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Foreword
 

The seriousness of the environmental and socioeconomic 
crises in Africa has been the subject of numerous meetings, con
ferences, and publications. The case of the Sahel, plagued by civil 
strife, poverty, and hunger and natural calamities such as deser
tification and droughts, has become a major challenge facing 
humankind today. The environment and the living conditions 
have continued to deteriorate in spite of heavy investments, in
numerable plans of action, and new organizations and institu
tions-a baffling puzzle, considering that worldwide our genera
tion has experienced more technoiogicaJ breakthroughs than ever 
before. 

It may seem to those interested in the development of the 
Sahel that there has been only bad news about the region over the 
past two decades. This has led some to believe that there have 
been no success stories. Obviously, in spite of the overall gloomy 
picture, there have been successes. The question is why these 
cases, rare though they may be, have not been reported and 
shared among the African countries and the international com
munity. 

Today's situation, the result of a combination of human 
behavior, poverty, illiteracy, rapid growth in populations, eco
logical phenomena, historical baggage, economic policies, and the 
political environment, is extremely complex. Consequently, there 
can be no simple solutions "borrowed" from elsewhere to resolve 
these problems. The solutions must come from within the region 
and must necessarily include some degree of trial and error. The 
challenge is how to avoid errors that may contribute to further 
deteriorating a situation that is already so precarious. 

Survival in tle Sahel presents no remedies for these ills; 
instead, it suggests alternative ways of dealing with the situation. 
It shows with practical examples and sound data how socioeco
nomic conditions and the environment continue to deteriorate 
because of the failure of past strategies. New approaches are 
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deemed to have a better chance of success if they have a long-term
perspective, are based on small-scale actions, use a more holistic 
approach, take more account of women, and seek the full partici
pation of local people. The results of such strategies may be small, 
but there will be results, and they are more feasible than the 
grandiose expectations of large-scale operations. 

A detailed account of Mali illustrates the situations and 
problems that were discussed in the first part of the book. The case 
of Mali may seem at first to lead to a conclusion of hopelessness, 
but the positive results in the Cinzana region of Mali, reported by 
the CIBA-GEIGY Foundation for Cooperation with Developing 
Countries and the International Service for National Agricultural 
Research (ISNAR), present a more positive outlook. Based on the 
strategies discussed above, the CIBA-GEIGY experience shows 
that improving the well-being of the people of the Sahel in a 
sustainable manner is not a lost battle. This positive experience 
underscores the importance of agricultural research in correctly 
addressing the Sahelian situation and problems. Equally impor
tant, reporting this experience is a break from the tradition of 
circulating only bad news. 

Several lessons and implications can be derived from the 
book. Among these, four predominate. The first relates to the need 
for solidarity from the international community in tackling the 
situation This is a need that comes not only from altruism, but 
also from the fact that if nothing is done to improve the situation 
in this one area, the global community as a whole will share the 
costs and eventually suffer. 

The second lesson calls for revising present development 
strategies. Over the years, bilateral as well as multilateral donors 
have prepared many plans of action, but the question remains: To 
what extent have the new approaches described above been taken 
hto account, and is there enough flexibility in these plans to 
incorporate them? 

Third, the contribution of agricultural research to solving 
the problems of the Sahel, its people, and its natural environment 
cannot be ignored. Agricultural productivity must increase rap
idly, but without further deterioration of the environment. That 
in itself is a challenge. 
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The fourth lesson is related to the CIBA-GEIGY Founda
tion's experience in Cinzana, which clearly shows that if the battle 
is to be won, there must be a place for actors who do not have 
development assistance as their primary raisond'itre.Private-sec
tor companies and foundations and nongovernmental organiza
tions (NGOs) can make valuable contributions in many small 
ways. This is summarized by an ancient piece of African wisdom: 
"If many little people in many little places perform many little 
deeds, they can change the face of the earth." 

Survival in the Sahel is the joint product of European, Afri
can, and American theorists and practitioners from a broad range 
of disciplines. Without this interdisciplinary collaboration it 
would not have been possible to illustrate how complex and 
interrelated the environmental and developmental problems of 
the Sahel really are. 

The book grew out of the idea that there had to be a way to 
bring a seed-research development project in Cinzana, Mali, into 
a broader context. This would help illustrate the limitations of 
local efforts and the need for an integrated and collaborative 
approach to development. 

The famines that have plagued the people of the Sahel 
during the last 25 years have deeply moved the world. Many 
people wish to understand the reasons for the inuneasurable 
human suffering in the region. Indeed, there is an obligation to 
inform the public of the complexity not only of the problems but 
also of the solutions involving the environment and development 
in the Sahel. 

For this reason, in spite of the somewhat scientific approach 
taken here, we have attempted to address readers who have no 
particular prior knowledge of the subject. Survivalin the Sahel aims 
to present an easily understandable overview of the problems that 
confront the people of the Sahel. We do not claim to have treated 
the issue exhaustively or even sufficiently. For the sake of brevity, 
many important topics could be discussed only succinctly. 

As we approach the end of the twentieth century; it be
comes more clear that the conditions of development and the state 
of the environment will determine whether the human race will 
live in peace and greater justice in the future. One of the purposes 
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of this book is to encourage interested laypeople to become more 
concerned about these issues. 

The original German version, Uberleben im Sahel, was re
ceived enthusiastically when it was first published in 1992. In 1994 
the CIBA-GEIGY Foundation and ISNAR decided to jointly pro
duce an English-language version to bring the important issues 
discussed in the book to the attention of a wider audience. ISNAR 
updated the book where necessary and added a chapter on agri
cultural research in sub-Saharan Africa (Chapter 8). 

Both the CIBA-GEIGY Foundation and ISNAR would like 
to express their sincere gratitude to a number of individuals who 
have been particularly helpful in writing this book. 

We wish to thank Montague Yudelman, former Director of 
Agriculture and Rural Development at the World Bank, who 
kindly offered his 30 years' experience in rural and agricultural 
development in Africa and reviewed the Cinzana Research Sta
tion according to schedule. Ms. Gudrun Graichen-Druck, a politi
cal scientist, generously contributed a chapter on the situation of 
women in the Sahel (Chapter 7). 

We are also grAteful to Bruno Messerli of the Geographic 
Institute of the University of Berne (Switzerland), and his associ
ates (Jarg Brand, Thomas Hofer, Susanne Wymann, Markus 
Wyss, and especially Daniel Maselli), who provided information 
on natural resources in the Sahel zone. 

Oumar Niangado, director of the Cinzana Agricultural 
Research Station in Mali, has been primarily responsible for the 
success of the work carried out at the station. His input was very 
helpful in the preparation of this book. Felix Nicolier., who is 
responsible for the Cinzana project at tile CIBA-GEIGY Founda
tion, offered constructive criticism during the preparation of the 
book. 

Our thanks a!so go to Renate Gielen, an agricultural engi
neer and director of "Multiplication et diffusion des semences 
s6lectionn~es des esphces vivrire de culture siche," a joint project 
of UNDP, FAO, and Mali's Ministry of Agriculture; and to 
Mariame Haidera, a nutrition expert at the Institut d'6conomie 
rurale (IER), in Bamako, Mali. 
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Dr. Hartmann P. Koechlin, honorary consul of Mali in 
Basel, provided information about political events in Mali and the 
initial development of the Cinzana Agricultural Research Station. 
Dr. Bernhard Gardi of the Museum of Ethnology in Basel contrib
uted a historic and ethnic overview of the Sahel zone. 

Dr. John F. Scheuring, a former seed specialist at the Inter
national Crops Research Institute for the Semi-Arid Tropics 
(ICRISAT), played a significant role in developing the Cinzana 
Agricultural Research Station. He has positively influenced the 
course of seed research in Mali, in both word and deed. 

ISNAR acknowledges Peter Oram, from the International 
Food Policy Research Institute (IFPRI), for his work on the chapter 
on agricultural research in sub-Saharan Africa. 

Finally, we want to express our gratitude to Theodore 
Wachs from the Geographic Institute of the University of Berne, 
Switzerland, for his excellent English translation. 

Without all of the above individuals this publication would 
not have been possible. 

Kl3us M. Leisinger Christian Bonte-Friedheim 
Basel, Switzerland The Hague, The Netherlands 

April 1995 
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Introduction
 

In 1983 tfhe Economic Commission for Africa published a 
report that offered an outlook of the African continent to the year 
2008. The report stated that unless dramatic political, economic, 
and social improvements were introduced into the various coun
tries, Africa can expect a nightmare of overpopulation, land short
ages, poverty, and famine of unimaginable proportions.' The 
global situation has deteriorated considerably since 1983, and the 
Sahelian countries in particular are coming closer to making this 
catastrophic scenario a reality. 

If anything, the Sahel zone of Africa graphically illustrates 
the deep human suffering rooted in poverty and the problems of 
development efforts. The people of the Sahelian c:untries-Burkina 
Faso, Chad, the Gambia, Mali, Mauritania, Niger, and Senegal-
are faced with every type of problem that development programs 
are concerned with: poverty, hunger, disease, high population 
growth rates, environmental degradation, and an increasing 
shortage of natural resources. 

Since the 1970s many people have associated the word 
Sahel with drought, famine, civil war, refugees, and poverty. Yet 
this has not always been so. For travelers in the Middl2 Ages the 
region was a "shore" (Arabic sahil) of rescue. Here, after ciossing 
a "sea" of desert, they would find vegetation, water, and flourish
ing human settlements. 

Three major droughts and thei subsequent imoacts have 
claimed millions of lives in the Sahel since the late 1960s, which 
his resulted in current the general perception that the Sahel is 
beset by hopeless and insoluble problems. An increasing number 
of people are no longer able to nourish themselves sufficiently on 
the land available to them, nor are they able to find enough work 
to earn a living. These factors leave ilem no other option but to 
abandon the Sahel. 

In spite of modest efforts to improve food security, increase 
the standard of living, and create productive jobs, it dppears that 
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the obstacles are becoming almost insuperable. But time for find
ing solutions is running out. Resignation or lack of action would 
cause only more human suffering and magnify the region's prob
lems. High population growth rates and the encroaching environ
mental degradation are constantly eroding options for solving the 
problems. Moreover, it is becoming increasingly likely that devel
oping-country refugees, driven by poverty and deteriorating en
vironmental conditions, will become emigrants knock.ing at the 
door of the industrialized world; their survival problems may
become domestic political problems for the developed world. 

From this point of view appropriate help is not only a 
humanitarian duty, but also in the best interest of the industrial
ized world. Furthermore, the poor in the developing countries 
c.-uld be helped to preserve their dignity if they could secure their 
existence in their own countries. This is certainly to be preferred 
to condemning them to a life in the margins of the developed
world, where they not only find an entirely different social envi
ronment but also often find themselves rejected. 

But what is appropriate help? What kind of external sup
p )rt will help the people of the Sahel to decide to remain where 
tL -y are? 

Solutions to development problems in the Sahel must be 
SOL ;ht within the countries concerned. External food aid only
mak -s sense if it is used to avert or at least ameliorate acute 
famii es. It must not be instituted permanently, because this 
wouk. create new and equally serious problems. The challenge of 
development therefore lies in the search for environmentally
sound, labor-intensive agricultural strategies that will increase 
productivity. 

There are no large-scale solutions in terms of development
blueprints that can be applied universally at any time. As with all 
other complex problems of ou; agt, the road to success consists 
of many small steps in the right direction. An ancient piece of 
African wisdom puts it this way: "If many little people in many
little places perform mrany little deeds, they can change the face 
of the earth." 

There are many reasons for the misery that engulfs the 
people of the Sahel. Some iie in the colonial past, others are rooted 
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in traditional thought and behavior pattern3. The major threads 
in this tapestry of problems are climate, a fragile ecosystem, 
destructive agricultural-production and animal-husbandry pat
terns, and a high population growth rate. 

A survival strategy for the people of the Sahel must attack 
a multitude of problems and overcome many obstacles. Above all 
it requires the political will on the part of the governments of the 
countries in question. 

The effectiveness of development cooperation (that is, pro
viding external resources to support local efforts) depends on 
discussing with all parties concerned the nature of the problems 
and the relative merits of the proposed solutions. All social, 
economic, and ecological effects of the proposed package of meas
ures must be examined in this deliberation process. If all partici
pants in the process then cooperate reasonably in the execution of 
an agreed-upon project, it will stand a far better chance of success 
than one that is designed and implemented unilaterally. 

The most suitable approach for solving problems at the 
local level can be found by identifying target groups and their 
specific needs and cooperating with them in a constructive man
ner, and combining modem methods and traditional knowledge. 
Any other approach runs the great risk that well-intended meas
ures will get lost in the tangle of problems, and that action will be 
wasted in an unfruitful struggle and combat only the symptoms. 

The poverty problem afflicting the people of the Sahel can 
be compared to a mosaic. Each stone in the mosaic has its particu
lar significance and appearance and each one is important. But 
only together do the stones complete the picture. The same can be 
said of approaches to alleviating poverty. Dealing with a particu
lar aspect is important and meaningful, but to solve the entire 
problem it is necessary to implement a range of measures simul
taneously. 

To ensure that economic and social development in the 
Sahel is adequate and sustainable, natural resources will have to 
be conserved rather than destroyed, hope will have to be stimu
lated rather than stifled, and every bit of progress, no matter how 
small it seems, will have to be nurtured with great care. Resigna
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tion is inappropriate, for progress is possible in the Sahel. Survival 
in the Sahel reports on this progress. 

In Part I, the book discusses the living conditions in the 
Sahel and introduces its people. It then shows that in the past 
external development efforts often failed because they focused on 
what donor organizations and countries could do rather than 
what the recipients could absorb. Donors also depended too much 
on approaches that were technically too advanced and too re
source-intensive. They also often neglected important segments 
of the target population, especially women, and they have gener
ally underestimated the role that agricultural research can play in 
working toward greater food security. In Part II, the food prob
lems that threaten the Sahel zone, as well as possible solutions to 
these problems, are illustrated in a detailed account of Mali and 
millet, the most i 'portant food crop in the region. 

The example of a particular development project shows 
how initiatives operating under the motto "small is beautiful" 
slowly but gradually yield results that the target population feel 
they have produced on their own. This enables them to continue 
to work with the necessary motivation. This project is only one 
specific example in one particular environment. But it illustrates 
the long-term feasibility of interventions that utilize medium
level technology and that are financially sound and acceptable to 
their beneficiaries. At the same time they fulfill the conditions for 
sustainable development in a local environmental context. 

Survival in the Sahel closes with an account of ti ;l tessons 
learned from CIBA-GEIGY's involvement in the Cinzana agricul
tural research station in Mali-the most important lesson for 
donors being that agricultural research requires a long-term com
mitment. 

6 



I The Sahel
 



Figure 1
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Source: H.G. Mensching, Desertifikation. Darmstadt, 1990. p. 55 
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1 Geographic Outline
 

The Sahel is a geographic zone of about 5,000 km long and 
300 km wide along the southern fringes of Africa's Sahara desert. 
Climate, agriculture, and ways of life are relatively uniform across 
national boundaries. The actual borders of this zone are usually 
defined not in political or geographic terms, but in terms of mean 
annual rainfall. In the north, where the Sahel merges with the 
Sahara, annual rainfall averages 200 mm. Along the southern 
border with the Sudanian zone the average is 600-700 mm (see 
Figure 1). The chief characteristic of the Sahel zone is that it is 
prone to frequent and lengthy periods of drought. 

The Sahel is generally understood to comprise seven coun
tries: (from east to west) Chad, Niger, Mali, Burkina Faso, Mauri
tania, Senegal, and the Gambia. They form a semi-arid transition 
zone from the southern Sahara to the savanna lands of west and 
central Africa. Their sizes vary greatly: Chad, Mali, and Niger 
have a total area of more than 1.2 million sq km each (the total 
combined area of united Germany, France, the United Kingdom, 
and Switzerland). Mauritania is approximately 1 million sq km. 
Burkina Faso, with 274,000 sq kin, is somewhat larger than the 
form-,r Federal Republic of Germany. Senegal is 197,000 sq km. 
The Gambia, the smallest country on the African mainland, is 
11,000 sq km. 

Regardless of size, the population of any country in the 
Sahel zone is smaller than that of greater London or Mexico City. 
In 1992, Burkina Faso had 9.5 million inhabitants, Mali 9.0 million, 
Niger 8.2 million, Senegal 7.8 million, Chad 6.0 million, Maurita
nia 2.1 million, and the Gambia 1 million, totalling almost 44 

2
million.
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2 Historical Overview 

The history of the Sahel is characterized by many types of 
encounters between people from a broad range of cultural back
grounds. Fair-skinned Berber- and Arabic-speaking peoples from 
north Africa and the Sahara and dark-skinned groups from fur
ther south came to this region, as did people with different agri
cultural production methods, including sedentary populations as 
well as nomads. They have engaged in trade, formed alliances, 
mixed with each other, or fought against each other. There has 
also always been great linguistic diversity in the Sahel. 

The trade routes through the Sahara have been used since 
ancient times. Actually, the Sahara desert has bridged rather than 
separated societies from north and central Africa. Although rela
tively few people actually lived in the Sahara, those who did have 
claimed and controlled vast territories. 

The final process of the gradual desiccation of the Sahara 
began around 2500 BC and must have triggered both northerly 
and southerly migration. Many of the groups who migrated to the 
sout. dire assumed to have settled along the Senegal and Niger 
rivers and Lake Chad. There they intermixed with, or waged war 
against, people who had already settled there. Some may also 
have moved on further south. The camel (more precisely the 
dromedary) first appeared in the Sahara only a short time before 
the Christian era started. The Sahara had apparently become so dry 
that horses could no longer be used cn large parts of it. 

By about the year 1000, a pattern of ethnic dispersion had 
been established, similar to the one we know today. Sanhaja 
Berbers, the ancestors of the present-day Mauritanians, had settled 
in the west. In the central regions lived the Garamantes, from 
whom the Tuareg descended. Both groups had developed many 
ethnic subgroups. Not far to the south was the Kingdom of Ghana, 
ruled by the Soninke and in close contact with the Sanhaja Berbers 
and the Garamantes. The principal centers of ancient Ghana 
(Audaghost and Koumbi Saleh) are today part of the Mauritanian 
desert. Ghana (about 6th to 11th century AD) and the kingdoms 
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that succeeded it-Mali (13th to 16th century AD) and Songhai (c. 
141h century to 1591)--eamed a considerable part of their income 
from import and export taxes in the trans-Saharan trade. 

The main link between the peoples of the Sahara and the 
Sahel was trade. North Africa exported mainly luxury goods, 
especially textiles and also copper and silver, to the south. Exports 
from the Sahel went to Sijilmasa (present-day Tafilalt in southern 
Morocco). The main export item was gold, followed by slaves, 
pepper (malanguetta from Guinea, which later became known as 
the pepper coast), ostrich feathers, ivory, indigo, leather, and 
beeswax. 

Salt has always been important in the Sahel's internal trade. 
A family of five uses about 10 kilograms of salt per year, and 10 
camels need 50 kilograms. Salt was mined in, for example, Idjil 
(Mauritania), Taodeni (Mali), Fachi, and Bilma (Niger). While salt 
came from the southern Sahara, gold was mined in Bambuk and 
Bure in the geographic triangle formed by Mali, Senegal, and 
Guinea. 

Trade was possible because the hinterland of the western 
Sudan produced a sufficient number of goods. Probably even 
more important was that this hinterland had water. The Niger has 
played a particularly important role not only in the region but also 
throughout west Africa. Pearl millet (Pennisetum) was probably 
first bred in the vicinity of the great bend of the Niger. Cultivated 
plants such as cotton and indigo were first planted here thousands 
of years ago (earlier than in Europe), and rice was also produced 
at this time. There was an abundant supply of fish. Milk and meat 
from the many zebu, sheep, and goat herds of the livestock-breed
ing Peul formed an additional source of protein. It is certainly no 
coincidence that two ancient trading cities, Timbuktu and DjennA, 
the oldest known city in sub-Saharan Africa, were located along 
the Niger. 

Trade has always meant much more than just the transport 
of goods from one place to another. Even in those days, it involved 
the exchange of ideas and people. It also meant an early spread of 
Islam to the region, which converted many of the upper class. The 
social structure established by Islam transcended ethnic bounda
ries and could thus support political structures. 
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Trade also demanded a division of labor. Throughout the 
Sahel and in neighboring areas of the Sudan, it was normal to own 
humans. Grouped together in separate villages, slaves, serfs, or 
bondsmen grew grain so that their "masters" could devote them
selves to trade or warfare, which was regarded as a noble art. 

These slaves were indeed the most important production
factor in the Sahel until the beginning of this century. Their 
ancestors were non-Islamic ethnic groups in the more southerly
regions, in particular the Bambara, the Bobo, the Dogon (all from 
Mali), and the Mossi and the Gourmantche (from Burkina Faso).
They were usually kidnapped by troops on horseback. The horse 
(or in the case of the Tuareg, the camel) was a fearsome weapon
when used against sedentary farming populations. This influ
enced horse prices considerably; a good horse cost the equivalent 
of five to 10 slaves.
 

Kidnapping was carefully timed. Raids 
were carried out 
during the dry season (April-May) so that newly abducted slaves 
could be used to plant millet at the start of the next rainy season 
(June-July). Following the harvest (October-November) some of 
the slaves, usually those who were ill or rebellious, were sold. 
Slave owners thus profited not only at harvest time, but also 
generated additional income in the form of gold, horses, or gar
ments. 

"Slave" is a complex term. The fate of a slave depended on 
the era and the region. There were times when more than 75 
percent of the population lived in slavery. Although they enjoyed 
considerable freedom, slaves were permanently liable for high 
taxes, which had to be paid in the form of natural produce. In 
western Sudan distinctions were made among the first, second, 
and third generations of slaves. A son born to a female slave and 
fathered by her master had the status of a free man. 

It would be wrong to assume that only the fair-skinned held 
dark-skinned people in bondage. Slavery also existed among 
dark-skinned peoples. The Tuareg, for example, kept household 
slaves. They also controlled many villages that were forced to 
provide the Tuareg with grain. Noble families among the Soninke, 
the Peul, the Bambara, and the Bozo in Mali, the Wolof and the 
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Tukulor in Senegal, and the Zarma and the Hausa in Niger, also 
possessed slaves. These were used for hard labor. 

With the increased presence of Europeans on the west 
African coast, the trans-Saharan trade lost in importance. As early 
as 1600, European sailing vessels could carry more than 200 tons 
of merchandise. A caravan of 1,000 camels could transport not 
more tiian 100 tons. By the beginning of the 20th century, the 
caravan trade between north and central Africa had been brought 
to an almost complete standstill. Because transport costs were low 
for the Europeans, the movement of goods was reversed into a 
southerly direction. The result was a dramatic drop in income for 
nomads and an economic decline of the kingdoms of western 
Sudan, whose trade centers in the Sahel had been oriented toward 
the north. 

By 1900, France completed its occupation of Senegal, Mau
ritania, Mali, and Niger, the area known as Afrique Occidentale 
17-ranqaise (French West Africa). Administrative regulations 
brought about far-reaching changes in the following decades. The 
forced termination of tribal feuds was certainly one of the most 
significant. After internal wars and conflicts had been ended, 
slavery was abolished in 1908. Silver was also introduced around 
this time. Initially hoarded and used to make jewelry, it later 
served as the basis of a cash economy that integrated the entire 
population. 
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3 Population 

3.1 Demographic development 

In 1980-92, the population of the Sahel grew at an annual 
rate of 2.8 percent (see Tables la and 1b). If the population 
continues to grow at this rate, it will double in about 23 years. 

The main reasons for the high population growth rate in 
the Sahel are the sharp decline in mortality rates in the last 40 years 
and birthrates that have either stabilized or shown occasional 
increases. 

The decline in mortality was achieved in a relatively short 
period, mainly because hygienic and sanitary conditions have 
improved, basic healthcare programs have been introduced, vac
cination (especially of children) has spread, and oral rehydration 
remedies and basic drugs (in particular antibiotics) have become 
more widely available. Large-scale food aid programs have kept 
many people from starving during periods of poor harvests, 
which contributed to a drop in mortality. 

Birthrates in the Sahel, as almost everywhere in developing 
countries, are greatly influenced by cultural and social factors and 
traditional patterns of thought and behavior. Birthrates change 
much more slowly than mortality rates.' The decline in mortality, 
combined with stable, high birthrates, has produced a very youth
ful population structure. In most Sahelian countries more than 45 
percent of the population is under the age of 15. This means that 
almost half of the people currently living in the Sahel still has to 
reach reproductive age. This means that even if birthrates were to 
drop sharply in the short term-which is unlikely-the popula
tion would still almost double in the coming years. The number 
of young women who will reach reproductive age is so large that 
a drop in the number of births per woman will make little differ
ence.' The prospect of continuing high population growth rates 
has very serious economic, social, and ecological implications for 
the people of the Sahel. 
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Table la 

Population growth in the Sahel 

Country Popuiation in Total population Average annual 
1991 (millions)A growth ('000) population growth 

(1991_92)a rate (%; 1980-92) b 

Gambia 1.0 31 3.8 
Niger 8.2 258 3.3
 
Senegal 7.8 
 217 2.9
 
Burkina Faso 9.5 271 
 2.7 
Mali 9.0 255 2.6 
Mauritania 2.1 55 2.5 
Chad 6.0 151 2.4 

Sahel zone 43.6 1,021 2.8 

Sources: 
World Bank, Social Indicatorsof Wealth 1994, (on diskette), Washington, D.C. 1994World Bank, World Tables 1994, (on diskette), Washington, D.C. 1994 

Table lb 

Population growth rates (%; 1980-92) 

World All developing sub-Saharan Africa Sahel zone 
countries 

1.7 2.1 3.2 2.8 

Source: World Bank, World Development Report 1994. Washington, D.C. 1994. 
Table 25, p.210 ff. 

3.2 Population density 

Population density, measured by number of inhabitants 
per sq km, is low in the Sahel. The Gambia has 85 people per sq
km (by comparison, Germany has 223 people per sq km). Senegal
has 38, Burkina Faso 34, and the remaining four have an average
of less than seven people per sq km. 
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However, only a small portion of the total land area of the 
Sahel is suitable for ecologically and economically sound agricul
ture. The ratio ot inhabitants to available agricultural land thus 
presents a much darker picture than the low population density 
might suggest. The highest population densities relative to culti
vable land are 633 people per sq km in Mauritania, 293 in Mali, 
and 228 in Burkina Faso. In Senegal the rate is lowest at less than 
100 people per sq km6 

Population growth reduces the number of human habitats 
with fertile soils, because the pressure on natural resources is 
becoming greater than nature can handle in the long term. Since 
traditional natural regulating mechanisms are no longer in effect, 
a process of environmental degradation has been set in motion 
that is continuing under its own momentum. 

In the past, life in rural Sahelian societies was self-regula
tory, governed by the relationships to the natural environment. 
Today, however, rural life is increasingly being shaped by the 
impact of a disturbed ecological equilibrium. 

3.3 Employment structure 

Agriculture is the most important economic sector in all 
Sahelian countries. In Burkina Faso, Chad, Mali, and Niger agri
culture accounts for more than 35 percent of gross domestic 
product (GDP). In Mauritania and the Gambia it is almost 30 
percent and in Senegal 19.7 

The majority of the population in the Sahel-Ih'om 50 per
cent in Mauritania to 83 percent in Burkina Faso (1992)-lives in 
rural areas. They depend on agriculture for their livelihood.8 

Becausc productivity is low and unemployment widespread, 
most people in rural areas earn very low incomes, if at all; virtually 
the entire rural population lives at or below the poverty line. 

The living conditions in Sahel's rural areas have changed 
little since the 19th century. Belonging to a particular kinship 
group and age group, and the status this entails, continue to have 
an overriding importance. Although slavery no longer exists in 
its original form, traditional hierarchies and a complex network 
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ofrelationships and obligations that bind kinship groups together 
determine daily life in rural societies. In most cases the older 
generation, and the heads of families in particuiar, exercise fairly 
strict control over younger"members of the extended fai aily and 
the group. They arrange marriages, set the bride price, determine 
the number of children, and control many economic factors.9 

Small family farms, employing time-honored production 
methods, account for most agricultural out:put. Small farmers 
depend primarily on the natural fertility of cultivable land and on 
traditioial tools for their subsistence. With few exceptions, such 
as the use of donkeys in parts of Burkina Faso and ox-drawn 
implements in Senegal, the main source of energy is human labor, 
very often women. Only in rare cases are purchased inputs (such 
as seeds, chemical fertilizer, plant-protection products, and more 
sophisticated tools) used to increase productivity. This has a very 
negative long-term impact on rural income. ' 

Although rigid social structures have remedned largely
intact, the soc;.al order in rural areas is being undermined by the 
increasingly smaller area fit for living. The social order is also 
being eroded by greater rural poverty and an exodus of the 
younger members of the rural population to urban areas. 

3.4 Urbanization 

In the Sahel, as in other paris of sub-Saharan Africa, rural 
poverty and high population growth rates are accompanied by 
rapid urbanization (see Table 2). 

One reason for the high urban growth rates is the consis
tently high birthrates in urban areas, which are virtually as high 
as those in rural areas. Another reason is that droughts over the 
last 25 years have had a destructive effect on croplands, destabi
lzing rural societies. Many people, especially the young, have 
abandoned their family homes and migrated to urban areas to 
escape from famines and the effects of environmental deteriora
tion. They hope cities will create new opportunities, ensure sur
vival and social advancement, and provide proper education for 
their children. 
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Table 2 

Urbanization in the Sahel (in %) 

Country Urban population Annual prpulation growth rates 
as % of total 1980-92 

(1992) Total Urban 

Burkina Faso 16.9 2.7 8.7
 
Niger 20.9 3.3 7.4
 
Mauritania 49.6 2.5 7.2
 
Chad 33.8 2.4 6.8
 
Gambia 23.8 3.8 6.1
 
Mali 25.1 2.6 5.2
 
Senegal 40.8 2.9 4.0
 

Average Sahel 30.1 2.8 6.0 

Sources: World Bank, Social Indicatorsof Wealth 1994. (on diskette), Washington, 
D.C. 1994; and World Bank, World Tables 1994. (on diskette), Washington, 
D.C. 1994 

Young people also often move to urban areas to escape 
from the rigid social structure of traditional rural life. Once settled 
in the city they no longer feel the pressure and influence of the 
extended family and the village, and traditional values start losing 
importance. The search for new values begins. 

Prior to the revolutionar, changes in eastern Europe, the 
younger generation was especially attracted to various forms of 
socialism. In recent years, however, Islam-often in its fundamen
talist form--has had a growing appeal. Not least among the 
reasons for this has been disappointment with the Western devel
opment model, which is associated with colonialism and mission
ary activities and has failed to bring about changes for the better. 

But most of those who migrate from rural areas end up in 
slums. City authorities do not have the resources to invest ade
quately into housing, streets, drinking water, and sewage dis
posal to meet the demand by the rapidly growing urban 
populations. Experience has shown that very few who seek their 
fortune in the city achieve what they have dreamed of and hoped 
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for. Only a small minority of the well-educated young are able to 
make the transition to modem economic sectors. Most are either 
unable to find work or employed in the informal sector, where 
they earn no more than subsistence wages. They use polluted 
water for drinking and washing; only the privileged few can 
afford imported bottled water. While the wealthy, dressed ac
cording to the latest western fashion, have their chauffeurs drive 
them to luxurious restaurants and hotels, most of those who have 
fled the countryside dress in rags, eking out a miserable living in 
cardboard huts in urban slums. 

In terms of quality of life, it is hard to see any significant 
difference between people living in absolute rural poverty and 
those languishing in city slums. Hopelessness and despair, as well 
as the awareness that there is only the slimmest chance of success 
in terms of the values and goals of the upper ciasses, are im
mensely tragic consequences of underdevelopment. What makes 
a life of poverty in the city even more unbearable is the direct, 
day-to-day confrontation with the often staggering wealth of a 
tiny minority. This contrast constitutes a frequently underesti
mated threat to sustainable and peaceful development in devel
oping countries. 

3.5 Economic and social development 

Wi'.h the exception of Senegal, all Sahelian countries are 
classified as so-called least developed countries (the countries 
with the poorest economic and social conditions in the world). All 
are found in the lowest regions in the Human Development Index, 
with two of them in the last two spots and the rest among the last 
16. (Ranking 173 countries, the Index is a composite measure of 
human development containing indicators representing three 
equally weighted dimensions of human development: life expec
tancy at birth, adult literacy and mean years of schooling, and 
purchasing power.11 ) The indicators in Table 3 illustrate their low 
level of economic and social development. 

The living conditions in the area are characterized by an 
inability to satisfy basic needs. Minimum individual nutritional 
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Table 3 

Economic and social development in the Sahel 

Country GDP per Life Infant Adult 
capita" expectancy mortality illiteracy 

ratec 

Senegal 801 49 68 62
 
Mauritani.b 520 48 117 66 
Mali 298 48 130 68 
Gambia 298 45 132 73 
Burkina Faso 292 48 132 82 
Niger 281 46 123 72 
Chad 209 47 122 70 

a In US $ (1992). GDP at factor costs. Only for Senegal GDP at market costs.
 
bAt birth, in years (1992).
 
c Per 1,000 live births (1992).

dPercentage of adults of the total population (1990). 

Source: World Bank, World Tables 1994, (on diskette), Washington, D.C. 1994 
Percentage of illiterate adults from World Bank, Social Indicators of 
Development 1994, (on diskette), Washington, D.C. 1994. 

needs and shelter are not guaranteed, and the state cannot pro
vide a minimum of vital government services, such as safe drink
ing water supplies, sanitation, health care, and educational 
facilities. Nutritional deficits, illustrated in particular by hunger 
and malnutrition, have a catastrophic impact on the quality of life 
as well as on people's health. 

According to UNDP data, the daily calorie supply for in
habitants of the Sahel seems to have improved somewhat. In the 
period 1984-86, the calorie supply in all the Sahelian countries 
was well below the minimum set by thfe World Health Organiza
tion (WHO). In 1988-92 only Chad remains significantly below 
the limit with 69 percent of what is required. The calorie supply 
for the other countries ranges between 95 and 109 percent.1 2 
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4 Agricultural Production
 

Millet and sorghum are among the major food crops in the 
Sahel, accounting for 50-70 percent of the cultivable land planted 
with crops. Groundnuts and cotton are the most important cash 
crops grown for export. Groundnuts are grown mainly in Senegal 
and Gambia, while cotton is the main export crop of Mali, Chad, 
and Burkina Faso. Although cotton is planted on only a small 
percentage of the cultivable land, it accounts for 60-80 percent of 
foreign-exchange earnings because of its high value. Livestock 
husbandry is an important source of income for about one-quarter 
of the population. 

4.1 Developments in food production since 1960 

Sahelian countries were largely self-sufficient in food pro
duction until the 1960s. In 1961-92, however, food production in 
the Sahel rose by only 1.8 percent per year, far less than the annual 
population growth rate. In 1988, a year with abundant rainfall, 
almost all Sahelian countries enjoyed a record harvest. But by 1990 
harvests were five percent down from 1989 and 15 percent down 
from 1988.'. 

In the Sahel, food production has always depended to a 
large extent on climatic factors. But the remarkable success in food 
production in Niger, for example, has made it clear that political 
factors such as price policy, extension services, credits, and other 
means of support to small-scale farmers can intensify or signifi
cantly cushion the impact of adverse climatic factors. 

