments 

aga inst rapeseed Sclcro linia 

Tests o f a model simul ating sugar m ill suppl y chains 

A PSOOTEC: soc ial fo rms o f appropri ati on o f technica l adva nces 
and common practi ces: the case o f the SEPATOU pas tu1·e management simul ato r 

Des igning a model to analyse or intervene in the 0 11 st1·uclio 11 of a co ll ecti ve operati on 

Buil d ing the negoti ating space 

M ethodo logy f mod lling 

Indicators II 

Leaders Organizations 

E. Gohet CI RAD 

P. Leterme I RA 

J.P. Bouillel IRAD 

P. Cao-Van CIRAD 

C. Langlais CI RAD 
C. Ga ry I RA 

Y.M . Ca bidoche IN RA 

J.L. Sa rah CIRAD 

F. M araux CIRAD 

A. Lep laideur IRAD 

I. Scwa rtz-Corni l IN RA 

P. Bye I RA 

F. Guerrin IN RA 

D. Bas ti anelli CI RAD 

J. Avelino CIRAD 

P. Vig11 ero 11 CIRAD 

J. P. B0uto 1111el IN RA 

M . Dorni er CIRAD 

). ea rli er CIRAD 

J.P. Bertrand IN RA 
R. Pasqui s Cll~AD 

P. Drey fu s IN RA 

P. M ousti er CIRAD 

E. Prevos t I RA 

M .0. Cordi er IN RA 
G. Gascuel IN RA 

J. Agabri el INRA 

D. M akows ki IN RA 

F. Garc ia IN RA 

M. Cerf IN RA 
M . Tavern e IN RA 

P.Y. Lega l CIRA D 

L. G. Soler IN RA 

P. Geslin INRA 

C. Loyce IN RA 

P. Ri o IN RA 

R. M art in-C louaire IN RA 
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Organizational Chart of Cl RAD in June 2003 
Board of Trustees 

Chair 
Jeanne-Marie Parly 

Elisabeth Beton-Delegue, representing the Minister of Foreign Affairs 
Alain Coleno, representing the Minister for Research and New Technologies 
Philippe Court, representing the Minister for the Budget and Budgetary Reform 
Patrick d' Aquino, staff representat ive 
Jean-Pierre Decor, Director General, lnst itut des sc iences du vivant 
Tristan Durand-Gasselin, staff representative 
Jacqueline Godet, Tutor, Universite Lyon I 
Bertrand Hervieu, Chair, INRA Board 
Eric Jallas, staff representat ive 
Henri-Felix Maitre, staff representative 
Daniel Metayer, representing the Mini ster for Overseas Departments and Terr itori es 
Marc Roesch, staff representat ive 
Jean-Michel Severino, Director General, Agence franc;aise de developpement 
Laurence Tubiana, Director, lnstitut du developpement durable et des relations intern ationales 
Philippe Vaast, staff representative 
Philippe Vissac, representing the Minister of Agriculture, Food, Fisheri es and Rural Affairs 

Science Council 

Chair 
Pierre Stengel, IN RA, France 

Ricardo Abramovay, Univers ity of Sao Paulo, Brazil 
Martine Antona, staff representative 
Bonnie Campbell, University of Quebec, Canada 
Marcel de Ra"issac, staff representative 
Elisabeth de Turckheim, INRA, France 
Bernard Delay, CNRS, France 
Bernard Dupuy, staff representative 

Ethics Committee 

Cha ir 
Hubert Curien, Former Chair of the French 
Academy of Sciences 

Guy Aubert, Professor, Universite Joseph-Fourier, 
former Director, CNRS 
Fifi Benaboud, Principal Advisor to the Executive 
Director and Coordi nator of the Transmediterranean 
Programme, North-South Centre, Council of Europe 

Philippe Menozzi, staff representative 
Genevieve Michon, IRD, France 
Yvonne Rabenantoandro, FOFIFA, M adagascar 
Ange-Marie Risterucci, staff representative 
Yves Savidan, IRD, Agropolis, France 
Thanisawanyangkura Sornprach, Kasetsart University, 
Thail and 
Herman Van Keulen, Plant Research International, 
Netherlands 

Jean Cases, Honorary Director, CNRS 
Bernard Genetet, Emeritus Professor, Faculte de 
medec ine, Rennes 
Maurice Godelier, Director of Studies, EHESS 
Jean-Fran~ois Mattei, lnstitut universita ire de France 
Alain Ruellan, former Director, IRD 

