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T 
his new edition of Images of Research showcases CIRAD's recent 

progress in response to world trends. With trade liberalization radically 

changing the agricultural sector, public opinion becoming better informed 

and increasingly forceful, and scientists having access to more powerful tech

nologies, research targets are becoming more specific and diversified. 

Human pressure on the environment and resources is increasing. It is diffi

cult to synchronize feeding the world population, developing markets 

and conserving land and resources. The issue is how-and to what extent

environmental issues affect research priorities. How can production be fur

ther intensified while preserving natural resources? What policies should 

be implemented to encourage rural communities to modify certain practices 

in the interests of all concerned? 

CIRAD's partners are changing. Urbanization has revitalized commodity 

channels and new stakeholders have emerged. Consumers in Northern and 

Southern countries are more demanding and producers are having to tailor 

their strategies to these consumers' needs and to ever-changing markets. 

In addition, professional groups and agrifood and agroindustrial firms are 

restructuring. How can research benefit the agricultural sector in its reor

ganization process, while helping stakeholders analyse the risks and enhance 

their decision-making potential? 

Research on living organisms and other complex systems has progressed 
substantially as a result of the biotechnology and information technology 

boom. How can these new tools be shared and used to support economic 

and social development in the South? 

CIRAD is addressing these challenges through target adjustment and scien

tific renovation-and these Images of Research partially reflect its changing 

role in international development-oriented research. 

Bernard Bachel ier 

Director General 



Towards 
sustainable 

development 

Humankind now has to learn to 
conserve the essential resources it 
taps from the earth's cornucopia. 

Research is investigating new 
ways of striking a balance 
between consumptive use 

of natural resources and 
the creation of restricted 

environmental sanctuaries. 
Users have to be involved in the 

management of resources to ensure 
their sustainability. 
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The Angwa ecotourism project site, 
Zimbabwe. 
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Sharing land and resources 

Wildlife 
and rural 

development 

The question often arises as to whether humans 
and big game can ever live together in rural areas. 

The Zambezi basin biodiversity conservation project, 
with its solid scientific foundation, gives both sides 

an equal chance. Farmers agree to respect the natural 
habitat of this wildlife, and in return, without endangering 

the different species, they are paid back in kind. 
The animals are used in many ways, while ensuring 

dynamic development and enhancing villagers' diets. 

The project represents a good trade-off- addressing 
the interests of both developers and ecologists. 



T he Zambezi basin is a huge 
plain stretching along the 
northern border of Zim

babwe, teeming w ith elephants, 
antelopes, buffalo, lions, baboons 
and other w ildlife. However, this 
fertile land is also coveted by local 
inhabitants, particularly now that 
the tsetse fly has been eradicated. 
With government support, fam ilies 
have built vi ll ages, p lanted food 
crops along the riverbanks and 
cleared vast areas for very profitable 
cotton crops. In 15 years, cotton 
cropland has increased fivefo ld. 

The cohabitation of farmers and 
wild life often gives rise to 
volati le situations. The animals 
are now restr icted to areas, 
without access to water, that are 
influenced by nearby human 
activities. They common ly 
graze on crops or trample 
them on their way to 
watering places-they 
also raid grain stores 
in v ill ages. A fifth 
of the harvest is lost 
in th is w ay every 
year. 

Rural communities 
as stakeho lders. Wild life ab
ounds in the basin because it is pro
tected. The increasingly decen
tra lized admin istrative system, the 
first of its kind in Africa, has 
imposed drastic restrictions on hunt
ing. The 1976 Parks and Wildlife 
Act stipu lated that wi ld life belongs 
to the owner of the land on which 
it is found. A 1982 amendment to 
the Act handed responsibility for 
natural resource management over 
to the districts. However, it was not 

until 
advent of Campfire

a local natural resource 
management programme 

launched in 36 districts in 
1987-that rural com

munities w ere rea lly 
given a stake in local 

management. 

Herd of wild 
impalas 
in the 
Zambezi 
basin. 

Everyone theoretically stands to 
benefit from the programme. The 
districts sell their hunting rights to 
safari o rgan izers in retu rn for a 
share of the profits. They keep 
30% and pass on the rest to the 
wards to fund community faci l i
ties-schools, clinics, mills, w ater 
pumps, etc. They sometimes also 
redistribute profits directly to v il
lagers. However, the income of 
each ward or vi llage is determined 
by the number of wild an imals on 
its land, and some therefore have 
a natu ral advantage over others. 
Farmers unfortunately lose out 
under such a system- they may 
benefit from community fac ilities, 
but the l imited direct f inancial 

ga ins do not offset the dam
age caused by wi ld li fe. 
Moreover, as they are no 

longer allowed to hunt 
farmers are faced 

with a shortage 
of meat which 

paradox icall y 
becomes a lux
ury food. The lit

tle meat that 
is shared 
between 
villagers 

after safari s is fa r from 
enough to meet thei r needs. 

Is there a way to sidestep this 
confrontation between wild life 
conservat ion and agricu ltural 
development? CIRAD launched a 
project in 1996 under the Camp
fire programme, with support from 
the French world envi ronment 
fund and Ministry of Foreign 
Affa irs, aimed at conserving 
b iodiversity in Guruve dis
trict. The project gives pri -
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ority to rural development while 
striving to protect local wildlife. 

Assessing the resources. The 
project is based on two main prin
ciples-giving rural communities 
the means to make an effect ive 
contribution to the decision-mak
ing process, and tapping wildlife 
resources in a conservation-ori
ented way. 

A team of scientists- including 
around 30 from Zimbabwe
began by making an exhaustive 
inventory of available resources 
and their uses-flora, fauna, agrar
ian systems, land-use patterns, etc. 
The information was used to assess 
the resources, interpret develop
ment patterns and recommend 
steps to be taken. 

Zimbabwean researchers in 
charge of monitoring changes in 
big game populations, vegetation 
and environment have been 
trained in an inventory-based sci
entific method: field data col lec-
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Sma I I holders 
sometimes 

clear protected 
areas in order 

to extend 
their gardens. 

Construction 
of the first 

impala ranch. 

tion , processing, and summary 
reports. This enables local man
agers to eva luate changes in the 
resource situation at regu lar inter
vals and make the necessary man
agement decisions. For instance, 
fauna monitoring data are used 
to set game culling quotas. 

The inventory option was also 
behind a European Union-funded 
scientific project to model rela
tionsh ips between man, wildlife, 
livestock and vegetation. Three 
Northern research institutes and 
three southern African universi
ties are working together on this 
project. 

Coping with 
the elephant threat. There are 
var ious w ays of dealing with 
human-wildlife conflicts of inter
est. On an eminently practical 
level, a series of experiments has 
been set up, as part of the proj 
ect, to test techniques aimed at 
scaring elephants away in order 
to keep them from being shot by 
farmers. Spraying treatments with 
pimento o il based aerosols com
bined with the emiss ion of shrill 
noises seems to work, but any ele
phants that endanger local inhab
itants sti 11 have to be shot by anti
poaching patrol s. 

The best policy is still to strike at 
the heart of the conflict, hence the 
project also invo lves drawing up 
land-use maps that respect the nat
ural habitats of the local wildlife 
and al low traditional hunting in 
specially des ignated areas. The 
arbitration centres set up to settle 
confl icts between stakeholders
farmers and safa ri organizers, 
among others-enable local gov
ernment to test and enforce its pro
posals. 

In another move to contro l human 
incursions into natural wildli fe 
habitats, the project has recom
mended rational intensification of 
agricu ltural production. Cotton is 
currently booming and represents 
the basin's main income genera-

Nondestructive ways o f scaring 
elephants are being tested. 



tor. The soils in the area are deep 
and average yields are as high as 
700 kg/ha. This situation is quite 
suitable for farmers, who make no 
attempts to intensify their planta
tions. If the natural soil fertility 
declines along with crop yields, 
farmers move on and clear new 

. plots in the savanna. To put a stop 
to this predatorial behaviour, a 
handbook for sustainable cotton 
cultivation is being published 
within the framework of the proj
ect, with the support of farmers' 
groups and extension services. 

More meat for villagers. 
Increasing wildlife-based products 
and the income villagers derive 
from them is undoubtedly the best 
way of protecting the species con
cerned . Various operations have 
been launched in response to 
demand from local inhabitants. 

One of the chief aims of the 
Nyaminyami Wildlife Trust was 
to give vi I lagers access to bush 
meat in order to enhance their 
protein-deficient diets. lmpalas
small antelopes-are very abun
dant in the district. For 8 months 
a year, they are culled at night 

and the meat is processed imme
diately in a mobile butcher's shop 
for sale in the villages the next 
day. Strict culling quotas have 
been set on the basis of impala 
population dynamics studies. 
Some 48 t of meat and 2 500 pelts 
have been sold and 30 jobs cre
ated in 4 years, and the operation 
is now self-supporting. A new 
project, the first of its kind in Zim
babwe, has also been launched 
to rear impalas. Three thousand 
impalas should provide 20 t/year 
of meat that wi 11 be marketed at 
cost price. 

The anti-poaching patrols are quite 
efficient but have failed to stop 
poaching entirely. Every village 
has its " specialists", and poach
ing is still the main source of 
income for many local inhabitants. 
Nevertheless, villagers are still frus
trated at being denied "their nat
ural right to hunt". Rather than 
simply enforcing the law, the proj
ect suggests consolidating this ben
efit in kind and making it sus
tainable. Land-use maps allow for 
" hunting zones" to legalize tradi
tional hunting and encourage local 
inhabitants to work towards con
servation. 

Ecotourism to generate 
income. Lastly, the local land
scape and abundant wildlife are 
a valuable asset for tourism in Zim
babwe. After game hunting, eco
tourism could become a prime 

Selling 
impala 

carcasses. 

There is 
abundant 
wildlife in 
the Zambez i 
basin. 
Photo shows 
waterbucks 
and a 
warthog. 

source of income. A project has 
been launched in collaboration 
with communities along the banks 
of the Angwa River-a 20 km 2 

resort with bungalows is being 
built and environment-oriented 
activities developed. The local dis
trict, ward and two villages have 
set up a trust fund-they own the 
faci I ities and wi 11 be sharing the 
profits. 

Villagers are now actively involved 
in assessing the natural resources, 
and also in project-related dis
cussions and negotiations . They 
are now viewing their natural sur
roundings from a fresh perspec
tive. Local leaders are being offered 
natural resource management 
training to enable them to draw 
up a joint policy for dynamic, sus
tainable development in the inter
ests of all concerned. • 

For further information, contact: 
Cl RAD-EM VT 
Ra nge land and Wildlife 
Management Programme 
BP 5035 
34032 Montpel I ier Ceclex 1 
France 
econap@c i1·ad. fr 
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How can soil protection 

be reconciled with farming system 

productivity? The direct seeding 

techniques developed by CIRAO 
could provide a ready response 

to this question-as shown 

by the successful installation 

of soybean1 rice1 maize and forage 

based cropping systems 
on 3.5 million ha of land 

with fragile soils in the humid 

Brazilian tropics. CIRAO is now 

concentrating on adapting 

these techniques to the ecological 
and economic constraints 

in Madagascar and several other 

developing countries. 

Direct seeding on live cover: wheat 
on asparagus pea in Madagascar. 

Sustainable agriculture 

D irect seeding on plant 
cover is based on three 
main principles: no 

tillage, permanent soil cover of 
dead material (for instance crop 
residue) or live cover crops, and 
direct seeding through this pro
tective cover using appropriate 
implements. This protects the soil . 
surface, which is essential in trop
ical and subtropical regions where 
tilled, bare soils are highly vul
nerable. Torrential rains during the 
rainy season erode or compact the 
soil and leach nutrients, whilst the 
soil is blown away in dust clouds 
during the dry season . The soils 
are degraded and become less fer
tile, posing a dual economic and 
environmental threat. The choice 
of agricultural techniques is thus 
crucial for the sustainability of 
farming systems, which have to be 
productive, not too labour inten
sive, profitable and environment
friendly. 

Direct 
seeding 

on plant cover 



Tailoring techniques 
to climate. Since the 1970s, 
farmers in subtropical southern 
Brazil have been implementing 
North American techniques to 
halt erosion caused by intensive 
mechanized soybean cultivation. 
To protect the soils, they leave 
crop residue in the field until it is 
time to sow again, and no longer 
till their plots. Once total non
persistent herbicides had been 
developed to kill weeds before 
sowing, the technique should have 
been wholly feasible, but it still 
failed in the tropical areas of mid
western Brazil, on the highly 
degraded soils of the cerrados, ie 
grassy savannas that have been 

widely cleared for cultiva
tion. In subtropical 

residue keeps for some time and 
breaks down very slowly, whereas 
the dead mulch rots too quickly 
in the warmer and more humid 
cerrados--the soil becomes bare 
before the main crop has time to 
cover it. Since 1983, CIRAD has 
been working in conjunction with 
planters in Mato Grosso state on 
a pioneering attempt to adapt 
direct seeding on plant cover to 
large-scale mechanized farming 
under humid tropical conditions 
with the usual fragile soils and 
heavy rains . 

Protecting the soil.The main 
aim is to put a stop to erosion. 
For permanent soil coverage, 
crop residue is combined with a 
more resistant live cover (millet, 
sorghum, or a legume crop) that 
is sown before, at the same time 

as, or after the maincrop. 
These plants are 

Direct 
seeding on 
oat mulch 
in southern 
Brazil. 

carefu I ly chosen to provide rapid 
soil cover by tapping the water 
resources available in the rainy 
season. The land is prepared for 
the main crop-usually soybean, 
maize, upland rice or cotton
by killing the live cover with a 
low dose of herbicide through
out the plot or just along the 
planting row. The seeds are then 
sown through the plant mulch 
using suitable implements. How
ever, it is essential to use treated 
seeds as this mulch constitutes a 
confined, damp microenviron
ment propitious to the develop
ment of fungal pathogens or cer
tain pests, such as slugs. 

An advantageous 
plant cover. Cover crops have 
several advantages besides pro
viding physical soil protection. 
They recycle nutrients not used 
by the main crop: their roots tap 
nutrient reserves deep in the soil 
and draw them up to 
the topsoil. Organic 
matter contents 



gradually increase, and soil fertil
ity is eventually restored. Legume 
cover crops also enrich the soil in 
nitrogen compounds, thus reduc
ing fertilizer applications and pro
duction costs. The soil is loosened 
by cover crop roots and related 
macrofaunal activity: earthworms, 
mites and springtails. Another 
potential advantage is that both 
cover crops and crop residue hin
der weed establishment and 
growth by providing competition 
for light. Moreover, their roots 
release substances that inhibit the 
germination and growth of other 
plants which, when well man
aged, can help in reducing her
bicide applications. Provided that 
the chosen cover crops are com
patible with the main crop, live 
covers can serve the same pur-

Gully 
erosion in 

a traditional 
bean plot in 

the Malagasy 
highlands. 

pose as soil tillage-aeration, loos
ening, and weed control. 

Furthermore, both dead and I ive 
plant covers create an environ
ment in which temperature and 
humidity variations are alleviated. 
During dry periods, the cover pre
vents evaporation and retains left
over moisture from the rainy sea
son. In the event of heavy rain, it 
prevents runoff by promoting 
drainage. This buffer effect helps 
bolster production from one year 
to the next. CIRAD is currently 
comparing the water and mineral 
balances of direct seeding and tra
ditional farming systems in Brazil 
under different climatic and soil 
conditions. The results of its study 
should help in pinpointing the spe
cific effects of plant cover and 
modelling ecosystem functioning 
relative to different cropping tech
niques. CIRAD is also continuing 
its work on the properties of dif
ferent cover crop species avail
able, with the aim of optimizing 
their use and thus reducing her
bicide and pesticide applications. 

From Brazil 
to Madagascar. Direct seeding 
is now implemented on almost 
20% of all cultivated land in 
Brazil, ie 10 million ha, including 
half in the tropics where total rain
fall can reach 2 mover a 7 month 
period. It has been rapidly adopted 
because of the short-term benefi
cial results. As well as halting ero-

Direct seeding with "tico-tico" plant 
canes on Amarillo groundnut (Arachis 
pintoi). 

sion, direct seeding ensures the 
same yields as obtained in tilled 
soil, if not better-at lower cost 
due to reduced input use. There . 
are obvious economic advantages 
in Brazil, where commercial agri
culture is the norm, and CIRAD is 
now adapting direct seeding on 
plant cover to conditions in Cote 
d'Ivoire, Cameroon, Gabon, Reu
nion and Madagascar. Allowance 
has to be made for the climatic 
and soil characteristics in all of 
these countries, but also for the 
prevai Ii ng cropping practices and 
farmers' resources. For instance, 
techniques developed in Brazil on 
highly mechanized farms of up to 
50 OOO ha cannot be transferred 
directly to countries such as Mada
gascar, where the elementary plot 
size is around 10 ares and work 
is primarily manual. 

Direct seeding on dead cover: 
cotton on millet straw in Brazil. 



Convincing resu lts. In Mada
gascar, direct seeding systems are 
being developed in several types 
of tropical ecosystems, under 
co llaborative programmes with 
va rious Malagasy development 
partners, including FOFIFA, ANAE 
and TAFA, a non-governmental 
organization . The initial results 
obtained on the high plateaux, a 
humid highland area near Antsir
abe, Lake Alaotra, and the semi
arid southwest, are promising. For 
instance, on the high plateaux, 
the y ield per hectare of maize 
grown on c rop res idue mulch 
increased from 800 kg to 4 t by 
the second year, with soybea n 
yields rising from 500 kg to 1.6 t. 
Farming 1 ha by direct seed ing 
techniques takes 100 man-days, 
compared to 185 days by tradi
tional systems, whilst production 
costs are five times lower. There 
are fewer man-days because the 
land is no longer tilled or hoed, 
thus reduc ing the amount of hard 
work involved-a factor which is 
greatly apprec iated by planters. 
The t ime saved enables them to 
adopt a more fl exib le cropping 
agenda that is more appropriate 
for the prevailing climatic patterns. 

Direct seeding 
on live cover: 
upland rice on 
Arach is pintoi 
in Mato 
Grosso, Brazil. 

On the left, plot planted by direct seeding 
on crop residue; on the right, disc-ploughed 

plot in Mato Grosso, Braz il. 