To avoid dramatic food shortages in the Sahel, it has been 
necessary to compensate the decline in per capita food production 
by increasing food imports, in particular cereals. Cereal imports, 
supplemented by extensive food aid, rose from about 200,000 tons 
at the beginning of the 1960s to over 1.3 million tons in the early 
1980s.14 In 1988, in spite of sufficient rainfall, an even greater 
amount-1.9 million tons-was imported. This is an eightfold 
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increase in food imports in 30 years. What had once been neces
sary only during extreme droughts and other emergencies to fend 
off disastrous famines and save human lives became permanent
with time. Today, even in "normal" times, 15-20 percent of the 
region's food supply is imported.

In terms of development, this is pointless. Food aid that is 
not properly administered or that is instittted over the long term 
independent of acute shortages can have serious consequences.
An external supply depresses the price of locally produced food 
and thus deprives farmers of an incentive to produce surpluses
beyond what they need for home consumption. In addition, since 
industrialized countries often donate their own food surpluses,
food aid may not be adapted to local diet.ary preferences of the 
recipient countries. Consumption of imported foods may there
fore lead to a drop in demand for indigenous crops in the long
term (such as a gradual preference for wheat instead of millet).

Donated surpluses are often valued highly by governments
in recipient countries because they can be sold, providing an 
important source of income for the government and supply for 
privileged target groups, such as the army. Thus food aid can be 
a seductive poison; adapting it can result in a decline in the local 
food supply. 

4.2 	 Socioeconomic limiting factors in the development of 
agriculture 

Sahelian countries face enormous obstacles to develop
ment. The slow development of agriculture in the Sahel, and 
hence in food production in the region, is due not only to climatic 
variation"5 and poor soil quality, but also to poor economic, po
litical, and social conditions. Men and women engaged in small
scale farming have almost no access to training and agricultural
extension services that would address their problems. Nor do 
they have any chance to acquire much-needed credits for purchas
ing inputs to increase production, such as chemical fertilizer, seed, 
and agricultural implements. 
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Improved seed varieties, fertilizers, and plant protection 
products are part of a "technological package" used almost exclu
sively for export crops such as cotton and groundnuts. The total 
amount of chemical fertilizer used in Sahelian countries is less 
than half of the already low average for sub-Saharan Africa. Past 
production increases have been achieved usually by expanding 
the land under cultivation and only rarely by increasing yields. 6 

Less than one percent of the land under permanent cultivation is 
irrigated. Large-scale irrigation systems are extremely rare, be
cause they are much too expensive. 

Moreover, there is no incentive for farmers to increase 
production because the chances of selling their produce on the 
market are poor. In countries where the majority of the population 
is engaged in agriculture or livestock htsbandry, the remaining 
population does not generate sufficient demand to constitute a 
market for agricultural products, especially when the govern
ment has set very low prices. Food imports and food aid further 
aggravate the situation. Export production, introduced in colonial 
times, continues to have a much higher priority than cultivation 
of food crops for home consumption. Resources for providing 
extension services, fertilizer, and mechanization are rarely allo
cated to farmers who grow food crops. In some cases farmers are 
side-tracked to areas where production conditions are even less 
favorable. 

Sustainable economic and social development will be pos
sible in the Sahel-and in most mainly agricultural developing 
countries-only if rural development is sufficiently accelerated 
and agriculture becomes considerably more productive. Only if 
per capita production increases by about four percent annually is 
there a chance that the region will become self-sufficient in food 
production in the long term. Sahelian countries today not only 
face the challenge of having to increatse their agricultural produc
tivity under conditions of overall resource scarcity, they must also 
increase productivity in a way that will conserve the natural 
resource base, which has been damaged considerably in the last 
25 years. The situation has been made even more difficult by 
population pressure and to some extent by debt service, with the 
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result that already scarce resources must be increasingly ex
ploited. 

The Sahel zone is at a great disadvantage in ecological 
terms. In the following pages, we shall examine the many ways
in which ecological disadvantages make life and economic condi
tions so difficult, and also see why nature reacts so sensitively to 
human intervention in this region. This will make clear how 
climate affects nature as well as use of the environment by hu
mans. 
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5 	 Climate and Natural
 
Resources
 

5.1 	 Climate 

While temperate zones nae sufficient rainfall to support 
agriculture throughout the year, the situation in the Sahel, with 
its tropical semi-arid climate, is wery different. There are no no
ticeable seasons that can be defi ed by temperature. Differences 
in temperature are more likely tl) occur between day and night 
and between lowland and highla nd areas than between summer 
and winter. The three- to fourmmnth rainy season occurs during 
the summer from June to Septe nber, with rainfall ranging be
tween 200 and 600 mm. Because of intense solar radiation and 
high temperatures, however, much of this precipitation evapo
rates before it can be used for agriculture. There is sufficient 
humidity for agriculture for only two to four months during the 
year, with dry months predomir ating the rest of the time. 

The Sahel's climate is grclatly influenced by global wind 
circulation patterns, which determine periods of rain and aridity 
in the region. It is worthwhile t, iking a brief, closer look at this 
process because it plays such a decisive role in the Sahel.17 

Precipitation in the intertilopical convergence zone (ITC)I8 

has a major influence on the region's climate. Trade winds in the 
equatorial latitudes converge toward this zone. The zone itseif 
migrates northward and southward with the seasons. A belt of 
moist air follows the ITC's mover ient. Precipitation in the conver
gence zone can fall at the equi tor in all seasons. A period of 
summer precipitation occurs in iistant tropical zones, but in the 
desert the climate is continually irid. 

In winter the Sahel is subj{ct to the influence of the north
east trade winds, which are hot nd dry as a result of their long 
journey over the desert. Precipitation is rare. The dry season 
grows longer toward the northe n part of the Sahel. 
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At the height of summer the sun is vertically overhead at 
the northern tropic in the middle of the Sahara. Following the sun 
with a certain time lag, the ITC migrates north to about the 15th 
or 16th northern latitude, the areas north of the Sahel. This causes 
winds from the southwest to converge toward the Sahel. These 
winds absorb humidity over tropical waters in the Gulf of Guinea, 
and, as they move to the northeast, they bring long-awaited rain 
to the Sahel. 

But even more critical for agriculture than the actual 
amount of rainfall or change of seasons is rainfall variability. The 
ITC moves irregularly, thus making precipitation variable. An
nual variations of up to 50 percent can occur, depending on how 

9far this zone of converging air masses advances to the north.1

Rainfall becomes less certain toward the Sahara. In European 
latitudes, a year with 100 mm less precipitation than normal will 
hardly affect harvests. But in the Sahel, a drop of this magnitude 
puts the amount of rainfall below the 500 mm minimum necessary 
for rainfed agriculture, causing harvests to fail. 

Figure 2 shows rainfall variability in the Sahel from the start 
of this century. It illustrates that years of above-average and 
below-average rainfall tend to come in clusters. If several dry 
years occur consecutively, food supply problems increase dra
matically. The people of the Sahel can survive one year of failed 
harvest without major supply problems, provided that reserves 
are sufficient. But they cannot survive several consecutive years 
of harvest failure, such as during the long drought from 1968--73. 

Climatic history and its present-day effects 

Like all the earth's regions, !he Sahel has been subjected to 
repeated climatic fluctuations throughout its history. Cold and 
warm and dry and moist periods have altered the face of the 
region many imes. Figure 3 illustrates the fluctuations that have 
taken place over the last 18,000 years. 

Approximately 20,000 years ago the Sahara expanded 
south-ward into the current Sahel zone during a pronounced dry 
period. Rivers dried up, vegetation died out, and sand dunes were 
formed. About 15,000 years ago climatic conditions began to 
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Figure 2 

Rainfall variability as a percentage of deviation from the long-term mean 
for the Sahel zone 
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improve. Moist tropical air masses advanced far to the north 
during the summer months, bringing a considerable increase in 
rainfall. 

This favorable climate lasted for about 5,000 years (about 
8000-3000 BC). The Sahara desert receded to small, isolated areas 
in northern Africa. An enormous drainage network came into 
existence in the regions south of the Sahara. Lake Chad was much 
larger then than it is today. Rivers deposited sediments over 
broad areas such as the inland delta of the Niger, where land use 
today is based on extensive irrigation. Previously arid, desolate 
areas came to life again, and the tropical rain forest auvanced far 
to the north. Sand dunes were gradually covered with vegetation 
and sand masses no longer migrated southward. Red, fertile 
tropical soils were formed in areas where it is virtually impossible 
for soils to be formed today due to aridity. Humankind is still 
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Figure 3 

Climate and the environment in northern Africa in the last 18,000 years 
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Source: B. Messerli, Geographic Institute of the University of Berne, Switzerland 

profiting today from the favorable climatic conditions of that time; 
soils that were formed then continue to benefit present-day agri
culture. 

After this relatively "wet" period, the climate once again 
worsened. Precipitation became highly variable and the amount 
of rainfall dropped considerably, causing lakes, river systems, 
and rain forests to recede and leading to a renewed advance of 
the desert. Today climatic history still determines to a consider
able extent the potential for agriculture in the Sahel. In many 
areas, people live in an environment that took many thousands 
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of years to develop. If these areas continue to be degraded, they 
will probably not recover under today's arid conditions. 

Droughtandfamine in the Sahel 

Many scientists believe that drought has always been a fact 
of life in the Sahel.2" According to the American National Research 
Council, there were 12- to 1.5-year droughts in the 1680s, the 1750s, 
the 1820s and the 1830s.11 In this century the Sahel has been 
plagued by extended droughts in 1910-14, around 1930, and in 
1940-44, 1968-73, and 1980-.84.22 While there are indications that 
earlier droughts were confined to relatively small areas, there has 
been a continual increase in the duration and the extent of drought 
over the last 100 years and consequently in the destruction caused 
by it. This has held true up to very recent times. 

The exceptional drought of 1968-73 affected no less than 16 
countries (Cape Verde Islands, Senegal, the Gambia, Mali, Mau
ritania, Burkina Faso, Chad, Niger, Benin, Nigeria, the Central 
African Republic, Libya, the Sudan, Somalia, Djibouti, and Ethio
pia). Another 14 nations in central and southern Africa were 
exposed to the 1980-82 drought.-' These droughts caused untold 
human suffering, weakened the ecological equilibrium, and had 
a disastrous effect on agriculture and livestock production, with 
consequences that are apparent even today. 

In each case the economic damage was immense and re
sulted in widespread impoverishment. For example, the excep
tional 1968-73 drought, with rainfall deficits of 15-40 percent, 
caused grain harvests to fall by 600,000 tons, a 15-percent loss of 
the average annual yield. Agriculture and livestock production 
collapsed. Nomadic herders were no longer able to migrate to the 
Sudanian zone because it was already too densely settled. They 
were forced to exchange their last animals for millet or for the 
right to use a well. Hundreds of thousands of people died of 
starvation-200,000 in Ethiopia alone-and more than 80 percent 
of the livestock in the Sahel perished. 4 

The 1980-84 drought was the third in 10 years. In 1984 Gao, 
in the eastern part of Mali, received only 60 mm of rain, less than 
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half of what it had been ft) 1983, when it was already low. In a 
normal year this region receives 25G-300 mm. One-third of Mali's 
population-seven million at the time-uffered from the effects 
until the mid-1980s, and five percent were threatened with star
vation. The shortage of grain was estimated at 300,000 tons (based 
on a requirement of 180 kg per person annually). Animal herds in 
many regions were decimated, livestock prices dropped, and 
grain prices skyrocketed.'5 

There are many reasons for the dramatic increase in 
drought-related problems. One is that due to declining export 
earnings and the rising cost of imports the Sahelian countries are 
in difficult economic times, with le-s financial resources available 
to tackle their problems. 6 Human factors that have played a role 
in worsening the problems are high population growth rates, 
inadequate use of scarce soil and water resources, and inappro
priate political priorities, including the inability of vwernments 
in most Sahelian countries to take timely and a-propriate precau
tionary mea. res to prepare foi the possible recurrence of 
drought.
 

5.2 Water 

Water availability is directly related to climatic conditions. 
Throughout the Sahel sparse and unpredictable rainfall, rapid 
evaporation, and the low storage capacity of soils limit the 
amount of water available. Scarcit"r increases sharply toward the 
north. The situation is somewhat better in the regions traversed 
by large water courses, in particular the catchment areas of the 
S2negal River, the Niger River, and, further east, the Nile. Because 
these rivers all rise in the more humid southern part of the Sahel, 
they carry water throughout the year. 

Procuring water is a fundamental problem in the daily lives 
of the Sahel's inhabitants. In the past, the main source was 
groundwater, which is replenished by rainwater. But with today's 
erratic rainfall, motor-driven pumps have often to be used to 
draw up water from deep wells. This is often fossil water, which 
means that it is not replenished by precipitation or river water. A 

32 



study in Senegal showed that water at this level was formed 
before the last ice age and can be up to 30,000 years old. 

Although rapid population growth and intensified agricul
ture make it necessary to tap additional water sources, nor -re
newable resources must not be put at risk. Tapping fossil 
groundwater reserves could result in overuse and exhaustion of 
an indispensable, non-renewable resource. Gearing agricultural 
development efforts to the use of fossil water is therefore not a 
wise approach for the future. 

5.3 Soils 

Soils in tropical countries have many unfavorable charac
teristics. Their natural fertility and water-retaining capacity is 
low, and they are highly susceptible to wind and water erosion.2 

Soils in the Sahel have a low natural yield potential, due to poor
nutrient fixation and a shortage of minerals that contain nutrients. 
In the past, traditional tillage methods, including fallow periods
that often lasted for decades, compensated for soil vulnerability.
Today, traditional methods are too unproductive to meet the food 
requirements of the rapidly growing populations.

Intensive cultivation in the Sahel requires high inputs of 
fertilizer and special fertilization techniques, as well as small but 
frequent doses of irrigation to avoid water loss through filtration 
and evaporation. In addition, it is necessary to ensure that damage 
to the topsoil is minimized at every step in the tillage process
(clearing, plowing, and harvesting). Green manuring, crop rota
tion with legumes, and appropriate, combined agroforestry, im
plemented in accordance with traditional cultivation methods, 
are now recognized as the most suitable tillage techniques for 
fragile biotopes 8 The first step in combating erosion, especially
wind erosion, is to protect existing hedgerows and shrubs. Other 
steps include replantation of hedgerows and shrubs, no till or 
minimum till agriculture, and, where necessary, stabilization of 
sand dunes. 
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5.4 Vegetation 

As precipitation increases soutI. of the Sahara toward the 
equator, biological diversity becomes greater and vegetation 
denser. This results in different vegetation zones from Mauritania 
to Chad. The dry vegetation of the Sahel constitutes a fluid tran
sition zone between desert to the no, h and savanna to the south. 
Thorny bushes and isolated low trees mark the pale-brown land
scape, which is green only for a short period of time when there 
is sufficient rainfall. 

Because rainfall is low and variable, plants have developed 
various strategies for the most economical use of the water. An
nual plants survive dry spells i the form of extremely resistant 
seeds that retain their germinating ability for decades. After suf
ficient rainfall they grow, blossom, and bear fruit within a short 
time, temporarily covering normally barren areas with colorful 
vegetation. Dense hairs, an insulating waxy surface, or a thick, 
leathery "external skin" on the leaves reduce evapotranspiration. 
In extreme cases leaves transform into thorns or are shed com
pletely during dry periods. Trees and shrubs have deep and 
extensive root networks, and herbaceous plants have tap roots 
several meters long, enabling them to penetrate into deep, remote 
water sources. Fleshy leaves and stalks, as well as roots and stems, 
can often absorb water during the rainy season and store it for use 
during dry periods. 

Plants in the Sahel usually combine several of these strate
gies, rarely relying on only one of them. The various adaptation 
mechanisms of vegetation in the Sahei illustrate how narrow the 
confines of life are in a semi-arid region. 

Trees--an endangeredsymbol of life 

Trees play an essential role in the Sahel: they provide fuel, 
timber, and food, conserve the soil, and serve as windbreaks. They 
are a source of fertilizer and are used as medicinal plants. Due to 
population growth and a sharp rise in the demand for energy, the 
need for wood is increasing much more rapidly than reforestation 
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can supply. This overuse may cause an ecological catastrophe of 
indescribable proportions. 

A German federal enquiry commission concerned with the 
environment, "Vorsorge zum Schutz der ErdatmosphAre," has 
called attention to the urgency of the medium- and long-term 
problems caused by excessive deforestation. The commission 
concluded that a firewood crisis is imminent. 9 

The proportion of wood in relation to total energy sources 
is very high in all Sahelian countries, reaching 96 percent in 
Burkina Faso. Procurement of firewood, mainly for heating and 
cooking, is the primary cause of forest destruction in the densely
populated areas. Shortages are now so acute in most Sahelian 
countries that it is impossible for these countries to meet their 
firewood needs, even if they continued to overuse forest resources 
and burning agricultural waste products (instead of using the 
latter as fertilizer or livestock feed). In 1980 more than 50 million 
people in Africa were unable to meet their minimum firewood 
needs without overusing forests. Worldwide, some 130 million 
people will soon face similar problems." 

The firewood shortage has various serious economic, so
cial, and ecological consequences, which, together, expand al
ready widespread poverty: 

" 	 Great expenditures in time and labor, particularly from 
women and children, are required to collect firewood. This 
takes time away from other important activities, such as 
school attendance by children. 

" 	 Clearing trees and shrubs promotes wind and water ero
sion. This accelerates deterioration of the soil and causes 
agricultural production to decline, which in turn triggers a 
further rural exodus. 

" 	 In cities, where firewood usually has to be purchased, a 
larger portion of the family income must be spent on en
ergy. This puts a heavy strain on the usually small house
hold budget.

" City dwellers usually use charcoal rather than firewood. 
Current charcoal manufacturing processes cause a 50-percent 
loss in the original caloric value of wood. 
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Overuse of the remaining forest and shrub stands cause 
further economic, social, and ecological deterioration, and new 
vicious circles of underdevelopment come into play. Western 
countries frown upon women gathering firewood, threatening
the last remaining forest stands. But this is highly inappropriate 
when we realize who has really been responsible for exploiting
and destroying forests in the past decades-usually without the 
pressure of having to endure a day-to-day struggle for survival. 
Forest degradation has occurred at the hands of foreign compa
nies and loggers, indigenous charcoal producers, and farmers and 
pastoralists penetrating into new areas. Not least among them are 
national and international agricultural experts, who designed
projects that required irrigation on a large scale for the production 
of export crops such as cotton. 
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6 Environmental Degradation 

6.1 Preservation of the environment as a human right 

Toward the end of the 1960s the term "human rights of the 
third dimension" entered into the ecological and political dis
course. It was used to describe rights that take precec.ence over 
the rights that protect the individual from the power of the state 
(first-dimension rights) and over individual economic and social 
rights (second-dimension rights). The right to peace, to human 
development, to environmental protection, and to preservation 
of our common human heritage-to mention only the most im
portant rights of the third dimension-are more than merely 
individual human rights. They are rights of societies and nations, 
indeed, of all humankind. Ultimately, they provide the conditions 
under which first- and second-dimension rights are realized, and 
should accordingly be called rights of humankind. 31 

In the last two decades the environment and its significance 
to human life has increasingly become the focus of national and 
international attention. At the same time the ecological situation 
in the Sahel has deteriorated dramatically. For the people of the 
Sahel the human right to a life-supporting environment and the 
chance of a future worth living for is in jeopardy now more than 
ever. Human life in the Sahel is possible only if the environment 
is intact. Grasses, trees, hedgerows, and shrubs do more than 
provide food, energy, and animal fodder. They also help to pre
serve soil fertility (for example for cultivation of food crops), 
prevent erosion, conserve water resources, check or counteract 
climate changes, and provide a habitat for wildlife. Yet the process 
of environmental degradation is continuing. 

There are many reasons for environmental degradation, 
but one thing is certain: the symptoms-loss of cropland and 
forests, depletion of rangeland areas, and shortage of water--can 
by no means be attributed only to two climatically adverse dec
ades with extremely low rainfall. Human-induced environmental 
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degradation has at least had similarly significant, if not more 
disastrous, consequences. 

Environmental problems in industrialized countries and in 
developing countries must be seen in a historical context. In the 
case of the Sahel, humans have been impinging on the natural 
base of life for at least a century. During the colonial period the 
western world violated and destroyed indigenous societies and 
traditional ways of life in the interest of securing hegemony and 
ensuring the profitable economic development of colonies at the 
lowest possible cost (although this process did not occur every
where simultaneously and with equal intensity). 2 

Colonization also sucked traditional economic and social 
structures into the vortex of change. Because the primary purpose
of colonies was to supply raw materials and receive finished 
products, traditional skills that were related to indigenous needs 
were not promoted, nor was there any appropriate industrialized 
development. Although traditional agriculture conserved re
sources, colonizers were not interested in it because it was too 
unproductive. Consequently, agriculture was relegated to the 
margins of the economy, causing the capacity for self-sufficiency 
to decline. 

Colonial powers can be partly blamed for starting to over
use natural resources. For example, the introduction of poll taxes 
by colonial administrators forced men to perform wage labor and 
to participate in a cash economy and in production for the market, 
to the disadvantage of production for home consumption. Plan
tations were operated with the help of cheap labor. Profits went 
to a small foreign minority and flowed back to the mother country
in most cases. Later, colonialists were replaced with indigenous 
elites, and although the rhetoric changed, patterns of thought and 
behavior usually did not. Societies remained split into modem 
and traditional sectors with few links between them. 

Expansion of production for export to Europe, high popu
lation growth rates, and boundaries imposed by colonial powers 
gradually reduced the area available to nomads and their herds. 
The new boundaries meant that herders and their animals could 
no longer migrate with the seasons to follow the rain-usually for 
hundreds of kilometers southward or northward-as they had 
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traditionally done. Overgrazing became common. The sub
sequent activities of well-intended colonial administrators and 
development agents, who drilled wells and vaccinated livestock, 
led to a further expansion of herds far beyond the carrying capac
ity of the rangelands. (Carrying capacity is the maximum human 
and animal population that a given area can support with existing 
technology, without triggering sustained environmental deterio
ration.) 

Today virtually no African government supports tradi
tional nomadic pastoralism. It is seen as an obstacle to modern
ization. Trespassing 7.nd smuggling problems, administrative 
difficulties in dealing with nomadic peoples, and the threat (real 
or perceived) that wandering herds pose to sedentary popula
tions-along with associated problems of political unrest-have 
also done little good to the popularity of nomads and their con

-
3cerns. 
The expansion of monocultural agriculture into forest areas 

and commercial use of forests beyond their ability to regenerate 
have also had ecologically destructive consequences. Lastly, wars 
and territorial conflicts, provoked not least of all by the struggle 
over increasingly scarce natural resources, have led to mass mi
grations and loss of the tradition to conserve natural resources. 

Whatever the reasons, environmental degradation has al
ways had the same consequences for people in the region affected. 
One consequence, loss of biological diversity, has received major 
publicity only in recent years. 

6.2 Loss of biological diversity 

Numerous international organizations concerned with the 
environment, including the United Nations Environment Pro
gram (UNEP), the International Union for the Conservation of 
Nature and Natural Resources (IUCN), and the World Wildlife 
Fund (WWF), have expressed concern about the actual and po
tential consequences of the continuing decline of biological diver
sity worldwide, which many observers believe is accelerating 4 
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Biological and natural resources (including genetic re
sources) that can actually or potentially be used by humans are 
becoming scarcer whi!e at the same time the global population is 
estimated to grow by one billion in the coming decade. Unless 
special efforts are made to protect natural resources soon, future 
generations will be deprived of their use. 

The problems with regard to loss of biological diversity are
evident in the humid tropics, where rain forests are rapidly
shrinking. Many observers are concerned that the destruction of
fragile ecosystems will lead to the extinction of plant species that 
could be important medical zources of drugs for previously incur
able human diseases. Advocates of this argument point to the fact 
that many substances used in modem medicine are derived from 
toxins that plants produce to fend off their natural enemies. These 
toxins are complex chemical compounds. Synthesizing them in
the laboratory is extremely difficult and possible only when their 
structures have been identified. There are many examples of 
plant-based drugs that have brought about considerable progress
in the treatment of various diseases. But only a fraction of the 
plants that grow in the tropics have been cataloged so far, and 
very few of these have been systematically studied and classified. 

The genetic resources of the Sahel have hardly been stud
ied, but there is a great deal of interest in the traditional plant
species found there, because of the highly unusual physiological
characteristics of these plants and their ability to tolerate drought,
heat, and salinity. There is hope that some compounds produced
from plants in the Sahel may be effective against certain types of 
cancer.35 

There is less plant and animal life in the arid and semi-arid 
regions of the earth than in the rain forests. We have little infor
mation about the links between loss of biological diversity and the 
destruction of original forest cover in the Sahel. One attempt to 
measure the dimensions of this loss was made by comparing the 
current size of wildlife habitats with the original habitats. 36 Origi
nal habitat with negligible human intervention was defined as 
"ideal maximum vegetation." The estimate of currently remain
ing habitats was based on a broad range of data that varied greatly
in accuracy. The conclusion was that "the figures should be taken 
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as indicative rather than definitive. 37 Even so, the original habitat 
areas in the Sahel have become clearly smaller in size (see Table 4). 

The most important reasons for loss of biological diversity 
in the Sahel can be found in the interaction between climatic 
changes and the increasing pressure of a poverty-stricken popu
lation forced to exploit natural resources in order to subsist. 
Overuse of soils and rangelands and expansion of livestock herds 
have destroyed forest and vegetative cover. Because fodder is in 
short supply, farmers in many places find it necessary to kill 
wildlife that compete with livestock for grazing sites. This has 
considerably reduced the original game stock, especially large 
mammals, and has contributed substantially to the loss of biologi
cal diversity in the region. 

Table 4 

Wildlife habitat loss in the Sahel 

Country 

Gambia 
Senegal 

Mauritania 
Burkina Faso 
Mali 
Niger 
Chad 

Original Habitat Habitat 
habitat remaining loss (%) 

('000 ha) ('000 ha) 

1,130 124 89 
19,620 3,532 82 
38,860 7,383 81 
27,380 5,476 80 
75,410 15,836 79 
56,600 13,018 77 
72,080 17,299 76 

Total for sub-Saharan 2,079,641 773,774 63 
Africa 

Data for Mauritania, Mali, Niger, and Chad cover only the sub-Saharan 
parts of these countries 

Source: McNeely, J., Miller.K. et al. 1990. Conservingthe World's Biological 
Diversity.Gland (Switzerland) and Washington, D.C. IUCN, WRI, Cl, 
WWF-US, the World Bank. p.46. 
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In some cases Sahelian governments have tak,.i steps to 
protect their natural resources and biological diversity by estab-
UIshing natural parks and protected areas for endangered plant
and animal species. Some have also designated partially protected 
areas, where certain types of land use, such as logging, stripping 
branches off trees, and hunting, are forbidden. About six percent
of the region has been designated as partially or fully protected,
five percent of which, or almost 284,000 sq ki, is partially pro
tected, and one percent, or 47,000 sq kin, is fully protected.

Many experts believe this is not nearly enough for adequate 
protection of all plant species. The situation with regard to animal 
life appears to be better. The most important protected areas for 
animals are the Ouadi-Rimi Ouadi-Achim Fauna Reserve in Chad 
and the Air-Thnr6 Natural Reserve in Niger. Both are recognized 
as protected areas of international importance for the conserva
tion of ungulates." 

The Sahel has a number of important wetlands. These 
include the Niger River (in particular its inland delta in Mali),
Lake Chad in Chad and Niger, and the Senegal River and its 
catchment area, which extends along the southern border of 
Mauritania to Mali. These wetlands are extremely important for 
local populations, their animals, and wildlife. Even though there 
are hardly any large mammals found in the flood plains of the 
rivers in the western Sahara, especially the Senegal and the Niger 
rivers, these areas are still of great importance as a wintering place 
for migratory birds.39 

Three important areas have been designated under the 
Ramsar Convention on Wetlands of International Importance.
They are located around Lake Chad and the inland flood plain 
areas of the Senegal river. These aireas are much better protected
than wetlands in other parts of the region. However, additional 
efforts are needed to protect biological diversity in the Sahel. 
Many protected areas have not been satisfactorily defined, are 
poorly mapped, or even unmapped, while others exist only on 
paper. This often makes determining whether a certain area is 
protected or not difficult. 

With the exception of Senegal, parks and reserves are gen
erally poorly, or not at all, managed and protected. Natural re
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serves present numerous practical problems for the poor coun
tries of the Sahel. There is a serious shortage of trained staff at all 
levels, in particular competent manager6, and there is a lack of 
suitable equipment (including vehicles) and general financial 
support.4 

Protected areas can help preserve genetic resources and 
slow down erosion. For example, conserving the vegetation in 
proposed reserves such as Air-Tn&6 (which is over 40,000 ,;qkm) 
can stabilize the soil and check runoff. It can even have a favorable 
influence on the local climate. Protecting such areas preserves 
renewable and potentially profitable natural resources for use by 
the indigenous population. 

The establishment of parks and protected areas is undoubt
edly of great value to present and future generations. In practice, 
however, several conditions must be met to ensure that these 
protected projects achieve their objectives. Experience has shown 
that project' of this kind are successful only if local populations 
are convinced that protection of the area is in their best interest.4 1 

If the local population does not cooperate or fails to firmly support 
it, hunting, poaching, and degradation of natural resources will 
continue unabated. More important, alternative sources of in
come or subsistence will have to be found il a local population is 
cut off from its previous source of livelihood. 

The governments of all Sahelian countries have extremely 
limited financial and human resources to tackle these issues, and 
the great majority of the region's inhabitants are very poor; they 
cannot make any financial or other sacrifices to conserve biologi
cal diversity. It is very difficult to motivate local populations to 
get involved and take action because they see long-term resource 
use as a highly uncertain factor while the costs of foregoing 
current resource use are immediate. Outside help is thus indis
pensable for successful protection of Sahel's nature. Several inter
national environmental protection organizations are currently 
offering help in establishing and managing selected reserves in 
the Sahel. But the scope of this international aid is much too small 
given the extent of the problem. 

The international community highly values the global eco
logical, cultural, and aesthetic importance of biological resources 
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in the Sahel. At least, this is the impression one gets from the 
concern expressed at numerous speeches at international envi
ronmental conferences. Given this global recognition, the interna
tional community should be committed to help protect these 
resources in a concrete, adequate manner. We must hope that this 
will happen in the near future, for "the next decade may be the 
last chance to find a new formula for humans and wildlife to 
coexist in Africa." 42 

6.3 Desertification and the consequences for ecosystems 

Since the catastrophic 1969-73 drought, the term desertifi
cation has become a household word in discussions about ecologi
cal problems. Horst G.Mensching has described the phenomenon 
of desertification probably best, defining it as "a process that has 
its greatest impact under certain climatic conditions primarily in 
semi-arid and subhumid zones inhabited by humans. It is a 
process of serious ecological degradation that damages land-use 
resources, often destroying them irreversibly at regional levels,

'
and certainly at local levels. 4 3 

Desertification causes desert-like conditions to spread to 
areas where such conditions would normally not exist, given the 
climate. This process causes a severe decline in the potential for 
livestock husbandry and cultivation of food crops and other 
crops. Because it is caused by humans ("desertification" comes 
from Latin desertusfacere: to make into desert), desertification does 
not begin in sparsely populated desert areas but in relatively 
densely settled regions with steppe and savanna areas, which are 
ecologically susceptible to desertification. 

It is not easy to find an acceptable alternative to the word 
desertification. Desert formation or steppe formation come close, 
but they do not reflect the fact that, apart from the effects of 
insufficient rainfall over many years, humans and their interven
tions in the ecosystem are the real cause of the problem. Human
induced destruction of the biological potcntial in ecologically 
sensitive areas (such as inappropriate agricultural techniques, 
forced cultivation of food crops in unsuitable areas, and overgraz

44 



ing) intensifies the impact of drought and sets off a degradation 
process that has its own dynamics. Wherever the carrying capac
ity of natural vegetation is exceeded for a long time, the conse
quence is continuing degradation of the land.4 

Drought and desertification, as Mensching showed, are 
closely linked: years of water shortages and great rainfall variabil
ity make desertification more acute. This in turn promotes 
drought and intensifies its effects.4" Excessive destruction of natu
ral vegetation can in itself cause ecological degradation processes, 
but these processes lead to desertification only during prolonged 
periods of drought. 

Desertification is not a new phenomenon; in fact it is as old 
as the history of humankind in the Sahel. There have always been 
shifting dunes that have buried desert settlements and destroyed
the pr-'ductive capacity of many areas that were once fertile. 
Already in the 17th and mid-18th centuries travelers and traders 
observed that the desert was spreading into the Sahel, which was 
described as an area with the rich vegetative cover characteristic 
of the humid savanna. The banks of the Senegal River once were 
covered with clusters of thick-trunked trees. Today most of this 
area consists of bare sand. Earlier marshlands have also disap
peared. As recently as 300 years ago extensive areas of Mauritania 
were reported to have been covered with dense vegetation. 

Since the beginning of the 20th century there have been 
many discussions about whether the Sahel is drying up and 
desertification is expanding. The debate waxed and waned as dry
spells came and went. Following the 1910-18 drought, French and 
English colonial administrators believed that the Sahara was ex
panding rapidly and would encroach on tne Sahel. But, as is often 
the case with debates about pressing issues, interest declined as 
the urgency of the problem abated, in this case with the return of 
enough rainfall. 

The debate resumed in the 1930s w; th the publication of The 
EncroachingSahara, by Prof. Stebbing of the University of Edin
burgh.46 Stebbing postulated that the Sahara was encroaching on 
the Sahel very rapidly. He supported his argument with his own 
observations (primarily in northern Nigeria) and his perception 
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that rainfall was becoming more scarce, village wells were drying 
up, and sand dunes appeared to be advancing. 

In 1949 the influential Frencd"forestry expert A. Aubreville 
popularizcd the term desertificatioi in his book Climats,Forets et 
DisertificationdeI'Afrique Tropicale.471 Ie, too, saw human activities 
as the primary cause of deterioration of the land. He called atten
tion to the fact that the impact of these activities could be per
ceived far beyond the Sahel. 

The issue received little attention in the 1950s and early
1960s, when rainfall was sufficient and well-distributed through
out the entire region. The debate resumed with the onset of 
another prolonged drought in the late 1960s. The desertification 
problem aroused considerable international response, not least 
because of the impact of the catastrophic 1968-73 drought. The 
high point of this response was the first United Nations Confer-
ence on Desertification in Nairobi in 1977. 

For the international community this conference was the 
first coi frontation with desertification. Conference participants
found themselves discussing a subject about which very little 
information and reliable data was available." Consequently, the 
first task that was set was to assess available data concerning the 
status and the course of desertification. Quest >nnaires were de
signed to obtain the necessary information, and governments in 
aflected areas were asked to provide information about the status 
of desertification in their countries. Among the indicators used 
were the proliferation and encroachment of sand dunes, deterio
ration in the quality of rangelands and rainfed croplands, water
logging and salinization of irrigated fields, deforestation, and the 
declining availability and quality of groundwater and surface 
water supplies. 

With the help of data gathered in this way, it was possible 
to categorize the level and severity of desertification as "slight,"
"moderate," or "severe." Desertification was considered moder
ate if the production capacity of croplands had declined by about 
25 percent and the resource base had deteriorated. It was classi
fied as severe if productivity losses exceeded 50 percent of the 
lancd's potential and if restoration of the productive potential 
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through land reclamation was not considered economically feasible. 
These classifications, however, were imprecise and open to 

vague interpretations. 9 But the questionnaires for the first time 
showed that desertification really was an international problem 
of increasing severity, and not a temporary one that would wash 
away with the next rain. 