Secretary 
Anne-Lucie Wack, Cl RAD 



Office of the Director General 

Board of Directors 

Director General 
Scientific Director 
Director, Innovation and Communication 
Director, European and Intern ational Relations 
Director, Finance and Administration 

Advisers to the Director General 

Sustainable Development 
Forward and Strategic Studies 
Secretary, Board of Trustees 

Office of the Scientific Director 

Scientific Director 
Deputy Scientific Director 

Scientific adv iser, Biotechnology 
Scientific adv iser, Impact Assessment 
Scientific adviser, Intell ectual Property Rights 
Scientific adv iser, Crop, Environment and Natural Resource Management 
Scientific adv iser, Plant Genetics and Improvement 
Scientific adv iser, Plant Pathology and Integrated Protection 
Scientific adv iser, Human and Social Sciences 
Scientific adv iser, Animal Science 
Scientific adviser, Food and Agromaterials Science and Technology 

Office of the Director of Innovation and Communication 

Director 
Deputy Director, Coordinator, Information Systems 

Coordi nator, Innovation 
Project Leader 
Project Leader 

Office of the Director of European and International Relations 

Director 
Coord inator, International Scientific Exchanges 
Coord inator, International Organizations, the Med iterranean 
and Bilateral Europe 
Coordinator, Africa and Indian Ocean 
Coord inator, Latin America and Caribbean 
Coordinator, Asia and Pacific 
Coord inator, European Community 

Organizational Chart of Cl RAD II 

Benoit Lesaffre 
Anne-Marie lzac 
Jean-Pierre Gaillard 
Gilles Saint-Martin 
Didier Coulomb 

Michel Griffon 
Marie de Lattre-Gasquet 
Jean-Louis Muron 

Anne-Marie lzac 
Jacques Meunier 
Alain Weil 
Claude Freud 
Delphine Marie-Vivien 
Eric Malezieux 
Philippe Feldmann 
Jean-Philippe Deguine 
Michel Benoit-Cattin 
Philippe Lhoste 
Guy Linden 

Jean-Pierre Gaillard 
Joel Sor 
Michel Launois 
Roland Cottin 
Fran~ois Pointereau 

Gilles Saint-Martin 
Mireille Mourzelas 

Christian Hoste 
Jerome Gauthier 
Andre de Courville 
Patrick Durand 
Alain Guyot 
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Office of the Director of Finance and Administration 

D irector 
M anager, Human Resources 

Deputy M anager 
Coordinator, French Overseas Departments and Territor ies 
M anager, Accou nts and Fi nance 

Head, Accounts Serv ice 
Coord inator, Budget-Programming 
Head, M anagement Support Service 
M anager, Install ations and M aintenance 
Coordinator, Q uali ty 
Lega l Adv iser 

Didier Coulomb 
Olivier Philipe 
Vincent Fabre-Rousseau 
Hubert Manichon 
Marc Celis 
Sophie Beck Gavelle 
Andre Nau 
Christian Altairac 
Didier Servat 
Vincent Dolle 
Patrick Herbin 

Departments 

An nual Cro1Js (CA) 

Alain Capillon, Director 

Jean-Luc Khalfaoui, Deputy D irecto r fo r Sc ience 

Jean-Marc Deboin, Head, M anagement Support 
Service 
Cindy Van Hyfte and Philippe Ourcival, Consul tancy 

and Operations Bu rea u 
Michel Deat, Coord inator, Partnershi ps 

Leandre Mas, Coord inator, M arketing 

and Forward Stud ies 
Francis Forest, Head, Agrosystems Programme 

Jacques Pages, Head, Cotton Programme 
Pierre Fabre, Head, Food Crops Programme 
Robert Domaingue, Head, Suga rca ne Programme 

Tree Crops (Cl)) 

Dominique Berry, D irector 
Dominique Nicolas, Deputy D ir ctor fo r Sc ience 

Pierre-Jean Ballard, Head, M anagement Support 

Serv ice 
Christian Picasso, Consul tancy and Operations 

Burea u 
Philippe Petithuguenin, Head, Cocoa Programme 
Andre Rouziere, Head, Coconu t Programme 
Christophe Montagnon, Head, Coffee Programme 
Alain Rival, Head, O il Palm Programme 
Jerome Sainte-Beuve, Head, Ru bber Programme 