They can either increase the area 
planted or branch out into live
stock production or craft activities, 
hence improving their standard of 
living. Mex ico is another con
vincing example: in Jalisco state, 
growing maize by direct seed ing 
on crop res idue mulch gives a 
yield of 1.5 t/ha, 50% higher than 
the figu re for tillage cu lt ivation. 
Rainwater storage is 30% better-
100 mm of rain is sufficient to 
ensure such yields. 

Direct seed ing benefits the env i
ronment in two ways: it stalls ero
sion and reduces the risk of pol
lut ion by recycling nutrients and 
lowering input use. It also p re
serves biodiversity by reducing 
forest destruction by slash-and
burn agriculture. Direct seed ing 
thus ind irectly helps in overcom
ing the greenhouse effect. Like
wise, abandoning soil tillage sub
stantially reduces organic matter 
breakdown, hence direct airborne 
emission of carbon. This effect is 
further enhanced by keeping the 
ca rbon conta ined in the cover 
crop biomass in the soi I. 

Adapting and transferr ing direct 
seed ing on plant cover to tropical 

countries offers new possibilities 
for reconciling increased produc
tion-a guarantee of food secu
rity-with environmental conser
vation. • 

For further information, contact: 
Cl RAD-CA 
Agrosystems Pmgramme 
BP 5035 
34032 Montpellier Cedex 1 
France 
gec@ci1·ad.fr 
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New methods are 

needed for sustainable 

management of forest 

ecosystems. The main 

lines of current pilot 

projects are established 

through negotiations 

between institutions1 

local communities and 

forestry companies. 

CIRAD participates by 

providing forest 

inventort resource 

management1 and 

silviculture expertise. 

Forest track 
in Madagascar. 



Combining development and conservation 

Tropical 
rainforest 
development 
T he first globa l fo rest 

resources inventory, con-
"' .L ducted by FAO in th e 

1970s, brought world attention 
to the damaged forests. After 

, just half a century of inten
\, sive logg ing, natu ra l fo rests 

·· accounted fo r j ust 10% of 
all fo rests inventoried in the 
tropics. It gradually became 
apparent that these ecosys-
tems had to be sustain

abl y managed . Va rious 
intern at io nal bodies 
and N GOs, backed 
by dono r agenc ies, 
are now urging gov
ernments to imple
ment coherent po li -
c ies in the form of 
forestry development 
p lans. 

recentl y, fo r
est deve lopment 
fo llowing an 

inventory merely meant appl y
ing silvicul tural techn iques in a 
given forest or area with a view to 
ut iliz ing a few species and ensur
ing the i r regenerat ion. Sustain
ab le ecosystem management is 
a much more complex approach, 
ie biologica lly, as tropical forests 
conta in over half of all spec ies 
found worldwide, functionall y 
with respect to usage, as sustain
able forest-use management may 
be out of Ii ne w ith agricu !tu ra l or 
livestock rearing objectives, and 
soc iocu ltu rally, as the economic 
and poli ti ca l situation often 
changes rapid ly, w hich is incom
patib le w ith the time required for 
forest regeneration . 

Pi lot development projects have 
been set up to tack le these 
new issues. CIRAD is help ing 
to develop new socioeconomic 
strateg ies and invento ry, sil
v icu ltu ral and forest resource 

Measuring bark thickness 
on Dipterocarpus confertus in Indonesia 
to assess its saleable volume. 
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management methods, while also 
designing information systems and 
tailoring existing systems to chang
ing needs. 

Understanding ecosystems 
and how they function. The 
resource situation has to be doc
umented before launching devel
opment programmes. Inventories 
are thus conducted: to analyse for
est stands, including the flora and 
fauna ; to determine the socio
economic value of non-wood 
products; and to assess the impor
tance of shifting cultivation, herd
ing and mining for people who 

Undergrowth in Kalimantan. 

depend on these activities. The 
collected data is integrated into 
a geographical information sys
tem (GIS), and can then be 
processed as required on a local , 
national or regional scale. Inven
tories are currently being carried 
out for the first time in several 
African countries. In Gabon, 
CIRAD recently teamed up with 
the national cartographic institute 
to draw up inventory maps, and 
survey methods were developed 
in Cameroon to determine 
forest-use patterns. 

It is useful to know the current 
state of any resource, but it is even 
more important to understand its 
dynamics. CIRAD has collected a 
considerable amount of data in 
silvicultural trial plots and, under 
agreements signed with forestry 
ministries, is building up databases 
and summarizing existing infor
mation-to which forest managers 
are given access. In addition, 
based on results obtained in 
French Guiana, researchers 
recently developed a tool to sim
ul ate and thus better understand 
the dynamics of species utilized 
within complex stands. 

Along the road ... 
mountain forest in 
Cameroon. 

Addressing all stakeholders' 
interests. Once the state of a 
resource and its regeneration 
capacity have been determined, 
the second stage of any develop
ment programme is to set out the 
objectives. This is currently often 
done in conjunction with the dif
ferent stakeholders . Forest use is · 
not the only issue-sustainable 
management has become a mat
ter of international concern. Each 
and every user affects the dynam
ics of the forest that is being tapped 
and should therefore have a stake 
in its preservation . The authorities 
must regulate the system by ensur
ing that all stakeholders' interests 
are taken into account upstream 
via national development policies 
and land-use legislat ion, with a 
view to a fairer distribution of 
resources. 

Rural farmers, who are direct users 
of forest and land resources, 
develop the land to their own 
socioeconomic ends. They plant 
trees of interest for their food and 
pharmaceutical products, fell oth
ers to make fields, consider some 
areas as sacred, and control hunt
ing. These farmers can also trade 
non-wood products for various 
foodstuffs. There can be consid
erable pressure on some of these 
products if the resource area is 
close to an urban centre. New 



therefore cannot be implemented 
without the support of these direct 
users of forests. Transferring forest 
resource management to rural 
communities is a development 
concern. 

Resource-use issues are thus inte
grated in resource management 
objectives, which in turn are 
established through negotia
tions between all stakeholders. 

Loading a meranti log 
in an Indonesian 
timber yard. 

Koompassia 
excelsa, an 
emblematic 

protected 
species in 
Indonesia. 

Pi lot projects 
for the Congo 

basin 
The largest primary forest after the Amazon rain
forest covers a 340 million ha area of the Congo 
basin. It is one of the world's few remaining areas 

of primary forest, and flourishes within the boundaries of six countries: Cameroon, 
the Central African Republic, Congo (Brazzaville), Democratic Republic of the 
Congo, Gabon and Equatorial Guinea. It is shrinking yearly by 0.6%. Several 
pilot projects were recently conducted in this African forest. 

The Dimako integrated management pilot project was launched by the Cameroon
ian government in 7 992, with French Ministry of Cooperation backing-it applied 
to almost half a million hectares of dense rainforest in the eastern part of the 
country. In 3 years of study, commercial species in the five state-run forestry 
units were statistically inventoried and many surveys of farmers were carried 
out to assess their interest in natural resource management. Traditional resource 
use, land ownership rights and areas tapped by two villages were mapped. The 
project is continuing-but is now called Forets et terroirs-as part of the gov
ernment's new forestry policy. 

The EU-funded ECOFAC project was undertaken in six countries. The first 
stage of this wide-ranging project included setting up a regional network of 
protected areas to assess the viability of forest stands and associated fauna when 
utilized by local people. The techniques implemented and results of the differ
ent national trials were exchanged, and local users were associated with the 
work. As part of the project, CIRAD drew up a pilot management plan for the 
Ngotto natural forest in the Central African Republic, in conjunction with 
users, including a private forestry company. 

The Sangha Mbaere pilot forest development project funded by AFO, a French 
development agency, under an agreement signed with the Central African Repub-
1 ic, is being managed by CIRAO. It also involves SESAM, a private forestry 
company. One of the highlights so far has been the development of a tech
nique for the automated design of a logging road system. • 

At Dimako (Cameroon), this 
prompted scientists to test new 
management techniques in corn
pi iance with hunting rights, har
vesting of certain non-wood 
products, and different trees and 
species of economic importance 
for farmers. 

Impact on development. The 
management plan represents the 
last stage of the development 
process, whereby felling and sil
vicultural operations are sched
uled and mapped. The plan is 
based on accurate maps of plot 
boundaries, and serves as a ref
erence for everyone concerned. 
CIRAD researchers have been 
planning silvicultural operations 
under integrated pilot develop
ment projects in the Congo basin 
and Madagascar. 
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In Madagascar, with the support of 
rural communities, they have been 
successfu I in setting up protected 
areas, under a wide range of con
ditions. The chosen sites are sur
rounded by buffer zones devoted 
to production. Management of the 
zones is handed over to loca l 
groups on a negotiated contractual 
basis, following discussions with 
the traditional authorities. 

In addition, the results of assess
ments of specific situations can 
prompt decisions to change the 
minimum felling diameter for a 
given species, depending on its 
abi l ity to regenerate and the envi
ronment. The minimum diameter 
is generally specified in the devel
opment plan for each commercial 
species, and is primarily based on 
its regeneration capacity. CIRAD 
scientists accurately defined these 
general rules, and have developed 
a method in Cameroon for calcu
lating the regeneration time of a 
given species according to its den
sity within a stand and its structure 
relative to trunk diameter cate
gories. 

The responsibility for the future 
of forest ecosystems is thus grad
ually being handed over to forest 
users. However, these systems will 
not be ecologically viable unless 
they are economically worthwhile 
and socially acceptable. • 

For further information, contact: 
Cl RAD-FO RET 
Natural Forests Programme 
BP 5035 
34032 Montpell ier Cedex 
France 
jean-guy. bertau lt@ci rad. fr 
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Although cocoa consumption 
is booming worldwide, producers 
are having problems with ageing 

plantations, disease and pest 

pressure and the need to adapt 
to economic liberalization. 

How will world demand be 
satisfied in 10 years 1 time? 

CIRAD conducted a prospective 
study of the cocoa subsector 

with a view to preempting and 
steering its development 

by centring its research on fostering 

sustainable development. 

Strategic planning 

Possible 
futures 

for the cocoa 
subsector 



Young cocoa trees, Cote d'Ivoire. 

F orecasting 
constructs a future in the 
likeness of the present. On 

the other hand, prospective stud
ies consider that the future may 
be influenced by new trends and 
breaks in existing trends, and that 
it is thus multiple and uncertain. 
Such studies involve imagining 

possible futures, in the form of sce
narios, some of which correspond 
to extreme developments. None 
of the scenarios will actually occur 
as such, but the future should fall 
within the scope of the proposed 
hypotheses. The aim of the exer
cise is to enable stakeholders to 
identify risks, prepare for change 
and act to promote their preferred 
outcomes. 

CIRAD researchers conducted a 
prospective study of the cocoa 
subsector, which is currently 
booming but may be under threat 
from a production shortfall over 
the next decade. They analysed 
past changes and the current sit
uation with a view to pinpointing 
trends and envisaging possible 
breaks. Five factors were identi
fied that, separately or in combi
nation, will have a substantial 
effect on the future of the sub
sector: production factors-land, 
labour and capital-pests and 
diseases, quality, consumption and 
professional organization. 

Production risks. World cocoa 
output was around 2.6 Mt in 1997, 
and the balance between land, 
labour and capital availability will 
determine whether that figure 
increases in the future. For many 
years, plantation renewal was 
mainly achieved by planting 
newly cleared tropical forest land, 
which had considerable assets
excellent fertility, absence of dis
eases, and minimum capital 
requirements. The situation today 
is more complex, and the latest 
cleared areas are less suitable for 
cocoa. The vast majority of cocoa 
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growers are smallholders who 
farm extensively and do not have 
the technical or financial where
withal to renew their plantations. 
By 2010, production might be 
unable to keep pace with demand 
because of a land shortage 
prompted by the need to conserve 
what is left of the forests and by 
competition from other crops. 

Cocoa production is also seriously 
undermined by pests and dis
eases, which are responsible for 
harvest loses of roughly 20% and 
25% respectively. Every cultiva
tion zone has its own specific par
asite complex. In all, over 50% 
of production is assumed to be 
lost each year including the dam
age caused by rodents, monkeys, 
and birds. Attacks are moderate 
on young cocoa trees grown on 
cleared land, but they worsen 
with time . 

The notion of quality encom
passes several features. Some are 
objective and open to compari
son- butter content, microbio
logical load or price-while 
others, such as flavour potential, 
are subjective or cultural. Qual-
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Losses due 
to pests and 
diseases are 
estimated at 
almost 50% 
of the crop. 

Smallholder 
in Chuao, 

Venezuela. 

ity assessments will thus differ 
according to the producer, trans
porter, processor or consumer. 

Some 60% of cocoa consumption 
is concentrated in seven indus
trialized countries. Around 95% 
of processed products are made 
from so-called bulk cocoa, with 
the remainder-made from aro
matic or fine cocoa-reserved for 
a gourmet niche market. Con
sumption is determined by 
income, climate and cultural fac
tors, and the challenge is to iden
tify the development potential. 

Lastly, with market liberalization 
and globalization, public author-

ities are gradually withdrawing 
from subsectors. Exports used to 
be state controlled in the main 
producing countries-cocoa 
prices and volumes were regu
lated and enforced and quality 
guaranteed. Smallholders now 
have to adapt to liberalization of 
subsectors, and their professional . 
organization potential is a major 
challenge-by grouping together, 
smallholders could benefit from 
backup services and have nego
tiating clout, especially regard
ing prices. 

Against this backdrop, what is the 
likely future of the cocoa sub
sector? 

The scenarios. Three 
cocoa subsector scenarios fore
seen by CIRAD. 

The first envisages a continua
tion of current trends. Cultiva
tion on cleared forest land will 
start booming in some areas, 
while production will become 
sedentarized in others . Produc
tion will increase slightly due 
to expansion of the area culti
vated. Diseases will gradually 
spread and boost production 
costs. The market will be domi
nated by bulk cocoa. Production 
and quality will be maintained 
in areas with professional organ
izations or state support, but else
where, output will fall and the 
quality concept will falter. The 
major manufacturers will be 
involved at every stage in the 
subsector, while research will 
focus on flavours and process
ing technologies . 



The second scenario foresees a 
drop in production. Pests and dis
eases will be rife and labour and 
production costs wi ll increase. 
Growers will be forced to aban
don cocoa, and the leading pro
ducing countries will be faced 
with a serious economic and 
socia l crisis. Prices will rise, and 
private research w ill consequently 
focus on developing artificia l 
flavourings and cocoa substitutes. 
Public research w ill grind to a halt, 
having fai led to come up w ith the 
necessary varieties and pest and 
d isease control methods. Manu
facturers will make products con
taining vegetable fats, texturizers 
and artif icial flavourings. Fine 
cocoas will fetch high prices from 
a very exc lu sive group of con
sumers. 

The third scenario envisages sus
tainable development of the sub
sector. Cultivation wi ll become 
sedentary and intensive. Planta
tions will be regenerated. Diseases 
will still be prevalent, but they wi ll 
be kept under contro I by 
using techniques and var i-
eties developed by pub- -
lie and private research 
bodies. Production will 

Cocoa drying 
in Cote d'Ivoire. 

-----

Cocoa trees 
in dense 

rainforest, 
Venezuela. 

A brief look----
at the cocoa 

subsector 
Cocoa is 
grown on 
someSMha 

of land in the humid tropics, with a 
total market of some FF 16 billion. 
Almost 90% of production comes from 
smallholdings of under 5 ha. Cocoa 
was first cultivated in Central Amer
ica, but is a relative newcomer to 
Africa, where it was introduced at the 
end of the 19th century. Since the 

1970s, cocoa cropping 
has developed in Indone
sia and Malaysia, but the 
market is still dominated 
by Africa, which accounts 
for 65% of production vol
umes, with 40% coming 
from Cote d'Ivoire. 

Bulk cocoa comes prima
rily from Forastero trees, 
and fine cocoa from 
Criollo, Nacional or Trini
tario varieties. Farmers 
ferment and dry the beans 
to make merchantable 
cocoa, which is bought by 
traders, transported and 
sold to grinders who make 
semi-manufactured prod
ucts-liquor, butter, press

cake, and powder-intended for 
chocolate manufacturers and confec
tioners. In recent years, grinders have 
been buying out trading firms and 
installing factories in producing coun
tries. • 

increase sl ight ly as a result 
of intensification. The market 
share of fine, organ ic or spec i
fied origin cocoas wi ll grow 
to around 10-1 2%. Demand 

for bulk cocoa will also 
increase, particularly 
in producing countries, 

and bu lk cocoa will be subjected 
to quality control. Professional 
organizations will supply inputs 
and var ieties and take over qual
ity control and price negotiation. 
This scenario wou ld serve the 
interests of all the stakeho lders 
in the subsector- CIRAD and sev

era l of its partners therefore intend 
to steer their research efforts in 
that direction. 

Guiding future trends. 
Sustainable development of the 
cocoa subsector means finding 
ways of replanting or regene
rating existing plantations. This 
would secure suppl ies, sedenta
rize cultivation and planters and 
preserve the remaining forests. 
More effective pest and disease 
contro l methods have to be found 
and tailored to every cu lt iva
tion zone, notably by developing 
more resistant varieties-in some 
cases by genetic modification. 
Crop management sequences and 
processing technologies geared 
towards guaranteeing cocoa qual
ity shou ld also make planters' lives 
easier and keep costs down, thus 
ensuring that production remains 
profitable. Forest management 
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policies cou Id al low for environ
ment-friendly cocoa cultivation in 
some areas. 

Nevertheless, producers still need 
to have access to the varieties and 
technical guidelines developed by 
the research sector. Against a back
drop of market liberalization, pro
fessional groups can provide sup
port, quality control services, 
credit and supplies. The public 
authorities still need to play a reg
ulatory role, through economic 
and forest management policies, 
but they can also support pro
ducers through legislation, fiscal 
policy and subsidies. Manufac
turers also have a decisive role 
to play in the chocolate market, 
particularly in opening chocolate 
consumption to a larger number 
of countries and promoting fine 
or speciality chocolates aimed at 
niche markets. • 

For further information, contact: 
CIRAD-CP 
Cocoa Prog1·arnrne 
BP 5035 
34032 Montpel lier Cedex 1 
France 
cacao@c i rad. fr 
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Catfish reproduction 
in the Mekong 
In 1995, a Franco-Vietnamese team achieved a world 
first by successfully breeding the ea ba sa-the Mekong 
catfish- in captivity. Under carefully chosen conditions 
and with close monitoring of genitor maturity, scientists 
from CIRAD, !RD and the University of Can Tho were 
able to develop techniques for collecting male and 
female gametes. The eggs were then ferti I ized and the 
fry reared in a controlled artificial environment. The 
Agifish company is developing this technique on an 
industrial scale in Vietnam. Now that the ea ba sa can 
be reared artificially, capture of fry in the natural envi
ronment to meet the growing demand of fish farmers 
(around 50 million fish/year) is no longer necessary. 
This new technique also offers attractive prospects for 
genetic selection and improvement in a subsector that 
accounts for one quarter of all farmed fish consumed 
in Vietnam. • 

Biofuels: two industrial 
applications in Ouvea 

A ea ba sa genitor. 

