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IRAD, the “Centre de coopération interna-

tionale en recherche agronomique pour le

développement”, is the French Agricultural
Research Centre for International Development. Its
mission is to contribute to the economic develop-
ment of the tropical and subtropical regions through
research on agriculture, training, and dissemination
of its results.

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

CIRAD has seven research departments: annual
crops; perennial crops; fruit and horticultural crops;
animal production and veterinary medicine; forestry;
land, environment and people; and advanced meth-
ods for innovation in science. CIRAD operates through
its own research centres, collaborating national agri-
cultural research systems, or development projects.
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@@ ustainable development is a cornerstone of CIRAD's strategic

9 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 CIRAD 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. CIRAD 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 CIRAD 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, CIRAD Board of Trustees









he Agrifood product safety is now a major priority.
Ensurlng Consumers are concerned by the issue,
producers are keen to satisfy demand and the

[ ]
fOOd Securlty authorities are drawing up regulations and

introducing controls. This poses obvious
and SafEty 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?

Full text
on CD-ROM

The changing periurban
farming sector in Asia

Farming in Vietnam, Laos and
Cambodia has changed substantially
over the past 10 years or so. However,
local agricultural production has run
up against a lack of confidence among
consumers in terms of food safety and
very considerable price fluctuations.
Researchers from CIRAD and
Vietnamese organizations are work-
ing together in a research platform on
a regional periurban agricultural devel-
opment project headed by the Asian

& i Vegetable Research and Development
‘ o8 8%  Center (AVRDCO) and CIRAD. The aim
q is to strengthen the positive role of

periurban agriculture and minimize its
adverse effects. Vegetable marketing

\ in the region was studied in 2002, in
{ - conjunction with local organizations
{ (RIFAV, VASI, Ministries of Agriculture).
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Periurban agriculture is crucial in
supplying towns with leafy veg-
etables, whose safety as food has
to be closely controlled. In
terms of other vegetables, peri-
urhan production supplements
that of rural areas, where pro-
duction depends on the agro-
climatic conditions. It 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 procucers should
improve the competitiveness of these
productionchains, 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

g AVRDC
Ministries of Agriculture )
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’ University of Agriculture
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Moustier P., Vagneron 1., Bui Thi Thai,
2003. Some insights on the organisation
of vegetable markets supplying Hanoi.
Working series paper, MOISA Joint
Rescarch Unit, INRA, Montpellier, France,
15 p.
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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 scrutiny, and the authorities
have introduced strict regulations gov-
erning levels of bacteria, pesticide
resiclues, 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 temperate
and the latter 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 FAQ, 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
surface of the beans, but also inside
the cells. However, it is easy to extract
as it is water-soluble. The beans are
ground and placed in a solution of
water and alcohol for 20 minutes to
extract the toxin. The solution is then
purified in an immunoaffinity col-
umn. An ochratoxin-specific antibody
is bonded onto a polymer, and when
placed in contact with the solution,
it retains only the toxin. Rinsing in
alcohol denatures the antibody and
releases the pure ochratoxin, which
is then quantified by spectrofluo-
rometry.

This method is now in routine use.
In 2002, it was used to analyse over
600 samples for research 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 agrifoods
firms, and is used as a benchmark in
the event of disputes.

Arabica
coffee drying
on table.

The conditions favouring
contamination

This work was combined with field
surveys to produce an initial picture
of the degree of product contami-
nation and to propose preventive
measures. Low-quality coffees,
which already have a range of bean
defects, are also among the most
highly contaminated types. They are
mainly processed using the dry
method, in which the coffee cher-
ries are left to dry in the sun, often
directly on the ground, and only
lose moisture slowly due to their
mucilage content, despite the fact
that a moisture content of over 13
or 14% is known to favour mould
development. The pressure placed on
growers to sell coffee to traders
when it is still wet—hence at a lower
price—plays a significant role in
contamination by preventing grow-
ers from completing the drying
operation. Poor storage conditions
exacerbate the problem still further.
As far as cocoa is concerned, it is

insufficient bean fermentation, rather
than drying conditions, that could be
at fault.

Changing practice

Itis therefore crucial to improve crop-
ping and postharvest techniques.
Technical solutions are available. For
instance, using racks, which speed up
drying, reduces the risk of contami-
nation. Rationalizing and simplifying
coffee marketing chains has a simi-
larly positive effect, although it is
more complex. All the players in the
commodity chain, from growers to
exporters, 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 Pr imme, Tree Crops Department
(CIRAD-CP)

bernard.guyot@cirad.fi

© C. Lanaud



Full text
on CD-ROM

Product origin
and composition:

measurement
for certification

The standard method used to deter-
mine or check the composition or
origin of a product is conventional bio-
chemical analysis. However, this is
slow, costly, and leads to the destruc-
tion of the sample. CIRAD therefore
decided to look into the possibilities
of near-infrared spectrometry, which
is faster and non-destructive. The
method is based on the capacity of
organic molecules to absorb light
with a wavelength of between
800 and 2500 nanometres.