Fruit and Horticultural Crops (FLHOR) 

Hubert de Bon, Director 

Jacky Ganry, Deputy D irector fo r Sc ience 

Jacques Nolin, Head, M anagement Support Service 

Jean-Paul Meyer, Consul ta ncy and Operat ions 

Bureau 

Franc;,:ois-Xavier Cote, Head, Banana, Plantain 

and Pineapp le Programme 

Magalie Jannoyer, Head, Frui t Trees Programme 

Remi Kahane, Head, M arket Garden 

and Hort icul tural Products Programme 

Animal Produ ·tion zinc! Veterinary Medic ine 

(EMVT) 

Joseph Domenech, Director 

Hubert Guerin, Deputy D irector fo r Sc ience 

Guilhem Lacombe, Head, M anagement Support 

Service 

Jerome Thonnat, Head, Ed uca tion and Training 

Service 

Jean-Franc;,:ois Renard, Consul tancy and Operations 

Bureau 
Emmanuel Camus, Head, Animal Hea lth Programme 

Bernard Faye, Head, Animal Production Programme 

Franc;,:ois Monicat, Head, Rangeland 

and W il d li fe M anagement Programme 



Forestry (Foret) 

Jacques Valeix, Director 
Eric Loffeier, Deputy Director for Sc ience 
Yves Danglehant, Deputy Director, Head, 
M anagement Support Servi ce 
Gilles Mille and Jean-Michel Sers, Consu ltancy 
and Operations Burea u 
Christian Sales, Head, Forest Products Programme 
Head, Natural Forests Programme, 
appo in tment pending 
Bernard Mallet, Head, Trees and Pl antations 
Programme 

Terri tories, Environment and People (TERA) 

Rolland Guis, Director 
Patrick Caron, Deputy Director fo r Sc ience 
Brigitte Nesius, Head, Management Support 
Serv ice 
Emmanuel Torquebiau, Coordinator, Consultancy 
and Operation s, Information and Training Unit 
Pierre-Marie Bose, Head, Famil y Agri culture and 
G loba li za tion Programme 
Geert Van Vliet, Head, Renewabl e Resources and 
Viability Programme 
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Advanced Methods for Innovation in Science 
(AM IS) 

Anne-Yvonne Le Dain, Director 
Gerard Chuzel, Deputy Director for Science 
Francis Ercole, Head, Management Support 
Service 
Alain Chauchard, Consul ta ncy and Operations 
Burea u 
Dany Griffon, Coord inator, Quality Monitori ng 
Gerard Chuzel, Head, Agrifood Systems 
Programme 
Florent Maraux, Head, Agronomy Programme 
Xavier Mourichon, Head, Crop Protection 
Programme 
Jean-Charles Hourcade, Head, Economics, 
Polici es and Markets Programme 
Jean-Christophe Glaszmann, Head, 
Pl ant Biotechno log ies and Geneti c Resources 
Programme 
Daniel Barthelemy, Head, Pl ant M odelling 
Programme 
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CIRAD addresses 

France 

lle-de-France 
Paul Gener, CIRAD Regional M anager 
42 rue Scheffer 
75 11 6 Paris, France 
Tel: 33 (0) 1 53 70 20 00 
Fax: 3 3 ( 0) 1 4 7 5 5 1 5 3 0 

Languedoc-Roussi I Ion 
M aurice Iza rd, CIRAD Regional M anager 
Avenue Agropolis 
34398 M ontpellier Cedex 5, France 
Tel: 33 (0) 4 67 61 58 00 
Fax: 33 (0) 4 67 61 59 86 

Corsica 
Dominique Agostini, Director, SRA INRA-CIRAD 
20230 San Giuliano, France 
Tel: 33 (0) 4 95 59 59 21 
Fax: 33 (0) 4 95 59 59 37 

French Guiana 
Philippe Godon, CIRAD Regional Manager 
BP 701, Avenue de France 
97387 Kourou Cedex, French Guiana 
Tel: +33 (0) 5 94 32 73 50 
Fax: +33 (0) 5 94 32 73 51 

French Polynesia 
Vincent Baron, CIRAD Delegate 
BP 467, 98713 Papeete 
French Polynesia 
Tel: +33 (689) 42 47 03 
Fax : +33 (689) 42 46 93 