The 4 OOO inhabitants of Ouvea, a small coral island of 
New Caledonia, should no longer be faced with fresh 
water shortages. In February 1 999, a new power gen
erator running on coconut oil , designed by CIRAD and 
assembled by Energie Relais de Chartres, was installed 
at the island's seawater desalination plant. It has an oper
ating autonomy of one week, sufficient to cover all emer
gencies. This is the second industrial application of a 
biofuel on Ouvea. The first generator of this type was 
supplied to the island's cooperative for a coconut oil 
plant in 1995. Coconut oil is available locally, has the 
same properties as diesel and emits fewer atmospheric 
pollutants. The two generators consume 120 t of oil each 
year, ie around 40% of the island's production. CIRAD 
is soon to deliver two similar systems to Fiji, with the 
support of the Secretariat of the Pacific Community and 
Loyalty Islands province. One will supply electricity to 
three villages on Vanuabalavu while the second, on Tave
uni, will supply a village and a small oil plant produc
ing coconut oil, half of which will be used to produce 
electricity for local inhabitants. • 

Low-impact 
forestry 
How can we continue to make use of 
the world's forests without destroying 
them? CIRAD has developed a pre
ventive approach based on low-impact 
forestry methods. It involves accurate 
continuous planning of logging and 
hauling operations. One year before 
harvesting, the zones concerned are 
identified and maps are drawn up. 
These maps pinpoint trees to be felled, 
those that are unfit for sale, in addi
tion to young trees, and secondary and 
protected species. Each tree is marked 
clearly in the field. The protected areas, 
along with important topographical 
information for the routing of tracks · 
and roads- steep gradients, streams 
or marshy land- are all identified. After 
integration in a geographical informa
tion system (GIS), this data is used 
before harvesting to optimize the skid
trail and road network, to define the 
direction that each tree will be felled 
and the machinery required to mini
mize losses. It is even possible to deter
mine the location of log yards and mod
ify the main and secondary road system. 
The impact on operating costs is sub
stantial. Economic studies on this ques
tion are under way. II 

Diversification 
and intensification 
in northern Thailand 
How is the risk of erosion on sloping 
land affected by the rapid diversifica
tion of rainfed crops? In the highlands 
of Thailand, crops grown in the Paka
sukjai and Mae Salaep watersheds are 
being integrated into the cash econ
omy. Commercial production of annual 
cash crops and vegetables is develop
ing. Pressure on land is increasing, while 
the size of plots and the duration offal
lowing is decreasing. At the same time, 
production of upland rice for local con
sumption is in decline. These changes 
are affecting erosion patterns, a major 
problem in this region of heavy mon
soon rains. In collaboration with !RR! 
and regional universities, CIRAD has 
developed a method to assess the effects 
of these changes . It is based on agri
cultural surveys performed on farms 
in 1990 and 1994-95, integrating risk 
indicators such as angle and length of 
slopes, plant cover and delimitation of 
critical periods, fol lowed by a spatial 



analysis of the changes observed . The results show that 
diversification and intensification have reduced overall 
erosion risks. However, steep slopes are rendered frag
ile by high value cash crops and upland rice fields. Rec
ommendations have been drawn up for farmers on the 
basis of this work. The method also promotes constructive 
dialogue between farmers and authorities. • 

Mountainous drainage basin 
in Thailand's northern border region. 

Understanding climatic data for 
better crop management 
In recent years, growth in Indonesian agricultural pro
duction has been slowing down. In order to increase 
and diversify their yields, farmers are now using fragile 
land to grow rainfed or out-of-season crops at increased 
climatic and economic risk. The Kali Garang pilot proj
ect was set up in 1996 by the Center on Soil and Agro
climate Research, the province of Central Java and CIRAD 
to combat flooding and drought problems. A high water 
forecasting system was validated in the Kali Garang 
drainage basin and will serve as a basis for a future early 
warning system. The project team has also set up a 
plot monitoring network to record sowing dates, vari
eties, soil characteristics, etc., and has validated water 
balance models developed by CIRAD in Africa. It is now 
possible to quantify additional irrigation requirements 

in the region. The Agribusiness proj
ect was launched in 1999 on the basis 
of this pilot project. Via a network of 
agroclimatic and hydrological stations, 
it will provide farmers in five high-alti
tude regions with essential data for rain
fed crop management. CIRAD is 
involved with this project in collabo
ration with Cimel, a French meteoro
logical equipment supplier. • 

Smallholdings and 
agroecology in Nordeste 
In the semi-arid Nordeste region of 
Brazil, Agreste de la Paraiba has been 
faced with a major problem of declin
ing yields in traditional cash crops (cot
ton, sisal) and decreasing soil fertility. 
Capital and technical support are in 
very short supply, but traditional small 
farms are still managing to survive. Inno
vations are being adopted on small
holdings based on mixed-crop farming 
and livestock production-with exten
sion via proximity relations. Aspta, a 
Brazilian NGO, and CIRAD are pro
viding support to groups of pioneer 
farmers seeking to improve soil fertil
ity and introduce new crops (yam, 
peanut). Several systems are being tested 
to enhance soil fertility: intercropping 
and associated crops, qu ickset hedges 
of legumes, green fertilizers, and organic 
potato production. These tests were 
designed collectively on the basis of a 
per-farm biomass flow model. The com
munities manage and disseminate their 
innovations, which include municipal 
manure banks, common silage pro
duction, and seed banks. In support of 
these activities, CIRAD is coordinat
ing a research programme at the Fed
eral University of Paraiba on the role 
of farmers' organizations and institu
tions in local management of innova-

tions . It is involved in the university cur
ricula and in creating a PhD programme 
on regional development. • 

Crop diversification 
in les Hauts de la Reunion 
Les Hauts province in Reunion is a nar
row, isolated region of sloping land, 
severely eroded by tropical rains and 
unsuited to conventional farming prac
tices . Traditional crops- geranium, sug
arcane-are in decline, due to weak 
market organization, decreasing land 
and labour productivity, an unfavourable 
climate and poor soil. In this region, 
CIRAD aims to provide farmers with sus
tainable production systems and more 
diversified crops. With the help of farm
ers and development stakeholders, 
CIRAD is renewing its expertise and 
research support, through local surveys 
and analysis of farmers' projects. At the 
same time, CIRAD teams are propos
ing alternatives to current practices, test
ing systems based on direct seeding 
under live or dead plant cover, and on 
agroforestry. Technical solutions are 
being introduced to maintain or restore 
soil fertility, reduce labour and inputs 
and ensure that farmers get the most out 
of a working day. New, higher value 
crops such as endives and asparagus, or 
species that are well suited to the phys
ical environment, such as strawberry 
guava, cabbage tree and passionflower, 
are being tested under local conditions 
to establish essential technical refer
ences. The agricultural and economic 
results achieved so far are encouraging 
and have aroused farmers' interest in 
these crops. • 

Passionflower, a plant well suited 
to the environment in Reunion. 
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Stakeholder 
strategies 

The South is in the throes of 
profound social change. With 

trade I iberal ization, government 
withdrawal from agricultural 

services and growing urbanization, 
the agricultural sector is enhancing 

its development potential by 
restructuring and reorganizing 

its activities. New stakeholders 
are emerging and research 

collaborations are being set up 
with partners in many subsectors

from agrifood firms to producer 
associations. The single common 

aim is to help all stakeholders 
make the right decisions. 
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A new variety 
developed 
by CIRAO, 
resistant to 
Cercospora 
diseases, 
will reduce 
the number of 
fungicide 
treatments. 

Dessert bananas represent the world's 
second-ranking fruit crop. 

D essert 
bananas 
rank sec

ond on the world 
fruit market, behind 
oranges and ahead of 
grapes. With 57 million t 
produced in 1997, this crop is 
a major source of income for 
many African, Latin American, 
Caribbean and Pacific coun
tries. The European Union is 
the world's largest importer, 
accounting for one-third of the 
banana trade, and has prefer
ential agreements with 70 ACP 
(African, Caribbean, and Pacific) 
countries. 

Intensive banana monoculture 
calls for major capital outlay 
and taps a narrow genetic base, 
with three Cavendish varieties dominat
ing the market. To obtain suitable yields, 
these varieties require frequent human 

Meeting consumer demand 

Fair trade 
bananas 



Cable transport of banana hands on an industrial plantation. 

The fair trade banana concept launched in Europe in 1997 to promote 

the production and marketing of environmentally friendly and economically 

equitable bananas, is making headway. Opting for quality rather than 

quantity represents an economic challenge for all growers. Reform of 

this kind must be supported by appropriate environmental monitoring 

and protection, pest control, legal measures and awareness campaigns. 

In the French West Indies, CIRAD is developing more d iversified 

nonpolluting production methods. Several crop management sequences 

are now being successfully applied under a wide range of conditions. 
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Fair 
trade The fair trade concept, first introduced 

in the 7 960s with craft products, now 
encompasses coffee, cocoa, dried fruit, honey, bananas, 
rice and orange juice. It is based on four criteria: direct 
purchase from the producer whenever possible, a price 
that guarantees decent living standards, credit 
allowances for producers, and long-term contractual 
agreements between Northern and Southern partners. 
No environmental requirements, such as those applied 
to 01ganic farming, have yet been defined by the Euro
pean Union. This specialized subsector includes pro
ducer associations, importers and distributors. Tradi
tional distributors are also involved. A number of 
certification bodies have been set up since 7 980. Three 
of them (Fair Trade Mark, TransFair and Max Havelaar) 
work together in Europe under the umbrella of the fed
eration of labelling organizations, which manages the 
international registers of producers and importers for 
each product. • 

intervention, large doses of fertil
izer and above all pesticides. Full 
compliance with standards and 
strictly controlled use of inputs are 
therefore essential to limit 
environmental impact and ~ 
the threat to human ·~ ·
health. Nondegradable 
waste, by-products and ~1~ililllili 

packaging station effl u- 1 

ents are additional 
sources of pollution. 

Some firms, under pressure 
from NGOs, trade unions and · 
consumers, are promoting 
a more positive image for 
banana production. In 1997, the 
Max Havelaar independent foun
dation suggested implementing 
the fair trade principle for bananas, 
as had already been done for cof
fee and cocoa. A European Union 
consumer survey revealed that 
there is a real demand for fair trade 
bananas, with a market potential 
of 300 OOO to 400 OOO tin Europe, 
alongside the 4 million t already 
imported. CIRAD is promoting 
this trend by providing scien
tific expertise, based on its exten-
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A hand of 
Fehi bananas, 
popular 
in the Pacific 
region. 

sive research experience in the 
Caribbean since the 1970s. 

Making a healthy start. 
Every stage counts in the produc
tion of healthy bananas. For exam
p I e, parasite infestation can be 
reduced by interrupting the pro
duction cycles. In the West Indies 
and Africa, CIRAD has shown that 
soil quality can be improved by 
fallowing and rotating crops. No 
nematicide treatments are required 
for 2-3 years if parasite-free micro
propagated plantlets are used as 
planting material. Through regu
lar cycles of fallowing followed 
by planting of micropropagated 
plantlets, it is even possible to 
do away with pesticides alto
gether while keeping pest and 

pathogen populations down to 
acceptable levels. The plant 
root systems are more effi-

cient, thus indirectly 
reducing fertilizer con-

"' sumption. Research is 
also focusing on ways to pre
vent viral disease during in
vitro plantlet production. 

Soil structure can be preserved by 
drainage, tree planting on non
cultivated slopes and use of the 
revolving mulcher developed by 
CIRAD, while cover vegetation 
and composts with high organic 
matter content help maintain fer
tility. Planting grass along the 
edges of plantations limits the dis
semination of toxic chemicals. Fer
ti I izer applications can be pro
grammed according to rainfall and 
other factors linked to soil and 
weather conditions, thereby Ii m
iti ng the quantities required. 

The use of natural ropes and 
biodegradable or photodegrad
able bags limits waste buildup in 
the environment. 

Further upstream, problems of par
asite infestation could be reduced 
by broadening the genetic base of 
cultivated banana varieties. CIRAD 
is planning to disseminate three 
hybrid varieties resistant to black 
and yellow Sigatoka disease. 
These new varieties could help 
diversify production and even 
replace Cavendish varieties under 
certain conditions. New niche 
markets could also be developed 
with little-known varieties that are 
appreciated for their flavour, shape 
or colour. They should meet fair 
trade production requirements
but these have yet to be scientif
ically defined. 

Forewarned 
is forearmed. CIRAD has devel
oped forecasting and prevention 

Discarded plastic bags 
and tree stalks pile up 

around the banana 
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I 
A wide range of local varieties are consumed 
on domestic markets. 

Contrc1stin1~ 
bclnc11lc.1 produc 1,011 

methoclc, throughoul 
the worlc1 

In the West Indies, 
more than 90% of 
banana planta
tions are smaller 
than 5 ha. They 

employ a large labour force of family members and 
use fewer inputs than large plantations. The generally 
mountainous topography makes it difficult to apply 
economies of scale, as the sloping ground is fragile 
and pollution may spread rapidly to the many rivers 
and then into the sea. Yellow Sigatoka disease is wide
spread and black Sigatoka has now reached most 
Caribbean countries. In the French West Indies, banana 
production, like all other activities, is under French 
jurisdiction. Caribbean production, if well managed, 
is competitive on world markets. 

In Latin America, large banana plantations of up to 5 
OOO ha cover the vast fertile plains. Banana produc
tion on this scale calls for major road networks, irri
gation and drainage systems, cable transport for banana 
hands, pumping stations, packaging plants, etc. In this 
environment, pathogens pose a major threat and large 
quantities of pesticides are applied. Low labour costs 
and industrial working methods reduce production 
costs. 

In Africa and the Pacific region, a variety of produc
tion methods are implemented. Alongside the estate 
plantations in Cote d'Ivoire and Cameroon, large num
bers of family smallholdings often intercrop banana 
with coffee, food or root crops. Small producers in cer
tain African countries also export their production to 
the world market. • 

methods that enable growers to 
take prompt action whenever nec
essary, thus enhancing water, fer
tilizer and pesticide management. 

Biological and climatic descrip
tors have been developed to mon
itor the spread of Cercospora dis
eases in the West Indies and 
Africa, enabling growers to decide 
on a weekly basis whether or not 
to treat their plantations. The use 
of persistent systemic fungicides 
mixed with fungistatic mineral oils 
prolongs the efficacy of treatments. 
Systematic weekly treatment of 
plantations is no longer necessary 
and 4 to 1 2 treatments per year 
are often sufficient. Rational con
trol techniques, combined with 
preventive cropping methods, can 
reduce the quantity of active 
chemicals applied per hectare by 
95%. 

For nematode control, nematicide 
use can be reduced by regular 
monitoring of populations and 
banana tree roots. Nematicides 

are now applied in conjunction 
with fallowing and crop rotations 
to limit the development of resist
ant strains. The use of rational 
application methods with slow
release pesticides can reduce 
intoxication risks, crop yield losses 
and the presence of polluting 
residues in runoff. 

Traps are used to monitor weevil 
population dynamics. Treatment 
frequencies can be reduced by 
evaluating damage caused by lar
vae in the field and setting thresh
old levels. 

Nonchemical control methods 
can be effective under some local 
conditions. At present, CIRAD is 
studying the efficacy of using 
mycorrhizal root symbionts in 
association with micropropagated 
plantlets and a range of cover 
plants during fallow periods. 

By-product recycling . 
Banana plantation waste recycling 
will help eliminate uncontrolled 
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dumping of banana rejects and 
tree stalks . CIRAD is studying the 
taste and nutritional quality of 
reject bananas, which are some
times used as livestock feed or for 
making banana chips and purees. 
The stalks can be reused in the 
plantation or composted, along 
with the rejects. Waste water and 
traditional plastic materials from 
the packaging stations can also be 
recycled. In addition, the use of 
compacting skips for plastic waste 
is worth promoting. 

Quality control could be pro
gressively introduced at al I stages 
and guaranteed by a fair trade cer
tification system and label to ben
efit consumers and the environ
ment. This must nevertheless be 
combined with appropriate aware
ness campaigns and training ini
tiatives for those involved in 
banana production and market
ing, including the consumers 
themselves . • 

For further information, contact: 
CIRAD-FLHO R 
Banana and Planta i 11 Programme 
BP 5035 
34032 Montpel I ier Cedex 1 
France 

· dhel lemrnes@c irad .fr 
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Partnership management 

Supplying 
fuelwood 

to towns 
and cities 

In Sahelian Africa, fuelwood harvesting on the outskirts 

of towns and cities is degrading the natural environment, 
but these resources are still more than sufficient to meet 
urban demand. CIRAD and its associates, the Seed and 

Marge consulting firms, have convinced their institutional 
partners that fuelwood resources can be rationally 

managed when rural communities are actively involved. 
The method they are advocating is based on development 

plans negotiated between all stakeholders . 
and managed by local structures. :..,,., 

\ ' .: 



I n developing countries, fuel
wood is by far the most impor
tant domestic energy source. 

There is generally enough wood 
in the vicinity of villages to satisfy 
rural demand, whereas harvesting 
areas around towns and cities are 
tapped by both city dwellers and 
rural inhabitants. Highly efficient 
informal structures supply urban 
markets with fuelwood at low cost, 
despite the low 1-2 week stock 
turnover time. Urban fuelwood 
supply subsectors have developed 

.. 
STRATEGIE ENERGIE DOMESTIOUE 
CEllULE COMBUSTIBLES LIGNEUX 
NARGHE RURAL OE BOit O!HlllAGE 

DE SANKAMA 
ARRONOISSEMENT OE KOUROUBA 

1 CERCL~ DE KATI 

with specific operators and distri
bution networks. They generally 
focus on utilizing natural resources 
from areas with easy, uncon
trolled access. However, spiralling 
demand is resulting in rapid and 
sometimes irreversible environ
mental degradation . 