Desertification was classified as at least moderate on more 
than 80 percent of the rangelands and on almost as great a pro
portion of the rainfed croplands. Approximately one-quarter of 
the cropland areas were severely damaged. According to United 
Nations estimates at the time, about 70 percent of the rural popu
lation of the Sahel was affected by moderate desertification and 
roughly one-third by severe desertification. Most of those facing 
possible desertification lived in the most densely populated areas 
in the region-the rainfed croplands in the southern part of the 
Sahel. 

The widely held view held then that the desert was expand
ing southward by a number of kilometers every year 5° found its 
way into the Brundtland Report, World Bank presidents' speec&Ps, 
UNEP reports, and statements by many organizaions concerned 
with development."1 Images of a "desert on the move" generated 
many well-intended proposals, such as the one to plant a "green 
belt" of trees across the desert in order to halt its "relentless" 
advance into relatively fertile areas. 

Satellite images revealed that vegetation, which had re
ceded during peiods without ain, spread northward again with 
the return of rain following the dry spell of 1984.2 

Today it appears that desertification is not the result of a 
relentless, inexorable advance of the desert. Rather, the course it 
takes is determined by specific local conditions in arid and semi
arid areas-areas that vary greatly in terms of their microclimatic 
and ,ocioeconomic conditions. s3 Although the hypothesis of con
tinual southward expansion of the desert has lost much support 
in recent years, 4 it is nevertheless obvious today that desertifica
tion has spread into the Sahelian zone of western Africa. 

We still do not know whether desertification is a tempo
rary, at least partially reversible phenomenon, or whether it 
causes irreversible damage. We do know that harvests have been 
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good thanks to abundant rainfall in recent yL.,rs in areas where 
desert-like conditions prevailed during periods of drought.55 

Moreover, many ecosystems that appeared to have been de
stroyed have "recovered" (at least where sufficient biological diver
sity was maintained to prevent the ecosystem from collapsing). 

The extent to which the earth has been affected by deserti
fication is still a matter of speculation.- A widely quoted United 
Nations estimate that 21 million hectares of land are lost each 
year57 has not been accepted by the World Bank" and other inter
national institutions.59 There is a lack of expertise, well-trained 
staff, adequate financial support, and well-maintained equipment 
in the countries affected to produce reliable information and data 
that would clarify the issue. In addition, the satellite technology
that was initially regarded as the most appropriate tool for moni
toring land useO has since proven to be somewhat less suitable 
than originally hoped.61 

In sum, the methods for monitoring ecological change in 
the Sahel that have been used so far are far from perfect, and there 
is good reason to share Falloux's opinion that "a great deal of the 
alarm about the spread of the deserts is based on very imprecise 
data. ,62This conclusion is certainly discouraging, especially when 
we recall that as early as 1977 the United Nations Conference on 
Desertification expressed concern about the lack of empirical data 
and urgently called upon the international community to provide
the resources necessary to improve data collection. The evidence 
available today tends to support the conclusion that desertifica
tion has spread considerably in recent decades. 

One pressing question concerning environmental prob
lems in the Sahel is whether there are any changes in weather 
patterns, in particular changes in rainfall trends. If there are, what 
does this mean for the region's future? Since both humans and 
animals in the Sahel depend on irregular rainfall for their water 
supply, in most areas water is already by far the scarcest commod
ity. Consequently, in the interest of the Sahel's inhabitants, there 
is an urgent need to answer the question of how possible long
term climate change might influence desertification. 

A study by the US National Research Council's Board on 
Science and Technology for International Development (BOSTID) 
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concluded that the clhiate in the Sahel zone has changed little 
over the last 2,500 years, but that the 20th century may have been 
the driest century in the last 1,000 years.6 The study also showed 
that long dry spells have historically been a normal climatic 
feature of the region. Moreover, the study demonstrates that 
rainfall isohyets (the meteorological term for lines that join points
with equal amounts of rainfall) have shifted southward, and 
many areas, mainly in the southernmost part of the Sahel, are now 
receiving less rainfall on average than they used to-areas that 
formerly had 550 mm of mean annual rainfall in a normal year
today receive only about 400 mm. However, there is no agreement 
on whether this is a sign of changes in the global climate. 

Because the Sahel zone lies between the major atmospheric
circulation systems of the northern and southern hemispheres,
climatic change in the region is influenced by weather patterns in 
both hemispheres. This makes it extremely difficult to understand 
or predict change processes, even to aa approximate degree. More 
precise weather forecasts for the Sahel will depend on a better 
understanding of global climatic processes, which is a priority 
concern in current climaioiogical research. 

Most climatologists are very cautious about forecasting
future developments in the Sahe1' because the impact of global
warming on the region's climate is unknown. However, in view 
of the latest findings about global warming, it would be unduly
optimistic to assume that the region will be free of its effects in the 
long term. 

From our presnt-day perspective, we can be fairly certain 
that the people of the Sahel will continue to experience years of 
well-distributed, sufficient rainfall as well as years of poorly
distributed, insufficient rainfall. It would therefore be wise for 
policymakers in Sahelian countries not to rely on unfounded 
hopes for extended periods of abundant rainfall. In view of the 
climatic fluctuations that can be expected in the future, as well as 
the high probability of recurring droughts, precautionary policies 
are certainly in order, even without the pressure of catastrophic 
events. It would be desirable to see such policies be given prece
dence to general improvements in natural resource management 
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for combating desertification6 and to elaboration of food security 
programs. 

The fact that we now know too little about long-term 
climatic trends and their ecological impacts should not be a reason 
for postponing action. Currently available knowledge has already 
made it clear that even short-term climatic variations can produce 
considerable changes in plant and animal life in the areas. 

Studies by the French research organization ORSTOM 
have shown that herbaceous and woody vegetation at a test site 
in northern Senegal showed great change during years of low 
rainfall. After 1972, a year with little rain, more than half of the 
trees of the Acacia senegal species died at the test site, and the 
composition of grasses changed dramatically, with perennials 
being replaced with nutrient-poor annuals." 

The subsequent chain of events demonstrated in detail the 
interdependence of ecological factors and in what way negative 
ecological changes cumulate. The fundamental changes in the 
ecology caused a decline in the rodent population and conse
quently a decline in the number of hawks and other predators that 
prey on rodents. Termite infestation worsened because the dead 
vegetation was ideal for termites to proliferate. When the rains 
returned, the area recovered only with difficulty. The environ
ment was restored only partly. Fresh growth of grass caused a 
rapid increase in the field mouse population. Since the mice fed 
on the young shoots, this population increase seriously hindered 
the regeneration of acacia species. Regeneration of these trees 
began only much later, when the mouse population had stabi

6 7
lized.

The ORSTOM study offers evidence for the assumption 
that even short-term climate changes can have a measurable 
influence on the environment and eventually contribute to cumu
lative changes in the ecosystem. It also confirmed the assumption 
that even microecological changes, such as erosion caused by slow 
tree growth, can trigger a deterioration spiral. Drought, and the 
degradation and damage to ecosystems that it causes, has already 
contributed substantially to acceleration of soil erosion in the 
Sahel. 
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The soils of the Sahel are shallow and low in fertility. A 
certain minimum of vegetative cover is therefore extremely im
portant in protecting the soil surface against the effects of wind 
and rain. This became clear during the drought in the 1970s. The 
vegetative cover had died for lack of rain, and bare, loose soil was 
exposed to the wind, which eroded large amounts of topsoil. This 
resulted in a considerable loss of important soil nutrients and a 
significant drop in the productive capacity of the soils. Sub
sequent rainfall was often too heavy to be absorbed and topsoil 
was washed away. 

In his analysis, Mensching pointed to a number of ecologi
cal consequences of long-term rainfall deficits in the Sahel, hiclud-

M
ing the following:6

* 	 the elimination of grass cover in many areas; 
" 	 the elimination of some bush vegetation as well as acacia 

stands with flat roots, particularly Acacia rnellifera, Acacia 
nubica; 

" a drop in the groundwater table near the surface, primarily 
in the vicinity of wells, and also in wadis;6 9 

" an increase in shifting sands and the reactivation of some 
old sand dunes; 

* 	 more wind erosion of fine soil components; 
* 	 increased evaporation, with drying out of soils and crack

ing on clay soils. 

6.4 Human interventions in nature and desertification 

It appears at present that rapid population growth and 
increasing numbers of livestock are the main causes of desertifi
cation in the Sahel. A World Bank publication argued that the 
region's carrying capacity is under strain and in many places even 
exceeded because the population has grown too rapidly, which 
has also resulted in too many animals." The World T,ak study 
estimates that the carrying capacity of the Sahelo-SL,:;. 1 an zone 
(the area between the 350-600 mm isohyets and cont., 'ing more 
than half of the total population of the Sahel) is about 15 people 
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per sq km under present land-use practices. Current estimates of 
population density in ,his zone put the number of people per sq 
km at 20, which means that the present pattern of resource use is 
already exceeding the carrying capacity. 

Population density exceeds estimated carrying capacity 
most markedly in the groundnut basin in Senegal, in Gambia, and 
on the Mossi Plateau. Here, according to estimates, 24 percent of 
the population lives on only two percent of the total area, and 
rural population density is 45 people per sq km. The World Bank 
study confirms that desertification is most advanced in areas with 
high population growth rates and in areas where pressure on 
cultivable land and available firewood resources is the greatest. 
Ecological deterioration will occur in such areas if no measures 
are taken to institute sound management of natural resources.7" 
(See Figure 4.) 

But the World Bank study also points out that there are 
regions in the Sahel where the population, given the pattern of 
resource use, is far below carrying capacity. This applies primarily 
to the southernmost portion of the Sudano-Guinean zone, where 
carrying capacity is estimated at 35 people per sq km, but where 
the current population density is only nine people per sq km. For 
all practical purposes, this constitutes, inter alia, a recommenda
tion for migration into the more humid areas of the south, since 
the potential there is still great enough to sustain intensified 
agricultural production. This potential does not exist in the drier 
regions that make up most of the Salhel.72 

It cannot be denied that there is a negative interrelationship 
between high population growth, stagnant technology, and de
sertification. This interrelationship is the main reason why prob
lem solving is so difficult. 

Because there are so few opportunities in the Sahel for 
gainful employment apart from agriculture, the number of people 
who must earn their livelihood from the land is continually 
increasing. 

In the past, when the Sahel was less populated, traditional 
agricultural methods conserved iesources over the long term and 
were thus ideally suited for preserving soil fertihEy. Earlier land 
use patterns included fallow periods lasting a decade or longer, 
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Figure 4 

Erosion an gopulation 
Expected ( -line in carrying capacity by the year 2000 without any soil 
conservation efforts 

S> 50%
-30-50% 

15--30% 
E< 15% 

Source: FAO, 1986 
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which allowed soil fertility tobe restored. In addition, people used 
to take a number of simple measures to combat erosion and 
sustain soil fertility. Depending on the region, wind-protecting
hedges and trees that provided shade were planted, terraces and 
dams were built to use the sparse amount of water as effectively 
as possible, and intercropping practices were used. These tradi
tional techniques made it possible to obtain low but stable yields. 

Rapid population growth has increased the pressure on 
croplands. The main feature of traditional cultivation--obser
vance of adequate fallow periods-has suffered as a result. In 
most cases fallowing practices were completely abandoned and 
not substituted with any technology such as new seed varieties or 
fertilizers to enrich soil fertility. The productive potential of the 
soil declined. 

To make up for the ensuing yield losses, new land is con
tinually being brought under the plow. Agriculture is being ex
tended to areas with marginal soils or areas used by pastoralists.
Bush and grassland cover have come under considerable stress in 
recent years due to the competition between small farmers and 
pastoralists for scarce resources. Pastoralists bum off old vegeta
tion so that their animals can find tender green forage quickly. 
Clearing the land in this way may be helpful to herders, but in the 
long term it penalizes small farmers and society in general be
cause it destroys soil fertility and paves the way for erosion. Fire 
reduces the valuable nutrients in grass and bums animal dung 
and it destroys trees and shrubs that stabilize the soil and recycle 
its nutrients. 3 Degraded soils cannot absorb rain water, and the 
soil is washed away. 

The relationship between the number of livestock and the 
spread of desertification is a complex one and has been the subject 
of much debate. Some of the current ecological problems resulting 
from overgrazing and destruction of vegetative cover originated 
in colonial times, which is illustrated by the precolonial history of 
the nomadic pastoralist people known as the Peul (or Fulbe). 

During the rainy season, the Peul migrated to the Ferlo 
region in Senegal to let their herds graze around seasonal water
ing places. During the dry season, they withdrew to the Senegal 
River valley or to the more moist croplands and pastures of the 
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Sine Saloum, where there used to be sufficient forage for their 
livestock. When farmers in this region were encouraged to in
crease the production of groundnuts for export, the Peul were 
barred from the area. At the same time, the development of 
irrigated fields along the Senegal River prevented herds from 
gaining access to riverine pastures. This disturbed the balance 
between agriculture and pastoralism. In the mid-1950s tubewells 
were drilled and water points were established to "stabilize" the 
Peul. Given these restrictions on their grazing land, Peul herders 
remained in the Ferlo region for better or worse throughout the 
year. 

While these changes were taking place during the 1950s 
and '60s, successful vaccination programs helped reduce the live
stock mortality rate, resulting in a substantial increase in the 
number of livestock. When drought set in after 1968, pastoralists 
could no longer migrate to the traditional grazing areas they had 
sought out during dry years in earlier times. Consequently, vast 
numbers of animals perished, not so much from a shortage of 
water as from a lack of forage.74 

The growing number of livestock on the restricted range
lands available to the Peul upset the ecological equilibrium. Over
grazing caused nutrient-rich perennial grasses to be replaced with 
annual grasses, and later by unpalatable herbaceous plants and 
shrubs. This form of degradation was further aggravated by 
livestock trampling and leveling the soil. If the soil breaks up 
under such conditions, roots are exposed and torn up. 

Rangeland degradation is a classic case of the conflict of 
interest between the individual and the community-an example 
of the "tragedy of the commons." It occurs wherever individual 
rights of use (in this case grazing rights for privately owned cattle) 
co-exist with common ownership. Because grazing areas belong 
to the community as a whole, individual herders have no incen
tive to adjust the number of their livestock to the rangeland 
carrying capacity if others do not do the same. The inevitable 
result is excessive use of common property for private gain. 

Although rangeland carrying capacity rarely correlates 
with the subsistence needs of nomadic peoples, overuse is also 
accelerated by patterns of thought and behavior. Many pastoral
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ists in the Sahel regard cattle as a symbol of wealth rather than a 
commodity to be traded. Accordingly, they keep their livestock 
as long as they can rather than parting with them when the 
conditions worsen. Many observers of the Sahel believe that 
ecological improvements on rangelands and reduction of envi
ronmental stress will be possible only if there are changes in land 
tenure. Specifically, this means allowing individual land owner
ship (rather than communal rights of use). This would entrust 
individual users with the responsibility for the preservation of 
resources in grazing areas, providing them with an incentive to 
conserve the land. 

Others, from both theoretical and practical points of view, 
argue that traditional arrangements have their own system of 
checks and balances (if they are allowed to function), and that 
nature will preserve the balance between livestock and carrying
capacity on grazing land. 75 Allowing such traditional arrange
ments to continue may mean accepting the death of entire herds 
due to water or grass shortages, as well as implementing vaccina
tion programs more selectively. 

The growing livestock population, and the concentration 
of herds at water points in particular, have contributed greatly to 
deterioration of the .,ahel's resource base over the last 30 years.
Depending on the season, cattle cannot be moe than 15-30 km 
away from water points. During the dry season this puts tremen
dous pressure on limited rangelands, resulting in overgrazing. 

Ill-conceived forms of state intervention have also had 
negative ecological impacts. One example is a government pro
gram tu stop traditional nomadic pastoralism by installing com
munal water points. Traditionally, those who constructed a well 
had priority rights to its use. The absence of this time-honored 
form of control has resulted in overuse of scarce rangeland re
sources, which in turn has caused soil fertility to decline se
verely.76 

In spite of all these negative developments, it must be said 
that vegetation in the Ferlo region showed an astonishing recov
ery when the rains returned. This grassland recovery demon
strates the remarkable resilience of the vegetation. It also indicates 
that we must be cautious in judging the extent and the depth of 
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the resource degradation that results from overgrazing. This is not 
to say that desertification is not a serious problem in semi-arid 
areas such as the Ferlo; it certainly is. It is imperative, however, to 
view regional ecological problems not in isolation but in context, 
along with other factors such as social and economic realities. 
Although general statements are of limited value, there is still 
sufficient reason to agree with IUCN's view that an appropriate 
amount of destocking will be necessaiy in the Sahel if the dam
aged ecosystem is to regenerate77 

Population growth and the accompanying increase in the 
number of livestock have also contributed substantially to defor
estation of remaining shrubs and trees. Although the problem is 
urgent, there is a lack of reliable data about forests, woody vege
tation, and trees. This lack of data is common with regard to 
natural resource inventories in the Sahel. The largest forested 
areas are in Chad, Senegal, and Mali. While there are very few 
actual forests in the central Sahel (the 200-500 mm rainfall zone), 
trees ere in fact a predominant element in the thornbush savanna 
landscape in the area. 

According to data compiled by the Tropical Forestry Action 
Plan in 1990, three percent of all trees are lost every year, which 
is high by international standards. 7

1 Other studies have found 
similar figures for specific regions. Between 1972 and 1977, for 
example, approximately 60 percent of the protected forests in the 
Senegal River valley were destroyed, and more than half the 
natural forest cover was affected. 79 In view of the minimal affor
estation and reforestation efforts being made-which occur on 
less than one percent of the £orest land annually-forest cover 
could virtually disappear in tne Sahel within the next 30 years. 

Although there are many reasons for the rapid deforesta
tion rate, most observers seem to agree that one of the most 
important reasons is the increasing demand for energy in urban 
areas, above all the demand for charcoal iscooking fuel. Senegal's 
urban population (34 percent of the country's total population) 
used 54 percent of all the firewood in the early 1980s.11 It has been 
estimated that the present annual rate of firewood consumption 
exceeds the mean annual growth of tree stocks and forest reserves 
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in the Sahel by 30 ;ercent. This means that present demand can 
be met only by exhausting existing wood supplies.8 

The great demand for firewood and the growing gap be
tween supply and demand have accelerated the development and 
the availability of alternative energy sources (such as gas and 
solar-powered stoves82). But because firewood has traditionally 
been a "free" commodity, no other energy source is as economical 
under present conditions. As incomes rise, or where they are 
already high enough, people seem to be able to afford the higher 
prices of "cleaner" and higher-quality fuels such as kerosene, 
liquified petroleum gas, or ethanol. A drop in the demand for 
firewood can be expected as a result. But for most of the Sahel's 
inhabitants there is no alternative to firewood currently. There
fore, the search for inexpensive fuels" and efforts to increase the 
efficiency of traditional wood-burning stoves continue to be very 
important goals. Research and development with regard to the 
latter have already yielded positive results." However, more 
efficient stoves are being accepted only slowly in the Sahel, which 
is typical when new technology is introduced into traditional 
societies. Even if these new stoves were accepted much more 
readily, it is unlikely that they would substantially reduce the 
demand for firewood in the region in the near future. A consider
able increase in supply will be necessary to meet the demands of 
a growing population. 

In recent years, rapid deforestation has caused unprece
dented ecological degradation in rural areas in the Sahel. The 
main impact has been on soil fertility. Trees play an important role 
in the recy,ling of soil nutrients. As a rule, the mineral elements 
stored in a tree are returned to the soil by litter, fruits, deadwood, 
decomposition of roots, and by nutrients washed from treetops 
by rainwater. Deep root systems, such as those of the widely 
grown albina trees, help to ensure that nutrients are brought up 
from the lower soil layers to enrich the topsoil. This nutrient 
"recycling" plays a major role in improving soil fertility. Experi
ments in Senegal and elsewhere have shown that such recycling 
has a positive effect on crop yields.8r But once trees have been cut, 
for example to obtain firewood or clear land for agriculture, their 
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potential benefits to the soil and their influence on the microcli
mate are lost. 

The extent of environmental damage caused by deforesta
tion varies from place to place. Deforestation has caused gully 
erosion in areas where deforestation has taken place on a large
scale. Soils not stabilized by root systems result in the formation 
of dunes. Deforestation leads to soil moisture loss, the scarcest 
natural resource in the Sahel. Tree cutting removes shade and 
barriers that serve as windbreaks, and allows the wind speed to 
increase, which leads to greater evaporation, and thus to a drop
in soil moisture content and vegetation. This in turn increases the 
potential for rain and wind erosion. 

Deforestation has other negative consequences. Women, 
who are usually responsible for collecting firewood, must walk 
greater distances when firewood supplies become scarcer. Alter
native materials that contain nutrients, such as cow manure, are 
increasingly being burned as fuel when they could be much more 
productively used as fertilizer. 

So far, the deforestation problem is not as serious in the 
Sahel as it is in other parts of the world, such as India. But if the 
fuel problem is not solved, it could well become a major environ
mental concern in the years ahead. 
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7 	 Women and the Struggle 
for Survival' 

Desertification has changed the lives of the people of the 
Sahel enormously. Women in particular are the victims, as they 
always are whenever living conditions are precarious. Women 
perceive desertification as especially radical and painful, because 
it makes their daily work load even more difficult. 

Women know that, for the most part, they are alone in their 
struggle for survival. Since increasing numbers of young men 
migrate to urban centers and coastal countries, the role of men in 
performing duties and obligations is declining. Consequently, 
women's work loads and responsibilities have become greater, 
but they have not enjoyed a corresponding increase in influence 
and opportunities to assert themselves. 

In 1988 the Club du Sahel commissioned a survey in which 
women in six countries were asked to describe the impact of 
desertification on their lives. 6 The answers are remarkable in 
several respects. All women ranked the more difficult household 
work first among their concerns. Next came concerns about de
forestation and, i~terestingly, increasing self-awareness and 
women's efforts to organize, which were mentioned equally 
often. In fifth and sixth places came the exodus of men and, 
surprisingly at first glance, the increasing birthrates. Water short
age came ninth and famine last. Women very clearly see that 
desertification has changed the entire context of their lives and 
not just deteriorated the physical conditions. Only one-third of the 
women expressed concern about the ecological consequences of 
desertification; the remainder was more concerned about socio
economic changes. 
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7.1 Production and reproduction in a 100-hour working week 

"Housework" in the Sahel (fetching water, gathering fire
wood, and acquiring and preparing food) is hard daily labor and 
makes extreme demands on the time and strength of rural women 
everywhere in Africa. These tasks have always been very arduous 
under the scarce desert-margin conditions in semi-arid regions, 
but they have now become even more of a burden. When there 
are not enough millet stalks available, women have to find some
thing else, such as !eaves or fruit in an environment where trees 
have become rare. With water and firewood becoming increas
iigly scarcer, journeys to obtain them are becoming longer. "In 
the past you wouldn't even consider to bend down for this," says 
an old woman in Burkina Faso, showing a stick no thicker than a 
finger. "Today you think it's a good piece of wood."87 

Depending on the season, a well may be as far as 10 km 
away, which means a hot and dusty 20-km trip every day just to 
fill a water container. At the well, women often have to cue up. A 
woman from Niger commented, "Watering places have replaced 
our homes as places of worship because we spend so much of our 
time there."m They start out early in the morning, when it is still 
dark, to be back in the afterno3n to do all their other tasks. 

Gathering firewood, milling, cooking, washing, and child 
care are tasks that easily extend the workday to 14 hours, adding 
up to a 100-hour working week. And this is "only" a woman's 
household work-the work that typically goes unnoticed and 
unpaid throughout the world. It does not include any of her many 
other tasks, such as agricultural work, and it produces no income 
whatsoever. Water scarcity and firewood shortages, which have 
been a burden for centuries, are even greater problems. At the 
same time, the usual agricultural tasks, animal keeping, handi
crafts, and trade have become not only more difficult but also 
more crucial to survival. As men contribute less and less to the 
family income, women try to expand their productive role to earn 
an income and ensure a subsistence. 

Women are also directly faced with the consequences of 
land degradation. "In the past, small plots would give you a good 
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harvest, even if there wasn't much rain. Trces and grass allowed 
the soil to absorb water. Now water runs off quickly and cuts 
grooves in the soil. You can't harvest anything . . . " says the 
president of a women's group in Burkina Faso. 89 

Soil degradation results in less land for agriculture and 
more competition for relatively good soil. Men have the advan
tage in this situation. Many women complain that they either have 
no land or very little land, or that the land they have is poor. Since 
the droughts, they have had difficulty getting access to land. "A 
man first takes a field for himself ... ,then he gives us whatever 
is left."' 9 

It is almost always exhausted land on which equally ex
hausted women toil. With trees, traditionally important sources 
of food, becoming scarce, there is simply nothing to harvest, 
including the raw materials from which traditional medicines are 
made. "Trees have become stingy," says a peasant woman in 
Mali.9' Women see trees first as sources of food and medicine and 
only second as firewood sources. They rather resort to brushwood 
and even animal dung, which should really be used as fertilizer, 
as cooking fuel. Women sometimes complain about the unpleas
ant smell of dung and how it spoils the taste of food. 

The raw materials used to make clothing and mats or to 
construct houses are also more difficult to come by as a result of 
desertif'cation. "You can make nice cushions from the skin of fat 

2animals" says an elderly woman in Mauritania. 9

Given their poor nourishment, hard labor, frequent child
birth, and poor medical treatment, it i- no wonder that Sahelian 
women are often in alarmingly poor health. A good example is 
the maternal mortality rate, which is still 100-200 times higher in 
the Sahel than in, for example, Switzerland. And even in light of 
the low overall literacy rates and the low average number of years 
of schooling for people in Sahelian countries, women are still 
much worse off than men (see Table 5). 

The energy of women is being overtaxed. Conservation of 
energy is an urgent matter in the Sahel, and it is the energy of 
women that needs to be conserved most of all. 
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Table 5 

Social disadvantages of women in the Sahel 

Country Maternal mortality Schooling b Literacy ratec 

ratea 

Niger 850 50 85 
Mali 850 20 54
 
Senegal 750 31 48
 
Mauritania 800 20 45
 
Chad 800 33 43
 
Gambia 1,000 22 41
 
Burkina Faso 750 67 32
 

a For 1988, per 100,000 live births. Source: UNDP, Human Development 
bReport 1994. Washington, D.C. 1994. Table 11, p.150 ff. 

For 1992, as a percentage of the average for males (male average indexed 
1 4 6 ff.to equal 100). Source: UNDP, Op. cit., Table 9, p.
 

For 1992, zs a percentage of ?.;erage literacy rate for males (male average

14 6 ff.also indexed to equal 100). Source: UNDP, Op. cit., Table 9, p. 

7.2 The exodus of men 

The privileged position of men in a patriarchal system, if it 
is ever questioned, is justified usually by the fact that men are 
considered to be the family's providers. Although, in Africa, they 
never really were the sole providers, it has been more true in the 
northern, Arabic par.s of the Sahel than in the southern parts, 
which have black African populations and traditions. As the 
number of livestock has dropped in the last two decades and 
millet yields have declined due to drought, the ability of men to 
contribute substantially to supporting their families is declining. 

In many societies where seasonal migration has been long 
known, the exodus of men to coastal countries and regions con
tinues, and nobody can predict when they will return. Despite 
great regional variation and differences in tradition, men are 
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absent for brief or prolonged periods in every society to some 
extent, with far-reaching consequences for the economy as well 
as the social structure. It may be a matter of "honor" for them not 
to return until they have saved a certain amount of money or 
purchased an sufficient quantity of gifts. 

The absence of men is a very hard fate for women, particu
larly for those who live on the fringes of the desert. In addition to 
their traditional work, which is becoming increasingly difficult, 
these women must carry out extra tasks, such as cultivating crops 
for the market or for home consumption. There is also pressure to 
earn some money because certain expenses, such as taxes and fees 
for water supplies and health care, as well as expenses for daily 
necessities such as sugar, salt, tee, matches, soap, and school 
supplies, have to be met, even if the men do not (or cannot) send 
money. 

The situation of women who are left behind depends on the 
ethnic group to which they belong and the traditional division of 
labor between the sexes. Often, the members of formerly privi
leged classes are particu!arly hard hit. One Songhai noblewoman 
says, "Before the drought aristocrats like myself had never used 
a mortar ....Now a woman goes into the fields and sows just like 
a man, but harvests nothing."9 Fair-skinned Mauritanian women, 
who traditionally hardly had to perform labor, now find it neces
sary to work, but they are ill prepared and sometimes find it 
humiliating 4 

Women who are used to working outside the family seem 
to be in a better position to take advantage of aid programs and 
to till the land on their own. But even fa woman succeeds in 
growing a crop, she usually cannot decide what to do with it ifher 
husband is absent. When he returns, the crops produced on his 
field once again belong to him. 

7.3 Disintegration of the family structure 

Women who are left behind with the elderly and children 
often feel abandoned and find that their family life is at stake. "The 
animals are dead and the men have gone off to look for work..., 
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but we have no choice. We are the only source of support for the 
family, and we have to fight it out alone," says a woman in 
Mauritania's Tagant region 15 For all practical purposes, these 
women lead the lives of widows but without the chance of starting 
over with another partner. They also complain about disobedient 
children who refuse to carry traditional tasks and who do not 
recognize a mother's authority: "Nowadays children can just turn 

'their backs on you."9 Some younger women have started to 
accompany their husbands to coastal regions. They are often 
envied by those staying behind. 

With the absence of men and the burden of the bride price, 
many young women may end up as old spinsters or become 
pregnant without getting married. Now there are 25-year-old 
single women, which would have been unthinkable in earlier 
times. It is considered strange if women stay single. But ifthey are 
single with a child, they are condemned to a life in the margins of 
society. 

Since men cannot tell when they will have saved enough to 
return and get married, families now often marry off their daugh
ters as second or third wives to older men who can at least pay a 
modest bride price. Polygamy, although not widely practiced, has 
always been permitted in the Sahel, and it has become more 
popular to spare young women a long period of waiting and 
engagement.97 Polygamous i.,arriages do not often last long. 
Young women frequently return to her parents after several years, 
perhaps bringing along one or more children. 

Surpristingly maybe, drought has not stopped or even 
slowed down population growth. On the contrary, there has been 
an increase in virthrates. This is caused by the breakup of tradi
tional family structures, illegitimate marriages, shorter breast
feeding periods, and disregard for earlier taboos that were strictly 
adhered to following childbirth. Many women, ir.particular older 
women, are critical of giving birth to the next baby too quickly too 
often. "Having children without the mean; io ;upport them only 
brings tears."98 The elderly feel overburdc.L i ; y having to look 
after children and they regard frequent childb,;th as a decline in 
morals of a promiscuous younger generation. ihey blame men in 
particular: "Women never provoke men... , but men just don't 
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care if women and children suffer."9 Younger women, who are 
more shy of men than older women, are less likely to make such 
bold statements, but their wish for less frequent pregnancies is 
often expressed. Even in traditional pastoral societies, children 
are no longer seen only as a blessing: "Children see the drought 
and are attracted to it in large numbers to make their parents 
suffer .... Now we have lots and lots of children; they are like 
flies."1 0 

Evidence gathered by Marie Monimart indicates that 
women would like to have fewer children, while men feel a large 
number of offspring testifies to their manhood. Men are still in 
control in matters of reproduction. For women in the Sahel, there 
is no such thing as the right to dctermine the size of one's own 
family. 

Another consequence of frequent childbirth and heavy 
workloads is the neglect of traditional obligations in raising chil
dren. Mothers are unable to pass on traditional knowledge 
handed down from earlier generations. At the same time, daugh
ters are often unable to attend school because their mothers badly 
need their help. There is a danger that the next generation of 
women will be as illiterate as their mothers' while it will not have 
absorbed their mothers' centuries-old knowledge of how to survive. 

In the Sahel, marriage no longer means security for women. 
It is undermined by the frequent absence of men, more frequent 
divorces, and rivalries with second and third wives. Marriage no 
longer means that a woman's material needs will be provided for. 
Yet, women value marriage and children highly, because a hus
band and (male) offspring gives them status. Even women them
selves define other women according to these criteria. A single 
woman counts for nothing; only as a married woman does she 
have a hope of earning a socially acceptable position one day. But 
marrying in extreme poverty means she will have many obliga
tions that are hard to fulfill, without the satisfaction that she will 
be provided for. 
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7.4 A new self-awareness 

In the survey on tbe consequences of desertification for 
women (see p.61), women :.amed their concern about the disap
pearance of trees as frequently as their concern about their new 
activities and independence. "We can't just sit and wait anymore 
for a man who doesn't return. A woman has to stand up for herself 
and think about how she can feed her children and survive on her 
own," says one woman in Mauritania. °' 

Spitteler has given a vivid description of hew Tuareg 
women in the Air Mountains of Niger patiently wait for their 
nomadic husbands to return from camel trips into Hausa terri
tory. If all goes well, they come back with millet and clothing." 2 

It is up to the women now to feed both their children and the goat
herds, even in periods of drought. Many women seem hardly 
aware of the tasks they have always performed, but they are very
proud of their new, additional tasks. Through these new duties 
they have gained a new feeling of responsibility and faith in their 
own strength. The old division of labor based on sex is no longer 
valid. In many places 40 percent or more of the households and 
the production units are headed by women. 

Men do not necessarily approve of the fict that women are 
ready to accept responsibility and willing to take initiatives; they
often regard these developments with suspicion, which increases 
the potential for conflict between the sexes.'03 

Many women's associations have been established at the 
village level. The aim of these associations is to ensure the survival 
of the family. Nowhere do associations serve to satisfy personal
needs. The women's groups are also partner organizations in the 
implementation of nationally and internationally initiated pro
grams to combat the advance of desertification, reclaim lost crop
lands, and replant trees and shrubs. Development agencies have 
recognized the increased activity on the part of women, and have 
gladly made use of it. Women are also willing to be drawn into 
community work because they have no other choice, given their 
efforts to ensure the survival of the children and the elders who 
depend on them. They gain self-awareness and independence in 
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the process. Hopefully, this new assessment of their role will 
continue to hold true. 

7.5 The struggle against the desert 

All Sahelian countries have programs to check the advance 
of desertification. Many of these programs are carried out under 
the supervision of the Comit6 Permanent Inter-etats de Lutte 
contre la S~cheresse dans le Sahel (CILSS-Permanent Interstate 
Committee for Drought Control in the Sahel). CILSS has published 
a report on 21 of these projects, many of them at the village level. 
Some of these case studies describe in detail the role of women in 
efforts to combat desertification. 104 Observations made in the 
course of these projects are confirmed by many other reports from 
development cooperation projects. Highly motivated women ac
tually perform work that men were initially shown how to do. 

Often, however, women do not gain any immediate benefit 
from their considerable additional workload. In Burkina Faso, for 
instance, women, not men, worked hard carrying rocks and water 
for the construction of dikes to protect fields that belonged to men. 
It appears that when women are equally well trained for work as 
men, the effectiveness of the technology being applied is en
hanced. Women are proud of their work and may even overlook 
the fact that they will not be allowed to till the land that they 
helped to rehabilitate. 