Guadeloupe 
Patrice Guillaume, CIRAD Regional M anager 
Station de Neufchateau 
Sainte-Marie 
97 130 Capesterre Belle Eau 
Guadeloupe 
Tel: +33 (0) 5 90 86 17 90 
Fax: +33 (0) 5 90 86 17 9 1 

Martinique 
Jean-Jacques Baraer, Cl RAD Regional M anager 
BP 214, 97285 Le Lamentin Cedex 2 
M artinique 
Tel: 33 (0)5 96 42 30 00 
Fax: 33 (0)5 96 42 30 01 

Mayotte 
Gilbert Vallee, CIRAD Delegate 
BP 1304, 97000 M amoudzou 

M ayotte 
Tel: +33 (0) 2 69 61 21 21 
Fax : +33 (0) 2 69 61 21 19 

New Caledonia 
Thi erry M ennesson, 
CIRAD Regional M anager 
BP 73, 98890 Pa"1·ta 
New Ca ledonia 
Tel: +33 (687) 43 74 15 
Fax: +33 (687) 43 7 4 16 

Reunion 
Gabriel de Taffin, CIRAD Regional M anager 
BP 20, 97408 Saint-Denis M essager ies Cedex 9 
Reunion 
Tel: 33 (0)2 62 52 80 00 
Fax: 33 (0)2 61 52 80 01 

Wallis and Futuna 
Pierre-Luc Pugliese, CIRAD Correspondent 
42 rue Scheffer 
75116 Paris, France 
Tel: +33 (0) 1 53 70 20 3 1 
Fax: +33 (0) 1 53 70 21 44 

Other countries 
Afr ica 

Central Africa 
Jea n-Loui s Reboul , CIRAD Regional M anager 
BP 2572, Yaounde 
Cameroon 
Tel: +237 2 21 25 41 
Fax : +237 2 20 29 69 

Philippe Deleporte, CIRAD Correspondent 
for Congo 
BP 12 64, Pointe-Noire 
Congo 
Tel: +242 94 3 1 84 
Fax: +242 94 47 95 

Continental West Africa 
Georges Subreville, CIRAD Regional M anager 
01 BP 596, Ouagadougou 01 
Burkina Faso 
Tel: +226 30 70 70 
Fax: +22 6 30 76 17 

Sylvie Lewick i-Dhai naut, CIRAD Correspondent 
for Benin 
08 BP 1077, Cotonou, Benin 



Tel: +229 38 35 71 or 38 80 86 
Fax: +22 9 30 09 68 

Yves Nouvellet, CIRAD Correspondent for M ali 
BP 1813, Bamako, M ali 
Tel: +223 221 10 15 or 675 01 50 
Fax: +223 22 1 87 1 7 

Coastal West Africa 
Jacques Dubernard, CIRAD Regional M anager 
BP 6189, Dakar-Etoil e 
Senegal 
Tel: +221 822 44 84 
Fax:+2218211879 

Madagascar 
Michel Partiot, CIRAD Regional M anager 
Ampandrianomby 
BP 853, Antananarivo 
M adagasca r 
Tel: +261 20 22 406 23 
Fax: +26 1 20 22 408 21 

South Africa 
Sylvain Perret, CIRAD Correspondent 
University of Pretoria 
Depa rtment of Agricultural Economics 
0002 Pretoria, South Africa 
Tel: +27 12 420 50 21 or +27 82 960 71 89 
(mob ile) 
Fax: +27 12 420 38 90 

Latin America 

Brazil 
Etienne Hainze lin, CIRAD Regional M anager 
SHIS-QI 15, Conjunto 3, Casa 1 
71635 -230 Brasilia OF 
Brazil 
Tel: +55 61 248 20 79 
Fax: +55 61 248 26 19 

Central America 
Benoit Bertrand, CIRAD Correspondent 
c/o IICNPromecafe 
Apartado postal 67 42-1 OOO 
San Jose, Costa Ri ca 
Tel: +506 556 09 38 
Fax: +506 556 09 38 

Caribbean island countries 
Patrice Guillaume, CIRAD Regional M anager, 
Guadeloupe 
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Station de Neufchateau 
Sainte-Marie, 97 130 Capesterre Belle Eau 
Guadeloupe, France 
Tel: +33 (0) 5 90 86 17 90 
Fax: +33 (0) 5 90 86 17 91 