In the 1970s, a new cycle of 
drought highlighted the impact of 
this process in Sahelian Africa. 
The situation was exacerbated by 
the oil crisis which tripled the price 
of crude oil, affecting poor coun
tries most severely. By analogy, 
the "fuelwood crisis" concept was 
coined-but the problem is essen
tially an issue of resource man
agement. 

CIRAD and its partner Seed have 
soughtto convince political lead
ers that natural fuelwood pro
duction around towns and cities 
is more than sufficient to meet 
demand. Rather than investing 
in plantations, more rational 
harvesting methods should be 
adopted. Peri-urban fuelwood 
resources could also be preserved 
by getting supplies from more 
remote or less accessible zones 
and promoting alternative sources 

Fuelwood 
cart in 
Burkina Faso. 

A rural 
market in 
the Bamako 
region, Mali. 

of energy that are more suited to 
urban I ifestyles. Collaboration is 
essential in dealing with these 
issues as they concern both 
forestry and energy policies, which 
are generally handled by two sep
arate administrative bodies. 

Fundamental reform. 
The crisis in the 1970s provided 
an opportunity for forestry admin
istrations to review their organi
zational options. In many Sahe-
1 ian countries, such as Niger and 
Mali, that inherited centralized 
systems from their former colonial 
governments, local people were 
not involved in forest resource 
management. The forestry admin
istrations deliver cutting permits 
to anyone who so requests in 
return for a fixed payment. This 
permit entitles holders to col
lect or cut wood wherever they 
wish. Traders and transporters 
tap fuelwood resources along 
main roads within a 100-200 km 
radius around towns and cities, 
with wholesalers taking teams of 
city-dwelling woodcutters into the 
forest by truck and bringing them 
back with harvested wood. Gov
ernments are unable to control 
the quantities of wood harvested. 
When pressure on resources 
becomes too high, rural com
munities are powerless to prevent 
degradation of their land by out
side agents. 

Niger, supported by donor agen
cies, was the first country to imple
ment institutional and tax reform 
in this area. This new "domestic 
energy strategy" is coordinated by 
CIRAD and Seed. The experience 
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acquired in Niger should later ben
efit other countries such as Mali 
and Madagascar. 

This reform is based on the devo
lution of responsibility for forest 
resource management to rural 
communities. It involves devel
opment of rural markets, ie fuel
wood trading posts managed by 
local state-approved structures . 
This wood is harvested in a spec
ified local forest and then sold in 
the rural markets. The forestry 
administration concludes an 
agreement with the market man
agement structure, which sets an 
annual fuelwood harvesting quota 
for the local forest according to 
its regeneration capacity. The for
est management regulations, 
which vary in complexity, define 
the structure and organization of 
supervised or controlled rural mar
kets. 

Differential taxation . The new 

Loading 
a trailer by 
the roadside 
in Mali. 

tax policy is aimed at 
encouraging traders 
and transporters to 
obtain their sup
plies from rural -
markets. The 

Cooking 
on a wood fire. 

new differ-

ential tax system is no longer 
based solely on the quantities cut 
but also on the fuelwood origin 
and quantities hauled into town. 
Anyone harvesting fuelwood 
or charcoal for urban consump
tion must pay a tax. The tax rate 
induces traders as a first choice 
to get their supplies from pri
vate forests, secondly from con
trol led rural markets, and lastly 
from supervised markets. Wood 
from all other origins is taxed at 
a more dissuasive rate. The tax 
also favours trading of fuelwood 
from remote forests. Wood from 
managed forests located 80 km 
from Niamey, for example, thus 
becomes less expensive than 

wood harvested without control 
just outside the city. Rural com
munities receive a large share of 
the tax income. 

This tax system also fosters the use 
of other energy sources. Tax rates 
can be lowered for alternative 
energy sources that the govern- . 
ment wishes to develop, such as 
butane in Senegal or kerosene in 
Niger, which is easy to obtain from 
neighbouring Nigeria. 

Promoting alternative 
energy sources. The authorities 
are promoting alternative energy 
sources to meet changes in urban 
consumers' requirements. For 

After Niger, 
Mali, and 

Madagascar 
The first domestic energy project was launched in Niger 
in 1989. This project, named Energy II-Domestic Energy, 
was financed by Denmark and coordinated by the World 

Bank until 1996. Government services took over the project in 1989, sup
ported by the Seed consulting firm and CIRAD. Around 100 rural markets have 
been set up, all of which are still operational despite a temporary halt in the 
project. In urban areas, domestic kerosene has become a popular alternative 
fuel for cooking. 

In Mali, the domestic energy strategy was adopted in 1997. Resource manage
ment raises more complex problems in Mali since the fuelwood supply areas 
of several cities1 including Bamako, overlap and priorities differ. Inhabitants of 
the capital are irreversibly converting to charcoal as a fuel source and forestry 
resources are subject to differential taxation-which favours fuelwood in cer
tain zones and charcoal in others. An interministerial committee is examining 
how best to manage supply zones shared by several cities. As part of a project 
launched 2 years ago, several rural markets are being created, with around 
30 applications for approval now being processed, the aim being to create more 
than 250 rural markets in all. It is financed jointly by the Global Environment 
Facility and Dutch cooperation agency. 

As of 1999, the World Bank will fund the integrated pilot project for the fuel
wood supply area of Mahajanga, a coastal town in Madagascar. In this project, 
CIRAD is collaborating with Marge and FOFIFA. Plans to develop this supply 
area should take the environmental diversity into account: a treeless irrigated 
plain with ricefields, a protected forest of special environmental interest, the 
Betsibkoka river mangrove swamps-whose trees make very poor charcoal unlike 
those of the Mahajamba river. Moreover, a shrimp farm will soon be set up on 
Mahajamba river. Lastly, on the limestone plateaux, inland valley forest resources 
can be harvested if the necessary access infrastructures are developed. • 



Carbonization pit in the highlands 
of Madagascar. 

example, there is growing urban 
demand for charcoal in most Sahe-
1 ian countries. The switch from 
fuelwood to charcoal means a two 
to threefold increase in the amount 
of wood harvested. The efficiency 
of the carbonization process must 
therefore be improved. In Mali, 
the focus is o n developing the 
"Casamance" technique, while in 
M adagascar a smal l-scale study 
revealed that the efficiency of the 
process can be improved simply 
by increasing the size of car
bonization pits. The government 
is encouraging private companies 
to sell energy-efficient hearths and 
stoves tailored to household needs 
and budgets. 

A stakeholder-negotiated 
development plan. As part of 

a programme to develop the fuel
wood supply sector, CIRAD and 
associates are drawing up a com
prehensive plan to enhance urban 
supply in collaboration with gov
ernments and rural communities. 

Fuelwood harvesting management 
plans take local customs into 
account. The land is divided into 
plots in preparation for the silvi
cultural work. Profits from firewood 
sales are put towards community 
projects- vill age pharmacies or 
grain stores, building renovations, 
roads, wells, etc.-and to fund 
forest regeneration or replanting 
projects. For this system to run 

Grinding 
wheel and 
charcoal 
sacks in 
the bush, 
on the road 
to Banamba, 
Mali. 

Djenne 
market, Mali. 

smoothly, development expend i
tures must not exceed income from 
fuelwood sales. 

Forest management is thus based 
above al I on the rights and cus
toms of rural communities, not sim
ply on silvicultural criteria . The 
limits of harvested areas are 
recorded and recognized by all 
stakeholders. Rural markets legit
imize customary rights and pro
vide a contractual framework for 
the devolution of forest manage
ment responsibility to those w ho 
cross them daily. They also fulfil 
the needs of the authorities, who 
are thus able to finance and imple
ment their projects on a large scale. 

Research scientists can devise 
methods and tools for the creation, 
negotiation and implementation 
of these forestry policies. The inter
ests of all stakeholders have to be 
understood to ensure long-term 
sustainab le management at all 
decision-making levels, and to 
faci I itate the design of effective 
institutional, legal and tax instru
ments. Development techniques 
must also be simplified to bring 
costs into line w ith local differ
ential taxation income. In Niger, 
a balance has been ach ieved by 
reduc ing these costs to around 
CFA 3000/ha (EUR 4.6) . • 

For further information, contact: 
Cl RAD-Foret 
Natural Forests Programme 
BP 5035 
34032 Montpel lier Cedex 1 
France 
alai n. bertrand@ci rad. fr 
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Growing urban populations in Africa represent 

a vast potential market for local food crops, 

provided that stable processing transport 

and marketing networks can be established 

between rural and urban areas. Before enhancing 
crop production, farmers must be sure that profitable 

market outlets exist. Meanwhile, urban consumers 

want affordable products which correspond 

to their eating habits. Surveys by CIRAO 
and partners in three western African countries 

have shown that the yam market can be 

broadened by processing these tubers into sundried 

chips, to the benefit of producers 

and urban consumers alike. 

Enhancing the value of food crops 

Yam chips 
for urban 

markets 
- 38 

I n the Gulf of Guinea region, 
yams are traditional crops with 
a total annual production vol

ume of 30 million t. Both rural 
and urban dwellers are very fond 
of this tuber, which they use 
in many dishes and recognize for 
its nutritional and dietary quali
ties. Yam is generally eaten fresh . 
as a pounded paste, or in boiled, 
braised, or fried chunks. In some 
production zones, yams are 
processed by a traditional sun
drying method which enables 
farmers to recover damaged or 
rejected tubers . Dried yam chips 
are crushed and ground into flour 
to make an elastic dough called 
amala or telibo-wo. 

This traditional processing method 
has become popular over the last 
15 years in southwestern Nigeria, 
Benin, and to a lesser extent in 
Togo. In these countries, chips are 
progressively replacing fresh 
tubers on the urban yam mar
ket. With the growth in 
urban demand, yam 
chip production-orig
inally a domestic practice .-
for family consumption H . 
only-has developed f 
considerably on a corn- r · 
mercial scale. 

Following the spon
taneous development 
of this sector in 
Benin, CIRAD, in 
partnership with FSA-
UNB, the agricultural science fac
ulty of the National University of 
Benin, the National Root Crops 
Research Institute (NRCRI) in Nige
ria, and the Togolese agricultural ~ .... 



research institute (ITRA), and with 
funding from the French Ministry 
of Foreign Affairs, analysed the 
yam chip production sector to esti
mate its importance and to assess 
its strengths and weakness at all 
stages of production. A range of 
criteria-varieties, cropping sys
tems, processing, marketing, and 
consumption-were taken into 
account to determine whether sim
ilar systems could be adopted by 
other yam producing countries. A 
team of agronomists, engineers, 
nutritionists and socioeconomists 
was set up to conduct surveys 
in Benin, Nigeria, and Togo. They 
focused on three categories 
of stakeholders: producers and 

processors, wholesalers 
and retailers and 
urban consumers 
(housewives and 
restaurants). The 

that development of this sector 
could be attributed to a combi
nation of three main factors: urban 
demand, a favourable set of cir
cumstances (an opportune period 
of dry atmosphere for quick yam 
drying, combined with a conven
ient transportation network), and 
upscaling of a domestic process 
to meet commercial production 
requirements. 

Drawbacks of fresh 
tubers . Early maturing large tuber 
varieties (Oioscorea cayenensis 
rotundata) are preferred for the 
preparation of pounded yam, 
by far the most popular yam dish 
in western Africa. These varieties 
require very fertile soil and are 
generally planted on land cleared 
by slash and burn methods. How
ever, such cropping systems 

are detrimental to the natu-
ral environment, especially 
when fallow periods are 
reduced due to a shortage 
of land . It is therefore 

Large tubers 
and fresh 
kokoros 
for sale 

in Benin. difficult to increase or in some 
cases simply to maintain pro
duction levels with these vari
eties. Moreover, the tubers can
not be kept for more than a few 
weeks after harvesting. If no sta
b i I izati on processes are used, 
50% of the crops may be lost 
within 6 months due to rot or 
germination. This explains the 
volatility in fresh yam prices over 
the year. For example, prices may 
vary by two to sixfold in Benin. 

Peeling 
kokoros 
before 
processing. 

Lastly, the high water content and 
fragility of fresh tubers affects 
transport and marketing costs. For 
urban consumers, yam is there
fore a fairly expensive product 
compared to other starchy foods 
such as cassava or cereals . 

The advantages 
of yam chips. Farm surveys 
conducted by CIRAD and part
ners revealed that the most pop
ular chips are made from late 
maturing varieties of Oioscorea 
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cayenensis rotundata, which 
produce large numbers of small 
tubers. These tubers-5 to 1 0 per 
plant-have a relatively high dry
matter content (around 40%) and 
tolerate poorer soil conditions 
than the large tuber varieties. Sin
gle-harvest yields are satisfactory, 
even without staking or applying 
chemical fertilizers. Average 
yields of 1 5-1 8 t/ha, higher than 
those of other varieties, have been 
obtained in Benin. In Benin and 
Nigeria, they are called kokoros 
whereas in Togo they are known 
as alassoras or kokos. Kokoros 
can be cultivated on the same 
plot for several years in rotation 
with cereals, which means that 
they are better suited to settled 
farming practices than the large 
tuber varieties. They are also deli
cious when eaten fresh, espe
cially pounded. Even beyond 
their chip production potential, 
kokoros have many agricultural 
advantages over the large tuber 
varieties. 
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Parboiling 
of peeled 
kokoros . 

Drying 
kokoros in 
the field. 

Chip production is relatively sim
ple. It calls for no major invest
ments and provides an effective 
means for producers to boost the 
value of their crop. Yam chips are 
stabilized products with a mois
ture content of around 12%, and 
can be kept for up to a year when 
stored under insectproof condi
tions . They are cheaper to trans
port than fresh tubers and are not 
damaged by handling. Urban 
markets can be supplied with 
yams throughout the year-mar
ket prices for chips are relatively 
steady and well below those of 
fresh yams (for an equivalent dry 
matter content). In the hard, dry 
chip form, yams are competitive 
with respect to other starchy 
products. Moreover, yam chips 
can be used in a variety of new 
ways. The flour can be turned into 
granules or mixed into biscuits, 
baby foods, etc. Small companies 
are already developing new prod
ucts based on yam chips. In 
Benin, for example, the produc
tion of wassa-wassa yam chip 
flour granules, prepared in the 
same way as semolina, is an 
emerging small-scale industry. 

A popular 
product. CIRAD 
and partners sur

veyed housewives 
~ and restaurants in 

Lame (Togo), Coto
nou (Benin) and five 
cities in southwestern 
Nigeria-Lagos, . 

lbadan, lfe, Abeokuta, 
and llorin. They com

pared the consumption of 
amala, the most common dish 
prepared from yam chips, with 
that of dishes made from fresh 
yams and other starchy products . 
In all three countries, amala is 
appreciated for its taste and nutri
tional qualities, but also because 
it is easy to cook and adds vari
ety to meals. It is not seen as a 
substitute for fresh yams, but as a 
quite separate type of food. Its 
year-round availability is also 
highly appreciated. 

Amala has become the main sta
ple food in the cities surveyed in 



southwestern Nigeria. In Coto
nou, it is used more often than 
fresh yams. Maize, rice and cas
sava are the main staple foods, 
and yam chips are used to add 
variety to menus, especially in 
households where yam is not a 
traditional food. In Lame, yam is 
still eaten primarily as a pounded 
paste, though chips are often used 
when fresh tubers are not avail
able. 

Potential markets 
in other countries. In collab
oration with partners in Benin, 
Burkina Faso, Cameroon, Cote 
d'Ivoire, Nigeria and Togo, 
CIRAD has launched a number 
of R & D initiatives to promote 
yam chip production and mar
keting in yam-producing coun
tries where this product has not 
yet been introduced. 

Agronomists, food scientists, 
process engineers and food 

Yam chips for sale in Cotonou, 
Benin. 

Yams grown in earthed-up ridges 
on a smallholding in the Borgou region 
of Benin . 

socioeconomists are working 
together on a series of projects 
set up in collaboration with eco
nomic stakeholders, farmers, 
processors, traders, and con
sumers. The overall aim is to 
develop local resources on the 
basis of know-how already tried 
and tested on a large scale. 

Several programmes are under 
way. In Cote d'Ivoire, Burkina 
Faso and Cameroon, kokoro cul
tivation and processing tech
niques are being tested in rural 
areas. In Benin, the chip par
boiling and drying process is 
being improved by preliminary 
tuber cutting and drying. Fol
lowing trials in a station with the 
Beninese agricultural research 
institute (INRAB), traders are col
laborating with researchers to 
assess the use of insect-repellent 
neem leaves as a means to pro
tect stored yam chips. Other 
research projects are focusing on 
ways to adapt the quality of chips 
and their derivatives to the tastes 
and customs of new consumer 
countries. For example, the 
brown colour of amala is accept
able in Benin and Nigeria but 

Yam chip 
crushing and 

milling 
in Nigeria. 

unattractive to urban consumers 
in some countries-alternative 
processing methods are therefore 
being tested to obtain a lighter 
appearance. • 

" 

For further information, contact: 
CJ RAD-AMIS 
Agrifood Systems Programme 
paa@cirad .fr 
or CIRAD-CA 
Food Crops Programme 
calim@cirad.fr 
BP 5035 
34032 Montpellier Cedex 1 
France 
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Agricultural production planning 

Better 
management 

of collective 
irrigation 
schemes 

Canal 

- 42 

How can a collective service 

be organized to increase 
its efficiency? Based on 

business management 

research results1 CIRAD 
is applying information 

planning and management 
tools to enhance agricultural 

production systems. 

The Centre is also developing 
two software packages 

to assist managers 

of collective irrigation 

schemes. 



Collective irrigation schemes 
are networks of hydraulic 
installations shared by 

groups of farmers. For such 
schemes to run smoothly, user inter
ventions have to be coordinated 
with respect to technical parame
ters, including water distribution 
and maintenance of installations 

. and pumps, and to financial aspects 
such as payment of water rates. 
Effective management requires in
depth knowledge of the environ
ment around irrigation schemes 
and of the internal functioning of 
the schemes. This is a complex task 
involving different types of tem
porally-varying information I inked 
to the performance of collective 
operations, which can also vary 
with users. 