A spectrum database is built

up from a very large number

of samples, defining the lim-

its of each population by sta-

tistical analysis. Models are

then developed by relating

the spectra for each product

with the reference quality and
quantity data. Once validated, the
model can be used to characterize
and identify a product rapidly. In this
way, it is possible to determine the
composition of a cocoa sample, dis-
tinguish an Arabica coffee from a
Robusta, or determine the proportion
of each type of coffee in a sample
ground coffee blend. The method
should eventually be suitable for cer-

Near-infrared spectrometry
of green coffees.

@ CIRAD
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tifying the geographical origin 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

Robusta

%
5
]
]
o
w

11
Ensuring food security and safety .

A biological “bar code”

for fish from Asia

In Europe, all fish products must be
labelled, albeit only with the sea or
ocean in which they were fished or
farmed. This makes it difficult to tell
whether imported fish was farmed in
Thailand or Vietnam. Such products
must also have a health certificate.
However, these documents do not
provide any indication of where the
products were packed, or who the
exporter is. Nor is there generally
any information on the production site
or the origin of any other ingredients
or additives.

As it is not always possible to intro-
duce identification systems or to trace
foodstuffs in developing countries,
CIRAD and its partners have set out
to detect specific markers that could
be used to establish the origin of fish
from Southeast Asia on the interna-
tional market. These markers could be
microbial species found naturally in
the products concerned, myofibrillar
proteins in the fish, or fish or bacte-
rial gene fragments. They could be
used to establish a biological “bar
code” for foodstuffs.

Several teams are working on the
project. CIRAD, the research coordi-
nator, has three teams involved: one
is analysing the bacteria found on

IFREMER
iy University of Suranaree
University of Kasetsart
L}
NS
@ CIRAD

@ Scientific partners

m Project location and
application of results
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fish and studying the effect of pro-
cessing on these markers, the second
is working to optimize microorgan-
ism genome analysis protocols and the
third is studying aquacultural com-
modity chains, collecting samples
and helping to identify fish species
using microsatellite markers. IFRE-
MER, the French marine study cen-
tre, is working to determine fish
species by analysing their sar-
coplasmic proteins and nucleotide
sequences. In Thailand, two teams
from the universities of Suranaree, in
Korat, and Kasetsart, in Bangkok, are
supervising students sent by the French
teams.

Commodity chains in Vietnam

and Thailand

Catfish farming has really taken off
recently in the Mekong delta of
Vietham. Production has increased
ninefold in 10 years, reaching
76 000 tonnes in 2000. Two species
are farmed: Pangasius hypophthal-
mus—90% of the total output—and
P bocourti. Yields are high: up to
17 kilos per cubic metre per month
in floating cages and up to 344 tonnes
per hectare per year in traditional
lakes. Most of the fish produced
comes from floating cages—
4 600 cages producing 55 000 tonnes
per year—and 90% of the total is
sent to processing plants to make

Feeding
in floating
cages.

frozen fish fillets that are subsequently
exported under various brand names.
Exports totalled 20 000 tonnes in
2000, mainly to Southeast Asia and
the United States.

Tilapia production in Thailand
reached 2 million tonnes in 2001,
1.3 million of which were farmed.
Most of the output is sold on the
domestic market, which is currently
booming, while the export market
is still limited and concerns only a
small number of operators. However,
tilapia fillets could replace white fish
fillets (hake or cod), which are highly
sought after in Europe; they have

Identification of catfish species by sarcoplasmic protein electrophoresis

P hypophthalmus P bocourti

P hypophthalmus

already found a niche on the US mar-
ket, which imported 75 000 tonnes
in 2001.

Identifying species and quality
There are two standard electrophoretic
methods of identifying the species of
processed products: isoelectrofocal-
ization (urea-1EF) and SDS-PAGE.
These techniques are based on the fact
that the soluble sarcoplasmic pro-
teins in raw fish reflect the genome,
and are thus characteristic of the
species. The isoelectrofocalization
technique has now been used to dis-
tinguish unequivocally between the
two catfish species: P bocourti and
P hypophthalmus.