Asia 

Continental Southeast Asia 
Gilles M andret, CIRAD Regional M anager 
CIRAD Regional Representative 
1111 9 Han Thuyen Street, 4th floor 
Hai Ba Trung District, Hano i 
Vietnam 
Tel: +84 4 972 06 25 or 90 32 157 92 (mobile) 
Fax: +84 4 972 06 24 

Eric Gohet, CIRAD Correspondent for Thailand 
Cl RAD Office 
Daras Centre, Golden Jubilee Building, 
10th Floor 
Kasetsart University, Bangkhen Campus 
10900 Bangkok 
Tel: +66 2 942 86 83 or 1 810 07 16 (mob il e) 
Fax : +66 2 942 86 84 

Southeast Asian island countries 
Jean-Guy Bertault, CIRAD Regional M anager 
Plaza Business Kemang, 3 rd fl oor 
Jalan Kemang Raya 2 
Jakarta Selatan 12 730 
Indones ia 
Tel: +62 21 719 90 67 or 21 719 46 01 
Fax: +62 21 71 7 93 304 

China 

Zheng Li , CIRAD Representative 
501, Tower B of Fuhua M ansion 
8, Chaoyangmen North Avenue 
Dongcheng District 
100027 Beijing 
China 
Tel: +86 10 6554 187 1 
Fax: +86 10 6554 1872 

Oceania 

Vanuatu 
Jea n-Pierre Laboui sse, CIRAD Correspondent 
PO Box 23 1, Espiritu Santo 
Vanuatu 
Tel: +678 36 320 or 36 130 
Fax: +678 36 355 
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United States 
of America 

(2) 

Mexico 
(1) 

Cuba 
(1) 

Dominican Rep. 

N 'caragua 

Costa Rica~~ 
Panama ~ 

Ecuador 
(2) 

Colombia 
(3) 

<
2) • Guadeloupe 

• Martinique 

Trinidad and Tobago 
(2) 

Brazil 

• 

.......................... i:::::::J Central Ameri ca 

13 senior staff members 

i:=:J Braz il 
31 staff members 

• Guadeloupe 
114 staff members, inc luding 27 senio r 

• Martinique 
54 staff members, inc luding 15 senior 

French Gu iana 
52 staff members, includ ing 15 senior 

Other countri es 
i:=:J (number o f staff members) 

O CIRAD representative 

Tunisia 
(1) 

Syria 
(1) 

Coastal W est Afr ica Mauritania 

26 seni or staff members 
JSC themati cs : 
- Improving p lant res istance to drought 
- Pastoral resource management 
in dry zones 

Continental W est Afri ca 
40 senior staff members 

JSC th emati c: 
- Savannah ecosystem management 

Central Afri ca 
32 senio r staff members 

JSC th emati cs : 

Cape Verde Senegal 

• Gambia 
Guinea \.r;,o!ar.::;ifO 

- Improv ing commercial p lantati on productivity, 
fo res t management in th e Congo bas in 
- Fam il y agri culture in humid agrofores try zones 

c=i Southern and coas tal Afr ica 
17 senio r staff members 

c=i M adagasca r 
20 seni o r staff members 

JSC themati cs: 
- Sustainab le rn anagement and pro tecti on 
o f biodiversity 
- Sustainab le ri ce-based cropp ing sys tems 

i:=:J O ther countries 
(number o f staff members) 

Central African 
Republic 

Ethiopia 

Cameroon 

• 
Gabon Congo 

0 

U~anda 

Kenya 

~ 
\ 

~ 
Mozambique 

Zimbabwe (l) 

~ Seychelles 

• Mauritius 

e Reun ion 
148 staff members, 
including 46 senio r 

• M ayotte 
4 seni or staff members 

0 CIRAD representative 



India 
(2) 

Malaysia 
Singapore 

Indonesia • 

Philippines 

Australia(l) 

c:::::::J France 
1274 staff members, 
incl ud ing 700 seni or 

• Regional centres 

O INRA-CI RAD jo int unit 
4 senio r staff members 

Organizational Chart of Cl RAD 

··········································· c=J China 
2 senio r staff members 

c:::::J Continental Southeast As ia 
26 senio r sta ff members 

JSC themati cs: 
- Urban consumpti on 
and supp ly economi cs 
- Intensify ing animal prod ucti on 
systems 

c=J Southeast As ian island countri es 
1 ·1 senio r staff members 

c=J O th er countries 
(number o f staff members) 