At the request of management 
organizations, CIRAD is collabo
rating with local research and 
development structures to develop 
two software packages for irriga
tion scheme management. This 
work is based on that of business 
and administration management 
research centres run by the Ecole 
Polytechnique and the Ecole des 
Mines-two top French higher edu
cation establishments. CIRAD is 
also working with a team from 
INRA, the French agricultural 
research institute, specializing in 
industrial management of agrifood 
companies. The adopted approach, 
known as operational research, 
involves analysing and diagnosing 
a given situation and then propos
ing tools that stakeholders can use, 
in liaison with researchers, to help 
them understand and find ways to 
improve their collective organiza
tion and make necessary changes. 

Plots flooded 
for rice 

cultivation. 

Controlling information flow. 
In Brazil, in collaboration with 
EMBRAPAand CODEVASF, in Mali 
with IER and the Office du Niger
an infrastructure and equipment 
maintenance and management 
body-and in Senegal with ISRA 
and SAED, CIRAD is developing 
techniques that could be imple
mented in a wide range of situa
tions. At least two functions have 
to be considered: hydraulic instal
lation operation and maintenance, 
and the calculation and collection 
of water rates. These activities gen
erate various types of information 
flow on different time scales and 
of fluctuating intensity. Monitor
ing pumping station operations, for 
instance, involves keeping daily 
records of pump operating hours. 
Water rates often apply to periods 
of several months, and farmers do 
not necessarily pay their bills imme
diately, or at one time, eg 400 
transactions were recorded for pay
ment of rates due for a small 30 ha 
scheme with 1 20 beneficiaries. 

Collective irrigation schemes were 
managed for a long time by the 
State, but are now headed by farm
ers' groups in Brazil and Senegal, 
and by the Office du Niger in Mali. 
The scheme managers are still 
learning their trade. They have had 
problems finding, compiling and 
processing information that will 
enable them to monitor operations 
at the different installations and 
pumping stations, determine oper
ating costs, maintain the hydraulic 
installations, draw up formulas for 
calculating water rates, and mon
itor users' payments. Inefficient 
information flow management lim
its their perception of the current 
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situation and their ability to fore
see events, whereas it is essential 
for planning long-term invest
ments. Without sufficient reliable 
information on pump performance 
or maintenance operations, man
agers wi 11 not have the raw data 
required to develop indicators . 
The data processing capacity is 
no longer adequate beyond a cer
tain volume-the data thus remain 
unused or processing is delayed, 
which increases the risk of error. 
It is impossible to analyse trends 
for key factors such as water con
sumption, service costs, and the 
number of outstanding water bills 
as there is no data storage system. 
Irrigation scheme managers with
out any forecasting potential are 
forced to limit their strategies to 
coping with immediate events. 
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Decision-making aids. The 
potential offered by information 
technology (IT), in terms of power 
and of reducing processing costs, 
could solve problems encoun
tered in managing such schemes. 
The low cost of computer hard
ware and the fact that there are 
many available young profes
sionals capable of using these 
technologies prompted CIRAD 
and partners to seek IT solu
tions. ASPIC, the first collec
tive irrigation scheme monitoring 
tool, helps managers, techni
cians and farmers monitor and 
evaluate their activities more effec
tively, and consequently to make 
more informed technical, eco
nomic and financial decisions. It 
was designed on the basis of 
experimental results obtained in 
the Senegal River valley, and is 
tailored to the specific require-

Electric 
pumping 
station. 

ments and characteristics of each 
scheme under different conditions. 

To develop the software, a con
ceptual model reflecting the struc
ture and operations of collective 
irrigation schemes had to be 
designed. CIRAD analysed differ
ent activities within such schemes 
and current management strate
gies. The hydraulic component 
covers activities linked to operat-



ing the installations and mainte
nance; the financial component 
includes records of expenditure, 
water billing calculations and 
accounts management; while the 
agricultural production component 
takes rotation systems and crop 
management sequences into con
sideration. Lastly, the model inte
grates product processing and mar
keting-it is currently being tested 
in Brazil, Mali and Senegal. 

Setting water supply rates. 
Using the above conceptual model, 
CIRAD is developing a second tool 
for determining water rates. The 
difficulty lies in anticipating main
tenance and new equipment costs, 
not in forecasting expenses asso
ciated with a given farming sea
son. A frame of reference is 
required to help forecast and real
locate planned investments over 
several seasons, and calculate 
water rates accordingly. The rate 
and mode of payment have to be 
in line with the farmers' financial 
possibilities, which can vary 
according to the rotation systems, 
yields and product marketing meth-

ods. The tool being developed will 
be used to simulate and compare 
different water rates and product 
processing and marketing hypothe
ses, so as to ensure the compati
bility of collective investments and 
farmers' individual incomes. 

C/RAD also helps cane sugar 
factories to manage supplies. 

Irrigated 
rice 
harvesting 
in Senegal. 

A similar organizational support 
approach has been adopted for 
agrifood companies working with 
many smallholders and middle
men. For instance, in Reunion and 
Mauritius, a simulation tool has 
been developed to test the effects 
of reorganizing sugarcane supplies 
to a mill on annual sugar pro
duction figures. • 

For further information, contact: 

Land and Resources Programme 
BP 5035 ! CIRAD-TERA 

34032 Montpellier Cedex 
France 
pierre-yves.le_gal@cirad.fr 
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Local development 
in New Caledonia 

At the request of local elected repre
sentatives, a review of rural develop
ment in Nord province of New Cale
donia-10 years after the signature of 
the Matignon agreements-was con
ducted by CIRAD in assoc iation w ith 
the New Caledonian Rural Develop
ment and Fisheries Department. This 
review confirmed the decline in cash 
crop production in the province. It high
lighted that farmers activ ities are very 
mixed and their situations are extremely 
diversified. Very modest smallholdings, 
on the margins of the market system, 
ex ist alongs ide larger fa rm s that are 
more successfu lly integrated in the local 
economy. However, in addition to the 
declining market share for farmers in 
Nord province, the study highlighted 
the grow ing number of assoc iations 
involved in new activities, such as crafts 
and tourism-evidence of the dynamism 
of loca l communit ies. To promote th is 
loca l development, CIRAD has sug
gested that support for agriculture, pre
viously allocated on a strictly sectorial 
basis and dependent upon yields, shou ld 
be ta ilored to the specific characteris
t ics of Nord province. This approach 
w ill require consultation between all 
players and strengthening of their nego
ti ating potent ial. These are priority 
research themes for CIRAD in New 
Caledonia. • 

Rapid sticky cotton detection 
The speed of sticky cotton detect ion is 
now compati ble w ith automatic bale 
c lass if ication. In tests conducted in 
the United States in 1997 and 1998, 
the latest fu ll y automatic H2sd version 
of the CIRAD detection dev ice was 
compared w ith other st icky cotton 
detectors. The researchers found that 
the Cl RAD system worked faster and 
gave more reproducible results. In prac
t ice, four samples are carried contin
uously along a conveyor w hich pres
ents them successively at d ifferent work 
stations: the cotton is opened, pressed 
at high temperature (53 °C), then at 
ambient temperatu re, and the number 
and size of st icky points is assessed by 
image analys is. A resu lt is obtained 
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every 30 s. The appliance w ill be very useful for pro
ducers, w ho w ill get a higher pri ce for non-contami
nated cotton, and for spinners, w ho can now improve 
machine performance by mixing cottons w ith di f
ferent grades of stick iness. Two internationa l patents 
have been lodged by CIRAD. The manufacturing licence 
was granted to a private company w hich also markets 
the H2sd. • 

Healthy fruit 
Avocados are used in dermato logy and citrus fruits are 
attracting pharmacologists. CIRAD has been involved in 
an analys is of thei r properties in association w ith indus-
trial stakeholders and 'f' 

un ivers it ies. After 
prod uc ing invento
ries of w ild and 
cu ltivated species in 
the West Indies and 
Afr ica, CIRAD is also 
studying-in col lab
orat ion with French 
and loca l food indus
tr ies-the produc
tion, storage and pro
cess ing of species appreciated for their nutritional value. 
Scientists have improved conditions for manufactu ring 
potass ium-rich date paste. In Reun ion, the strawberry 
guava (Psidium catt/eyanum), considered locally to be 
a good source of v itam ins, is sold fresh and in processed 
forms. In Colombia, the borojo (Borojoa patinoi cuatr), 
rich in minerals and apprec iated for its reputed ly aphro
disiac properties, is added to yoghurt. The fruit of the 
tomato tree (Cyphomandra betacea) is rich in v itamins, 
ca lc ium and potassium, and low in ca lories. Its devel
opment in Colombia and Reun ion could lead to its use 
in low-calorie d iet foods, as is already the case for papaya 
and tamarind . 11!1 

Bing! to measure the elasticity of wood 
" Bi ng" (beam identif ication by non-destructive grad ing) 
is a non-destruct ive system for measuring the bending 
and shear elastic ity of wooden beams or po les of al l 
sizes. The method is based on analysis of vibrations pro
duced by test spec imens. Given that for a fixed geom
etry, the greater the flex ibili ty- or the lower the den
sity-of a wood, the lower the sound pitch produced, 
and vice-versa, it is poss ible to correlate the sound sig
nal with the wood's elastic ity. In practice, the part to be 
tested is tapped w ith a smal I hammer. The sound pro
duced is recorded through a conventional microphone, 
digit ized by a special data acquisit ion card and trans
ferred to a computer. A ca lculation program, also ca lled 
Bing, then analyses the data and determ ines simulta
neously the elastic modu li for bending and shear. At 
present, these properties are determ ined by standard 
static measurements, w hich require a new test config
urati on for each spec imen size. They are technica ll y 
complex and demand substantial t ime and resources. 
The simple method and equ ipment developed by CIRAD 

wil l be very useful for industri al appli
cations, especial ly for smal l businesses. 
New applications are now being devel
oped fo r other types of structure and 
material. • 

Hot oil immersion 
drying (HOID), a promising 
novel process 
Crisps, chips and fr itters based on 
meat, vegetables or fruit are popul ar 
worldwide, irrespective of soc ial c lass. 

However, consumers are 
largely unaware of the 
fact that frying can also be 
used to dry foods. CIRAD 
has studied the trad itional 
Indonesian technique for 
extracting o il after fry
ing fresh coconut meat, 
improved it, and deve l
oped it on a p ilot sca le. 
A Phil ippine group was 
involved in the pilot stud

ies and is now investigating how the 
process cou ld be employed in Benin. 
The rapidity of HOID prevents microor
gan ism contam ination of the meat, 
which is an advantage in the eyes of 
consumers. Compulsive urban snack
ers also stand to gain : resea rchers are 
working in collaboration w ith the agri
food industry to app ly the HO ID 
process for reduc ing fat content in 
foods, etc. There are other poss ib le 
applications for the HO ID process, such 
as cocoa and coffee roasti ng, timber 
process ing, and effluent treatment
effluents are currently very d ifficu lt to 
treat using more conventional air dry
ing tech niques. • 

The farmer's choice: 
quality first 
For farmers in Mali, new sorghum vari
eties derived from land races must meet 
several key criteria : a growth cycle that 
matches loca l rainfal l patterns, v igor
ous growth, an attractive panic le and 
grain- and above all taste, consistency 
and colour w hen used in the prepara
tion of to, couscous and dolo. Com
pared to local control varieties, the Mik
sor 86-30-41 variety, bred by IPR, ranks 
f i rst in the northern Sudan ian zone. 
In the southern zone, farmers prefer 
the Is 15401 variety from Cameroon , 
developed by CIRAD and ICR ISAT. 
These results can be attr ibuted to the 



photoperiod-sensitivity of each variety. 
In assoc iation w ith farmers, the research 
partners have launched a co llaborative 
breed ing programme invo lv ing severa l 
progressive stages. The f irst step is to 
ident ify farmers' selection criteria and 
needs on the basis of loca l ecotypes . 
Varieties produced in the research lab
oratory are then tested by fa rmers, and 
finally sc ienti sts and fa rm ers co ll abo
rate for creating new vari et ies. CIRAD 
is app lyi ng this strategy to severa l crop 
spec ies. • 

Balanced margarines 
CIRAD has developed a method for 
producing margarines, and table and 
cook ing oils of high nutritional qual
ity that ca n w ith stand tropi ca l tem
peratures. An enzyme is used to induce 
a spec if ic ester if icat ion process 
between two d ifferent oi ls . In prac
tice, a carefull y dosed mixture of o il s 
of comp lementary compos iti on is 
brought into contact w ith a spec ifi c 
fixed lipase in a tubular reactor at tem
peratures of 30-60°C. The fluidity of 
the fat obtained depends directly on 
the period of co ntact. In an exper i
mental reactor, with a mixture of palm 
stearin and palm kernel o il , the con
sistency of a hard margarine base is 
obta ined after 35 min and a soft mar
ga rine base after 3.5 h. Esterification 
of palm oi l w ith fluid oils-rapeseed, 
su nflower, borage, and Myrianthus
produces soft or fluid products. Th e 
process does not affect the nutrition al 
properties of the essential fatty ac ids, 
and smooth fats of exce l lent dietary 
quality are obta ined . Th ese enzyme 
processes are now more affordab le. 
Papain, the latex of Car ica papaya, 
conta ins a naturally fixed lipase that 
cou ld be used at a very compet iti ve 
pri ce. • 

Is 7 5407, a popular sorghum variety in southern Mali. 

Revival of Arriba cocoa in Ecuador 
The Arriba fl avour was responsible for estab lishing the 
reputation of Ecuadorian cocoa. Unfortunately, as pro
ductivity declined on plantations growing Nacional cocoa 
plants, it graduall y disappeared. Breeders and growers 
together are now returning to the old cocoa plantations 
to taste the fresh beans and identi fy trees that produce 
the most highly fl avoured cocoa. Sixty-eight culti vars 
have been multiplied by grafting and are now being kept 
for assessment in the plant co llection of the Ecuadorian 
national agric ultural research institute at Pichilingue. 
This co llection was developed as part of a major proj
ect financed by Ecuador, France, and the European Union 
that is aimed at encou rag ing growers to renew the pro
duction of fine fl avoured cocoa. Thanks to this outside 

support, small and medium-sized grow
ers can se ll their Arriba cocoa at attrac
tive prices through growers' organiza
tions. Up to 1998, growers so ld their 
cocoa to loca l exporters at 1 5-20% 
above the price of ordinary cocoa. Since 
April 1999, a nat ional union of assoc i
ations now sell s harvested cocoa directly 
to chocolate makers in consuming cou n
tries. The aim is to conquer new mar
kets, espec iall y in Europe. A share of 
the profits is paid back to growers, while 
a part is used to strengthen the grow
ers' organizations and for technical sup
port and tra ining. Exports cu rrently total 
severa l hundred tons. • 

Support for poultry farmers 
Production of poultry and eggs in devel
op ing countries doubled between 1990 
and 1998. Poultry is st ill produced pri
marily by smallholders, in Africa espe
c iall y, but most productivity gains are 
achieved in small intensive units. CIRAD 
has stepped up its research in the field 
of periurban poultry farming, adapting 
western standards and techniques
many that were developed by French 
research institutions (INRA, ITAVI, 
AFSSA)-to tropical conditions. In ani
mal hea lth, the av ian pathology labo
ratory created by ISRA in Senegal pro
vides disease diagnosis, poultry farm 
management and hyg iene serv ices. It 
also coord inates the lead ing ep idem i
o logica l monitoring network in Afr ica 
for av ian pathologies. In animal nutri
tion, an exper imenta l unit in Montpel
lier is testing the nutritional quality of 
loca ll y ava il ab le raw materials, thus 
ensuring that poultry farming w ill not 
have to rely exc lu sive ly on imported 
maize and soybean. CIRAD offers teach
ing and training to help boost efficiency. 
It is exam ining the potential of a remote 
training system. • 

Semi-intensive farming 
of laying hens in Madagascar. 
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Tools for 
knowledge 

The growth of biotechnologies 
and information technology has 

broadened the scope of research. 
Scientists are developing new 

methods and tools-to be shared 
with Southern partners-for 

investigating the tropical 
environment, while striving 

to minimize the risks associated 
with research on living organisms. 

Plants, animals, cropping and 
livestock rearing techniques, 

corporate organizational structures 
and operational guidelines are 

all products of this rural 
development-oriented research. 
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Genome study 

Rice, 
a model grass 

• species 
Rice has become 

a rnodel grass species 

for geneticists. This crop 

has a sma I I genome 

with similarities to more 

complex genomes 

of wheat, maize1 sorghum 

and sugarcane-it is 

therefore an ideal starting 

point for research aiming 

to speed up the mapping 

and isolation of useful 

grass genes. CIRAD 

is actively involved 

in an international project 

to acquire knowledge 

and tools for more 

effective improvement 

of grasses grown 

in tropical and temperate 

regwns. 

/rat 2 7 6 rice variety 
· ~ in Cote d 'Ivoire. 



Molecular 
mapping 
techniques 

are used to localize 
genes or chromo
some regions affect
ing yield, quality, 
disease resistance, 
or tolerance of harsh 
environmental condi
tions. They enable breed-
ers to save time and to select 
more accurately parental varieties 
and progeny with target traits. 
However, extremely long and 
costly preliminary genome inves
tigations and molecular studies 
must be performed to identify use
fu I genes in the genome of culti
vated plants. This prompted the 
idea of focusing research on the 
genome of a model plant, with 
the ultimate aim of transferring 
the results to other plant species. 
In line with investigations already 
undertaken on thale cress (Ara
bidopsis thaliana), a representa
tive dicotyledon, the scientific 
community has chosen rice as a 
model plant to study the genome 
of monocotyledons. 

Research is now under way to 
sequence the rice genome as part 
of an international cooperation 
project. Information, techniques, 
genetic and molecular materials 
developed by the various part
ners are being pooled to speed 
up the research. CIRAD is con
tributing its expertise in a num
ber of fields, including rice breed
ing, comparative mapping of grass 
genomes, and rice genetic trans
formation and regeneration tech
niques. 

/''f'.' 

Rice calluses transformed by 
Agrobacterium tumefaciens 

after 4 weeks of culture with 
the bacterium. 

I >,. 