It was reported from a project in Niger, where small dams 
were used to reclaim cropland, that th, reclaimed land would be 
allotted to families who carried out the construction and the 
planting. In many cases families had women to do the work. i 
the end, the land did not go to them, but to the (male) head of the 
family. There were a few exceptional cases where women, as 
heads of the household, participated in the project in their own 
name. But most of the women, who did most of the work, were 
rewarded with a community orchard and a vegetable field. Now, 
women ask what happens in the case of divorce and wonder 
whether their efforts have provided them with any rights. 
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In this project, women were paid with food, which they 
welcomed because it meant that they and their children would 
profit from the work. Men performed wage labor in the project. 
The women were able to sell part of their food rations and thus 
earn a bit of cash, which allowed their husbands to feel free to look 
for work in the city. Payment in food does raise problems, how
ever, because children, pregnant women, and nursing mothers 
have to werk harder than is good for them to be able to get at least 
something to eat.""5 

In one region of Senegal that has been severely affected by 
the exodus of men, a tree-planting program was a success because 
it had been implemented entirely according to the ideas proposed 
by women's groups. The women specifically requested that trees 
of medicinal value be planted, even though this did not immedi
ately improve their living conditions."" In many cases it became 
clear that women had very different ideas about tree selection 
than men. Wood production was the least of their concerns; food, 
animal fodder, and medicinal use were of greater importance. 
When the participation of women is assured not only in the work 
but also in the conceptualization and planning of the measures to 
be taken, it considerably enhances the chances of success of a 
project. 

Women also think more economically. They favor fire
wood-saving stoves because it means they have to purchase less 
fuel. Men, acting according to traditional role models, refuse to 
give them money for this, even if they have it.107 

7.6 The demands of women 

Overexploitation of natural resources is currently a salient 
feature of life in the Sahel, and this includes overexploitation of 
one of the region's most important resources-the labor of 
women. Development planners and those responsible for envi
ronmental management programs in the Sahel have come to 
recognize that success will not be possible without the commit
ment of women, and they now engage women purposefully. 
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Women have gained self-respect and want to take their fate 
into their own hands. They are organizing for this purpose and 
they are making an effort to protect and conserve the basis of their 
livelihood. At fl e same time they run the risk of becoming instru
ments, used and exploited by planners and experts who want to 
achieve their own goals without taking into account women's 
interests or saving women's strengths. Women in the Sahel 
should cooperate to achieve the human right to a sound environ
ment. They are only too ready to do so, but they can do this only 
if they are first guaranteed human rights of the second dimension, 
namely, economic security to ensure survival, and access to in
come, information, and good health. 

More specifically, the workloads for women need to be 
reduced, they need access to water and firewood, stoves that 
conserve firewood, and in many areas, gas cookers as well as gas. 
They need grain mills and sufficient food supply, which means 
they also need land. When they perform community work they 
must be appropriately compensated, either in cash or in kind. 
Monetary income, modest though it may be, has now become 
necessary to survive. Women need to be able to earn an income. 
They need know-how and the chance to associate, exchange ideas, 
and organize. Mothers need enough time, so that they can send 
their daughters to school and still pass on traditional knowledge. 
They need breaks, both in their hard daily work and in the rate at 
which they give birth. They have the right to a family, but also the 
right to determine how large their family should be. 

The demands Sahelian women must make if human rights 
were also to apply to them are modest enough. Many of their 
demands are likely to be met for reasons that have more to dowith 
efficiency than with justice. 1' Women have an independent right 
to satisfy their basic needs (which are the same as those of their 
children), not just a right derived from the goal to extract the 
maximum amount of output possible from them. 

This also means genuine participation in.the planning and 
selection of measures to combat desertification, not just approval 
of plans made long in advance for the sake of form. Above all it 
means that women must get their share of their own labor. When 
women, who are most affected by a project, are included in 
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planning from the outset, it becomes clear that they know very 
well what is important, and that this is often a far cry from what 
appears obvious to foreigners and officials from the national 
capital. 

In a world where it seems that the future can be planned 
by technology and implemented by technocracy, and where 
women are defined in relation to men, it is difficult for women to 
formulate their demands and succeed in achieving them. The 
drought crises has awakened and released potential creativity in 
women. This awakening includes a renewed acquaintance with 
the lost wisdom of previous generations and with a way of life 
closely tied to the natural environment. Despite the many bur
dens, desertification also offers an opportunity. Women are expe
riencing a growing self-awareness through their work and gain 
more self-confidence. Where conditions have been favorable 
enough for women to have been granted human rights of the first 
dimension, many are now banding together to demand second
dimension rights and the human right to environmental protec
tion, and work toward achieving these demands. 
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8 Sustainable Development 

Although science has often duly warned humankind when 
the world was about to be confronied with a problem of major 
proportions, warnings mostly go unheeded because they are 
issued before their time.10 9 This has also been true of scientists' 
concern about the degradation of the global environment. Only 
with the publication of The Limits to Growth 10 (the Club of Rome's 
first report on global conditions) in 1972 and Mankind at the 
TurningPoitlI (its second report) two years later, has the general 
public become aware that, unless we adopt more reasonable 
consumption patterns, there will not be enough global resources 
to support the world's population indefinitely. The Global 2000 
Report to the President"2 , presented to former US President Carter 
in 1981, brought similar news, as did the so-called Brundtland 
Report" 3 , which, published in 1987, continues to influence the 
debate today. 

The struggle against desertification plays a relatively small 
role in the efforts toward sound development in the future, but it 
is of central importance to the countries in the Sahel zone. During 
the 1970s and early 1980s, numerous efforts were launched to 
combat desertification on a regional level. Most eventually came 
to nothing. 

In the past, the emphasis was primarily on forms of state 
intervention. Today there is a preference for decentralization, 
calling for most of the responsibility for management of natural 
resources to be delegated to the level of the resource users. If such 
a policy is to fit the concept of sustainable development, it must 
have an ambitious two-fold aim: meeting today's food require
ments without jeopardizing the ability of a much larger future 
generation to feed itself. For the Sahel, this means both increasing 
current agricultural production and conserving the natural re
source base so that future generations in the region will be able to 
satisfy their own food needs. 

Centralized resource control dates back to the colonial era. 
In the first half of this century the French made an effort to protect 
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and restore forest resources in the Sahel mainly to boost exports
and state revenues. In 1904, a forest code was established, pat
terned after the French system, granting the authority to manage
natural resources to the state. The use of forest lands was strictly
controlled, and the unauthorized felling of valuable trees was 
legally forbidden. The forest code was revised in 1935 as a result 
of the increasing pressure on forest areas from farmers and from 
nomadic pastoralists who needed land for their herds. The forest 
service was given the authority to expropriate land and make 
forests state property to prevent the spread of agriculture. Farm
ers were granted the right to use forest products, provided that 
they did not damage the forest. 

In the final years of the colonial era the authorities ex
panded the forest service and became more engaged in forestry
research. Efforts to pievent commercial agricultural operations
from expanding into forest lands and areas with marginal soils 
continued. In the mid-1950s colonial authorities in Senegal, where 
control over land use was still centralized, created a "forest and 
grazing zone" to arrest the advance of groundnut cultivation, 
which was seriously exhausting the soil. The task of the forest 
service was to protect tile zone rather than develop it. Farmers 
who failed to observe the restrictions on land use in the zone could 
be penalized. The colonial authorities also became increasingly
concerned about degradation, as continued population growth 
put pressure on the land. They tested some of the techniques
designed in the USA to halt the spread of erosion, including water 
retention basins, dams and furrows, and intercropping tech
niques to conserve soil fertility.

These efforts were not very successful, however, and were 
never practiced on a very large scale. A major reason for this lack 
of success was failure to allow the community to participate,
which is indispensable in development efforts. Community par
ticipation means involving local land users in analyzing prob
lems, in discussing and decision-making, and finally in imple
menting technologies that are based on commun consensus. 

The first years of the post-colonial era in the Sal c] rincided 
with a 15-year period of good weather conditions, with fairly
plentiful and well-distributed rainfall. The period came to an end 
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with the drought of 1968-73, which started at a time when tradi
tional relationships between sedentary populations and nomadic 
pastoralists had begun to break down and both human and 
livestock mobility had been greatly restricted by various political 
and social measures. Neither the governments of the Sahelian 
countries nor the region's rural inhabitants were prepared for the 
subsequent catastrophe. The drought caused untold mise:y and 
immense losses of human and animal lives, and made the Sahel 
the focus of much international attention-but not until more than 
four years after the drought began.114 International aid, such as 
food aid, grew quickly in the following years, making the Sahel 
zone one of the world's most favored regions in terms of aid 
received. To control the drought in the Sahel, the Sahelian coun
tries formed the CILSS in 1973 (see also Chapter 7.5). In 1977 the 
Club du Sahel and the CILSS adopted a common strategy for 
development of the Sahel. 

The strategy gave top priority ioincreasing the agricultural 
production of commercial crops in humid areas, in particular 
cotton and groundnuts. Increased investments in irrigation sys
tems were planned. Agricultural development was to be pro
moted through "disaster-area projects" that aimed to improve the 
infrastructure in specific regions and give credits to farmers so 
that they could obtain the inputs they needed to increase produc
tion. Livestock projects were also designed. One approach in
volved fencing off large units of land around water points to 
encourage nomadic herders iosettle. As p.,rt of the efforts to 
combat overgrazing, one program promoted the marketing of 
livestock that were ready for sale. 

Since the extent to which trees were being cut was a matter 
of particular concern, the biggest investments were planned for 
the forestry sector. The importance of forestry, especially with 
regard to firewood, timber, and environmental stability, and the 
added value of balanced agroforestry, has since been generally 
recognized.' 

CILSS' strategy mainly emphasized the protection of exist
ing forests, although it also paid attention to state-controlled 
plantations of imported species, mainly eucalyptus. 
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The measures necessary to carry out the strategy required
substantial external financial aid. Because donor countries and 
organizations recogrized that the problems to be dealt with were 
so great, this aid did materialize. In 1971 the countries in the Sahel 
received US $196.5 million in aid. In 1975-86 the amount of 
external aid for all Sahelian countries more than tripled, growing 
from $600 million to over $2 M;iion. By 1992 the Sahel received 
more than $2.6 billion.' 16 

The results of this aid were disappointing, however. Most 
of the reviews commissioned during the 1980s concluded that 
little had been achieved with the more than $12 billion in aid that 
was given between 1975 and 1983. Most donor countries sup
ported projects for developing irrigated farming, but this ac
counts for only five percent of all agriculture in the Sahel. 
Promoting rainfed agriculture, which is more typical of the region
and produces 95 percent of all its cereals, would have been more 
effective and efficient."' 

Environmental projects and afforestation projectF lso re
ceived litiie support. Rural populations did not accept programs 
for new rainfed-agriculture technologies and continued tc use 
traditional agricultural techniques. Irrigation projects developed
slowly and proved to be costly, while livestock and range man
agement programs barely improved the existing systems. 
Although i athorities recognized the seriousness of the environ
mental problems and especially the firewood situation, invest
ments in these areas were too small to ahieve adequate results. 
Where attempts were made to deal with such problems, costs 
were high and success was modest."' 

Studies to find the reasons for the lack of success all came 
to the conclusion that the aims and assumptions of the interna
tional donor community had been unrealistic from the start. It 
became rapidly apparent that experiences from other regions and 
development models from other countries could not simply be 
"imported" and applied to the Sahel. The Jesson learned from 
these failures was that there was no universal approach for sus
tainable development. Different, specially designed approaches
would bave to be tried out on a case-by-case basis. 
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The agroforestry example clearly illustrates how develop
ment policy has changed since the 1960s. In the colonial era and 
the early post-colonial years, the emphasis was on centralizing 
forest control to the state, including restricted access to forest 
lands. Development efforts concentrated on establishing state
controlled plantations to increase firewood and timber supplies 
and to stabilize soil fertility. The costs of this kind of intervention 
rose rapidly, and the drop in profits that resulted from removing 
natural vegetation and planting imported species was much 
greater than envisaged. There were also serious management 
problems. There were no funds to cover operating costs, and local 
forest services were unable to achieve and maintain an adequate 
level of production." ' 

The unsatisfactory results on the plantations prompted a 
move toward "rural forestry," which involved dividing up the 
plantations into village-level plots. This experiment, too, was a 
disappointment because the plots were widely dispersed, making 
monitoring and maintenance expensive. Moreover, communal 
planting efforts carried out under the supervision of the forestry 
service were unsuccessful because the distribution and cultiva
tion of seedlings was a problem. Lastly, block planting methods 
used in many of the projects were hardly accepted by the local 
population because they did not take account of traditional land 
use patterns. 

Lack of success in such efforts has led to a greater commit
ment to include local residents in all aspects of agricultural devel
opment. An evaluation of earlier forestry projects showed, for 
example, that local farmers were less enthusiastic about the crea
tion of village forest plots than expected, partly because of the 
historic unpopularity of the forest services in the Sahel. But there 
was also a failure to institute an adequate reform of rural policy 
and corresponding legislation prior to the launching of rural 
forestry programs. A top-down approach in design and imple
mentation, rather than an approach from the bottom up, was a 
further weakness of these projects. 20 

A lesson was also learned from the costly plantations of 
imported species. Today, Acacia albida, an acacia species indige
nous to the Sahel, is considered very important in agroforestry 
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because of its many beneficial qualities.121 Tt grows in the light, 
sandy soils of the region and loses its leaves during the rainy 
season, allowing sunlight to reach the crops planted beneath the 
trees. Its leaves are rich in nitrogen and thus have a fertilizing 
effect, while bacteria in the rout network enhance the soil's nitro
gen content. Acacia wood can also be used as fuel. Other studies 
have shown that when trees and crops are grown together, the 
resulting interaction also limits the spread of erosion. 22 

The current trend in agroforestry is a good example of the 
sustainable development concept. Studies have shown that cur
rent agricultural and forestry practices are yielding good returns, 
even after environmental costs are calculated. 23 In Niger, the 
planting of protective hedgerows led to an over 20-percent in
crease in the production of cereals. One kilometer of hedgerow 
was sufficient to cover the annual wood requirements of 250 
people. In other countries maize was planted between Leucaena 
hedgerows because the leaves of this shrub increase the effect of 
inorganic fertilizers.'24 

8.1 Nongovernmental organizations 

The search for alternative ways to promote sustainable 
development and the realization that broad involvement from 
local populations will be necessary have led to a considerable 
interest in the work of nongovernmental organizations (NGOs). 
A report to the Club of Rome illustrates the successes of NGOs 
and how they operate.2 ' 

There are many national and international NGOs operating 
in the Sahel-over 200 from the USA alone.'26 The advantages of 
most NGOs can be found in their work at the grass-roots level and 
in their flexibility, which is great enough to allow for unorthodox 
approaches. NGOs have a capacity to sense local needs, listen to 
people and take their traditional knowledge seriously, and make 
local populations integral partners in development rather than 
the objects of development. This has led to an unusually high 
success rate in development efforts based on community partici
pation. An additional major, though not exclusively positive, 
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factor is that NGOs are less bureaucratic than other organizations. 
They are also freer from the distrust that many rural people in 
developing countries have about the activities of governments 
and government officials. 

NGOs are also open to criticism. They guard their inde
pendence so fiercely that they usually refuse to collaborate and 
cooperate with other organizations working in a project area. 
They carry out their work with a great deal of good-will but often 
without sufficient professionalism (e.g. in management or techni
cal areas).127 Nevertheless, the Club of Rome found these points 
to be relatively insignificant. 

In 1988 the Club du Sahel surveyed eight major projects 
designed to promote sustainable development that were carried 
out by NGOs in five Sahelian countries.'28 These projects are listed 
in Table 6, where they are described cn the basis of the technolo
gies they employed and the effects they had on production and 
on resource conservation. The results of these projects shed light 
on the potential for developing sustainable systems and also show 
the constraints on further extension of the technologies. 

All the technologies introduced into the project were low 
in cost, and all had a positive impact on the local population in 
one way or another. For example, in Burkina Faso, OXFAM 
promoted the construction of simple, low embankments made of 
rocks to retain water, which proved to be productive and con
served resources. This success was all the more gratifying since 
previous efforts by the state to develop more complex techniques 
for conserving water were costly failures. (Attempts had been 
made, for example, to check soil erosion by constructing dams and 
ditches, which actually accelerated erosion because the dams 
were so poorly maintained that they broke, causing the soil to 
wash away.) The NGO projects envisaged simple and inexpensive 
constructions that could be carried out by local land users, who 
would subsequently be able to maintain the structures them
selves. Local producers also benefitted financially from this ap
proach.
 

These case studies show that the NGO projects were 
ecologically sustainable. Such projects should not, however, be 
seen as a panacea for improved resource management. Because 
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Table 6 

Environmental protection technologies and their impact 

Technology 

horizontal rock 
ridges 

soil conservation 

natural forest 
management 

windbreaks 

dune 
stabilization 

agroforestry 

pasture 
management 

Risk rcduction 

9 improved water 
supply 

9 protection of natural 
yield potential 

. resource protection 
* definition of user righ:s 

e less water 
,;vaporatiwn 

* protection of 
cultivable soils 

9 crops protected 
from grazing aniznals 

* 	ensured availabiitv 
of fodder 

Effects on production 

* higher yields 
9 improved fertilizer 

efficiency 

9 more stable yields 

e sustamable preserva
tion of woody vegeta
tion and grasses 

* less labor in wood 
production 

o sustainable 
agriculture 

9 higher yields through 
better protection 

@	higher yields through 
more forestry 

improvcd animal 
hwsbandry 

Source: Ecology and Rural Development in Sub-Sak..a:: Africa: Selected Case 
Studies, Club du Sahel, Paris, 1988. 
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Conservation 
effects 

• less water 
erosion 

" less water 
erosion 

" restoration of grass 
and tree cover 

" less erosion through 
better ground cover 

" less wind erosion 
" leaf litter contri-

butes to soil 
fertility 

" revegetation 
of dunes 

* leaf litter 
contributes 
to soil 
fertility 

restored grass 

cover within 

managed area 


Potential for sustain-
able system change 

9 more intensive 
cultivation 
possible 

• less erosion allows 
intensification of 
agriculture 

9 model for resource 
management 

s promotes intensifica-
tion of cattle breeding 

9 less erosion allows 
intensification of 
agriculture 

* more intensive 
agricultural 
systcm 

a adopticn of model 
represents a system 
change for this zone 

Constraints for further 
technology extension8 

e soil fertility 
9 labor 

* limited economic
 
incentives
 

e labor 

* organization 
&markets 
* policy 

0 policy 
e labor 
* protection of young 

trees 

e protectionofyoung trees 
e labor 
e organization 

*fencingcosts 

* animal diseases 
a animal markets 
efencing costs 
a policy 

Italics indicate partially resolved problems. 
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NGO projects usually depend on the voluntary contributions of 
NGO members, and because members' interests may change over 
time, there is no guarantee that projects will be continued. There 
are also justified concerns about the policy environment in which 
NGOs can operate. Most NGOs work within a given policy frame
work because they have virtually no other choice. As a conse
quence, they have no chance to influence important develop
mental policy issues such as price and tax policies, land tenure, 
rights of ownership and resource use, and funding for rural 
development. 

Ecologically and socially acceptable sustainable develop
ment is productive only if it involves cooperation among the state, 
the private sector, and NGOs. This approach will require an 
appropriate policy framework that uses all the governmental 
instruments (legal, financial, and other) to encourage and support 
sound resource management. Examples include fiscal measures 
that discourage deforestation while providing incentives for re
forestation. There should also be policies that promote conserva
tion in the agricultural sector by providing land tenure security 
and low-interest loans. 

8.2 The need for more collaboration 

Because dry spells are a chronic problem in the Sahel, it is 
necessary to adopt measures that minimize the risks to the popu
lation. Above all, this calls for greater knowledge of the region's 
water resources as well as a wide range of technical programs for 
obtaining and storing water. Greater political emphasis should 
also be given to agricultural and forestry policies, and particularly 
to afforestation programs and the development of alternatives to 
wood as a source of energy. There are many indications that 
reducing the number of livestock is unavoidable because there is 
too much livestock in the Sahel. In addition, access to grazing land 
will have to be more carefully controlled. 

These measures would contribute to restoring vegetative 
cover and degraded soils. Greater collaboration between interna
tional and national agricultural research institutions and organi
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zations will also be required to accelerate the development of 
suitable technologies for the intensification of land use in semi
arid regions and the conservation of natural resources. This is 
important to reach urgent goals in these areas in the foreseeable 
future. It will be necessary to develop drought-resistant species 
of food crops and fodder crops. Lastly, past experience indicates 
that decentralization and a broader participation by local popula
tions is required in all efforts toward sustainable rural and agri
cultural development. 

Underlying social conditions will have to change for the 
benefit of women, and there will have to be equality of opportu
nity in the vocational and social spheres to create conditions in 
which women are an integral part of the development process and 
not merely the means to an end. All development efforts must 
incorporate these elements. Otherwise, improvements in social, 
economic, or ecological terms cannot be expected to be sustain
able. 
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9 Problems in Sub-Saharan 
Africa to Be Addressed by 
Agricultural Research 

9.1 Introduction 

Although this book deals specifically with the Sahel zone, 
many of the development problems and issues in the region are 
true of all of sub-Saharan Africa.2 9 Agriculture, for example, is a 
crucially important economic sector for nearly all African coun
tries, and many countries face identical difficulties in developing 
this sector. The need for improved agricultural research as a basis 
for sustainable agricultural growth in Africa gains in significance 
if we take a broader view in this chapter by including in the 
discussion not only the Sahel but all of sub-Saharan Africa. 

Agriculture makes a major contribution to economic 
growth and trade in developing countries. It bears the main 
burden of providing income and employment to the rapidly 
expanding population. It also means food security and social 
welfare. According to data from the Food and Agriculture Organi
zation of the United Nations (FAO) from 1993130, nearly 65 percent 
of the total population in most of the sub-Saharan countries were 
engaged in agriculture. Although urbanization rates triple those 
of the growth of the agricultural population, the agricultural 
sector continues to absorb a large share of the population. The 
agricultural population in sub-Saharan Africa in 1993 was 374 
million, which is only four percent less than the total population 
of the region in 1980. Yet, sub-Saharan Africa is the only develop
ing region where there has been a progressive increase in both the 
numbers and proportions of malnourished people and a gradual 
decrease in the per capita output of staple foods. In short, food 
production has failed to meet the demand for food. 

The slowly deteriorating food situation across much of 
Africa has been aggravated to crisis point from time to time by a 
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series of drought-related famines that required a massive mobili
zation of international food and other humanitarian aid (see also
Chapters 4 and 8). But drought has in most cases been only the
trigger of a situation that probably would have exploded eventu
ally anyway. Food security in Africa is affected by a number of
elements besides unreliable rainfall. Poverty is one serious handi
cap. No other developing region has such a large share of the 
population that is really poor. The inherent poverty is com
pounded by a huge relative debt burden: 30 African countries 
have debts that amount to more than three times their annual 
export earnings, 40 percent of which must be allocated simply to
debt-servicing repayments. The high degree of national fragmen
tation (47 sovereign states) also presents a problem for agricul
tural growth. Small countries have difficulty supporting viable
agricultural research, and border restrictions hamper free trade,
labor mobility, and the traditional migratory patterns of stock 
herders. 

Many of the sub-Saharan African countries have also suf
fered from civil disturbances since independence and have had
little time to develop new institutions of government. Their gov
ernments and economies are put under further strain by trying to
absorb the rapid expansion of the population, many of whom are
lost to the agricultural labor force because they have moved to the 
cities. This urbanization can, in turn, also mean a change in eating
habits from traditional to convenience foods, some of which may
have to be imported. In this situation, agriculture is expected to 
provide export earnings, fiscal revenues, food supply, income and
employment, as well as generate self-sustained growth in its own 
sector.
 

This would be difficult enough in any case, but it is particu
larly difficult in a region with a high degree of climatic instability,
and where near famines are followed by unmarketable surpluses.
Some 40 percent of the total land area in sub-Saharan Africa is
predominantly arid or semi-arid, and another 20 percent exces
sively wet. In the drier countries, the area under irrigation is
relatively small and much of this is under traditional systems with 
a fluctuating water supply and a low cropping intensity. Many
soils are difficult to manage for sustainable production, and envi
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ronmental degradation, caused by the pressures of population 
and poverty, is taking its toll. The problem is exacerbated by
serious human or animal diseases such as malaria, river blind
ness, bilharzia, sleeping sickness, East Coast fever, and now AIDS. 
Technological change has, in general, been slow and inconsistent, 
with a low consumption of chemical fertilizer. Relatively few crop 
areas use improved varieties with high yield potential. 

The lack of technical solutions is due partly to the complex
ity of the problems and partly to the vast diversity of the African 
agricultural environments and their farming systems. Other fac
tors are a heavy concentration of research resources on agricul
tural export commodities (in particular in colonial days) and a 
predominance of a range of food staples relatively unfamiliar to 
most Western scientists. Also, national agricultural research sys
tems"' are generally weak and depend heavily on external fund
ing. The communications network is usually very poor, which 
cuts producers off from knowledge, inputs such as fertilizer and 
plant-protection chemicals, and credits for their purchase. The 
general lack of personnel trained in policy matters has often led 
to unsound macro-economic decisions that have either discrimi
nated against the agricultural sector, or, in the case of exports, 
exploited it as a source of revenue for other purpcses. The devel
opment of sound economic and agricultural policies has been 
further hampered by different ideas among donor agencies and 
development strategists about how to solve Africa's problems. 
This has resulted in conflicting advice to governments, which has 
sometimes impcued progress and distorted national priorities. 

9.2 The role of agricultural research 

In spite of the apparently gloomy outlook, economic and 
agricultural growth is not an impossibility in sub-Saharan Africa. 
After all, only 25 years ago there were serious doubts whether 
some countries in Asia were viable, but these have achieved a 
great deal, and none of them could now be written off as a 
hopeless case. Furthermore, some of the African countries, includ
ing the Sahelian countries Burkina Faso, Chad, and Mali, have all 
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years-not always consistently over long periods, but progress, 
nevertheless. 

The role of agricultural research in achieving economic and 
agricultural growth in the Sahel cannot be overestimated. But the 
problems described above present challenges to research that 
transcend the conventional technological approaches pursued in 
Africa over the last 30 years without widespread success. It will 
be necessary to regroup and reorient scientific resources to solve 
these problems, with, for example, a broader range of comple
mentary weapons than those used in the Asian Green Revolu
tion 32 and with lower expectations of narrowly technically 
oriented breakthroughs. The scientific community must seek 
common cause with the rural community to a much greater 
extent, in order to achieve a multiplier effect from the wider 
adoption of a range of less spectacular but hopefully more sus
tainable techniques. 

Joint efforts by researchersandfarmers 

There are three main areas where agricultural researchers 
and small farmers must pool their knowledge and use every 
available new and traditional method in the struggle to increase 
agricultural growth. 

Enhancingsoilfertility. Even when yields are very low, as in 
much of Africa, crop production removes plant nutrients froin the 
soil. Over time, the progressive drain on the soil nutrient bank 
leads to declining productivity. Continuous cropping can also 
reduce the organic-matter status of the soil, in particular where 
annual crops are the main component of the farming system and 
no organic residues are left in the land. There is no single, and 
probably no simple, solution to the problem of enhancing soil 
fertility in sub-Saharan Africa, although its pervasiveness 
throughout the continent is one of the few issues on which agricul
turalists, economists, and policymakers almost universally agree. 

Farmers have had to cope with the soil fertility problem 
long before chemical fertilizers were invented and have been 
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ingenious in developing ways of doing so. Fallowing'3 is still 
practiced in some parts of the semi-arid tropics, but in most of the 
drier areas of the Sahel it is no longer a large-scale option, and in 
many places it is non-existent. Manuring is an increasingly wide
spread practice and farmers are well aware of the value of animal 
manure. However, the crux of the problem here is that most small 
farmers cannot generate enough animal manure to fertilize all of 
their land. Research has shown that the amount of pasture and 
crop residues required to support the livestock is both ecologi
cally and economically unfeasible.M In dry areas manure is also 
used as a substitute for firewood. Composting (a mixture of millet 
straw and cow dung with added bone meal ashes or rock phos
phate) has strikingly beneficial effects in dry years, with up to 
three times the yields of conventional farming practices, with 
much greater food security and insurance against crop loss. Coin
posting is also reported to improve soil structure and prevent 
compaction and water logging. Nitrogen immobility caused by 
the use of undecomposed straw can occur after the first year, 
depressing yields, but this can be remedied by mixing the straw 
with well-rotted animal manure. The main disadvantages of com
posting are that it is highly labor intensive and requires large 
quantities of water and that it uses straw needed for animal feed. 

Tests have proven that residue management has a signifi
cant effect on yields. Mulching with crop residues (straw) plus 
fertilizer is particularly beneficial in areas where water is not 
readily available. The main problem here, too, is the competition 
for the small quantity of straw available. Green manuring (par
ticularly with legumes) is not widely practiced by African farm
ers. However, incorporating leguminous annual crops into 
rotations has a number of advantages, including breaking the 
cereal-disease-pest cycle. Although traditional intercropping 
practices have tended to decline, there are now signs of renewed 
interest in combinations like millet and cowpeas, or millet and 
groundnut. 

Much research effort in Africa has been devoted to breed
ing for crop tolerance to abiotic stress. Farmers, however, do not 
necessarily welcome these new varieties, because breeders often 
overlook apparently trivial factors such as keeping quality and 

89 



cooking or preparation time. High yield potential is not the be-all 
and end-all if it means sacrificing some other desired quality. So 
far, breeding for improved performance in drought or adverse 
soil conditions has been unsuccessful, although the new maize 
varieties known as 'super-corn' open up perspectives. Two other 
less well-known possibilities for improving the soil that have been 
undergoing trial are the addition of rockphosphate deposits (to
add phosphorus) and the use of Vesicular-ArbuscularMycorrhizae
(VAM), a beneficial fungus that increases the plant's nutrient

3uptake. 1 Increasing the efficiency of fertilizer use is also of the 
utmost importance. This can be done by reducing the costs of its 
transportation, storage, and delivery. One suggestion has been to 
use four-wheel-drive vehicles to overcome the poor infrastructure 
in rural areas, which is seen as a major barrier to tile wider use of 
fertilizer. Also, farmers will have to learn to choose the right input
and to apply it correctly for maximum effect at the lowest cost. 

The battle against pests and diseases. Insect pests, fungus
diseases, viruses, bacteria, and weeds take a heavy toll on plants
during growth and on stored plants after harvest. Livestock also 
suffer from bacterial and viral diseases and parasites. It is prob
ably no exaggeration to say that in farming situations where soils 
and climate are not the overriding constraints on crop productiv
ity, pests are the single main cause of low yields. In areas ,vhere 
drought or major soil problems also restrict the yield potential, 
crops are more likely to fall prey to biotic stresses, which com
pound the effect of abiotic stresses. It is for this reason that about 
a quarter of agricultural research expenditure has to be devoted 
to "maintenance research" to safeguard existing yield gains from 
pest and disease attacks. Research strategy in this field has relied 
heavily on the development of resistant varieties, but also on 
chemical controls through pesticides. These solutions have not 
really been accessible to small farmers in developing countries, 
however, and that is particularly true of Africa. The limited quan
tity of pesticides is applied to a few commercial export crops
(cotton, tea, and cocoa) rather than food crops.

Farmers have therefore tended to rely on time-honored 
measures to safeguard their crops: by planting or harvesting 

90 



before peak periods of infest ition, by planting varieties that 'ol
erate pests or that are unattractive to pests, by varying plant 
population aTid density to moderate humidity, by managing fer
tilizer use to discourage pest buil.. -up, and by avoiding unbroken 
crop monoculture, which encourages weeds and soil pests. Recent 
developments have led to a sweeping reappraisal of approaches 
to control pests and to much greater emphasis on measures that 
avoid the use of chemicals. They must be regarded as only one 
weapon in the agricultural armory. 

Priority in research is given to the development of alterna
tives and systems of pest management that integrate the various 
options in an environmentally benign but effective fashion. The 
spectrum of measures will include breeding for host plant resis
tance, where research is being carried out on resistant varieties of 
wheat, potatoes, maize, pearl millet, sorghum, cooking bananas 
and plantains, annual legumes, groundnuts, and cowpeas. This is 
being done partly by conventional plant breeding and partly by 
biotechnological techniques. Biological control is a techmique 
where the pest's natural enemies are used to destroy them, which 
can have spectacular results for relatively little expenditure. It has 
been applied successfully in Africa to combat, for example, the 
cassava mealybug, the green spider mite, and the mango mealy
bug. 

Integrated pest management is a new ecologically-based 
approach that integrates the techniques described above. It is 
based on the concept of an economic threshold, normally deter
mined by the size of the pest population, below which the cost of 
control measures exceeds the value of losses from pests and 
weeds. A prime candidate for integrated pest management in 
Africa would appear to be the parasitic weeds Striga and Alectra, 
which have failed to respond to attacks on a single front. 

It is unrealistic to expect chemical methods of control to be 
abolished altogether in the future, but their use is likely to dimin
ish. This puts a premium on research to develop biologically, 
ecologically, and economically viable alternatives to chemicals, 
and to improve understanding of how they can be applied more 
effectively. 
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People and resources.As discussed in the previous chapter, 
the poor performance of many donor-funded projects and the lack 
of sustainability of many donor investments has emphasized the 
need to involve the people who are supposed to benefit from 
agricultural development projects. Similarly, the idea of devolv
ing responsibility for the management of forest and irrigation 
projects from government agencies to local communities is also 
gaining ground, even though there is frequently a gap between 
rhetoric and implementation. 

Case studies by researchers can highlight the actual expe
riences of measures that help local people to develop their re
sources more sustainably in different agro-ecological situations in 
sub-Saharan Africa. For instance, the response of farmers to the 
pressure on land use caused by population increase "n Kenya has 
been to switch to more drought-tolerant, shorter-maturing maize 
varieties, and to use bench terraces and careful husbandry meth
ods to conserve soil moisture. The government supported them 
by improving the infrastructure, avoiding heavy-handed restric
tions on the movement of people, food, and other products. It 
provided fiscal, price, and marketing policies and tenurial ar
rangements that gave farmers the incentives to make long-term 
investments in their land. The government also provided effective 
and flexible agricultural advisory services offering farmers a 
menu of technologies to choose from. 3 6 

In the Siwaa zone in Mali, where environmental degrada
tion has caused over-grazing and deforestation, a technical group 
was set up that included forestry and livestock agencies and the 
local authorities. They established a program of land manage
ment with the participation of the local people. This has helped to 
resolve issues such as wood cutting permits and conflicts over 
grazing lands for livestock. Subsequently, these groups went on 
to regulate the number and movement of cattle to stop overex
ploitation of pasture land, to grow forage crops, and to establish 
a joint research program on herd management, fodder produc
tion, and improved management of pasture.' 7 

Although it is predicted that the irrigated area in sub-Saha
ran Africa will increase from five to seven million ha by 2010,'M 
this still represents only four percent of the land. Rainfed agricul
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ture will therefore remain of primary importance for most of th 
region. This puts a premium on measures to conserve rainwater 
and to use it as effectively as possible. There are three possibilities 
for soil conservation and water harvesting techniques: 

* conservation through tillage to prevent excessive run-off of 
water, check erosion, and improve filtration; 

" harvesting run-off water from sloping lands; 
" managing flood plains to achieve better use of floodwater. 

All of these need the background of research and case 
studies to guide future planners and ensure that the people who 
are intended to benefit are truly involved. 

9.3 Constraints to agricuhural research 

If economic growth and stability in Africa in general, and 
in the Sahel in particular, depends on agricultural growth, then 
the role of agricultural research is crucial. However, a recent 
World Bank strategy paper '39 concluded that "no agricultural 
research system in Africa is up to present Asian standards, and 
that only nine systems meet minimum acceptable standards, de
spite large annual expenditures". According to the same report, 
all the research institutes were poorly funded, contained research 
programs with little relevance to agricultural needs, and did not 
collaborate. 

These may well be sweeping statements, but judged in 
terms of agricultural growth of the main African commodities, the 
overall performance seems to support these comments. 