The analysis of commensal micro-
bial floras began with the facultative
aerobic and anaerobic floras, which
are usually mesophilic and some of
which are toxic to man and fish. The
study was conducted on catfish pro-
duced and frozen in Vietnam and
shipped to Montpellier, and on tilapia
from Thailand. Several strains of the
following bacterial species and gen-
era were isolated and identified in
each of the samples: Enterobacter
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cloacae, Enterobacter sakizakii, Ente-
robacter aminogenus, Klebsiella
pneumoniae, Proteus vulgaris, Proteus
mirabilis, Providencia alcaligenes,
Escherichia coli, Pseudomonas aeru-
ginosas, Pseudomonas putida, Aero-
monas hydrophylia, Aeromonas
salmonicida, Aeromonas sobria, Vibrio
cholerae (to be confirmed), Vibrio
parahaemolyticus, Bacillus sp., Staphy-
lococcus sp. and Streptococcus sp.
A sample of P. hypophthalmus
reared in floating cages in Vietnam was
tested for antibiotic-resistant germs. Of
the 102 bacterial strains isolated,
64 had a degree of resistance to at least
one of the 12 antibiotics commonly
used on fish farms and 38 were sus-
ceptible to the 12 antibiotics tested.

The trials conducted during the
first phase of this project suggest that
the microorganisms found in or on an
animal, or even a plant, can be used
as markers of its origin: the bacteria
found on fish are one example. The
next step is to characterize them.
Biomolecular typing and the detec-
tion of antibiotic-resistant strains have
already proved their efficacy.

Controlling

animal health risks

Increased global trade, climate and
ecological change, and new ani-
mal production practices have cre-
ated an environment that favours
the spread and emergence of infec-
tious and parasite-borne diseases.

In the tropics, the phenomenon has
been exacerbated by inadequate
animal health systems and a lack of
information on certain epidemio-
logical cycles. Epitrop, a group of
researchers from various teams at
CIRAD’s Animal Production and
Veterinary Medicine Department, was
set up in 1998 to provide a more sat-
isfactory response to requests from
international organizations in terms of
disease prevention and control. The
epidemiological research being con-
ducted at CIRAD is oriented towards
monitoring, analysing and modelling
the major tropical infectious and par-
asite-borne diseases: trypanosomiasis,
contagious bovine peripneumonia,
rinderpest, peste des petits ruminants
(goat plague), African swine fever,
Rift Valley fever, bluetongue, etc. The
network is working with numerous
scientific and technical organizations

. : 13
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in both industrialized and developing
countries. Its operations in 2002
concentrated on three diseases.

Bluetongue

Bluetongue surveillance has been
stepped up in Corsica and on the
mainland. Predictive models are now
being developed.

Surveillance is based on entomo-
logical, serological and virological
monitoring. Bluetongue is a viral dis-
ease, spread by midges of the genus
Culicoides (Diptera: Ceratopogoni-
dae), and more precisely by Culicoides

OT. M. Gourreau
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imicola in the Mediterranean region.
It is a major disease that can have seri-
ous economic consequences. It has
been considered as an emerging dis-
ease in the Mediterranean since 1998.
After the epizootic in Corsica in 2000,
the food products division of the
French Ministry of Agriculture set up
a surveillance system, with scientific
and technical support from CIRAD,
which is the French national reference
laboratory for bluetongue and which
as such works closely with 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 entomological
data gathered from surveillance oper-
ations in Corsica and on the mainland.
These models were validated using
entomological data obtained by
Culicoides spp. trapping operations in
2002. The correlation between pre-
dictions of the vector C. imicola and
the bluetongue foci actually recorded
in Corsica was proof of the accuracy
of the model used.

Oryx,

a wild animal
susceptible
to peste

des petits

kL ruminants.

Statistical models have been
used to draw up a map forecasting
C. imicola abundance in the
Mediterranean, and thus the risk of
the disease. The map shows large
numbers of insects in many zones
recently affected by bluetongue. It
suggests that certain regions around
the Mediterranean and several zones
in southeastern and southwestern
France are at considerable risk in
the near future. Global climate
change has favoured the spread of
zones propitious to the develop-
ment of vector insects, which may
be one of the reasons for the spread
of the disease in the Mediterranean
basin, and particularly in Corsica.
These results show that it is vital to
step up epidemiological surveil-
lance operations in France and pin-
point the priority zones in the
Mediterranean basin. This work has
strengthened the relations between
CIRAD and its European partners,
but should also, in the medium term,
lead to new links with Mediter-
ranean countries, particularly in the
Maghreb, in relation to epidemio-
logical issues.