A reference genome. Rice has 
the smallest genome of all culti
vated grasses, ie 430 OOO kb. In 
contrast to the maize genome (six 
times larger) and that of wheat 
(thirty-five times larger), the rice 
genome contains very few repeat 
or noncoding DNA sequences: 
fewer than 40%, compared to 80% 
for wheat. With an estimated 

40 OOO genes, it is 
therefore theoreti

cally simpler and Jess 
time-consuming to 

analyse the gene 
content of rice 
than that of 

other grasses. 
However, before 

rice could be des
ignated as a refer

ence genome, mapped 
gene sequences first 

had to be compared-the 
resu Its confirmed that there 

are substantial similarities between 
grasses as different as wheat, maize, 
rice and sorghum. The molecular 
markers and genes they contain are 
arranged in the same order within 
major chromosomal regions. The 
physical distance between two 
markers is always shorter in rice. 
Thanks to these similarities, called 
genome synteny or collinearity, it 
should be easier to use the small 
compact rice genome to isolate 
genes of agronomic interest. These 
genes will then be used as probes 
to look for equivalent genes in 
wheat, maize, sorghum, etc. 

Genoplante- a French 
initiative for developing 

agriculturally useful genes 
Through the Cenoplante proj
ect, French research resources 
and efforts are being pooled to 

identify genes of agronomic and commercial interest, with a view to inserting 
them in major crop plants. Cenoplante brings together public research institu
tions, represented by /NRA, CIRAD, CNRS, the French scientific research cen
tre, and /RD, and the private sector partners, including Rhone-Poulenc Sante 
Vegetale et Animale and seed companies represented by the Biogemma and 
Bioplante groups (Limagrain, Pau-Euralis, Oesprez, Serasem). As of 7 999, the 
first programme, Cenoplante Cenerique, will focus on the genome of the two 
model plants, rice and Arabidopsis thaliana, using insertion mutagenesis tech
niques, etc. The second programme, Cenoplante Especes, will focus more specif
ically on discovering useful genes in major crop plants such as wheat, maize 
and rape. Cenoplante is also a forum for discussions on patents for plant genes 
and their conditions of use. • 
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Transgenic rice leaf. The gus carrier 
gene, controlled by a promoter, is 
activated around a rice blast lesion. 

Rice, the world's leading cereal 
for human consumption-519 mil
l ion t/year and 148 million ha 
cropped-has been the focus of 
major research conducted by Cor
nell University in the United States 
(Rockefeller Foundation pro
gramme, launched in 1985) and 
by the Tsukuba Centre in Japan 
(Rice Genome Project, created in 
1991 ). The American team has 
drawn up a genetic map of the rice 
genome with 700 RFLP (restriction 

Transgenic rice 
stamens 

containing 
pollen 

expressing 
the fluorescent 

gip protein 
gene. 

fragment length polymorphism) 
markers. The Japanese produced 
a functional map with almost 
2000 EST (expressed sequence 
tag) markers, corresponding to 
expressed genes. These maps have 
already been used to localize 
several major genes and QTL 
(quantitative trait loci), ie chro
mosome regions controlling quan
titative traits. 

Maize Rice Wheat 
Comparative mapping. 

Pioneer research on the compar
ison of grass genome maps was 
undertaken by Cornell University 
and the John Innes Centre (United 
Kingdom). CIRAD has contributed 
through its investigations on 
sorghum and sugarcane. CIRAD 
and IRD (formerly ORSTOM), 
a French development-oriented 
research centre, are currentl y 
working together on the European 
Comparative Gramineae Mapping 
(EGRAM) programme to test 
RFLP markers from sorghum, rice, 

chrom 2 11 
chrom 4 " chrom 2 

chrom 10 II 
Physical scale 

chrom 2 

chrom 10 

Genetic scale 

- 52 

ABD 

chrom 2 

Similarities between genetic maps 
of maize (2n = 20), rice (2n = 24) 
and wheat (2n = 42). The complete 
arrangement of chromosome 4 of rice 
is homologously found twice in maize 
on the short arm of chromosome 2 
and the long arm of chromosome 10. 
It occurs three times on chromosome 2 
in wheat, ie complete on 2A and 20 , 
and partial on 28. 

maize, wheat and barley on 
genomes of rice lines. These lines 
were obtained by crossing IR64, 
an agronomi call y interesting 
variety produced by the Interna
tiona l Rice Research Institute 
(IRRI), with Azucena, an aromatic 
variety from the Philippines which 
is resistant to rice yellow mottle 
virus (RYMV) . The objective is to 
identify markers common to these 
different grasses and then map 
them on the rice genome. This will 
pinpoint collinear regions between 
genomes and centralize genetic 
information of various origins on 
the rice genome. 

Discovering 
chromosome 12. An interna
tional ri ce genome sequenc ing 
programme is currently being set 
up. This work is being shared by 
all countries involved, with each 
focusing on specific pairs of chro
mosomes-for a total of 12 pai rs. 
France has chosen chromosome 
12, comprising 30 OOO kb, which 
contains the princ ipal genetic 
RYMV-resistance factor. Prelimi
nary work in France wi ll be per
formed by CIRAD, in association 
with IRD and the University of Per
pignan. Subsequent sequenc ing 
work will be conducted at Geno
scope in Evry (France). CIRAD also 
intends to apply the sequenc ing 



results to a BAC (bacterial artifi
cial chromosome) library compiled 
for the Azucena variety, with the 
support of INRA, the French agri
cultural research institute, in asso
ciation with Clemson University 
(USA). The BAC library, repre
senting the entire genome of the 
variety in the form of around 100 
kb DNA fragments, will be used 
for cloning useful genes. 

Gene functions. Rice has yet 
another advantage as a model 
plant, ie genetic transformation is 
more controlled in rice than in 
all other grasses. The most effec
t ive technique, now mastered 
at CIRAD, is to insert a foreign 
DNA sequence-called a trans
gene-into its genome via the bac
terium Agrobacterium tumefaciens. 
CIRAD has developed particular 
expertise on this technique. There 
have been marked improvements 
in the efficacy of this technique 
since it was initially developed for 
rice by Japanese scientists in 1994: 
500 different transgenic plants can 
now be obtained from 100 ca l
luses cocultivated with A tume
faciens, compared to 25 a few 
years ago. Genetic transformation 
is a valuable 

tool both for testing the action of 
cloned genes or promoters and 
exploring genome functions. 

CIRAD and IRD are working 
together in a European gene func
tion project to study rice mutage
nesis by transposons. The aim is 
to create mutants by random inser
tion of an identifiable DNA seg
ment into the genome. When this 
segment is inserted in a gene, it 
alters the gene's function and mod
ifies certain traits of the plant. The 
modified gene is identified by 
means of the inserted element and 
its function is deduced via the 
altered trait. When the inserted ele
ment is a stable transgene, several 
thousand plants must be modified 
to obtain at least one mutation per 
gene. This operation is simplified 
considerably by using a transgene 
with an inserted maize transpo
son. A transposon is a mobile ele
ment of the genome. Its movement 
is catalysed by transposase: when 
this switchlike enzyme is stimu
lated under controlled cond itions, 
it causes the transposon to move 
within its immediate vicinity. 
When the transgene is inserted into 
the region of the genome thought 

Terraced rice 
paddies. 

Wheat field in 
Madagascar. 

useful gene, the transposon can be 
activated to move step by step until 
the corresponding trait is modi
fied. Rice blast resistance is the 
trait targeted by CIRAD scientists. 

The potential of different insertion 
elements will be evaluated as part 
of the Genoplante project. An 
appropriate strategy will then be 
developed and implemented to 
create a population of mutants with 
more than 100 OOO insert ions. 
CIRAD is hoping to obtain a muta
tion for each rice gene, so that the 
function of each gene can be deter
mined by studying the correspon
ding mutant. • 

For further information, contact: 
Cl RAD-AMIS 
Biotechnologies and Plant 
Genetic Resources Programme 
BP 5035 
34032 Montpell ier Cedex 1 
France 
biotrop@c irad.fr 
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Chemical treatments 

are highly efficient for 

controlling crop pests 

under a wide range 

of conditions. Howeve0 

related environmental 

hazards and the fact 

that insects rapidly 

develop resistance 

are major drawbacks 

of this strategy. CIRAD

with the aim of helping 

decision makers 

and producers manage 

these risks-is 

developing early 

warning techniques 

and more targeted 

treatment procedures1 

while broadening 

the range of pest control 

options. For over 

5 years1 CIRAD 

researchers have been 

investigating 

the insecticide properties 

of the Bacillus 

thuringiensis bacterium. 
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Helicoverpa armigera, 
a major cotton pest. 

Transgenic plants -------------
8 a c i I I us 

thuringiensis 
and insect 
control 
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0 ne of the 
main prior
ities of agri-

cultural research is 
to reduce the risks 
assoc iated with 
chemica l pesti 

cide use. Rational 
chemical control 

is based on early 
warning techniques, 

more environment-friendly prod
ucts and treatment methods, and 
strategies aimed at preventing 
pests from developing resistance. 
These practices are combined 
with the use of less susceptible 
plant varieties developed through 
breeding programmes, biologi
ca l contro l, rat ional crop tech
niques and biotechnology prod
ucts, including transgenic plants. 
Indeed, almost all pest-resistant 
plants tested worldwide express 
Bacillus thuringiensis (Bt) tox in 
genes. 

Bt insecticidal protei ns have 
been used commerciall y for over 
40 years, and now represent 98% 
of all biopestic ides. These com
pounds give fast, drastic but short-
1 ived results. They only protect 
crops aga inst the target species, 
and are harml ess to m ammals 
and hence consumers- as shown 
in many different studies. 

The first known strains produced 
proteins that were toxic to lepi
dopterans. There are now strains 
that affect dipterans, coleopterans, 
orthopterans and hymenopterans. 
In addition to insects, a steadily 
growing number of different 
target spec ies, and bacteria that 

Larva of 
Sesamia 

ca lamistis, 
a lepidopteran 

stem borer. 

are detrimental to nematodes, 
helminths and protozoa have also 
recently been identified . 

Appropriate use 
of transgenic plants . Trans
genic plants that produce Bttox
ins provide a new way of dealing 
with pests that are difficult to con
trol , ie those that develop inside 
plants . The main problem is 
mechanical, ie chemical contact 
pestic ides or biological pestic ides 
that are sprayed onto the plant 
primarily reach and protect exter
nal ti ssues. Plants that can pro
duce Bt proteins are constantl y 
protected from within. This tech
nique at least partly overcomes 
the need for chemica l treatments. 
Moreover, the tox ins produced 
only reach insects that feed on 
the plant. The method neverthe
less has to be implemented with 
ca re since pests can develop 
resistance, as they do to chemi
cal pesticides. 

CIRAD, w ith the aim of effic iently 
add ressi ng problems that may 
arise in hot regions, has developed 
a system to app ly international 
research resu Its to an increasing 
number of crops under a wide 
range of cond it ions. It can iden
tify the most appropriate toxins for 
target pests, transfer them to cu 1-
tivated tropical species and ensure 
that they are expressed w ithin 
attacked tissues o r at the most 
opportune stage of the growth 
cycle. In an environment charac
terized by intense competition and 
industrial protect ioni sm, CIRAD 
has developed too ls to enable it 
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to achieve its research objectives 
while maintaining its freedom of 
operation. 

Every study situation is analysed 
as comprehensively as possible. 
Pest biology and behaviour are 
evaluated in relation to farming 
techniques, varieties used, con
trol methods already imple
mented, surrounding vegetation 
and other animal species. The 
solution depends on the available 
genes and transformation tools . 
The potential risks of all possible 
solutions are assessed. 

Finding the right toxin. 
CIRAD has built up a collection 
of Bt isolates, providing access to 
a wide variety of genes specific 
to numerous types of insect. 
An original DNA amplification 
method, known as exclusive PCR 

A ne\'v 

or E-PCR (polymerase 
chain reaction), 
rapidly and system-~~~~~ 
atically detects cry genes, 
and is being used to iso
late new genes and 
enrich the col lec
tion. The tech
nique has already been applied 
to assess isolate collections at 
CIRAD and the University of 
Valencia (Spain). In addition, a 
collection jointly belonging to 
!NRA, the French national agri
cultural research institute, and 
CIRAD, and another one at the 
lnstitut Pasteur will be analysed. 
Researchers are also studying the 
potential of other insecticidal pro
teins such as VIP (vegetative insec
ticidal proteins). 

Testing is required to identify 
the most effective proteins against 

ge ne1· ,it ion 
of insecticicJe.., 

Bacillus thuringiensis develops on dead insects. Its 
insecticidal effect begins with the release of a crys
tal comprising proteins known as endotoxins. Genes 

coding for these proteins are located on large plasmids, ie genetic structures that 
can be exchanged between different Bt strains. Their sequences are not fixed, 
and they naturally evolve by recombination, which can give them new speci
ficities. 

These genes were initially classed in two main families-cry genes, for crystal, 
and cyt genes, for cytolysin. A new family-VIP genes-was described recently. 
cry genes are the best known and most widely used. 

The protein becomes active when it is ingested by the insect, after which it 
undergoes two transformations. Digestion by gastric juices releases the insecti
cide component, which then binds to receptors in the midgut brush border mem
brane. Here it forms a pore that upsets the cellular balance, leading to destruc
tion of the midgut and to the insect's death. Recognizing the receptor site is 
one of the keys to insecticide protein specificity, which is apparently governed 
by several factors. 

There are currently three known modes of pest resistance: delayed protein diges
tion, reduction in the number or affinity of receptor sites, and broad-range resist
ance involving as yet unknown mechanisms. • 
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Helicoverpa 
armigera on 

a cotton boll. 

Schematic 
representation 
of a cry toxin. 

one or more pests, 
which means pro

ducing large quanti
ties of pure toxins. 

The proteins are 
expressed and puri-

fied in recombinant Bt 
strains-CIRAD has also built up 
a collection of these organisms. 
Around a dozen toxins can now 
be produced and purified. 

Their efficacy is generally tested 
in the laboratory on live insects, 
but some tropical pests are par
ticularly difficult to rear and there 
is even a ban on their use in some 
cases. Indirect methods have thus 
been developed. Labelling a toxin 
with radioactive iodine is a sim
ple, accurate way of determining 
its affinity for a given receptor, 
but it does not measure toxin effi
cacy. A I ight scattering assay 
improved in conjunction with the 
University of Montreal (Canada) 
can evaluate efficacy in a minute. 



It simulates a natural reaction by 
analysing changes in the volume 
of insect midgut brush border 
membrane vesicles . 

It is essential to understand how 
toxins work before choosing or 
modifying them. The CIRAD 
team, within a network of com
plementary specialist research 
groups, is involved in studying 
correlations between protein 
structure and function. The first 
work done was the topic of the
ses written in conjunction with 
the University of Montreal and 
the National Research Council of 
Canada. This research produced 

Fluorescence imaging 

White rice 
panicles, 
showing 
infestation 
by the 
Chilo 
zacconius 
stem borer. 

of insect midgut membrane receptor binding. 

valuable information about pro
tein stability and activity, and 
should help in targeting strategies 
for limiting or avoiding resistance 
development in insects. 

Transgenic maize, 
rice and cotton. Two meth
ods are commonly used to obtain 
transgenic plants-bombard
ing plant tissues using a gene 
gun (biolistic method) or inocu
lating them with the Agrobac
terium tumefaciens bacterium. In 
both cases, the gene is carried by 
a plasmid, a genetic struc
ture capable of inserting it into 
the plant genome. Transformed 
cells are identified and then cul
tured to regenerate plants. CIRAD 
researchers are creating vectors 
that could be used with either of 
the above methods to transfer var
ious gene combinations to culti
vated tropical plants. Moreover, 
they have developed synthetic 
genes coding for the same pro
teins but better suited to plant 
biology, thus ensuring optimum 
cry gene expression in plants . 

Binding to 

Based on this approach, CIRAD, 
in conjunction with CIMMYT, 
the Mexico-based International 
Maize and Wheat Improvement 
Centre, participated in a UNDP
funded project to develop trans
genic maize varieties resistant 
to 10 major stem borer species 
of American and African origin. 
CIRAD tested proteins in its 
collection on the African borers 
and developed several synthetic 
genes capable of expressing 
all the selected toxins in maize. 
CIMMYT then transferred the 
genes to the plant. Several vari
eties are currently being tested . 
Even after several generations, 
progeny of transgenic plants are 
still expressing the resistance that 
was transferred to the original 
plants, while their agronomic per
formance is excellent and yields 
satisfactory. Researchers are now 
studying combinations of toxins 
that could be efficient for con
trolling other maize pests. 

Mode of action 
of Cry insecticidal protein. 

Activated 
toxins the midgut epithelium 

\ Death of 
'"'- the insect 
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The same strategy is being applied 
to other crops. In collaboration 
with a private partner, CIRAD 
researchers have selected several 
toxins that are effective against 
the coffee leaf miner (Perileu
coptera coffee/la), and produced 
synthetic genes. They are cur
rently testing the resistance of the 
transgenic plants obtained. Using 
the same approach, CIRAD has 
also developed several rice vari
eties resistant to the striped stem 
borer (Chilo suppressalis), which 
are currently being tested in con
tainment glasshouses. Lastly, 
CIRAD is working in collabora
tion with INRA to develop cotton 
varieties resistant to several boll
worms, notably Helicoverpa armi
gera, and several miners of the 
Spodoptera genus . All of these 
trials are being conducted in com
pliance with current safety stan
dards and legislation, and are 
combined with studies of pest 
acquisition of resistance, the 
effects on auxiliaries and pollen 
dissemination. A multidisciplinary 
approach has been adopted with 
a view to developing crop tech
niques that guarantee the envi
ronmental safety of transgenic 
varieties.• 
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For further information, contact: 
Cl RAD-AMIS 
Cmp Pmtection Programme 
BP 5035 
34032 Montpe llier Cedex 1 
France 
ppc@cirad.fr 

Disease prevention and control 

Molecular 
tools for 

epidemiologists 

New molecular tools have been developed 
to identify pathogenic organisms of plants 

and animals and to understand their genetic diversity. 

This information adds a new dimension to studies 

on the spatiotemporal development of different diseases. 

CIRAD is exploring new disease prevention 

and control strategies in Montpellier 

and at its plant protection research pole in Reunion. 