Nevertheless, some of the success stories in African agricul
ture were achieved largely because of research. Examples are the 
adoption of hybrid maize in Kenya, Malawi, Tanzania, and Zim
babwe, the cotton and groundnuts in the Sahelian zone, the tea in 
Kenya, and the control of the cassava mealybug in the humid 
tropics. Other successes appear to be the result largely of local 
initiative drawing on traditional knowledge or commercial enter
prise and market signals. There are certainly pervasive (and very 
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important) problems thai: remain to be solved. One example is the 
underutilization of appropriate technologies aue to policy and 
technology transfer restraint. Also, research on natural resource 
management needs and farming systems needs much more atten
tion relative to research on individual commodities. 

The adoption by farmers of new technologies also remains 
a problem. There has been virtually no small-farmer adoption of 
improved soil and crop management technologies as recom
mended by research and extension organizations. Neither have 
weed control measures been widely accepted, despite the fact that 
poor soil fertility arid weed competition are the two biggest 
constraints on agricultural productivity. 

A question that has often been asked is: do the roots of this 
pervasive problem lie in the agricultural esearch systems them
selves, in the methods of extending technology to farmers, in 
government policy and inadequate price incentives, or maybe in 
the stubbornness of farmers? To an extent all four of these factors 
contribute to the problem. But farmers can hardly be blamed for 
rejecting techniques that create labor bottlenecks or imply costs 
or risks that appear to threaten their livelihood. It is essential to 
distinguish the availability of technology from its applicability 
and economic viability. 

Nationalagriculturalresearchsystems 

Certainly, improved performance by the research estab
lishment in Africa could go a very long way to providing the 
answers. But analysis by the International Service for National 
Agricultural Research (ISNAR) and elsewhere suggests that there 
are major problems in these research systems. For example, re
search institutes are mostly underfunded and have a proportion
ally large number of young and inexperienced staff. It may now 
be time for national agricultural research systems to consider 
slowing down the intake of new young national staff and concen
trate on improving the administration and organization of re
search and on building the capacity of existing staff through 
training and experience, with stronger financial support. 

94 



Politicians do not appear to demonstrate much faith in 
research as an instrument of progress. African governments pro
vide only about half of the total reported agricultural resea."ch 
expenditure in Africa. " " Research still heavily depends on donor 
support, which is limited by Western-style short lending hori
zons. This weakens the hand of research managers in setting their 
own priorities and it saps staff morale. 

A major problem facing many sub-Saharan African coun
tries is their small size and limited resources. in 1990, 18 countries 
had a population of less than two million, and another five coun
tries between two and five million. These were mostly in Western 
Africa. Small size does not necessarily mean small problems: a 
majority of these countries were in the difficult soil and climate 
complex of the wet tropics, and most of the remainder were in the 
driest areas of the continent. It is very difficult for nations of this 
size to support a research service that can solve the same broad 
range of problems that besets much larger countries in similar 
ecological zones. 

It is therefore extremely important to find ways of provid
ing these research organizations and institutions with informa
tion, know-how, and genetic and other materials that will bridge 
some of the gaps and dis-economies of scale. This implies closer 
cooperation among countries, either regionally or sub-regionally, 
to identify common problems and develop ways of solving them 
individually or through joint action. 

Rqgional networks 

A common strategy to achieve collaborative action is the 
research network. Theoretically, networks facilitate cooperation 
among scientists from different institutions in tackling common 
problems. For example, through regional collaborative research, 
it may be possible to solve widespread problems such as the 
control of the parasitic weed Striga.And through subregional and 
ecoregional associations of countries, such as CILSS (see also 
Chapter 7 and 8) and the Southern African Centre for Cooperation 
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in Agricultural Research (SACCAR), programs in broader net
works had an impact at the country level. 

While conceptually valuable, the network approach is be
ing overworked. About 60 agricultural research networks are 
operating in Africa, and by no means all are working on topics of 
highest priority. Some national agricultural research systems 
have reported that providing inputs to several networks puts a 
heavy burden on them. Some networks are not even headquar
tered in the region and do not address priority needs. Networks, 
often encouraged by donors, are not a panacea but a tool to be 
used with discretion. 

Problems in nationalagriculturalresearchsystems 

The problems discussed so far have been largely outside 
the immediate control of the managers of national agricultural 
research systems. This does not necessarily mean that the systems 
themselves cannot be blamed for poor performance. At the time 
of writing, 12 African agricultuial research systems have no re
search master plan, and another eight have only just initiated one. 
Out of 45 countries, 37 have no consolidated funding mechanism 
for their system. The eight who do are among the best-managed 
in the regioa. Research tends to be overcentralized, with little 
on-farm or farmer-responsive research. Scientists are therefore 
often out of touch with demand and farmers' constraints and may 
develop technology that is unacceptable or of little use to the end 
user. Ways need to be found to make researchers accountable for 
the adoption and impact of their work. 

Public-sector research may be fragmented. Crop, livestock, 
forestry, and, sometimes, irrigation research may be located in 
different departments within ministries of agriculture, or even in 
different ministries. This hampers effective inter-disciplinary co
operation in priority setting and research. The public-sector re
search service is also frequently self-contained, with poor linkages 
to other research sources, including universities, the private sec
tor, and nongovernmental organizations (NGOs). Research find
ings are often not presented and disseminated in a manner that is 
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acceptable to staff responsible for extending technology to farm
ers, or that is understandable by the clients of research. Govern
ment information services often lack expertise in modem ways of 
transmitting information to rural people. 

These weaknesses are often compounded by poor linkages 
and strained relations between researchers and extension staff. 
One important consequence is that researchers, extension staff, 
and farmers do not work well together in, for example, socio-eco
nomic surveys on the needs and constraints of the rural commu
nity, and in on-farm testing of promising research findings. The 
resulting lack of feedback from the field to research managers and 
policymakers is a major reason for incorrect targeting of research 
and inadequate suppolt of research. 

Arrangements for monitoring and evaluation of ongoing 
research and, in particular, of its impact down the line are usually 
weak or non-existent. This is due partly to lack of trained person
nel and appropriate methodology. Attempts by development 
agencies to build methods for evaluation into projects they sup
port also have a very poor record, although the results could yie!d 
valuable information to donors and governments. Monitoring 
and evaluation should receive much greater attention internation
ally, particularly with respect to conceptual and methodological 
issues and to training local staff. 

The staff profile of most national agricultural research sys
tems is highly skewed toward genetic improvement and Green
Revolution-style chemical technology. This bias is conditioned to 
a considerable extent by Western agri'ultural science approaches 
and their influence on national staff through overseas training 
and university curricula. Recent data from the Sahel shows that 
the situation has changed little from the early 1980s: 48 percent of 
research effort there goes to crops, 18 percent to livestock produc
tion, only nine percent to social sciences, seven percent to soil and 
water resources, four percent to fisheries, and three percent to 
forestry and ecology."' 

Characterization of the environment, understanding of 
farmers' needs and constraints, and natural resource manage
ment are therefore still poor relations of the research priority 
spectrum. In this situation it should not be surprising that a 
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majority of the varieties and technical recommendations emanat
ing from the breeders and agronomists either perform below 
expectations or are rejected by farmers. Genetic improvement 
may be attractive, but "improved" crops and livestock that do not 
fit the environment in which they are expected to perform are a 
waste of staff time and money, and a source of frustration to 
farmers and disillusionment to governments. 

9.4 Solutions 

A virtual revolution in research concepts, approaches, and 
staff composition is required to identify the environmental and 
socio-economic framework within which new cultivars or tech
niques are likely to be successful. This turnaround may involve 
retraining research managers and university staff, and revising 
curricula to provide the new staff composition, and modem in
formation systems and other supporting services on which suc
cessful future innovations will depend. 

In order to raise the capacity of national agricultural re
search systems to carry out effective research in sub-Saharan 
Africa, countries should propose a master plan for agricultural 
research. This master plan must identify key priorities and appro
priate research strategies, and integrate scientific resources from 
public- and private-sector research institutions and universities, 
to plan and implement research. Th2 plan must also define exter
nal linkages for information, training, and research collaboration, 
and specify the financial requirements and consolidate sources of 
funds within a financial plan for research. 

The capacity for policy analysis and for research in the 
social sciences must be greatly strengthened. Research at the farm 
or local level is required on key production constraints, on the 
impact of current government policies on the ability of farmers to 
resolve those constraints, and on measures to ameliorate them. 
Policy analysis is needed on factors affecting food demand, con
sumption, and trade, and on issues related to land tenure, input 
use, infrastructure, and institutional effectiveness. 
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Research on the impact of government policies on national 
research and extension systems is important, but generally ne
glected. A current hot issue is the impact of structural adjustment 
and related budgetary cuts on the efficiency of these systems. 
While privatization is being touted as a solution, private-sector 
research capacity is low in most African countries, and commer
cial companies tend to pick out the plums and leave the stones to 
the public-sector agricultural research systems. The private sec
tor, however, could help in research that can be commercialized 
by working together with the public sector. Private-sector re
search institutions could, for example, set aside human resources 
for, or help funding, research that is commercially interesting for 
both private- and public-sector research institutions. An ad
vanced field of science such as biotechnology may be an option. 

Staff competence must be realigned to meet new research 
imperatives. The enhanced emphasis on sustainable natural re
source management and reduced dependence on chemical inputs 
have brought about changes in attitudes to agricultural technol
ogy. There is an entirely new climate for agricultural research, 
requiring significant changes in disciplinary approaches. No
where are these changes more necessary than in sub-Saharan 
Africa because of the wide diversity and complexity of resource 
management problems and the difficulties of implementing 
Green-Revolution-style technology there. National agricultural 
research systems should therefore critically review the composi
tion of their current stafi and their disciplinary balance. This is 
also necessary because of the increased emphasis on charac
terization of the ecological and socio-economic environment 
within which technology has to be fitted if it is to be acceptable 
and sustainable. A review might well lead to a move away from 
conventional plant and animal breeding for high yields toward 
natural resource management, social sciences, biological pest con
trol, crop diversification, marketing and post-harvest require
ments, off-station research, and research on technology transfer 
and information sciences. 

To achieve this move away from conventional research, 
both long-term and course-related training must be adjusted. 
There is a need for greater emphasis on management and infor
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mation sciences, as well as on the more conventional scientific 
disciplines. University curricula must be updated, and, where 
necessary, academic staff must be retrained to support this effort. 
A particular effort must be made to develop two-way partner
ships between researchers and farmers, both in research planning 
and conceptualization and in on-farm trials. Farmers should be 
represented on the boards of research institutes. Researchers 
should participate in group discussions with communities to 
understand their wishes and constraints and should be prepared 
to guide local technical committees. 

Linkages between research staff and public- and private
extension and input-supply services must be strengthened. 
Larger agricultural research systems could establish a technol
ogy-transfer unit with staff from research institutions and exten
sion organizations, with strong information support. Smaller 
systems could station extension liaison staff at research institu
tions. Greater decentralization of research to ecozonal or other 
appropriate stations would also help, but outposted staff must be 
strongly supported by headquarters. Too often out-stations are 
the orphans of the system. 

Bottlenecks in availability of improved seeds and planting 
material must be eliminated. There is also a need for better avail
ability of other planting material, such as roots and tubers, oil
seeds and other cash crops, pasture or other grasses for fodder or 
soil conservation, and trees for commercial plantations and agro
forestry. The public sector and, to an increasing extent, the private 
sector, should mcet these needs, which have been highlighted by 
several of the 16 international agricultural research centers in the 
Consultative Group on International Agricultural Research 
(CGIAR), 42 four 4 ' of which are headquartered in Africa. 

The increasingly complex research agenda is one of several 
reasons that have underlined the necd to strengthen the effective
ness and efficiency of national agricultural research systems. Al
liances and collaborative action between international centers in 
the CGIAR and national agricultural research systems are increas
ing. The future of agricultural research in sub-Saharan Africa will 
depend to a large extent on reshaping the national agricultural 
research systems, with the emphasis on reliable government sup
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port coupled with good training and management. If they are to 
become effective instruments in bringing about agricultural 
growth, they will need this as a basis for their pivotal role between 
the academic researchers on the one hand and the users of tech
nology on the other. 
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Figure 5 

Mali's climate zones 
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1 	 Geography and Ethnic 
Composition 

Mali is a landlocked country with a total area of 1.24 million 
sq km. The longest distance between the southermost point and 
the northernmost point is 1,600 km. It stretches from the sand
stone plateaus in the southwest (200-400 m above sea level) acress 
the lowland plain of the Niger River to the Adrar des Ifores massif 
(700 in above sea level) in the northeast. 

From the humid savanna to the rocky and s,'.idy desert, the 
country's landscapes include a great variety of biotopes. Cultiva
tion conditions are very favorable in the humid southern regions, 
while only nomadic pastoralism is possible in the dry northern 
part of the country. The Niger and the Senegal River cystems, the 
two major rivers in Mali, are of key importance to the entire 
country (see Figure 5). They enable intensive irrigation and they 
are good fishing waters as well as important transport routes. 

The Bambara and the Malinke are the main groups of Mali's 
population today. Their languages, Bamanakan and Maninkakan, 
are closely related dialects spoken by about 50 percent of the 
country's approximately 8.6 million inhabitants. A further 25 
percent can understand these two languages. Bamanakan has 
deveioped iinto the lingua franca of Mali. The more simply struc
tured Dyula dialect (derived from Bamanakan) is understood in 
Senegal, Gambia, and from Guinea across the northern parts of 
C6te d'Ivoire, Burkina Faso, and northern Ghana. This wide 
dispersion of a common language can be traced back to the ancient 
Kingdom of Mali. 

Other ethnic groups include the Bozo and Somono (who 
fish along the Niger), the Soninke (who practice agriculture and 
engage in trade in the northwest), and the Kasonke in the western 
part of the country. 

Songhai, a language unrelated to any other in sub-Saharan 
Africa, is the major language in the northeastern part of the 
country, from Lake Ddbo to Gao, and in the Republic of Niger. 
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About six percent of Mali's population speaks Songhai. Less than 
about five percent of the population speaks Tamshak, the lan
guage of the Tuareg people, and Arabic. The Bwa and the Bobo,
who practice agriculture, and the pastoralist Peul account for 
about 17 percent of the population. Their language, Fulfulde, is 
related to Wolof and Tukulor, which are widely spoken in 
Senegal. Dogon, Senufo (or Minianka), and Samo, spoken by not 
more than 12 percent of the population, belong to the Voltaic or 
Gur branch of languages. 

Mali is a large country, about the size of Germany, France, 
the United Kingdom, Belgium, and the Netherlands combined. 
Its ethnic composition is fairly homogeneous compared with most 
sub-Saharan African countries. However, since Mali's different 
ethnic groups do not live together in large numbei's but in groups 
or clans in village "quarters"-as the Malians say-the situation 
becomes more complex. Social hiera~chy also plays a significant
role; it further classifies individuals into social categories within 
the same language group. 

The ethnic composition in the inland delta of the Niger
River illustrates this situation. Here, most villages are bilingual,
if not trilingual. In school, French is taught as a fourth language.
The inland delta of the Niger (the old province of Massina) begins 
east of S~gou and is bordered on the east by Lake D6bo. In 
between are broad river valleys and flood plains, which are a little 
larger than half the size of Switzerland when the Niger and its 
most important tributary, the Bani, are at peak flood stage.

The water in this area traditionally belongs to the Bozo and 
the Somono, the soil to the Maraka, and the grass to the Peul. The 
Bozo are linguistically related to the Soninke, the Bambara, and 
the Malinke. They are the oldest inhabitants of Massina. The word 
Bozo itself is a Bambara term used to designate outsiders. The 
Bozo divide themselves into four subgroups, who can only par
tially understand each other. Originally, the four groups engaged
in fishing with different types of fishing equipment and inhabited 
different water courses of the Niger and Bani River systems. 

The Somono probably descend from a mixture between 
Islamic Bozo and Bambara peoples. They live primarily from 
fishing, but they also cultivate rice, although the Bozo do not. 
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Today pirogues (traditional wooden boats) are still built exclu
sively by Bozo craftsmen, never by the Somono. The Somono 
speak the Bambara language in the S~gou area and, in the Mopti
region, one of the four Bozo dialects. They are the most important
pirogueowners and providers of river transport. The Bozo and the 
Somono do not live together in the same village, nor do they
intermarry. To make matters even more complicated, some Bozo 
and Somono families of older lineage are considered to be nobles,
while other families are regarded as serfs. These social differences 
have nothing to do with wealth; they relate only to rights and 
behavioral patterns. 

Maraka, which means "one who rules," is the Bambara 
word for the Soninke. The Maraka regard themselves as a kind of 
aristocrats, whose origins can be found in the medieval Kingdom
of Ghana. However, several classes developed within this group
throughout the course of history. Only the maraka pi, or "black 
Maraka," are regarded as the actual descendants of the Soninke.
It is said that the others became Maraka only at a later time-in 
some cases just prior to Mali's independence in 1960-when they
converted to Islam, began to wear boubous (robes), and became 
merchants. 

The Peul are an even more complex case. They are divided 
into at least seven different subgroups, each of which has a very
specific place in their social hierarchy. At the top are the actual 
Peul, who call themselves Fulbe. The Fulbe constitute about 50-60 
percent of the Fulfulde-speaking population. They are dirno 
("noble"). The distinction dimo also goes for the Jaawambe, 
a very small, respected, if not feared, minority. The Jaawambe are 
considered to be clever and shrewd; many leading merchants are 
Jaawambe. Next in the hierarchical order are the Nyeenybe, who 
are craftsmen (weavers, potters, gold- and silversmiths, leather
and woodworkers) and account for about eight percent of the 
population. intermarriage among Nyeenybe, Fulbe and Jaawambe 
has traditionally been strictly taboo. At the bottom of the hierar
chy are two categories of "bondsmen", the Rimbe, whose ances
tors were slaves of the Fulbe. 
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Society and hierarchy 

These social differences and hierarchical structures are 
very confusing for an outsider. The Bambara and the Malinke 
would say that they can be traced back to Sunjata, the founder of 
the medieval Kingdom of Mali and a cultural hero of the Republic 
of Mali. It was Sunjata who divided up the world in this manner 
in the 13th century. From the Peul's point of view it has always 
been this way. 

In none of the country's ethnic groups does social hierarchy 
have to do anything with possession, however. It is exclusively a 
question of aristocracy and nobility, and closely connected with 
family names and with rules of conduct that are to be observed in 
daily life. 

Family names, called jamu by the Bambara and the Malinke 
and yettoore by the Peul, can be interpreted easily by experts. Most 
people in Mali have specific family names that are derived from 
the names of their fathers (patronymics) and that classify them in 
ethnic and sociological categories. For example, "Diarra" and 
"Coulibaly" are the names of the two royal dynasties of the 
Kingdom of Ghana, while "Diallo," "Ba," "Bari," and "Ciss" are 
noble Peul patronymics. 

Even today, conversations among close friends living in the 
same village often touch on questions of origin-not only the 
origins of human life, but above all the origins of the different
"races." The French word race, which has an equivalent in all 
Malian languages, is usually used to refer to P jamu or yettoore, 
i.e. the patronymic. 

"Iye shiya jumin ye?" "Wiit 'race''(shiya) are you?," people 
of Mali often ask each other. The answer is not "Bambara," for 
example, but "nurnu" (smith), "horon" (noble) or "kide" (wood
worker). Membership of an ethnic group or a social class and of a 
specific clan determines social behavior, possible marriage ar
rangements, and even access to resources. 

Of course, time has not stood still. Many influences, pri
marily of Western origin, have considerably changed and partly
remolded Mali and its people. The system of social hierarchies 
and relationships sketched above, described by many authors as 
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a "caste" system, is disintegrating in the country's major cities. 
But in hundreds, perhaps even thousands, of villages the signifi
cance of the social categories has remained unchanged. This is one 
of the reasons why so many young people abandon rural life, to 
seek a new (if often miserable) life in the city, free from social 
obligations. 
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2 The Economy 

With a per capita gross domestic product (GDP) of US $298, 
Mali is one of the world's poorest and least developed countries.2 

It has few mineral resources (bauxite, iron ore, mangcnese, ura
nium) and a very small industrial sector that accounts for 14 
percent of the country's GDP. More than 80 percent of the work 
force is engaged in agriculture, which accounts for 45 percent of 
GDP This GDP percentage can vary significantly from year to 
year because agricultural production is highly dependent on the 
region's uncertain climatic conditions. In 1988 and 1989 Mali 
produced grain surpluses thanks to exceptionally good weather 
conditions. In many previous years entire harvests were ruined 
by drought.3 

Between 40 and 80 percent of Mali's livestock perished in 
the 1983-85 drought, and the grain harvest dropped by an esti
mated 300,000 tons in 1984. One-third of the population of seven 
million at that time suffered from the effects of famine, and five 
percent were faced with possible starvation.4 But poor climatic 
conditions and problems related to desertification (see also Part I, 
Chapter 6.3) are not the only reasons for low agricultural output. 
Political and institutional neglect of the agricultural sector and 
1,)w producer prices also play a role. 

An exporter of raw materials (cotton, groundnuts, cattle, 
skins, pelts, dried fish, rice, gold, and rubber), Mali saw its terms 
of trade index fell dramatically during the 1970s and early 1980s. 
In 1986 it stood at 75 (1980 = 100), rose to 87 in 1991, but dropped 
again to 74 in 1992. One effect of the resulting chronic budget 
deficits was that public-sector employees went without their sala
ries for months. There were large foreign-trade deficits and the 
service sector also showed a negative balance sheet. High net 
workers' remittances from neighboring countries, especially C6te 
d'Ivoire (US $91 million) and official development aid receipts 
(US $414 million) improved the balance of payments. Total exter
nal debt exceeded US $2.5 billion, with over 95 percent being 
long-term public and publicly guaranteed debt.5 
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Cotton is Mali's most important export crop and is culti
vated primar.ly in the south. Cotton production grew signifi
cantly in Mali during the 1980s, as it did in many other African 
countries. Production rose from 48,000 tons in 1979-81 to 97,000 
tons in 1989-90 and 114,000 tons in 1992.6 Hov,,ever, cotton prices
dropped by 50 percent in 1985-86, but prices soon recovered. Mali 
had export earnings of US $195 million from cotton alone in 1991.7 

Because weather conditions were favorable, earnings frnm 
cereals were also good in 1989-91. But government price policy,
biased toward urban interests instead of providing incentives to 
farmers, makes cereal production so u iprofitable that many pro
ducers switch to cotton. Unless political reforms are instituted,
Mali will not be in a position to become self-sufficient even in 
favorable climatic conditions. 
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Table 7 (cont'd on next page) 

Key data on Mali (as at 1992) 

Geography / Demography 
Area 
Population 
Population density 
Urban population (as percentage 
of total population) 


Average annual population
 
growth 1980-92 


Ethnic groups 


Official language 

Languages spoken 

Religion 


Social Indicators 
Adult illiteracy (1990) 

Primary education (1991)

Life expectancy at birth 

Infant mortality rate (per
1,000 live births) 

Population per physician 
Average daily calory supply per 
person (1988-90) 

Energy consumption per capita 

Economic Indicators 
Gross domestic product (GDP) 
- agriculture 
- industry 

GDP per capita 
Average annual GDP growth 
1980-92 

Annual inflation rate 1980-92 
Labor force 
Informal sector as percentage of 
total economic activity 

Net workers' remittances 

1,240,190 sq km 
9.0 million'
 
7 people/sq km
 

25.10/6' 

2.6%b 

Bambara, Malinke, Songhai, Senufo, 
Peul-Fulani, Dogon, Tuareg (approx. 
10% nomads) 
French 
Bambara, Arabic, others 
Muslim (90%), animist (9%), 
Christian (1%) 

68% (women: 76%)' 
25% (women: 19%)'
48.4 years (women: 51.9 years)' 

30.0' 
1physician per 19,448' 

2,260 (Switzerland: 3,437)C 
24 kg of oil equivalent 
(Switzerland: 4,193)' 

US $2,667 milliond 
44.9%d 

13.7-/d
US $298d 

2.9%' 
3.7%' 
3.13 million (women: 15.9%)d 

50%(estimate) 
US $91 million d 
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Table 7 (cont'd) 

Foreign Trade' 
Exports US $388 million 
Main products gold, cotton, live animals, vegetative 

oil 
Imports US $740 mil'.ion 

Exports Imports 
Non-fuel primary products (incl. food) 91.8% 21% 
Fuels 0% 30% 
Manufacturing 8.2% 49% 
Total 100% 100% 

Other' 
Terms of Trade (1980 = 100) 73.7 
Gross international reserves US $308 million 
Total external debt US $2,595 million 
- as percentage of exports 350.7 
- as percentage of total GDP 97.3 

Official development assistance 
receipts US $414 million 

Sources:
 
aWorld Bank, SocialIndicatorsof Wealth 1994. (on diskette), Washington, D.C., 1994.
 
bWorld Bank, World Development Report 1994. Washington, D.C. 1994.
 
c United Nations Development Programme, Human Development Report 1994.
 

Oxford University Press, New York, 1994
d World Bank, World Tables 1994. (on diskette), Washington, D.C. 1994. 
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3 The Political Situation 
Mali at the end of the Second Republic 

Following the dramatic political changes in Eastern Europe 
in the early 1990s, many African nations also rid themselves of 
despots. One of these nations was Mali, where a military coup 
toppled the Second Republic on 26 March 1991. Today Mali is 
governed by one-time civilian opponents of the former regime. 

Until very recently Mali was considered one of the poorest 
but politically most stable countries in sub-Saharan Africa. The 
Second Republic was established in 1968 when a military coup 
overthrew the country's first president, Modibo Keita. Lieutenant 
Moussa Traor6 became head of state, general and supreme com
mander of the army, and chairman of the Union D6mocratique du 
Peuple Malien (UDPM), the country's only political party. 

Traor6 eventually developed into an autocratic symbol of 
nationhood and used the army to help him unite a country with 
more than 20 ethnic groups and six languages. He became known 
internationally as Chairman of the OAU (Organization of African 
Unity), as the initiator of the Bamako Initiative, which is named 
for the country's capital and is concerned with making basic 
medicine more affordable and more available in Africa, and as 
co-president of the United Nations World Summit for Children. 

. Burdened with debt, Mali got deeper into crisis during the 

1980s. Contributing factors included recurrent droughts, deserti
fication, chronic grasshopper plagues, and a worsening of its 
terms of trade. But Mali's problems are also due to the disastrous 
effects of a planned economy, in particular on the main staples 
sorghum, millet, and rice. Additional factors were capital flight, 
political nepotism in the bloated and inflexible government ma
chinery, corruption, and gross mismanagement. Well over one 
million people emigrated as foreign workers, most of them to 
Ivory Coast and France, Mali's former colonial ruler. 

France, along with Switzerland, Germany, the Nether
lands, the USA, and other countries, as well as multilateral organi
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zations such as the United Nations Development Programme(UNDP), have all given, and continue to give, considerable financial and technical development aid. They also provide low-interest loans and grants. German and Swiss public and private donorshave designated Mali for priority development aid. While Maliwas virtually unknown in these countries (people typically confused it with Bali, a well-known island in Indonesia), intensifieddevelopment cooperation efforts have brought Mali to the atten
tion of a large international audience.
 

In 1981 the government began libei 
 Azing the cereals trade,dissolved deficit-ridden government and parastatal industries
(including the national airline, Air Mali), and streamlined thebureaucracy. Although these measures, along with an exceptionally good harvest, improved the economic situation in 1989, political problems remained unresolved. Persistent ethnic strife inthe north of the country continues, and in recent years Malianpolice have had regular armed clashes with Tuareg nomads.

The capital Bamako is a troubled city, with a population
growing at double the rate of the rural population and soon toreach one million. There is no adequate infrastructure to supportthis dramatic growth and no financial resources for badly neededinvestments. There are shortages of virtually all basic necessities,in particular housing, sewage systems, and water. Many of theyounger generation are unemployed; most of them have had noproper schooling, and the rrivate sector is not large enough toreplace the state as the country's main employer. State employees
have been known to be without any income for as long as six
months. Dissatisfaction is spreading, promoted by the rampant


nepotism and corruption.
 
Nevertheless, in the past decade, local development efforts
and international develoFment aid 
have brought about someimprovements, especially in water supply, the forestry and agricultural sectors (sorghum, millet, and cotton), the construction ofmore roads and streets, the transport sector, and telecommunica

tions. "Associations villagcoise " (village associations), which were founded as a form of institution building on establishedtraditions throughout the country, are beginning to gain a foothold. Agriculture, which accounts for 85 percent of the work force 
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and 97 percent of the country's exports (mainly cotton, ground
nuts, and cattle), is making slow progress. It continues to depend 
heavily on favorable weather conditions. 

Food production cannot keep pace with the country's 
population growth rate (2.6 percent per year in 1980-92), although 
the United Nations Food and Agriculture Organization (FAO) 
maintains that available resources, aided by modern technology, 
could feed the country's population up to four times. 

In these circumstances, it is no surprise that opposition to 
the Traor6 regime intensified in late 1990, especially in the capital. 
The government made some concessions-too few and too late, 
as it turned out-including greater freedom of the press and tho, 
introduction of a multi-party system with;n the UDPM govern
ment party. The opposition organized it'elf in two groups: the 
Comit6 National d'Initiative D6mocratique (CNID-a national 
committee to promote democracy, mainly politicians from the 
First Republic) and the Association pour la Ddmocratie au Mali 
(ADEMA). 

School children and university students took to the streets 
to protest the lack of funds for education, and unions, in a show 
of solidarity, organized a general strike. Demonstrators num
bered in the tens of thousands. Shops and homes were plundered 
in the process. 

At the height of these demonstrations soldiers fired into 'he 
crowd; almost 200 people were killed in the ensuing turmoil, 
many more were wounded, and damage ran into millions of 
dollars. Public demands were made for the president to resign, 
but he refused. On the evening of March 25, 1991, a group of 
young paratroopers stagod a coup. The president and his wife 
were arrested by the commander, Lieutenant Colonel Amadou 
Toumani Tour. The Comit6 Transitoire pour le Salut du Peuple 
(CTSP) assumed power under his leadership. 

The CTSP consisted of 11 military officers and 15 former 
opposition leaders. It was to serve as an administrative authority 
until the parliamentary and presidential elections that were 
promised. The CTSP installed a new government of politically 
acceptable experts under the leadership of Soumana Sacko, a 
former finance minister with a reputation for integrity, who had 
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been dismissed by the previous government for his uncompro
mising struggle against corruption. All former ministers and 
generals were deposed and the UDPM was dissolved. Privatiza
tion was encouraged. The CTSP promised to honor agreements 
with foreign countries, guaranteed human rights, and abolished 
the requirement for a visa to travel abroad. 

Foreign countries, including mainly France and the USA, 
reacted swiftly and positively. Suspended development aid was 
reinstated and even increased, and the transitional government 
enjoyed the trust of donor countries. 

The CTSP also established a national council to draw up a 
new constitution. A multi-party sys',em was encouraged, and 
within weeks 32 parties were officially registered. ADEMA was 
the main winner in the elections, held on February 23 and March 
8, 1992. It now holds the majority in parliament. At the end of 
April 1992, Alpha Oumar Konar6, a 46-year-old former archeolo
gist and historian, was elected president in a second round of 
voting. He is the first democratically elected president of Mali. 

Exceptionally good rainfall in 1994, resulting in record 
cotton and groundnut yields, combined with booming export 
prices, have helped the economy to recover from the effects of the 
50-percent devaluation of the FCFA. 

Student revolts, which plagued the country in previous 
years, have subsided. What prevents Mali from benefiting even 
more from the prevailing beneficial conditions is the ongoing 
skirmishes between groups of Tuaregs and the army. These 
clashes make the entire north unsafe and cause parts of the 
population to take refuge in calmer regions. As matters stand 
now, one can only hope that the current peace negotiations will 
be successful. 
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4 	 Environmental and 
Sociopolitical Problems 

4.1 	 Issues to be solved 

Although Mali's environmental and sociopolitical issues 
are not unique to sub-Saharan Africa, together they illustrate the 
complexity and interrelationship of the kind of problems that one 
country alone must try to overcome. 

Populationgrowth 

Most 	Malians, as most people in developing countries, 
wish for as many children as possible. This wish is influenced not 
only by tradition, religion, and thought and behavior patterns, but 
also by high child and infant mortality rates. 

Mali's high population growth rate is putting increasing 
pressure on the country's scarce natural resources. This has had 
serious consequences for the country's economy, social structure, 
and environment.' Already, Mali is unable to satisfy its own food 
requirements, except in climatically and economically good years. 
As long as birth rates remains high, sustainable self-sufficiency 
(to say nothing of the need for sound natural resource manage
ment) will be increasingly difficult to achieve. 

Urbanization 

Urban populations in developing countries are growing 
more rapidly than the overall population in these countries (see 
also Part I, chapter 3.4). As Mali's urban areas are growing at 
about 5.2 percent per year, it is becoming increasingly difficult for 
the authorities to supply basic services such as drinking water, 
electricity, suitable housing, sanitation, sewage, and garbage dis
posal services. An increasing volume of traffic and a large number 
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of charcoal and wood-burning stoves are causing heavy air pol
lution in cities and can reach levels hazardous to health, in par
ticular in the capital, Bamako. Since there is a minimum of local 
resources available to finance development in Mali, no substantial 
investments to upgrade the urban infrastructure are likely to be 
made in the near future. Neither are there sufficient financial 
resources for appropriate rural and agricultural development 
measures to put a stop to or slow down the rural exodus. 

Poverty-relateddiseases 

Public health in Mali is generally poor and mortality rates 
are high, especially among young children (see Table 8). Poverty 
and disease form a vicious circle that is very difficult to break. The 
lower the level of a country's social and economic development, 
the greater the numbler of its people living in poverty, and the 
greater the number of those who are unable to satisfy basic needs. 
This results in higher mortality and increased spread of disease. 
Economic development cannot take place where the population 
is in poor health. 

Table 8 

Health profile for Mali 

Births attended by medical staff (1985-90) ............................ 14%a
 

Babies with low birth weight (1985-90) ............................... 10%4
 
Children (under age 5) suffering from malnutrition (1990) .......... 2 51.1%b
 
Mortality rate per 1,000 live births (children under age 5; 1992) ....... 201.1b
 
Percentage of popnlation with access to health services (1985-91) ..... 35a/ 
Population per physician ........................................... 

19 ,4 4 8b 
Public expenditure on health (as percentage of GDP; 1990) ............. 2.8a 

Sources:aUNDP, Human Development Rport 1994. Oxford University Press, New York. 1994 
b World Bank, Social Indicatorsof Development, Washington, D.C. 1994 
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Lack of clean water is one of the primary factors in the 
spread of infectious diseases. Many of the traditional water 
sources in Mali are open wells that often contain polluted surface 
water mixed with sewage. Although it is unfit for human con
sumption, the water has to be used because it is the only water 
available. Inadequate sanitation and poor waste disposal prac
tices provide ideal breeding conditions for disease transmitting 
vermin, and encourage additional focuses of disease to develop. 
The flood plain of the Niger delta is a breeding ground for snails 
that carry schistosomiasis and for insects that transmit river blind
ness and malaria. 

Agriculture 

In Mali, as in other Sahelian countries, agricultural produc
tivity is very low and agriculture provides little income. In gen
eral, land is the common property of a group (family, village, or 
ethnic group) and is assigned for individual use according to fixed 
rules. The advantage of this is that the pressing problem of land
lessness and of poor landless groups of people is not as great in 
Mali as in, for example, Asia. But the disadvantages of these 
land-use rights ace considerable, such as a lack of collateral for 
credits or the hazards of overuse of commonly owned land. There 
is a shortage of agricultural inputs, and modem agricultural tools 
and techniques are not widely available (this applies only to the 
traditional agricultural sector, not to export crops). Most farmers 
receive neither incentives nor the financial means to invest in soil 
conservation techniques. The resulting erosion causes soil degra
dation and rapid destabilization. 