Peste des petits ruminants

and trypanosomiases

While monitoring rinderpest in
wildlife under the Pan-African
Programme for the Control of
Epizootics (PACE), CIRAD also tested
for the presence of peste des petits
ruminants (PPR). This programme is
run by the Organization of African
Unity and largely funded by the
European Union. PPR is spreading
rapidly in the tropics and, as analy-
ses of samples have shown, the mul-
tiplicity of hosts receptive to the virus
among the local wildlife could prove
to be a major obstacle in controlling
the disease. It is therefore essential to
establish its epidemiology, notably
through molecular epidemiology and
modelling studies.

Several years” work in conjunc-
tion with the International Centre for
Animal Husbandry Development and
Research in Sub-humid Regions
(CIRDES) has resulted in the devel-
opment of targeted control methods
against trypanosomiases that are
accessible to animal farmers in devel-
oping countries. CIRAD is currently
working with CIRDES on the epi-
demiology of trypanosomiases in West
Africa, and particularly on their trans-
mission: the mechanism involved and
identification of zones in which the
diseases are spreading.

Bluetongue focus development in the
Mediterranean basin from 1999 to 2001
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CIRAD is continuing to supple-
ment its expertise in epidemiology. It
is working to transfer tools and meth-
ods to partners in developing coun-
tries—evaluation of the efficacy of
surveillance networks, risk analysis
and management, emergency inter-
vention capacity—and to develop
new research topics—analytical and
molecular epidemiology, spatial analy-
sis and modelling. 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)

francois.roger@cirad.fr
stephane.de_la_rocque@cirad.f

Culicoides imicola, the bluetongue vector,
one of the smallest bloodsucking insects
(1 to 3 mm).

For further information
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The spread
of contagious bovine

pleuropneumonia

Contagious bovine pleuropneumonia
(CBPP) is a respiratory disease that
affects domestic cattle and is trans-
mitted by contact between animals.
It is a major constraint on cattle 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 provide support when making deci-
sions on how to control the disease
and quantifying its development under
animal production conditions. The
study concerns the upland plateaus
of Ethiopia, where contamination
often results from exchanges of ani-
mals among farmers.

The first component of the project
concerns disease spread within a
herd. A model of disease spread has
been developed, based on epidemi-
ological parameters recorded in
80 herds, both healthy and infected.
The model has been used to quantify
the potential risk that chronic carri-
ers represent and as a basis for an eco-
nomic evaluation of several control
strategies.

The second component concerns
disease transmission among herds.

Modelling pleuropneumonia spread within a herd
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A survey of over six thousand farms
in the region provided data on rear-
ing practices and exchanges of ani-
mals. These data were input into a
geographical information system and
are now being used as the basis for
a study of the extent to which the risk
of transmission as a result of animal
movements is regionalized. The aim
is to develop mathematical or com-
puter models to simulate disease
spread between herds, which will be
used for an economic evaluation of
control strategies, from the point of
view of both individual farmers and
territorial farmers’ groups.

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

Animal Production and Veterinary Medicine
Department (CIRAD-EMVT)

francois.thiaucourt@cirad.fr
matthieu.lesnoff@cirad.fr
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Thiaucourt F., 2002. Cora :

logiciel d’aide a la gestion

des résultats d’analyses. Montpellier,
France, CIRAD.

Laval G., 2002. Analyse
colt-bénéfice des méthodes de lutte
contre la péripneumonie contagicuse
bovine. Une application au niveau
du troupeau dans le district de Boji,
West Wellega (Ethiopie). Doctoral
thesis, Université de Lyon |, France.
Bonnet P., 2002. Etude préliminaire
des marqueurs de risque
socio-spatiaux de la diffusion

de la péripneumonie contagieuse
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d’Ethiopie. DEA report, Université
Paul Valéry, Montpellier, France.




Preparing
crop varieties
for the future

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
world, with around 93 Mt produced
during the 2001-2002 season. A major
share of this volume is for domestic
consumption. The fresh citrus fruit
export market is booming and cur-
rently represents some 10% of the
overall volume. The market trends
are also evolving with respect to cit-
rus fruit types, eg orange, grapefruit
and lemon exports have levelled off,
while small citrus fruit exports are ris-
ing. Countries in the Mediterranean
Basin, especially Spain, dominate the
fresh citrus fruit market. Juices and
preserved fruit account for a third of
the production, ie chiefly concen-
trated orange juice, but there is also
a market demand for non-concen-
trated juices. Brazil, the top orange
juice producing country, and USA
control a major part of this market.



High environmental pressure

The vitality of the citrus industry is
fuelled by intense varietal creation
activity: increasing the range of
varieties, ever longer production
seasons, etc. Citrus growing must
also take advantage of available
biological 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 needs. Moreover,
the widespread application of plant
variety protection policies is an incen-
tive for citrus-producing countries to
develop their own cultivars.