Cattle market in N'gaoundere, Cameroon. I 



E pidemio logy 
is the study of 
factors affect

ing the frequency, distribution and 
development of a disease within 
a population. By the classic quan
titative approach, affected zones 
are identified, the number of cases 
is determined, and the serious
ness of the epidemic is assessed. 
The seriousness of an outbreak 
depends upon the biology of the 
pathogenic agent-bacteria, virus, 
fungus or nematode--upon its car
riers- wind, insects, animals or 

Mangoes infected by 
Xanthomonas pv. mangiferaeind icae. 

man-and on environmental con
ditions. In crop protection situa
tions, for example, the choice of 
cropping techniques, the suscep
tibility of the crop variety to the 
disease in question, and local pop
ulations of wild plants, a poten
tial reservoir of pathogenic agents, 
are all taken into account. In live
stock production conditions, epi
demiologists also monitor the 
effects of prophylactic measures 
such as mass vacc ination. Once 
the infl uence of these factors has 
been determined, effective disease 
control and prevention strategies 

can be defined. 

A molecular approach . 
In recent years, remarkable 

progress in molecular 
biology techniques has 

\ en abled sc ientists 
to acquire a more 

deta iled understand ing 
of pathogenic agents. 

Using molecular tools, 
it is now possible to char

acterize microorganisms by 
direct analysis and compar

ison of their genomes. Detec-

tion of certain markers in these 
genomes can high I ight the pres
ence of genetic variability between 
pathogenic agents of the same 
population previously assumed to 
be uniform-the popu lation can 
thus be d ivided into subgroups. 
The evolution of each subgroup 
can be monitored to study the 
dynamics of pathogen popula
tions. This qualitative approach, 
now ca lled "molecular epidemi
o logy\ has revolutioni zed the 
work of epidemiologists. 

CIRAD has adopted th is novel 
strategy for investigat io ns con
ducted at its plant protection 
research pole in Reunion . Using 
molecular information, it is now 
possible to understand how a 
pathogen population adapts to 
environmental modifications. This 
has become a key issue now that 
mankind is modify ing plant pop
ulations by introduc ing new vari
eties containing pathogen-resist
ant genes. However, pathogens 
often manage to get around these 
resistances. The aim of CIRAD's 
work is to enhance control strate-

Genetic 
identity 

cards 
Genetic markers are used to distinguish individuals by dif
ferences in their genomes. DNA can be cleaved at known 
specific sites using restriction enzymes. Each separate ele

ment can then be identified or located on the genome using gene probes. Ele
ments to be studied can be replicated in large quantities using other enzymes 
called ONA polymerases. Some of these elements are present in all individu
als compared, while others are specific to one group or individual. A complete 
set of markers of an individual represents that individual's identity card or "genetic 
fingerprint". Several techniques, involving one or more of these possibilities, 
can be used to produce genetic fingerprints. Some markers, associated with 
biological fun ctions, are o f particular interest. In epidem iology, for example, 
it is important to distinguish between individuals on the basis o f their 
pathogenicity or origin. • 
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gies by understanding and meas
uring the ability of pathogen 
populations to react. The data 
obtained, along with information 
from quantitative studies, will be 
used to produce more complete 
and reliable predictive models. 

Analysis of mango 
black spot disease . In a study 
of mango black spot disease, 
CIRAD analysed the structure of 
populations of its causal agent, 
Xanthomonas mangiferaeindicae, 
from different regions where the 
disease is endemic, ie the Mas
carene Islands, Southeast Asia, 
Australia, India, New Caledonia, 
and South Africa. Using markers 
developed in collaboration with 
Kansas State University, two types 
of gene affecting the pathogenic
ity of this bacterium were local
ized. An inventory of genetic diver
sity within the X.mangiferaeindicae 
population was establ ished on the 
basis of the variability of these 
genes. On a world scale, the pop
ulation is divided into subgroups 
corresponding to different geo
graphical origins, thus indicating 
that there is a correlation between 
the bacteria present in a region 
and the climate, agriculture, and 
history of this region . The findings 
of this study enabled scientists to 
describe the modes of dissemina
tion of the pathogen . 
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Mango 
orchard 
in Reunion. 

Signs of 
black spot 

disease 
on mango 

leaves. 

CIRAD investigated the problem 
in greater depth by limiting 
the scope of its research to a sin
gle plot in Reunion: an orchard 
of mango trees susceptible to 
X. mangiferaeindicae, surrounded 
by a windbreak of pepper trees also 
infected by this bacterium. In this 
context, in which many parame
ters were known or controlled, 
molecular markers were applied 
to directly assess a large number 
of samples of the pathogen popu
lation from the plot. Several geno
types were identified, which could 
be attributed either to the arrival 
of inoculum from different origins 
or to rapid genetic evolution in 
an initially uniform population. The 
genotype distributions in the plot 
indicated that the bacteria were 
generally disseminated over short 
distances-a tree is most likely 
to be contaminated by its neigh
bour. Lastly, bacteria present on the 

pepper 

8-year-old cv Early Gold ·1 

mango tree. 

trees always differed genetically 
from bacteria on the mango trees. 
This means that each pathogen is 
specific to a particular host plant. 
The results also suggested that the 
genetic barrier between pepper tree 
and mango tree bacterial popula
tions is not impassable-transfers 
from one plant to another can thus 
occur, subject to minor genetic 
modifications. 

A number of questions remain 
unanswered. What is the influ

ence of local plant populations 
on the diversity and structure of 
the X. mangiferaeindicae popula
tion? How quickly does the bac
terium become pathogenic to ini
tially resistant plants? How does it 

adapt? By what process may sub
groups of genetically very sim
ilar bacteria, that are pathogenic 
to the other plants but not to 

mango, evolve to become a threat 
for mango? What disease control 
or varietal improvement strategies 

should be implemented to delay 
the emergence of new patho
genic populations? 



CIRAD is pursuing its research 
under more controlled conditions, 
inoculating susceptible and resist
ant cultivars with identified bac
terial strains. The overall aim is to 
determine how the susceptibility 
of different cultivars influences the 
pathogen populations. 

An animal health 
application. Contagious bovine 
pleuropneumonia (CBPP), a 
mycoplasmal disease present in 
many African countries and 
endemic in the western part of the 
continent, is a serious threat to live
stock production. In recent years, 
the disease has reappeared in east
ern Africa, resu lting in high mor
tality rates and restricting livestock 
circulation. A major outbreak 
occurred in Botswana, forcing 
the authorities to implement a 
mass slaughter programme and to 
replenish its cattle population with 
disease-free animals in order main
tain its beef exports to Europe. 
The causal agent of this disease 
is Mycoplasma mycoides ssp. 
mycoides SC, one of six species 
in the mycoides group, all of which 
are pathogenic and closely related 
in biochemica l, antigenic, and 

genetic terms. Until very 
recently, they were difficult 
to isolate and identify. In 
samples, the presence of 
slow-growing pathogenic 

mycoplasma organisms 

Pepper tree 
infected 

by mango 
black spot 

disease. 

was often masked by secondary 
bacterial infections or by other 
faster growing nonpathogenic 
mycoplasmas. Once the organism 
was isolated, the specificity of bio
chemical and serological tests often 
proved inadequate for accurate 
identification. The incidence of 
mycoplasmal diseases, especially 
in developing countries, was there
fore probably often underesti
mated. Diagnostic problems were 
also an obstacle to monitoring 
these diseases and implementing 
appropriate prophylactic meas
ures. CIRAD has recently devel
oped several molecular diagnos
tic techniques for mycoplasmal 
diseases. One, based on the poly
merase chain reaction (PCR) analy
sis technique, is used to detect 
pathogens present in very small 
quantities. Using DNA restriction 
mapping, it is now also possible 
to distinguish between M. my
coides mycoides SC strains from 
different geographica l origins. 
Strains iso lated in Europe differ 
from those isolated in Africa which, 
in turn, vary from one country to 

,. another. This technique can 
;1111,::.-."'' . also be used to identify 

J! ) · ,- ., , different vaccine strains 
used to combat CBPP. 

Following a series of vac
cination campaigns in 
southern Africa which 
raised questions about the 

effectiveness of the T1 sr strain, 
CIRAD is coordinating a research 
programme to test the protective 
capacity of the T 1 /44 and T1 sr 
strains currently used for vaccina
tions throughout Africa. The degree 
of protection conferred by the vac
cine may differ according to the 
pathogenic strains prevalent in a 
particular region. Tests are there
fore under way in different areas 
(Cameroon, Kenya, and Namibia) 
to verify this hypothesis. It should 
then be possible to adapt CBPP 
disease control strategies for opti
mum effect. 

The discriminatory capacity of 
molecular markers provides a 
means to devise more accurately 
targeted control and prevention 
measures. Molecu lar techniques 
have a key role to play in combat
ting diseases that affect plants and 
livestock in tropical regions. • 

For further information, contact: 
Cl RAD-AMIS 
Crop Protection Programme 
ppc@ci rad.fr 
CIRAD-EMVT 
An ima l Health Programme 
BP 5035 
34032 Montpellier Cedex 1 
France 
pathotrop@ci rad . fr 

61 -



Thermostable1 multivalent and labelled 

New vaccines 
against 

peste des 
petits ruminants 
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Peste des petits 

ruminants is more 
widespread and lethal 
than previously 

assumed-BOO million 
goats and sheep are 

threatened. The only 
available vaccine 
is heat-sensitive. 
The current research 

priority is to develop 
thermostable vaccines 
that also provide 
protection against other 

diseases-this is 
the thrust of a CIRAD 
research project under 
way with two African 

laboratories using 
genetic engineering 
techniques. Such new 
vaccines will cut 
the cost of vaccination 
campaigns and facilitate 
monitoring of vaccinated 

animals. They will 

also help to safeguard 
wildlife. 

In southern Ethiopia ... 



F or many years, peste des 
petits ruminants-which is 
often incorrectly diagnosed

was wrongly thought to be con
fined to western Africa . Outbreaks 
are currently being reported along 
a swathe extending from west to 
east, between the southern Sahara 
and the Equator in Africa, to the 
Middle East and Southeast Asia . 
Thi s trend was revea led by 
diagnostic tools developed 
in the past 5 years, and 
through campaigns con
ducted to screen sheep and 
goat herds in these regions. 
Peste des petits ruminants 
is highly contagious and can 
have devastating effects
the death rate in a contam i
nated herd can be as high 
as 80%. It represents a seri
ous threat to some 800 million 
small domestic rumi-
nants. 

The disease is 
caused by a 
morbillivirus 
similar to the 
measl es 
v irus. It saps 
the contam i
nated animal's 

immune system, thus making it 
vulnerable to microbial (particu
larly bacterial) infections, which 
often mask the true cause of i 11-
ness. For instance, peste des petits 
ruminants seems to be behind 
most cases of pasteurel losis, a very 
common respiratory disease. 

Infected animals are prostrated 
with a high body tem

perature, as ind icated by 
the fact that thei r fu r stands 
on end. Other symptoms 
are watery and purulent 

Taking gum swabs 
from a sick goat 
to diagnose peste 
des petits ruminants 
in India. 

ocular and nasa l secretions and 
necrotic scaly lesions inside the 
mouth. The animal has breathing 
difficu lties, along with other signs 
of pneumonia, and acute diar
rhoea-usually leading to its death 
within 8-10 days . Otherwise, it 
may rapidly recover and be immu
nized for I ife if it surv ives beyond 
this stage. 

Effective thermostable 
vaccines. Goats and sheep can 
now build up excellent immunity 
aga inst peste des petits rumi
nants-th is high efficacy is pro
v ided by a traditional vacci ne 
developed by CIRAD in 1989 
based on an attenuated l ive v ira l 
strain . A vacc inated anima l is 
protected for at least 3 years, ie 
its entire "economic li fe span" . 
CIRAD and partners are now 
focusing on developing multiva
lent, labe lled thermostable li ve 
vaccines that w ill be more su it
able for use in the tropics. 

Like all morbilliviruses, the peste 
des petits ruminants vaccine 

virus is extremely heat
sensitive. To rema in 

effect ive, it has to 
be kept eh i I led 
until injection . 
This increases 

the cost of 
/ vaccinat ion 

1 campaigns and 
renders them less 

effective. It is relatively 
easy to store the 
vaccine in freeze 

dried form, but prob
lems ari se when the 
injectab le so lution is 
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prepared in carboys that are not 
sufficiently insulated. Once it is 
reconstituted, the vaccine has to 
be used within 4 hours to avoid 
diminishing its efficacy. Herds 
vaccinated in the morning thus 
receive a highly active vaccine, 
but this is not always the case for 
herds in remote areas with limited 
access-thermostable vaccines 
need to be developed for use in 
such conditions. 

Moreover, vaccination campaigns 
are always costly due to the infra
structure and logistical support 
required. These costs can be effec
tively reduced by using multiva
lent vaccines that provide pro
tection against several diseases at 
once. 

To assess the efficacy of a vac
c ination campaign, it is impor
tant to be ab le to distinguish 
between vaccinated animals and 
those that are infected or naturally 
immune to the disease. Labelling 
the vaccine strain should make 
it possible- through a simple 
immunological test-to distinguish 
between antibodies provided by 
the vaccine and those produced 
in response to the pathogen. 

Vectors and 
protective genes . The target 
properties of the new vaccines
thermostability, multivalency and 
labelling-should increase the effi
cacy and cut the cost of vaccina
tion campaigns. 

Genetic engineering can be used 
to create such so-called recombi
nant vaccines. These comprise a 
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Vaccinating sheep in Chad. 

vector-a viral or bacterial vac
cine strain that already provides 
protection against a disease-into 
which one or more genes of 
another pathogen are inserted to 
produce proteins that protect the 
animal against the corresponding 
disease. 

Two known thermostable vectors 
are currentl y being tested. The 
work involves replacing genes that 

Beisa oryx, 
another 
species 
susceptible 
to peste 
des petits 
ruminants. 

are not essential for multiplication 
by the target protective genes. 

The first, which confers protec
tion against sheep pox, is a 
capripox of the poxvirus family. A 
peste des petits ruminants gene 
has been successfully inserted into 
it, and the resulting vaccine has 
proved to be highly effective in 
trials carried out at the Pirbright 
high security laboratory in the 
United Kingdom. The Garoua 
national veterinary laboratory in 
Cameroon is about to begin tests 
on vaccine dosages and the dura
tion of immunity. An attempt is 
also being made to increase the 
number of regions on the capripox 
vector genome that could inte
grate vaccine genes. 

The other vector is a bacterium, 
wh ich has a larger genome than 
a virus and should thus have more 
zones capable of inte-



grating protective genes. This bac
terium is a nonpathogenic Bacil
lus anthracis strain that is used 
to control anthrax. The sporu
lated form is easy and inex
pensive to produce, and can be 
stored for decades at ambient 
temperature-it can withstand 
temperatures of up to 100°C. 
The lnstitut Pasteur had already 
introduced a listeriosis vacc ine 
into the strain, and CIRAD has 
now added a gene cod ing for 
peste des petits ruminants. 

Monitoring vaccinated 
herds. The vaccine now just has 
to be labelled, and CIRAD is 
working on an original genetic 
engineering technique to this 
end. Its researchers have come 

Leaving 
the Dorra 

camp, 
in Djibouti, 

for the 
rangelands. 

Taking 
a blood 
sample 
from a small 

up with the idea of label I ing 
the vaccine with a protein from 
Bacillus thuring iensis, another 
Bacillus species that is used for 
biological control of insects. By 
inserting the gene that codes for 
the protein into the vacc ine, a 
simple blood test will be enough 
to distinguish between vacci
nated an imals and those that are 
carriers of the disease. Prelimi
nary studies are being conducted 
in conj unct ion with the lnstitut 
Pasteur and the Laboratory for 
Veterinary and Zootec hnical 
Research in Chad. 

A key feature of genetica lly mod
ified systems is that they are 
adjustable, which means that they 
can be adapted to combat diseases 
specific to different regions. For 
instance, in reg ions affected by 
sheep pox, peste des petits rumi
nants and cowdriosis, it shou ld be 
possible to develop and dissemi
nate a combined vaccine that pro
v ides protection against all three 
diseases. 