O CI RAD representative 

Vanuatu 
OWallis and Futuna 

• 
New Caledonia 

O Vanuatu 

French 
o Polynesia 

3 senior staff members 

• New Ca ledoni a 
8 staff members, 
incl ud ing 7 senio r 

0 French Po lynes ia 
3 senior staff members 

0 W alli s and Futuna 
1 correspondent in Pa ri s 

• 
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List of acronyms and abbreviations 
ACP, Afri ca, Ca ribbean and Pac ifi c 
AFD, Agence franc;a ise de developpement, France 
AFLP, Amplifi ed Fragment Length Polymorphism 
AFSSA, Agence franc;a ise de securite sanitaire 
des aliments, France 
AGI , Agricultural Geneti cs Institute, Vi etnam 
Agro Montpelli er, Ecole nationale superi eure 
agronomique de Montpellier, France 
ASD, Agricultural Servi ces and Development, Costa Ri ca 
AVRDC, Asian Vegetabl e Research and Development 
Center, Taiwan 
BFP, Burea u federal du plan, Belgium 
BPTP, Sl eman Agricultural Technology Research 
Workshop, Indones ia 
CAOBISCO, Associati on des industries de la chocol ateri e, 
de la biscuiteri e et de la confi seri e, Belgium 
CARBAP, Centre afri ca in de recherches sur bananiers 
et pl antains, Cameroon 
CBGP, Centre de biologie et de gestion des popul ations, 
France 
CEFE, Centre d'eco logie fonctionnell e et evo lutive, CNRS, 
France 
CEMAGREF, Centre national du machini sme agri co le, 
du genie rural, des eaux et des forets, France 
CENAREST, Centre national de la recherche sc ientifique 
et technique, Gabon 
CERAAS, Centre d'etude regional pour !'ameliorati on 
de !'adaptation a la secheresse, Senega l 
CES-KUL, Centre of Economic Studies, Katholi eke 
Universiteit Leuven, Belgium 
CFC, Common Fund for Commoditi es, Netherl ands 
CGIAR, Consultative Group on Internati onal Agricultural 
Resea rch, USA 
CIFOR, Center for Internati onal Forestry Resea rch, 
Indones ia 
CIRDES, Centre international de recherche-developpement 
sur l'e levage, Burkina Faso 
CNEARC, Centre nati onal d'etudes agronomiques 
des regions chaudes, France 
CNFRCG, Comite national franc;a is de recherche 
sur les changements globaux, France 
CNIA, Comite national interprofess ionnel de l'a rachide, 
Senega l 
( NRA, Centre nati onal de recherche agronomique, 
Cote d' Ivo ire 
CNRS, Centre nati onal de la recherche sc ientifique, 
France 
COODETEC, Cooperativa Central Agropecuari a 
de Desenvolvimento Technol6gico e Econ6mico, Braz il 
CSAR, Centre for So il and Agroc limate Resea rch, 
Indones ia 
CTBA, Centre technique du bo is et de l'ameublement, 
France 
CU FR, Centre universitaire de formati on et de recherche, 
France 