Drought 

Drought, as mentioned earlier, is a natural phenomenon 
and therefore beyond human control. It is one of the Sahel's most 
serious problems and affects all the countries in the region. It 
poses a tremendous obstacle to agriculture and those who depend 
on agriculture. Even in the foreseeable future drought seems 
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impossible to avoid. Infrastructural measures and better planning
could reduce both the known and the expected impacts of recur
ring drought a great deal, but these measures are not carried out 
to the extent they should be. Better planning for future needs and 
more appropriate patterns of ise with regard to scarce land and 
water resources could help considerably in preventing these re
sources from being totally exhausted. 

Migration 

Migration to Mali's more humid southern region has been 
a traditional strategy for avoiding drought. Here the climate is 
more favorable and the soil more fertile. But the southern areas of 
the country cannot accept unlimited numbers of migrants without 
jeopardizing the natural limits of resource overuse, thus sparking 
a new spiral of problems. 

Deforestation 

Extensive deforestation to obtain firewood and timber,
without adequate reforestation programs, is an explosive prob
lem in Mali. In many cases it has led to complete destruction of 
forests. Since firewood is the country's central source of energy (it
supplies about 90 percent of all energy in Mali), and because no 
alternatives that would at least reduce the dependency on fire
wood are in sight, it is only a question of time umtil demand 
exceeds supply, given currently available resources. The fire
wood supply problem may not yet be acute in Mali, but the loss 
of trees has nevertheless led to more soil erosion, which in turn 
makes it more difficult to carry out afforestation to ensure wood 
supplies in the future. 

Overgrazing 

Enlarging Mali's livestock herds in times of good climatic: 
conditions increases the pressure on limited rangeland areas dur
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ing dry spells, with livestock dying as a result. In addition, the loss 
of nutrient-rich perennial grasses, trees, and bushes that provide 
shade ruin rangelands. Encroaching ercsion causes further dam
age. 

Overuse of marginalsoils, erosion, and soil degradation 

Rural populations in Mali and in other parts of the Sahel 
have been forced to extend cultivation into marginal areas to meet 
the increasing demand for food. But in times of drought, no 
harvest can be expected in these marginal areas. Their exposed 
soils are eroded by wind within a short time and will be uncul
tivable in the long term. Under favorable conditions, recovery 
might be possible if sufficient fallow time were allowed, but up to 
15 fallow years would be required to restore even a minimal level 
of soil quality. Such lengthy recovery phases are no longer possi
ble today. Once erosion gains a foothold it progresses unless 
humans intervene. 
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5 	 Agriculture 

The performance of Mali's agricultural sector, in particular 
the cereals subsector, largely determines the country's general 
economic performance and hence the standard of living. Despite 
the structural weaknesses in rural areas, Mali was able to produce 
food surpluses as well as export crops up to the 1960s.9 

Since the 1960s price policies unacceptable to farmers and 
worsening climatic conditions have brought agricultural devel
opmeni to a virtual standstill. Rapid population growth in recent 
years has further aggravated Mali's food-supply problems. As a 
result, the country's dependency on food imports grew steadily 
during the 1970s, and food aid became a permanent necessity. 

The country increasiiigly has to rely on external food 
sources even though the area of cultivable !and has expanded. 
Food crops were vlanted increasingly in areas where the land is 
better suited fo. cher uses, in particular during years with little 
rain. There is sufficient rainfall to support extensive agriculture 
on only one-quarter of the country's total area, and just two 
percent of the land can be used for intensive cultivation. 

The following sections discuss the interaction among the 
factors most crucial to agriculture and hence to food supply in 
Mali today. These factors include the natural environment in 
Mali's climatic zones and the potential for land use, the country's 
previous agricultural policies, and the food consumption pattern. 

5.1 	 Mali's natural environment and its potential for human 
use 

Erratic rainfall is the main limiting factor for agriculture in 
Mali, as it is in every Sahelian country. All of Mali is subject to 
very heavy land-use pressure, which threatens its fragile ecosys
tems. From the southern part of the country toward the north, 
rainfall steadily decreases and becomes more variable, and aridity 
increases. Water resources become scarcer and vegetation cover 
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and soil quality decline, with a corresponding decrease in the 
potential for human use of natural resources. The Niger River,
which traverses the country's climatic zones, is a life-supporting
artery that creates favorable conditions for agriculture within its 
catchment area. 

(Because the natural boundaries of Mali's climatic zones are 
not fixed, figures 6-9 give only an approximation of the zones.) 

The desert zone 

Rainfall in this zone is extremely variable in both temporal
and spatial terms. As the landscape changes to complete desert,
rainfall becomes extremely rare. When rain does come it is only
during the summer months, but the water hardly permeates the 
often thoroughly parched soils, resulting in heavy surface runoff
and erosion. Fossil groundwater is the only permanently avail
able water resource in Mali's desert zone. (For problems related 
to use of fossil groundwater, see Part I,Chapter 5.2)

This zone typically consists of raw, sandy soils poorly
suited for agricultural use. Soils with a high salt percentage are
found in isolated places where low rainfall and high evaporation
rates cause salt crusts to form in suiface depressions. In the salt
pits of Taoudenni, 670 km north of Timbuktu, salt is mined from 
salt layers in a dry lake bed. This salt is considered to be among
the best obtainable and very important in the salt trade. 

The desert is largely without any vegetation. Only specially
adapted flora, such as succulent plants or annual plants with short
life spans, are able to withstand the desert's hostile conditions and 
to flourish in certain locations. Although rainfall is rare, it is
nevertheless sufficient for rapidly growing grasses, which can 
turn certain areas temporarily into lush green landscapes.

Like the plant life, the animal life in this zone has become 
specially adapted in order to survive the permanent heat and
aridity. It is rare to see animals during the daytime. They emerge
from their hideouts only at night, when it is somewhat cooler. 
Many are able to go without water for long periods. The dorcas 
gazelle, the dama gazelle, and the addax antelope, which is threat
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Figure 6
 

Mali's desert zone,
 

ened with extinction, can all live from sparse vegetation and are 
found in the northernmost part of Mali. Predators such as the 
jackal, the desert fox, and the wildcat are the natural enemies of 
antelopes and gazelles. There are also a few species of birds, such 
as the ostrich and various swallows and sparrows. The most 
notable reptile is the monitor lizard. With its thick skin and plates 
that cover its eyes, it does not even shy away from attacks by 
poisonous snakes. Tortoises that forage at night can also be found 
in this region. 

Land-use potential in desert regions 

Despite their hostile conditions, deserts and areas on the 
fringes of the desert are also human habitats. The desert is the 
home of the Tuareg, nomads who use camels and keep sheep and 
goat herds. They are still the "lords" of this region, although they 
no longer play the lead role they once did in the trans-Saharan 
caravan trade. The scarcity of natural vegetation in the desert and 
on its fringes sets narrow limits for nomadic pastoralism and 
makes intensive grazing is impossible. The distances between the 
few existing grazing areas are large. 
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The Sahel zone in Mali 

The little rain that falls in Mali's Sahel zone evaporates
rapidly, often even before it has reached the ground. The potential
water supply is thus very limited. Surface water and subterranean 
water resources, both of which are renewable and can be used 
over the long term, exclusively depend on existing water courses.
Most groundwater in Sahelian regions is fossil water of ancient
origin and therefore non-renewable. The main soil type in the
Sahel zone is a sub-arid brown soil, often referred to as steppe soil.
It contains little organic matter and few nutrients. Soils like these 
are highly prone to erosion, especially by wind. 

The southern part of Mali's Sahel zone has distinct steppelike characteristics. In addition to annual grasses, there are also
perennial grasses that are reduced to rhizomes (rootstalks) during
the dry season and can thus survive underground when water is scarce. Because their root systems stabilize sandy soils, these 
grasses are very important in maintaining the ecosystem. Succu
lent plants and various shrubs also flourish in these steppe re
gions, but larger trees are rare. 

Figure 7 

Mali's Sahel zone 
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In the area around Gao 1,750,000 hectares of thornbush 
landscape have been set aside as a partial wildlife reserve. The 
well-known brousse tigrie, or "striped bush landscape," charac
terized by belts of vegetation alternating with open areas, can also 
be found here. 

As rainfall decreases toward the north, vegetation becomes 
spotty and even disappears almost entirely. Cram-Cram grass 
and other grasses, as well as thorny, thick bushes and isolated 
spots of low acacia trees, serve as animal fodder. With few excep
tions trees shed their leaves in certain seasons and are found only 
in places where water accumulates periodically. 

There are fewer wildlife species in the Sahel zone of Mali 
than in the savanna areas bordering the zone to the south. Dry 
spells and hunting have both taken a toll on the region's animal 
population. Only in a few areas are there animals that one might 
expect to find here, including dorcas gazelle, dama gazelle, saber 
or oryx antelope, elephant, and giraffe. These are hunted by
spotted hyenas and genets, and, though less often, by lions, 
cheetahs, or leopards. 

Land-use potential in Mali's Sahel zone 

While agriculture and pastoralism are often mixed in the 
southern part of this zone, animal husbandry is the only source 
of livelihood in the northern part and in areas on the desert fringe. 
Cultivation, which depends on irrigation and is thus concentrated 
in the river basins, is highly risky because rainfall is so uncertain. 
It is possible to cultivate special Sahelian millet varieties in areas 
where annual rainfall is as low as 250 mm. But if the rains come 
too late or end too soon, or if dry spells last too long during the 
growing season, the harvest is likely to be much lower. 

Animal husbandry consists largely of raising cattle. Sheep 
and goat are also kept in the northern part of the zone and camels 
on the fringes of the desert. Because adverse climatic conditions 
and sparse vegetation force animal herds to roam over great 
distances, the way of life in the northern part of the Sahelian zone 
is mainly nomadic. There are serious fodder shortages from time 
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to time, because rangeland productivity is low and irregular, 
especially during dry spells. Herders often enlarge their herds in 
years when the weather is good, but they do not reduce them 
during dry years. The inevitable result is heavy overuse of the 
land in grazing areas. 

Population pressure emanating from the south is a typical
feature of the Sahel zone. More and more land is coming under 
the plow, and agriculture is continuing to expand to the north, 
crowding out rangelands in areas that are no longer suitable to be 
cultivated. Cultivat;on is thus becoming even riskier, and natural 
resources are increasingly being overused. Dry years usuallty 
bring disastrous consequences, as the early 1970s and 1980s so 
emphatically illustrated 

River basins 

The Niger and Senegal River systems in the western part
of Mali not only play an essential role in the country's ecosystem, 
but they are also a determining factor in teims of land use. We 
will use the Niger Rivet- to illustrate that to some extent the 
conditions in the basin are atypical for the area where they are 
found and differ considerably from those in the larger surround
ing region. 

The Niger River, which flows through Mali from the south
west to the northeast, is the country's principal waterway. The 
river bends sharply to the south between Timbuktu and Gao and 
leaves the country in the sottheast. The marsh plants and forests 
that fringe the Niger are the dominant vegetation along the course 
of the river and its tributaries. They harbor many species of birds 
and aquatic animals. Because the source of the river is located in 
the semi-humid Guinea water divide in southwestern Mali, 
where rainfall is abundant, the Niger carries water throughout the 
year and transports a considerable volume of this precious re
source to drier areas further north. The river is a source for every 
type of water use and is used to irrigate croplands, especially in 
the dry savanna and Sahel zones of Mali. 
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f.ig4 re 8 

Mali's river basins 

Niger 

inland delta 

Very special conditions are found in the Niger's inland 
delta, a 100-km-wide depression with banks that slope very 
gradualiy, between San and Timbuktu. When the water is at peak 
flood stage during the rainy season, it covers about 20,000 sq km, 
or almost two percent of the country. Soil fertility in this flood 
plain is maintained at a high level by the addition of natural 
fertilizers, while the groundwater is simultaneously replenished. 

The fantastic fauna in the Niger's inland delta includes 
more than 130 fish species that are important to the regional 
economy. Every autumn millions of migratory birds from the 
north gather in marshlands along the river looking for food and 
a warmer climate. The delta is also an ideal habitat for hippopota
muses, crocodiles, and fish otters. 

Land-use potentialin Mali's riverbasins 

The favorable natural conditions of the Niger's inland delta 
for agriculture make the delta stand out clearly from other areas 
in the Sahel, which are characterized by their very limited poten
tial. Flood plain agriculture and pastoralism predominate in the 
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delta, it is the primary rice-growing area, and vegetables and 
wheat are also cultivated. 

Over the years, dams have been constructed at different
levels in the humid savanna (where the source of the Niger River
is) to collect annual floods and to store water to irrigate areas
further north during the dry season. Although this practice bene
fits agriculture in the savanna, it may prevent the inland delta
further downstream from becoming flooded, which would seri
ously jeopardize agriculture. Gradual drying out of the delta
region would mean the loss of unique plant and animal species
as well as the loss of ar extremely import agricultural region
where rice is the dominant crop. 

The savanna zones in soutlern Mali 

The natural potential of Mali's savanna lands falls sharplyfrom the southern border of the country's humid savanna to the
northern edge of its dry savanna zone. There are no significant
restrictions on water use in the humid savanna zone; most agri
culture in this region does not require any irrigation. In the dry
savanna zone, on the other hand, water resources must be used
economically. The danger of overuse in this zone is already con
siderable. 

Tropical red soils dominate in the southern savanna zones.
Clay minerals are very important for soil fertility and hence for
agriculture, but leaching causes clay minerals to sink to the lower
soil layers. To the west, underdeveloped raw soils predominate.
Both these soil types limit agriculture. Patches of sub-arid brown
soils are found in the northwestern part of the dry savanna. The 
area to the west of the Niger inland delta is dominated by verti
sols, which contain a great deal of clay and are well mixed as a
result of seasonal changes in humidity. These soils are often
formed in depressions, where runoff is sluggish, or on broadplains. They are relatively rich in nutrients but very difficult to
till. Water erosion affects all the soils in the humid and dry
savanna zones to some degree, although the danger of erosion 
tends to decline toward the north. 
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Figure 9 

Mali's savanna zones 

dry savanna 
hmid savanna 

Sparse patches of forest and dense layers of grass and 
herbaceous plants are characteristic of the humid savanna. This 
zone also houses Mali's only national park, the 350,000-hectare 
Boucle du Baoul6. 

Further north, the forest landscape of the humid savanna 
gradually gives way to open grassland interspersed with casual 
tree groves, which is typical of dry savanna. These gnarled trees 
are seldom higher than 20 meters, and, unlike the trees in the 
humid savanna, they are deciduous. The Gao tree, the doom 
palm, the shea tree, the ner, the baobab, and the kapok are among 
the economically valuable trees that make up this parkland sa
vanna. They are cultivated and used, with hardly a patch of good 
soil left for natural forest growth. 

The general appearance of dry savanna is strongly influ
enced by the amount of seasornal rainfall it receives. During the 
dry season, the landscape looks brown and parched, but in the 
rainy season deciduous trees and many grasses transform the 
savanna landscape into a mosaic in various shades of green. Brush 
fires, caused on purpose to clear the land for new cultivation, are 
a threat to savanna vegetation. The Harmattan, the dry, dust
laden wind that blows from the Sahara to the Atlantic coast, often 
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carries the fires over wide areas, causing great damage to the 
region's plantlife. Only a few tree species are fire resistant, thanks 
t,- their ability to sprout anew from their roots. 

Mali's savanna lands are an ideal habitat for many types of 
animals, including antelopes and gazelles, predators, small ani
mals and birds, as well as aquatic animals along rivers and lakes. 
Many species of apes can be found, mainly in the dry savanna, 
while large elephant herds graze in the transition zone between 
the savanna and the rain forest. But extensive agriculture is de
priving many animals of their habitat, leading to an alarming loss 
of species. 

Land-use potential in Mali'ssavannazones 

While agriculture predominates in the southern part of the 
savanna zones, agriculture and animal husbandry are equally
important, and even complement each other, in the northern part. 
Both the humid and the dry savanna zones have a wide range of 
similar food crops, although planting priorities and crop yields 
vary in each area. 

The most important crops are sorghum, millet, maize, rice, 
groundnuts, and cotton. Legumes, root crops, vegetables, and 
fruit are less significant in terms of volume and are confined to 
the humid savanna. In the following paragraphs we will briefly
discuss the most important crops. 

Sorghum can adapt to a wide range of ecological conditions 
and is therefore cultivated over a broad area. It is tolerant of both 
drought and soils with too much moisture, and grows in heavy, 
clayey soils as well as in light, sandy soils. 

Different varieties of millet are cultivated from the humid 
savanna to parts of the Sahel zone with as little as 250 mm of 
rainfall per year. Millet is not a particularly demanding crop and 
is relatively drought resistant, although it is quite sensitive to 
waterlogging and flooding. It grows best in fine-grained sands. 

Maize is a more demanding crop. It is especially sensitive 
to lack of moisture. Crop yields are certain only in areas with at 
least 800 mm of rainfall per year and not too much rainfall 
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variability. Maize also requires certain soil conditions. Tlie best 
conditions for itE cultivation can be found in the humid savannas 
of southeastern Mali. It is relatively resistant to insect pests and 
birds during maturing, and produces good yields. Over the long 
term, maize has the potential to replace sorghum and millet to 
some extent in the humid savanna zone and in the southern part 
of the dry savanna zone. 

Rice, apart from being grown in the inland delta of the 
Niger, is also cultivated in the periodically flooded plains along 
rivers in both the humid and dry savanna zones and Mali's Sahel 
zone. With controlled irrigation, rice can be harvested three times 
per year. But yields fluctuate greatly because of uncertainties in 
the hydrologic cycle. 

Groundnuts, Mali's main export crop after cotton, requires 
very specific ecological conditions. Sowing and harvesting times 
and a steady water supply during the growing season (which 
depends on rainfall) are the most important factors affecting 
yields. Rainfall during maturing or too little water prior to grain 
filling result in lower yields. Groundnuts also require particular 
soil conditions: successful cultivation requires light, sandy soils 
free of waterlogging and with a high nutrient content. Continual 
groundnut cultivation without crop rotation rapidly exhausts the 
soil. The southernmost regions of the humid savanna and the 
northern part of the dry savanna are unsuitable for groundnut 
cultivation. 

Cotton can be grown in the entire savanna area of Mali, 
depending on local conditions. It especially flourishes on well
drained and well-aerated soils that can stere water after rainfall. 

Natural conditions in Mali's savanna lands will support the 
cultivation of a wide range of important crops. But specific cli
matic conditions, climatic variability, and low soil fertility make 
this region extremely susceptible to any type of overuse. Sus
tained yields are possible only with land use practices that are 
suitable for this fragile ecosystem; any type of intensified, use is a 
threat to sustainable development. 

145 



5.2 Agricultural policy and its effect on food production 

After it became independent in 1960, Mai pursued a radi
cal socialist path of development. The Mobido Keita government 
(1960-68) nationalized businesses and agricultural operations 
and established producer cooperatives and state trading organi
zations, including the Office Malien des Produits Agricoles 

0(OPAM). This office was granted a monopoly on the grain trade.1

OPAM sold grain through consumer cooperatives, mainly to 
government emp!oyees, and supplied it directly to public institu
tions such as the army and hospitals. For some time, even road
blocks were used to prevent private shipments of grain. But even 
in its best days OPAM handled only 20-40 percent of all the grain 
marketed in Mali." Since only about 15 percent of the total pro
duction was ever marketed, the portion of the total handled by 
OPAM never exceeded three to six percent.!2 

OPAM sold grain at "official" prices. le government fixed 
official consumer and producer prices for cereals, as governments 
have done and continue to do in many other developing coun
tries. Three objectives were stated as political justifications for 
price fixing: increasing rural incomes, providLig cheap cereals 
(chiefly millet and sorghum) to urban areas, and financing state 
investment in non-agricultural sectors. In reality only the last two 
objectives were actually pursued. 

Official producer prices remained low in order to placate 
the country's urban population, while income derived from rural 
areas was used mainly to finance urban projects. Rural incomes 
remained low as a result. When farmers were reluctant to sell 
enough grain to the state, OPAM resorted to a policy of forced

13 
deliveries. 

After the Keita government had been overthrown in the 
1968 coup, some of its more radical economic policies were aban
doned and OPAM's official monopoly was temporarily abol
ished. During the drought of the early 1970s, Mali was forced to 
import large amounts of grain. OPAM had to pay market prices 
for the commercial imports that did not constitute food aid, but 
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was obliged to sell it at the low official consumer prices. This 
caused an enormous budget deficit. 

In an attempt to stimulate cereal production following the 
drought, the government raised official producer prices without 
proportionally raising consumer prices. The ensuing cumulative 
budget deficit reached CFAF 20 billion by 1976-77, equivalent to 
three times OPAM's annual grain sales." Pressure from interna
tional aid organizations and the most important donor nations 
played a considerable role in Mali adopting political reforms in 
1981. The reforms were aimed at restructuring the cereals market, 
and the goal was to eliminate price controls and the state monop
oly on rice, millet, and sorghum, with the hope of stimulating 
domestic production. 

In Mali, as in most developing countries, cereal prices are 
a two-edged sword: on the one hand, low food prices are iinpor
tant in reducing costs for low-income consumers, mainly in the 
cities. They are also important in the development of crafts and 
industry and in maintaining internal political stability. On the 
other hand, because the official prices that farmers receive often 
do not cover their production costs, low prices are disastrous for 
producers of food crops. If farmers need an incentive to produce 
beyond what they need to meet their own food requirements, it 
will be necessary to raise producer prices. But since prices that 
provide an incentive to farmers may be too high for poor urban 
residents, state subsidies or programs to compensate low-income 
consumer groups are required. This course was not followed by 
the then Mali government. In an attempt to solve the conflict of 
interest between farmers and politically influential urban groups, 
the government allowed OPAM to become the provider of a 
favored clientele.'5 

The food-price conflict was not confined to rural producers 
and urban consumers. In Mali's southern rainfed zones, where 
most surpluses are produced, only 53 percent of farm households 
are end sellers of grain, while 43 percent are end buyers. The 
reason for this is that farmers abandon production for home 
consumption and switch to the more lucrative export crops (e.g. 
cotton). They can obtain higher prices for these crops and meet 
their own food requirements by buying grain on the market. In 
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the northern part of Mali, where rainfall is low, many rural 
households must also obtain food from the market because they 
are unable to produce enough for themselves. 6 

It is mainly the better-endowed farmers who have the 
capacity to increase their grain production in response to higher
prices. But these farmers gencrally tend to invest their resources 
in relatively stable and profitable crops such as cotton. The vast 
majority of the small farmers have no access to production-in
creasing inputs (such as fertilizer, modem seed varieties, plant
protection substances), which means they are unable to respond 
to the incentive of higher prices. Above all, they first would have 
to have access to the necessary inputs, and they would have to 
have the prospect of a reliable yield in order to pay back their 
investments in equipment. At present, most small farmers are 
simply tou poor to make such investments. 

Mali's 'wenmment will have to give priority to solving
agricultural problems, and it has to address the question of what 
the role of the state can and should be in stabilizing the country's 
cereal market. This role determines not only the motivation and 
basic economic well-being of farmers who produce for the market 
but also the food supply for the entire population. 

In view of the precarious food supply situation for the 
poorest of Mali's people, one can only hope that greater priority
will be given to help ensure the survival of this rapidly growing
and increasingly poorer section. This must take precedence over 
the past practice of catering for a privileged minority. 

5.3 The importance of seed varieties in food production 

Throughout the world, but especially in the Sahelian coun
tries, cereals are the most efficient solution for food shortages that 
have been caused by population growth. Cereals can produce the 
greatest amount of food with near-balanced nutritional value. 
Agricultural research has made great progress in increasing and 
stabilizing cereal production, especially rice." Research has led to 
production increases not only in extensive cultivation on good
soils but also in more intensive cultivation on marginal soils. In 
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spite of this important development for the Sahel, most attention 
is paid to rice, wheat, and maize, although these crops alone 
cannot meet the region's growing food requirements. They are 
neither the most nutritious grains, nor dc they produce the great
est yields given the conditions they require in terms of climate, 
irrigation, soil quality, and tillage. This situation is all the more 
regrettable since crops indigenous to the Sahel--above all millet 
and sorghum-are potentially the best sources for increasing local 
agricultural production. 

Self-sufficiency in food production is not guaranteed in 
Mali even though approximately 1.5 million hectares of land 
(about 75 percent of the total area under cultivation) is devoted to 
millet and sorghum. High population growth rates, stagnation in 
agricultural production, and low incomes among the rural popu
lation are the major obstacles to food security. Average yields vary 
considerably, ranging from 300 to 1,000 kg per hectare, depending 
on the region and the amount of rainfall. 

The f.od supply problem affects m3inly those living in 
Mali's arid regions, and they are already the country's poorest. A 
socioeconomic study in the Cinzana region in 1989 found food 
shortages in 32 percent of the households, with less than 200 kg 
of grain per capita per year available. 8 Food inseurity has pre
dictable consequences: increased migration from rural areas and 
a growing dependency on external aid. 

Rapid population growth rates, a shrinkage in the total area 
of land under cultivation, and environmental degradation pose 
immense developmental challenges. There is a need for millet and 
sorghum varieties that can produce higher, more stable yields. It 
is worth taking a closer look at these two crops since they hold so 
much promise for the future of the Sahel. 

5.4 Millet 

Millet is a small-seeded cereal of the grass family Gramineae, 
used as food for human beings or as animal fodder. In the past, 
sorghum and maize were also included in this category, but in the 
course of their development they were accorded a separate status. 
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In many parts of the world production statistics for millet and
sorghum are still reported together undc.r "nillet." 9In 1990, total
global millet production reached almost 30 million tons, according to the Food and Agriculture Organization of the United 
Nations (FAO).20 

History andgeographicdistribution 

Millet is one of the oldest, if not the oldest, of all cultivated 
groups of crops. Every cultivated variety stems directly or indi
rectly from wild relatives. Archeobotanists have found traces of
millet cultivation in central China that date back as far as the
Neolithic Age (6000 BC),21 whereas rice cultivation began only
around 3400 BC.Millets were planted in Chinese provinces near
the Yellow River in porous, loamy loess soils in areas with be
tween 250 and 500 mm annual rainfall. The main species culti
vated were Panicurn (proso or common millet) and Setaria(foxtail
or Italian millet). Typical cultivation tools were hoes and sticks.
These early millet species were not confined to the Far East. There
is evidence they were known in Mexico (between 4000 and 3500
BC) and in the European Neollthic lake cultures. 

The wild millet variety Setariaviridis is considered to be theancestor of the foxtail millet. Unlike cultivated varieties it has 
brittle spikes. Common millet is descended from the wild variety
Panicummiliaceun,which has survived for thousands of years and 
can still be found tolay as a weed in cultivated millet fields. It
loses its seeds prior to maturity. Improved varieties have some
times developed naturally from wild plants, but they have often
been the result of human intervention through careful selection 
and cultivation. 

Selection is probably the oldest plant improvement tech
nique. In its simplest form, it consists of sowing the best seeds of
the plants with the best agronomic characteristics in a field wit" 
some genetic diversification. Introducing a variety from a difft
ent growing area is usually the first phase in improvement, al
though varieties that flourish well in one region can only seldom
be introduced directly into another region because they are usu
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ally not suited to the new environmental conditions. They must 
firstbe made "adaptable" through further selection and breeding. 
This step in the evolutionary process, known as domestication, 
involves alterations in the genome. This is what makes domesti
cated plants different from their respective wild relatives. 

With the arrival of the plow, the millets were gradually 
limited to traditional hoe culture areas. Today they continue to 
play an important role in food production in these areas. The total 
worldwide area under millet cultivation in 1990 was approxi
mately 38 million hectares, of which 34 million in developing 
countries-2.4 million in Africa and 20.6 million in Asia, with 
total production of 8.9 and 16.6 million tons respectively.22 

Although the average millet yield is low (0.74 tons per 
hectare in 1993)23 , millet is an important crop because it is so 
highly adaptable. Throughout the world, many millet varieties 
have adapted to thoroughly different and even highly unfavor
able ecological conditions. The physiological qualities of millet, 
such as adaptation capacity, short growing periods, and relatively 
high salinity and drought tolerance, make millet the most suitable 
cereal type in extreme soil and climatic conditions. No other cereal 
performs equally well on marginal soils. 

Millet, in whatever variety it occurs, has thus become the 
dominant cereal in the Sahel: in Chad it accounts for 88 percent, 
in Senegal 81 percent, and in Mali and Niger for 77 percent of total 
cereal production.2 Another major advantage of millet is that it is 
affected by relatively few insect pests and plant diseases. More
over, virtually no other crop responds so favorably to the slightest 
improvements in growing conditions (such as irrigation and till
age). 

Pearlmillet 

Pearl millet (Pennisetumglaucum) is by far the most impor
tant millet species. First domesticated around 2000 BC in the 
Sahel, it reached India around 1000 BC, where a second major area 
of genetic diversity developed.25 Of all the millets, pearl millet is 
probably the least sensitive to aridity, heat, marginal soils, and 
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semi-arid growing conditions. Since it is possible to harvest crops 
even in times of very little rainfall, pearl millet can be grown even 
on the northernmost fringes of the Sahel. Varieties that mature 
rapidly flourish on sandy soils with only 180 mm of annual 
rainfall, although more rainfall will lead to higher yields. Given a 
sufficient water supply, pearl millet responds especially well on 
very fertile soils. Because of its great adaptability, pearl millet can 
be grown in a greater variety of ecosystems than any other cereal 
except sorghum. 

Pearl millet has a high nutritional value: 100 gr of seed 
contains 356 calories, 125 mg of magnesium, 269-290 mg of phos
phorous, and 14 .3-42.0 mg of iron. It also contains vitamin B1 (0.30 
mg of thiamine) and vitamin B2 (0.16 mg of riboflavin). All millets 
have a protein content similar to or higher than that of other 
cereals.26Unfortunately, many nutrients are lost during process
ing. Up to 44 per cent of the proteins, 84 percent of the lipids, 37 
percent of the minerals, and ov.r 90 percent of the vitamins can 
be lost during soaking and bleaching.27 

5.5 Sorghum 

Sorghum was probably first cultivated in 3000 BC in Ethio
pia, from where it spread to the east, the west, and the south. 8 

According to House, sorghum was mentioned in ancient Indian 
writings as early as the first century AD, and Pliny reported that 
it was introduced into Italy from India between 60-70 AD.2 
Sorghum was first cultivated in the New World in the middle of 
the 19th century; in 1990 the Americas accounted for more than 
40 percent of the total world production of 58.2 million tons.30 

In 1993, 42 million hectares were under sorghum world
wide, of which 18.9 million hectares in Africa and 15.8 million 
hectares in Asia. This makes sorghum one of the world's most 
important cereals: after rice and wheat, millet and sorghum rank 
third in cereals consumption in Asia and second after maize and 
rice in Africa. Although it accounted for only five percent of total 
world cereal production in the mid-1980s, sorghum was the fifth 
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most important cereal crop in the world after wheat, maize, rice, 
and barley. 

There are many varieties of this highly adaptable crop. 
Along with millet, it is the main calory and protein source for 
approximately 350 million people in the semi-arid tropics. 3' Rich 
in carbohydrates, sorghum is relatively low in protein. 

Depending on how it is processed, sorghum can be used to 
make bread (in India, Africa, and Central America), porridge (East 
and West Africa and India), coL.scous (West Africa and the Sahel), 
and alcoholic and non-alcoholic beverages (wine in China and 
Korea, beer in Africa, and other beverages in Latin America and 
parts of Africa). White-grained sorghum is normally used for food 
preparation, while the colored-grain variety is used to make beer. 

Sorghum yields vary greatly in the different parts of the 
world. In the USA, farmers using modem seed varieties, good 
fertilizer, plant protection measures, and adequate irrigation can 
obtain yields of up to four tons per hectare. The average yield per 
hectare for all developing countries is barely one ton. Yields in 
Sahelian countries are significantly lower than those in the rest of 
the developing world. Yields in 1993 in Burkina Faso averaged 
0.94 t/ha, in Mali 0.93 t/ha, in Senegal 0.77 t /ha, in Chad 0.60 t/ha, 
and in Niger 0.15 t/ha.32 This great variation is due not only to the 
traditional seed varieties used, but also to the fact that almost 
everywhere in the Sahel sorghum is planted on marginal soils. 

5.6 Traditional millet and sorghum processing methods 

Traditional methods of processing millet and sorghum 
demand long hours of hard physical labor, performed daily ex
clusively by women and girls. Using flails (for sorghum) and 
pestles (for millet), the women first thresh the grains from the 
spikes. The threshed grain is put into a wooden bowl and then 
poured, against the wind, into another vessel. In the process, the 
wind blows away the light chaff. This procedure is repeated until 
the grain is free of dust and chaff. 

The grain is decorticated with a wooden pestle and mor
tar-a time-consuming and tiresome task. Then the grain is 
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washed and sieved. If no sieve is available, the grain is swung on 
a mat. Two women need an hour and a half just to decorticate and
winnow 2.5 kg of grain.' The women use 20-49 kilojoules of 
energy per kilogram of processed grain.2

Next, the grain has to be washed and then sun-dried. When 
the grain is drying, women have the "time" to attend to some of
their other tasks. such as tidying up the house and the farmstead,
minding the children, obtaining water and firewood for cooking,
collecting herbs and leaves, and helping their husbands in the 
fields. 

Then the millet grain is dry enough to be milled into flour.
To achieve the desired degree of fineness, the grain is ground once
again with pestle and mortar or between two large grinding
stones. This part of the procedure takes between two and two and 
a half hours, depending on the size, shape, and hardness of the
grain,3 and requires an energy expenditure of 34-36 kilojoules 
per kilogram of processed grain.36 After some more sieving the
flour (and the woman who has made it) is finished. 

Since her family is expecting a meal, however, a woman's 
next task is the cooking. The meal prepared, the male family
members are being served first and then the children. It will still
be several hours before she has a chance to recover from all this
hard work. Only in rare cases can a woman compensate her 
energy expenditures.

The three most important traditional millet and sorghum
dishes in the Malian diet are t6, couscous, and bouillie.76 is a thick,
glutinous porridge, the preparation of which involves several 
steps.37 It is dipped into a sauce and eaten by hand. Depending on 
the household budget, the sauce may be made from baobab leaves
and herbs grown in the garden, or it may be served with fish or meat. 

Couscous is made by steaming small clumps of flour. It is
prepared in different ways and served with different ingredients,
such as vegetables, depending on the region.38 

Bouillie, a millet porridge that can be thick or thin, is used
mainly to feed children, but it is also a bland diet for ti c ,v: '- and
the elderly. Served with milk and sugar it is a very .'upular
breakfast or desert. 
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5.7 Millet and sorghum: supply and demand 

Supply 

As with all cereals, the millet and sorghum supply is a 
function of the size of the area under cultivation, the use of 
agricultural implements and inputs, the intensity of tillage and 
cultivation techniques, and agroecological conditions (such as soil 
fertility, rainfall, insect pests, and plant diseases). Producer prices 
are another very important factor in determining supply. 

Over the years, millet production in Mali has been erratic. 
The average annual production of 461,000 tons in 1979-81 rose to 
890,000 in 1991, but sank to 691,000 tons in 1993. Sorghum pro
duction reached 694,000 tons in 1993, which is double the annual 
average in the late 1970s (341,000 tons in 1979-81)?A Current 
projections do nct foresee any spectacular improvements in either 
total production or productivity in the coming years. 