In Brazil, it has become essential
to breed new varieties to ensure inte-
grated protection of citrus orchards
in response to the emergence of dis-
eases such as variegated 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 cercosporiosis in
Africa and citrus greening (huang-
longbing) in Southeast Asia.

In the Mediterranean Basin, citrus
growers have to produce top quality
fruit to meet the needs of the demand-
ing fresh fruit market. Orchards must
also be renewed by planting new root-
stock to offset the problem of the intro-
duction of tristeza virus in this region,
which is already hampered by major
environmental constraints (salinity,
chalky soil).

PUC

Seedless citrus fruit and

adapted rootstock

To fulfil the requirements of the small
citrus industry in the Mediterranean
Basin, seedless, high-quality citrus
fruits with an extended production
period should be created, while breed-
ing rootstock adapted to constraints that
prevail in the region. To this end,
research has been under way for about
10 years, jointly coordinated by CIRAD

Fruitworld

INRA
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and INRA, the French agricultural
research institution, using germplasm
from the repository maintained at the
San Giuliano research station in
Corsica.

Studies are focused on creating
triploid cultivars, which are known to
be highly sterile, thus avoiding the
problem of cross pollination with
clementine, a potential source of seeds.
The French teams have been using
biotechnology strategies to enhance
triploid breeding schemes: embryo
rescue techniques, ploidy assessment
by flow cytometry, creation of somatic

INRA-CIRAD Agricultural Research Station
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allotetraploid hybrids to enlarge the
pool of potential parents, and direct
creation of 150 triploid hybrids through
diploid and haploid protoplast fusion.
The triploid hybrids are being tested
in Corsica, French West Indies and in
New Caledonia under the partnership
with IAC. Their high sterility was con-
firmed at the first fruiting.

Other studies have been geared
towards breeding rootstock adapted to
the Mediterranean environment by
inserting tolerance traits extracted from
citrus germplasm. Poncirus trifoliata,
which is tolerant of many different
pests and diseases, thus complements
certain Citrus sp. that are well adapted
to salinity and chalky soils. The strat-
egy involves pooling favourable genes
in allotetraploid hybrids synthesised by
protoplast fusion. The first hybrid
obtained, ie Flhoragl (P trifoliata x
Citrus deliciosa), turned out to be quite
interesting: it is resistant to tristeza
and much more tolerant of salinity
and chalky soils 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-scale applications in a range of
different environments.

A project, conducted in collabo-
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 Catholic University of Chile (PUC)
and the Agronomical Genetic Institute
(AGI) in Hanoi, Vietnam, to develop
new methods for creating triploid cul-
tivars. Small triploid citrus varieties are
also being bred in collaboration with
private companies based in California,
and soon in Morocco and Chile.

Studies to assess allotetraploid
Flhorag1 rootstock under abiotic con-
straints (salinity, chalky soils) have
begun at IRAL, the Lebanese agricul-
tural research institute, and at INRA
of Morocco. This hybrid will be tested
in other regions in the world where
cropping constraints are similar to
those affecting the Mediterranean
Basin. Thus, in Cuba, a project to cre-
ate varieties and breed rootstock
adapted to conditions in the West
Indies has been initiated in partner-
ship with IIFT, the Cuban tropical fruit
research institute.

O P. Ollitrault

In addition, CIRAD is investigating
new methods for specifically modify-
ing genotype structures, without involv-
ing genetic engineering, to utilise
tolerance, quality and productivity traits
already present in citrus germplasm.
These methods will be suitable for
improving 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. Concomitantly, basic
integrative biology studies, rapid phe-
notyping and molecular assisted selec-
tion of different characters (salinity
tolerance, quality factors) will be devel-
oped to support the breeding initiatives.

Citrus research team, Fruit Trees Programme,

Fruit and Horticultural Crops Department
patrick.ollitrault@cirad.fr

Further reading

Ollitrault P, Dambier D., Vanel F., Froelicher Y.,
2000. Creation of triploid Citrus hybrids by
electrofusion of haploid and diploid protoplasts.
Acta Horticulturae, 535: 191-197.

Ollitrault P, Dambier D., Seker M. , Froelicher Y.,
2000. Rootstock breeding by somatic hybridisation
for the Mediterranean citrus industry. Acta
Horticulturae, 535: 157-162.

Grosser J., Ollitrault P., Olivares O., 2000.
Somatic hybridization in Citrus: an effective tool
to facilitate variety improvement. In vitro Cell Dev.
Biol. Plant., 36: 434-449.