Indirect wi ldlife 
protection. Effectively protect
ing goats and sheep aga inst peste 
des petits ruminants wi ll also have 
a major impact on local wildlife. 
Antelopes, along with many other 
even-toed hoofed species such as 
the Dorcas gazelle, the Abyssin
ian ibex and the gemsbok- all of 
wh ich are also naturally suscep
tible to the disease-graze with 
sheep and goats on rangelands. 
Peste des petits rumin ants will 
probably spread with in these 
spec ies and become endemic if 
domest ic species are not con
trolled. The new vaccines will thus 
also help to safeguard w ildl ife. • 

For further information, contact: 
Cl RAD-EM VT 
Ani mal Health Programme 
BP 5035 
34032 Montpellier Cedex 1 
F ra nee 
pathotrop@c i rad .fr 
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Negotiation aids 
Management of common property
water, w ildlife, and forests- is a com
plex process. To simul ate this process, 
CIRAD has developed multi-agent sys
tems whic h take the v iewpo ints of 
different stakeho lders into account, 
with the aim of improving collective 
management of these resources through 
more effective negotiation. In the first 
phase, devoted to the construction 
of a model, the env ironment is defined, 
and the agents involved and rules 
govern ing their interactions are deter
mined. Once this virtual world has been 
created, it must be compared w ith rea l
ity through field testing. CIRAD thus 
carried out a successful experiment on 
an irrigated zone in the Senegal River 
Delta. Through role playing, farmers 
from four v ill ages tested the model and 
recognized their patterns of daily life 
in the system presented. The next stage 
w ill enab le the farmers to modify the 
system by exp lorin g a range of sce
narios. This wi ll also provide an oppor
tunity for other stake holders to get 
involved, such as the pumping stat ion 
manager, the farmers' association coor
dinator, the researcher studying the irri
gated zone, etc. This comparison of dif
ferent v iewpoints should give ri se to 
concerted actions to improve co ll ec
t ive wate r use. • 

Rubber: promising results 
for controlling Microcyclus 
Microcyclus ulei, a pathogenic leaf fun
gus, is the main obstac le to the devel
opment of rubber plantations in Lat in 
America . It also represents a major 
threat to rubber in Asia and Afr ica. The 
most effective way of fighting this dis
ease is through genet ic improvement 
of rubber. CIRAD is currently con
ducting the world's on ly research pro
gramme on this fungus, through its 
research stations in Lat in America, and 
its cooperation with the Michelin group 
in Brazil. The pathogenicity of this fun
gus appears to be extremely w ide-rang
ing, and is expressed differently in va r
ious rubber c lones. An economically 
acceptab le tradeoff must be found 
between res istance and productivity. 
Different approaches are being adopted. 
One invo lves exploit ing certain known 
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Rubber plants infected with Microcyclus ulei in Brazil. 

sources of resista nce, such as Hevea benthamiana 
species. The genetic map of a rubber line, w ith one par
ent carrying a share of this resistance, has been estab
li shed using more than 700 RFLP and AFLP markers. 
The resistance of the progeny was tested in an innocu
lation chamber. Eight regions of the genome were found 
to be associated with disease resistance. They all come 
from the parent derived from H. benthemiana. Marker
ass isted breeding now looks promising to ac hi eve 
effect ive so lutions. • 

More efficient banana propagation 
For the first time worldwide, it is now possible to pro
duce bananas from embryogenic ce ll suspens ions. This 
represents the cu lminat ion of more than 10 years of 
research by CIRAD scientists on the main dessert banana 
cu lti var, Grande Naine, in Montpellier and Martinique. 
If the initi al agronomic results are confirmed in large 
plantations, the new process should st imul ate the pro
duction of micropropagated plantlets, wh ich are cur
rently obtained by in-vitro meristem propagation. Com
pared to ex isting techniques, ce ll culture propagation 
has two key advantages: y ields are much higher, thereby 
reducing production costs, and the quality of plantlets 
delivered to growers can be controlled more effective ly. 
In technical terms, each stage in plantlet development 
is induced by a modification in the in-vitro culture envi
ronment. First, the fl ora l ti ssues lose their specificity and 
become embryogen ic then, after transfer to a st irred 
liquid medium, they are propagated in the form of ce ll 
suspensions. These cel ls then develop and germinate 
as somat ic embryos. • 

Tsetse flies: identifying high-risk areas 
In the fight to control an imal trypanosomosis, the first 
task is to identify priority intervention areas . To this 
end, a major project managed by CIRAD, and involv
ing CNRS, CIRDES, !RD and INERA, was launched 3 
years ago in Burkina Faso, south of Bobo-Dioulasso. Two 
tsetse fly spec ies, vectors of the disease, inhabit ga llery 
forests alon g the hydrographic network. Through a 
detailed ana lys is of their habitats, scientists were able to 

describe the biotopes most favourable 
to each spec ies, and link them to types 
of landscape detected on Spot sate I I ite 
images. Compared to data co llected 15 
years ear lier, the study revealed that 
in creasing hum an settl ement in the 
region has modified the distribution of 
vector populations. Molecular ana lyses 
have shown that in sparsely inhabited 
areas tsetse fli es feed mainly on the 
blood of wi ld reptiles. However, when 
the land is occupied by humans, they 
attack domestic animals and become 
hosts to trypanosomes, w hich are path
ogenic to li vestock. A map of catt le 
" influence zones", defined by the paths 
followed by catt le and their frequency 
of use, was compared w ith a map of . 
the most favourable tsetse fly habitats. 
The points of maximum contact 
between catt le and fli es are c lass ified 
as the most dangerous areas. • 

Flowering sugarcane. 

A genetic map 
of sugarcane 
The sugarca ne genome compr ises 
100 to 1 30 chromosomes, with 15% of 
them derived from wi ld spec ies through 
crosses performed in the early 1900s 
between the sugar-yielding species 
Saccharum officinarum and the wi ld 
species 5. spontaneum. The genome of 
an elite cu lti var (R 570) was mapped 
using progeny obtained by se lfing. Six 
hundred RFLP markers, then 1 OOO ALFP 



markers, were positioned and poo led 
into around 100 groups representing 
chromosomes. The sugarcane genome 
shows high collineari ty w ith that of 
sorghum and regional coll inearity with 
maize and rice genomes, w hich pro
vide additional elements for saturating 
the map. The relations between these 
markers and the agronomic traits of R 
570 are being assessed in the field. A 
major gene for ru st res istance has been 
identified and is currently being mapped 
in detail. As zones corresponding to 
tra its that contro l yield have been iden
tified, longer and more complex agro
nomic tests should now be conducted. 
A preliminary study was performed to 
localize some of these y ield compo
nents, but the resu Its sti 11 need to be 
confi rmed and consolidated. • 

Understanding 
future changes 
What economic policy cou ld be imple
mented to promote soybean cu ltiva
tion in Indones ia? What is the impact 
of the deva luation of the CFA franc and 
accompany ing measures in Benin or 
Burkina Faso ? How w ill farmers of the 
Red River Delta in Vietnam adapt to a 
market economy? The Multilevel Analy
sis Too l for Agriculture (M ATA) is capa
ble of simulating short- and long-term 
effects of po licy changes on fa rmers, 
herders, and consumers. This model 
reproduces mechanisms invo lved in 
the fo rmation of agr icul tu ra l supp ly 
and demand. With factors spec ific to 
each agroeco logica l region taken into 
account, supply is represented by fa rm
ers' dec isions made on the bas is of 
expected prices and yields, w hich in 
turn affect p rod uct ion and the envi
ronment. Rea l prices are estimated by 
comparin g producti on and urban 
demand, w hich depend on consumers' 
income and preferences. The t ime lag 

betw een the moment of the dec ision to grow a crop 
and marketing of the final product is thus represented 
in th is recursive model. Global o r sector-based eco
nomic polic ies, both nati onal and international, and 
tech no logica l changes are considered in the model 
and they ca n be mod ified to simulate changes and 
analyse their effects. • 

A turnkey laboratory 
for assessing wood quality 
Wood mu st be tested to assess its qua l ity before it 
is p rocessed o r used. At the req uest o f UR2PI and 
the Congolese company Eco, CIRAD installed a com
p lete analys is laborato ry in the Congo . Smal l wood 
mach ining tools are used to prepare the many spec i
mens. A specific sensor assesses the risks of sp litting 
or w arping during in iti al process ing. The w o rking 
p latform comprises five devices that send data to a cen
tral computer. They record, ca lcul ate and compare 
the characterist ics of the d ifferent specimens, measu r
ing parameters such as infradensity before and after 
heat stabilization, total wood shrinkage after drying, 
fibre length and morpho logy (very important for paper 
making). Thi s " Bing" system assesses the mechanica l 
propert ies of specimens of al I sizes by nondestructi ve 
test ing. This p latfo rm prov ides cou ntr ies w ish ing to 

Other 
hjgbljghts 

develop their forestry resources w ith a 
high-tech assessment system at a mod
est price. The basic version can be read
il y adapted to al l types of fo rest ry 
resources and to d ifferent techn ica l or 
econom ic contexts. • 

Computer-aided 
plant identification 
How can nonspecial ists make accu
rate plant identi f icat ions w ithout the 
help of a qualified botanist? To address 
thi s problem, CIRAD has dev ised a 
multimedia system for identifying plants 
on the bas is of a " Photofi t" picture. 
This picture is constructed using com
p lete or incomplete samples . The 
species are then sorted accord ing to 
the l ikel ihood of a match and the user 
consults botan ica l d raw ings o r pho
tos to confirm the result obta ined. Easy
to-use and available on CD-RO M, this 
system also serves as a training tool , 
particularly well suited to nonspecia l
ist users w ith lim ited knowledge of 
computers . Its first application, Adven
trop Doc, covers weed species in the 
Sudano-Sahel ian region of Africa. The 
second CD-ROM, now being prepared, 
wi ll serve to identify trees, shrubs and 
lianas from dry regio ns of western 
Afr ica. • 

Genetic map 
of eucalyptus 
Genetic maps have been drawn up for 
two eucalyptus spec ies that offer the 
best potential for papermaking, E. uro
phylla and E. grandis. Scientists have 
loca l ized 480 RAPD markers on the 
genomes of these two spec ies. They 
have attr ibuted representative markers 
to each species and identified genetic 
l inks between these markers. The maps 
include 11 linkage groups correspon
ding to the 11 pairs of chromosomes 
of each species. Several regions of the 
genome are linked to interesting quan
ti tative traits such as wood density, 
trunk growth, and shape. For each trait, 
sc ientists have even identified quanti
tati ve trait alleles (QTL)-whose pres
ence prod uces sim i lar effects in all 
crosses. Some of these effects are sta
ble up to the age w hen the trees are 
se lected for vegetative propagat ion. 
This means that the best hybrids can 
be identi fied at an early stage to pro
duce improved c lones more rapid ly. • 
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List 
of Acronyms 
ACP, African, Caribbean and Pacifie states 

AFD, Agence française de développement, France 

AFLP, amplification fragment length polymorphism 

AFSSA, Agence française pour la sécurité des aliments, France 

ANAE, Association nationale d'actions environnementales, Madagascar 

ANVAR, Agence nationale de la valorisation de la recherche, France 

AS-PTA, Assessoria e Serviços a Projetas em Agricultura Alternativa, Brazil 

BAC, bacterial artificial chromosome 

CBPP, contagious bovine pleuropneumonia 

CIFOR, Centre for International Forestry Research, lndonesia 

CIMMYT, Centra lnternacional de Mejoramiento de Mafz y Trigo, Mexico 

CIRDES, Centre international de recherche-développement sur l'élevage 
en zone subhumide, Burkina Faso 

CNEVA, Centre national d'études vétérinaires et alimentaires, France 

CNRS, Centre national de la recherche scientifique, France 

CODEVASF, Companha de Desenvolvimento do Vale de Sao Francisco, Brazil 

CRBP, Centre de recherches régionales sur bananiers et plantains, Cameroon 

DNA, deoxyribonucleic acid 

EMBRAPA, Empresa Brasileira de Pesquisa Agropecuaria, Brazil 

E-PCR, exclusive polymerase chain reaction

EST, expressed sequence tag 

FAO, Food and Agriculture Organization of the United Nations, ltaly 

FOFIFA, Foibe Fikarohana Ampiharina amin-ny Fampandrosoana 

ny Ambanivohitra, Madagascar 

FSA-UNB, Faculté des sciences agronomiques de l'université nationale du Bénin, 
Benin 



GIS, geographical information system 

ICRISAT, International Crop Research Institute for the Semi-Arid Tropics, India 

IER, lnstitut d'economie rurale, Mali 

INERA, lnstitut de l'environnement et des recherches agricoles, Burkina Faso 

INIBAP, International Network for the Improvement of Banana and Plantain, 
France 

INRA, lnstitut national de la recherche agronomique, France 

INRAB, lnstitut national de la recherche agronomique du Benin, Benin 

IPR, lnstitut polytechnique rural de Katibougou, Mali 

IRD, lnstitut de recherche pour le developpement, France 

IRRI, International Rice Research Institute, Philippines 

ISRA, lnstitut senegalais de recherches agricoles, Senegal 

ITAVI, lnstitut technique de l'aviculture, France 

ITRA, lnstitut togolais de recherche agronomique, Togo 

MARGE, Marcheage et gestion de l'environnement, France 

NGO, non-governmental organization 

NRC, National Research Council of Canada, Canada 

NRCRI, National Root Crops Research Institute, Nigeria 

PCR, polymerase chain reaction 

QTL, quantitative trait locus 

RAPD, random amplified polymorphic DNA 

RFLP, restriction fragment length polymorphism 

RYMV, rice yellow mottle virus 

SAED, Societe nationale d'amenagement et d'exploitation des terres 
du delta du fleuve Senegal et de la Faleme, Senegal 

SEED, Strategie energie, environnement, developpement, France 

SPC, Secretariat of the Pacific Community, New Caledonia 

TAFA, Terre et developpement, Madagascar 

UNDP, United Nations Development Programme 

UR2PI, Unite de recherche pour la productivite des plantations industrielles, 
Congo 

VIP, vegetative insecticidal protein 
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CIRAD Addresses 
Headquarters 

42, rue Scheffer 
75116 Paris 
France 
Telephone: 33 (0) 1 53 70 20 00 
Fax: 33 (0) 1 47 55 15 30 

Montpel I ier Research 
Centre 

BP 5035 
34032 Montpellier Cedex 1 
France 
Telephone: 33 (0) 4 67 61 58 00 
Fax: 33 (0) 4 67 61 59 86 

International Campus 

of the Paris Jardin Tropical 

45 bis, avenue de la Belle-Gabrielle 
94736 Nogent-sur-Marne Cedex 
France 
Telephone: 33 (0) 1 43 94 72 00 
Fax: 33 (0) 1 43 94 73 49 

CIRAD in the French 

Overseas Departments 

and Territories 

French Polynesia 
M. le delegue
BP 467
98713 Papeete 
Telephone: (689) 42 47 03 
Fax: (689) 42 46 93

French Guiana 
M. le delegue
BP 701
97387 Kourou Cedex
Telephone: 33 (0) 5 94 32 73 50
Fax: 33 (0) 5 94 32 73 51 
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Guadeloupe 
M. le delegue
Station de Neufchateau
Sainte-Marie
97130 Capesterre-Belle-Eau
Telephone: 33 (0) 5 90 86 30 21 
Fax: 33 (0) 5 90 86 80 77

Martinique 
M. le delegue
BP 153
97202 Fort-de-France Cedex
Telephone: 33 (0) 5 96 71 92 01
Fax: 33 (0) 5 96 63 07 24

Mayotte 
M. le delegue
BP 1304
97600 Mamoudzou 
Telephone: 33 (0) 2 69 61 21 21 
Fax: 33 (0) 2 69 61 21 19 

New Caledonia 
M. le delegue 
BP 73
98890 Pa"i"ta
Telephone: (687) 35 36 84 
Fax: (687) 35 32 55

Reunion 
M. le delegue
BP 20 
97408 Saint-Denis Messageries 
Cedex 9 
Telephone: 33 (0) 2 62 52 80 00 
Fax: 33 (0) 2 62 52 80 01 

CIRAD 

in Other Countries 

Benin 
M. le correspondant
Cirad-lita
08 BP 0932
Cotonou
Telephone: (229) 35 01 88
Fax: (229) 35 05 56 

Botswana 
M. le correspondant
c/o Saccar 
Private Bag 001 08 
Gaborone
Telephone: (267) 328 775
Fax: (267) 328 806

Brazil 
M. le representant
SHIS-QI 15
Conjunto 3, casa 1 
71 635-230 Brasilia OF
Telephone: (55) 61 248 20 79 or 56 65 
Fax: (55) 61 248 26 19

Burkina Faso 
M. le representant
01 BP 596 
Ouagadougou 01 
Telephone: (226) 30 70 70 
Fax: (226) 30 76 17 

Cameroon 
M. le representant
BP 2572 
Yaounde
Telephone: (23 7) 21 25 41
Fax: (237) 20 29 69

Caribbean Islands 
M. le representant 
Station de Neufchateau
Sainte-Marie
97130 Capesterre-Belle-Eau
Guadeloupe - France 
Telephone: 33 (0) 5 90 86 30 21 
Fax: 33 (0) 5 90 86 80 77 

Central America 
M. le correspondant 
c/o lica/Promecafe 
Apartado postal 67 42-1 OOO
San Jose
Costa Rica 
Telephone: (506) 556 09 38 
Fax: (506) 556 09 38



Colombia 
M. le correspondant
Apartado aereo 34565
Cali Valle 
Telephone: (57) 2 892 05 99
Fax: (57) 2 892 06 22

Congo 
M. le correspondant 
BP 1264 
Pointe-Noire 
Telephone: (242) 94 31 84 
Fax: (242) 94 47 95 

Cote d'Ivoire 
M. le representant 

01 BP 6483
Abidjan 01 
Telephone: (225) 22 18 69 or 21 16 25 
Fax: (225) 21 43 68

Gabon 
M. le correspondant 
BP 643
Libreville 

Guinea 
M. le correspondant
c/o Mcac, Ambassade de France
BP 570
Conakry
Telephone: (224) 45 58 06 
Fax: (224) 45 58 06 

Indian Ocean 
M. le representant 
BP 20

97408 Saint-Denis Messageries Cedex 9 
Reunion, France
Telephone: 33 (0) 2 62 52 80 00
Fax: 33 (0) 2 62 52 80 01

Indonesia 
M. le representant 
Plaza Bisnis Kemang Lt. 3
Jalan Kemang Raya No. 2 
Jakarta Selatan 12730
Telephone: (62) 21 719 90 67 
Fax: (62) 21 7179 33 04

Madagascar 
M. le representant
BP 853
Antananarivo
Telephone: (261) 20 22 271 82
Fax: (261) 20 22 209 99

Mali 
M. l'adjoint au representant
BP 1813
Bamako
Telephone: (223) 21 42 93
or 77 01 50
Fax: (223) 21 87 17

Senegal 
M. le representant

37 , avenue Jean XXIII
BP6189
Dakar-Etoile
Telephone: (221) 822 44 84
Fax: (221) 821 18 79 

South Africa 
M. le representant
Agribis c.c.
PO Box 70793
Bryanston 2021
Telephone: (27) 11 706 77 83 
Fax: (27) 11 706 76 54

South Pacific 
M. le representant
BP 73

98890 Palta
New Caledonia
Telephone: (687) 35 36 84
Fax: (687) 35 32 55

Thailand 

M. le representant
c/o Kasetsart University 
Jubilee Building 9 th floor
Paholyothin Road
Bangkhen, Bangkok 1 0900
Telephone: (66) 2 942 86 84
Fax: (66) 2 942 86 83 

USA 
Mme la correspondante 
Development Research Associates
8313 Woodhaven Blvd. 
Bethesda 
Maryland 20817 
Telephone: (1) 301 365 6855 
Fax: (1) 301 365 6855 

Vanuatu 
M. le representant
BP 231
Santo
Telephone: (678) 36 320
Fax: (678) 36 355 

Vietnam 
M. le correspondant
Projet Sam 
Vien Khoa Hoe Ky T huat Nong Nghiep
Viet Nam - Van Dien Thanh Tri -
Hanoi 
Telephone: (84) 48 61 59 70
Fax: (84) 47 18 49 67

Zimbabwe 
M. le correspondant
Projet faune
Po Box 1378
Harare
Telephone: (263) 4 702 766
Fax: (263) 4 722 850 
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