Since the 1973 drought, food imports have made up a 
substantial part of Mali's cereals consumption. Rice and wheat 
account for about 70 percent of the grain imports. We have already
noted above that this great dependence on imports is due to a 
combination of erratic rainfall, traditional cultivation methods, 
continuing environmental degradation, unattractive producer
prices, high population growth rates, and neglect of rural devel
opment. Fundamental improvement will be possible only if struc
tural change affects several crucial factors in the supply situation. 

Demand 

The demand for food crops such as millet and sorghum
depends to a great extent on a country's dietary habits and dis
posable income. The current population growth far exceeds cur
rent production capacity. 

In Mali cereals supply about 70 percent of the total caloric 
intake in the diet. Millet, maize, and sorghum account for 85 
percent of the caloric intake from cereals, while rice supplies the 
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rest." Other foodstuffs play an almost negligible role in contrib
uting to nutrition. 

Rural households meet their food requirements mainly by 
producing for home consumption (subsistence production). Since 
few people in rural areas earn wages, which are usually very low 
and irregular, there is little market demand. As a result, only 
about 15 percent of the total cereals production is marketed.4 

But the rural population is continually plagued by tempo
rary food shortages, caused by irregular rainfall and frequent 
plant pests (such as grasshoppers invasions) and diseases that can 
ruin entire harvests. In addition, there is a lack of storage and 
transport facilities that would help compensate for emergency 
situations. 

The majority of the people living in heavily and densely 
populated urban areas have to rely on the market. But since an 
average urban household in Mali spends between 35 and 42 
percent of its total expenditures on cereals, cereal prices have a 
great impact on the disposable income of the urban population.42 

This clearly illustrates the political sensitivity of price increases. 
Urban areas can be divided very broadly into high-, me

dium-, and low-level incomes. Although the upper and middle 
classes are a minority compared with the great mass of poor 
people, their dietary habits greatly influence Mali's economy. 
Their demand for imported foods strains the country's foreign 
exchange position and has a negative impact on domestic produc
tion levels because of the multiplier effect. 

Imported rice, which usually does not cost much more than 
local cereals even though it comes from Asia, is the preferred food 
staple in the cities. Obviously, this has very negative effects on the 
motivation of indigenous cereal producers, including rice farmers. 

Although it is frequently said that rice is luxury food for the 
wealthy, this cannot be substantiated. But even though rice gen
erally costs (slightly) more than millet or sorghum and has a 
relatively lower caloric value. it is becoming increasingly popular. 
One reason is that millet is marketed as a whole grain while rice 
is generally put on the market as a decorticated grain, which 
makes the preparation of rice relatively easy and quick; practically 
no labor is required. Since an increasing number of women in 
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cities are employed outside the home, less preparation time to 
prepare meals is an important factor in the choice of food. Rice 
meals are also cheaper because less fuel is needed for the prepa
ration.'3 With charcoal, firewood, and especially butane gas and 
kerosene being expensive in the cities, rice has become an attrac
tive alternative. 

Feeding an average family on millet or sorghum meals 
requires considerably more grain than does a rice meal because 
rice gains much more in volume in cooking. While this may be 
convenient in terms of food preparation, it is nutritionally disad
vantageous, because the increase in volume is not matched by an 
increase in caloric and protein content. 

For the consumer, the slightly higher price for imported 
rice, compared with locally produced millet, may well offset the 
added fuel and milling costs and other steps in the preparation of 

4
millet.'

5.8 Limiting factors in millet and sorghum cultivation 

The term limiting factors is understood here to include all 
negative impacts (economic, technical, ecological, and other) on 
millet and sorghum cultivation that decrease yield and quality. 

Socioeconomic limitingfactors 

The amount of millet or sorghum yielded per hectare de
pends first of all on the quality of the seed used and secondly on 
the effective use of appropriate agricultural inputs, such as fertil
izer, plant protection chemicals, and tools. Whether or not these 
inputs are used in sufficient measure depends in turn on how 
profitable it is to use them in a certain agroecological environment 
and on, for example, the structure of the market, producer prices, 
and access to credit. 

The conditions for increasing millet and sorghum yields in 
Mal have not been favorable up to now. The climate is highly 
variable, which means the risk of poor harvests is high. Farmers 
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also use very little fertilizer, because fertilizer prices are too high
compared with the resulting increase in yields. Most millet and
sorghum farmers are simply too poor to have anything left to
invest after taxes and the expenses of supporting their family. The 
higher returns on export crops such as cotton and groundnuts
make investments in modem agricultural tools profitable only for 
these crops. 5 

Finance institutions rarely grant credits to small farmers for
purchasing agricultural inputs, nor are they likely to share the risk
of a poor harvest with farmers. Even farmers who manage to 
obtain credits have trouble repaying when rainfall is below expec
tations or when unexpected insect pests ruin harvests. They must
then resort to their assets and are forced to sell an ox, a cart, or 
other personal belongings." 

Since millet and sorghum prices are fixed by the govern
ment, farmers find these crops commercially unattractive. They
have always regarded millet and sorghum as subsistence crops
and only in special cases as market crops. Consequently, farmers
sell these crops only in small amounts and usually only when 
emergency situations require extra income. After meeting the
food requirements of the family, Malian farmers rather invest in 
more profitable crops such as cotton and groundnuts.

Another problem is the large seasonal fluctuations in millet
and sorghum prices. Good yields result in a seasonal glut on the
market. Poor storage facilities and a pressing need to immediately 
earn an income depresses prices and producer incomes in the
short term. Farmers who do not produce enough millet and 
sorghum to feed themselves until the next harvest are hurt in two 
ways: They are forced to sell at the lowest prices after harvesting,
and then have to buy additional grain at considerably higher prices
until the next harvest. This situation results in mass poverty and also 
erodes whatever little investment capacity farmers may have. 

But farmers who produce surpluses and who can store their 
grain are able to market it at more lucrative times, for example
when prices are peaking in between two harvests.47 Investments 
by the government or farmers' cooperatives in (decentralized)
storage facilities could contribute substantially to stabilizing in
comes among small millet and sorghum producers. 
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Small farmers in Mali want to minimize their risks. Farmers 
choose seed varieties according to palatability, adaptability, and 
tolerance qualities (although the quality of the existing millet and 
sorghum seed varieties is generally poor). Because they do not 
aim to maximize yields (in the case of millet and sorghum),
farmers rarely use high-yield potential as a criterion in selecting 
new seed varieties. When farmers do need to increase their yields
for any reason, they often extend the area of cultivated land by
expanding into marginal soils, rather than by resorting to inten
sive cultivation. 

Ecological limitingfactors 

Apart from economic and institutional problems, ecologi
cal conditions in the Sahel also hinder agricultural production in 
Mali:4 

ST1here is not enough rainfall. Rainfall deficits are most acute 
at the beginning and the end of the rainy season. Aridity at 
the end of the rainfall cycle has the greatest impact on 
production. 

" There is great variability in both the occurrence and the 
duration of rainfall. 

" The spatial distribution of rainfall is une%en during the 
rainy season. 

" 	 Dry spells cannot be forecast. Mali has suffered a number 
of serious droughts in this century: 1910-16,1944-48,1968
73, and 1979-84. Moderate droughts can occur as often as 
twice within a two- to five-year period. It is therefore 
important to consider aridity as a feature of the ecosystem, 
both in Mali and the entire Sahel zone. 

" Soils are low in organic matter.
 
" There is a real danger of soil erosion by water and wind.
 
" Degraded soils regenerate only very slowly.
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Biologicallimitingfactors49 

Insect pests. Caterpillars and blister beetles, the most wide
spread insect pests in the Sahel, have forced out millet 
cultivation in some regions. Mali is also periodically 
plagued by grasshoppers that can completely ruin an entire 
harvest within a very short time. 
Plant diseases. Fungal diseases attack millet and sorghum 
crops more frequently than any other plant disease. Downy 
mildew is the most serious one in Mali, followed by smut 
and ergot, which occur only sporadically. 
Parasiticwild plants. Parasitic weeds can cause up to 60-70 
percent of all damage done to millet. These weeds compete
with crops for space, light, and water, and also feed on the 
sap of cultivated plants. Semi-parasites draw water and sap
from their hosts, while full parasites also sap starch from 
their hosts. 0 The semi-parasitic weed Striga poses the 
greatest threat to millet and sorghum. (Striga is Latin for a 
kind of night bird (or vampire in Oriental legends) that is 
said to feed on the blood of children left unattended at 
night.) This parasite feeds on host plants by deriving their 
sap through a direct connection to their roots. Striga has 
been known since the 18th century. Up to 1988, 40 species 
had been identified, three of which pose particular dangers5' to crops. 

Striga hermienthica is the most virulent species in Mali. 
Each plant produces between 40,000 and 100,000 tiny seeds, 
which are disseminated by wind, humans, and livestock. 
These seeds can lie dormant in the soil for up to 20 years. 
Striga shows remarkable genetic diversity, a quality that 
enables it to adapt rapidly to different locations and various 
host plants. Aridity intensifies the effects of Striga,because 
cultivated plants die more quickly when they lose their sap 
under arid conditions.5 2 

Birds. Birds are fond of millet and sorghum and can cause 
grave damage to crops. Farmer can either scare birds away, 
or use "bird-resistant" cereal varieties with strong and long 
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bristles and husk,, and dark husks and seeds. Birds find 
these varieties less attractive. 
Low yields with local seed varieties. Traditional local seed 
varieties in Mali are adapted to spccific agricultural condi
tions and suit the preferences of local consumers. They 
have strong root systems that allow them to absorb miner
als efficiently from low-fertility soils. They are also very 
tolerant of the prevailing rainfall conditions in a given 
location. Their greatest disadvantages are low yields and a 
poor ability to react to intensifying production measures." 
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6 Quality Seed for the Sahel 
New millet and sorghum varieties in Mali: 
research, breeding, and production 

Mali's alarmingly low agricultural production is due not 
only to poor ecological conditions, inappropriate agricultural and 
price policies, and lack of technology. It is due also to unfavorable 
global economic conditions, including international commodity 
prices, interest levels, and exchange rate fluctuations. Mali's ex
port revenues are constantly being eroded by increasing import 
prices, which depresses its financial position. No matter how 
good a country's development policy may be, without sufficient 
capital its national development efforts will not corn2 off the 
ground. 

Consistent and sustained action at the national level is 
essential, however. The main reasons for this are that: 

" decisions by political leaders in developing countries can 
have a direct and important impact on national develop
ment; and 

" local institutions can help solve local problems through 
suitable projects and programs. They know how to use 
local resources best or can supplement these resources with 
the help of international development cooperation. 

If such action is not taken, future catastrophes, such as more 
famines in the Sahel, will be inevitable. 

Mali's development policy, and that of almost all Sahelian 
countries, needs a general reorientation. Development efforts 
should focus first and foremost on appropriate rural development 
and the problems of small farmers. Because Mali and other coun
tries in the Sahel have a very youthful population structure (more 
than 45 percent of the population is below age 15), a high popu
lation growth rate can be expected over the next 10-15 years. 
Annual crop yields will have to increase by at least four percent 
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just to keep up with current and future population growth, not to
mention sustainable self-sufficiency.

A general reorientation will require political and technological reforms in the agricultural sector. Also, in the long term, itis imperative that the high population growth rate be reduced,and this can be done only by a significant decrease in the birthrate.Unless measures are taken in these areas, there is a danger thatany progress made in other areas will have no noticeable effect.55 
Appropriate technological progress in the agricultural sector will be indispensable. It is becoming increasingly difficult toexpand the area of land under cultivation, which makes findingnew ways of increasing yields per hectare, and ensuring that theseincreased yields can be maintained, all the more essential. Thesepriorities underscore the need for more and better local seedresearch and subsequent breeding efforts, in particular in the caseof millet. Breeding techniques that increase and stabilize cropyields are particularly advantageous for developing countries.

In the first piace, improvements through seed research andbreeding can be incorporated into existing agricultural practiceswithout politically and economically sensitive reforms. The intro.duction of new, drought-resistant millet varieties may make itpossible to grow crops in arid zones where traditional varietiescannot be grown. This would clearly be a breakthrough for thepeople of the Sahel, even if extension services for farmeis, pricepolicies, or other economic and social conditions were notchanged (even though change may be necessary).
Breeding is also cost effective; no other investment is asprofitable. Perhaps even more important, breeding measures arewell accepted by rural populations because farmers usually havesome understanding of breeding processes anyway.
One way of achieving greater yield stability and reducingannual fluctuations in yields is cultivating new seed varieties thatare resistant to or tolerant of poor soil quality, low rainfall, and

biological stress (diseases or pests). 
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Resistance and tolerance in relation to ecological factors1
s

6.1 

In an agroeconomic sense, drought resistance refers to a 
plant's ability to produce an economically satisfactory yield even 
if water conditions are poor. Although millet and sorghum are 
not very demanding crops, lack of water can have a negative 
impact on yields. Even drought-resistant plants produce higher 
yields with an adequate water supply. 

Breeding techniques to increase drought resistance take 
advantage of the various mechanisms plants have developed for 
surviving dry spells: 

o 	"-ome plants, such as barley and most millet varieties, sim
ply evade drought by virtue of their short growing period. 
They mature before the next dry spell. 

" 	 Other varieties avoid excessive loss of water by using mois
ture economically. Their vertical leaves play a role in this 
process, and they may develop deep root systems (as sor
ghum does). 

" 	 A third mechanism is drought tolerance. Plants that toler
ate drought develop a number of smaller cells and have 
stronger cell walls. This enables them to retain water better 
and to survive when their water content drops. Among 
cultivated plants, only sorghum belongs to this category. 

Usually these physiological mechanisms are combined to 
develop plant varieties that need very little water or that are good 
at storing water. Because rainfall is low and unpredictable in the 
Sahel the breeding of drought-resistant plants is extremely impor
tant. 

6.2 Resistance and tolerance in relation to biological factors5 7 

Biological factors that constitute a considerable hazard to 
crop yields include plant diseases, animal pests, and weeds. Their 
effects are completely different from ecological limiting factors. 
Yield losses caused by downy mildew and Striga have caused the 
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production of millet and sorghum in Mali t', stagnate. To reduce 
the impact of biological factors in an economic manner, plant
protection measures are employed. As irrigation, improved till
age, fertilization, and improved seeds increase yields, plant pro
tection requirements increase proportionally. 

Aside from cultivation of plant protection techniques (field
hygiene, seed selection, improved tillage, and observance of the
optimal agricultural calendar as well as observance of growing
periods and harvest times), the breeding of disease-resistant 
plants has also proven to be an effective measure against viruses,
bacteria, and fungi. Integrated plant protection is often not 
possible if plants are not sufficiently disease resistant. 

In breeding, yield stability usually takes precedence over 
high yield potential. Cultivated plants with good resistance quali
ties are economic for the farmer, do not require any special
knowledge, and can be immediately used without any harmful 
environmental effects. 

But developing resistance through breeding is not a short
term process. Using traditional research methods, it can take up
to 15 years to develop resistant varieties. Gene technology is 
expected to produce more rapid 'esults.59 

The conventional technique for combating Striga is hoeing
and weeding as soon as the shoots appear aboveground. But since 
Strigahas parasitized its host one to two months before it can be 
detected, irreversible damage has often already occurred. Hoeing
and weeding can prevent the weed only from advancing any
further. Herbicides can control weeds more effectively, but they 
can be used only if the host plant is resistant to the herbicide or if 
the herbicide has a selective effect, which means that it kills the 
weed, not the crop.6 Currently, however, there is no "selective" 
herbicide against Striga.

Another option for controlling Striga is rotating the crop
with crops that are not parasitized by Striga.Applying this natural 
protection method in practice is difficult, because Striga attacks 
many different types of plants. Also, a farmer chooses as his main 
crop the one that is most profitable or most important to him, and 
he is reluctant to grow other crops. Lastly, since Strigaseeds can 
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lie dormant in the soil for years and thus attack their host at any 
time, they can make crop rotation futile. 

Another method of combating the parasite is to plant catch 
crops or non-specific hosts. Non-specific hosts induce germina
tion of Strigaseeds without allowing the weed to attack their roots. 
Catch crops become severely affected by the parasite. They are 
sown densely and then plowed under just before the parasite
shoots appear. However, this method means that the farmer will 
have no full harvest. 61 

Using fertilizer to enrich the soil is another option since 
Striga thrives in nutrient-poor soils (which is why Striga is not 
normally found in developed countries). Because farmers cannot 
afford the relatively high fertilizer prices, this method is unfeasi
ble in Sahelian countries. 

In general, it appears that crops that are resistant to or 
tolerant of ecological and biological limiting factors constitute the 
most efficient solution for farmers in Sahelian countries. The 
indigenous crops millet and sorghum have the greatest yield
potential in semi-arid areas once the tolerance and resistance of 
their seed has been improved. Greater research efforts should 
therefore be devoted to further developing and adapting these 
two crops. 

Until the mid-1970s, few research and breeding programs
in the world focused on millet, in spite of the fact that it plays a 
prominent role in the diet of large segments of the population in 
the semi-arid and arid tropics. This need for research was one of 
the arguments for founding the Station de Recherche Agricole 
(Agricultural Research Station) in Cinzana, Mali. 

6.3 The Station de Recherche Agricole in Cinzana, Mali 

The Cinzana Agricultural Research Station was established 
in 1979 as a joint project of the Government of Mali, the United 
States Agency for International Development (USAID), the Inter
national Crops Research Institute for the Semi-Arid Tropics 
(ICRISAT-one of the centers in the Consultative Group on Inter
national Agricultural Research (CGIAR), see also p.100), and the 
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Swiss CIBA-GEIGY Foundation for Cooperation with Developing
Countries. Cinzana is a small village in the main millet-growing
area of the country, about 35 kilometers east of S6gou between the 
Niger and Bani rivers. 

The Cinzana Research Station was officially opened on July
15, 1983. The openintg was the first achievement of what later was 
to become (quite literally) a fruitful collaboration among the four 
partners. The Government of Mali offered 280 hectares of land,
with five different soil types on it. The government and ICPJSAT
jointly designed the station and its research facilities, while
USAID and the CIBA-GEIGY Foundation shared the investment 
costs. 

The station became an integral part of Mali's national re
search program, which is controlled by the government. A Malian
director, Dr. Oumar Niangado, was put in charge of the station. 

The station's main compound contains research laborato
ries, offices, storage areas, workshops, and living quarters. Three 
generators generate all the electricity the station needs, and .t is
therefore independent of the olten unreliable electricity supply
from the grid. Water is pumped up from a source seven km away
and piped to the station. Of the station's 280 hectares, about 80 are
currently being used, leaving ample space for expansion of the 
research and breeding work. 

Until 1989, when USAID and ICRISAT ended their sup
port, as contractually agreed62 , the foreign partners helped to
finance recurrent expenses and provided technological, scientific,
and management support. USAID and the CIBA GEIGY Founda
tion jointly covered all cther operating costs ;intil 1989 (such as
equipment, instruments, motor vehicles, fertilizer, seed, arid fuel).
Since, the CIBA-GEIGY Foundation has solely funded operating
costs.63 From the start, the Government of Mali has covered the
personnel costs of the (permanently appointed) Malian civil ser
viLe staff at the station. 

Since the Government of Mali had long cited domestic food
production as inadequate, the Cinzana Agricultural Research
Station was given the task to promote this. Priority was given to
achieving sustainable increases in pearl millet yields. Research 
had to be aimed at enabling small farmers, who are the main pearl 
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millet producers throughout the Sahel, to have access to improved 
seed varieties and better cultivation techniques without having to 
obtain any additional, expensive inputs. All evaluations of the 
station indicate that this aim has been achieved. 

The station's first task was to find varieties whose genetic 
qualities suited the environmental conditions best. To that end, 
researchers selected the most productive varieties among the 
traditional species. An essentia! requirement for breeding is plant 
material with a broad variability. This makes it possible to select 
ana reproduce genotypes with the best characteristics. To avoid 
losing valuable genes from traditional varieties of a certain plant, 
its various species, primitive forms, and wild relatives must be 
collected, analyzed, and stored systematically. The station has sec 
up a seed bank with all local and some wild millet varieties, about 
1,200 in all. It has also experimented with millet varieties frm 
India and North America, but the results showed that imported 
millet varieties were unsuitable for both cultivation and seed 
breeding in the Sahel. Among the local varieties, certain lines were 
identified as ideal for breeding. 

Early-maturing varieties from southern Mali with a grow
ing period of only 90 days were selected and planted in the north 
of the country. Even in this part of the country, where rainfall is 
low, satisfactory harvests were obtained with these varieties. In 
the southern part of the millet-g,'wing region, small farmers 
plant parts of their fields with the early-maturing variety. By 
harvesting their own early millet and use it to feed their families, 
farmers no longer have to pay high prices for millet hoarded by 
dealers. 

Good yields were obtained with Toroniou deNihgali,a millet 
variety from the Dogon Plateau. It underwent reselection and was 
then crossed with varieties selected in Cinzana. This new variety 
increased vields by up to 13 percent or 60 kg per hectare to a total 
of 514 kg/ha. Moreover, Toroniou de Ningali's growing period is 
one week shorter and more drought and pest resistant. Toroniou 
de Ningali produces these results rider conditions typical of 
subsistence agriculture in Mali and other Sahelian countries. 

Although 60 kg of millet per hectare may seem a modest 
increase, it is enough to feed one child for one year. The Cinzana 
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station produces basic Toroniou seed to pave the way for moreextensive seed production. The station set up demonstration
fields and organized excursions for farmers from all over the
region to illustrate the qualities of this reselected millet variety.

New cultivation techniques such as intercropping withalternate rows of millet and cowpea have also been highly suc
cessful. This very simple improvement offers numerous advantages. The total millet and cowpea yields with this type ofintercropping rose by about 10 percent to 722 kg/ha. Thanks toits nodule bacteria, cowpea can fix nitrogen from the atmosphere
and use it to enrich the soil. Sowing and cultivation is also easier 
with this method. 

Cowpea's resistance to Striga slows down the expansion ofais weed. Since cowpea and millet have different growing
periods, fragile soils are covered longer and therefore better pro
tected against erosion by rain and wind. 

One very interesting result of the efforts to improve agri
culture through local intercropping methods was that yields increased when planting was carried out in a systematic manner.
Repeated experiments confirmed that, compared with the tradi
tional, arbitrary intercropping methods or with millet as amonoculture, yields were measurably higher when alternate 
rows of millet and cowpea were systematically and carefullyplanted. Intercropping of millet and cowpea also reduc.es the risk
of harvest failure when rainfall is irregular, because the available 
moisture is more fully exploited.

Research at the Cinzana station also deals with the selectionand breeding of millet varieties that resist downy mildew, and it
attempts to breed hairy grain husks, which are less prone to belost to birds. In addition, it uses farmyard manure and composted
millet stalks to improve fertilization. After several years of study,for example, it was found that the addition of straw increased 
manure substance by 42 percent without reducing the nitrogen
content of the manure. Field experiments have shown that this
simple fertilization technique can raise yields by 30-35 percent.

A review of the Cinzana Agricultural Research Station byexternal consultants in January 1992 concluded, as previous reviews had," that the station is doing outstanding work. The 
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station serves as a model research institution for Mali and other 
Sahelian countries.6 (See also the Appendix.) 

Cinzana's successful research and breeding work shows 
that it is not necessary to wait for major agricultural break
throughs to solve highly complex problems such as basic food 
security in the Sahel. In time, many small ormodest successes add 
up to substantial improvements. 

6.4 Nutrition research in Mali 

The Cinzana station collaborates with Mali's food-research 
institute Laboratoire de Technologie Cr6ali~re de l'Institut 
d'Economie Rurale (Cereal Technology Lab of the Agricultural 
Economics Institute) in Bamako to complement the station's re
search. The lab concentrates on researching genetic material in the 
course of selection, the nutritional qualities of cereals, and the use 
of these cereals in daily diets. Additional work is being done to 
enrich the traditional children's diet with cereals and legumes. 
New ways of preparing food in the home are also being sought. 

Apart from physiological and chemical analyses, "culi
nary" tests are carried out. Traditional Malian dishes are prepared 
with new blends of flour, which panels representative of the 
general public test for taste and general appearance. 

Test meals may consist of millet or sorghum, mixed with 
cowpea or soybeans, to prepare t6, couscous, and other dishes. 
Sweet desserts are made with new combinations of wheat and 
millet, wheat and sorghum, or wheat and cowpea. 

It is hopc a that mixtures help to increase the nutrient level 
in the traditional Malian diet. Traditionally, millet, sorghum, and 
other cereals are prepared separately. Depending on household 
income and the availability of other ingredients, these cereals may 
be mixed with milk, sugar, groundnuts, vegetables, root crops, 
meat, or fish. These ingredients are more or less crucial; if they are 
not available, which is usually the case among the poor, meals will 
not meet the daily human nutritional needs. The diet may be 
adequate in terms of caloric intake but deficient in necessary 
nutrients such as proteins, essential fatty acids, vitamins, miner

171 



als, and trace elements. Such deficits are a chronic problem in Mali 
and all developing countries. 

Children under age five and pregnant and breast-feeding
mothers are most at risk from malnutrition. Normally, a woman 
who eats a normal diet gains 12-13 kg during pregnancy. In
countries like Mali, where malnutrition and undernutrition are
endemic, pregnant women often gain only three-four kg. This
makes women a great deal more susceptible to disease and puts
them at a much greater risk of suffering from a miscarriage or
giving birth prematurely. Because they weigh so little at birth,
premature babies are much more likely to die in infancy. Malnu
trition in young children stunts growth and inhibits brain devel
opment. 

The Laboratoire de Technologie Cr6ali~re de l'Institut
d'Economie Rurale attempts to help solve these problems. Re
search at the lab aims to increase the nutritional value of flour
made from cereals by adding flour from legumes, in particular 
cowpea. Cowpea contains up to 24 percent of protein and iswidely cultivated in many regions of Mali. Cowpea and millet
flour is mixed in proportions of one-quarter to three-quarters and
administered to infants to supplement breast-feeding. This ap
proach is particularly effective because it doubles the lysine con
tent in flour, from 2.5 mg/g to 5 mg/g (lysine is an essential amino
acid in a healthy diet). The lab and the Cinzana station teach 
courses on dietary enrichment at health centers and to women's 
groups in all areas where millet is the basic food. 

6.5 	 Production and distribution of selected seed varieties in 
arid zones 

The research and breeding of new seed varieties that areadapted to the adverse conditions in the Sahel is an important
element in the efforts toward greater food security in the region.
But research and breeding are not enough. New seed varieties 
must be reproduced and made available to the region's small 
farmers. One of the many projects that the Food and Agriculture
Organization of the United Nations (FAO) is carrying out in 
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collaboration with the United Nations Development Program 
(UNDP) and the Government of Mali aims to reproduce and 
distribute improved seed varieties to farmers. 

The project focuses on seed varieties that are adapted to the 
local growing conditions and that guarantee yields of two to four 
tons per hectare. Modest yields, yes, but under the prevailing 
Sahelian conditions of marginal soils, little or no fertilization, and 
little plant protection, they are more realistic than Ihose that can 
be achieved with high-yield varieties, which prodLoce excellent 
harvests only under controlled experimental conditions. 

The most important requirements for quality seed are a 
short growing period, disease resistance, and drought tolerance. 
New varieties should also suit the local consumer's palate, and 
food preparation should require the same amount and kind of 
work. 

Seed varieties produced at the Cinzana Agricultural Re
search Station were introduced in villages in every climatic zone 
in Mali. The next step is to produce and market sufficient quanti
ties of quality seed from varieties that prove successful in each 
area. 

Seed production is a demanding undertaking. In Mali it 
involves the following steps: 

" 	 The Cinzana station first plants "elite" seed on 1.5 ha on its 
own compound. Staff involved in seed research and pro
duction closely collaborate to exchange their experiences 
with the seed. This seed is called "breeder seed" and is 
carefully stored for further production. 

* 	 The first production (RI) of seeds is carried out on state 
farms (on approximately 20 ha per year). Sales of Ri seed 
are expected to support cultivation costs once the project 
ends. 

" 	 Village associations have been formed in all Mali's climate 
zones where the FAO is active, to carry out the second 
production (R2). This final phase of seed production results 
in the planting seed that is to be used by farmers. This is the 
most labor-intensive phase because it involves the biggest 
seed increase. 
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" During planting and after harvesting, the quality of the 
seed produced (elite, Ri, R2) is examined by an inde
pendent government certification agency. The seed may
then be certified as "quality seed" according to interna
tional standards. (Even if it does not receive this rating, the 
seed is good enough to be used as food.)

" 	 Certified R2 seed is then made available to farmers. Since 
uncontrolled crossbreeding under natural conditions may
result in a drop in quality, millet and maize seed must be 
reniewed every three years (cowpea seed every four years). 

The FAO project is integrated in Malian seed-production
and certification institutions. It strongly supports these institu
tions to help to upgrade the quality of the work, depending on the 
particular phase of the production process. 

In 1990, the project, in collaboration with Malian develop
ment organizations, supervised seed production in 16 village
associations. The associations produced and marketed 250 tons of 
certified R2 seed-235 tons of millet, 10 tons of maize, and five 
tons of cowpea. In 1991, 25,000 ha of millet, 350 ha of maize, and
250 ha of cowpea could be cultivated with quality seed. 

Every year, the state agricultural extension network deter
mines the amount of seed that the seed-producing associations 
need to produce. The associations also sell seed to farmers and
provide information about the varieties. Fields where the varieties 
are grown in demonstration plots serve to support this informa
tion task. Seed sales are announced in various local-language
radio programs, where association members report on their expe
rience with new varieties. 

Most farmers everywhere have a healthy skepticism of new
developments. In the Sahel, given the extent of rural poverty,
farmers are reluctant to immediately use unfamiliar seed varie
ties. They do not want to take risks with their harvest, because a 
failed harvest can have very serious implications for the entire
family. A new variety may also be unacceptable because it doesn't 
agree with the local taste. To change taste, and to convince farmers 
that the new varieties actually improve yields, takes time. Intro
ducing new seed varieties is therefore a slow, step-by-step process. 
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The worst thing that can happen to a seed project is to 
produce seed that cannot be sold. For several reasons, seed prices 
are not subsidized. It was therefore essential for this project to 
establish the right price for R2 seed. On the one hand, the price 
had to be high enough to provide those producing the seed with 
an incentive to grow it; on the other, it had to be low enough so 
that farmers, who are mostly very poor, could afford it. This 
problem was solved to the satisfaction of all parties by resorting 
to traditional barter, whereby a farmer who is short of money can 
repay his seed with grain after the harvest at a 1:2 ratio. (For 
example, a farmer who needs seven kg of millet seed, which is 
enough for one hectare, can repay his debt after the harvest (of 
approximately 514 kg) with 14 kg of millet.) 

It is estimated that, by the time the project comes to an end, 
enough R2 seed for 195,000 ha will have been produced and sold. 
The main object of the project, however, is to create a system that 
will continue to benefit agriculture in Mali by supplying farmers 
with sufficient amounts of high-quality seed at reasonable prices. 
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II Conclusion
 



Conclusion 

Environmental degradation, inappropriate agricultural 
policy, the hardsh-,ps endured by women, and lack of suitable 
seed are examples of problems which in themselves consti.tute 
formidable obstacles to improving life and agriculture in the 
Sahel. But the survival of the people of the Sahel is threatened in 
particular by the synergetic interaction of these disparate prob
lems. 

Any approach that holds the promise of solving these 
problems can be compared better to painstakingly piecing to
gether a difficult puzzle than to cutting the Gordian knot. Appro
priate development policies at the national level are needed, 
which must focus first and foremost on the three biggest problems 
in the Sahel: agricultural stagnation, an unacceptably high popu
lation growth rate, and degradation of the natural resource base.' 

Financial and technical support from international devel
opment cooperation organizations may facilitate and comple
ment local development policies and perhaps even speed up 
success in some cases. But such support cannot substitute local 
efforts. 

Since isolated measures are seldom effective, a coordinated 
package of measures adapted to specific local conditions will be 
required. These measures will have to be agreed upon in conjunc
tion with local populations, be acceptable to them, and then be 
jointly implemented with them. History has shown that projects 
and programs that are forced upon a population are doomed to 
fail, in the Sahel and everywhere. 

Much more than a few years of adequate rainfall, refores
tation programs, or new seed varieties is required to enable the 
people of the Sahel to live a viable existence rather than merely 
sun,ive. There are many similarities in the political, social, eco
nomic, and technological obstacles to development in the Sa
helian countries (Chad, Niger, Mali, Mauritania, Burkina Faso, 
Senegal, and the Gambia). These obstacles will have to be re
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moved, first to guarantee survival and then to improve the quality
of life in the long term. This will mean promoting rural develop
ment to allow productive use of rural resources in ways that are 
socially acceptable and protect the environment. The productive
potential of rainfed agriculture in the Sahel is limited by natural 
conditions. Full and ecologically acceptable utilization of this 
potential will require major changes in the political and economic 
spheres in most Sahelian countries. 

Suitable priorities must be set to stimulate rural inhabitants 
of the Sahel to play a role in economic and social development.
Specifically, their potential to act must be promoted and sup
ported, and they must be allowed and encouraged to act more 
independently, with greater responsibility, and with more self
determination. The people of the Sahel themselves must (again) 
assume the lead role in solving their problems, and external 
support must be designed in a way that encourages this. In the 
long term, such external support should no longer be necessary.

This, incidentally, is cne of the central conclusions of a 
critical review of international development efforts in the Sahel,
carried out in 1984.2 The review led both donor and recipient 
countries to revise their development strategies. 

At the minimum, development policy must include the 
following: 

" 	 Political decision making that "combines the free market 
principle with the social equilibrium principle."3 This 
means creating an environment tha' encourages economic 
development by, for example, promoting private initia
tives. It also means abolishing fixed prices and introducing
sociopolitical policies that enable the poor to satisfy their 
basic needs. 

" Ccistruction and development of infrastructure, such as 
roads, transport and storage facilities, electricity, health 
care and education institutions, drinking water supplies, 
and irrigation systems.

" Measures to protect the environment and preserve non-re
newable resources. 

" Promotion of small businesses and local crafts. 

184 



Promotion of social changes, to give women equal social 
rights, include them as equal partners in all development 
activities, and grant them equal participation in the eco
nomic fruits of their labor. In short: the enforcement of 
human rights for women. 

Rural development projc.cts and programs should be as 
(local) labor intensive as possible. The purchasing power that is 
thus created in rural areas can promote the development of mar
kets and product diversification, and thus bring about other re
lated developments. 

Rural development strategies for sustainable agricultural 
development deal with a number of issues that, though equally 
important, may vary from region to region: 

" 	 Mobilize the rural population by creating and strengthen
ing institutions that stimulate the use of available problem
solving potential and initiatives. 

" 	 Support socially acceptable use of human capacities and 
more effective and efficient use of natural resources, while 
preserving the resource base. 

" 	 Develop rural extension services that focus on the specific 
needs of small farmers, both male and female. Farmers 
must also have a dependable supply of all the inputs they 
need (tools, seed varieties, fertilizer, and plant protection 
chemicals). 

* 	 Improve credit and marketing systems (and assured access 
to these systems for both sexes). Development of coopera
tives should be given much more emphasis, since their aim 
of "common action to create real assets" is an especially 
important component in solving the problems of the peo
ple of the Sahel.4 

* 	 Intensify agricultural research and development aimed at 
finding and putting into practice new ways, means, and 
methods of increasing environmentally sound production 
of food and export crops. 