Ollitrault P., Dambier D., Froelicher Y., Luro F,
Cottin R., 2001. La diversité des agrumes ;
structuration et exploitation par hybridation
somatique. Comptes rendus de I"Académie
d’agriculture, 86-8 : 197-221.
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Oil palm:

from gene to variety

Oil palm ranks second in the world,
for vegetable oil production, just
behind soybean. Producers, small-
holders or estates, all require access
to high-yielding planting material
that is adapted to local constraints
to enable sustainable intensification
of this crop. In 2002, more than
50 000 ha were planted with oil palm
planting material bearing the “CIRAD”
label. Oil production volumes reached
a record 7.5 t/ha in the best oil palm
plantations of Indonesia.

CIRAD's breeding strategy aims to
increase oil palm productivity while
ensuring its long-term cost-effective-
ness. This plan is being implemented
within a research network developed
through partnerships in the main oil
palm growing regions of Africa,
Southeast Asia and Latin America.
This system makes effective use
of germplasm obtained locally or
through exchanges, and new hybrids
are tested to prepare seed for the
future. The considerable body of data
collected in more than 300 field tri-
als including 620 000 trees has been
compiled since 1960 in an oil palm
database.
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Genetic progress from 1960 to present: increased oil production

Oil (ha)

1960 1970 1980

In 2002, the main collaborative
research projects were focused on
identifying genetic sources of resistance
to Ganoderma sp., which is threaten-
ing to destroy plantations in Southeast
Asia, and on evaluating the efficiency
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
tristan.durand-gasselin@cirad.fr
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Further reading

Billotte N., Risterucci A.M., Barcellos E.,

Noyer J.L., Amblard P., Baurens F.C., 2001.
Development, characterisation, and across-taxa
utility of oil palm (Elaeis guineensis Jac.)
microsatellite markers. Genome, 44: 1-14.
Durand-Gasselin T., Kouame Kouame R.,
Cochard B., Adon B., Amblard P., 2000.
Diffusion variétale du palmier a huile

(Elaeis guineensis Jacq.). Oléagineux, corps gras,
lipides, 7: 207-214.

Rival A., Tregear J., Jaligot E., Morcillo F.,
Aberlenc F., Billotte N., Richaud F., Beule T.,
Borgel A., Duval Y., 2001. Oil palm biotechnology:
Progress and prospects. Oléagineux, corps gras,
lipides, 8 (4): 295-306.

Tregear J.W., Morcillo F, Richaud F.,, Berger A.,
Singh R., Cheah S.C., Hartmann C., Rival A.,
Duval Y., 2002. Characterisation of a defensin
gene expressed in oil palm inflorescence:
induction during tissue culture and possible
association with epigenetic somaclonal variation
events. J. Exp. Bot., 53: 1387-1396.

© M. Dollet
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Groundnut: better
climatically adapted

varieties

Groundnut is a crop of high agricul-
tural plasticity that is grown through-
out Africa and cherished by consumers
in its many culinary and commercial
forms (oil, edible nuts, confectionery,
pastes, seedcake, fodder). It is one of
the very few crops that can be grown
in areas with annual rainfall levels as
low as 350-450 mm. However, genetic
erosion of the species is very high, due
to the fact that it is cropped almost
exclusively in dry areas and to the
poor maintenance of groundnut
germplasm collections. It is thus con-
sidered essential to protect groundnut
diversity by preserving plant material,
while promoting breeding and the
effective use of new cultivars. This also
applies to other food crops such as
sorghum in Mali and Burkina Faso,
and taro and yam in the Pacific region.

Preserving groundnut diversity

via germplasm collections

The Groundnut Germplasm Project
(GGP), sponsored by FAO and funded
by the Common Fund for Commodities
(CFC), was carried out from 1996 to
2002 by the International Crops
Research Institute for the Semi-Arid

CFC
FAO
European Union
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C. Weiss

Tropics (ICRISAT), CIRAD and ISRA, the
Senegalese agricultural research insti-
tute, with the aim of restoring ground-
nut genetic diversity in western and
central Africa. A regional collection of
6 000 accessions was assembled
through an institutional and scientific
partnership with the national agri-
cultural research services of the main
groundnut-producing countries of the
region. Itis 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 varietal
creation or improvement needs. A
core collection, representative of the
genetic diversity of the regional col-
lection, is also available. It consists of
the five main groundnut botanical vari-
eties (hypogaea bunch, hypogaea run-
ner, vulgaris, fastigiata and peruvian)
and the four maturity groups (very
early 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 can be preserved for
at least 2 years without loss of germi-
nation viability. This technique is more
cost-effective and requires less facili-
ties than cold storage.

A high &
yielding early §
groundnut
variety.