EAGGF, Europea n Agri cultural Guidance and Guarantee 
Fund 
EARO, Ethiopian Agri cultural Resea rch Orga nization, 
Ethiopia 
ECP, Eco le centrale de Paris, France 
EHESS, Eco le des hautes etudes en sciences sociales, 
France 
ENEA, Eco le nationale d'economie appliquee, Senegal 
ENGREF, Eco le nationale du genie rural, des eaux 
et des forets, France 
ENSA, Eco le nationale superi eure agronomique, Senega l 
ENSAM, Ecole nationale superi eure des arts et meti ers, 
France 
ENSIA, Eco le nationale superi eure des industries 
alimentaires, France 
EPHE, Eco le pratique des hautes etudes, France 
ERDF, European Regional Development Fund 
FAO, Food and Agriculture Organi za tion of the United 
Nations, Italy 
FOFIFA, Centre of Applied Resea rch for Rural 
Development, Madagasca r 
GEVES, Groupement d'etude et de contr61e des vari etes 
et des semences, France 
GIEC, Groupe international d'etude du climat, France 
IA(, lnstitut agronomique ca ledonien, New Ca ledonia 
1AM, lnstitut agronomique mediterraneen, M ontpelli er, 
France 
IAV, lnstitut agronomique et veterinaire Hassa n II, 
Morocco 
ICCS-NTUA, Institute for Communi ca tion and Computer 
Systems, National and Techni ca l University of Athens, 
Greece 
ICRA, lnstitut centrafri ca in de recherche agronomique, 
Central Afri ca n Republi c 
ICRISAT, International Crops Resea rch Institute for 
the Semi-Arid Tropi cs, India 
IDDRI, lnstitut du developpement durabl e et des relati ons 
internationales, France 
IEPE, lnstitut d'economie et de po litique de l'energie, 
France 
IER, lnstitut d'economie rurale, M ali 
IFREMER, lnstitut franc;a is de recherche pour l'exploitati on 
de la mer, France 
IIFT, lnstituto de lnves ti gac i6n en Frutales tropi ca les, Cuba 
IITA, International Institute of Tropi ca l Agriculture, Nigeri a 
ILRI, International Livestock Resea rch Institute, Kenya 
INAO, lnstitut national des appell ati ons d'ori gine, France 
INA-PG, lnstitut nati onal agronomique Pari s-Grignon, 
France 
INERA, lnstitut de l'environnern ent et des recherches 
agri co les, Burkina Faso 
INIBAP, Internati onal Network for the Improvement 
of Banana and Pl antain, France 
INRA, lnstitut national de la recherche agronomique, 
France 



INRA, Institut national de la recherche agronomique, 
Morocco 
INRAB, Institut national de recherches agricoles du Bénin, 
Benin 
INRIA, Institut national de la recherche en informatique 
et en automatique, France 
INSERM, Institut national de la santé et de la recherche 
médicale, France 
IOPRI, International Oil Palm Research lnstitute, lndonesia 
IPGRI, International Plant Genetie Resources lnstitute, 
ltaly 
IPTS, lnstitute for Prospective Technological Studies, Spain 
IRAD, Institut de recherche agricole pour 
le développement, Cameroon 
IRAL, Institut de la recherche agronomique du Liban, 
Lebanon 
IRD, Institut de recherche pour le développement, France 
ISIMI, Institut supérieur d'informatique et de modélisation 
et de leurs applications, France 
ISRA, Institut sénégalais de recherches agricoles, Senegal 
!TRAD, Institut tchadien de recherche agronomique 
pour le développement, Chad 
IUCN, International Union for Conservation of Nature 
and Natural Resources, UK 
IVIA, lnstituto Valenciano de lnvestigaciones Agrarias, Spain 
IWMI, International Water Management lnstitute, 
Sri Lanka 
JSC, Joint Skills Centre 
LIRMM, Laboratoire d'informatique, de robotique 
et de micro-électronique de Montpellier, CNRS, France 

List of acronyms and abbreviations 

LRVZ, Laboratoire de recherche vétérinaire 
et zootechnique, Chad 
MPOB, Malaysian Palm Oil Board, Malaysia 
NRI, Natural Resources lnstitute, UK 
OAU, Organization of African Unity 
OIE, World Animal Health Organization, France 
PACE, Pan-African Programme for the Control 
of Epizooties, Kenya 
PCR, Polymerase Chain Reaction 
PRI, Plant Research International, Netherlands 
PUC, Pontifica Universidad Catolica de (hile, Chile 
QTL, Quantitative Trait Loci 
RCF, Recherche coton et fibres, Benin 
RFLP, Restriction Fragment Length Polyrnorphism 
RIFAV, Research lnstitute on Fruits and Vegetables, 
Vietnam 
RIVM, Rijksinstituut voor Volksgezondheid en Milieu, 
Netherlands 
SOCFINDO, PT Socfin lndonesia, lndonesia 
SPC, Secretariat of the Pacifie Community, Fiji 
SYAL, Local Agrifood System 
UR2PI, Unité de recherche sur la productivité 
des plantations industrielles, Congo 
VARTC, Vanuatu Agricultural Research and Training 
Centre, Vanuatu 
VASI, Vietnamese Agricultural Sciences lnstitute, Vietnam 
WECARD, West and Central African Council 
for Agricultural Research and Development, Senegal 
ZEW, Zentrum für Europaische Wirtschaftsforschung, 
Germany 
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