Traditional and modem natural resource management 
methods must be more closely linked in the future to promote 
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agricultural development. Examples include less use of slash
and-bum techniques, allowing reforestation in erosion-prone 
areas, development of ecologically acceptable forms of cultivation
such as agroforestry, and improved rangeland management.5 In
the interest of development, it is very important that any meas
ures taken support men and women engaged in small-scale farm
ing, since they constitute the majority of the population in the 
Sahel. 

The economic, social, and ecological outlook in the Sahel 
appears bleak at the moment, but there are signs of hope if one
knows how to recognize them. 

The Republic of Niger, for example, has proven that considerable success is possible in the Sahel if there are appropriate
agricultural policies and if measures are purposefully aimed atpromoting rural development. Socially, climatically, and ecologi
cally, Niger is a typical Sahelian country. Nevertheless, in 1984-a
crisis year in the Sahel-Niger produced enough agricultural
surpluses to export food to its neighbors without endangering its own domestic food demand. Price policy for food crops was the
main factor that enabled farmers to increase production, whilespecific investments in rural infrastructure also helped. Surpluses
were used to build food reserves, which ensured domestic supply
during the 1984 crisis. 

Chad, on the other hand, is an exAmple of how a lack of
national policy affects agriculture. Rural development was com
pletely neglected in Chad due to continued political unrest, and
armed conflicts caused further problems in the food supply.

What is the significance of seed and seed-related research
in this context? The availability of seed that is adapted to specific
environmental conditions and that suits local needs is certainly
not sufficient to solve all the problems. But it is one necessary
piece in the broad mosaic of rural development and one specific
tool that ti help to achieve self-sufficient production. Without
suitable seed, no further developments are possible, even with the
best agricultural policy. Seed research and development (and
agricultural research in general) is therefore of central impor
tance. T.;; is especially true when research and development is
carried out locally, (as at the Cinzana Agricultural Research Sta
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tion or other similar research stations), when it focuses on local 
problems and needs, and when results are not patented. Only 
then can new seed be sold at affordable prices to the men and 
women engaged in small-scale farming. 

Food imports and external food aid must eventually be 
replaced by self-sufficiency, and subsistence agriculture must 
evolve to provide small farmers with a means of living. To achieve 
this, it will be necessary for farmers to have access to seed that 
produces an adequate harvest on the stubborn soils of the Sahel. 

If a technological step forward of this kind were accompa
nied by suitable political, economic, and social reforms, and, if 
necessary, supported by external development aid, we would 
hopefully no longer have to speak of "survival in the Sahel," but 
of "life in the Sahel." 

Time is running out for instituting developmental and 
technological change in Sahelian countries. The current social, 
economic, and ecological problems are so huge, and the degrada
tion processes so evident, that we must take heed of the "ethics of 
time," as the Club of Rome admonished: 

"In conclusion, the speed of evolution and of current mu
tations leads us to consider that the time factor has an ethical value 
in itself. Every minute lost, every decision delayed means more 
deaths from starvation and malnutrition, means the evolution to 
irreversibility of phenomena in the environment. No one wi l ever 
know for sure the human and financial cost of lost time."6 
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LESSONS LEARNED: 
A PRIVATE-SECTOR FOUNDATION'S 
SUPPORT TO DEVELOPING-COUNTRY 
AGRICULTURAL RESEARCH 

By ISNAR in collaboration with 0. Niangado, I.F. Scheuring, 
and M. Yudelman 

Since its inaugurationin July 1983, the agriculturalresearchstation in 
Cinzana,Mali has establisheda relevant mandate, a well-focused pro
gram,and alimctionalorganizationwithin a complex nationalagricul
tural research system (NARS). The station is well staffed (some 10 
researchersand 20 technicians), competently managed, under sound 
leadership,andhasgenerated new and useful technologies.More impor
tantlyfor presentpurposes, Cinzanais an example of a uniqueapproach 
to donorandtechnicalassistance. 

In itsfounding years the station benefited from joint donations and 
technical support from the United States Agency for International 
Development (USAID), the InternationalCrops ResearchInstitutefor 
the Semi-Arid Tropics (ICRISAT), and the Swiss CIBA-GEIGY Foun
dationfor Cooperation with Developing Countries.Most recently, the 
CIBA-GEIGY Foundationhas been the main providerof externalfinan
cial support and very limited technicalassistance.In this, the Founda
tion, a philanthropicarm of the Swiss multinationalchemical corpora
tion, is demonstrating how the private sector can support research 
orientedtowards small-scale,poorfarmers in sub-SaharanAfrica. 

The Cinzanaresearch station is often cited as a model of international 
cooperation. Reviews of the station have revealed a series of keyfactors 
in its success. Taken together, these factors provide some lessons for 
successful external supportto developing-countryagriculturalresearch 
institutes. This Briefing Paperpresents some of these lessons. A first 
lessonfor donors is that researchrequiresa long-termfinancialcommit-

This appendix was previously publLshed as ISNAR Briefing Paper 20, 
February 1995, The Hague: ISNAR. ISSN 1021-2310. 
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ment of at least 15-20 years and a willingness to fund non-salary 
recurrent expenditures. A future important lesson is that a researci 
station's relevance may bejeopardized ifits program does not continuall3 
adapt to the needs of its target farming community. Private-sectol 
involvement canfacilitate both sustainable support and adaptability. A 
final section of the Briefing Paper highlights the evolving role of the 
CIBA-GEIGY Foundation in supporting the Cinzana station. NARS 
leaders as well as decision makers in industry will benefit from these 
lessons and may find opportunities to apply them under their own 
conditions. 

A New Venture in Agricultural Rese-arch 
The agricultural research station in Cnzana, Mali began opera

tions in 1983. The Malian government, USAID, ICRISAT, and 
the CIBA-GEIGY Foundation for Cooperation with Developing
Countries were the four partners involved in planning, building,
and operating this new public-sector venture in agricultural re
search. In constructing the station, USAID and CIBA-GEIGY bore 
the bulk of the capital costs, while ICRISAT and the Government 
of Mali sited and designed the acilities. 

The station was designed to be an integral part of the Malian 
agricultural research system, operated by the Malian government
and staffed by Malian personnel. The iton-Malian partners pro
vided advice, technical assistance, and funding. ICRISAT pro
vided scientific advice. Funds were provided by USAID and the 
CIBA-GEIGY Foundation, which funded equipment, vehicles, 
and recurrent operating expenses. 

The four partners continued their relationship until 1990, when 
USAID and ICRISAT terminated their support. This was not 
because of dissatisfaction with the project. Rather, they wanted to 
focus their resources on projects with regional, as opposed to 
largely national implications. Jndeed, in their final project evalu
ation both USAID and ICRISAT urged CIBA-GEIGY to continue 
funding the Cinzana research station, and to provide additional 
funds to fill the gap arising from their withdrawal. After its own 
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internal review of the situation, the CIBA-GEIGY Foundation 
undertook to fill this gap and, provided the center's performance 
warranted it, to provide sustained support over the foreseeable 
future. 

CIBA-GEIGY now has been involved in the project for some 15 
years. While other donors are involved in supporting particular 
research projects at the station, CIBA-GEIGY has been the major 
external partner since 1990. Thus far, the Foundation has contrib
uted about five million Swiss francs. Under the current five-year 
contract (1990-95), it provides the station 500,000 Swiss francs 
yearly. Essentially, the Malian government pays staff salaries, and 
CIBA-GEIGY provides between 60 and 90 percent of the station's 
operating funds. 

Establishment and Management of the Project 

Focus. In 1979, the CIBA-GEIGY Foundation set out to initiate an 
agricultural research project to benefit small-scale African farm
ers. The head of agricultural research in Mali suggested that the 
Foundation help to establish an agricultural research station in the 
Malian Soudano-Sahel. From the beginning the objective was 
clear: to establish a national agricultural research station for the 
improvement of millet-based agriculture. With that mandate, in 
1980 Mali's Ministry of Foreign Affairs gave the CIBA-GEIGY 
Foundation official status as a nonprofit technical assistance 
agency.
 

Repeatable Lesson: A common, well-focused objective should be defined 
early, with clarityon the part ofboth the donorand the host country. 

Continuity. During the construction of the station, CIBA-GEIGY 
seconded, on a periodic basis, a civil engineer from its Basel 
headquarters to help oversee the work and to follow through on 
purchases. Upon completion of construction, the Foundation cre
ated four part-time support positions: project manager, research 
support scientist, station management support, and electric engi
neer. These are filled by staff sent from CIBA headquarters. Each 
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of these positions requires an average of 10 days per year spread 
over one or two trips. 

The CIBA-GEIGY support persons are associated on a long-term
basis with the Cinzana project. Accordingly, they are very familiar 
with their Malian counterparts and with specific needs at Cin
zana. Built-in, long-term expertise ensures pertinent, timely sup
port from the Foundation to the project. However, because 
external support is periodic, Cinzana's Malian staff are able to 
demonstrate leadership and initiative. Because there are no expa
triate staff salaries to bear, the Foundation's financial support is 
focused almost entirely on Malian on-stacion expenses. 

Repeatable Lesson: Long-term technical assistance is essentialfor re
searchprojects. The benefit of long-term assistancecan be sustainedby
usingpersons secondedfor shortperiodsbut with lengthy, well-defined 
associationswith the project. Thisformula ensures pertinientexpertise
and continuity at a minimum cost for expatriatesupport. At the same 
time, it fosters the fidl-time responsibilityof nationalstaff. Local staff 
enjoy their own successes; they also make their own decisions and 
mistakes, bui with sustainedsupptrtas it is needed. 

Working partnerships. At the beginning of the project, a board of 
directors was established to oversee the development of the re
search station. Membership is the head of agricultural research in 
Mali, the Cinzana station director, the station accountant, a CIBA-
GEIGY Foundation representative, and a representative from 
another donor to the station. Until 1990 an ICRISAT staff member 
served on the board. With the termination of ICRISAT's involve
ment and an increase in Dutch project funding, a Dutch eepre
sentative has served on the board since 1992. 

The role of the board is to oversee finances, maintenance, and the 
research orientation of the station. The board meets formally once 
each year, but interacts informally more regularly. Over the years
the board has served to foster c0ear communications, to provide 
a forum to settle differences of opinion, and to give moral and 
political support to the station's director. 
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Repeatable Lesson: The creation and operation of a board of directors 
composed of both Malian leadershipand representativesof key donors 
andsupportgroupsenhances transparencyinfinancesand management 
andprovidesa legitimateforumforinputfrom allkey partnersregarding 
the repartitioningof the budget. This also ensures that donors have a 
forum in which to insist on result-driven research. 

Physical Establishment of the Station 

Site choice. The station site was decided after several months of 
reconnaissance studies in the Segou area of Mali. The chosen site 
contains all of the major Malian agricultural soil types on one 
contiguous piece of land. It also offers the possibility of growing 
good crops of both millet and sorghum, and is situated in close 
proximity to a mix of traditional farming systems and ethnic 
groups in nearby villages. Accessibility by road also was an 
important consideration. 

Repeatablelesson: In hindsight,the most importantelement ofsiting the 
station was its reasonableproximity (5 kin) to a paved nationalroadwith 
afairlygood lateriteaccess road. Of all the Malianagriculturalresearch 
stations,the Cinzanastation has the best accessibility. 

Water. Only after commencing building construction was it dis
covered that the groundwater recharge was insufficient to permit 
an adequate water supply from wells dug on the station. Rather 
than "making do" with a feeble water supply, or having water 
hauled onto the station in cisterns, project leaders decided to find 
an adequate water supply in the proximity and to pipe water onto 
the station. A Swiss hydraulic engineering team was brought in 
and discovered a very adequate underground tributary at 12-me
ter depth, seven kilometers from the station. Buried pipe was 
installed and turn-out valves were provided intermittently along 
the pipeline to allow for irrigated isolated fields. An electric pump 
was installed at the well site and art elevated water storage tank 
was erected on the station. 
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Systematic annual water analyses over the past 13 years have 
confirmed pure, uncontaminated water. The availability of pure 
water has translated ir , an unusually low incidence of intestinal 
parasites and other ailments among station personnel and their 
families residing on the station. Adequate water has been a major
factor in attracting good Malian researchers to reside on the 
station. Pure water has contributed to excellent hygiene standards 
on the station. Also, the regular, reliable water supply has enabled 
dry-season breeding nurseries to be established and for seed 
production to be increased every winter. Irrigation capacity has 
enabled the Cinzana breeding programs to produce two genera
tions per year. It additionally has given the station the flexibility 
to quickly multiply seed of promising experimental varieties of 
millet, sorghum, cowpeas, and groundnuts. 

Repeatablelesson: The initialexpense andbother offindinga good water 
supply is well worth the money and the effort expended. 

Housing. In addition to low-cost but adequate housing for prin
cipal and support staff, a conference hall and guesthouse were 
constructed on the Cinzana station. Initially four rooms, the guest
house has now been expanded to eight rooms. The availability of 
this clean, comfortable accommodation attracts visiting re
searchers and encourages them to spend adequate time at the 
station to complete all necessary tasks. The guesthouse has been 
used by dozens of students, both Malian and expatriate, doing 
thesis work. The conference hall is used not only for Cinzana staff 
meetings, but also has been the site of numerous regional meet
ings and training sessions. 

Repeatablelesson:The constructionandoperationofa clean, comfortable 
guesthouse attracts a regularflow of visiting scientists to the station. 
This enhances the value of the researchdoneand providesa stimulating 
environmentfor the regularexchangeof ideas between visitorsandstaff. 

Stable and corral. Animal traction is the standard tillage and 
cultivation power used on many traditional farms in the Segou 
area. Research leaders therefore integrated animal and mechani
cal cultivation techniques for experimentation on the Cinzana 
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station. Animal traction training techniques were imported from 
India whereby one person leads the animals using voice com
mands Adequate infrastructure was provided for the animals, 
which average about 50 head. In addition to meeting its own 
traction needs, Cinzana regularly supplies traction animals to 
other Malian research stations. The animals provide routine farm 
power, serve as tools for improving farming techniques, serve at 
training sessions, and provide manure for compost experiments. 

Repeatable lesson: The importance of animal traction may justify the 
provision ofadequate infrastructureforfarmlabor animals. 

Fencing. In the Malian countryside, freely roaming animals fie
quently damage farmers' fields by eating plants or walking 
through fields. The precision of agronomic research cannot toler
ate such damage. Cropped fields must be protected and adequate 
pasture must be ensured for the station's herd. To these ends, a 
1.6 meter fence was erected around the station's perimeter. As a 
public road transects the station, the total fence perimeter is 10 
kilometers. The fence mesh is small enough to keep out sheep and 
goats. Adequate gates are provided for vehicles and pedestrians.
The fence is regularly monitored and repaired when necessary.
Bushes planted along exposed sections break the wind and pre
vent damage. Now, 13 years after construction, the fence and 
gates are still in excellent condition. 

Repeatable lesson: The erection and maintenance of adequatefencing 
provides experiment fields with excellent protection against animal 
damageand ensures the protection of pasturefor station animals.The 
fence is especially importantfor protecting irrigatedcrops during the 
winter,when localfarm animalsare allowed to roam free. 

Baseline studies. A series of baseline studies to describe and 
quantify water, soils, socioeconomics, crop varieties, and farming 
methods was carried out at the beginning of Cinzana station 
research. Results of these studies can be compared with similar 
surveys to be conducted in future years. In 1980, in conjunction 
with the Swiss hydrologic exploration, Cinzana researchers sur
veyed the wells in the villages surrounding the station. Estimates 
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were made of high- and low-water levels during the year. In 
1982--83 an extensive soil survey was conducted on all five of the 
Cinzana soil types. A station soils map was carefully drawn with 
references made to permanent markers. That map since has been 
used to record an accurate crop and fertility history. In addition 
to the map, a soil "library" was collected, with samples from 300 
sites at three depths each. The soil survey also provided contour 
information that was used to construct permanent earthen ter
races. Maintained with grass since 1983, these have held firmly 
against erosion. Finally, in 1984 a Malian team of economists 
conducted an extensive socioeconomic survey designed in col
laboration with ICRISAT. The survey aimed to produce data 
comparable with .her such studies in the Sahel. Villages within 
a 50 kilometer radius of the Cinzana station were characterized 
for ethnic and household organization, field sizes, cropping pat
terns, and income sources and levels. In 1989 a follow-up survey 
was conducted in many of the same villages. Using the results of 
both surveys, adoption rates of some agronomic techniques were 
readily and accurately detected. A third follow-up study was 
carried out in 1994. 

Following the 1984 socioeconomic survey, millet varieties were 
collected and millet varietal preference was surveyed. These sam
pies and information have been the basis for the establishment of 
varietal and agronomic reference checks in experiments carried 
out on the Cinzana station. 

Repeatable lesson: The information collected at the onset of station 
operations provides a reference point for detecting changes in water 
levels, soilfertility, andvillage socioeconomic conditions,as well asfor 
calculatingtechnology adoption rates. 

Establishment of an On-Farm Research Program 

The need for an on-farm testing program became evident in 1985, 
when researchers discovered that some station-developed inter
cropping techniques were complete failures in farmers' fields. The 
major reason was the significant difference in soil fertility between 
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farm and 3tation fields On-station miliet yields were regularly 
two to three tons, while they rarely surpassed one ton on farmers' 
fields. In addition, researchers discovered that under farm condi
tions many millet and sorghum varieties developed on-station 
gave significantly lower yields than local varieties. 

Before 1985, the Cinzana station conducted research only on the 
station itself. On-farm research was designed, planned, and exe
cuted by a group of agronomists based in Mali's capital, Bamako. 
After considerable pressure from the board of directors, a position 
was created at Cinzana for an agronomist to carry out on-farm 
trials designed by the Bamako-based group. The Cinzana agrono
mist gradually was given more autonomy until, from about 1991, 
on-farm experiments were designed, executed, and reported en
tirely by Cinzana staff. 

By 1993 Cinzana's on-farm research program included three vil
lage "antennas," with station personnel living temporarily in 
village centers during the crop season to follow test plots. The 
on-farm program now embraces a network of more than 50 
on-farm locations supervised both by the station agronomist and 
by collaborative extension services. The on-farm research pro
gram also plants several demonstration fields along major roads 
and entrances to weekly markets. 

The on-farm agronomist also serves as the station's liaison person 
with regional extension agencies, and regularly participates in 
extension planning meetings, training activities, and farmer dem
onstrations. The agronomist also ensures the transfer of accurate 
information and pure seed once the technologies are confirmed 
through on-farm tests. Technology transfer from the Cinzana 
station has been facilitated by regional extension ageicies that 
have received ample futnding through the World Bank and the 
International Agricultural Development Fund (IFAD). Locally 
adapted, proven technologies suggested by the Cinzana station 
have been backed by the funding agencies, which are determined 
to make visible, measurable, on-farm impact. 
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Repeatable lesson: The creation, support, and operationof an on-farm 
testing researchprogramplay a determinant role in ass,.ssing the rele
vanceof station researchas well as in directly contributingto the efforts 
of local extension agencies. It is essential that the on-farm testing 
programbe plannedlocally, ratherthanby a centralizedgroupin another 
location. 

Research Plannihtg and the Technology Pipeline 

Until 10 years ago, must Malian food crop research was directed 
by scientists headquartered at Sotuba in Bamako. Stations such as 
Cinzana were merely testing sites for Sotuba-designed experi
ments. With its attractive infrastructure, however, many of Mali's 
better scientists were enticed to transfer to and reside on the 
Cnzana research station as early as 1983. Before c.'ming to Cin
zana, the station's first director had been responsible not only for 
millet breeding, but also oversaw the strategic direction of the 
other food crop breeding programs in Mali. Cinzana soon became 
ihe base for all millet research. 

Initially, each year's research results were reviewed at an annual 
national research meeting. At the same meeting the research 
program for the coming year was approved. The meeting, how
ever, was broad, national in scope, and did not provide a suffi
ciently detailed overview of the flow of technologies from 
discovery to adoption by farmers. With the creation of the on-farm 
research group and the on-farm success of Cinzana's early matur
ing cowpea varieties, it became obvious that an annually updated 
technology pipeline was needed. This pipeline would track the 
flow of technologies through stages, from the definition of re
search objectives and exploratory testing to extension on farms. 

In 1987, a technology pipeline was designed for the Cinzana 
station based on existing Malian procedures and comparable to 
the technology flow in a commercial seed company (tables 1 and 
2). Cinzana technologies are categorized as varietal, technologi
cal, or plant protection. Chronologically, the stages in the pipeline 
are definition of objectives, station exploratory tests, station pre
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Table 1.Blueprintof the technology pipeline ofaprivate seed company compared 
with that of the Cinzana reseach station 

Private seed company 
Stage of development Duration Locations 

(years) I 

Commercial sales 5-15 varies widely 

Product development
(large on-farm plots)

+ 
2 minimum 12 

average 20 

Small plot trials 
+ 

3 6-14 

Varietal or technological 3-4 
development+ 
Definition of objectives
(interdisciplinary encounlers) 

Public agricultural research 
Stage of development 	 Duration 

(years) 

Extension 	 long term 
+ 

Pre-extension and 
multilucational tests 

+ 
Preliminary and 
advanced tests 

Exploratory testing 

Definition of objectives
(interdisciplinary encounters) 

2-3 

4-6 

1-2 

1 station 

3-4 times
 
per year
 

In Mall 
Locations 

varies widely 

5-12 

6-10
 

1 station
 

1-4 times
 
per year 
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Table 2. Stages, objectives, tasks, and measures of progress in the Cinzana 
researchstation'stechnology pipeline 

Technology pipeline of the Clnzana research station, Mall 
Stge of development Objectilve Dourtlon Tasks Masure

(years) of progress 

Evlenison Meet amers'needs Corn'irOicstsonend 
daonaodteon Adotion rt 

PreI-ext in Final confration 2-3 	 Test on-farn quality Useful feedback 

iformatio packag
o technoogy 

ioa*u'ittests Confirm technotioy 2-3 Cond,,t ofltrm trials Positive rault+perfornance on, an
 

Advancedtesig tectokogy 2-3 Conductreeach 
 P rsaults 
ialssaloormancecsotropa 

eaingPrhe Ota Evaluate the 2-3 	 Conduct rlsarch Poet resuls 
stationtrials 

+ thchnO gyapotOtial 

Exploratorystage Idel. pronin 1-2 Conductpretimo*,ay Praolrninarysucom 
+ vrieties and toiques observations of inovations 

De&ft I of objectres Providersearch locus 	 Organue interdisciptliaryClearresearch focus 
encounlers 

liminary trials, station advanced trials, on-farm confirmation, 
on-farm pre-extension trials, and extension. 

In addition to clarifying planning and facilitating monitoring, the
 
pipeline overview highlights research and extension successes,
 
and serves as a vehicle for clear communication among research's
 
stakeholders.
 

In its technology pipeline, Cmzana innovated by establishing an 
"exploratory testing" stage. Researchers are allowed to test any
innovative, preliminary ideas in a single replication for one year
just to check the feasibility of an idea. If preliminary results look 
promising, then the theme may become a formal, replicated on
station research theme. If not, the theme is thrown out without 
having spent significant resources. Exploratory testing has been 
an effective method for identifying new agronomic intercrops 
such as millet-manioc and millet-yam, both of which have suc
cessfully gone on to formal station experimentation. 
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Repeatable lessons: The definition of an annually updated technology 
pipelinebrings transparencyto station researchplanningand monitor
ing. It also clearly identifiesfor extension agenciesthose themes that will 
soon reach on-farm application. The flexibility for researchers to do 
exploratorytesting encourages innovationat minimum expense. 

Research Results and the Technology Pipeline 

The Cinzana research station as an institution has evolved from 
focusing only on improving millet to addressing a broader range 
problems facing the Segou area farming communities. Cinzana 
research results are best outlined in its current technology pipe
line (table 3). Key technologies that have reached on-farm adop
tion are presented in chronological order. 

Key technologies at the adoptionstage 

Early cowpea varieties. Starting in 1984, the station produced 
cowpea foundation seed that was later grown by Malian state 
seed production farms. Some of the seed produced at Cinzana 
escaped informally in the hands of seasonal workers. Within two 
years there was a strong demand for the new varieties. The two 
best adapted varieties were selected at Cinzana. They were ob
tained from the International Institute of Tropical Agriculture 
(IITA). By 1986, an IFAD-funded project had diffused several tons 
of seed to farmers in the region along with appropriate insecti
cides. The socioeconomic survey of 1989 determined a full 45 
percent adoption rate of the new cowpea varieties within a 50 
kilometer radius of the station. 

Cowpea-millet flour blends for weaning foods. Preliminary re
search done by the food technology group at Sotuba indicated that 
a 25 percent blend of cowpea flour in weaning and adult food was 
undetectable by consumers, while doubling the protein and lysine 
content of the food. With the unexpected success of the new 
cowpea varieties, there was suddenly an abundance of cowpeas 
in local households. Cinzana researchers confirmed the Sotuba 
group's findings in villages and dispensaries around Cinzana. A 
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Table 3. Detailof the 1993 technology pipelineof the Cinzana researchstation 

Stage ofdeveopment 

Extens*n 

Pre-exlension 
tests (on-farm) 

Muftilocationa 
tests (on-farm) 

A 
Adaced testing 
(on-staticn) 

Preliminary tests 
(on-station) 

Exploratory tests 

Tedhn4oo pIpeline of the researMch Statin, Mal 

Variew 

Tomrnou miliet 
Early cowpea varieties 
(KN-1 Pnd Gororm.om) 
'CRISAT nllet lCMV-88-102-04 

Earty groundnut varieties 
Sorghum variety 

Mllet and sorgium selections 
Virus-resistmi manioc selection 

Varietal crossing in milletsorghum. 
cowpeas. and groindnuts 

infrduction of orange-fiesh yams in
millet-yam intercrop 

1993 

Agronomic 

AJtemate raw miletowpea intertfiop
composite nilet-cowpea faox for weanirfo 
'One mn. one tean" anima tracti method 
Rotalons wrthin rrallet-cowpea rflercrop
Millet-groundinjt ontercrop 

Managed farmywd manure use 

M!I:t-manioc intercrop 
Z is Irvinglee 

-

Milklt-yarn interco 
Managed farmyard
Effect of timing on
Vitamn analyse oforange-fieal ywrs 

manre in irlncmpa 
manure applications
baobab fruit and 

Pest conro 

Apron4-lus seed treafteni
 
Strigs contrd in Coapea by geneatic
resistance 
(Go-r )
 
Corntied effect of manue application

and Apron-Rus seed treatment 

Selection end rewrinaton of 
mildew-resistant millet 
Sekction and recomnraton of laif-disease
resistant sorgtms 

http:Gororm.om


brochure and poster (in both the French and Bambara languages) 
were created with the assistance of the CIBA-GEIGY Foundation, 
and the theme was launched for extension in 1989. Since then, 
radio information spots, demonstrations, and training sessions 
have been conducted. The Cinzana station leadership on this 
theme has had a national impact. 

Alternate row millet-cowpea intercropping. Following initial 
failures with more complicated schemes, Cinzana researchers 
found a simple intercropping of alternating rows of millet and 
cowpea to be a succes;. On-farm tests indicate a consistent 10 
percent increase in total grain yield per area compared with crops 
of only millet or only cowpeas. In addition to the yield advantage, 
the technique offers flexibility in cultivation and harvest,excellent 
wind-erosion control, and a built-in blueprint for millet-cowpea 
rotation whereby the farmer simply plants millet on the ridges 
where cowpeas were grown in the preceding year. This technique 
was launched for extension in 1991 and was being adopted with 
great success by the summer of 1993. 

Toroniou millet variety. Toroniou is one of 850 local millet varie
ties screened for various characteristics in 1981-83. Toroniou was 
found to have remarkable tolerance to stem borer, as well as wide 
adaptation within Mali. Toroniou originally came from a remote 
village in the Dogon country. Until recently, it was not known in 
the Segou region, although it is very well adapted there. Toroniou 
was reselected and purified by Cinzana personnel, tested on
farm, and has been widely extended by extension agents. On-farm 
tests indicate average grain yields about 10 percent higher for 
Toroniou compared with the local varieties. 

Mixed technology package. Toroniou was extended in 1993 in a 
technology package along with the millet-cowpea intercrop, a 
Striga-resistant cowpea variety (Gorom-Gorom), and the use of 
an insecticide-fungicide seed treatment called Apron-Plus. This 
technology package results in yield gains as high as 50 percent 
compared with local varieties and production techniques, even 
without additional fertilizers. 
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Apron-Plus seed treatment. Apron-Plus is a CIBA-Switzerland 
seed treatment mixture of one fungicide and two insecticides. In 
the mid 1980s it was successfully introduced in Nigeria to control 
downy mildew on maize. As downy mildew is a major millet 
disease in Mali, Apron-Plus was tested on-farm by Cinzana staff 
beginning in 1988. In four years of on-fat'm tests, Apron-Plus 
improved yields an average of 30 percent due not only to mildew 
control, but also to soil insect control, bird repulsion, and a slight 
but detectable growth boost to young seedlings. It ensures seed
ling establishment from a single planting. Uniform emergence 
and growth translates into uniform seed setting and plump grain 
formation. These encouraging on-farm results have prompted the 
CIBA seed treatment unit and plant protection farmer support 
team to become interested in developing the product conmmer
cially in West Africa for millet. After an initial prelaunch of 250 
kilograms (sold in 10 g sachets) in 1992, more than 2.5 tons were 
sold in 1993, and five tons were planned for sale in 1994. In 1993 
alone, an estimated 12,500 extra tons of millet were harvested in 
Mali thanks to the seed treatment. The CIBA-GEIGY Foundation 
did not intend the Cinzana project to bring commercial benefit. 
Likewise, Apron-Plus was not developed with millet as a target 
crop. But Apron-Plus works well on millet, and the Cinzana 
station effectively measured the benefits. Now Malian millet 
farmers reap the results. 

Key technologies in the pipeline 

New millet and sorghum varieties. After more than 10 years of 
breeding work, new experimental millet and sorghum varieties 
appear promising enough for on-farm testing. The CIVAREX 
series of millets are medium height (about 1.5 m while local 
varieties are 2-3 m) and offer yield potential slightly greater than 
local varieties. Selections were grown on-farm in 1994. The sor
ghum varieties are local tall varieties and high-yield short
statured varieties, but with significantly higher yield potential 
than the locals. In both cases, the research objective is to establish 
intensive and sustainable intercropping systems. 
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Rational use of manure and compost. Experiments are now 
under way to maximize the fertilizer effectiveness of farmyard 
manure by composting it with straw, and by changing the method 
of application. Already, on-farm trials indicate that application of 
only 3-4 tons manure per hectare improves millet yields on the 
order of 20 percent. In exploratory tests, application placement, 
amount, and timing are being varied on the millet-cowpea inter
crop in order to optimize the fertilizer effect while minimizing the 
amount of manure applied. The objective is to produce a manure 
recommendation that can be used to further enhance the millet
cowpea intercrop and crop rotations. 

Use of living fences. The agroforestry group at Cinzana discov
ered a native bush (Zizyphus sp) that establishes well without 
depressing yields of adjacent millet crops. The berries produced 
by the bush are used as a household condiment. The use of living 
fences to protect areas against roaming animals is an idea wel
comed by farmers. Traditionally, winter hedges are constructed 
from cut branches, competing with firewood uses. The first 
Zizyphus seedlings were distributed to farmers in 1994. Methods 
are now being developed to enable farmers to grow their own 
Zizyphus tree nurseries. 

Millet-manioc and millet-yam intercropping. Both the millet
manioc and the millet-yam intercrops have proven very promis
ing in on-station experiments. Success with these methods may 
lead to the widespread introduction of manioc and yam propaga
tion stocks, now lacking in the Segou area. Manioc cuttings were 
distributed to some farmers in 1994. 

Social marketing of natural vitamin sources. Fruit from the 
Baobab tree contains a very high concentration of vitamin C (2200 
ppm), and are found in abundance in the Sahel. While people do 
use the fruit for drinks and gruels, they are unaware of its vitamin 
content and health benefits. Similarly, the orange-flesh yams 
introduced in the millet-yam intercrop contain a high level of 
vitamin A. Vitamin A deficiency is a chronic health problem in 
rural Mali, yet the vitamin Abenefits from orange-flesh yms is 
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notwidely known. In collaboration with agronomists, foresters, and 
food technologists from other institutes, Cinzana researchers will 
promote a social marketing message of these benefits in 1995-96, 
once the millet-yam intercrop is ready for on-farm testing. 

Repeatable lessons: To retain its relevance, a research station must 
continually updateits coreprogram to adapt to the changingneeds of its 
target farming community. An interactive link between station and 
on-1arni researchhelps to maintain links with farmers, and is determi
nant in a station'sability to produce appropriatetechnologies. Finally, 
the use of a technology pipeline can be vital to maintain the focus of 
researchon well-defined technology packagesand timeframes. 

The Evolving Role of the CIBA-GEIGY Foundation 

Initially, the CIBA-GEIGY Foundation established a number of 
criteria about the type of agricultural project it might support: the 
project should be in a poor country, it should benefit poor farmers, 
it should increase food production, and it should be part of a 
government effort rather than an expatriate enclave. Addition
ally, the project was to be noncommercial in the sense that it was 
not intended or expected to develop market opportunities for 
products made by the CIBA-GEIGY corporation in Switzerland. 
The decision to support the Cinzana research station met these 
criteria. 

The Foundation's role evolved as circumstances changed. In
itially, it was to join USAID in cofirancing the management and 
operation of the research station. The Foundation also provided 
some technical assistance, especially with regard to the layout and 
management of the station's workshops and the maintenance and 
operation of farm equipment. Tie techrnical aspects of the Cinzana 
research program were assisted by staff from ICRISAT. CIBA-
GEIGY also had a representative on the research station's board 
of directors, which has met infrequently to review station opera
tions. With the withdrawal of USAID and ICRISAT, the Founda
tion took on a bigger role in the agrotechnical aspects of the 
station's work. 
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Over the long run it is likely that CIBA-GEIGY will continue to be 
called upon to provide more scientific support to the researchers 
at Cinzana. Many of these scientists are recent graduates who 
could benefit from the advice and views of the scientific staff of 
the CIBA-GEIGY corporation itself. Such support could be pivotal 
in reducing the sense of isolation of researchers and enhancing 
the quality of research. 
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Survival in the Sahel revisits the baffling puzzle of the 
development problems c' the Sahel zone of Africa. Using 
practical examples and ,ound data, it shows how past 
development strategies have contributed to te region's 
deteriorating socioeconomic and environmental 
conditions. It also shares some of the success stories of the 
last two decades, recommending new development 
approaches, and presenting some alti.rnative ways to deal 
with the present Sahelian situation. 

The book Is divided into two parts. Part I discusses the Sahel, 
its geography, history, environment, and socioeconomics. 
Part II highlights the case of Mall as a typical Sahelian 
country. Together, these sections raise a number of lessons 
and implications. First, global solidarity among aid 
organizations is a prerequisite to solving the problems of 
the Sahel. Second, new development strategies have a better 
chance of success !f they have a long-term perspective, are 
based on small-scale actions, use a more integrated 
approach, ta.e more account of women, and seek the full 
participation of local people. T'hird, the contribution of 
agricultural research to solving the problems of the Sahel, 
Its people, and its natural environment cannot be ignored. 
Fourth, even organizations that do not have development" 
assistance as their main raison d'etre can and should be 
involved In tie development of tie Sahel. 

Survival in the Sabel addresses readers who have no 
particular prior luiowlecge of the subject. Published by
ISNAR with die support of the CIBA-GEIG V For/aidation for 
Cooperation with Developing Countries, it is an expanded 
and updated version of the original German-language work 
published in 1992. 
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