Creating drought-resistant varieties
Groundnut varieties created or
improved using material from the
germplasm collection should be
adapted to the climatic conditions and
cropping practices of the regions for
which they are targeted, thus ensuring
their cost-effective dissemination. In
Senegal, CERAAS, the Senegalese
research centre that focuses on crop
responses to drought, which is affiliated
with ISRA, is trying to develop varieties
that could produce stable yields when
grown under dry climatic conditions.

After characterising drought patterns
in Senegal, two sets of very early matur-
ing genotypes (80 days) were bred and

found to be better adapted to the shorter
rainy seasons that have prevailed in
recent years. Varieties obtained by
backcrossing and introgression of
earliness traits yield well in different
environments. A long-term recurrent
selection programme is also under way.
Populations with a broad genetic base
have thus been obtained and should
enhance physiological adaptation to
drought. Three recombination cycles
were conducted, involving intercross-
ing of lines selected on the basis of their
adaptive traits (root growth, protoplas-
mic resistance and stomatic regula-
tion). The resulting population could be
further improved by focusing selection
pressure on the most heritable traits, or
its variability could otherwise be tapped
for breeding varieties adapted to dif-
ferent specific conditions. Several lines
have already been bred to fulfil require-
ments in Senegal, Burkina Faso and
Botswana.

Meeting the subsector's needs

Forty-six varieties, classified in a doc-
ument published by GGP, are currently
recommended for planting in western
and central Africa. They are resistant to
major cropping constraints (leaf and
virus diseases, drought, aflatoxins) and
meet edible groundnut market require-
ments. Some of these varieties have



already been released to national agri-
cultural services and are being multi-
plied for subsequent seed production.

An edible groundnut programme,
funded by the European Union, is also
under way in Senegal, coordinated
by CNIA, the Senegalese interprofes-
sional groundnut committee. A range
of 33 new varieties, which could poten-
tially meet domestic and export mar-
ket phytosanitary and technological
quality standards, has been assessed
in irrigated cropping conditions. Yields
under irrigation are generally sub-
stantially higher than those obtained
in rainfed conditions, i.e. 4 t/ha versus
1 tha, thus offsetting irrigation costs
(around 610 /ha). Breeding initiatives
to improve drought resistance have led
to the development of short-season
varieties that yield well in low rainfall
areas. In irrigated conditions, these
varieties also produce yields that are
almost as high as those obtained with
long-season varieties. This impressive
performance under irrigation could
lead to potentially considerable water
savings for growers because of the
3-week reduction in the growth cycle.
These early varieties are especially
interesting for their capacity to adapt
to different environments. At least seven
short-season varieties and four long-
season varieties have been shown to
perform well in terms of crop yields and

quality.

reading

Sagarra L.A., Brevault T., Diack M., Clouvel P.
Impact of irrigation on peanut yield and quality
in sub-Saharan Africa. Crop Science, in press.
Sagarra L.A., Brevault T. Peanut leaf spot disease
management in sub-Saharan Africa. Plant Disease,
in press.

Clavel D., Annerose D., 1997. Sélectionner
I'arachide pour I'adaptation a la sécheresse.
Agriculture et développement, 14: 61-64.
Mayeux A., 2002. Production de noyaux
génétiques et semences de pré-base de variétés
améliorées d'arachide. Proceedings of the final
GGP project workshop, 22-25 April 2002.
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An observatory

for yams
from Oceania

Four Pacific Islands countries (Papua
New Guinea, Fiji, Vanuatu, Solomon
Islands) have joined hands in the
South Pacific Yam Network (SPYN)
with the aim of gaining further insight
into the genetic diversity of Dioscorea
alata, which is endemic to this region
and the most commonly cropped
yam species in the world. One key
result of this project was the devel-
opment of a regional database, cur-
rently managed by CIRAD and which
pools information on the morpho-
logical, agricultural and tuber traits of
1 100 yam varieties. The project ben-
efited from 4 years of European Union
funding.

The 90 best performing cultivars,
selected on the basis of their yields,
taste quality and disease resistance,
have been released to growers in
each of the four countries to be
cropped for domestic consumption
and export to Australia and New
Zealand.

A phytosanitary analysis, carried
out in partnership with the Natural
Resources Institute (NRI), UK, high-
lighted the presence of many virus
diseases and very high genetic vari-
ability in the fungus that causes
anthracnose. Tests to detect the
seven identified viruses are now avail-
able through the network. SPYN,
in collaboration with the Secretariat
of the Pacific Community (SPC),
launched a programme to promote
disease elimination and germplasm
conservation in yam through in vitro
culture techniques.

nd tube research team,

© V. Lebot
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Compact white-pulped tubers
of a recommended yam variety.

Further reading

Lebot V., Trilles B., Noyer J.L., Modesto J., 1998.
Genetic relationships between Discorea alata L.
cultivars. Genetic Resources and Crop Evolution,
45 (6): 499-509.

Malapa R., Arnau G., Noyer J.L., Lebot V., 2002.
Genetic relationship between D. alata and

D. nummularia as revealed by AFLP. Origins,
evolution and conservation of crop plants:

A molecular approach. Society for Economic
Botany. New York Botanical Garden, Bronx N.Y.,
USA, July 2002.

Kenyon L., Lebas B., Lebot V., 2000. Viruses
infecting Dioscorea yams in the South Pacific
Islands. 12" Symposium of the International
Society for Tropical Root Crops (ISTRC). Potential
of root crops for food and industrial resources.
Tsukuba, Japan, p. 395-397.
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Genetic factors that

determine cotton quality

Gossypium hirsutum and Gossypium
barbadense are the two major cot-
ton species grown around the
world. G. hirsutum varieties,
which are cropped on 90% of

the overall area under cotton,

are hardy and high yielding,

but the fibre is only of medium
quality. G. barbadense "long-
staple" cotton varieties produce
superior quality fibre. Since these
two species are interfertile, cotton
breeders have been trying for many
years to combine the agronomic assets
of G. hirsutum with the fibre quali-
ties of G. barbadense.

Benefits of marker-assisted
selection

Strategies involving conventional
breeding of interspecific G. hirsutum
x C. barbadense hybrids are tricky
because of the high number of prog-
eny that must be screened due to
factors that hamper recombination
between the genomes of these two
species. This selection functions on the
phenotype level.

Marker-assisted selection concerns
the genotype. DNA molecular mark-
ers are used to pinpoint chromosome
regions where quantitative trait loci
(QTL) corresponding to the expres-
sion of specific agronomic traits are
located. By this method, introgressed
G. barbadense QTLs of potential
interest for improving fibre quality
can be monitored in the interspecific
progeny.

A molecular marker study of G. hir-
sutum x G. barbadense interspecific
recombination was launched in 1998.
The first combined saturated map of
the cotton genome was described in
2000 and highlights the chromosome
locations of the different markers. The
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next phase of the project was to locate
QTLs linked with the expression of
cotton fibre quality.

Pinpointing QTLs associated

with fibre quality

Progeny derived from the first and
second backcross of an interspecific
G. hirsutum x G. barbadense hybrid
with the G. hirsutum parent were
genotypically and phenotypically
characterised.

The genotype analysis involved
determining the affiliation—with
respect to G. hirsutum or G. bar-
badense—of marker alleles distributed
uniformly over a set of 26 chromo-
somes, ie 890 in the first generation
and 360 in the second. Phenotypic
parameters were measured for several
technological fibre traits, with the
most important being fibre length,
tenacity, fineness and colour.

All of these analyses were per-
formed in the Biotrop and cotton
technology laboratories at CIRAD.
Three generations were assessed, the

Map showing fibre length, fineness and tenacity regions
on chromosomes 3 and 23
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first consisting of 75 plants that were
sown in a glasshouse in Montpellier
in 1999, the second involving
200 plants field tested in Montpellier
in 2000, and the third generation
which 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
value of cotton were studied by the
interval mapping technique, and QTLs
were thus located on the genetic map.

Quality, a combination

of several QTLs

Technological cotton fibre parameters
were determined through complexes
of several QTLs. The expression of a
single character is actually controlled
by 8 QTLs for fibre tenacity and up
to 12 for fibre length. These QTLs are
sometimes located in different areas
on the same chromosome and on
different chromosomes. Each QTL
generally has a very minor impact,
accounting for only 8-20% of the
expression of a trait. In many cases,
QTLs associated with different traits

are located in the same chromosome
regions. Breeding will therefore be
focused on creating lines that include
these segments. QTL locations and
effects were checked in the first and
second generations. As expected, for
each character, suitable alleles were
chiefly derived from the G. bar-
badense donor parent, but also from
the G. hirsutum recipient parent in
about one quarter of the cases.

DNA sample
deposition for
electrophoresis.
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Building a genotype with optimal
quality and yield traits

A dozen chromosome segments, cov-
ering about 10% of the length of the
genetic map and bearing QTLs asso-
ciated with fibre length, tenacity and
fineness traits, were chosen.

In 2002 and 2003, efforts were
focused on building an optimal 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 families
of introgressed lines will be developed
separately on a per QTL group basis,
with subsequent crossing between
these groups.

Breeding strategies are aimed at
obtaining combinations 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 research unit on polymorphism

for crop